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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 20 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, >20 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 productd
document, they must pg
acceptable for actual ve
on his or her parts and

Ier of responsibility for documentation (DVP&R) of all test results and for Ve
Acceptance Criteria. See 4.3.

tested to this specification are or may be subjected to conditions beyond
ss special tests simulating the actual conditions to be encountered before
hicle application. The Authorized Person is the final authority.as to what te
for what purpose these tests are required. He or she is also the final au

questions related to tesfing to this specification and to authorizing any variance(with supporting d

procedures contained in
Guidance as to the reco

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

this specification. Any such deviation must be documented and include
mmended tests for selected purposes is given in the charts in Appendices

D for required tests and 5.9.2 for test procedures. The tests in each sectiq
otherwise specified in the test requést/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

In the event there is

specifications, the OEM must re¢oncile the differences. Any variance for any reason where the
criteria is not used must be_fioted any place where a reference is made to the connector beir

Requirements that typi

ification that all samples

those described in this
they can be considered
sts are to be performed
thority for resolving any
ata) to the equipment or
i in the final test report.
CandD.

n must be performed in
lected test fixtures and

b capitalized (i.e., room

conflict(between performance specifications, part drawings, and othgr related standards or

USCAR-2 procedure or
g USCAR-2 compliant.

llyshave priority over conflicting USCAR specifications at North Americarj

OEMs are listed below

for reference only:

1.

Applicable FMVSS or other state and federal requirements

2. OEM-released Applicable part drawing(s)

3. OEM-released product design specification(s)

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.


https://saenorm.com/api/?name=176517113037c69decc70d532075aec5

SAE/USCAR-2 REVISION 8
PERFORMANCE SPECIFICATION FOR
AUTOMOTIVE ELECTRICAL CONNECTOR SYSTEMS

Revised 2022-06

“4 -

3.2 Part Drawing

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

¢ Dimensional require

The quantity and pa

ments (which must be in GD&T format).

Performance requirements.
Component part number.

Reference to applicable portions of this specification.

rt number of terminals used.

The typical mating d

Maximum permissib
or has been succes

3.3 Product Design S
The product design spe|
the product design spec
to the general specificat]
3.4 Test Request/Ord
3.4.1 Samples, Test |

The laboratory test requ
performed (developmer

specification. Any requifed revisions to, or deviations from any tests in this specification must incl

for each change.
3.4.2 Test Request/O

Instructions must be ing
be performed if different

3.4.3 Performance an

onnector.

le Temperature Sealing, Vibration, and Ergonomic class (per 5.1c4) for w
sfully tested.

becification

cification may or may not be an integral part of the ‘part drawing. Instructi
fication for any special tests required for the associated part and for any exd
ons and requirements in this document.
er

[ype, and Special Tests

est/order shall provide locationland documentation of test samples, ident
t, validation, special purpose; etc.) and describe any special tests tha

rder Instructions

luded in the test request/order concerning applicable tests and the order
than outlined by this specification.

d Durability Test Instructions

nich the part is intended

bns must be included in
eptions or modifications

fy the type of test to be
are not a part of this
ide detailed instructions

n which the tests are to

Instructions must be given in the test requesyorder concerning Mits Tor performance and durability

ests, including definition

of the conditions under which those limits apply, if they are different than outlined in this specification.

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 Automotive Quality Management Standard
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4. GENERAL REQUIREMENTS
4.1 Record Retention

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

4.2 Sample Documentation
All test samples shall be identified in accordance with the requirements of IATF 16949 and the AIAG MSA-4.

4.3 Sample Size

Minimum sample sizes pre given for each test in this specification. A greater number of samples|may be required by the
test request/order. Howgver, no part or device may be represented as having met this spetificatjon unless the minimum
sample size has been tgsted and all samples of the group tested have met the applicable(Acceptance Criteria for that test.
It is never permissible {o test a larger group, then select the minimum sample size from amond those that passed and
represent that this specification has been met.

4.4 Test Conditions and Tolerances
1. Default Tolerances, expressed as a percentage of the nominal value unless otherwise indicated

TABLE 4.4: TOLERANCES AND-TEST CONDITIONS

Temperature +3 °C
Voltage 5%
Current +5%
Resistance +5%
Length 5%
Time 5%
Foree 5%
Frequency 5%
Flow Rate 5%
Sound 5%
Speed 5%
Pressure 5%
Vacuum 5%
Rel. Humidity = £5% (When controlled)

2. When specific test conditions are not given elsewhere in this specification, the following basic conditions apply:

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

Neither this list nor the list in each test section is all-inclusive. It is meant to highlight specialized equipment or devices with
particular accuracy requirements.

TABLE 4.5: EQUIPMENT

ltem Description Requirements

1 DC Power Supply (Regulated) 0-20V, 0-150 A
0-20 mV, 0-100 mA (Limits the open circuit voltage to 20 mV and

2 Micro-Ohmmeter current to 100 mA. The micro-chmmeter mustalsg use either offset
compensation or current reversal methods to meagure resistance.)

3 Digital Multiméter (DMM) iag?f)bgevcggweisg_r;nog'\tﬂrg following at an accuracy of <0.5% of full scale:

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

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

6 Thermocouplgs Type "J" or "T" and as required

7 Insertion/reterjtion force Tester Capable of 1.0% accuragy; full scale

8 Data Logger As required

9 Temperature Chamber -40 to +175 °C or.asrequired by temperature clasg, 0 to 95% RH

10 Vibration Confroller As required

1| voraion Ta 2040 60 poun) she. 2200 (600 pource) s e

12 Vacuum As'Required

13 Megohmmetef Accuracy <5% of full scale, capable of testing at 500 VDC

14 High Pressurg 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

17 gfémﬁsr';ﬁ&e)"yzer (fortesting coax | po ySCAR-17 or USCAR-49 as applicable

NOTE: Use of equipmentwith a IeSSer range is acceptable Tor speciiic tests where the required range for that test can be

4.6 Measurement Resolution

met. The equipment range specified does not preclude use of equipment with a larger range, but the accuracy must
remain within the specified tolerance.

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.
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4.8 Conformance Determination

Conformance shall be determined by the specified requirements of the test being conducted. All samples must satisfy the
requirements regardless of sample age, test cycles, or test temperature.

4.9 Disposition of Samples

Should a premature non-conformance occur during a test, contact the Authorized Person to determine if the test is to be
continued to gain additional product experience or if testing is to be suspended or terminated. When contact cannot be
immediately made, the type of test shall determine the disposition of the samples. If the test order indicates that the test is
investigative in nature, continue until the requesting party or parties are available. If the test order is for sample approval or
validation, stop the test until the requesting party can be contacted. If the test must be stopped or terminated for any other
reason (safety, equipmentfailure, efc.) the Authorized Person must be contacted for concurrence béfore the test is restarted.
The test request/order should always specify desired sample disposition at the conclusion of the‘applicable testing.

4.10 Part Endurance
Successful completion gf the requirements of this specification is intended to demonstrate that the [design and construction
of the components and connector systems tested are capable of operating in their intended vghicle environment and
application for 200,000 miles.

5. TEST AND ACCEP[TANCE REQUIREMENTS

5.1 General

The test procedures thaf follow were written as steps and intended to be performed as specified in[5.9.3 to 5.9.9 as shown
in Appendices C and D.

5.1.1 Performance Re¢quirements
Connection systems must meet all performance test'requirements for the appropriate Class as listéd 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).

5.1.3 Material Charagqteristies

Parts are intended to pbé~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 for test
samples unless part cleaning is specified in the Test Request/Order.

All material used in each test sample shall conform to the material specifications shown on the latest revision of the
applicable part drawing(s). The material hardness specified for electrical terminals refers to the blank strip material and not
the finished product because the terminal manufacturing process can modify the hardness values.

5.1.4 Classifications

Components to be tested must be assigned a class from the table below according to the expected environment in their
intended vehicle application. Include the classifications to use in the Test Request/Order and the report of results.
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Temperature Classification

Components to be tested must be assigned a temperature class from the table below according to the expected environment
in the intended vehicle application. See Appendix F for design notes helpful to proper selection.

TABLE 5.1.4.1: COMPONENT TEMPERATURE CLASSES

Temp Class | Ambient 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 nearhot components
T5 -40 to +175 °C For use as needed -- No specific applications arg identified as T5
5.1.4.2 Sealing Clasdffication

Components to be testéd must be assigned a class from the table below according to the expefted 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 comparfment or other dry
areas-oh a vehicle such as the trunk
S2 Sealed $2'is intended for connectors exposed to water
S2.5 Sealed Against Low Pressure Spray S2.5 is intended for exposed locations at rigk of direct splash
s3 Sealed Abainst High Pressure Spray S3 is intended for exposed locations at risk| of direct high-
pressure splash (or car wash spray)
5.1.4.3 Vibration Clagsification

Components to be testq
See Tables 5.4.6.3A, B,

|~  TABLE 5.1.4.3: COMPONENT VIBRATION CLASSES |

d must.be-assigned a class from the table below according to their intended vehicle applications.
C and’D for shock and vibration schedules.

Class Common Name Typical Application Other Requirements Met
V1 Chassis Profile Components on sprung pqrtlons of None
vehicle not coupled to engine
V2 Engine Profile Compongnts'coupled'to engine with no Pass on V2 implies pass also
severe vibration possible for V1
. . . . Pass on V3 implies pass also
V3 Severe On-Engine Components subject to severe vibration for V1 and V2
. . Used as needed to correlate to extreme | Pass on V4 implies pass also
va Extreme Vibration vibration areas for V1 and V2 and V3
V5 Unsprung Component Wheel-mounted components None
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5.1.4.4 Ergonomic Classification

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

5.1.5 Testing Headers and Direct Connect Components

Cases frequently arise where only one half of a connector, usually the female half, is available and it mates directly to a
Header or to a receptacle in an electrical component or device. This presents special problems for testing. In order to
completely test the electrical connection, access must be gained to the terminals in the device or header. Great care must

be taken in these cases so as not to introduce leak paths that are not present in the vehicle application. Where this risk is
unacceptable, or making the necessary electrical connections is not feasible, the tests normally required to verify connection

integrity must be modifié

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

subtracted during the c
bulk resistance per unit
from the connection to H

Therefore, in situations

or device to the point wh
the millivolt lead at a co|
resistance of the selectd
(2) Measure bulk resistg

d.

mes arises due to the length of the terminals or buss bars in the devi¢e/or header when conducting

eral rule is to connect one of the millivolt test leads at the point wherg’the H
poard or similar point in the device. The bulk resistance of the’terminal
bnnection resistance calculation. However, if there is more than one "tail"
length is common, it may be more convenient to attachr the’ millivolt lead
e measured.

where there is more than 50 mm from the point of.¢entact in the connectio
ere the terminal "tail" or buss bar connects to the device, these two options
hvenient common distance 30 to 50 mm fremdhe contact to be measured
d common length when calculating the resistance of the associated Head
nce of each individual Header terminal er~component buss bar from the cor

to the point of millivolt lead attachment and subtract this resistance when calculating the resistance

or device connection. V|
stress relaxation in any
Placement of the T1 lea
than the 75 mm + 3 mm
and use that result as th

Vhen attaching millivolt leads, take care that the heat applied does not d
connection component. Application’of an appropriate heat sink may be adv
1 in Figure 5.1.5 may be modified as necessary to fit the application. When

pader or device terminal
"tail" is measured and
length involved, but the
5 at a common distance

n nearest to the Header
are available. (1) Attach
. Then subtract the bulk
er or device connection.
nection to be measured
f the associated Header
bmage plating or cause
sable. See Figure 5.1.5.
using a dimension other

it is important to measure_the resistance of a sample with an equal length of the same wire type

e deduct value.

Connector
Header Frinted circuit
board or device
connection
< 30 -50mm Tz }:! points
T 30-50mm
L3
" 1
[/ _ 30— 50mm 'z
i - v
1
N =
Imm

At 3imm

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 withstanding the tests to which
the connector is usually subjected. In these cases, samples of just the connector receptacle portion of the device must be
obtained. Then the required connections for testing can be made and sealed. Leak paths in devices may need to be sealed
in order to test the integrity of mating connectors. Such modifications to the device are appropriate, but must be documented
in the test report. In any case, the Authorized Person must be consulted and must approve any deviation from the normal
tests of this performance specification.
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5.1.6 Terminal Sample Preparation

Terminals used for testing shall be crimped to requirements as defined in SAE/USCAR 21, “Performance Specification for
Cable to Terminal Electrical Crimps.” Crimp dimension physical characteristics and mechanical pull strength shall be within
tolerance as it applies to the respective terminal and wire gage. Crimp both the conductor and insulation grips unless
otherwise specified in the individual test procedures. Use the appropriate cable seal as applicable. Assemble insulation
displacement type terminals per their manufacturer's recommended assembly criteria. When testing Header-type
connectors with mating connectors, prepare samples only for the mating female connector (see 5.1.5). Record the crimp
height and width of a representative group of samples of each terminal (except for insulation displacement type terminals)
and number samples for tracking and later identification as appropriate. Crimp information (tooling used to prepare samples,
crimp dimensions, and wire type) shall be documented in the test report. The following note applies to wire harness
fabricators: Production crimps shall be tested, validated, and approved separately per SAE/USCAR-21 Performance

Specification for Cable-

5.1.7 Connector and/

5.1.7.1 Purpose

This procedure precond
be subjected to cycling
once when conducted a

5.1.7.2 Equipment
None.
5.1.7.3 Procedure

1.  Completely mate g

a. When working

centerlines to p

On connectors
unmated) per 5
Test procedure,

If connector und
unmating per in

. If connector und

O- Ierminal Electrical Lrimps based on wire size, stranding, and insulation

br Terminal Cycling

itions a connection system pair or terminal system pair prior to a test seq
Hue to in-plant and/or service repair during the life of the ‘connector. Comp
5 part of a test sequence as specified in 5.9 Test Sequence.

hd unmate each connector or terminal pair ten times. Use instructions beld
with terminals only, use ‘caution to ensure that mating and unmating
event side pressure that may distort either terminal.

ith Shorting Bars, 'complete the Dry Circuit measurement across the sho
3.1. Record the number for later use in calculating the resistance change

er test is(a)male connector with a manual-resetting pin protection plate, r
structions*from connector maker.

ertestis a male connector with an automatic-resetting pin protection plate,

of the PPP after

wall thickness.

uence. Connectors may
lete this procedure only

w as applicable:

is done along terminal

ted contacts (connector
hs part of the Dry Circuit

bset the PPP after each

visually ensure the reset

each unmating.

