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NOTE—N©® electrical connector, terminal, or related component may be represented as having met SAE
spEcifications unless conformance to all applicable requirements,of-this specification have been
vefified and documented. All required verification and documéntation must be dgne by the
supplier of the part or parts. If testing is performed by another source, it does not felieve the
primary supplier of responsibility for documentation of alktest results and for verificaion that all
samples tested met all applicable Acceptance Criteria<{ See Section 4.

1. Scope

Procedureg included within this specification are intended to cover performance testing at allf phases of
developmént, production, and field analysis of glectrical terminals, connectors, and compgnents that
constitute the electrical connection systems in low voltage (0 - 20 VDC) road vehicle applications. These
procedures are only applicable to terminals,used for In-Line, Header, and Device Connector syistems with
and withoyt Shorting Bars. They are notapplicable to Edge Board connector systems, > 20 VAC or DC,
or to eyelet type terminals.

1.1 Ratipnale

This Document has been changed to list the tests and general performance requirements rgquired for
connectiorls used for on-board road vehicle electrical wiring harnesses used by the major OEM's in the
United Stdtes. The Bocument being replaced was technically equivalent to 1ISO 8093/2 and used for
reference pnly. The.replaced document has never been used by any major OEM in the United States for
the tests a’I:rd general performance requirements for connections used for on-board road vehiclge electrical

wiring harmesses and there is no intention by these OEM's to move towards adopting this dpcument in
the future] “Therefore SAE J2223-2 has been rewritten to list the tests and general performance
requirements that have been agreed to and are currently in use by these major OEM's in the United
States

IMPORTANT NOTICE: In any intended vehicle application, if the products covered by this specification
are, or may be, subjected to conditions beyond those described in this document, they must pass special
tests simulating the actual conditions to be encountered before they can be considered acceptable for
actual vehicle application. By way only of example, this includes products that may be subjected to
temperatures beyond the extremes of Class 5 in Table 2, or may be subjected to shock or vibration in the
Un-sprung portions of a vehicle, such as the wheel hub. Products certified by their supplier as having
passed specific applicable portions of this specification are not to be used in applications where
conditions may exceed those for which the product has been satisfactorily tested.
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The Authorized Person is the final authority as to what tests are to be performed on his or her parts and
for what purpose these tests are required. He or she is also the final authority for resolving any questions
related to testing to this specification and to authorizing any deviations to the equipment or procedures
contained in this specification. Any such deviation must be documented and included in the final test
report.

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

Specific teists that are not required or additional test requirements as specified in@ahy document in the
hierarchy ¢f Section 2.

2. References
2.1 Document Hierarchy

In the evegnt there is a conflict between performance specifications, part drawings, and other related
standards pr specifications, the requirements shall be prioritizedas follows:

2

-Appligable FMVSS requirements and other applicablesstate and Federal requirements.
-Appligable part drawings

-Appligable product design specification(s).

-Automotive Industry Action Group (AIAG) Production Part Approval Process (PPAP)
-Appligable SAE performance specifications

-Other|applicable standards and specifications

>
a

ouLRwN =
1R W

5

2.2 Part/Drawing
The part drawing for each connection system component should contain or reference:

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

Component part number.

Reference to applicable portions of this specification.

The quantity@and part number of terminals used.
The typjcal mating connector.
Maxim iSSi ' is | has been

successfully tested.

2.3 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 in this document.
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2.4 Test Request/Order

2.4.1 SAMPLES, TEST TYPE AND SPECIAL TESTS

The laboratory test request/order shall provide location and documentation of test samples, identify the
type of test to be performed (development, validation, special purpose, etc.) and describe any special
tests that are not a part of this specification. Any required revisions to, or deviations from any tests in this
specification must include detailed instructions for each change.

