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***WARNING***

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

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

in the hierarch

y of Section 3.0.



https://saenorm.com/api/?name=01c91fcdce97a0e86e79e39fbe53be61

SAE/USCAR-2

Revision 4

Revised May 2004

PERFORMANCE SPECIFICATION FOR AUTOMOTIVE ELECTRICAL CONNECTOR SYSTEMS

2. OUTLINE & GLOSSARY OF TERMS

2.1 General

Diagrams are provided where necessary to clarify the details of the various test procedures. The
tests in each section must be performed in the order given unless otherwise specified in the test
request/order. Construction details for selected test fixtures and equipment are provided in this

specification.

A glossary of terms

o nronvaA~A 1~ /\nnf\ndi Torma Aafinad i~ thAa flr\finitir\n OF

capitalized (i.g
Appendix A.
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b part drawings

e product design specification(s).

e Industry Action Group-(AIAG) Production Part Approval Process (
e USCAR/EWCAP pérformance specifications

licable standards(and specifications

ng
ng for.each connection system component should contain or refere

| requirements (which must be in GD&T format).

ds or specifications, the requirements*shall be prioritized as follows:
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5 provided in

ors: sealed

and other

FMVSS requirements and other applicable state and Federal requirements.

PPAP)
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Performance r
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Component part number.
Reference to applicable portions of this specification.

The quantity a

nd part number of terminals used.

The typical mating connector.
Maximum permissible Temperature Class (per Figure 5.1.4) for which the part is intended or
has been successfully tested.
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3.3 Product Design Specification

The product design specification may or may not be an integral part of the part drawing.
Instructions must be included in the product design specification for any special tests required
for the associated part and for any exceptions or modifications to the general specifications and

requirements i

n this document.

3.4 Test Request/Order

3.4.1 Sample

The laboratory
identify the typ
describe any s
deviations fror

3.4.2 Test Relquest/Order Instructions

Instructions m
in which the tg

3.4.3 Performance and Durability Test Instructions

Instructions m
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different than

3.4.4 Development Tests

Development fests are frequently'used to evaluate specific areas of the design. T
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determining ro

3.4.5 Validati

Validation test
given to the in

s, Test Type and Special Tests

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

st be included in the test request/order concerning applicable tests

st be given in the test request/order'concerning limits for performat
, including definition of the conditions under which those limits apply
putlined in this specification.

fdesign alternatives, proposed improvements, cost reduction propos
ot causes offield problems.

on Tests

5 or'sample approval tests are acceptance type tests. Consideratiq

sts are to be performed if different than outlined by this specification.
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each change.
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before designating it as a validation or compliance test.

3.4.6 Special

Purpose Tests

cification

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

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

used individually or may be combined with other testing, described outside this specification, in

any phase of product development, production testing, or analysis of parts from the field.
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3.5 Other Referenced Documents

SAE/USCAR-20: Field Correlated Life Test
SAE/USCAR-21: Performance Specification for Cable-to-Terminal Electrical Crimps
SAE/USCAR-23: Road Vehicles — 60V and 600V single core cables — Dimensions, test
methods and requirements

SAE/USCAR-25: Electrical Connector Assembly Ergonomic Design Criteria
AIAG: Measurement Systems Analysis Reference Manual

ISO TS16949
IEC 68-2-32 —

Bacic Enviranmantal Tact Pracadiirac
DooTrc =V o e oot T=Troteaurcs

art 2
=
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4.1 Record R

The supplier s
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4.2 Sample D

All test sample
AIAG PPAP.
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Minimum sam
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of the group tg
permissible to
passed and re

D
TV Pt

REQUIREMENTS
etention

hall maintain a central file for the storage of laboratory reports and g
record storage must be in accordance with established ISO TS1694
actices.

ocumentation

s shall be identified in accordance with the requirements of ISO TS

ize

ble sizes are given for each test in this specification. A greater numi
bd by the test requestiorder. However, no part or device may be rep
5 specification unless the minimum sample size has been tested an
sted have met the applicable Acceptance Criteria for that test. It is 1
test a largergroup, then select the minimum sample size from amo
present that this specification has been met.

alibration
19 and AIAG

16949 and the

er of samples
resented as

d all samples
ever

ng those that

4.4 Default Test Tolerances
Default Tolerahees; expressedas-apercentage of-the-nominat-vatue-tntess-other
Temperature = +3°C
Voltage = + 5%
Current = + 5%
Resistance = 5%
Length = + 5%
Time = + 5%
Force = + 5%
Frequency = +5%
Flow Rate = + 5%

Relative Humidity

+ 5%

vise indicated:
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4.5 Test Default Conditions

When specific test conditions are not given either in the product design specification, the test
request/order or elsewhere in this specification, the following basic conditions shall apply:

Room Temperature = 23+5°C
Relative Humidity = Ambient
Voltage = 14.0+£0.1VDC

4.6 Equipment

Neither this lis
equipment or (
laboratory equ

E nor the list in each test section is all-inclusive. It is meant to highlig
levices with particular accuracy requirements. Many other items of
ipment and supplies will also be required.

ht specialized
customary

ITEM DESCRIPTION REQUIREMENTS*
1 DL Power Supply 0-20V
(Regulated) 0-150 A
2 Mijcro-ohmmeter 0-20 mV
0-100 mA
Limits the open circuit voltage to 20 mV and|limits the
current applied to 100 mA. The micro-ohmmeter must
also use-either offset compensation or current
reversalmethods to measure resistance
3 Digital Multimeter * Capable of measuring the following at an gccuracy
(DMM) of £0.5% of full scale:
0-50 Volts DC
0-10 Megohms
4 Cprrent Shunts 100 mA or as required with accuracy of = 1% of
nominal
5 Millivolt Meter Capable of measuring 0-100 mVDC at 0.5% full scale
6 ThermocCouples Type "J" or "T" and as required
7 Insertion/Fxtraction (‘.apahlp of 1 0% accuracy full scale
Force Tester
8 Data Logger As Required
9 Temperature -40°C to +175°C or as required by Temperature
Chamber Class
0% to 95% RH
10 Vibration Controller As Required
11 Vibration Table 2640N (600 Lbs.) Sine Force
2200N (500 Lbs.) RMS Force
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12 Vacuum As Required
13 Megohmeter Accuracy <5% of full scale
14 High Pressure Spray See table 5.8.1.3
Equipment
15 Decibel Meter +/- 1.5 dB “C” scale
Table 4.6 1: Equipment
NOTE: on requirements: Use of equipment with a lesser range is acceptable for specific tests

where the required range for that test can be met. The equipment range sp€cified

preclude use ¢

specified toler
one specified

of the 50 volts
equipment.

4.7 Measurer

Unless otherwi

be capable of

example, ever]
specified as 0,

wire but a mic

4.8 Test Reps

All equipment
the applicable
Measurement

f equipment with a larger range, but the accuracy must remain with

nent Resolution

patability & Calibration

standards andrequirements set forth by ISO TS16949 and the AIA
Systems Analysis Reference Manual. Copies of this Manual can be

the AIAG. (S¢g
retained in acq

4.9 Conforma

ordance with Section 4.1 of this USCAR/EWCAP specification.

atorate ol o

hnce. For example, a DMM with a range of 0-100 volts ‘could be sub
hs 0-50 volts, with the provision that the accuracy could be maintain
full scale, or 0.25 volts, not 0.5% of the 100 volt.ful) scale of the suh

se specified, meters and gages usediin measurements of the test g
easuring with a resolution one decimal place better than the speci
though a wire diameter specified as 0.1 mm might actually be the g
10 mm, calipers capable of Q.01 mm resolution may be used to measure the first
ometer with 0.001 mm resolution is required to measure the secong

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

does not

n the
stituted for
ed as +0.5%
stituted

ample(s) shall
fied value. For
ame as one

wire.

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

5 publication
obtained from
rded and

p-9-4
LA ] CieTimmimativiil

Test conformance shall be determined by the performance requirements of the test being
conducted. All samples must satisfy the performance requirements regardless of sample age,

test cycles, or

test temperature, except where a test to failure is specified.
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4.10 Disposition of Samples

Should a premature non-conformance occur during a test, contact the requesting party 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, equipment failure, etc.) the

Authorized P

request/order should always specify desired sample disposition at the conclusion

GW
applicable testing.

4.11 Part Enc

Successful co
the design and
operating in th

5. TEST & A(
5.1 General

The tests deta
any part beyor

The test proce
However, they
and D. Comm
procedures. F
sequence, it s
so that test ca
questions aris

lurance

mpletion of all requirements of this specification is intended to demag
construction of the components and connector, systems tested are
eir intended vehicle environment and applicatior.

,CEPTANCE REQUIREMENTS

fled in this specification are qualitative in nature and are not expecte

dures that follow were written as stand-alone tests and may be use
should be performed.in sequence as specified in 5.8.2 — 5.8.8 via &
on sense is required to overcome any redundancies in sample prep
br example, if samples have already been prepared for the precedin
nould be obviouis that the sample preparation step for that individua
N be used-as a stand alone test) should be skipped. Should any con
b conceming procedures and/or requirements, contact the Authorize

The test
df the

nstrate that
capable of

bd to stress

d its anticipated application.limit, except where tests to failure are gpecified.

J as such.
ppendix C
aration or in

g testin a
test (included
flicts or

d Person.

5.1.1 Perfornrance Requirements

All connection systems must meet all performance test requirements for the appropriate
Temperature Class listed in Figure 5.1.4.

5.1.2 Dimens

ional Characteristics

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

latest revision

of the applicable part drawing(s).

-10 -
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5.1.3 Material Characteristics

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

AY

The material h
the finished pr
values.

5.1.4 Tempel

Components t
expected envi
rise due to ele
component un
for the applica
selected witho
recommendati

Note also that
dissipate heat
current flow, tH

When "Maxim
temperature in
specified. If n
select the app
takes, it gener

ftho annlicabhla nart Aravwinalc
fFthe-applicablepart-drawing(s)-
ardness specified for electrical terminals refers to the blank strip,mg
bduct because the terminal manufacturing process can modify'the h

ature Classifications

D be tested must be assigned a class from the.table below accordin
onment in their intended vehicle application. fRise" is defined as th
ctrical heating caused by the maximum Steady State current flow e
der test. Care must be taken to ensure*that the conductor and insul
fion or any test will itself withstand the:maximum temperature for thé
ut exceeding the conductor manufacturer's maximum temperature
oNs.

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

Im Temperature"jis mentioned with respect to Figure 5.1.4, the high
the right column, "Ambient Temperature Range" is to be used unle
bt specifieddn the Test Request/Order, the Authorized Person is ex{
ropriate T'emperature Classification. Considering the cost of testing
ally will be best to qualify a given terminal and connector system to

terial and not
ardness

j to the

e temperature
pected for the
ption selected
e class

terminals packaged such-that they are surrounded by other terminals will

ne same

est ambient
5s otherwise
ected to

and the time it
the highest
Suidelines.

possible Temg

erature Classification. See Section 11 Appendix F, for Application

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

Class
1

2
3
4
5

Figure 5.1.4: Component Temperature Classes

-11 -
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5.1.5 Testing Headers & Direct Connect Components

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

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

However, if theére is more than one "tail" length involved, but the.bulk resistance pg¢r unit length
is common, it may be more convenient to attach the millivolt.leads at a common djstance from
the connectior] to be measured.

Therefore, in dituations where there is more than 50 mm from the point of contact jn the
connection negrest to the Header or device to the point where the terminal "tail" of buss bar
connects to the device, these two options are avaitable. (1) Attach the millivolt lead at a
convenient common distance 30 to 50 mm from the contact to be measured. Then subtract the
bulk resistanc¢ of the selected common length when calculating the resistance of the
associated Header or device connection:{2) Measure bulk resistance of each individual Header
terminal or component buss bar from the connection to be measured to the point of millivolt lead
attachment and subtract this resistance when calculating the resistance of the asgociated
Header or devjce connection.

When attaching millivolt leads, take care that the heat applied does not damage platings or
cause stress relaxation ificany connection component. Application of an appropriate heat sink
may be advisgble. Referto Figure 5.1.5.

-12 -
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Connector

Header

I0-50mm Tz N

ul

A

30 -A0mm

F 3

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

In any case, th
normal tests o

_ 30 -50mm 12 L
T

Printed circuit
board or device
connection
points

=
2

Tz - millivolt lead attach point

Figure 5.1.5: A - Method 1 - Milli-volt Lead Attachment

the electrical component or device being-¢onnected is not itself capable of

ne tests to which the connector is usually subjected. In these cases [samples of
ctor receptacle portion of the deviceZmust be obtained. Then the required

r testing can be made and sealed:* Leak paths in devices may need to be sealed
the integrity of mating connectors. Such modifications to the devicg are

It must be documented in.the test report.

e Authorized Person must be consulted and must approve any deviation from the

f this performance-Specification.