Re-mate connectors or terminals for one last time in preparation for future test sequences or follow directions in the

respective procedure to follow. If CUT is a bolt-mated connector, do the following after the final mating: Apply a
continuous line in permanent marking (i.e., paint) on the bolt head and the connector housing nearby to the bolt head.
NOTE: The purpose of the marking is to locate initial bolt head position relative to the connector to allow an assessment

of whether the bolt

5174

None.

loosens during environmental testing.

Acceptance Criteria
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5.1.8 Visual Inspection

5.1.8.1  Purpose

This test is used to document the physical appearance of test samples. A comparison can then be made with other test
samples. Examinations in most cases can be accomplished by a person with normal or corrected vision, and normal color
sensitivity, under cool white fluorescent lighting. Photographs and/or videos are encouraged as a more complete means of
documentation. An appropriately identified untested sample from each test group must be retained for post-test physical
comparisons.

5.1.8.2 Equipment

e Camera

e Video recorder

e Magnification apparptus (as required)

5.1.8.3 Procedure

1. Inspect for defe
noting in detail g
in the test reque|

a properly label

cts or non-functionality. Visually examine each test Specimen prior to tes

st/order, take photographs and/or video recordings of representative sampl
bd control sample.

ing and/or conditioning,

ny obvious manufacturing or material defects suchyas cracks, tarnishing, flash, etc. When specified

bs to be tested and keep

2. After testing and/or conditioning, re-examine each test @ample and note in detail any obsefvable changes, such as
swelling, corrosfon, 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.

3. For CUTs subjected to Test Sequence Q (5/9.7), swelling of cable and seals is permissiblg within the limits of that
specific materia| specification.

4, If CUT is a bolt-fated connector,find permanent marking line placed on the bolt head in Stgp 5.1.7.2 #2 and assess
whether the ling is still aligned with the line on the connector housing near the bolt head.

5.1.8.3.1  Contact Sufface Examination

At the conclusion of thg¢ Test:Sequence M (5.9.6), examine terminals with the aid of 10X magnjification looking for any
evidence of deterioratiqn;~gracks, deformities, excessive plating wear, etc. that could affect fupctionality. When visual
inspection follows Dry Circuit resistance measurement, inspect o the following (suppliers must provide criteria for plating
wear pass and fail such as photographs):

e Inspect all male terminals

e Inspect all female terminals with resistance over 75% of resistance criteria

¢ Inspect no fewer than five female terminals

5.1.8.3.2  Sealing/Environmental Protection [Solution Intrusion]

At the conclusion of the appropriate Test Sequence as specified in 5.9.7 and 5.9.9, thoroughly dry the samples and then
disconnect each mated sample pair and perform the Visual Inspection of all inside areas and sealing surfaces. When
disconnecting the samples, use care not to allow any residual solution to enter the interior of any connector half. Careful
examination is required to detect any trace of solution intrusion.
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5.1.8.4 Acceptance Criteria

The device under test must not show, any evidence of deterioration, cracks, deformities, etc., that could affect their
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 non-conductive debris at the contact
interface. Use this procedure when specified in the individual test.

5.1.9.2 Equipment
o Continuity tester (CT)
e Power supply capaljle of 100 mADC
5.1.9.3 Procedure
At least ten individual tefminal and five connector pairs must be monitored.\On connectors with up t¢ ten cavities, all cavities
shall be monitored on thg five samples. On connectors with more than ten*cavities, all terminal cavifjes must be represented
in the five samples, with a minimum of 50 terminals monitored. Monifored terminal pairs should be|distributed as evenly as

possible among the cornectors 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 documenied 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

NOTE: Monitored terminals shall not be the same samples used for subsequent Dry Circuit readings for record, since the
monitoring equipment may cause the potential across the circuit to exceed 20 mV. Dry Circuit readings, however,
may be taken as an aid in root-cause diagnosis.

Solder the conductors from each terminal in the CUT in series to form one continuous current path with only two free ends.
Solder one of the free conductor ends to a 2 W, 120 Q + 1.2 Q resistor. Solder the "-" (negative) lead to the free end of the
resistor and the "+" (positive) lead to the remaining free conductor end of the CUT. Connect the Continuity Tester across
the resistor, making sure that the negative lead of the CT is connected to the negative side of the resistor. Adjust the power
supply to provide 100 mA to the circuit. Set the CT to monitor the current through the resistor and record any instance where
that current falls below 95 mA. As an option, the CT may be used to monitor one or more terminal pairs instead of the
resistor. A reference illustration of the test set-up is shown in Figure 5.1.9.3. Other suitable continuity monitoring equipment
may be used. The test fixtures, system layout, and test set-up must be approved by the Authorized Person prior to testing.
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Continuity Tester D.C. Power Supply
0-100 12.00
E a /A Amps Volts
Qoo ﬁ i o ool oo
g ' - o
2W Resistor '
120+ 1Q |
74
= aie } 4
Ckt
Qi
S o*:

FIGURE 5.1.9.3: CONNECTOR ENVIRONMENTALTEST SET-UP
5.1.9.4 Acceptance Criteria

Where continuity monitgring is required during any conditioning pracedure, there must be no logs of electrical continuity
(any instance of the resistor current dropping below 95 mA), for more“than 1 us. If one or more termjnal pairs are monitored,
rather than the series resistor, there must be no instance in.which the resistance of any termina| pair exceeds 7.0 Q for
more than 1 ps. Figure $.1.9.4 illustrates the acceptance criteria graphically.

Contact A

Resistande Acceptable

Not

/ Acceptable
7 ohm

o

Time

1us

FIGURE 5.1.9.4: INTERMITTENCY MEASUREMENT
5.1.10 Mat Seal Sample Preparation
5.1.10.1 Purpose

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.

5.1.10.2 Equipment

None.
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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 located farthest from the
connector center. Fill that cavity with the appropriate terminal crimped to the smallest applicable conductor size.

5.1.10.4 Procedure

Select ten cavities at raidom among each sample set per 5.1.10.3 and record the connector and-gavity numbers. Remove

and re-insert the termin
5.1.10.5 Acceptance (
None.

5.2 Terminal Mechan
5.2.1
5211

Purpose

This test determines theg

Is in the selected cavities twice (insert-remove-insert-remove-insert).

riteria

cal Tests

Terminal to Terminal Engage/Disengage Force

engage and disengage forces of compatible male and female terminal pa

irs. Determination of the

number of terminals that can be packaged in a given connector design without exceeding allowalle mating force limits is

dependent on this info
disengagement are recq

5.2.1.2

rded and used to verify compliance with the Acceptance Criteria.

rmation. Note that this test jskwritten so that only the first engagemgnt and the last (tenth)

5213

1.

Equipment
Insertion/retention force tester with peak reading feature
Polished steel gage|(optional)

Procedure

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.

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

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.

Record the peak force required to completely engage the terminal to its mating part. This force is recorded for
information and is not used in the Acceptance Criteria

Disengage the mated terminals at a uniform rate not to exceed 50 mm/min. The force shall be applied parallel to the
centerlines of the terminals.
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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 terminal samples to determine the force correlation between polished gage and actual samples.

6.
in the Acceptance Criteria.
7. Repeatsteps 2to 6
8.
5.2.1.4  Acceptance Criteria

Complete the Visual ExJamination per 5.1.8 noting any wear of the contact surfaces. No base mate

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 P4
application.

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

5.2.2.2 Equipment

e Steel mounting fixtu

e Crosshead-style for

5.2.2.3 Procedure

1. From Figure 5.2.2.3

Resistance

minal 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 forcecan be applied in any

prson to evaluate the results and determine~the suitability of the tested

re(s) appropriate to the terminal(s) under test

-1, determine which design style most closely resembles the terminal unde

2. For Style "A" term

30 terminals, in ordgrtotest both bend locations.

nal§;~prepare a total of at least 15 samples. For Style "B" terminals,

rial should be exposed.

ervice. Insufficient bend
the assembly process.
direction, only minimum

hed to this test. Actual bending force values in_each of three directions arg recorded and it is then

erminal for its intended

ction of insertion.

ce tester with meastrement capability (or weights) capable of forces in Table 5.2.2.4

r test (TUT).

prepare a minimum of

/_ Location “1” _\ X Location “2”
Style “A” Style “B”

FIGURE 5.2.2.3-1: TERMINAL DESIGN STYLE

3. Number each terminal. (Use at least 5 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.
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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.

7. Select a new batch
from the position sh

8. Select a new batch
the position shown
side” direction, it is

Location “1”

‘ £ Center

Line

" Steel
Fixture

TUT

FIGURE 5.2.2.3-2: TERMINAL BEND)TEST

of at least five samples and mount them in théest fixture with the termi
bwn in Figure 5.2.2.3-2. Repeat steps 5to 7,

TABLE 5.2.2.4: APPLIED BENDING'FORCE BY TERMINAL SIZE

Nominal Blade Size Applied Force
(mm) (N)
<0.5to <0.64 3.0
0.64 to <¥.5 4.0
1.5610<2.8 7.0
2.810<6.3 10.0
6.3t0<9.5 15.0
9.5 20.0

Df at [€ast five samples and mount them in the test fixture with the terminal
n Figure 5.2.2.3-2. Repeat steps 5 to 7. Since terminals are typically syn

hal rotated 180 degrees

rotated 90 degrees from
hmetrical in this “side to

not necessary to test both directions. If the TUT is not symmetrical in

his direction, it may be

necessary to test both ways.

9. For terminal style "B" designs (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.

5.2.2.4  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.
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5.3 Terminal - Electrical Tests

5.3.1  Dry Circuit Resi

5.3.1.1  Purpose

stance

This test determines the combined resistance of the two conductor crimps (or single crimp in the case of a Header
Connector) and the contact interface of a mated terminal pair in a connector, under low-energy conditions.

5.3.1.2 Equipment

e  Micro-ohmmeter

5.3.1.3 Procedure

Take care to avoid any
rupture any insulating fil
this test are already con
Authorized Person. Thig
outside of a connector
twisted pair cable, meagq

NOTE: Since this test
surfaces during
performed on th

Prepare samples p
(Table 5.9) applicak
connector housing,

For attachment points exceeding 75 mm per side, the extra wire resistance shall be measu

Mmechanical disturbance of mated terminal samples submitted for ¢his test.
M which may have developed on the contact surfaces. If for anyyréason the
tained in their mated connector housings, do not disconnectthem unless o

procedure is typically used for mated connectors but ¢an 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 environmental type stressctests, it is important that no
e samples prior to this test.

br 5.1.6, Terminal Sample Preparation, using the cable size per the app
le to the design of the terminal to.be tested. If terminals being tested arg
bmit this step.

ave been subjected to prior testing, do not disconnect their connector H
sing.

the resistance dcross 150 mm of the conductor to be used for the test. H

If of the test.connection, see 5.1.5 and measure only 75 mm (recomn
conductor.

onductor resistance.

Such disturbance could
b terminals submitted for
therwise directed by the
for mated terminal pairs
hd outer conductor. For

veloped on the contact
other electrical test be

ropriate Test Sequence
already inserted into a

ousings or remove any

or tests using a Header
hended length for most

red and subtracted per

2. For terminals that H
terminal from its hoy
3. Measure and recorq
terminal as one h4g
applications) of the
4.
step 8. Record the ¢
5.

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

chosen. In either case, the sense point T+ (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. Millivolt leads must be no larger than 0.22 mm?. Note that
Figure 5.3.1.3 shows terminals only but the same method of voltage probe attachment applies to terminals in

connectors.

T2

— | le—
i ' Imm
751 3mm

75 £3mm

FIGURE 5.3.1.3: TYPICAL CONNECTION RESISTANCE MILLIVOLT LEAD LOCATIONS
(SHOWN BEFORE MATING TERMINALS OR INSERTING TERMINAL INTO CONNECTOR)
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6. 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 dimension is to be calculated from the terminal drawings by the Authorized Person, taking into account the
worst-case tolerances. Each male terminal is to be suitably marked so test personnel can make the one and only 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 the male terminal or the interface are not permitted.

SINGLE SPRING MEMBER EXAMPLE

/ Female Terminal
EASSSSS S SR8 V] — 'Y P T 2 1
. wicie 1ETiTanicalr
OSSNSO ¢ EntryEnd
1.0mm >
minimum | Pgint of contact

Nearest entry end

L Start of Taper

MULTIPLE SPRING MEMBER EXAMPLE

Female Terminal —— Leaf Springs
gmmh

Male Terminal — >3 o) —

A
Entry End ——%

> 1.0mm
minimum

A
Y

Point of contact
Nearest entry end

Start of Taper

FIGURE 5.3.1.4: TERMINAL INSERTION

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

8. Carefully mate the [test connector or terminal pair. If the sample under test is a terminal,| follow these additional
instructions: Mate t¢ the appropriate depth, as specified in step 5 above. Use caution to engure that mating is done
along terminal centgrlinesto prevent side pressure that may distort either terminal. Secure the TUT to the mounting
surface so that the gorrect insertion depth is maintained throughout the test.

9. Using the appropriate equipment, measure and record the resistance between T1 and T2, 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 Shorting Bars, the change in connection series resistance of both contacts while in the “shorted” position
shall be <40 mQ. Other requirements may apply depending on the purpose of the shorting circuit.
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5.3.2 Voltage Drop

5.3.2.1  Purpose

This test determines the voltage drop associated with the electrical resistance of the conductor crimp(s) and contact
interface regions at specific current conditions. This voltage drop is then used to calculate the Total Connection Resistance
of the CUT. Voltage drop test does not apply to coax or JTP circuits.

5.3.2.2 Equipment

Digital multimeter (DMM)

DC power supply (O

e Current shunts

5.3.2.3 Procedure

1. Prepare samples pg

(5.9) applicable to th

housing, omit this step. Do not perform Voltage Drop test on coax or JTP<circuits.

If testing terminals o
practice is that, in th
with the female tern
dimension is to be ¢

tolerances. Each male terminal is to be marked so test personnel can make the final mating of

the correct depth.
conductivity of eithe
when performing te
control is used.

to 20 VDC at 0 to 150 A)

r 5.1.6. Terminal Sample Preparation, using the cable siZe per the appropri
e design of the terminal to be tested. If terminals being.tested are already i

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
alculated from the terminal drawings by’the Authorized Person, taking into

Score marks or any other marking that might introduce contaminants
r terminal or the interface are hot permitted. If testing terminals inserted i
st groups M, N, O, or P), the-connector housings control terminal locatig

hte table Test Sequence
nserted into a connector

hto the female. Standard
b rearmost contact point
i in Figure 5.3.1.4. This
account the worst-case
the test terminal pairs to
br alter the strength or
hto connectors (such as
n and no special depth

Current
D.C. Power Supply Shunt
< P L4
= =
DMM B DMIM
& == C———— P
@@ oopg :
e -
T1 0.22mm? —p T2
i S SHH Se 7 AL
| | +—>
75 £ 3mm 75+ 3mm

FIGURE 5.3.2.3: TYPICAL CURRENT RESISTANCE TEST SET-UP


https://saenorm.com/api/?name=176517113037c69decc70d532075aec5

SAE/USCAR-2 REVISION 8
PERFORMANCE SPECIFICATION FOR
AUTOMOTIVE ELECTRICAL CONNECTOR SYSTEMS

Revised 2022-06

-20 -

If testing terminals outside of connectors, provision must be made for mounting on an electrically non-conductive surface

in such a manner that the mechanical stability of the male to female interface can be maintained.