242 TE

Instruction
the tests a

243 PEg

Instruction
including g
this specifi

244 Dt
Developm

evaluating
causes of

2.4.5 VALIDATION TESTS

Validation
inherent rg
validation

246 SH

Portions o
or materia
or a portio
test or an

ST REQUEST/ORDER INSTRUCTIONS

5 must be included in the test request/order concerning applicable tests and-the ord
re to be performed if different than outlined by this specification.

RFORMANCE AND DURABILITY TEST INSTRUCTIONS

5 must be given in the test request/order concerning limits for performance and dura

efinition of the conditions under which those limits apply, iDthey are different than
Cation.

VELOPMENT TESTS

bnt tests are frequently used to evaluate. specific areas of the design. They ar

design alternatives, proposed improvements, cost reduction proposals, or detern
ield problems.

tests or sample approval tests’are acceptance type tests. Consideration must be g
peatability or subjectivity of certain tests outlined by this specification before designa
br compliance test.

ECIAL PURPOSE TESTS

this specification may be useful for special purpose testing. For example, verifying
change.may, in the judgment of the Authorized Person, require only one or two spg
n of a’fest, to verify that no adverse consequence resulted from the change. Any [
y combination of tests contained in this specification may be used individually

combined

er in which

bility tests,
outlined in

e tools for
nining root

iven to the
tingitas a

a process
beific tests,
ortion of a
br may be

with other testing, described outside this specification, in any phase of product de

elopment,

production

testing, or analysis of parts from the field.
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2.5 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 TS16¢
IEC 68-2-3

3. Definitions and Abbreviations

3.1 Defi

Terms def
etc.)

Acceptan
that all tes

Authorize
production
retain the

making th
deviations
documenti
included in

Bulk Res
resistance

Device Connector: An electfical connector that mates with the electrical interface of a d

headlamp,

Disengagé¢ Force:. The force required to disengage a mated pair of contacts (terminals) or a o

a mating te

49—Quality of Automotive Production and Service Part Suppliers
2—Basic Environmental Test Procedures—Part 2

hitions

ned in the definitions or abbreviations sections are capitalized, (i.e. Room Tempera

e Criteria: Generally the final section in each test desCription. It specifies the re
samples must meet during or at the conclusion of that'test.

fl Person: One person will be responsible as the final authority for releasing a giv
and/or for testing that part. Such person may delegate authority for testing that p
huthority. The Authorized Person, as used\in the Specification, is the person with a
b final decision as to any question arising during testing to this Specification
from any requirement of this Specification. Such Authorized Person is resp
hg any deviation he/she authorizes from this Specification. This documentatio
the final test report.

stance: That part of Total Connection Resistance attributed to the terminal b
does not include crimp.resistance or interface resistance.

switch, horn,.ete.).

st gage:

ture, PLR,

Juirements

en part for
art, or may
uthority for
or for any
bnsible for
n must be

bdy. Bulk

pvice (e.g.

ontact and

Dry Circu

t._Circuit that operates continuously below a level of 20mV open circuit voltage apd 100 mA

current limit.

Edge Board Connector:

electrical interface.

A connector system that utilizes the edge of a printed circuit board for an

Engaging Force: The force required to mate a separate pair of contacts (terminals) or a contact and
mating test gage.
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Extraction Force: The maximum force that can be exerted on an individual contact (termin

al) without

dislodging it from its proper position in its connector cavity. This force may have two different values; one
with the associated Wedge (TPA, PLK, etc.) installed and a second value without such assistance.

Female Connector: The connector that houses the Female Terminal(s).

Female Terminal: The electrical receptacle that receives the male blade or pin.

Header Connector: A connector system that utilizes one or more fixed Male Terminals insg
housing. The non-mating ends of the terminals are usually soldered to a printed circuit board
internally tp the device.

In-Line Connector: A system using male and Female Terminals, each contained in an @
housing, tq electrically connect two or more conductors.

Insertion |[Force: The force required to insert an individual contacty(terminal) into its ¢
connector.