5.1.6 Terminal Sample Preparation

Terminals use
recommended
shall be within

g for testing are machine crimped to leads using the manufacturers

tools.,“"Crimp dimension physical characteristics and mechanical pull strength

conductor and

tolerance as applies to the respective terminal and wire gage. Crimp both the
insulation grips unless otherwise specified in the individual test prgl‘:edures. 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 (ref. Section
5.1.5). Record the crimp height and width of a representative group of samples of each terminal
(except for insulation displacement type terminals) and number samples for tracking and later

identification a

s appropriate.

Crimps shall be tested and validated separately per SAE/USCAR-21 Performance Specification
for Cable-to-Terminal Electrical Crimps.
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5.1.7 Connector and/or Terminal Cycling
5.1.7.1 Purpose

This procedure preconditions a connection system pair or terminal system pair prior to a test
sequence. Connectors may be subjected to repeated cycling due to in-plant and/or service
repair prior to and during the life of the connector. Complete this procedure only once when
conducted as part of a series of test as in section 5.10.

5.1.7.2 Equipment
None
5.1.7.3 Sampje Preparation

No special prejparation required.

5.1.7.4 Procedure

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

When working| with terminals only, use caution to assure that mating and unmating is done
along terminal|centerlines to prevent side pressurethat may distort either terminall.

On connectorg with Shorting Bars, complete.the Dry Circuit measurement across the shorted
contacts (connector un-mated) per section’5.3.1. Record the number for later usg in calculating
the resistance|change as part of the Dry’ Circuit Test procedure.

Re-mate conngctors or terminals for one last time in preparation for future test sequences or
follow directions in the respective procedure to follow.

5.1.7.5 Acceptance Criteria

None

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.
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5.1.8.2 Equip

= Camera

ment

= Video Recorder

= Magnificati
5.1.8.3 Proce

1.
manufactu

on Apparatus (as required)

dure

mna-ormatarinl dofoecte crinh Ao Aranla tarnichina flaah At~ \A/hAn

Visually examine each test specimen prior to testing and/or conditioning, noting in detail any

the test req
to be teste

After testin
observablg
physical di
control sarf
report. The

Return tes
been obtai

5.1.8.4 Accej

The connector
deterioration, ¢
appearance. (
remain servics
tearing of the §

5.1.9 Circuit

5.1.9.1 Purpd

Ty o TotC AT G TO Ul SO T oS Utk o oy, ooty

juest/order, take photographs and/or video recordings of represents
d and keep a properly labeled control sample.

CtCT VvV ITCTT

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

samples to requestor after all tests are completed and all necessa
hed.

ptance Criteria

assemblies must not show;with the aid of 10X magnification, any ¢
cracks, deformities, etc. that-could affect their functionality or distort

able and the connector must be capable of being reassembled with
seal.

Continuity Manitoring

se

Some procedd

specified in
tive samples

bil any
wear,

es to the

5 in the test
5 purpose.

y data have

vidence of
their

onnector locking mechanisms must function without breakage. Seals must

out rolling or

res\fequire continuous circuit monitoring of connectors during cond

tioning. The

1 ¥ i+ H H $ Aot U= 1+ H A K H t
purpose of circuit morttorMgiSto-Getectintermittentiescatusea oy micro-Motion-a

d 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 Equip

= Continuity

ment

Tester (CT)
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5.1.9.3 Procedure

At least 10 individual terminal and 5 connector pairs must be monitored. Monitored terminal
pairs should be distributed as evenly as possible among the connectors tested. Distribution of
monitored pairs should be done per the following general patterns. The Authorized Person shall
determine the final monitoring pattern. The pattern shall be documented in the test report.

X X

x| |

L X

NOTE: An ‘X

NOTE: Monitg
readings for rg
to exceed 20m
diagnosis.
1. Solder the
current paf
120 £ 1.2 ¢
"+" (positiVi
Tester (CT
the negatiy
Set the CT]
current fall
terminal p4
Figure 5.1
fixtures, sy
testing.

X

Figure 5.1.9.3: General Pattern for Circuit Monitoring
pattern is suggested if practical

red terminals shall not be the same samples uséd for subsequent L[
cord, since the monitoring equipment may catise the potential acros
volts. Dry Circuit readings, however, may-be taken as an aid in roo

conductors from each terminal in_ the CUT in series to form one con
h with only two free ends. Solder, one of the free conductor ends to
bhm resistor. Solder the " — * (negative) lead to the free end of the rg
e) lead to the remaining free’conductor end of the CUT. Connect th
) across the resistor, making sure that the negative lead of the CT is
e side of the resistor:Adjust the power supply to provide 100 mAD(
to monitor the current through the resistor and record any instance
5 below 95 mA.\As an option, the CT may be used to monitor one o
irs instead of-the resistor. A reference illustration of the test set-up
9.3. Other.suitable continuity monitoring equipment may be used. T
stem layout, and test set-up must be approved by the Authorized P

Dry Circuit
bs the circuit
t-cause

tinuous

A 2 watt,
sistor and the
b Continuity

5 connected to
U to the circuit.
where that

- more

s shown in

he test

Brson prior to
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OC P Suppl
Cortinuity Tester b i

[ o-{00 | {200 |
= ==
Coo | io O0 ]

p SIS . N
i Res bior
| 120 + 1 chmE 1
2 Ingtir }.f
]
1
— - "EII_E
% 4
e e e i)

Figure 5.1.9.3: Connector Environmental Test Set-Up

5.1.9.4 Acceptance Criteria

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

Contact A
Resistande Acceptable
Not
/Acceptable
7 ‘ohm x
\
Nl
I I
I I
I I
I I
| | Time
|

1us

Figure 5.1.9.4: Intermittency Measurement
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5.2 Terminal

- Mechanical Tests

5.2.1 Terminal to Terminal Engage/Disengage Force

5.2.1.1 Purpose

This test determines the engagement and disengaging forces associated with compatible male
and Female Terminal pairs. Determination of the number of terminals that can be packaged in a
given connector design without exceedlng allowable Mating Force limits is largely dependent on

Naota thot o ahrtha firat o o oAt o

~

the last (10™)

this informatio
disengagemer

5.2.1.2 Equipment

= Insertion/B

= Polished Steel Gage(s) (optional)

5.2.1.3 Procedure

1. Completely
male and 1

10 Female

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

Fixture on¢ male and one Female Terminal sothat proper alignment is achiev

+ a-that A
. TNULC UI'idt LIIID LUOL IO VVIILLUII OU uiat \Jllly UG Timrot UIIuGuCIIIUIIL [ LAY ]

t are recorded and used to verify compliance with the Acceptance(

xtraction Force Tester with peak reading feature

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

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

peak force requiredito completely engage the terminal to its mating

the mated terminals at a uniform rate not to exceed 50 mm/min. TH
parallel to the\centerlines of the terminals.

2.
testing.

3. Engage th
applied pa
critical to 4

4. Record thq

5. Disengag¢
be applied

6. Repeat Ste¢
this value 1

7. Repeat Ste

8. (Optional)
Use new

ps 3 & 5-ifie (9) more times and record the 10™ disengage force rq
o verify-conformance to the Acceptance Criteria of Figure 5.2.1.4.

ps.2-6-for each pair (one male and one female) of sample terminals

Criteria.

amples (10
an additional

bd during
orce shall be
ninals is
asurement.
part and use
e force shall

bading. Use

D.

le Terminals.

epeat Steps 2 7 except use the appllcable gage in place of the Mc

ade to within

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

Complete the Visual Examination per section 5.1.6

GAGE

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

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

and prototype

5.2.2 Terminal Bend Resistance

5.2.2.1 Purpd

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

5.2.2.2 Equip|

evaluation.

Figure 5.2.1.4: Engage/Disengage Forces

se

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

ment

nding or
conductor

y process.
pplied in any
rce values in
evaluate the
on.

= Special st

el mounting TIXture(s) appropriate 1o the terminal(s) under test.

= Linear Force Tester with peak reading feature or weights per figure 5.2.2.4.
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5.2.2.3 Procedure

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

under test

2. Prepare te
smallest g4
terminal to
Style "B" {4

applicable
4. Number e4

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

(TUT).

/— Location 1X Location "2"

T ¢

STVILE A STVIE vpwn

ch terminal.

Figure 5.2.2.3-1: Terminal Design Style

rminal samples per section 5.1.6, Terminal Sample Preparation, usi
hge size conductor with the thinnest insulation applicable to the des
be tested. For Style "A" terminals, prepare a total of at least 15 samples. For
brminals, prepare a minimum of 30 terminals, in ofder to test both bg
3. Repeat Step 2 except use the largest conductor gage size'with the thickest ing
to the design.

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

TUT in a fixture taking care thatlocation "1" is positioned as shown

Location "1"

7‘ Steel

ng the
gn of the

bnd locations.
ulation

in Figure

Fixture
TUT

Figure 5.2.2.3-2: Terminal Bend Test

-20 -



https://saenorm.com/api/?name=01c91fcdce97a0e86e79e39fbe53be61

SAE/USCAR-2 Revision 4

Revised May 2004

PERFORMANCE SPECIFICATION FOR AUTOMOTIVE ELECTRICAL CONNECTOR SYSTEMS

6. Apply force to the sample as shown in figure 5.2.2.3-2 for 15 seconds, then release. The
required forces by material thickness are listed in table 5.2.2.4.

Terminal Material
Thickness (mm)

Applied Force
(N)

<0.20 4.0
<0.30 10.0
<0.40 15.0
>0.40 20.0

7. Inspect thq

any signs ¢of metal cracking or tearing. Straighten the terminal to its.eriginal pd

inspect the

Table 5.2.2.4: Material Thickness Vs. Applied Bending Force

terminal for cracks.

area around the bend using at least 10X magnification. Néte in the test report

sition and re-

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

rotated 18(° from the position shown in Figure 5.2.2.3.2. Repeat Steps —5-7.

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

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

5.2.2.4 Accej
The TUT must
from its origing
position.

5.3 Terminal

5.3.1 Dry Cirg

from the position shown in Figure 5.2.2.3.2.;Repeat Steps —5-7. Si
y symmetrical in this "side to side" direction, it is not necessary to t¢

sult the Authorized Person for guidance in this regard.
| style "B" designs (Figure 5.2.2.3\1), repeat Steps 5 - 9 with each ]
bcation "2" is firmly retained atthe edge of the fixture.

ptance Criteria

not tear when subjected to the applied force for 15 sec. If the TUT
| position during-the test, it must not tear or crack when straightene

- Electrical Tests

cuit:Resistance

hce terminals
st both

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

TUT mounted

was bent
d to its original

5.3.1.1 Purpose

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

5.3.1.3 Proce

ment

er

dure

NOTE: Take care to avoid any mechanical disturbance of mated terminal samples submitted for
this test. Such disturbance could rupture any insulating film which may have developed on the
contact surfaces.

NOTE: If for a
their mated co
Authorized Pe

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

NOTE: For att
measured and

4. Choose th
and docuni
be soldere
Header ter

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

amples submitted for this test have already been subje¢ted to any g
se of this test has likely been defeated and the Authorized Person n
pproval before proceeding.

(at least 10 male and 10 female) terminal samples per section 5.1,
eparation, using the largest gage size conductor and insulation thick
to the design of the terminal to be tested.
ate the terminal pairs until after the niillivolt leads have been attach
Step 5. For terminals that have been subjected to prior testing, do 1
bctor housings or remove any terminal from its housing.
nd record the resistance acrass 150mm of the conductor to be used
sing a Header terminal as:ore half of the test connection, refer to S
re only 75 mm of the conductor.

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

e preferredmethod of taking measurements (e.g. soldered sense le
ent the'method chosen. In either case, the sense point T (Figure §
d for4all'stranded cable. For Header type connectors, T, is attached
minal per Section 5.1.5. All millivolt leads must be no larger than 0.3

ntained in
i by the
b - 7.

ther electrical
nust be

6, Terminal
ness

bd, as
ot disconnect

for the test.
bction 5.1.5

shall be

ad or probe)
b.3.1.3) must
to the

P2 mm? (24

AWG).
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Ty T2
[T vy
| le— ol e
3 mm i H ; i 3 mm
N st 3mm P e I mm ™Y

5. For purpoqg
female. St;
insertion b
lead-in tap
calculated
worst-casqg
make the (

any other marking that might introduce contaminants or alter the strength or cq

the Male T]

Figure 5.3.1.3: Connection Resistance Millivolt'kead Locations

es of this test, the Male Terminal must be inserted to a precise dep
hndard practice is that, in the worst case, there must be at least 1Tm
btween the rearmost contact point with the“Female Terminal and th
er on the Male Terminal, as illustrated.inFigure 5.3.1.4. This dimen
from the terminal drawings by the .Authorized Person, taking into ag
tolerances. Each Male Terminal-is'to be suitably marked so test pe
ne and only mating of the testterminal pairs to the correct depth. S

erminal or the interface are*not permitted.

h into the

of excess
start of any
sion is to be
count the
rsonnel can
core marks or
nductivity of
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9.