Carefully mate the test terminal or connector under test. If testing terminals outside of connectors, mate the terminal

pair to the appropriate depth, as specified in step 2 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

depth is maintained throughout the test.

Assembile the test circuit shown in Figure 5.3.2.3, Current Resistance Test Set-Up. Adjust the power supply to provide

the required test current of 5 A/mm? of conductor cross section for the conductor selected in step 1. Refer to ISO 6722-1,
SAE J1127, or SAE J1128 for the cross-sectional area of the conductor selected. More than one terminal or connector
pair may be tested in series. See Figure 5.3.1.3 for Connection Resistance Millivolt Lead Locations, for placement of

connectors, Tz is atfached to the Header terminal per 5.1.5. All millivolt leads must be no large

3.
4.
the correct insertion
5.
the millivolt test lead
6. Measure and recor
conductors will be 1
for Header type con
attachment points e
step 9. Itis recommg
leads.
7. Choose the preferr
chosen. In either cg
8. Set the power supp
stabilizes at the ap
manufacturer's reco
9. Using the test curre

T1 and T2. Use thes

the crimp(s) and tefminal interface. In thescase of Header type connectors, T2 is attached to
Connector per 5.1.5.

mVD

Use these results to ver
and 9.5 mm but not in tH

S. Record the test current used.

H the millivolt drop across the conductors only using the test current’de
50 mm of the conductor size and insulation type to be used during‘the tes
nectors, see 5.1.5 and measure the millivolt drop across only ¥& mm of t
kceeding 75 mm £ 3 mm per side, the extra wire resistance shall be meas
bnded to attach sense leads for vibration beyond the initialretention point wh

bd method of taking measurements (soldered sense lead or probe) ang
se, the sense point T4 (Figure 5.3.1.3) must be\soldered for all stranded

y for the current determined in step 5 and wait 30 minutes minimum to ens
propriate value. Allow sufficient time\for all other test equipment to war
mmendations.

ht determined in step 5, measure and record the millivolt drop (mVD) read
e values in the equation below to calculate the voltage drop across the ent

of crimp and teérminal = mVD (T1- T2) - [mVD Conductor(s) measured in sf

ify confortnance to the Acceptance Criteria of 5.3.2.4. Values for terminal
e tabletare calculated by interpolation.

termined in step 5 (the
5t for inline connections;
he conductor used). For
ured and subtracted per
ich will resultin >75 mm

document the method
cable. For Header type
r than 0.22 mm2.

ure that the test current

m and stabilize per the

ngs between test points
re connection, including
the "tail" of the Header

ep 6] (Eqg. 1)

sizes between 0.50 mm

NOTE: These values a

pply,both before and after any environmental or mechanical conditioning a

nd to field samples.

5.3.24

Acceptance Criteria

For inline 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 and terminal" measurements (T1 to
T2 in Figure 5.3.2.3) less the appropriate conductor resistance. For headers, Total Connection Resistance values
are the “crimp- to- tail” (T1 to T2 in Figure 5.1.5) less the appropriate conductor resistance.
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TABLE 5.3.2.4: MAXIMUM VALUES FOR DRY CIRCUIT (5.3.1) AND VOLTAGE DROP FOR (5.3.2)

Nominal Male Max. Total Connection Resistance (mQ)
Terminal Terminals with Termi . . Voltage Drop
Size Tin plating erminals Wlth. Precious (MV)®
Metal Plating ()
0.50 mm 25.0 25.0 50
0.64 mm 20.0 10.0 50
1.2 mm 15.0 10.0 50
1.5 mm 10.0 10.0 50
2.8 mm 5.0 5.0 50
6.35 mm 1.6 1.6 50
9.9 mm 1.0 1.0 50
(Goax 24 - Center 24 - Center N/A @
(center pinjdia. > 0.4mm) 6 - Shield 6 - Shield
“Mini” Coax 24 - Center 24 - Center, N/A @)
(center pin|dia. < 0.4mm) 10 - Shield 10 - Shield
Jacketed [Twisted Pair 2506 256 N/A 4

NOTES:

Silver or gold top plating

High-perforinance 6.35 mm terminals may require a tighter value. It is the connector

identify high-performance parts and alternate criteria.

For refereng¢e: 1 mQ =1 mV/A
Maximum Vjoltage Drop test may be desired for<power” applications such as “power ov

and limits fag

®) Criteria app|

5.3.3 Maximum Test Current Capability

5.3.3.1  Purpose

This test is used to determine the fmaximum test current at which a terminal system can operatg
environment before exgessive thermal degradation and/or resistance begins to occur. Temperaty
Current (X axis) is plotted for/each applicable conductor size, but these graphs are not used for
(see Appendix F). This festiis-conducted on terminals alone, thus eliminating the variation that m
heat dissipating charactgfristics of connector housing designs and sizes. Current rating is not appli

r these special cases are customer-specified.

y to both circuits in the pajr."Only limited tests for Jacketed Twisted Pair a

maker’s responsibility to

br coax” (PoC). Methods

e in USCAR-2.

in a room temperature
re Rise (Y axis) versus
applications in a vehicle
ay be introduced by the
able to coax cable test.

5.3.3.2 Equipment

Digital multimeter (DMM)

DC power supply (0 to 20 VDC at 0 to 150 A)
Current shunts (size as required, £1%)

Thermocouples (Type "J" or "T")

Data logger (as required)
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5.3.3.3

1.

Procedure

Draft-free enclosure construction: A draft free environment is necessary to get accurate measurements. The samples
shall be mounted in an enclosure which protects the immediate environment from external movement of air. A “Draft
free” environment is indicated by an undisturbed vertical smoke plume of 150 mm (6 inches). A description follows:

Draft-free Enclosure Description:

Construction: Made from a non-thermally conductive and non-heat reflective material. The sides of the enclosure may
be moveable to accommodate different specimen sizes. Access panels or doors are acceptable provided they do not
allow external air movement to enter the enclosure when closed.

Top and Bottom: T|
screen or be raised
samples under test.

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

I be of an open mesh or
the heating effect of the

Spacing of samplés: Minimum spacing from the sides of the enclosure to the. edges of the samples is 200 mm.

Minimum spacing b,
proximity of sample

etween samples is 30 mm and should be sufficient so as to\negate the ¢

.

Sample orientation: Orient samples “horizontally” as best is possible<and evenly distributg

enclosure. As far a
maintain specified ¢
be used, provided tf

5 possible, the specimens shall be in free suspension. If this is not poss
ontact insertion distance, a thermal insulating material with a thermal cong
at not more than 20% of the surface of the specimen is in contact with the|

Ambient Temperature Sensor: The measuring point forimeasuring the ambient temperatu

horizontal plane pas
sample. Care shall |

Wiring the circuit:
be expected or acc
least the length of t
based on heat cond

sing through the axis of the specimens: It shall be located a minimum of 150
be taken to protect the probe against radiant heat.

The specimens shall be connected with wires of suitable cross-section for
brding to the size of the termination. In order to reduce external heat diss
he connecting wires given in Table 5.3.3.3 shall be within the measuring
uction criteria and i§ designed to ensure that the wires are long compared

TFABLE 5.3.3.3: MINIMUM WIRE LENGTH

ffects of heating due to

ed over the area of the
ible due to the need to
uctivity <0.2 W/mK may
insulating material.

re shall be located in a
mm from any energized

the maximum current to
pation to a minimum, at
enclosure: This table is
with their cross-section.

Minimum Wire Length
Wire Size (mm?) (mm)
<0.5 200
0.51t050 500
>5.0 500

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, see 5.1.5 and measure the millivolt drop across only 75 mm of the conductor used.
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Ambient
Wire lengths TC
per Table 5.3.3.1 /
| |_|'_‘|_| II_‘I_l ;.....-____]_l II_‘I_l A

200mm min. R

to wall — all -

4 sides

¢ 30 mm min.

1507m

FIGURE|5.3.3.3-1: TOP VIEW OF DRAFT-FREE ENCLOSURE FOR TERMINAL TESTING

Power Su?gli
OO0 §

Current =1 pvm
D@ popgg-O O

| = Thermocouples

Terminal Pair #2
Millivolt

L%fds S ¢

Terminal Pair # ——

| Non-conductive
mounting plate

FIGURE 5.3.3.3-2: SET-UP FOR MAXIMUM TEST CURRENT

T

[Tow] B §

—| | le—

3 mm

5+ 3 mm ; : 5+ 3 mm

FIGURE 5.3.3.3-3: DETAIL OF MILLIVOLT LEAD LOCATIONS FOR FIGURE 5.3.3.3-2

Assembile the circuit shown in Figures 5.3.3.3-2 in a draft free enclosure as described in 5.3.3.3 and Figure 5.3.3.3-1.
Use at least ten terminal pairs. Choose the preferred method of taking measurements (soldered sense lead or probe)
and document the method chosen. In either case, the sense point T+ (Figure 5.3.3.3-3) must be soldered for all stranded
cable. Attach conductor ends of the terminal pairs to form one continuous series circuit and attach the thermocouples
to each mated pair as shown in Figure 5.3.3.3-2. Mount the circuit in the draft-free enclosure.
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4. Test the sample terminal pairs at 23 °C + 5°C (room temperature).

pply to 0 A output and then turn on the supply and the DMMs.

Slowly increase the power supply output until it is providing no greater than 50% of the expected Maximum Current

Wait at least 15 minutes for the circuit temperature to reach Steady State (as defined in Appendix A). Then record the

ambient temperature, the temperature of each terminal pair interface and the millivolt drop across each terminal pair
(T+ to T2 in Figure 5.3.3.3-3 for inlines and 5.3.1.3 for headers, less the millivolt drop of the conductor as determined in
step 2). Then calculate 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 following conditions occurs:
b of any terminal interface exceeds a 55 °C rise over ambient (ROA).

Ction resistance or maximum voltage drop of any terminakinterface exceeds

ot meet the Visual Acceptance Criteria listed in,5:1.8.4.

subsequent tests (5.3.4).

This optional st¢p can be performed at this point with.excess samples, if requested: Using

ent tests, continue to increase the cutrent in steps of 5% of the Maximum
rmal stability of any one or more samples can no longer be achieved. Datq
ful for statistical purposes or foi-estimating safety margins.

temperature on the Y-axis‘and current (in amps) on the X-axis for all condu

NOTE: That this data is NOT to be used as guidance for any actual application of the TUT; se

5. Adjust the power su
6.
Capability of the TUT.
7.
8. Increase the curren
9. Repeat steps 7 and
a. The temperatur
b. The total conne
listed in 5.3.2.4.
c. Any TUT does 1
10. Save test set-up for
used in subseqy
TUT until the th
step may be us
11. Graph the data with
types tested.
5.3.3.4 Acceptance ¢

No pass/fail criteria appl
of the specific combinati

riteria

y; value'is'used to establish "Maximum Test Current" for the TUT in 5.3.4. T
pn of.thé terminal and the wire conductor gage and insulation type used is t

an exact or interpolated

TUT and repeat step 7.

the Acceptance Criteria

samples that will not be
Current Capability of the
from this “test to failure”

ctor sizes and insulation

e Appendix F.

e maximum test current
he current that produces

vatue of 55 °C rise in the first increment in which either the condition desc

ibed in 9 a or 9 b above

was achieved, less 10%

5.3.4 Current Cycling

5.3.4.1 Purpose

of that value.

This test simulates the main function of power terminals over the expected life of the vehicle. Current cycling is an
accelerated aging test which electrically heats terminal interfaces and core conductor crimps, then allows them to cool under
zero current conditions, causing expansion and contraction that may affect connection resistance due to wear, oxidation,
inter-metallic growth and stress relaxation. Current cycling is not applicable to coax cable testing.
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5.3.4.2 Equipment

DC power suppl

Thermocouples

e Data logger (as

Digital multimeter (DMM)

y (0 to 20 VDC at 0 to 150 A, timer controlled)

Current shunts (Size as required, £1%)

(Type "J" or "T" typically)

required)

5.3.4.3 Procedure

1. Attach the millivolt |

to the Header termi

’

ads in positions T1 and T2 as shown in Figure 5.3.1.3. For Headertype cd
al per 5.1.5. Millivolt leads must be no larger than 0.22 mm?Z.

the voltage drop across 150 mm of the conductor to be used- for the test,
etermined (5.3.3.4) for the combination of that conducter size, insulation
connectors, see 5.1.5 and measure the millivolt drop.-across only 75 mm of
kceeding 75 mm, the extra wire resistance shall be.measured and subtrac

it shown in Figure 5.3.3.3-2 in a draft freezenclosure as described in
er supply. Set the power supply to provide-45 minutes on and 15 minutes
btermined (5.3.3.3, step 9) for the combination of that conductor size, insul
er to the voltage drop and thermocouple leads.

ple terminal pairs at 23 °C + 5 °€-(room temperature). An ambient temp
plane as the test samples, 150;mm min from the nearest sample.

upply, DMMs, and data logger.

ell as thermocouplée readings for each terminal pair.

Es taking readings at least once daily 30 minutes into the on cycle, and at th
final “on™.cycle. Millivolt drop readings should be taken at maximum test cu

, caledlate and record the Total Connection Resistance by subtracting the

nnectors, T2 is attached

using the maximum test
type and the TUT. For
the conductor used. For
ed.

5.3.3.3, except use a

off at the maximum test
ation type, and the TUT.

erature sensor must be

to the first on cycle, record terminal crimp and interface millivolt drop readings (T+ to T2 in

e conclusion of the test,
rrent.

conductor millivolt drop

mthe T4 to T2 millivolt drop reading (step 7) and dividing the result by the

pst current.

2. Measure and record
current previously @
testing Header type
attachment points e

3. Assemble the circy
timer-controlled pow
current previously d
Connect a data logg

4. Test the set of sam
placed on the same

5. Turn on the power g

6. After 30 minutes if
Figure 5.3.2.3) as W

7. Complete 1008 cycl
30 minutes into the

8. For each set of datd
reading (step. 4) fro

9.