Leakage: | Refers to current passage between two or more conductors separated by a nor

rted into a
or connect

\ppropriate

avity in a

mally non-

conductivg medium when sufficient voltage potential exists between the conductors. By increasing the

potential t¢ 500 volts DC or more, the current flow, or Leakage, becomes measurable even t
micro or nano-ampere scale. Leakage measured at a known voltage is useful in estimating
gap and detecting contaminants without specimen disassembly.

Male Connector: The connector that houses the Male Terminal(s).

Male Termjinal: The metal blade or pin that.ifiserts into the Female Terminal.

Mating Fgrce: The force required tormate male and Female Connector halves or to comple
connector jn a device Header or receptacle.

Maximum|Test Current Capability: The maximum current carrying capability at Room Tem
the specific combination of(terminal size, conductor gage, insulation type, etc. as determined
5.3.3. This|value must be de-rated for actual conditions in the expected application.

Mechanical Assist\_A means of minimizing the operator effort required to mate two connecto
a connectqr to a‘header. Typical means are a bolt, cam, or lever.

Any electrical_circuit expected to carry in excess of 5A continuously for more than one minute.

hough at a
contact air

tely seat a

berature of
in Section

r halves or

Power Circuit: Any electrical circuit expected to carry in excess of 5A continuously for more than one

minute
Room Temperature: 23 °C = 5 °C.

Signal Circuit: Any electrical circuit expected to carry 5A or less at all times.
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Soak: Refers to a time period during which the device under test is exposed to stated environmental
conditions, such as temperature, humidity, current flow, etc. This exposure may be for the purpose of
conditioning the sample prior to another test, or may itself form part of a given test.

Sprung: (Adj.) Describes any portion or component of a motor vehicle that is supported by the
suspension system. Sprung components do not include tires, wheels, hubs, or outboard disc. or drum
brake assemblies.

Shorting Bar: A mechanical device within a connector designed to electrically short two orrmpre circuits
together when the connectors are not mated. Shorting Bars may act to overcome the effegts of static
electricity ¢r to act as a means of detecting when connectors are disconnected.

Steady State: A condition of environment or current flow that remains stable for {,minute or more.

Total Cornnection Resistance: Electrical resistance of one terminal to)terminal interface plus the
resistance|of the conductor to terminal grip for each terminal. For Header type connectiong, only the
resistance|of the one conductor to terminal grip is included. Included\is the "Bulk Resistance" of the
terminal mpterial itself.

Un-mating Force: The force required to un-mate male and{Fémale Connector halves or a| connector
from a device Header or receptacle.

Un-sprung: (Adj) Describes any component of a motorivehicle that is not supported by the guspension
system. (see Sprung)

3.2 Abbreviations

AIAG Automotive Industry Actien.Group. Contact at AIAG, Box 77000, Detroit, Michigan 48277-
0839. Phone (248) 358-3570. website www.aiag.org

CPA Connector Position Assurance. Essentially a lock on the lock that holds the twp halves of
a connector together or holds a connector to an electrical device. Usually an optional
device. It prevents accidental release of the connector lock and serves as an |ndicator of
full connector mating.

CT Continuity Tester. A made-up test device composed of a data analyzer and g continuity
monitor.

CuT Component Under Test

DMM Digital Multimeter

DVP&R Design Verification Plan and Report

EWCAP Electrical Wiring Component Applications Partnership. One of several sub-groups of

USCAR. Has the task of commonizing electrical components and interfaces.

FMEA Failure Mode and Effects Analysis
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FMVSS

FS

GD&T

IACS

Federal Motor Vehicle Safety Standard

Full Scale

Geometric Dimensioning and Tolerancing. A method required by the USCAR
Companies for representing dimensions and their tolerances on all part drawings.

International Annealed Copper Standard

IDC

MVD

MVSS

PLR

PPAP

RH

TPA

TUT

USCAR

4. General Requirements

41 Gen

Diagrams

are_provided where necessary to clarify the details of the various test procedures. T

Insulation Displacement Connection. A means of attaching a terminal to)a

conductor

where projections on the terminal pierce the conductor insulation_toymake electrical

contact, rather than requiring the insulation to be removed.