SINGLE SPRING MEMBER EXAMPLE

Female Terminal

f
/
¥
RN
2 LA Male Terminal
Y
[ARRRLRRRLR R Entr}fEnd
1.0mm alg
minimum Point of contact

Nearest entry end

Prior to md
electrically
male to fer
Carefully ny
Use cautio

pressure that may distort either terminal. Secure the TUT to the mounting surf:

the correct
Using the ;
shown in A

— ofart of laper

MULTIPLE SPRING MEMBER EXAMPLE

Female Terminal ——————————— Leaf Springs —¢
ém_ e

Male Terminal — »E - ) e
B
Entry End —F

E

L0mm
Point of contact minimum
Nearest entry end

Start of Taper

Figure 5.3.1.4:>Terminal Insertion

non-conductive surface in such a manner that the mechanical stabll
hale interface can-be'maintained.

nate the test terminal pair to the appropriate depth, as specified in SI:
n to assure that.mating is done along terminal centerlines to preven

insertion_depth is maintained throughout the test.
hppropriate equipment, measure and record the resistance between
igure-5.3.1.3. Then deduct the conductor resistance to find the tota

Dry Circuit

resistance.

Verify conformance to the Acceptance Criteria of Section 5.3.1.4.

5.3.1.4 Acceptance Criteria

ting the test terminal pairs; provision must be made for mounting them on an

ity of the

ep 5 above.
side

hce so that

T, and Ty, as
connection

The Total Connection Resistance calculated in Step 8 must not exceed the values listed in
section 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 <40mQ. Other requirements may apply depending on
purpose of the shorting circuit.
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5.3.2 Voltage

5.3.2.1 Purpo

Drop

se

This test determines the voltage drop associated with the electrical resistance of the conductor
crimp(s) and contact interface regions at nominal current conditions. This voltage drop is then
used to calculate the Total Connection Resistance.

5.3.2.2 Equipment

= Digital Mul
= DC Power
= Current sh

5.3.2.3 Procedure

1. Prepare 2(
Sample Pr
applicable
Complete

performed
For purpos
female. St:
insertion b
lead-in tap
calculated
worst case
make the f

either term
unsealed,
testing. Th
collected f
Prior to md
electrically

limeter (DMM)

Lints

eparation, using the largest gage size conductoriand insulation thich

Supply (0-20 VDC @ 0-150 A)

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

to the design of the terminal to be tested.

he Connector and/or Terminal Cycling pracedure per section 5.1.7
on the sample set.

es of this test, the Male Terminal must be inserted to a precise dep

hndard practice is that, in the worst\case, there must be at least 1m

6, Terminal

ness
f not already

h into the
of excess

btween the rearmost contact paint with the Female Terminal and the start of any
er on the Male Terminal, as.illustrated in Figure 5.3.1.4. This dimension is to be
from the terminal drawings.by the Authorized Person, taking into account the
tolerances. Each Male Terminal is to be suitably marked so test personnel can
nal mating of the test.terminal pairs to the correct depth. Score marks or any
other marking that might introduce contaminants or alter the strength or condugtivity of

inal or the interface are not permitted. Do not use the connector ho
o control terminal insertion since the housings will alter heat dissipa
s will compromise test repeatability and will invalidate comparisons
pr variQus-terminals.

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

sings, even
tion during
of data

em on an
lity of the

apniaino

male to fer

ala tntarfana Ao ha A
rarcTrneTraccoar ocTantan icur

Carefully mate the test terminal pair to the appropriate depth, as specified in Step 4 above.

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

the correct

insertion depth is maintained throughout the test.

Assemble 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 5A per square millimeter of
conductor cross section for the conductor selected in Step 1. Refer to SAE Standards J1127
and J1128 or USCAR-23 for the cross sectional area of the conductor selected. More than
one terminal pair may be tested in series. Refer to Figure 5.3.1.3: Connection Resistance
Millivolt Lead Locations, for placement of the millivolt test leads. Record the test current

used.
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DC Power Supply
+ ik

_I_n@

C bl b
| E—

i=Julu

201

3 @+

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

NOTE: For att
measured and
8. Choose th
document
soldered fd
terminal pd
Set the po

T2z mme
[ 2L

PN

E R R BH] [SH 7 & 1

|| ||
FEEXZ mm FEEXZ mm

Figure 5.3.2.3: Current Resistance Test Set-Up

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

bchment points exceeding-Z5mm per side, the extra wire resistance
subtracted per step 10!

b preferred method of taking measurements (soldered sense lead of

the method chosen. In either case, the sense point T, (Figure 5.3.1
r all stranded cable. For Header type connectors, T, is attached to
br Section.5/4.5. All millivolt leads must be no larger than 0.22 mm?
ver supply’for the current determined in Step 6 and wait 30 minutes|

ensure tha
other test

10. Using the

readings between test p0|nts T1 and Tz

thedest current stabilizes at the appropriate value. Allow sufficient

equipment to warm and stablllze per the manufacturers recommend

insulation
r testing
hcross only 75

shall be

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

drop (mVD)

Use these vaIues in the equatlon below to calculate

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

mVD Entire Connection = mVD(T4- T,) -

[mVD Conductor (Step 7)]

Total Connection Resistance = mVD Entire Connection + Test Current

Use these results to verify conformance to the Acceptance Criteria of Section 5.3.2.4.
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NOTE: Use the "After Test" values of Section 5.3.2.4 when this test is done following a stress
test, such as Thermal Shock, Temperature/Humidity Cycling, etc. or on field samples.

5.3.2.4 Acceptance Criteria

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

Note: Values
Terminal sizes

terminals shal
Resistance ex

5.3.3 Maximy
5.3.3.1 Purpd

This test is use
in a Room Ter

Total
Nominal Connection
Male Resistance After
Terminal Test (mQ)
Size* vraximmom
0.64mm 20.0
1.5mm 10.0
2.8mm 50
6.35mm 15

* As defined by the male blade portion (width) of the TUT
Figure 5.3.2.4: After Test Values

\fter Test" values are for "crimp - to - crimp" measurements (T4 to T}

b appropriate conductor resistance)z,For headers, the values are th

in Figure 5.1.5) less the appropriate conductor resistance).

for other terminal sizes between 0.64 and 6.35 are calculated by int

outside of this range an€ usually for specialized use. The requirem

be set by the Respansible Engineer. In no case may the Total Con
ceed 20 mQ.

m Test Currént Capability
se

bd. tordetermine the maximum test current at which a terminal syster
perature environment before excessive thermal degradation and/o

in Figure
e “crimp — to

brpolation.
ents for these
nection

N can operate
[ resistance

begins to occur. Temperature Rise (Y axis) vs. Current (X axis) shall be plotted for each
applicable conductor size. These graphs are NOT to be used for actual terminal application in a
vehicle (see Section 11). This test is conducted on terminals alone, thus eliminating the
variation that may be introduced by variations in the heat dissipating characteristics of differing

connector hou

sing designs and sizes.

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

Digital Multimeter (DMM)

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

Data Logger (As required)

4433430

5.3.3.3 Procedure

1. Prepare 2( (at least 10 male and 10 female) terminal samples per section 5%6, Terminal
Sample Prgparation, using one of the conductor gage sizes and insulation {thigknesses
applicable to the design of the terminal to be tested.

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

3. Measure and record the voltage drop across 150mm of the canductor to be usged for the
test, using|the expected Maximum Current Capability of the TUT in combinatign with that
conductor size and insulation type. For testing Header typée.connectors, refer tp Section
5.1.5 and measure the millivolt drop across only 75mm.of the conductor used.

4. Assemble the circuit shown in Figure 5.3.3.3 in a draft free enclosure. Use at Igast 10
terminal pairs. Choose the preferred method of taking measurements (solderefd sense lead
or probe) and document the method chosen. Inteither case, the sense point T}, (Figure
5.3.1.3) mlist be soldered for all stranded cable. Attach conductor ends of the terminal
pairs to fom one continuous series circuitand attach the thermocouples to eafrh mated pair
as shown in Figure 5.3.3.3. Attach the-gircuit to a non-conductive surface, such as wood or
high temperature plastic, leaving a minimum of 50 mm between test samples.

Power Supply

Current [——1DMV
E9Q odii 'O O
| R |

QL

= : —lu_..nl— ! —:>Thermocouples

Terminal Pair #1 /
e Uiy

Terminal Pair #2

Millivolt
Leads

1 v
| _

«——— Non-conductive
— Mounting Plate

Terminal Pair #

Figure 5.3.3.3: Set-Up for Maximum Test Current
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Test the sample terminal pairs at 23°C (Room Temperature). The ambient temperature
sensor must be placed on the same plane as the test samples, 30 to 60 cm from the
nearest sample.

Adjust the power supply to zero amps output and then turn on the supply and the DMM's.
Slowly increase the power supply output until it is providing 50% of the expected Maximum
Current Capability of the TUT.

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

repeat Stq
Repeat S
Continue
Capability
For samp
conditiong

10.
11.

12.

a. The tefqnperature of any terminal interface exceeds a.55.°C rise, or the max

temper
b. The Tqg

Accept
The maxi
conductor
increment
achieved,
As an opt
used in sy
Maximum|
samples ¢
statistical
Repeat S
TUT.
Graph the
conductof

13.

14.

15.

16.

i-nterface.

ep 8.
ep 9 until 80% of the expected Maximum Current Capability-of the 7

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

ature recommended by the terminal manufacturer, whichever is low
tal Connection Resistance of any terminatinterface exceeds the "Af
ance Criteria listed in Section 5.3.2.4.

mum test current capability of the specific combination of the termin
gage and insulation type used is then determined to be the current
in which either the condition described in A. or B. of Step 12 above
less 10% of that value.

onal step, at the discretion'of the Authorized Person for samples th
ibsequent tests, continue.to increase the current in steps of 5% of ti
Current Capability of.the TUT until the thermal stability of any one ¢
an no longer be achieved. Data from this test to failure step may bg
purposes or foriestimating safety margins.

eps 1 — 13 ar.M4 for each conductor size and insulation type applica

data with-temperature on the Y-axis and current (in amps) on the X
sizesand insulation types tested.

as detern?ned—h—&epé}#@n—eabub&e—#e—ms@#ane&e@#@%mm#paﬁ
Increase the current by 10% of the expected Maximum Current Capability ofdhe TUT and

[UT is met.

to increase the current in increments of 5% of the expected®Maximym Current

bllowing

imum
er.
ter Test"

bl and the
in the first
was

at will not be
e expected
DI more
useful for
hble to the

-axis for all

NOTE: That t

icdata ic NOT ta ha
IS-eataHSNoH+—tobed

1icad
N Sea

ofthe TUT, see

section 11.

5.3.3.4 Acceptance Criteria

For the current determined to be the "Maximum Test Current":

1.

The measured temperature of the terminal must not exceed a 55°C rise over ambient, or the

maximum temperature recommended by the terminal manufacturer, whichever is lower.
2. The calculated Total Connection Resistance of any sample must not exceed the "After Test"
Acceptance Criteria of Section 5.3.2.4.
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5.3.4 1008 Hour Current Cycling

5.3.4.1 Purpo

se

This test simulates the main function of the terminal over the expected life of the vehicle.
Current cycling is an accelerated aging test which electrically heats terminal interfaces and core
conductor crimps, then allows them to cool under no current conditions, causing expansion and
contraction that may affect connection resistance due to wear, oxidation, inter-metallic growth
and stress relaxation.

5.3.4.2 Equipment

= Digital Multimeter (DMM)

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

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

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

= Data Logger (As required)

5.3.4.3 Procedure

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

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

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

4. Measure and record the voltage drop across 150mm of the conductor to be used for the
test, using|the maximum test current previously determined (Section 5.3.3.3, Step 13) for
the combination of thatsconductor size, insulation type and the TUT. For testing Header type
connectorg, refer to-Section 5.1.5 and measure the millivolt drop across only 76mm of the
conductor used.

NOTE: For attachment points exceeding 75 mm per side, the extra wire resistancg shall be

r ofa fa)

measured an

aithiraectad -ne P |
SO attCUpPTI—StICP—1TU~

5. Assemble the circuit shown in Figure 5.3.3.3 in a draft free enclosure, except use a timer
controlled power supply. Set the power supply to provide 45 minutes 'ON' and 15 minutes
'OFF' at the maximum test current previously determined (Section 5.3.3.3, Step 13) for the
combination of that conductor size, insulation type and the TUT. Also connect a data logger
to the voltage drop and thermocouple leads.

Test the set of sample terminal pairs at 23° C. (Room Temperature). An ambient

temperature sensor must be placed on the same plane as the test samples, 30 to 60 cm
from the nearest sample.
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Turn 'ON' t

® N

he power supply, DMM's, and data logger.

After 30 minutes into the first 'ON' cycle, record terminal crimp and interface millivolt drop

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

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

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

10.

For each set of data, calculate and record the Total Connection Resistance by subtracting

the conductor millivolt drop reading (Step. 4) from the T4 to T, millivolt drop reading (Step 8)

and dividin
11. Allow the s

g the result by the test current (Step 5).

tact cac
teSt-5€

tion 5.3.2.