5.3.4.4 Acceptance Criteria

1.

Test Sequence (5.9).

2.

3.

Acceptance Criteria

listed in 5.3.2.4.

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

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.

The total connection resistance or maximum voltage drop of any terminal interface reading shall not exceed the
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5.4 Connector - Mechanical Tests

5.4.1 Terminal - Connector Insertion/Retention and Forward Stop Force

5411 Purpose

This test is required to in order to measure the Insertion Force of a terminal into its connector cavity. Retention testing is
required to ensure that the terminal is retained in its housing with sufficient strength to withstand the rigors of the wiring
harness and vehicle assembly processes.

5.4.1.2 Equipment

¢ Insertion/retention force tester with peak reading feature
e Temperature/humidjty chamber capable of 95 to 98% RH at 40 °C
5.4.1.3 Procedure

A. INSERTION FORCE:

Un-Sealed Connectors and Sealed Connectors with Individual Cable Seals

1. Prepare terminal sgmples per 5.1.6, using the largest gage size gonductor and insulation thigkness applicable to the
design of the termirfal to be tested. For connectors with ten or.more terminal cavity locations, use a minimum of three
connector housings|and prepare at least one terminal for each, cavity location. Test each termipal cavity location in the
CUT at least once. Hor connectors with four to nine terminal @avity locations, use a minimum of three connector housings
and prepare enough terminal samples to test each cavity location in each CUT. For connegtors 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 hqusings to obtain at least
ten data points and fest 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, retentien, forward stop and after conditioning force mgasurements. If CUT has
a mat seal, jump to the mat seal section forsample requirements and process steps.

TABLE 5.4.1.3.1: SAMPLE SIZES AND CAVITY REQUIREMENTS

# of Termina Minimum # Minimum # of Cavity Locations Mipimum # of
Cavity Locatiops of\CUTs Terminal Samples Tested Dpta Points
10 or more 3 = #.Of Term!nal Each location at = #|of Term!nal
Cavity Locations least once Cav|ty Locations
= # of Terminal Each location 3X or = # of Terminal
. . Same num CUTs or . .
4109 3 Cavity Locations , Cavity Locations X #
times # of CUTs | SAch location the of CUTs
same num. of times
= # 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 equal number of 10
times
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Alternate Instructions fof

1.

If more than one wire size is applicable to the CUT and terminal, create additional samples per step 1 but use the
smallest conductor size and insulation type applicable to the design.

Number each connector terminal cavity and, if applicable, each connector.
Secure the connector shell in an appropriate fixture.

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

Adjust the force tester to insert the terminal straight into the connector at a uniform rate not to exceed 50 mm/min. Note
peak insertion force. Continue to 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 force
forward stop is reaghed. Where wire buckling and operator sensitivity cause problems in, obt
one of two alternativies are acceptable. (A) Terminals may be crimped to a gage pin, solidcore v
material, or (B) Terminals may be pushed by cutting the wire off the CUT near the insulation g
diameter similar to the cut-off wire and then push on the wire stub. Samples prepared using
for terminal-to-conngctor retention tests.

Repeat step 6 using samples prepared in step 2 (smallest conductor size) until peak inse
(forward-stop test is

Record the force refuired to insert the terminal into the connector for‘each terminal sample. F

step 1 only, record the force at failure of the forward stop. Assess.eonformance to the Accepta
Connectors with Multi-Cavity (Mat) Seals

Prepare two sets of|samples per Unsealed Connectors)and Sealed Connectors with Individug
above and one set ¢f samples per Unsealed Connectors and Sealed Connectors with Individu

2 above.

Complete steps 3, 4, and 5 above.

Insert one set of terminals made in step™ per step 6 above and in step 2 per step 7 above. F
removed aftehits cavity is tested. This is to prevent possible seal distorfion or compression that

sample lead may b
might affect test re

Its if neighboring seal holes remain filled. For connectors with fewer than

until failure point of the
pining test repeatability,
vire or other metal dowel
rip and use a rod with a
ption B cannot be used

rtion force is measured

not required). Repeat until all terminal samples prepared in step 2 have bg¢en used.

or samples prepared in
nce Criteria of 5.4.1.4.

| Cable Seals per step1
al Cable Seals per step

or mat seals, each test

ten cavities, use a new

connector after eadh termindl ¢avity in the first connector has been tested and continue until at least ten terminal

samples have been|used,

With the extra set of samples prepared in step 1 above use the force tester as |n step 3 above,
a separate cavity wi

load each terminal into
ence that the last cavity

to be tested is as centrally located as possible. In addition to the data required in step 5 below, record the cavity number,

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

Record the force required to insert the terminal into the connector for each terminal sa
conformance to the Acceptance Criteria of 5.4.1.4.

Repeat steps 4 to 5 using the samples with the smallest conductor/insulation type appropriate

mple tested and verify

to the design.
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B. RETENTION FORC

E:

Retention testing is required to ensure that the terminal is retained in its housing with sufficient strength to withstand the
rigors of the wiring harness and vehicle assembly processes.

1.

Prepare terminal samples per 5.1.6, using the largest gage size conductor and insulation thickness applicable to the

design of the terminal to be tested. For connectors with ten or more terminal cavity locations, use a minimum of three
connector housings and prepare at least one terminal for each cavity location. Test each terminal cavity location in the
CUT at least once. For connectors with four to nine terminal cavity locations, use a minimum of three 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

NOTE: Solder may
“dry as mol
are molded

Do not install the tefminal lock (PLR, TPA, wedge, etc.).

Adjust the force tester to pull the terminal straight:back from the connector. Straight back forc

est all cavity locafions an equal number of times. See Table 5.4.T.3.7T.

be added to terminal crimps to ensure accurate retention readings. Conng
led” condition and should be protected from high humidity and heat'level
and the time they are tested.

ctor terminal cavity in each connector housing so there are no duplicate caj
mple into each cavity in the connector being tested..For connectors with le
br each terminal cavity has been tested and continte until all ten terminal s
pr shell in an appropriate fixture.

sample in the force tester by gripping the wire behind the back edge of the
vhich can affect force measurements. Increase the pullout force at a uni
lout occurs.

uired to pull the terminal out of each terminal cavity along with the cavity nd
ictor breaks or‘pulls out of the terminal grip before the terminal is pulled fro

ith a note as)to what happened.

and, if applicable, install the terminal secondary lock (PLR, TPA, wedge, et
hing-(bring to the practical limit of moisture content by exposing “dry as mo

ctors are to be tested in
5 between the time they

vity numbers among the
5s than ten cavities, use

hmples have been used.

terminal.
B is critical to avoid side

form rate not to exceed

mber and the connector
m the connector, record

Cc.). Subject the samples
ded parts” to 95 to 98%

40~'C for 6 hours followed by 1 hour at room ambient temperature and hur

hidity. Repeat steps 1 to

heTetention test of attsampteswithim 8 Hours:

NOTE: Samples may be sealed in non-moisture transferable plastic (Ziploc-type food storage) bags after moisture
conditioning if the testing cannot be completed within 8 hours. In any case testing must be completed within

2. Number each conng
housings used.
3. Install a terminal sa
a new connector aft
4. Secure the connect
5. Secure the terminal
6.
loads and binding
50 mm/min, until pu
7. Record the force req
number. If the cond
this force together W
8. Repeatsteps 1103
to moisture conditio
Relative Humidity at
7 above. Complete
24 hours of
5414

1. Insertion force for te

2. Retention forces for

moisture conditioning.)

Acceptance Criteria

rminals shall comply with Table 5.4.1.4A.

terminals shall comply with Table 5.4.1.4.


https://saenorm.com/api/?name=176517113037c69decc70d532075aec5

SAE/USCAR-2 REVISION 8

PERFORMANCE SPECIFICATION FOR
AUTOMOTIVE ELECTRICAL CONNECTOR SYSTEMS

Revised 2022-06

-29 -

TABLE 5.4.1.4A: INSERTION FORCE FOR TERMINALS

Terminal Size Terminal Insertion Forward stop*
(mm) (Max. N) (Min., N)
<05 15 235
<1.2 15
1.2<Term. 2.8 20 > 50
2.8<Term.<9.5 30
* As tested in 5.4.1.3 A6)
TABLE 5.4.1.4B: TERMINAL-CONNECTOR MINIMUM RETENTION FORGE
Criteria (N) ©
Max. Nominal Primary Lock Retention after Moisture Retention after Damage, Humidity
Blade Width (mm) Retention 3 Conditioning * and HTE 5
0.50 20 40 40
0.64 30 60 50
1.2 40 70 50
1.5 45 70 50
2.8 60 100 70
6.3 80 130 90
9.5 100 150 140
Mini Coax 7 60 2 110 .2 80 .2
Traditional cogdx 7 702 110 .2 80 1.2
Jacketed twisted|pair & 60 110 80

NOTES:

TIf the Coax wire breaks
retest using a te

2 Any free spinning term
conditions. This

or releases from terminal at less than the requirement and the terminal is
rminal push<out test. The same accept requirement applies.

inals¢hat are non-uniform about the axis, i.e., has a weld or seam, must
includes any unique areas that will support the locking if the terminal Is ali

5till located in the cavity,

be tested in all possible
gned to the connector.

3Referto 5.4.1.3.B6

4Primary + Secondary Lock after Moisture Conditioning (ref. 5.4.1.3.B8)

5Primary + Secondary Lock retention after Cavity Damage, Temp/ Humidity and HTE (ref. 5.4.9, 5.6.2, 5.6.3)

6 For connectors not designed with a secondary lock, use the criteria in “Primary + Secondary Lock” columns

7 Mini Coax is defined as cable with outer diameter of less than 3.6mm. Traditional coax has cable outside diameter of

3.6mm or larger.

8 Jacketed twisted pair (JTP) is used for “Single Pair Ethernet.” Full test requirements for JTP has not been written yet.
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5.4.2.1

Purpose

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

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.

54.2.2

Equipment

Insertion/retention force tester

54.2.3

A

1.

5.

Procedure
MATING FORCE
Using any applicabl
15 female halves).

Completely assemb
such as terminals, W

Number each conng

Secure the connect

tester to insert the male connector straight into the female connector. Straight-in engagemen
hich can affect force measurements.

loads and binding W

Force

Combined Mating _|

Forces of Seal, —\

Lock, Terminals

ctor assembly.

Maximum Mating

Force) \

Decreasing |

b conductor size and insulation type, prepare enough samples. of male and
populate a minimum of 15 connector assemblies per 5.1.6, Terminal Samplé Preparation

le (but do not mate) all connector halves (both male and female) using all
edges, and seals.

~——— (Lock Overtravel)

-«—— (Forward Stop Contacted)

(Lock-up Occurs)

female terminals to fully
(at least 15 male and

applicable components

br halves (one male and one female)-in' the appropriate fixtures of the force tester. Adjust the force

t is critical to avoid side

If appropriate equipment is
graph of applied mating force
is highly recommended. A prg
(and sealing system where a
a graph showing a smooth ri
then a fall-off until the conng
graph shows more than one fqg
a false lock condition exists.

available, a continuous
versus insertion distance
perly designed connector
bplicable) should produce
5e to a single peak force
ctor is fully mated. If the
rce peak, the potential for

Force Value

(Recognizable

(Total Distance of Travel)

Travel Distance)

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 occurs. Test all samples.

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

1. Prepare five connector pairs without terminals or wires and five connector pairs loaded with the appropriate wires and
terminals for step 5. (NOTE: It is permissible to use samples from Section A: mating force provided that the samples
remain in the mated state and without any other conditioning.) Completely mate all connector pairs.

2. Five samples are to be tested with the connector primary locking mechanism (without CPA) fully engaged. For this
group, completely unmate the connector halves by applying a uniform force parallel to the centerlines of the fully 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 thefhighest point of the arm Tevel with the protective ribs.

*** CAUTION ***
The following step wil| 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. Increase the retention force at a uniform rate not to exceed 50 mm/min unti"complete separation occurs. Test all
samples in the first group.

4. Record the force rgquired to completely separate the connector halves and verify conformance to the Acceptance
Criteria of 5.4.2.4.

5. Repeat steps 2, 3 and 4 above with the primary connector locking mechanism(s) completely disabled using the five
mating connector samples loaded with terminals.

C. LOCK DEFLECTION FORCE

1. Prepare five connedtor pairs without terminals or:wires but include any auxiliary pieces that attach to the lever such as
CPAs. Completely nate all connector pairs. Gradually apply a force to the lock release button. Stop the force at 6 N
and verify the lock mhechanism remains locked using an applicable evaluation method. Continuge force application up to
51 N, or until the lock mechanism has clearly moved far enough to avoid contact with the logk feature on the mating
part if unmating is gttempted. If practical; record force when the lock just barely clears the mating part’s lock feature.
(Apply this force at an appropriate point so that the mated connector parts can be unmated in the intended manner with
no damage to any component.)/Record whether the connection can be successfully unmated @t 6 N and 51 N.

2. |If applicable, fully engage the*CPA into the final lock position. Gradually apply a force of 70 N td the lock release button.
Look to see if the lock mechanism clears the lock feature. Pull on connector to see if connectof disengages.

3. Record results and
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5.4.2.4 Acceptance Criteria

TABLE 5.4.2.4: CONNECTOR-CONNECTOR MATING/UNMATING/RETENTION/LOCK DEFLECTION FORCES

No. of Terminals Acceptance
Test Connectors installed? Criteria

Conn. mating 15 Yes Per SAE/USCAR-25 (@ ¢)

Conn. unmating 5 Yes <75N

Conn. retention 10 No 2110 N ©®)

Lock deflection w/o CPA 5 No 6to 51N

Lock deflection-wiSPA tateh-doesnot-mow

with 74 N applied 5 No above the locking ‘feature

NOTE$:

@ The maximum mating effort is meant to simulate assembly in a véhicle when the
assembler's body position and access to the connector being mated-is not physically
regtricted. This specification will cover most operations, but-not all conditjons of
vehicle assembly and connector location can be anticipated,

® The forces specified in the Acceptance Criteria shall)be met regardless|of the
mgqisture content of the connector housing material. Gensult the test request/qrder to
determine if any conditioning of the test samples is<required prior to testing.

© The acceptance criteria for connector matingcforces in this section vary with the
available finger contact area of the connector béing tested. Refer to SAE/USGAR-25
Elgctrical Connector Assembly Ergonomig, Design Criteria for specific accgptance
criferia.

@ In gonnector designs where it is difficult to apply pressure to the latch while unmating
thg connector, it is permissible tovisually confirm the latch does not clear the Jocking
fedture with 70 N applied to the;locking provision.