Millivolt Drop

Motor Vehicle Safety Standard

Positive Latch Reinforcement. Also known as a,Wedge, Spacer or Termin
Assurance (TPA) feature. It is installed or seated after the terminals are in
their housing to assure that the terminals are properly positioned. It either rei
primary terminal locking mechanism or provides a separate redundant termina
Production Part Approval Process

Relative Humidity

Terminal Position Assurance.)See PLR

Terminal Under Test

al Position
serted into
hforces the
lock.

United States Council for Automotive Research. A consortium of representatives from

Ford, General-Motors and DaimlerChrysler to promote joint research in non-d
areas that canstrengthen the US automotive industry.

ompetitive

he 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 list of definitions and a glossary of terms is provided in Section 3. Terms defined in the definitions or
glossary are capitalized (i.e. Room Temperature, Steady State, PLR, etc.).

For the purposes of this specification there are only two types of electrical connectors: sealed and

unsealed.
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4.2 Record Retention

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

4.3 Sample Documentation

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

4.4 Sanple Size

Minimum gample sizes are given for each test in this specification. A greater number of samples may be
required by the test request/order. However, no part or device may be represented as having met this
specificatign unless the minimum sample size has been tested and all samples of the group tgsted have
met the agplicable Acceptance Criteria for that test. It is never permissible to test a larger group, then
select the minimum sample size from among those that passed and tepresent that this specification has
been met.

4.5 Defqult Test Tolerances

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

Temperatyre = +3°C
Voltage = +=5%
Current = +=5%
Resistancg = +=5%
Length = +=5%
Time = +5%
Force = +5%
Frequency = +5%
Flow Rate = +5%
Relative Humidity = £5%

4.6 Tesl Default Conditions

When specific~tést conditions are not given either in the product design specification], the test
request/orderor elsewhere in this specification, the following basic conditions shall apply:

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

4.7 Equipment

Neither this list nor the list in each test section is all-inclusive. It is meant to highlight specialized
equipment or devices with particular accuracy requirements. Many other items of customary laboratory
equipment and supplies will also be required.
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TABLE 1—EQUIPMENT

ITEM DESCRIPTION REQUIREMENTS*
1 DC Power Supply = 0-20V
(Regulated) = 0-150 A
2 Micro-ohmmeter = 0-20 mV
= 0-100 mA
Limits the open circuit voltage to 20 mV and limits the current applied to
FOO A Themicro-ohmmeter mustatsouse either offsetcompensation
or current reversal methods to measure resistance
3 Digital Multimeter * Capable of measuring the following at an accuracy of
(DMM) <0.5% of full scale:
= 0-50 Volts DC
= 0-10 Megohms
4 Current 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 Thermocouples Type "J" or "T" and as required
7 Insertion/Extraction Force Tester | Capable of 1.0% accuracy, full scale
8 Data Logger As Required
9 Temperature = -40 °C to +175 °C or asyreguired by Temperature Class
Chamber = 0% to 95% RH
10 Vibration Controller As Required
11 Vibration Table = 2640N (600,Lbs.) Sine Force
= 2200N (500.kbs.) RMS Force
12 Vacuum As Required
13 Megohmeter Accuracy <5% of full scale
14 High Pressure Spray Equipment See
Table 10
15 Decibel Meter + 1.5 dB “C” scale
NOTE—on requirements: Use of equipment with a lesser range is acceptable for specific testq where the
required range for that test can be met. The equipment range specified does not preclude use of
eguipment with a_larger range, but the accuracy must remain within the specified tolefance. For
expmple, a DMM-with a range of 0-100 volts could be substituted for one specified as|0-50 volts,

with the provision that the accuracy could be maintained as +0.5% of the 50 volts fu
0.25 volts, not'0.5% of the 100 volt full scale of the substituted equipment.