12. Verify conf
5.3.4.4 Accey
1. The tempsg
maximum
any readin

The calcul
Criteria in

5.4 Connectd

5.4.1 Terminal - Connector Insertion/Extraction Force

5.4.1.1 Purpd

This test is to
than the colun
consistent pro
its housing wit
assembly prod

5.4.1.2 Equipment

= Insertion/B

amnlas to coolto-ambient than comblete-the \/oltaae Pro
SHHPES10-600—t6dHPte R e R-coMpretee—~-orndge—=Ho

ormance to the Acceptance Criteria of Section 5.3.4.4.
ptance Criteria

rature of any terminal interface must not exceed a 55 °C. rise over a
emperature recommended by the terminal manufacturer, whicheve
g during the test.

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

r - Mechanical Tests

se

bnsure that the Insertion\Force of a terminal into its connector cavity
n strength of its associated conductor and is also low enough to all
Huction assembly( Extraction testing is to ensure that the terminal is
h sufficient strength to withstand the rigors of the wiring harness an
esses.

mbient, or the
Fis lower, for

Acceptance

is not greater
bw easy and
retained in
i vehicle

xtraction Force Tester with Peak Reading Feature

QEF $~ Q0 AN0M

= Temperat

el it O ormabhar nonohla ~F O/ DLl ot
e Tarmmuty " oTrmanmiiotT LapavuiC UroJv U Ju /o INT rat=u o
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5.4.1.3 Procedure

A. INSERTIO

N FORCE:

Un-sealed Connectors and Sealed Connectors with Individual Cable Seals

1.

Prepare 20 (at least 10 male and 10 female) terminal samples per section 5.1.6, Terminal

Sample Preparation, using the largest gage size conductor and insulation thickness
applicable to the deS|gn of the terminal to be tested. For connectors with more than 10

terminal Cah

design.

Adjust the
to exceed

a minimun
each inser]
with less tf

connector
to be teste

type. ltis
samples.

Connectors wi
1. Complete

2. Complete
3. Adjust the

Repeat St¢
Number ed
Secure thg

Secure thg
20mm beh

Record thd

Repeat Steps 4 - 7 using the set of.samples with the smallest conductor size 4

ch connector terminal cavity and, if applicable, each connector.
connector shell in an appropriate fixture.

terminal sample in the force tester by gripping thie conductor a min
ind the insulation grip.

force tester to insert the terminal straight inte the connector at a uni
b0 mm per minute. Upon reaching the forward stop, continue applyi
50N of force is exerted or the wire buckles. Use a fresh terminal s
ion and test each terminal cavity in the connector at least once. Foi
an 10 cavities, use a new connector’after each terminal cavity in th
has been tested and continue until at least 10 terminal samples hayv

d and verify conformanceto-the Acceptance Criteria of Section 5.4.

th Multi-Cavity.(Mat) type seals

steps 1.3 above, except prepare at least one additional set of sam
stepsi4,and 5 above.
force tester to insert the terminal straight into the connector at a uni

ale sample for
tor can be

p1 using the smallest conductor size and insulation type applicable to the

mum of

form rate not
hg force until
ample for
connectors
b first

e been used.

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

1.4.
nd insulation

not necessary to testithe forward stop function per step 6 with the spall gage

ples.

form rate not

to exceed

EOmim nar mintita llca 3 frach tarminal camnla faor aach incartion o
oU-H-pehRtte—oSeaHesHteHRa-Sapie1o-edcrHRsSe oh—<a

d test each

terminal cavity in the connector at least once. Upon reaching the forward stop, continue
applying force until a minimum 50N of force is exerted or the wire buckles. Each test
sample lead may be removed after its cavity is tested. This is to prevent possible seal
distortion or compression that might affect test results if neighboring seal holes remain filled.
For connectors with less than 10 cavities, use a new connector after each terminal cavity in
the first connector has been tested and continue until at least 10 terminal samples have
been used.
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Use the extra set of samples prepared in Step 1 above. Using the force tester as in Step 3

above, load each terminal into a separate cavity without removing samples previously
inserted. Perform the test in such a sequence 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, th

tested and

type appro

e Insertion Force and the order in which the cavities were tested.
verify conformance to the Acceptance Criteria of Section 5.4.1.4.

priate to the design.

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

Repeat Steps 4 - 5 using the set of samples with the smallest conductor size and insulation

Prepare 2(
Sample Pr
applicable
crimps to 4

EXTRACTION FORCE:

(at least 10 male and 10 female) terminal samples per sectioh 5.1,
eparation, using the largest gage size conductor and insulation thich
to the design of the terminal to be tested. Solder may be added to
ssure accurate extraction readings. For connectors, with more than

cavities, piepare at least one additional male and one additional female sampl

terminal ca
least once
location in
connector
should be
and the tin
Number e4
cavity num
Install a te
less than 1
continue u
TPA, Wed
Secure thd
Secure thd

vity in excess of 10, so that each terminal cavity<in the connector ca
At least 3 connector housings must be used‘in the test. Each termi
the connector must be tested, but these tests may be distributed an
housings used. Connectors are to be tested in “dry as molded” cong
brotected from high humidity and heat-levels between the time they
e they are tested.

ch connector terminal cavity incgach connector housing so there ar
bers among the housings used:

'minal sample into each cavity in the connector being tested. For co
0 cavities, use a new conhector after each terminal cavity has been
ntil all 10 terminal samples have been used. Do not install the termi
je, etc.).

connector shell in"an appropriate fixture.

terminal sample in the force tester by gripping the conductor behin

edge of the terminal.

Adjust the
extraction
Increase tl

force tester to pull the terminal straight back from the connector. St
s critical to avoid side loads and binding which can affect force me3
e-pullout force at a uniform rate not to exceed 50mm/min, until pullg

6, Terminal
ness

erminal

10 terminal

e for each

n be tested at
nal cavity
hong the

ition and

are molded

b no duplicate
nnectors with
tested and
hal lock (PLR,
i the back
aight back

surements.
but occurs.

Record th

faotca reauired toa null the tarminal ot of each terminal cavitv alaona
tercefregtireato-pu—theteHRat-odt-o-eachterat-caviy-—=ohRg

with the

cavity number and the connector number. If the conductor breaks or pulls out of the terminal
grip before the terminal is pulled from the connector, record this force together with a note

as to what

happened.

Section 5.4.1.4 for each cavity tested.

Wedge, etc.).

10.

Verify that the forces obtained in Step 7 above conform to the Acceptance Criteria of
Using new connectors, repeat Steps 1-8 above except install the terminal lock (PLR, TPA,

Repeat Step 9 using moisture conditioned parts. Parts are brought to their practical limit of

moisture content by exposing “dry as molded parts” to 95-98% Relative Humidity at 40°C for

6 hours, th

en within eight hours, completing the extraction test.
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5.4.1.4 Acceptance Criteria
Insertion:

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

2. Neither the conductor nor the terminal may buckle during the test.

3. The forward stop must withstand a push-through force of 50N or the column strength of the
largest applicable conductor size, whichever is smallest.

Extraction:

The minimum Extraction Force of a terminal from its cavity shall meet the values shown in the
table 5.4.1.4:

Primary and Secondary‘Lock

* (Newtons) per step Primary and

5.4.1.3.-B.9,10. Secondary Lock

Before After (Newtons) after

Terminal Max. Blade | Primary Lock Moisture Moisture Temp/Humidity

Size \Vidth (mm) (Newtons) Conditioning Conditioning (pection 5.6.2)
0.64 1.2 30 75 60 50
1.5 1.8 45 85 70 50
2.8 3.0 60 90 90 50
> 2.8 >3.0 70 90 90 50

Table 5.4.1.4: Terminal-Connector Minimum Extraction Force
*includes connectors not designed-for use with secondary lock

5.4.2 Connedtor-Connector Mating/Unmating Force (Non-mechanical AssistConnectors)

5.4.2.1 Purpgse

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

5.4.2.2 Equipment

= Insertion/Extraction Force Tester.
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5.4.2.3 Procedure
A. MATING FORCE

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

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

3. Number egeh-connector-assembly-

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

Foree =
{Lock Overtravel)

(Forward Stop Contacted)

Decreasing

Combined Mating Force Value
[+l

Forees of Seal,
Lock, Terminals)
£

(N

N

|

L1y

| (Recopnizable Travel
L i

| Distanca)

{Lockup Oceurs)

(Totul Distanee of Travel)

Figure 5.4.2.3: Typical Connector Mating Force Curve

NOTE: If appropriate equipment is available, a continuous graph of applied Mating Force vs.
Insertion distance 1s highly recommended. A properly designed connector (and sealing system
where applicable) should produce a graph showing a smooth rise to a single peak force, then a
fall off until the connector is fully mated. If the graph shows more than one force peak, the
potential for a false lock condition exists.

5. Increase the Mating Force at a uniform rate not to exceed 50mm/min. until complete mating
occurs. Test all samples.

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

1. This test uses the same samples as in Section 5.4.2.3 Step A above. If the test equipment
permits, each sample may be mated and then unmated without removing it from the force

Half of the samples (at least 5) are to be tested with the connector primary locking

mechanism (without CPA) fully engaged. For this group, completely un-mate the connector
halves by applying a uniform force parallel to the centerlines of the fully mated connector
halves. The force tester must be configured to apply the Un- matlng Force drrectly to the

tester.
2.
connector B
side loads
the lock ar
*** CAUTION

The following
must be emplq

For connector

and b|nd|ng WhICh can affect force measurements
arms that protrude above the protective ribs and have no protective bridge; ru
M deflected to make it level with the protective ribs.

e %

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

3.

4.

Increase the Un-mating Force at a uniform rate not to,exceed 50mm/min. until
separation|occurs. Test all samples (at least 5) insthe first group.

Record the force required to completely separate‘the connector halves and ve
conformanice to the Acceptance Criteria of Section 5.4.2.4.

Repeat Steps 2, 3 and 4 above using the samples (at least 5) from Step A-5 a
completely| remove/disable the primary. connector locking mechanism(s).

For the remaining samples (at least-5)-measure the force required to disengag
connector Jock. This is the force a person would apply to the appropriate point
mated conhector halves (or a connector mated to a device) could be unmated
intended manner with no damage to any component. Apply the force perpendi
appropriate unlocking surface at a rate not to exceed 50mm/min. Record the f
to displace the lock so it just clears its mating feature. Verify conformance to tt
Acceptance Criteria-0f 'Section 5.4.2.4.

Repeat stgp 6 with.a-minimum of 5 additional samples except with the CPA in
seated pogition</Apply only sufficient force to determine if the parts meet the 3
criteria (5.4.2,5-5)

cal to avoid

with lock
this test with

el safeguards
e test.

complete
rify
bove except

e the primary
such that the
in the

cular to the
brce required
e appropriate

its fully
cceptance
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5.4.2.4 Acceptance Criteria

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

connector loca

tion can be anticipated.

NOTE: The forces specified in the Acceptance Criteria must be met regardless of the moisture
content of the connector housing material. Consult the test request/order to determine if any

conditioning o

tho toct camnlac ic racuirad Nnrinr tn tacting
THpPreoToTrequtreo—p T

v ool vuUa VTl Ttooln Iu
NOTE: The agceptance criteria of this section varies with the available contact (gr{p) area of the
connector being tested. Reference SAE/USCAR-25 Electrical Connector Assembly Ergonomic
Design Criteria for details of the acceptance criteria.
1. Mating (engage) force shall meet the requirements of SAE/USCAR-25.
Un-mating|Force must be < 75 Newtons with the primary connector lock completely
disengagefl/disabled.
3. Un-mating|Force must be > 110 Newtons with the primary connector lock fully[engaged. A
CPA devicg, if provided for, must NOT be engaged. during this test.
4. The force {fo completely disengage the primary connector lock must be > 10N and < 70N
without thg CPA engaged in its fully seated position.
5. The force fo completely disengage the primary connector lock must be >50N with the CPA
engaged in its fully seated position.
5.4.3 Connedtor to Connector Mating-and Un-mating Forces (Connectors with
Mechanical Assist)
5.4.3.1 Purpgse
This test covels mating and:tin-mating forces for Mechanical Assist connectors such as lever
and slide lock| USCAR-=25 Ergonomic guidelines should be used as a further refefence.
5.4.3.2 Equipment

= Force tester

= Fixtures for holding connectors as required.
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5.4.3.2.1 Samples

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

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

tests.

5.4.3.3 Procedure

A. FORCE TO ENGAGE TO PRE-LOCK POSITION

1.

Using the force tester, engage each connector fully to it's pre-lock position.

Reverse the direction and measure the force required to unsseat the connectof

lock positign.
Verify conformance to the acceptance criteria of section'5.4.3.4-1 and 2.

FORCE TQ RELEASE LATCH FROM SHIPPING*POSITION

from the pre-

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

Using the
toward the|lock position.
Verify conformance to the acceptance-¢riteria of section 5.4.3.4-3.

. LEVER AGTUATION/REMOVAL FORCE

With the connector in its prerstage condition, measure the force required to ful
close the lever. Force shall be applied perpendicular with the contact surface

required to-rove-theleve
Verify conformance to the acceptance criteria of section 5.4.3.4-4 and 5

orce tester, gradually apply a ferce of 30N in a direction so as to mgve the lever

ly actuate and
of the lever or

ing this

he force
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5.4.3.4 Acceptance Criteria

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

1.