5.4.3 Connector to Connector Mate/Unmate-Forces (Mechanical Assist)

5.4.3.1 Purpose

This test covers mating|and unmating forces for Mechanical Assist connectors such as lever anfl slide lock. USCAR-25
Ergonomic guidelines should be used as a further reference.

5.4.3.2 Equipment

e Force tester
e Fixtures for holding
5.4.3.3 Procedure

Sample preparation:

connectors as required

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.
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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 ENGAGE/UNSEAT TO/FROM PRE-LOCK POSITION

Using the force tester, at a rate of 50 mm/min £ 10 mm/min, engage each connector fully to its pre-lock position. The pre-lock
position is defined as the point where the connector is positioned on the mating part and the mechanical assist is ready to
be activated. Connectors are normally held in the pre-lock position by detents.

1.

2.

B.

Reverse the direction and measure the force required to un-seat the connector from the pre-lock position.

Verify conformance

FORCE TO RELEA

NOTE: Connectors ma

4.

the “open” or “p
of the test procsd
handling.

Using the unmated

Determine the force
lever slide at a rate

a. Class 1 connec
b. Class 2 connec
c. Class 3 connec
Verify conformance
LEVER ACTUATIO

With the connector

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 a wiring assembly with levers or me
e-stage” position. This eliminates un-necessary operations at.the vehicle g
bdure measures the ability of the connector mechanical &ssist to remain o

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

class of the connector from USCAR-25. Using the force tester, apply the
hot to exceed 50 mm/min to move the lever/slide toward the lock position.

ors (15 mm? push area per USCAR-25; Table 4.1)
ors (115 mm? push area per USCAR-25, Table 4.1)
ors (230 mm? push area,per USCAR-25, Table 4.1)
to the acceptance criteria of 5.4.3.4-3.

N/REMOVAL EORCE

n its pre-stage condition, measure the force required to fully actuate and

not to exceed 50 mm/minz Force shall be applied perpendicular with the contact surface of the

as possible.

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

appropriate force to the

close the lever at a rate
lever or slide as nearly

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 5

0 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.CONNECTOR TO DEVICE OR CONNECTOR TO CONNECTOR LATCH RETENTION FORCE.

1.

Mount the mated connectors in a fixture so as not to distort the housings or any of their associated parts. With connector
to connector locking feature enabled, pull the connectors apart at a rate not to exceed 50 mm/min using a suitable force
tester and measure the peak force required to separate the connectors. CPAs and or secondary locks shall be disabled
for this test. Repeat on four additional samples. (Test five samples.) Verify conformance to 5.4.3.4-6.
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2. Mount one mated connector in a fixture so as not to distort the housings or any of their associated parts. Unmate
connector manually. With lever or slide open, pull the connectors apart at a rate not to exceed 50 mm/min using a
suitable force tester and measure the peak force required to separate the connectors fully. This measures the force to
overcome the pre-lock. Verify conformance to 5.4.3.4-7.

E. LEVER RELEASE LATCH ACTUATION FORCE

1. With the samples completely mated, gradually apply a force of up to 51 N to the lock release button until the lock
mechanism clears the lock feature (allowing the lever/slide to move toward the disengaged -open- position. This force
is applied at the appropriate point such that the lever/slide can be moved in the intended manner with no damage to
any component. Note whether the lever/slide can be moved to the open position.

2. Record results and yerify conformance o the appropriate Acceptance Criteria of 5.4.3.4-8.

3. If applicable, fully epgage the CPA into the final lock position. Gradually apply a force upto 0 N to the lock release
button and hold. Seg if the lock mechanism clears the lock feature. Pull on connector to‘see if connector disengages.

4. Record results and yerify conformance to the appropriate Acceptance Criteria 0f:5.4.3.4-9.
5.4.3.4 Acceptance (riteria

Note that the acceptange criteria of this section vary with the available contact (grip) area of the |connector being tested.
Refer to SAE/USCAR-2p Electrical Connector Assembly Ergonomic Design Criteria for details of the acceptance criteria.

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

2. The force required tp release the connector from its pre-lock position shall be between 15 N anfd 75 N.

3. 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).

4. The force required|to move the lever totand from the locked (engaged) position shall mget the requirements of
SAE/USCAR-25.

5. The minimum force| to release thetassist feature without depressing the release mechanism (if applicable) shall be
260 N for a fully mated connector.

6. Unmating force shall be 24 T0°N with the primary connector lock fully engaged. A CPA device, iff provided for, must NOT
be engaged during this test:

7. Unmating force from the "unlaiched/open” Iever position 1o full separation shall be <75 N.

8. The force to completely disengage the connector lock shall be between 6 N and 51 N, inclusive, in its fully seated
position (without the CPA engaged).

9. The primary connector lock must not deflect enough to clear the mating locking (shark fin) feature or be easily separated
when pulled on when subjected to 70 N force with CPA engaged (see 5.4.3.3.E3).

5.4.4 Polarization Feature Effectiveness
5441 Purpose
This test ensures that the polarization feature(s) is adequate to meet its purpose of (a) preventing incorrect mating of a

connector housing, (b) preventing mating of a connector housing with any unintended mate, and (c) test the adequacy of
the polarization feature(s) in preventing terminal damage during incorrect assembly attempts.
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5442

54.4.3

1.

54.4.4

1.

Equipment

Insertion/retention force tester with peak reading feature

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

Procedure

Two factors must be considered: attempting to incorrectly mate two connector halves, or a connector half and a header
that are supposed to mate if properly oriented, and attempting to mate a connector with an incorrect mate.

Sample size varies depending on the number of incorrect orientations tested. Test at least one sample set for each

selected mis-orientd

Connectors areto b
mechanical or elect
sufficient to contact

Orient the CUT with
Person as most likg

half for each orientation:

a. The correct orig

b. The incorrect or

Secure the connect
force tester. Adjust t
selected in step 3.

Attempt to engage t
properly mated con
Mechanical Assist,

greater than 150 N
installed in step 3 if

Complete an expert
mis-mating to evalu

tion or mis-index.

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

any possible mate in the same family in one or more incorrect orientations ¢
ly to defeat the polarization. The parts should be tested as follows, using
ntation, but with the wrong index

entation

br halves (or connector and header)~(one male and one female) in the af

he connector halves at a,rate not to exceed 50 mm/min until a force of 3X
ector (with force being:260 N and <150 N) is applied (see 5.4.2 or 5.4.3.3
se 3X the maximum measured force to engage to pre-lock position (but ng
per 5.4.3.3-A. Hold force for 3 seconds. Note the indication of the peng
present.

evaluatioh_This evaluation shall be conducted among knowledgeable indi
pte the effectiveness of the polarization features.

e of terminals a suitable
nto the other to a depth

hosen by the Authorized
a fresh sample of each

propriate fixtures of the

he force tester to attempt insertion.of the male connector into the female connector in the orientation

the maximum value of a
-A). For connectors with
t to be less than 60 N or
tration detection device

iduals trying “hands-on”

Acceptance (

rit€ria

The connection system must withstand a mis-mating force as specified in step 6 without damage to the connector and
no electrical contact shall be made between the male/female terminals. If sufficient mis-mating is achieved to allow
contact with any properly installed male terminal in any position in its connector housing, the polarizing feature(s) is
considered to be inadequate

After an expert evaluation has been conducted, the design must be considered effective in “hands-on” mis-mating

attempts.

NOTE: There may be cases where all polarizations for a given design are not available (i.e., not tooled) and therefore
cannot be tested. In such cases, state these exceptions in the DVP&R.

545

5.4.5.1

Locator Clips,

Miscellaneous Component Engage/Disengage Force

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


https://saenorm.com/api/?name=176517113037c69decc70d532075aec5

SAE/USCAR-2 REVISION 8
PERFORMANCE SPECIFICATION FOR
AUTOMOTIVE ELECTRICAL CONNECTOR SYSTEMS

Revised 2022-06

- 36 -

54.51.1 Purpose

This test is done to ensure that connector assembly components such as locator clips, wire dress features, etc. will be
sufficiently retained yet allow easy and consistent assembly and removal for service.

54.51.2 Equipment

54.5.1.3 Procedure

A. ENGAGEMENT FO

Insertion/retention force tester with peak reading feature

RCE

1. Completely identify

each of the applical

of testing.

2. All components to
testing. Straight-in
measurements.

3. Engage each comp
each applicable con

4.

conformance to the
B. DISENGAGING FO

*** CAUTION ***

The following step may
ensure the safety of per
1. With the componen
The force must be a
can affect force me
part. Test each app

Record the force re¢quired to completely engage the compenént with its mating part and

and number each component to be tested. A minimum of ten samples 4s
le conditions found in the acceptance criteria. The same samples may’be

be tested and their mating parts must be fixtured so that proper alignme
engagement and extraction are critical to avoid side I6ads and binding

bnent to be tested, with its retaining mechanism .invplace at a rate not to €
dition per Table 5.4.5.1.4.

Acceptance Criteria of 5.4.5.1.4.
RCE

result in sample breakage-/Adequate shielding and personnel safeguarg
sons and property in the vicinity of the test.
fully installed and properly fixtured, disengage the component at a rate ng
bplied parallel.to-the centerline of the component being tested to avoid side
bsurements_The direction must be opposite to the direction of normal ins

icable condition per Table 5.4.5.1.4.

uired-to disengage the component from its mating part without releasing an

equired to be tested for
used for various phases

nt is maintained during
which can affect force

xceed 50 mm/min. Test

use this value to verify

s must be employed to

t to exceed 50 mm/min.
loads and binding which
ertion of the component

y latch feature if it exists

b verify conformance to the Acceptance Criteria of 5.4.5.1.4.

For locator clips only, repeat step 1 above in each of the three directions 90 degrees, 180 degrees, and 270 degrees

from the initial insertion direction. Repeat step 1 in a direction orthogonal to the plane of the first four tests. Do not
exceed a force of 110 N for any of these subsequent tests. Use fixture identified in Figure 5.4.6.3A.

2. Record the force req
and use this value t

3.

4. For wire dress cove

rs only

a) Obtain new dress cover samples. Subject the samples to moisture conditioning to bring the sample to the practical
limit of moisture content. Do this by exposing test parts to 95 to 98% Relative Humidity at 40 °C for 6 hours, followed
by 1 hour at room ambient temperature and humidity. Complete the test of all samples within 8 hours (or samples
may be sealed in Ziploc-type food storage bags after moisture conditioning if the testing cannot be completed within
8 hours). In any case testing must be completed within 24 hours of moisture conditioning.

b) Apply an offset force as shown in Figure 5.4.5.1.3 B (simulating a push on the dress cover until it comes off its
connector). Offset test is to be performed with cover assembled to connector and no wires attached. Push as shown
by the arrow in the figure. Place force “probe” as close to dress cover’s end as possible while keeping the probe in
full contact with the cover. Push until cover separates from the connector housing.
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c¢) Record the length of the dress cover as shown in Figure 5.4.5.1.3 B.

FIGURE 5.4.5.1.3B: OFFSET DRESS COVER FORCE SET-UP
5.4.5.1.4  Acceptance¢ Criteria
Insertion/retention forcep shall meet the values shown in Table 5.4.5.1.4.

TABLE 5.4.5.1.4: MISC. COMPONENT AND LOOSE PIECE TPA/PLR/OR ISL ASSEMBLY FORCES

Device Insert to lock Force Straight Remoyal Force Remoyal Force with
(N) Ny Offsgt / Angle (N)
Locator clip 60 Max 110N min. for11mm slot width Confirm 5.4.11 testing
removal from slgt ' 165N min.for >11mm slot width has been passed.
Loose piece 60 Max (w/terminals . :
TPA/PLR!/ or ISI, in all cavities) 25 Min No requirement

- 75N for covers > 45mm
- 45N for covers < 45mm

Other componerit 60 Max. 110 Min. As directed

Wire dress cover 60 Max. 110 Min.

5.4.5.2 Pre-Staged CPA/TPA/RLR/ISL Engage / Disengage Force

54521 Purpose

This test is completed to ensure that connector secondary Tocking features will be sufficiently retained in shipping and will
remain in their intended position until intentionally activated to close or remove for service.

54522 Equipment

e Insertion/retention force tester with peak reading feature

5.45.23 Procedure

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

1. Completely identify and number each component to be tested. A minimum of ten samples is required to be tested for

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

B. DISENGAGE FORCE
*** CAUTION ***
The following step maj result in sample breakage. Adequate shielding and personnel safeguard$ 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@rate nqt 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 megasurements. 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 required to disengage the component from its mating part and use this value fo verify conformance to
the Acceptance Criteria of 5.4.5.2.4.

3. For TPAs/PLRs/ISLE, with due care engage the component intothe fully locked position and r¢peat steps 1 and 2.
5.4.5.2.4  Acceptance Criteria
Insertion/Retention forcgs 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
Device Pre-set to lock Lock to pre-set Pre-set to Removed
(N) (N) (N)
CPA e 60 min
Unmated * 100 min for airbag deployment n/a 30 min
Connector connectors!’)
I\/?alieAd * 3min ° omin n/a
Connector e Max/per USCAR-25 Table 7.1 30 max
TPA/PLR e 60 max with terminals installed in all e 60 max - 1st mate
or ISL available cavities e 18 min - 2nd mate 25 min
e 15 min without terminals
NOTES:

) Pre-set to lock is 100 N min 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.

5.4.5.3.2

54533

A

1.

Equipment
Insertion/retention f
Procedure
PPP BLOCKING F(
Identify and numbe
applicable condition

connectors; header
may need to be rem

brce tester with peak and hold feature

RCE
each component to be tested. A minimum of ten samples is required to

connectors are expected to have blades present:If blade tips interfere with
oved. The same samples may be used for phases A and B of the testing.

e tested for each of the

5 found in the acceptance criteria. Samples are tobe tested without terminals. This applies to inline

the force probe, blades

2. All components to be tested and their mating parts mustcbe fixtured so that proper alignment is maintained during
testing. Recording fprces perpendicular to the connectorisurface is critical to avoid side loadg and binding which can
affect force measur¢ment data.

3. Engage each compopnent to be tested, at a rate-net'to exceed 50 mm/min. Force to be applied|in a centrally distributed
area of the compongent. Pushing probe size and shape can be customized to ensure the PPP has force applied to it
directly. If ribs are gdresent on the PPP (fofuhelp in scoop-proofing the design), pushing on thq ribs is acceptable. The
TPA from the mating connector may be-used if it provides access to a push surface.