4.8 Measurement Resolution

Il scale, or

Unless otherwise specified, meters and gages used in measurements of the test sample(s) shall be
capable of measuring with a resolution one decimal place better than the specified value. For example,
even though a wire diameter specified as 0.1 mm might actually be the same as one specified as
0.10 mm, calipers capable of 0.01 mm resolution may be used to measure the first wire but a micrometer
with 0.001 mm resolution is required to measure the second wire.

-10 -
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4.9 Test Repeatability and Calibration

All equipment used for test sample evaluation shall be calibrated and maintained according to the
applicable standards and requirements set forth by ISO TS16949 and the AIAG publication Measurement
Systems Analysis Reference Manual. Copies of this Manual can be obtained from the AIAG. (See
Section 3 for contact information.) Documentation is to be recorded and retained in accordance with
Section 42 of this specification.

4.10 Conformance Determination

Test confoymance shall be determined by the performance requirements of the test being-condlucted. All
samples must satisfy the performance requirements regardless of sample agentest cyclgs, or test
temperatuge, except where a test to failure is specified.

4.11 Disposition of Samples

Should a gremature non-conformance occur during a test, contact the requesting party to detefmine if the
test is to be continued to gain additional product experience or if testing is to be suspended or ferminated.
When contact cannot be immediately made, the type of tesi~shall determine the disposifion of the
samples. [If the test order indicates that the test is investigative in nature, continue until the requesting
party or pdrties are available. If the test order is for samplesapproval or validation, stop the tgst until the
requesting|party can be contacted. If the test must be stopped or terminated for any other readon (safety,
equipment| failure, etc.) the Authorized Person must be contacted for concurrence before fthe test is
restarted. | The test request/order should always specify desired sample disposition at the copclusion of
the applicgble testing.

412 Part Endurance
Successfu| completion of all requirements of this specification is intended to demonstrate that|the design
and constfuction of the components_and connector systems tested are capable of operating in their
intended vghicle environment and.application.
5. Test and Acceptance Requirements

5.1 Gengpral

The tests fetailed\in this specification are qualitative in nature and are not expected to stre4s any part
beyond its|anticipated application limit, except where tests to failure are specified.

The test procedures that follow were written as stand-alone tests and may be used as such. However,
they should be performed in sequence as specified in 5.9 via appendix A and B. Common sense is
required to overcome any redundancies in sample preparation or in procedures. For example, if samples
have already been prepared for the preceding test in a sequence, it should be obvious that the sample
preparation step for that individual test (included so that test can be used as a stand alone test) should be
skipped. Should any conflicts or questions arise concerning procedures and/or requirements, contact the
Authorized Person.

-11 -
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5.1.1 PERFORMANCE REQUIREMENTS

All connection systems must meet all performance test requirements for the appropriate Temperature
Class listed in Table 2.

5.1.2 DIMENSIONAL CHARACTERISTICS

Part const

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

the latest

revision of
5.1.3 M/

Parts are i
specific in

example, glectrical terminals typically have residual die lubricant on them when finally assem

vehicle. T
Request/O

All materid
revision of

The matetfial hardness specified for electrical terminals *refers to the blank strip material a

finished pr
514 TE

Componer
environme|
electrical h
test. Care
test will its
manufactu

NOTE—al
m(

teqminals lecated on the periphery of a connector.

the applicable part drawing(s).
TERIAL CHARACTERISTICS

ntended to be in their "as furnished for vehicle assembly" condition when testing beg
structions as to any pre-test "conditioning" are contained in the test request/o

his same condition must prevail for test samples unless part cleaning is specified
rder.

| used in each test sample shall conform to the material specifications shown orj
the applicable part drawing(s).

pduct because the terminal manufacturing process can modify the hardness values.
MPERATURE CLASSIFICATIONS

ts to be tested must be assigned)a class from the table below according to the
ht in their intended vehicle application. "Rise" is defined as the temperature r

eating caused by the maximum Steady State current flow expected for the compo

blf withstand the maximum temperature for the class selected without exceeding the
rer's maximum temperature recommendations.