SAE/USCAR-25.

The force to engage the connector to its pre-lock position shall meet the requirements of

The force required to un-seat the connector from its pre-lock position shall be >15 and <75.

e connector is

2.
3
not in its p
4. The force |
the require
5. The minim

(if applicab

5.4.4 Polarization Feature Effectiveness

5.4.4.1 Purpd

This test ensu
preventing inc
mating of a co
polarization fe

The force required

um force to release the assist feature without depressing the releas

brrect mating of a connector housing.with its intended mate, and prg
hnector housing with any unintended mate. It also tests the adequa

aairedto-move-the leavar or clida fraom ite chinnina-nacitionwhile t
T OOV e e Te Y e O oG C T oo ST Py PoSTto—vwhne—

e-lock position shall be 30N minimum.
equired to move the lever to and from the locked (engaged) paositiof
ments of SAE/USCAR-25.

le) shall be >60N for a fully mated connector

se

es that the polarization feature(s) is adequate to meet its intended |

n shall meet

5 mechanism

burpose of
venting
cy of the

ature(s) in preventing terminal damage during incorrect assembly aftempts. In

addition to thig objective force test, it is reecammended that a jury evaluation be copducted

among knowlgdgeable individuals trying.*hands-on" mis-mating.

5.4.4.2 Equipment

= Insertion/Bxtraction Force'Tester with Peak Reading Feature

5.4.4.3 Procedure

1. 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 cofinectorwith-an-incorrectmate:

2. Sample size varies depending on the number of incorrect orientations tested. Test at least
one sample set for each selected mis-orientation or mis-index.

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

mechanical or electrical means must be devised to detect penetration of one half of the CUT
into the other to a depth sufficient to contact any Male Terminal in any position if that Male
Terminal was installed.
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Orient the CUT with any possible mate in the same family in one or more incorrect

orientations chosen by the Authorized Person as most likely to defeat the polarization. The
parts should be tested as follows, using a fresh sample of each half for each orientation:

a. The correct orientation, but with the wrong index
b. The incorrect orientation

Secure the connector halves (or connector and header) (one male and one female) in the

appropriate fixtures of the force tester. Adjust the force tester to attempt insertion of the
Male Connector into the Female Connector in the orientation selected in Step 3.

Engage the connector halves at a uniform rate not to exceed 50mm/min. until the maximum

aximum force

4,
5.
6.
force spec
of 220 N. N
5.4.4.4 Accey

The minimum
given on the p

If sufficient mis
installed in any
inadequate.

5.4.5 Miscellaneous Component Engage/Disengage Force

5.4.5.1 Purpa

This test is to
Clips, etc. will
service where

5.4.5.2 Equipment

= Insertion/H

fiad-in-the nart drawina-is annlied  naovalua ie esnacified—annh,ia
He G e-pPat-GRaWHRg1SappHea—+H oY de1S-SpeciHea—= ry—a—+

lote the indication of the penetration detection device installed in St
ptance Criteria

mis-mating force that must be resisted by the polarizing.feature(s) is
art drawing. If no value is specified, the minimum value’is 220N.

5-mating is achieved to allow contact with any Male Terminal if it we
position in its connector housing, the polarizing feature(s) is consid

se
bnsure that connector assembly components such as TPAs, PLRs,

be sufficiently retained, yet allow easy and consistent assembly ang
necessary.

xtraction Force Tester with Peak Reading Feature

ep 3.

5 the value

re properly
ered to be

CPAs, Locator
removal for
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5.4.5.3 Proce

A

1.

dure

ENGAGEMENT FORCE

Completely identify and number each component to be tested. A minimum of 10 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.

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 is critical to avoid side
loads and pirdirg-which-canaffectferce-measurements

3. Engage egch component to be tested, with its retaining mechanism(s) in placeg, at a uniform
rate not tolexceed 50 mm/min. Test each applicable condition per table 5.4.5.4.

4. Record theg force required to completely engage the component with its‘mating part and use
this value fo verify conformance to the Acceptance Criteria of Section?.4.5.4.

B. DISENGAGING FORCE

*** CAUTION 71**

The following
safeguards mt
test.

1. With the cq

uniform rafe not to exceed 50mm/min..The force must be applied parallel to th

the compo
measurem
componen
Record the
value to vsg
For locator
270° from
plane of th
tests.

F

5tep may result in sample breakage. Adequate shielding and persor
ist be employed to ensure the safety ofpersons and property in the

pmponent fully installed and properly fixtured, disengage the compo
hent being tested to avoid side loads and binding which can affect f

part. Test each applicable condition per table 5.4.5.4.

force required todisengage the component from its mating part an
rify conformance to the Acceptance Criteria of Section 5.4.5.4.
clips only, repeat Step 1 above in each of the three directions 90°,
he initialifisertion direction. Then repeat Step 1 in a direction ortho
e first fourtests. Do not exceed a force of 110N for any of these su

nel
vicinity of the

nent at a
b centerline of
brce

nts. The direction must.be opposite to the direction of normal inseftion of the

d use this

180°, and
gonal to the
bsequent
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5.4.5.4 Acceptance Criteria

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

Force (N)
Insertion Removal
Lock to pre-
Device Insert to lock Pre-set to lock set Remove
Locator Clip 60max NFA NA B-vhin (A|SO
see section
57.2)

CPA 60 Min 60 Min 10-30 30 Min

(w/connectors (w/connectors

un-mated) un-mated)

22N max 22 Max

w/connectors w/connectors

mated (loose pc. | mated

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

(w/terminals (w/terminals 18 Min after

installed) installed) initial removal

15 Min( w/o
terminals)
Table 5.4.5.4: Misc. Component Assembly/Dis-assembly Forces$

5.4.6 Vibratign/Mechanical Shock
5.4.6.1 Purpd
This test subjgcts a connector system to variable vibration simulating accelerated exposure to

actual vehicle

intermittent el

conditions. Vibration and shock can cause wear of the terminal inteffaces,
ctrical contact and failure of mechanical components of the connecjor system.

Note that two vibration "profiles" are available. One is for components actually mounted on the
engine/transmission or on brackets, components, etc. that are directly attached to the
engine/transmission and vibrate with it. The other is for components mounted everywhere else
on the Sprung portion of the vehicle. Unless a special vibration "profile" is specified in the test
request/order, the appropriate profile must be used according to the intended location of the
CUT on the vehicle.
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Since unsealed connectors are not suitable for use outside the passenger and luggage

compartments, they would normally be tested only to the non-engine/transmission profile.
Sealed connectors may be used in applications requiring direct attachment to the
engine/transmission, so they should normally be qualified to the harsher vibration profile.

NOTE: This section does not apply to components mounted on un-sprung portions of the
vehicle, such as the wheel hub. Components mounted on un-sprung portions of the vehicle
require special testing to ensure they can survive and function properly in the intended
application.

5.4.6.2 Equiplment

= Vibration Tjable
= Vibration {

= Accelerom

5.4.6.3 Procedure

1.

Using the |

prepare erfough male and Female Terminals to fully populate a minimum of 10
assemblie$ per section 5.1.6, Terminal Sample Preparation. Prepare each sa

assemblin
conductorg
Authorized
mounting &
connectord
otherwise

Complete

performed
Verify conf
Dry Circuit
distributed

ontroller
leters

largest applicable conductor size and insulation type applicable to th

j all applicable parts and bundling (with tape, convolute, scroll, etc.)
according to the intended application of the parts being tested. Co
Person for details on intendedbundling. Refer to Fig. 5.4.6.3 for ex
rrangements. Mounting position A is for in-line type connectors. Po
that will mate to an electtical device. At least 10 samples are requi
5pecified in the test request/order.

he Connector and/or.Terminal Cycling procedure per section 5.1.7

on the sample set-

ormance of each sample connector assembly to the Acceptance Cr|
Resistance test, Section 5.3.1.4. Measure at least 10 terminal pair:
among thé<connector sets.

e design,
connector

mple by

the

nsult the

amples of test

sition B is for

red unless

f not already

teria of the
5 randomly

<t

Muunting @EE;EI [Mouyn i i
A B

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

4. 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. For In-Line Connectors, mount the mated connector pair directly to the Mounting
Bracket usmg the connector feature prowded for mountlng Refer to Figure 5.4.6.3-A.
Do - stead the
Mountlng Bracket |tseIf must be constructed soasto mcIude a dlrect
feature to mate with the mounting feature (Dovetail) on the mated;conrjector pair.

c. FonDevice Connectors, mount the device directly to the Mounting Bragket. Refer to
Figure 5.4.6.3-B. Use the normal device mounting feature(s).tsed to secure the
deyice in its intended vehicle location. Do not use any intervening bracket or
mopnting device. Instead, the Mounting Bracket must be fabricated to include any
cogperating features necessary to mount the devicedirectly to it.

d. The conductor attachment points must be 100mm +/-10mm from the r
connector body.

5. Should an|application arise that does not lend itself to, either situation described above,
consult thg Authorized Person. It is his or her responsibility to devise a suitablé method for
attaching the CUT as directly and firmly as possible to the Mounting Bracket cpnsistent with
the intended vehicle mounting.

6. Securely aftach the conductor bundle ends\to the mounting fixture such that thereis a 10 +
5 mm sag relative to the bisecting plane_of the attachment points. See Figure $.4.6.3-C.

Conductor
Attach Point
Conductor Sag
f0mmt smm I CuT
] -{ cut
£ A Mounting Bracket K,

.{rCunductnrs must not \
comntaet bracket

Figure 5.4.6.3-C: Typical Connector Vibration Test Set-up

Set up the samples to monitor continuity per section 5.1.9

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

9. Subject the CUT to 10 half-sine wave impulses (10 millisecond duration at 35 Gs force) in
each of the three mutually perpendicular axes. Mechanical shock and vibration testing may
be completed in sequence for each axis before proceeding to the next axis.

® N
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10. Unless otherwise specified in the test request/order all CUTs mounted directly to the engine
or transmission shall be vibrated for 8 hours in each of the three mutually perpendicular
axes (X,Y,Z). Vibrate the CUT using the vibration profile in Fig. 5.4.6.3-D.

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

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

13. Record the results, inspect the CUT, and verify conformance to the Acceptance Criteria of
Section 5.4-6-4-

All Sprung Portions of Vehicle Coupled to Engine
Power SpectralDensity
Frequency (hz) (g°/hz)
60.0 000100
200.0 1250000
210.0 0.10000
1200.0 0.10000
Grms = 12.1
10
1 /
i
/
/
1 Al
/
.01
.001
10 100 1000 10000

Figure 5.4.6.3-D: For Components Coupled to Engine
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All Sprung Portions of Vehicle Not Coupled to Engine

Power Spectral Density
Frequency (hz) (g°/hz)
5.0 0.00200
12.5 0.24800
77.5 0.00320
145.0 0.00200
200.0 0.01180
230.0 0.00032
1000.0 0.00002
Grms = 1.81
1
1 A
.01
/ /
/
001 A
'i
|
.0001 N
.00001
1 10 100 1000
Figure5.4.6.3-E: For Components Not Coupled to Engine
5.4.6.4 Acceptance Criteria
At the concluslen-efthetestverfy conformance-ofeachterminalpairand-eash-sample

connector assembly, as appropriate, to the Acceptance Criteria of section 5.1.9.4 (Continuity
Monitoring) and to the following tests:

1. After 48 hours at ambient conditions, terminals must meet the Acceptance Criteria of the Dry
Circuit Resistance test of Section 5.3.1.4. Measure at least 10 terminal pairs randomly
distributed among the connector sets.

2. Terminals must meet the Acceptance Criteria of the Voltage Drop test, Section 5.3.2. Check
the same terminal pairs as in step 1 above.
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The connector assembly must not show, with the aid of 10X magnification, any evidence of

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

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

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

5.4.7 Connector-to-Connector Audible Click

5.4.7.1 Purpg

Studies show

seating of eleg
noise generate
rather than be

5.4.7.2 Equipment

= dB meter

5.4.7.3 Procedure

8 sample pairg
be filled with W
stuffers and ay
1. Measure a
ambient nq

2. Locate the[sound measuring device or microphone 600+/-50mm from the conr

3. Mate the cpnnectors by hand and measure the dB (C) level of the sound gene
lock engades. Do not bias the connectors toward or away from the latch as th
engaged.

4. Repeat Steps 1 through 3 using moisture conditioned parts. Parts are brough

practical li

S€

hat assembly plant technicians depend on audible queues that indi

bd when two connectors are mated. Connectors are mated’by hand
ng clamped into a fixture which could dampen or amplify the sound

are required. Samples are to be production intent. All connector g
ires and terminals of any size appropriate to the CUT. Include all T
ixiliary pieces as applicable:

ise level must be 60tdB (C) minimum.

cate full

trical connectors regardless of background noise. This testimeasures the level of

for this test

avities shall
PA’s, seals,

ind record the dB (C) level of the ambient sound within the test envifonment. The

ector.
rated as the
ey are

to their

it ofumoisture content by exposing “dry as molded parts” to 95-989

Relative

Humidity aft 40°C for 6 hours (minimum), then completing the test within 30 mi||1utes.