4. When the applicablg force per the criteria is reached, hold that force for 5 seconds.

5. Record whether the|PPP maoved from its starting position or stayed in the original position.

B. PPP RESET AND REM@VAL FORCE

- CAUTION ™7
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.

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.
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54534 Acceptance

Criteria

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

TABLE 5.4.5.3.4: PRE-SET, BLOCKING, AND REMOVAL FORCES FOR PPP

Connector Size

Reset Force
Lock to Pre-Set

(N)

Blocking Force
Pre-Set to Lock ()

(N)

Complete Removal
from Pre-Set

(N)

LARG

E
15~60

(Female connector face has a 50 min @ , 25 min
diagonal dimension >35 mm) Manual reset only @

SMALL 10~60
(Female connectqr face has a 25min ® Manual reset only @ 25 min
diagonal dimension <35 mm) y
NOTES:
() Specific limit for engagement force is not defined, will be determined by, allowable mating force/ergonomic

requirements.

@ Requirement
type (where f
connector co

requirement in

@) Customer may

5.4.6 Vibration/Mechd
54.6.1 Purpose

This test subjects a con

and shock can cause w|

Since unsealed connect
be tested only to the no
attachment to the engin

hpplies to connectors with a manual type reset only. [fpart under test is the
emale connector pulls PPP back to pre-set pesition), ensure PPP doe
mpletely during unmating in 5.1.7 (Connector ‘Cycling). There is no ©
this section for automatic resetting connectors.

specify other tests and criteria with force-applied at corners or select point

nical Shock

hector system to vibration, simulating accelerated exposure to actual vehi

prs are not stitable for use outside the passenger and luggage compartme
h-engine/transmission profile (V1). Sealed connectors may be used in app
b/transmission, so they should normally be qualified to the harsher vibratio

5.4.6.2 Equipment an

“automatic” reset
s not pull out of
| ock to Pre-Set”

cle conditions. Vibration

car of the terminal jnterfaces, intermittent electrical contact and failure of nechanical components
of the connector system,

nhts, they would normally
lications requiring direct
n profiles (V2 to V5).

diSet-up

Vibration table (with
Vibration controller

e Accelerometers

environmental chamber for levels V3 and V4)

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 5 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.
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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 accelerometer or sequentially rotate single axis accelerometers for the mapping process.

2. The cross-axis resonance 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 procefure used shall be documented in the test report and will include frequency, acceleration, profile
(random or sine sweep), and accelerometer locations.

7\~
s=B

v

Typidal table, cube, or Axis of vibration
head|expander

FIGURE.5:4.6.2: TYPICAL MAPPING ACCELEROMETER LOCATIONS

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. See Figure 5.4.6.3 for examples of test mounting arrangements.
Mounting position A is for in-line type connectors. Position B is for connectors that will mate to an electrical device.

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. ForlIn-Line Connectors, mount the mated connector pair directly to the mounting bracket using the connector feature
provided for mounting. See Figure 5.4.6.3A. Do not use a “Fir Tree” or any other type of mounting device. Instead,
the mounting bracket itself must be constructed so as to include a direct mounting feature to mate with the mounting
feature (dovetail) on the mated connector pair.
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c. For Device Connectors, mount the device directly to the mounting bracket. See Figure 5.4.6.3B. Use the normal
device mounting feature(s) used to secure the device in its intended vehicle location. Do not use any intervening
bracket or mounting device. Instead, the mounting bracket must be fabricated to include any cooperating features
necessary to mount the device directly to it.

d. The conductor attachment must be 100 mm = 10 mm from the rear of the connector body per Figure 5.4.6.3C.

3. Should an application arise that does not lend itself to either situation described above, consult the Authorized Person.
It is his or her responsibility to devise a suitable method for attaching the CUT as directly and firmly as possible to the
mounting bracket consistent with the intended vehicle mounting.

4. Securely attach the conductor bundle ends to the mounting fixture such that there is a 10 mm + 5 mm sag relative to
the bisecting plane [of the attachment poinis. See Figure 5.4.6.3C. NOTE: Tt'is vital o securg the conductors to their
respective connectdgr housings. Terminals "float" in their cavities and will wear rapidly if the associated conductors are
allowed unrestrained movement relative to the connector housing. See 5.4.6.3C.

Conductior
Attach Pgint
Module | YT Conductor Sag
— 10£5mm
Mounting Brackg | Mounting Bracket L

32 o
= —l CuT @I:-
Shaker Shaker T

Mounting brackgt

Conductors must nhot
A B contact brackget

FIGURE 5.4.6.3A AND 5:4.6.3B: VIBRATION MOUNTING POSITIONS

Zipties/zip locks/
; plastic straps/
_‘ plastic ties

.-

Tape

—m Clamping w/

protective
media for wires

100 +10 mln—‘<—>‘ “%100 +10 mm

FIGURE 5.4.6.3C: TYPICAL WIRE ATTACHMENT TEST SET-UP FOR VIBRATION
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5. Subject the CUT to mechanical shock per Table 5.4.6.3A in each of the three mutually perpendicular axes. Mechanical
shock and vibration testing may be completed in sequence for each axis before proceeding to the next axis.

6. Subject the CUT to the appropriate vibration class schedule per Table 5.4.6.3B in each of the three mutually
perpendicular axes. When identified in Table 5.4.6.3B, thermal cycling shall be performed during the entire vibration
cycle. Related to the temperature/vibration profile that the temperature profile in ISO 16750-3 Section 4.1.1 is an
acceptable alternate to the temperature cycle shown in Table 5.4.6.3B. 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.

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 offthe test, measure the CUT/TUT as required per appropriate test sequeneipng table

TABLE 5.4.6.3A: SCHEDULE FOR SHOCK TESTING

Vibration Shocks Wave Direction Duration Acceleration
Class per Axis Shape () (ms) (9)
V1 10 Half Sine Wave Positive 5t0 10 35
V2 10 Half Sine Wave Positive 5t0 10 35
For V3, V4,
V5 only: 1| 132x6 =792 | Half Sine Wave Positive/Negative 15 25
Perform
Tests1and2 | 2 | Bx6=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 N/A
Tmin per Table 5.1.4.1 with dwell time of
V3 22 22 132 2 hours then transition to Tmax per Table
514 1 with dwell 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 dwell time of 2 hours
V5 N/A 22 66 N/A
NOTES:
1. Prior note deleted
2. Prior note deleted
3. One thermal cycle is approx. 360 minutes.
4. Humidity is not controlled for the 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 RPSD 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 0-6854 200 306 30.6
500 20 0.208 240 300 30.6
2000 20 0.208 270 100 10.2
g (rms) 181 18549 440 150 15.3
F PSD PSD
(Hz) (m/s?)?/Hz g%/Hz
20 200 2.08
V5 ;OOO %O;) 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) 107.3 109¢g
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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

10
V2 Vibration schedule-at this levgl does not have a
Sine componeft.

50 500 5000

/——————————— 250
10

V3 . |

50

0.1 50 50

10 100 1000

\ 500

10 S\ /

V4 1
L /
0.1 . s0
10 100 TOUU T00 500
1000
100 “\
V5 * \ Vibration schedule at this level does not have a
\  — sine component.
1 ;’
0.1
10 100 1000
NOTES:

(M 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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5.4.6.4 Acceptance Criteria

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

5.4.7  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 this test procedure and Acceptance Criteria are taken from actual plant expellience.
5.4.7.2 Equipment
e dB meter

5.4.7.3 Procedure

16 sample pairs are required (two groups of eight). Samples are to be production intent. The connector cavities shall not be
populated with terminalg. Include all TPAs, seals, stuffers and auxiliary,pieces as applicable.

1. Measure and record the dB (A) level of the ambient sound within the test environment. The ambient noise level must
be between 30 and 0 dB (A).

2. Locate the sound measuring device or microphone 600-mm + 50 mm from the connector.

3. Mate the connectorg in group 1 by hand and measure the dB (A) level of the sound generated fgs the lock engages. Do
not bias the connecjors toward or away from, the’latch as they are engaged.

4. Repeat steps 1 through 3 using the group 2 connectors, post moisture conditioning. Parts are pbrought to their practical
limit of moisture content by exposing j‘dry as molded parts” to 95 to 98% Relative Humidity at 40 °C for 6 hours
(minimum), then completing the testwithin 30 minutes.

5.4.7.4 Acceptance (riteria

The values measured in|this test shall be documented in the test report. These values should be cgnsidered for information
only and are used to compare connector designs or to assist in the connector selection/wire harneps design process.

5.4.8 Connector Drop Test

5.4.8.1 Purpose

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

e Ruler

e Concrete surface
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54.8.3

1.

Procedure

Prepare 18 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.

2. Divide samples into six groups of three samples each for testing X, Y, and Z axis orientation.

3. 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.
Use one group for each orientation shown.

4. Record any damagg¢ or movement/separation of components.

5. Verify conformance [of each sample connector assembly to the Acceptance Criteria of 5.4.8°4.

5.4.8.4 Acceptance (riteria

1.

Samples shall meet|the Acceptance Criteria of 5.1.8, Visual Inspection.

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. S3

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 ansincomplete (un-seated) 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
ity 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 on

e cavity of each terminal size from each connector sample.

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.

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 locked position.

Remove the force and seat the terminal in its normal position. Inspect for damage. Seat the secondary lock.

Perform a terminal retention test on each terminated lead per 5.4.1.3 B.
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5494

1. When the force in st

Acceptance Criteria

ep 4 is fully applied, the TPA must not seat in its final position.

2. Terminal retention must meet the force listed in the far-right column (Post Humidity) 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 must be seen in the inspection from step 5.

5.4.10 Terminal/Cavity

Polarization Test

5.4.10.1 Purpose

This test is conducted tq
terminal in any incorrect

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

NOTE: Mechanical equ
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

e Insertion force teste

5.4.10.3 Procedure
1. By analyzing the ca
incorrect orientation
90 degrees from hg
these designs in 18

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 an operator todfinesse terminals
fore, in addition to this procedure, an expert evaluation' shall be condug
ot reasonably possible to incorrectly assemble terminals to connectors. A
d in the test report.

may be used to fulfill the requirements of thisitest. If surrogate data is used,
and all materials (except terminal plating) shall be identical. Other factors
b or single row, etc. may also influence the'test outcome. The Responsible E
vidual testing in such cases.

I with peak reading feature-and fixtures or jigs as necessary

ity and terminal'design, choose the incorrect terminal orientations to be tes
in increments’ of 90 degrees must be tested. Rectangular designs whe
rizontal is.clearly not possible do not need to be tested at these positions
O° increments. The Responsible Engineer is the final authority for determ

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
Engineer shall determine

ted. At a minimum, each
re improper insertion at
It is permissible to test
ning the positions to be

Prepare enough terminated Teads fo test each orientation selected in step 1 at least ten times.

repare leads per 5.1.6,

Terminal Sample Preparation, using the largest gage size conductor and insulation thickness applicable to the design.

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.

tested.
2.
3.
4,
of the connector or the terminal cavities
5.
grip.
6.

Adjust the force tester to insert the terminal straight into the connector.

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

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

Adjust the connector holder and force tester to insert the terminal in one of the “incorrect” orientations chosen in step 1.
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10.

1.

5.4.10.4 Acceptance (riteria

1.

3.

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.

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

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

Repeat steps 4 through 9 using fresh terminals and cavities/connectors until all combinations determined in step 2 have
been tested.

Complete the visual examination of the terminals and connectors per 5.1.8.

Terminals inserted fat a force 1.5 times the normal insertion force or 15 N (whichever is dreater) in any incorrect
orientation shall nqgt fit or lock into a connector cavity beyond the insulation‘wings (grips) or cable seal (see
Figure 5.4.10.4).

There shall be no vjsible damage to either the terminal or connector thattwould prevent subsequent correct insertion
and function following any attempt at incorrect insertion per this procedure.

The expert evaluatipn shall be completed and documented.

NOTE: Where wire bu¢kling and operator sensitivity cause probléms in obtaining test repeatapility, terminals may be

crimped to a gage pin, solid core wire, or other metal dowel material and used to obtain measurements. Samples
prepared in thisimanner require additional connectorsamples.

—_

Insulation grips or seal mup

Cpnnector Body be visible
>h,
| Il
F—Lﬁ—“‘_”j 3
y S

Mis-pluaged terminal

FIGURE 5.4.104: 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.

5.4.11.2 Equipment

Force tester

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)

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

1. Ensure correct number of samples are available. Six directions/locations are tested (F1 through F6). A minimum of
30 connectors (five in each direction) must be tested. Use of a new sample for each test is recommended; however,
the same samples may be used for testing various force directions if not damaged. If clip is tested on the connector
under test and passes 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 used to reduce sample size and avoid making a custom fixture with a locking feature.

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

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, release from fixture, or the force specified in the Acceptance Criteria of 5.4.11.4
is reached. Apply the force 5 mm from the edge (rear or side as-applicable). Figures 5.4.11.3B and 5.4.11.3C provide
illustrations for typical connectors.

Support
Bracket

Mounting Feature

3 oo o )
Oy |
/ uly
Connector, ~5mm from edge
Latch (2X,F2 and F4)
FIGURE 5.4.11.3B: TEST SET-UP (END VIEW)
Mounting E4 N
Featira FJ
¥
Mating Al " £
F& r.‘.yioll f| -JL'_'.] Fa
A, B p i { / -—
14
1t
Mounting™—™ P4 M
Connect / ~V i
Non- - / ,’1.
Mountina F1 F2

FIGURE 5.4.11.3C: TEST SET-UP (3D VIEW)
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4. Remove the connector 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 noted 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 to be performed.)

5.4.11.4 Acceptance Criteria

5.4.12 Mechanical Assjst Integrity (Connectors with Mechanical Assist Only)

5.4.12.1 Purpose

TABLE 5.4.11.4: CLIP SLOT ACCEPTANCE CRITERIA

Direction of Force Clip Slot Width <11 mm | Clip Slot Width >11 mm
Per Fig. 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

* Tlypically not tested based on successful pass of 5.4.56.1.

This test is used to engure that lever or slide assist featares 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:

5.4.12.3 Procedure

1.

Force tester

Prepare a minimun] of five sample connectors with levers/slides in their open position. Wiress, terminals, TPAs, and
seals are not requirgd.

Complete the Visua| Examination per 5.1.8

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.

Mount the samples in the fixture.
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.

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.