50 that terminals.packaged such that they are surrounded by other terminals will dis
re slowly, and thus experience a higher temperature "rise" with the same current

When "Makimum Temperature" is mentioned with respect to Table 2, the highest ambient tem
the right C(rlumn, "Ambient Temperature Range" is to be used unless otherwise specified. If nq

ins, unless
rder. For
bled into a
n the Test

the latest

nd not the

b expected

se due to
hent under

must be taken to ensure'that the conductor and insulation selected for the applicafion or any

conductor

bipate heat
flow, than

perature in
t specified

in the Test Request/Order, the Authorized Person is expected to select the appropriate Temperature
Classification. Considering the cost of testing and the time it takes, it generally will be best to qualify a
given terminal and connector system to the highest possible Temperature Classification. See Appendix

D, for Appl

ication Guidelines.
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515 TE

TABLE 2—COMPONENT TEMPERATURE CLASSES

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

Class

gl =

-40 °C 10 +1/5 °C

STING HEADERS AND DIRECT CONNECT COMPONENTS

Cases frequently arise where only one half of a connector, usually the female_half/ is avail

mates dire
problems f
terminals i
paths that
necessary
must be m

Another pr
when cong
where the
Resistancd

However,
common,
connectior]

Therefore,
nearest to
these two
50 mm fro
length whe
Resistancd
measured
resistance

h the device or header. Great care must be taken in these casés’so as not to intr
are not present in the vehicle application.
electrical connections is not feasible, the tests normally required to verify connecti
bdified.

Header or device terminal attaches to the circuit board or similar point in the device

f there is more than one "tail" length”involved, but the Bulk Resistance per un
to be measured.

in situations where there_is' more than 50 mm from the point of contact in the
the Header or device to the point where the terminal "tail" or buss bar connects to
options are availablé:
M the contact tosbe-measured. Then subtract the Bulk Resistance of the selecte

to the point' of millivolt lead attachment and subtract this resistance when calc
of the.associated Header or device connection.

When atta

ctly to a Header or to a receptacle in an electrical component or device.” This prese
or testing. In order to completely test the electrical connection, access must be ga

Where this risk«is’ unacceptable, or 1

pblem sometimes arises due to the length of the terminals or buss bars in the device
ucting electrical tests. The general rule is to connect one of the millivolt test leads @t the point

of the terminal "tail" is measured and subtracted during the connection resistance ¢

t may be more convenient to attach the millivolt leads at a common distance

n calculating the resistance of the associated Header or device connection. (2) Me|
of each individual Header terminal or component buss bar from the conneg

ching millivolt leads, take care that the heat applied does not damage platings or cg

bble and it
nts special
ned to the
bduce leak
naking the
bN integrity

or header

The Bulk
alculation.

t length is

b from the

connection
he device,

(1) Attach the millivolt lead at a convenient common distance 30 to

d common
asure Bulk
tion to be
Llating the

use stress

relaxation

i any connection component. _Application of an appropriate heat Sink may be

Refer to Figure 1.

advisable.
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It may be that the electrical component or device being connected is not itself capable of withsf

tests to w
receptacle
made and
connectors

In any cas
tests of thi

51.6 T8

Terminals
Crimp dim
applies to
otherwise
Assemble
criteria. V|
mating Fe

Tz - millivalt lead attach point

FIGURE 1—METHOD 1 — MILLI-VOLT LEAD.ATTACHMENT

hich the connector is usually subjected. Inkthese cases samples of just the
portion of the device must be obtained. Then the required connections for test
sealed. Leak paths in devices may need*io be sealed in order to test the integrity
. Such modifications to the device are appropriate, but must be documented in the 1

e, the Authorized Person must becgonsulted and must approve any deviation from
5 performance specification.