5.4.7.4 Acceptance Criteria

The minimum sound level required shall be as specified on the part drawing. If no value is
specified, the requirement is 7dB above the recorded ambient for un-conditioned parts and 5dB
for conditioned parts.
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5.4.8 Connector Drop Test
5.4.8.1 Purpose

This test evaluates the ability of the connection to withstand impact due to droppin

g on a hard

surface. This test does not apply to headers or any other connector not designed for use in a

wiring harness.

5.4.8.2 Equipment

No specific equipment is required. Alternatively, a rotating drum as described iniEC 68-2-32
may be used. |Modifications to this device are required to maintain the 1 meter.drop distance.

5.4.8.3 Procedure

1. 3 samples|are required. Assemble connectors with all parts tg,be used in the
application| (CPA, TPA, PLR, etc). Do not insert leads or tefminals
2. Drop each|{sample 3 times (or as agreed upon by the supplier and user) onto 3

ntended

horizontal

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

time. The Responsible Engineer may direct specificcorientations in order to ex
the design|that may be vulnerable to damage.

5.4.8.4 Acceptance Criteria

Samples shalllmeet the Acceptance Criteria.of section 5.1.8, Visual Inspection.
5.4.9 Cavity Damage Susceptibility

5.4.9.1 Purpgse

This test is int¢nded to demeonstrate resistance to damage when the connector TH
forcefully insefted on aeonnector with one or more terminals in the incorrect (un-g

position. The pavity and other plastic and metal parts must subsequently be able
assembled cofrectlyand retain full function following such an event.

pose areas of

A/PLR is
eated)
to be

5.4.9.2 Equipment

Force tester
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5.4.9.3 Proce

1.

dure

and five leads terminated with each terminal size in the connector.

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

Randomly select one cavity of each terminal type from each sample for testing.
Determine the force to be applied to the secondary lock by adding 40N to the maximum

force required to seat the device when all terminals are located properly (section 5.4.5.3 A,
step 4). The minimum force is 80N.

Partially insert a terminated lead into the selected cavity. The terminal should be inserted

2.

3

4.
until it is ju
force as dg
seating.

5. Remove th

5.4.9.4 Accey

Verify that tern

is not required|

5.5 Connectd
5.5.1 Isolatio
5.5.1.1 Purpd

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

t+ chaort of loackina-into-position
Pt OTTOT OO T tOpPp oSO

ptermined in step 3 to the terminal secondary lock in the direction of
e force and seat the terminal in its normal position. Seat the‘Secon
ptance Criteria

ninal retention meets the extraction forces in tablé.5.4.1.4. Moistur

r - Electrical Tests
h Resistance
se

bs that the electrical resistance between any two cavities in a conne
nt to prevent detrimentalelectrical conductivity between the various
h that connector system. This test is typically done after other envin
ensure that any gontaminants that may have entered the connector
nt to create an ‘unintended electrical path.

5.5.1.2 Equipment

= Megohmeter

White-heolding-the-terminakinthispegsition, apply a

normal

dary lock.

e conditioning

ctor system
circuits
onmental
during testing

ol

5.5.1.3 Proc

Ui

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

samples used

for the related test.

NOTE: When samples are to be tested following exposure to moisture or other contaminants, it
is important that this Isolation Resistance test be performed on each sample within one hour of
concluding the associated test. Otherwise, particularly where samples are exposed to elevated
temperatures in the preceding test, any contaminant that might invade the samples may dry to

the point of be

ing undetectable by this Isolation Resistance test.
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t leads as specified in Section 5.1.6, Terminal Sample Preparation

If this test is to be performed to check isolation resistance of a new connector housing,

Connect the Megohmeter, set to 500 VDC, to the bared conductor ends as illustrated in

Figure 5.5.1.3 so that adjacent cavities have opposite polarization. For special applications,
the test voltage may be reduced or increased with the approval of the Authorized Person.

Use the Megohmeter to measure the resistance between the adjacent terminals. Apply the

test voltage continuously for at least 15 sec. Test both halves of the connector system (if
applicable for new connector housings. Test the mated connector assembly for those
sample that have been subjected to prior stress testing.

prepare cu
2.
3.
4. Record the
Criteria of

Figur

5. For conne
two termin

5.5.1.4 Accey

The resistancd
20 MQ at 500
terminal caviti

5.6 Connectd

minimum-rasistance-measurad and vaerifv conformance-to-tha Ace
PR SISERGe-ReaSHHe R Y ey -coRoHRaRce 6 e-/66q

Section 5.5.1.4

(a)
N

e 5.5.1.3: Method of Connecting Leads for Isolation Resistance

Ctors with Shorting Bars, take the isolation resistance measurement
hls designed to be shorted-together by the Shorting Bars (Shorting |

ptance Criteria

between every.combination of two adjacent terminals in the CUT n
\VDC. Thisdncludes terminals that may be separated by one or more
S,

r Environmental Tests

ptance

» Test

between the
Bars “open”)

nhust exceed
b vacant

5.6.1 Therma

| Shock

5.6.1.1 Purpose

This test subjects the connector assembly to extreme temperature cycles that cause expansion
and contraction of the various materials used in the connector system. This is intended to
produce accelerated wear at the terminal-to-terminal interface.
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5.6.1.2 Equip

ment

= Temp. Chamber(s) (-40° C to +175° C *)

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

5.6.1.3 Proce

1.

dure

(At lanct 10 mMAala AnA 10 Earmala Canmnantar haliynal | AnAa Ay W

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

connectors
and insula
(TPAs, PL
Complete
performed
Verify conf
Dry Circuit
distributed
Set up the
Place the 3
across and
Determine
Figure 5.1
that class.
At the con
to the max
important {
optionally,
seconds. A
At the con
to the mini

important fo complete the transfer of all samples from the hot to cold chamber

30 second
Repeat St
Measure t

9.
10.

fatHeast+0-maleand10Female Connecterhalves):

ion type appropriate to the TUT. Assemblies must include all appliq

Rs, etc.), Seals, etc. Number each mated connector pair.

he Connector and/or Terminal Cycling procedure per section®.1.7

on the sample set.

ormance of each sample connector assembly to the Acceptance Cr|
Resistance test, Section 5.3.1.4. Measure at least10terminal pair:
among the connector sets.

samples to monitor continuity per section 5.1.9

bamples in the chamber so that there is no substantial obstruction tg
around the samples, and the samples are,not touching each other
the Temperature Class for the intended application of the connecto

4. Then set the Temperature chamberto the minimum ambient tem

Allow the chamber to stabilize, then-Cold Soak the samples an addi

Clusion of the 30 minute cold Seak, transfer the samples to another

mum ambient temperature for the Temperature Class selected in S

0 complete the transfer of.all samples from the cold to hot chamber

CoOUS Ty I

llow the samples to heat Soak for 30 minutes.
clusion of the 30 minute heat Soak, transfer the samples to another

5. Allow thedsamples to cold Soak for 30 minutes.
ps 7 and-8 ninety nine (99) more times.
e Dry’Circuit resistance (section 5.3.1) of the same terminal pairs s

step3. D

b not use monitored circuits for Dry Circuit measurements

of any size
able Wedges

f not already

teria of the
5 randomly

air flow

I system from
perature for
ional 30 min.
chamber set
tep 6. It is
(or,

to transition one chamber'from the coldest to the hottest extreme) in less than 30

chamber set

mum ambient témperature for the Temperature Class selected in Step 6. It is

in less than

elected in

11. Measure tf

havaliaae draon-narcaction 5232 At lasct 10 tarminal nair
LA~ vvllus\l ulv'J rl\ll VOUUlTVIT V. V.. riwiouavt rotoTTTTimmTaan Pull

Verify conformance to the Acceptance Criteria of Section 5.6.1.4

s-must-be measured.
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5.6.1.4 Acceptance Criteria

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

First, the Dry Circuit Resistance test, Section 5.3.1.4.

Second, the V

NOTE: If samyj
sequence sho
complete.

The connector
deterioration, (
appearance.

5.6.2 Temper
5.6.2.1 Purpd

This test simu
aging mechan
temperature c
electrical and
contact surfac
degrade.

5.6.2.2 Equipment

= Data Logg
= Temperaty

* As required

oltage Drop test, Section 5.3.2.4.

les are to be subjected to further testing (for example as part of the
vn in Section 5.9.6), the following steps may be deferred until the s

assemblies must not show, with the aid of 10X magnification, any ¢
cracks, deformities, etc. that could affect their fit or function, or disto
ature/Humidity Cycling

se

ates actual operating conditions using temperature and humidity va
sms for evaluation of a connector system's electrical durability. Hig}

mechanical degradation. Temperature cycling promotes relative mo
bs that can cause wear and fretting corrosion. Certain plastic matef

er

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

ythe Temperature Class selected from Figure 5.1.4.

test
pquence is

vidence of
t their

riations as
n humidity and

hn promote galvanic and electrolytic corrosion of the terminals which may cause

yement of the
ials may also
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5.6.2.3 Procedure

1.

Using leads prepared per section 5.1.6, assemble a minimum of 10 pairs of fully populated
connectors (at least 10 male and 10 Female Connector halves). Leads may be of any size
and insulation type appropriate to the application. Assembly must include all applicable

Wedges (T

PAs, PLRs, etc.), Seals, etc. Number each mated connector pair.

Complete the Connector and/or Terminal Cycling procedure per section 5.1.7 if not already
performed on the sample set.
Verify conformance of each sample connector assembly to the following Acceptance

Criteria:

a. First, the Dry Circuit Resistance test, Section 5.3.1.4, when this test is performed stand-
alone. |Measure at least 10 terminal pairs randomly distributed among the connector
sets.

b. The Isglation Resistance test, Section 5.5.1.4.

The test fiftures, system layout, and test set-up must be approved.by the Authorized Person

prior to tesfting.

Place the samples in the chamber so that there is no substantial obstruction tg

across and
Determine
Figure 5.1
Allow the @
Cycle the
Extended
maintained

Completion of the schedule shown in Eigure 5.6.2.3 will constitute one cycle.
Ambient Temperature for-hours 5 through 7 as determined from Fig

Maximum
Step 6 abd

4. Then set the Temperature chamber to the minimum temperature

around the samples, and the samples are not téuching each other

air flow

the Temperature Class for the intended application of the connector system from

hamber to stabilize before proceeding.

ansition times may be used as long‘as the dwell times at temperat

for that class.

ﬂest samples 40 times using the cycling schedule shown in Figure 5.6.2.3.
r Ire are

. The cycle begins with the sample at —40°C and un-controlled relative humidity.

ve.

Jse the
ire 5.1.4 in
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150

130 Py 3
110 \
5 w !
o y —2 \
N \
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; / \
N | !
E 10 / ‘ I : ‘ ‘ ‘ \\
1Y / 1 2 3 4 5 6 ; \
30 :/7/1 1 — |
-50 — \
Time (Hours)
100
B QQY
80 N\ N
2 7 N\ >
% 60 J ;
2 4}
33: 50
2 40
E 30 a4
20 =
10
0 T
0 1 2 &) 4 5 6 7 8
Time (Hours)
Key:
1 (-40)°C
2 (80-90)°C
3 Test tempetature, see Figure 5.1.4 (Class 3 shown for illustration only)
4 Relative humidity; uncontrolled. Do not vent chamber at hour 5
5 (80 — 100)% Relative humidity

Figure 5.6.2.3: Temperature/Humidity Cycling Schedule

8. Using the separate set of samples designated for that purpose, complete the
Connector/Terminal Extraction Force Test (Section 5.4.1.3-B, Steps 4-8, except do not
increase the force above 50N.

9. Verify conformance to the Acceptance Criteria of Section 5.6.2.4.
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5.6.2.4 Acceptance Criteria

1.

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

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

a.

randomly distributed among the connector sets.

b.

distributed among the connector sets.

Finally,

C.
d. Pull tes

the Isolation Resistance test, Section 5.5.1.

t camnlac chall maat tho cannactor/terminal Extraction Eorce toct r
TCo—STHaT—THeet CoOH1eC IR ~ARERLIRLS Y CoT+—T0Of

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

Second, Voltage Drop test, Section 5.3.2.4. Measure at least 10 terminal pairs randomly

section

NOTE: If samj
sequence sho
complete.

2. The conne
of deterior;
appearand

ToarTTo TS L=ZAV 1R TOtT

5414

les are to be subjected to further testing (for example as partof the
vn in Section 5.9.6). The following steps may be deferred.until the s

ctor assemblies must not show, with the aid of 10X)magnification, a
htion, cracks, deformities, etc. that could affect their functionality or
e.

5.6.3 High Tgmperature Exposure

5.6.3.1 Purpd

This test evaly
assembly com|
including stres
changes may

se

ates the effects of long-term exposure to elevated temperature on ¢
ponents. Thermal aging may cause changes in metal and plastic m
s relaxation in important-flexing members of the terminal or its conn
be detrimental to elettrical and physical performance.