Position the slide or lever in a position approximately half way between the open and closed positions. Apply a 60 N
force in Direction “F,” as shown in Figure 5.4.12.2, at the rate of 50 mm/min + 10 mm/min.
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8. Position the slide or lever in a position approximately half way between the open and closed positions. Apply a 60 N
force in the direction opposite to Direction “F,” as shown in Figure 5.4.12.2, at the rate of 50 mm/min + 10 mm/min

9. Complete the Visual Examination per 5.1.8

FIGURE 5.4.12.2 - SIDE FORCE STRENGTH

5.4.12.4 Acceptance (riteria
1. The lever/slide must withstand a 100 N force in the open and closed positions without separatipn or damage.

2. The lever/slide mugt withstand a 60 N force in the midpoint position.(lever half -way closedl) without separation or
damage.

5.4.13 Connector Seal[Retention - Unmated Connector
5.4.13.1 Purpose

This test is done to engure that connector seals will be_sufficiently retained during shipping and| handling prior to being
mated or assembled.

5.4.13.2 Equipment
o Variable speed motpr with rotating table
5.4.13.3 Procedure
NOTE: If the design uses a pré=staged secondary component that interacts or aids in the retentign of the connector seal,

then conduct the test with this component in both its pre-staged and final position. If the dgsign uses a loose-piece
secondary compaonent, 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/s2 [=200g] for a minimum of 10
seconds. Direction is optional. Using the equation below, calculate the required RPM.

N = [(sqrt (a/R)) x 60]/(2 x )
where:
a = acceleration in m/s?

R = the distance [meters] from the center of rotation to the nearest edge of the connector seal
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Example:

a=1960 m/s2and R=0.2 m > N = [(sqrt (1960 m/s2/0.2 m)) x 60s]/(2 x T1)> N = 945.33 rpm

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

FIGURE]|
5.4.13.4 Acceptance (

The connector seal sha
of the seal are not dimin

5.4.14 Connector Seal
5.4.14.1 Purpose
This test is used to dete
5.4.14.2 Procedure

1. Prepare ten female

terminals, wires and

Mate connector to d

Connector Seal

Connector Body

AN
/i
~

Fixture Table

5.4.13.3: UNMATED CONNECTOR SEAL RETENTION-TEST CONFIGU
riteria

| be sufficiently retained in design position such' that both mating of the co
ished.

Retention - Mated Connector

rmine that the connector seal will retain during mating and unmating of the

housings withtradial seals and ten complimentary male connectors or
seals as appropriate for the design.

evice or:mating male connector.

RATION

hnector and the function

connector assembly.

mating parts along with

Remove connector

rom'the device or mating connector by using the wires when possible or by

grasping the connector

housing. Connector

stattbefulty separated-withimt—second:

5.4.14.3 Acceptance Criteria

Seal shall remain on the connector and in its intended position.

5.4.15 Airbag Inflator Connector Self-Rejection Assessment

5.4.15.1 Purpose

This test determines the self-ejection performance of airbag connectors designed to self-reject if not properly mated. The
self-ejection performance is important in determining an incompletely mated connector can be detected by monitoring for
electrical disconnection. The test procedures apply to 90 degrees (right angle) and 180 degrees (straight) versions. This
specification applies to versions with and without shorting bars.
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5.4.15.2 Equipment

o Force tester with rectangular probe (size between 8 mm and 9 mm, round, rectangular, or square). Customer and
supplier may agree on a smaller size only if the available push surface cannot fit the called-for sizes. Any variance must
be noted in the test report.

e Continuity tester (CT)

e Power supply capable of 100 mADC

e Inert igniter pocket with applicable coding ring, as applicable (typically per EWCAP 999-U-002-1-Z02) with 2 Q bridge

resistor. Reuse of th

is part is allowed so only 1 device is required for the test.

o Retainer as applical
e  Shim with thickness
5.4.15.3 Procedure

1. Prepare asampleg
assembled squib cd
details must be doc

2. Determine an appli
surface of igniter, th
to lock. No friction
Figure 5.4.15.3E.

3. Attach continuity teg
the inert igniter.

4. Secure the inert inflator in an appropriatedixture. Place, but do not secure, the female connectq

in the correct matir
(Straight-in engager

5. Test per this sequer

a. Set stop force o

ble to design (for example, per EWCAP 999-U-002-1-Z03 or EWCAP999-

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

nnectors. Any conductor size and insulation type.applicable to the connec
imented in the test report. Number each connectorassembly.

Cable shim thickness as shown in Figure §:4:15.3E so when placed betv

b shim prevents the connector from locking\but comes as close as possible {
between shim and connector is allewed. Place the shim on the ing

t leads to the connector as shown in Figure 5.4.15.3A. The electrical meas

g orientation. Adjust) the probe to insert the female connector axially t
nent is important'to’avoid torque loads and torsion, which may affect the fq

ce:

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

J-002-1-Z04)

bcking

oup with a minimum of ten samples for each of four prebe positions (40 sanples min) with complete

tor can be used. These

een connector and top
0 allowing the connector
rt inflator as shown in

iIrement is done through

r on the male connector
b the male counterpart.
rce results.)

connector female <5

]

terminals (P

FIGURE 5.4.15.3A: CIRCUIT FOR MONITORING CONTINUITY

male pins

igniter
R~20

bridge wire

/a7

b. Mate the connector at a uniform rate of 50 mm/min £ 10 mm/min in position 1, 2, 3, or 4 as applicable per step e
(see Figure 5.4.15.3B for locations). Continue until the female connector is blocked by male counterpart and shim.
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c. Reverse test direction to unmating direction at a rate of 2300 mm/min until movement of connector stops. Ensure
that force probe is not in contact with connector after this step.

d. Record whether the electrical signal indicates disconnected (resistance infinite) or connected (resistance is not
infinite and approximates the value of the bridge resistor). The resistance value itself will be different depending on
shorting clip version and actuation method and does not need to be recorded.

e. Repeat test with probe in positions 2, 3, and 4 per Figure 5.4.15.3B using new samples. Note that additional test
locations have the force applied off-center with ~1 mm of probe contacting the connector body.

f. Repeat above steps for all samples of group.

Applied Applied

Force Fagrce
Area to apply the pgrobe for testing is
marked as 1 through 4, where #1 probe J
location is centered|on the axis of the ) SN
interface as close gds possible without G : :1)®
disturbing wires or motion of connector < (1) ©) _
components (spring|CPA, etc.). @@ N == AXIa|t

- onnector

For locations 2, 3,[and 4, the probe )
overhangs, contactirjg only 1 mm of the QU) -~ Shim %2‘ Shim
connector.

\ / iaiter “ T Igniter

FIGURE 5.4.15.3B: SELF REJECTION SET-UP (90 DEGREES AND 180 DEGREES)

5.4.15.4 Acceptance (riteria
Connector shall be discpnnected at,end*of movement by having an infinite resistance reading and visual confirmation

NOTE: The acceptancg criteria:ef.this section is not linked with mating force. Forces are measured py the separate relevant
paragraphs. The¢ resulf,of this section is not a resistance value; it it an electrical condition (connect/disconnect).

5.4.16 Bolted ConnectorFunetion

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 and sample prep

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

e Samples: When used for “Bolt-mated connector (Stand Alone)” per Test Sequence AK (Table 5.9.5), divided
samples into two equal groups:

e Group A, fully populated
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5.4.16.3 Procedure

1.

e Group B, At least 75% of the wires removed leaving wires in the furthest corner from the bolt (or a location that
would induce the largest offset mating force).

For all other Test Sequences, use three samples (randomly selected) for the test.

If connector is
connector struc
how much. Unn

Place a mark ei
be the “Zero-Po

Mate connector
Omit this step if]

NOTE: The rec
torque tied to st

THREADED INSERT

B

. VL VY

NN

RECEPTACLE

nt of Insert” marking:

connector-was mated in prior operations.

Bolt

Retainer

=
-_—

—-—

PLUG

Figure 5.4.16.2: Parts of a bolted connector

mated from prior operations,inspect the permanent line mark placed
ure in USCAR-2 step 5.1,7:3.-Record whether the initial bolt head positig
ate connector. Record the-torque required to unmate.

under test (CUF) using the recommended installation torque. (This is referr

bmmended installation torque is provided by the connector engineer basec
hndardized manufacturing practices for air guns will generate too much tor

Bolt a

e

bn the bolt and nearby
n has changed, and by

ther vertically or horizéontally across the threaded insert and accompanying support walls. This will

ed to as the first mating.)

on the design. Using a
nue for this test method.

Unmate CUT. Record-the torque lcquilcd totmmate:

Inspect and record any displacement from the Zero-Point marking of the insert.

Mate CUT again, applying 200% of the recommended installation torque (second mating).

NOTE: The 200% requirement is based on having a “Recommended installation torque” based on the torque
needed to mate the connector. If the torque requirement is directed by an OEM in order to standardize power tools,
the requirement may not be applicable. If the recommended installation torque is not based on the force to mate
the connector plus an acceptable design margin, this requirement needs to be assessed between supplier and

customer.

Unmate. Note a

ny difficulties in disassembly.

Inspect for damage related to the bolt-assisted mating. Record any displacement from the Zero-Point of insert

marking.


https://saenorm.com/api/?name=176517113037c69decc70d532075aec5

SAE/USCAR-2 REVISION 8 Revised 2022-06
PERFORMANCE SPECIFICATION FOR
AUTOMOTIVE ELECTRICAL CONNECTOR SYSTEMS - 57 -

10.

1.

12.

13.

14.

15.

16.

17.

18.
19.

20.

Using three samples (from Group A, when performing the stand-alone test), continue testing using the following
steps. For all other samples, if CUT passes, proceed to the next step in the Test Sequence.

Mate the connector (third mating) until the bolt is hand tight.
NOTE: At the discretion of the lab manager, a separate bolt can be used rather than mating the entire connector.

Mount connector on a force tester with the bolt facing the tester’'s moveable probe. Align the probe’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.

THREADED INSERT

/.\\\\\\\\\\\\\\\\\\\\\\ 1

i\ NNV T

'lll =|-

l
:&\&\ i ]
':\"

Direction B

i
/\\\\\\\\\\\\\\\\ ARAARY
RECEPTACLE

Direction A

- 1

rigure 5.16.3 — Direction of force for.bolt connector insert strength test

Release the forge. Remove CUT from force tester-and visually inspect for defects relateq to bolt function. If CUT
passes, proceed to next step.

Disassemble and measure the displacement of threaded insert relative to the connector|housing. Calculate how
much the insert|moved from its initial_position.

Re-assemble the connector (fourth;mating). Attach a test fixture that allows the bolt to be pulled in Direction B per
Figure 5.4.16.3,

NOTE: At the d|scretion ofthe lab manager, a separate bolt can be used rather than mating the entire connector.
The lab managégr may, also insert the bolt into the back of the connector to allow a push force to be used instead of
a pull force.

Mount CUT on aforce tester and slowly apply a force aon the centerline of the bholt in Diredtion B per Figure 5.4.16

until 6 kN is reached and hold for at least 30 seconds. NOTE: Stop test if failure occurs before test force is reached
or test hold time elapses.

Measure displacement of threaded insert relative to the connector housing (in mating directions A/B). Calculate
how much the insert moved from its initial position.

Inspect for damage.

Re-assemble connector (fifth time) and apply torque until there is a failure. Note failure mode (whether the bolt
breaks first or insert spins or strips first).

If CUT passes, proceed to the next step in the Test Sequence.

5.4.16.4 Requirements

1.

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.
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fourth mating.

recommended application torque. No other part of CUT shall break other than the bolt.

during fifth mate.

ector failure).

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

Bolt must break during fifth mate (over-torque-to-failure test). Bolt shall break at a torque higher than 200% of the

Threaded insert shall remain at the Zero Point of the insert after all connector mates, including when applying

Threaded insert shall not have stripped threads or spin in the connector housing after any test, including the fifth

2.
3.
direction B after
4,
5.
torque-to-failure
6.
mating (to conn
7. For samples pu
because of the
before).
5.5 Connector - Elect
5.5.1 Insulation Resig
5.51.1 Purpose

This test verifies that th
detrimental electrical cg
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 typig
form of moisture or othg
pairs, test samples mus
environmental condition

t through environmental testing, connector unmating process shall -not
exposure to the environmental stresses (i.e., part operates as easily‘after

rical Tests

tance

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

ally used ohly-in conjunction with another test that subjects the connecto
r contaminant intrusion. Test the same samples used for the related test.
t rest(inyambient environment for 23 hours prior to measuring insulation r
ng.‘When sealed connectors are to be tested following exposure to moistu

(except in fluid resistand

be changed in any way
environmental stress as

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

to the chance of some
For unsealed connector
psistance after any prior
e or other contaminants

etest) it is important that this insulation resistance test be performed on eg

ch sample within 1 hour

of concluding the associated test (otherwise, any contaminant that might invade the samples may dry to the point of being
undetectable by this insulation resistance test.)

1.

2.

Prepare cut leads as specified in 5.1.6, if not done already.

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.
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()
N\

FIGURE 5.5.1.3: METHOD OF CONNECTING LEADS FOR INSULATION RESISTANCE TEST

3. Use the megohmm;
allow the meter to g
stress testing. Test

4. Record the minimur

5. For connectors with
be shorted together

5.5.1.4  Acceptance (

The resistance betweer
includes terminals that n

5.6 Connector Enviro

5.6.1 Thermal Shock

5.6.1.1  Purpose
This test subjects the d
various materials used i

5.6.1.2 Equipment

e Two temperature ch

temperature of the t

bter to measure the resistance between adjacent terminals: Apply a test

tabilize. Test the mated connector assembly for those samples thatchave
both halves of the connector system if applicable.

h resistance measured and verify conformance to the Acceptance Criteria

shorting bars, take the insulation resistance measuremént between the tw
by the shorting bars (shorting bars “open”).

riteria

every combination of two adjacent terminals*in the CUT must exceed 10
hay be separated by one or more vacant{erminal cavities.

mental Tests

onnector assembly_to" extreme temperature cycles that cause expansior]
h the connector system. This is intended to produce accelerated wear at th

ambers; ' Cold soak chamber capable of -40 °C and hot soak chamber capa
emperature class selected from Table 5.1.4.1

oltage of 500 VDC and
been subjected to prior

bf 5.5.1.4.

o terminals designed to

0 MQ at 500 VDC. This

and contraction of the
e terminal interface.

ble of meeting maximum

5.6.1.3 Procedure
1.

2.

Number each mated connector pair.

Determine the temperature class for the intended application of the connector system from Table 5.1.4.1. Set the cold

soak chamber temperature to the minimum ambient temperature for that class. Set the hot soak chamber to the
maximum ambient temperature for the temperature class selected. Allow the chambers to stabilize.

the samples and the samples are not touching each other.

cold to hot chamber

Allow the samples to cold soak for 30 minutes.

s is acceptable.)