RMINAL SAMPLE PREPARATION

ension physical (characteristics and mechanical pull strength shall be within to
the respective terminal and wire gage. Crimp both the conductor and insulation g
specified inthe individual test procedures. Use the appropriate cable seal as
insulation displacement type terminals per their manufacturer's recommended
Vhen tésting Header type connectors with mating connectors, prepare samples o
male,Connector (ref. Section 5.1.5). Record the crimp height and width of a rep

Connector
Header Printed circuit
board or device
connection
> I0-50mm Tz "“I points
30 -A0mm
a3
l; 5 j 30 - 50mm 12
i - L
1
| i T2
Jmm i

anding the
connector
ng can be
of mating
est report.

the normal

used for testing are~machine crimped to leads using the manufacturers recommended tools.

erance as
fips unless
applicable.

assembly
nly for the
resentative

group of

samples of each terminal (except for insulation displacement type terminals) ar

d number

samples for tracking and Tater identification as appropriate.

Crimps shall be tested and validated separately per SAE/USCAR-21 Performance Specification for

Cable-to-T

erminal 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 5.9.

5172
None.
51.7.3
No special
5.1.7.4

Completel

Equipment

Sample Preparation
preparation required.
Procedure

mate and un-mate each connector or terminal pair0'times.

When wortking with terminals only, use caution to assute’”that mating and un-mating is d

terminal ce
On conne
(connector
change as

Re-mate ¢
directions

51.75
None.
51.8 Vi

5.1.8.1

nterlines to prevent side pressure that may. distort either terminal.

tors with Shorting Bars, complete the-Dry Circuit measurement across the shorte
un-mated) per Section 5.3.1. Record the number for later use in calculating the
part of the Dry Circuit Test procedure.

onnectors or terminals forsoné last time in preparation for future test sequence
n the respective procedure.to follow.

Acceptance Criteria

BUAL INSRECTION

Purfosé

one along

d contacts
resistance

5 or follow

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.

untested sample from each test group must be retained for post-test physical comparisons.

An appropriately identified

-15-
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5.1.8.2 Equipment

= Camera

= Video Recorder

= Magnification Apparatus (as required)

5.1.8.3 Procedure

Visually examine each test specimen prior to testing and/or conditioning, noting in) |detail any
manufactufing or material defects such as cracks, tarnishing, flash, etc. When spegified jn the test
request/ordler, take photographs and/or video recordings of representative samples to be\tested and keep
a properly labeled control sample.

After testing and/or conditioning, re-examine each test sample and note, in 'detail any pbservable
changes, quch as swelling, corrosion, discoloration, contact plating wear, physical distortions, gracks, etc.
Compare [the tested and/or conditioned samples to the control samples, the videos, and/or the
photographs, recording any differences in the test report. The Authorized Person will need to [provide an
additional sample for this purpose.

Return tesf samples to requestor after all tests are completed and-all necessary data have been obtained.
5.1.8.4 Acceptance Criteria
The conngctor assemblies must not show, with the aid of 10X magnification, any eyidence of
deterioratipn, cracks, deformities, etc. that could affect their functionality or distort their appearance.
Connector|locking mechanisms must function without breakage. Seals must remain serviceable and the
connector must be capable of being reassemibled without rolling or tearing of the seal.
5.1.9  CIRcUIT CONTINUITY MONITORING

5.1.9.1 Purpose

Some progedures require continuous circuit monitoring of connectors during conditioning. The purpose
of circuit monitoring is te.detect intermittencies caused by micro-motion and resultant wear or puild-up of

non-condugtive debristatthe contact interface. Use this procedure when specified in the indiviqual test.