5.6.3.2 Equipment

= Temperaty

* As required |

re Chambef(s) (+175° C *)

y the/Temperature Class selected from Figure 5.1.4.

requirements of

test
equence is

ny evidence
Histort their

onnector
hterials,
ector. These
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5.6.3.3 Proce

1.

dure

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

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

on the sample set.

atact Saction ’: Q 4 /1 '\/laoollra at lascst 10 tarminal
A4 vreaoourc ro—terat

Complete the Connector and/or Terminal Cycling procedure per section 5.1.7 if not already

Verify the performance of each sample connector assembly to the Acceptance Criteria of

pairs

the Dry Cireuit-Resistane

2.
performed
3.
randomly ¢
4. The test fix
prior to tes
5. Determine
Figure 5.1
that class.
6. Place the {
is no subst
not touchir
7. Sample eV
measurem
8. Atthe con
5.6.3.4.
5.6.3.4 Accey

At the conclus
connector ass
order shown:

a. TheDryC
randomly ¢
b. The Voltag

distributed

AL AT AA A T ToOTIOT

istributed among the connector sets.

tures, system layout, and test set-up must be approved by the: Auth
ting.

the Temperature Class for the intended application of theconnecto
4. Then set the temperature chamber to the maximum_ambient tem
Allow the chamber to stabilize before proceeding.

bamples in the chamber, set to the maximum ambient temperature,
antial obstruction to air flow across and around the samples, and th
g each other. Leave the samples in the chamber for 1008 hours.
aluation is required only at the beginning and end of the test, but ad
ent intervals may be requested by the Authorized Person.

Llusion of the test, verify conformance:to the Acceptance Criteria of

ptance Criteria

on of the test, verify confermance of each terminal pair and each sz
embly, as appropriate, to the Acceptance Criteria of the following te

rcuit Resistance test, Section 5.3.1.4. Measure at least 10 terminal
istributed-among the connector sets.

e Drop test, Section 5.3.2.4. Measure at least 10 terminal pairs ran
amohg the connector sets.

orized Person

I system from
berature for

50 that there
e samples are

ditional

Section

mple

5ts, in the

pairs

domly

NOTE: If samples—are-t

o-ha onhuar\h:rl tafirthar tactina /-Fr\r avambla-ac nart of
A\ A v ) v \)\-HJJ tUTuUrirTreT L\l\)‘-lllv JT UI\UIII'JIV “J Pul CUT

th
ot

O

sequence shown in Section 5.9.6) do not perform any steps beyond this point.

c. The visual

inspection, section 5.1.8.4

5.6.4 Fluid Resistance

NOTE: This te

st is to be used for sealed connector systems only.

test
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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.

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

5.6.4.2 Equipment

= Laboratory Fume Hood
= Stainless gteel tanks or Pyrex beakers

= Explosion-

proof Heat Chamber

5.6.4.3 Procedure

1. Using lead

s prepared per section 5.1.6, assemble a minimum)of 8 pairs of fully

connectorg. Use leads of the smallest conductor size and insulation type appr
terminals gnd connector being tested. Assembly must.include all applicable W

PLRs, etc.

, Seals, etc. Number each mated connector pair.

2. Verify conformance of each mated sample conneetor assembly to the Isolation
test, Sectign 5.5.1. This establishes a referencetfor the concluding Isolation Re
3. Completely submerse at least 1 test sample in“each fluid listed in table 5.6.4.3

minutes. F
used for e
requested

CAUTION: Fo
when performi

uids are to be stabilized at the temperatures indicated. A fresh sam
ch fluid and each sample is.to be submersed in one fluid only, unless
y the Authorized Person.

low all Federal, state;.and local safety regulations, standards, and g
g this test.

populated
opriate to the
edges (TPAs,

Resistance
psistance test.
for 30

ple is to be
otherwise

rocedures
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*Solutions are
**Use latest a
See appendix

1. Atthe con
shake off 4
the samplg
samples s
fluid drippi

2. Atthe con
and to avo

Fluid Specification* Test temp.°C
Gasoline ISO1817, liquid C 235
Diesel fuel 90% ISO 1817, Oil No. 235

3+
10% p-xylene
Engine oil ISO 1817, Oil No. 2 50+3
Ethanol 85% Ethanol + 23+5
15% 1SO 1817 liquid C
Power steering ISO 1817, OIl No. 3 o023
fluid
Automatic Dexron Il 50+3
transmission
fluid
Engine coolant | 50 % ethylene glycol + 50+ 3
50 % distilled water
Brake Fluid SAE RM66xx** 50+ 3

3. Verify con
5.6.4.4 Acce

tance Criteria

determined as percent by volume
ailable SAE reference fluid
A for fluid source list

Table 5.6:4.3: Fluid Test

tlusion of the submersion period, remove the sample from the fluid.
ny excess fluid. Use care not to splash any fluid on unintended surfaces. Leave
s "wet" and store them in a suitable container or area for one week
hbmersed in different fluids to touch each other and do not allow any
ngs to intermingle.
Llusion of the storage period, samples may be dried sufficiently to al
d contamination of test apparatus.
rmance of each test sample to the Acceptance Criteria of Section

Do NOT

Do not allow
dissimilar

low inspection

b.6.4.4.

1. Each mated terminal pair in every test sample must meet the Acceptance Criteria of the
Isolation Resistance test, Section 5.5.1.4. In the case of single cavity connectors, apply the
test voltage between a ground plane foil wrap and one of the conductors from the test

sample.

2. There must be no visible degradation, swelling®, cracking, or loss of mechanical function

evident on any test sample, examined with the aid of a 10X magnifying glass.

*Swelling of cable and connector and cable seals is permissible.
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5.6.5 Submersion

NOTE: This te

st is to be used for sealed connector systems only.

5.6.5.1 Purpose

This test is an accelerated simulation of the "breathing" that may occur in a sealed connector
system when it is heated and suddenly cooled by submersion in a cooler liquid. Salt water is
used as the liquid to facilitate detection of any leakage into the connector. As a further aid to

anlkanoa that mmav Acnr 10 rAnAAAIANAAA that A cridaA ilbrayv Al

detecting any
added to the s

conogTa ooy oo, o o Commme o T Ut SO ioTrc—artra vioro

alt water solution.

5.6.5.2 Equipment

= Stainless S

teel tanks or Pyrex beakers

= Megohmeter

= Temperaty

*As required b

re Chamber (-40° C to +175° C*)

y the Temperature Class selected from Figure5.1.4.

5.6.5.3 Procedure

1. Using lead
connectorg
terminals &
(TPAs, PL
For multipl
set and re(
selected cj
seal during
Complete

performed
Verify conf
test, Sectiq
test.

s prepared per section 5.1.6 assemble a minimum of 10 pairs of full
. Use leads of the smallest conductor size and insulation type appf
nd connector being tested. «The assembly must include all applical]
RS, etc.), Seals, etc. Number each mated connector pair.

e conductor (mat) type seals only, select 10 cavities at random amag
tord the connector and cavity numbers. Remove and re-insert the t
hvities. The purpase of this step is to ensure the terminal does not d
service operations.

he Connecteriand/or Terminal Cycling procedure per section 5.1.7

on the sample set

ormance of each mated sample connector assembly to the Isolatior]
n 5.571:4. This establishes a reference for the concluding Isolation

ha

dye be

y populated
opriate to the
le Wedges

ng the sample
brminals in the
amage the

f not already

Resistance
Resistance

Place the d

amplacintha charmbh Ay ol fh ot roaio nn orihotantial Aot At~
AP ST aIie Cram ot T SUthtrat e TS o St startar oSt at ol

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

to air flow

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

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

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

well before adding to test apparatus.

It is recommended that an appropriate ultraviolet dye

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

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

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

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

shake off the excess solution, then carefully dry the exterlor surfaces of the samples.

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

11.

12.

b.

13.

ps 6 8 and 9 four (4) more times, except do not repeat when this4
at have completed the Temperature/Humidity Cycling test of Sectio
erature Exposure Test of Section 5.6.3.

Section 5.6.5.4.

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

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

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

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

r each connector¢pair.

Steps 3,4, 5, 6, 8, 9, 10, and 11 using the samples prepared in Stg
Clusion of the.test, disconnect each mated sample pair and perform
test of Section 5.1.6. When disconnecting the samples, use care ng
lution fo.enter the interior of any connector half. Careful examinatio
hy trace of fluid leakage that escaped detection by the Isolation Reg
e-in"the solution, as recommended in Step 7 above, will aid in this i

ple.
est is done on
n 5.6.2 or the

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

lis test is not
uires use of
uctor size that

t conductor

r the terminals
les to fully

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

bp C above.
the Visual

t to allow any
N is required
istance test.
nspection.

5.6.5.4 Acceptance Criteria

1.

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

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

5.6.6.1 Purpose

This test evaluates the sealing capability of a sealed connector system when subjected to a
specified pressure differential between the inside and outside of the sealed area.

5.6.6.2 Equip

ment

= Pressure/
= Container
= Temperaty
* As required |
5.6.6.3 Proce|

NOTE: When
Temperature/H

A Satran (DA~ ot AN
aCuouoToourcCmecguratcty)

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

y the Temperature Class selected from Figure 5.1.4.
dure

Ising samples that have been subjected to any prior testing that inc
dumidity Cycling test, Section 5.6.2 or High drémperature Exposure

5.6.3, proceed
with vacuum t

1.

and Femal
one cavity
For conve

Using the

connectorg
Determina
Step 1. As
each mate
For multipl
set and req

terminatedT

directly to Step 18. This assumes that the,samples have already b|
bes per steps 1 through 17.

Terminals to assemble a minimum of 10 pairs of connector assen
for each connector pair. Crimp both the conductor and insulation gr
ience, and to minimize loose conductor ends, conductor lengths m:
on both ends and loeped between samples.
erminals preparedin Step 1, assemble a minimum of 10 pairs of ful

ion of whichsconnector half has the vacant cavity will have been de
sembly mustinclude all applicable Wedges (TPAs, PLRs, seals, etc
d connector pair.
e conductor (mat) type seals only, select 10 cavities at random amog

udes the
est, section
een prepared

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

ples of male
blies, less

ps.
hy be

y populated

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

ermined in
. Number

ng the sample
erminals in the

ordthe connector and cavity numbers. Remove and re-insert the t

fiag otan o toarminal Ao At

selected ¢

XWH Theoe pniirnaca of thic n tn ancrien tha A
VITC S T e PUTrpUSC U TS SO P15 (O Criisur T arC e ar ot S0t

mage the

seal during service operations. (Not required if previously done on this sample set.)

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

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

of the tube

to a regulated pressure source. Alternative methods of adding a

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

11.

12.
13.

14.

15.

16.

17.

18.

19.

Complete the Connector and/or Terminal Cycling procedure per section 5.1.7 if not already

performed

on the sample set

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

test.

Prepare enough salt water solution to completely submerse all samples to a depth of 30-40

cm below the surface. Use tap water and 15-16 grams of table salt per liter. 10 ml of liquid

dish washing soap per liter of water may be added. Mix well before adding to test apparatus.
It is recommended that an appropriate ultraviolet dye be added to assist in visual

inspection
Bend all cq
and securd
simulate d
conductor
available, 1

is not kinked, squeezed shut or otherwise obstructed. The tube should be left

bend if fea
conductor
Completel
solution pr
end of the

Slowly inciease the air pressure of the regulated-pressure source supplying th

sample un
Observe s
Switch the
vacuum to
Remove th
dry all extd
Strip 10 m
and perfor
Disconnec
When disc

interior of any conneetor half. Careful examination is required to detect any tra

leakage th
Re-conned

for-any-ingress-of selution-into-the-testsamples-

nductors in the same direction, 90° to the back of each sample con
e them in this position, using actual conductor dress shields if availa
ressing of the conductors as they exit the connector and is intended

simulate production application intent as closely as possible. Ensure

Sible. Seal all loose conductor ends to eliminate possible Leakage t
strands.

submerse all samples into a container of the;Room Temperature s
epared in Step 8 above. Use care to avoid:submersing any wire eng
tube.

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

the samples for 15 seconds:

rior surfaces of the sample.

m of insulation fromythe conductor ends of each terminal in one con
m the Isolation Resistance test of Section 5.5.1.

t each mated.sample pair and perform the Visual Inspection test of
pnnecting.the samples, use care not to allow any residual solution t

bt esCaped detection by the Isolation Resistance test.
t each sample to its original mate and re-seal all conductor ends. P

hector half
ble. This is to
to stress the

seal(s) as in actual applications. If actual production dress‘shields are not

that the tube
but of the 90°
hrough the

alt water
s or the open

e tube in each

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

e samples from the salt\water solution, shake off excess fluid and then carefully

hector half
Section 5.1.6.
D enter the
ce of fluid

ace the

samples i

atamnaratiira chamhaor stahilizad at the mavimum amhiant tamnan
a—t8RpPeFatte-cRaRberstabiZea-attRe- e RaRpbie e Rped

ture for the

Temperature Class selected from Figure 5.1.4 for the CUT. Heat Soak all samples for 70

hours.