Place the samples in the cold soak chamber so that there is no substantial obstruction to air flow across and around

Transfer samples from the cold to hot chamber in less than 30 seconds. (Automated equipment that moves CUT from
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6. Allow the samples to heat soak for 30 minutes.

7. Transfer the samples from the hot soak chamber to the cold soak chamber.

8. Repeat steps 4, 5, 6, and 7 99 more times.

5.6.1.4

Acceptance Criteria

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

5.6.2

5.6.2.1 Purpose

Temperature/Humidity Cycling

This test simulates actual operating conditions using temperature and humidity variations”as

evaluation of a connectd
corrosion of the termina
movement of the contad

5.6.2.2 Equipment

e Temperature chami

5.6.2.3 Procedure

1. CUT must include a

r system's electrical durability. High humidity and temperature canpromote
Is which may cause electrical and mechanical degradation. Temperature g
t surfaces that can cause wear and fretting corrosion. Certain.plastic mate

er(s) capable of -40 °C to temperature class selected from Table 5.1.4.1 a

| applicable wedges (TPAs, PLRs, etc.);Seals, etc. Number each mated

N the chamber so that there is no 'substantial obstruction to air flow across 4

and the samples ar¢ not touching each other.

2. Place the samplesi
3. Determine the temp|
Temperature chami
4. Subject samples to
may be used as lon
un-controlled relatiy
maximum ambient {
5. At the conclusion of

erature class for the intended application of the connector system from Ta
er to the temperature for that class. Allow the chamber to stabilize before

40 times per the blue-shaded cycling schedule shown in Figure 5.6.2.3. E|

e humidity<Gempletion of the schedule shown in Figure 5.6.2.3 constity
emperature for hours 5 through 7, as determined from Table 5.1.4.1 in ste

theitest, measure the CUT/TUT as required per appropriate test sequenci

aging mechanisms for
galvanic and electrolytic
ycling promotes relative
fials may also degrade.

nd RH of 0 to 95%

lonnector pair.

nd around the samples,
ble 5.1.4.1. Then set the
broceeding.

xtended transition times

) as the dwelldimes at temperature are maintained. The cycle begins with the sample at -40 °C and

tes one cycle. Use the
b 6 above.

ng table.
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o .- ~2 B > 5
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g 10 :;'II | | . | | . - TEEEE _,...-—-‘"'4 ..........................................................................
=10 0 ,I[' i 5 3 7 5 g ’m“""“.',lé. SO ":-:-...,,
i 1} { 1 o R 02 ) 8
20 i /1 > i 10
-50 0 . . | :
Time (Hours) 0 1 2 3 4 5 6 7 8
Time (Hoursg)
Key:
1. -40°C
2. 80t0o90°C
3. Test temperatyre 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
5.6.2.4  Acceptance (riteria

Verify conformance of e

5.6.3 High Temperaty

5.6.3.1  Purpose
This test evaluates the ¢
aging may cause chang
terminal or its connector

ach CUT/TUT per corresponding measurement section as identified in 5.9

re Exposure

ffects of long-term exposure to elevated temperature on connector assemb
es in metal and plastic materials, including stress relaxation in important
. These ehanges may be detrimental to electrical and physical performanc

Test Sequence.

ly components. Thermal
flexing members of the
e.

5.6.3.2 Equipment

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

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

Determine the temperature class for the intended application of the connector 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

Place the samples in the chamber, set to the maximum ambient temperature, so that there is no substantial obstruction

to air flow across and around the samples, and the samples are not touching each other. Leave the samples in the

5.6.3.3 Procedure
1.
2.
proceeding.
3.
chamber for 1008 h
4.

ours.

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

Verify conformance of CUT/TUT per corresponding section identified in 5.9 Test Sequence.
5.6.4 Fluid Resistance

5.6.4.1 Purpose

This test evaluates the sealing capability and material compatibility of a sealed connector system when immersed in various
fluids commonly found in 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 dafa is used, all references
to the original test(s) shall be included in the test report.

5.6.4.2 Equipment
e Laboratory fume hopd
e Stainless steel tanks or glass beakers
e Explosion-proof hedt chamber

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

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

TABLE 5.64.3: FLUID TEST SCHEDULE

Fluid™ Specification Test[Temp (°C)
Gasoline 1ISO1817, liquid C P3+5
Diesel fue 90% ISO 1817, Oil No. 3 + 10% p-xylene* P3 £ 5
Engine oil ISO 1817, Oil No. 2 b0 £ 3
Ethanol 85% Ethanol + 15% ISO 1817 liquid C* P3 £ 5
Power stegring fluid ISO 1817, QOil No. 3 b0 £ 3
Automatic transmission fluid | Dexron VI (North American specified material) 503
Engine coolant 50% ethylene glycol + 50% distilled water * 503
Brake fluid DOT 4 or 5 (or latest available fluid) 50+3
Diesel exhaust fluid (DEF) API certified per 1S022241 235

*  Solution is determined as percent by volume.
() See Appendix E for fluid source list.

3. At the conclusion of the submersion period, remove the sample from the fluid. Do NOT shake off any excess fluid. Use
care not to splash any fluid on unintended surfaces. Leave the samples "wet" and store them in a suitable container or
area at lab ambient temperature for 7 days. Do not allow samples submersed in different fluids to touch each other and
do not allow any dissimilar fluid drippings to intermingle.

4. Atthe conclusion of the storage period, samples may be dried sufficiently to allow inspection and to avoid contamination
of test apparatus.
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5. At the conclusion of the test, measure the CUT/TUT as required per appropriate test sequencing table.

5.6.4.4

Acceptance Criteria

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

5.6.5 Submersion

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 accelerat
suddenly cooled by sub
the connector. As a furt
salt water solution.

5.6.5.2 Equipment

Stainless steel tank

e Megohmmeter

e Temperature chami

5.6.5.3 Procedure

This test is intended for
Test Sequence AC (5.9

1. CUT must include a

bd simulation of the "breathing” that may occur in a sealed connector syste
Mmersion in a cooler liquid. Salt water is used as the liquid to facilitate dete
ner aid to detecting any leakage, it is recommended that a suitable ultravi

5 or glass beakers

er (-40 °C to + temperature class selected.from Table 5.1.4.1)

Test Sequences S, RSAA, T, andTUAB (5.9.7) for full validations. For sub
9).

| applicable wedges (TPAS;"PLRs, seals, etc.). Number each mated conne
water solution to completely submerse the samples. Use tap water and 15

h washing soap ‘per liter. Mix well before adding to test apparatus. It is
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
mplés‘are not touching each other.

m when it is heated and
ttion of any leakage into
blet dye be added to the

mersion-standalone use

ctor pair.
to 16 g of table salt and

recommended that an
b the test samples. Cool

across and around the

Determine the temperature class of the connector system from Table 5.1.4.1 and set the chamber to the maximum
ambient temperature for that class. Allow the chamber to stabilize before proceeding. Heat soak the samples at the
elevated temperature of the chamber for 2 hours. If the internal temperature of a representative sample of the parts to
be tested can be shown to stabilize at oven temperature in less than 2 hours, the shorter time may be used. The
demonstration sample may not be used as an actual test sample.

Remove the samples from the chamber. Within 30 seconds, submerse them in the 0 °C temperature salt water solution
to a depth of 30 to 40 cm. The samples shall remain submersed at this depth for a period of 30 minutes.

At the end of the 30-minute submersion, remove the samples from the salt water solution, shake off the excess solution,
and then carefully dry the exterior surfaces of the samples. Immediately perform the insulation resistance test of 5.5.1

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

3. Place the samples
samples, and the sg

4.

5.

6.
on each sample.

7.

For Test Sequence AC (5.9.9), repeat steps 3, 4, 5, and 6 four more times. For Test Sequences R, RSAA, U, and TUAB
(5.9.7), see Test Sequence.
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8. At the conclusion of the test, measure the CUT/TUT as required per appropriate test sequencing table.

5.6.5.4 Acceptance Criteria

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

5.6.6 Pressure/Vacuum Leak

5.6.6.1 Purpose

This test evaluates the sealing capability of sealed (S2, S2.5, and S3 sealing classification) connector systems when
subjected to a specified pressure differential between the inside and outside of the sealed area.

5.6.6.2 Equipment

5.6.6.3 Procedure

Pressure/vacuum source (regulated)
Pressure/vacuum gage - 48 kPa (7 psig) minimum
Container (for sample immersion)

Temperature chamfer (from -40 °C to required temperature per thedtemperature class selectedl from Table 5.1.4.1)

This test is intended fof Test Sequences S, RSAA, U, and TUAB (5.9.7) for full validations. Fof pressure vacuum leak

standalone, use Test Sgquence W (5.9.9).
1.

2.

CUT must include al applicable wedges (TPAs, PERS, seals, etc.). Number each mated connector pair.

Insert two tubes of qufficient diameter and wall strength to ensure that there is no possible leal path between the outer
tube surface and thg conductor seal into the'open cavities in each connector pair. Use of the acfual wire leads to replace
the tubes is acceptdble if the cable composition is such that sufficient air can pass in a reasongble time to complete the
test. Be sure the tulpes are inserted far enough to engage the full sealing capability of the copductor seal. Alternative
methods of adding pressure/vacuum ports are acceptable as long as the integrity of the part i$ not compromised. The
length and inner diameter of thePressure/Vacuum supply tubing (or stranded cable if used) as well as the volume within
a mated connector ¢an have.an effect on the time required to reach the pressure/vacuum valyes within the CUT. Two
tubes are inserted o that the pressure/vacuum within the mated connector housing can be monitored to determine if
and when the presspre/Vacuum reaches the specified value.

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

Bend, do not apply a load, and secure all conductors in the same direction, 90 degrees to the back of each sample
connector half and secure them in this position using actual conductor dress shields if available. This is to simulate
dressing of the conductors as they exit the connector and is intended to stress the conductor seal(s) as in actual
applications. If actual production dress shields are not available, simulate allowable worst-case production application
intent as closely as possible. Ensure that the tube is not kinked, squeezed shut or otherwise obstructed. The tube should
be left out of the 90-degree bend if feasible. Seal all loose conductor ends to eliminate possible leakage through the
conductor strands.

Connect the free end of one of the tubes (wires) to a regulated pressure source and the other to the pressure/vacuum
gage. Completely submerse all samples into a container of the room temperature bath prepared in step 3.
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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

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

Immediately perform the insulation resistance test of 5.5.1.

6.
in step 2.
7.
outlined in step 2.
8.
9. For Test Sequence
then proceed to stej
10. Place the samples i
selected from Table|
from the chamber a
11. Repeat steps 4 to 9
12. At the conclusion of
5.6.6.4 Acceptance (

1. Upon reaching the

exiting any test sam
2. Verify conformance
5.6.7 High Pressure §
NOTE: The high pressu
5.6.7.1  Purpose

The purpose of this tes

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

E Test Sequences S, RSAA, T, or TUAB (5.9.7), see Test Sequence Tor
p 12. For Test Sequence W (5.9.9), proceed to next step.

n a temperature chamber stabilized at the maximum ambient temperature f

5.1.4.1 for the CUT. Heat soak all samples for 70 hours. After the heat so
nd allow the samples to cool to room temperature.

the test, measure the CUT/TUT as required per appropriate test sequenci
riteria

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

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

re spray test, when‘pérformed at level S3, aligns to ISO 20653 with an IPX

is to determine the ability of sealed connection systems to withstand hig

conditions may be encounteredwhere there is direct road splash or where high pressure washing m

this test for sealed clasq

S2:5%and S3 connectors (see 5.1.4.2). This test is used for Test Sequen

TUAB (5.9.7) for full vali

except limit pressure in step 6 and the vacuum in step7yto 28 kPa (4 psig).

hppropriate conditioning

br the temperature class
ak, remove the samples

ng table.

Il be no bubbles visible

est Sequence.

OK degree of protection.

h pressure spray. Such
Y be expected. Perform
ces AA, RSAA, AB, and

dations and for high pressure spray standalone test sequence AD (5.9.9).

5.6.7.2 Equipment
Heated water 80 °C
Fan jet nozzle per F
Device holder

Rotating table

+5°C

igure 5.6.7.3-2

High pressure sprayer capable of Figure 5.6.7.3-1 configuration and Table 5.6.7.3-1 specifications
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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 customer does not want an S3 evaluation to be
performed.

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

2. Using the samples from 5.6.6, PV testing; or if standalone testing, prepare sample per 5.6.6.3-4, mount the connector
under test onto the device holder such that the connector lays flush against the turntable with wires parallel to the table.

3. Position the sprayer at a Position 1 and initiate turntable rotation.

4. With the table rotating, spray the CUT as specified in Table 5.6.7.3-1 for level “S2.5.”

5. Remove samples frbm 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° 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 forevel “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 reguired per appropriate test sequencipg table.

MNozzle

Position 1

!

Test sample

|
0° \Referen ce points

SUDDOI’[ % (DO, 3[:]0, 6[:]0 Elﬂd 900)
Rotating axis

FIGURE 5.6.7.3-1: SPRAY NOZZLE AND TABLE ARRANGEMENT
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TABLE 5.6.7.3-1: SPECIFICATION FOR HIGH PRESSURE SPRAY TESTING

Sealing
Level !

Spray

Requirements

Water
Pressure and Temp

Exposure

Time

Turntable Speed =5 rpm £ 1 rpm 1900 to 2400 KPa,
S25 Water flow: 14 to 16 L/min

80°C+5°C

30 sec. each at positions 1, 2, 3, and 4
per Figure 5.6.7.3-1 (5 °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
Seatter M easuripno area Nozzle
area

FIGURE 5.6.7.3-2: HIGH PRESSURE NOZZLE SPRAY RANGE AND DISTA

5.6.7.4  Acceptance (

1. Level “S3” requires passing IR test after spray level “S3 is performed.”

| DD SOODNOADIODDODION

a

riteria

.-b\.‘

Jet core

Dispersion of water jet

o a b
30+10 100 8+2
30+10 150 0+2

NCE

2. Level “S2.5” requires_passing IR test after spray leve| “S2.5" is pnrfnrmnd

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

5.7 Tests for Headers

5.7.1 Header Pin Retention

5.71.1 Purpose

The terminal push-out test is used to determine the retention of the male terminal in certain stitched or insert molded Header
Connectors. It may also be used to test the attachment of male pins when staked or soldered directly to circuit boards.
Proper pin retention ensures that the terminal will not be displaced by forces associated with normal engagement and
disengagement of the mating connector. These requirements apply to finished devices only and not to “in-process” products
such as pin blocks or other sub-assemblies. The module and/or connector suppliers need to determine at what stage of the
process these requirements will be tested and verified.
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