After the heat Soak, remove the samples from the chamber and allow the samples to cool to
Room Temperature, then repeat steps 9 - 15, except limit pressure in Step 11, and vacuum

in Step 13,

to 28 KPa (4 psig).

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

size) for each connection pair to be tested.

b.

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

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

cavity |
Prepar
each ¢
preparg
pressu
conned
preparg
place t
each ¢

d. Repea
5.6.6.4 Accey
1. When sam
pressure a
After sam
Criteria of
At the con
Inspection
residual sg

to detect a
There sho

2.

5.7 Special T|

5.7.1 Header

hy trace of fluid(Leakage that escaped detection by the Isolation Re

ft onen forthe nraccsura/vacuum-tubae
ft-open-for-the-pressurefvacuum-tube-

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

Steps 4 through 19 using the samples prepdred in Step ¢ above.

ptance Criteria

ples are subjected to positive pressure, there must be no loss in the
nd no bubbles visible exiting any,test sample.

les are subjected to negative pressure (vacuum), all must meet the
he Isolation Resistance test) Section 5.5.1.4.

Clusion of the test, all samples must meet the Acceptance Criteria of
test, Section 5.1.8.41.When disconnecting the samples, use care ndg
lution to enter the interior of any connector half. Careful examinatio

Ild be no trace of fluid ingress in the connector at the conclusion of
ests

Pin'Retention

cted cavity in
ductor size,
br the

in each

ctor size,
5sible, do not
Libe. Number

applied
Acceptance

the Visual

t to allow any
N is required
sistance test.
this test.

5.7.1.1 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 assures 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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5.7.1.2 Equipment

= Insertion/Extraction Force tester with peak reading feature

= Appropriate fixtures to hold the connector

= Collets, mandrels, or jaws to grip the terminal or pin in a longitudinal direction as needed
5.7.1.3 Procedure

NOTE Samples are to be productlon intent. For deS|gns where plns are closely spaced, pins or

| of jaws,
fixturing. All

tive Humidity

e pin
longitudinglly through the connector, and to pull it out as if removing a female plug from the
header. Dgpending on individual design, “pushing” or “pulling” may be reversed in order to
get the prgper reading. It may also be appropriate to apply the loads from the |back of the
connector pn certain designs. Pressure or tension must be applied parallel with the axis of

Secure thg connector body to the appropriate fixture.
Using the force tester, apply a ramping pressure to the terminal pin. Note and|record the
force at which the pin begins to be displaced within the plastic housing or board attachment.
Repeat fof each pin location. Where resultant damage to the connector hous|ng would
affect readings on adjacent cavities,;move to an undamaged pin or use a fresh connector.
5. Using fresh samples as needed, reverse force direction and repeat step 3.

P w

5.7.1.4 Acceptance Criteria

The minimum force required\to displace the pin longitudinally in either direction shiall meet the
values specifigd in table-5.7.1.

Minimum
Displacement
ICIIIIIIIG 1 allllly LIAYAAYA>]
</=0.64 15N
>0.64<1.5 24N
1.5 50N
2.8 60N
>2.,8 70N

Table 5.7.1: Minimum Header Pin Displacement Force

NOTE: Values for terminal sizes falling between the table values are calculated by interpolation.
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5.7.2 Connector Mounting Feature Mechanical Strength
5.7.2.1 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.

5.7.2.2 Equipment
= Force Tesier

5.7.2.3 Procedure

1. Test a minjmum of 20 connectors (five in each direction).

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

3. Secure a Jirgin connector with the designed-in mounting-feéature to a bracket with a fixture
simulating [the coordinating mounting feature (see Figure5.7.2.3-A). No additipnal
reinforcement of the connector slot is permitted.

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

5. Remove the connector from the fixture-

6. Repeat stgps 2 — 5 with four additienal connectors.

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

Figure 5.7.2.3-A: Mounting Fixture - Example
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F4
> ~5mm
Mounting —~  ————3% Support
Clip Bracket
mimpm
F1 > (mmm < F3
N /
Latch _— I
F2

Figure 5.7.2.3-B: Test Set-up, End View

Mounting F4
Feature F3
I ¥
A LT
| f’| v
41l
Mating | ll fla/l
e [ -
. |
A
Maunting id P M
Copnecto // ,r l
Non — f T
Mounting F1 F2

Figure 5.7.2.3-C (3d View)

NOTE: Arrows indicate direction of applied force, not location of probe.
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A

\4

i
()]

Mounting Feature
mm

Mounting Non-Mounting
Connector (mating)
Connector

Figure 5.7.2.3-D (Side View)

5.7.2.4 Acceptance Criteria

The minimum force required to break the mounting featureshall be > 50 N.
5.7.3 Forced [Fretting Test

5.7.3.1 Purpgse

This test creatps fretting in terminals systems by controlled micro-motion. This test can be used
for comparing jnormal forces, coatingsAubricants, and other variables in the desigh of
connection systems. Only one direction’ of motion (axial) is considered. Forced fretting is
therefore congidered a development-test and not a requirement for validation. Nolfield
correlation is qurrently available.
5.7.3.2 Equipment

= Cycling Fixture - \farious forms of equipment are acceptable. Cycling equipment is usually

custom bullt. One set-up is described in Figure 5.7.3.2
= Dry Circuit| Monitoring Equipment

-67 -



https://saenorm.com/api/?name=01c91fcdce97a0e86e79e39fbe53be61

SAE/USCAR-2 Revision 4 Revised May 2004
PERFORMANCE SPECIFICATION FOR AUTOMOTIVE ELECTRICAL CONNECTOR SYSTEMS

5.7.3.3 Procedure

1.

No ok

Oz Power
Supply
BExtention Unit 2] =
F— -re-T T 1
! {Communic|
: ationBoard :
! PIOBOAD +
1 ! Digital
hoduikti
hieter
F 2] =
E Rapidwy Terminal Lzser+
E Eliplacement
o o I 1 er
ui=se Rulzg hiotor
ok J Pttt r
Control

Figure 5.7.3.2: Forced Fretting Test Set-up (Example)

At least 8 samples of male and FemalgFerminal should be tested. Set up the|terminal
holding deyice so that there is at least1.0mm of over-travel from the end of the¢ Male
Terminal lgad-in past the contact.point of the Female Terminal. Terminals mugt be
positioned|so that testing begins.at the nominal contact point of the interface.
Record inillLiaI Dry Circuit Resistance of each sample. Contact resistance data|must be
taken throlyighout the procedure.

Set the equipment to thiefollowing:
Stroke — 50 um

Frequency|— 1 Hz=Higher frequencies are permissible depending on equipmegnt capability.
Cycles — 1p0K-grsufficient to reach a defined failure (total cycles depends on the system
being evaluated)
Alternative settings and equipment may be determined by the test requestor. Frequency
and stroke can have major effects on the outcome of the test.

Turn on the equipment and complete the test cycle.

Plot the resistance vs. fretting cycles for each sample. (ref. figure 5.7.3.4)

Following the test cycle, measure the Dry Circuit resistance of each interface.

Visual examination of the interface may be requested. If so, photograph and document the
wear characteristics of the interface including SEM analysis if applicable.
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5.7.3.4 Acceptance Criteria

1.

any additional Acceptance Criteria such as visual examination of the interface.

Wear and Oxidation

v

Contact with
Base Material

Figurg

5.8 Severe D

-

The test requestor may determine the Dry Circuit resistance Acceptance Criteria as well as

P

v

Ohm

0.01

0.001

0 1000 2000 3000 4000 5000

Fretting cycles

5.7.3.4: Example Forced Fretting Resistance Curve of a Tin C

Uty Tests

The following

est procedures are optional andare intended for use when, in the jt

the Authorized Person, additional testing islneeded to demonstrate acceptability o
connection system for severe duty applications. Because these situations are uni

procedures m
experience. T
but rather are
necessary.

Special design

5.8.1 High Pr

y have to be modified.aecording to data gathered from prototype ve
hese procedures and acceptance criteria are not required for gener
ntended to lend consistency to the test procedures when such tests

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

essure Spray

bntact

iIdgment of

f the

ue, the
bhicles or field
bl validation,
are deemed

se tests.

5.8.1.1 Purpc

SC

The purpose of this test is to determine the ability of sealed connection systems to withstand
high pressure spray during use. Such conditions may be encountered where there is direct
road splash or in cases where high-pressure washing may be expected. This test is optional at
the discretion of the Authorized Person and may be specified in addition to the Water
Submersion and Pressure/Vacuum Leak Tests (sections 5.6.5 and 5.6.6). Perform this test for
sealed connectors only.
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A vacuum of minimum 48 kPa (7psi) may be added to the high pressure spray to simulate rapid
cooling of the interior of the connector due to the water spray. The level of vacuum may have to
be adjusted depending on the application. Document any such adjustments or other test
modifications in the test report.

This test and the associated equipment are intended to conform to ISO16750, with a 9K degree
of protection.

5.8.1.2 Equipment

= Fan jet nozzle
= Device holder
= Swiveling {able

Figure 5.8.1.2: Spray Nozzle and Table Arrangement
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completely| sealed and must not affect the nermal sealing system of the conne
tubes may|also be inserted through the cable seals per section 5.6.6.3, step 5

3. Complete the Visual Examination per section 5.1.6.

4. Complete the Isolation Resistancetest per section 5.5.1

5. Mount the [connector under test onto the device holder such that the connecto
against the turntable.

6. If specified in the test request,/expose the connection system to a 48 kPa (7 p

Position th

e sprayer at ay0%-and initiate spray and turntable rotation.

Spray Water flow Water Water Exposure
Equipment Requirements rate Pressure temperature Time
Fan jet Turntable Speed 14 to 16 I/min | Approx. (2045) °C 30s /
nozzle of (5x£1) rpm (8000 to (Deviating position of
Position Angle of 10000) temperatures may spray
(0°, 30°, 60°, kPa be agreed) angle
90°)£5°
Distance of (100 to
1p0) mm
Table 5.8.1.3: Specification for High Pressure Spray Testing
5.8.1.3 Procedure
1. A minimunp of 10 mated connector pairs are required for this-test. Use the smallest gage
wire and insulation appropriate to the application and prepare’leads per sectioh 5.1.6.
Prepare camplete connector samples fitted with all terminals, seals, TPA’s and grommets or
shields int¢nded for the production application. For mattype cable seals, Selgct and mark
10 leads at random. Remove and reinsert the seleceted leads.
2. If specified, attach a vacuum port to the connectaror connector mating device|so that a
vacuum cgn be pulled on the interior of the connection system. The vacuum pgort must be

ctor. Vacuum

lays flush

5ig) vacuum,

7. With the table rotating,.spray the connector under test for 30s. Repeat at each of the spray
angles spgcified in table 5.8.1.3.

8. Complete the Isolation Resistance per section 5.5.1.

9. Condition $amples at ambient conditions for 168 hours.

10. Complete theVisual Examination of section 5.1.8. Dis-assemble each connegtor pair and

examine for any water intrusion or corrosion.

5.8.1.4 Acceptance Criteria

-_—

. All parts shall meet the isolation resistance acceptance criteria specified in section 5.5.1.4.

2. Upon examination of the interior of the connection system, no water or corrosion products
shall be visible inside the connector.
3. All parts shall meet the visual examination acceptance criteria specified in section 5.1.8.4.
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5.8.2 Severe Vibration

5.8.2.1 Purpose

The vibration test method specified is applicable to in-line and Header Connectors. It considers
extreme vibration levels applicable to connector systems that are mounted directly to the drive
train. Severe vibration testing should be considered for sealed connection systems only. This

test is optional

This test has ty
rotating parts @

The sine com
cylinder and >|

The vibration
all situations.

temperature p
connection syj
modes such a

at the discretion of the Authorized Person.

onent of the schedule is intended to duplicate vibration profiles of b
b cylinder engines.

rofiles contained in this procedure are very severe and:are not repr
Actual measurement may need to be taken to deterimine a vibration
rofile for each application. In any case, vibration.profiles used for va
stems must never be accelerated. This results iR non-representativé
5 severe terminal wear and cable failure.

5.8.2.2 Equipment

= Vibration T|
Vibration C
Temperaty

=
=
= Accelerom

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

re Control Unit

eters

5.8.2.3 Procedure

The sine and 1
temperature c
run simultaneq

1. Prepare sg
2. Construct

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

mples and monitoring set-up per section 5.4.6.3.

nced mass of
f valves.
oth <5

esentative of
and

lidation of

e failure

ly. A
d and is to be

b suitable mounting apparatus using the following design criteria:

===t A affact

azZe.

Th ABhna - anparatiie it ha A~ cotm At A tA
a. € Modftt g apparatas oSt ot o orTstractou—toTm

dampe
b.

added ota {
T ZCaduT T CTe TS

ning, resonance, etc.).

armonics,

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

with a metallic clamp such that the connector lays flush against the cube or vibration

table.

For Device Connectors, mount the device directly to the Mounting Bracket. Refer to

Figure 5.4.6.3-B. Use the normal device mounting feature(s) used to secure the device
in its intended vehicle location. The mounting method(s) used shall be noted in the test

report.
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