5.1.9.2 Equipment

= Continuity/Tester (CT)

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.
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X X

FIGURE 2—GENERAL PATTERN FOR CIRCUIT MONITORING

NOTE—An ‘X’ pattern is suggested if practical

NOTE—Mpnitored terminals shall not be the same samples used for subsequent Dry Circuit r¢
re¢ord, since the monitoring equipment may cause the potential'across the circuit
20| mvolts. Dry Circuit readings, however, may be taken as an aid)in‘root-cause diagng

Solder the|conductors from each terminal in the CUT in series toform one continuous curren
only two ffee ends. Solder one of the free conductor ends to{a 2 watt, 120 ohm + 1.2 oh
Solder the|" — " (negative) lead to the free end of the resistor and the " + " (positive) lead to the

badings for
to exceed
Sis.

t path with
m resistor.
remaining

free conductor end of the CUT. Connect the Continuity Tester (CT) across the resistor, making sure that
the negatiye lead of the CT is connected to the negative side of the resistor. Adjust the power supply to
provide 100 mADC to the circuit. Set the CT to monitor-the current through the resistor and yecord any
instance where that current falls below 95 mA. As an option, the CT may be used to monitor ope or more
terminal pairs instead of the resistor. A reference illustration of the test set-up is shown in Figure 3.
Other suitable continuity monitoring equipment-may be used. The test fixtures, system layoyt, and test
set-up mugt be approved by the Authorized*Person prior to testing.
OC Power Suppl
Cantinuity Tester T ik
e ] . . [ -  Orops | tr
oo | PO [«F=1 o
_— *
\a — =0
2) Res kDl )
1 120+ 1 0kmz |
1 2 lnigtix ‘_.r
e gl
P #1

FIGURE 3—CONNECTOR ENVIRONMENTAL TEST SET-UP
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5.1.9.4  Acceptance Criteria

Where continuity monitoring is required during any conditioning procedure, there must be no loss of
electrical continuity (any instance of the resistor current dropping below 95 mA), for more than 1
microsecond. If one or more terminal pairs are monitored, rather than the series resistor, there must be
no instance in which the resistance of any terminal pair exceeds 7.0 Q for more than 1 microsecond.

Figure 4 illustrates the Acceptance Criteria graphically.

Contact A
Resistande

Acceptable

Not

/ Acceptable
7 ohm \

o

Time

1us

5.2 Terminal - Mechanical Tests
5.2.1 THRMINAL TO TERMINAL ENGAGE/DISENGAGE FORCE

5.2.1.1 Purpose

This test dptermines the engage/disengage forces associated with compatible male and Fema
pairs. Determindtion of the number of terminals that can be packaged in a given connegq
without exgeeding allowable Mating Force limits is largely dependent on this information. No

FIGURE 4=<INTERMITTENCY MEASUREMENT

e Terminal
tor design

te that this

test is written so that only the first engagement and the last (10") disengagement are recorded and used

to verify compliance with the Acceptance Criteria.
5.2.1.2 Equipment

= Insertion/Extraction Force Tester with peak reading feature
= Polished Steel Gage(s) (optional)
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5.2.1.3 Procedure

1.

5.2.1.4

Complete

NOTE—A

Completely identify and number each terminal to be tested. A minimum of 20 samples (1
10 female) are required. If the optional Step 8 is to be used, at least an additional
Terminal samples will be required.

0 male and
10 Female

Fixture one male and one Female Terminal so that proper alignment is achieved during testing.
Engage the mating terminals at a uniform rate not to exceed 50 mm/min. The force shall be applied
parallel to the centerlines of the terminals. Proper alignment of the terminals is critical to avoid side

loads @and binding which can adversely affect the force measurement.
Recor
value fo verify conformance to the Acceptance Criteria of Paragraph 5.2.1.4.
Disengage the mated terminals at a uniform rate not to exceed 50 mm/min;
applied parallel to the centerlines of the terminals.

Repe
value
Repe

verify conformance to the Acceptance Criteria of Paragraph 5.2c1.4’
Steps 2-6 for each pair (one male and one female) of sampleerminals.

Steps 3 and 5 nine (9) more times and record the 10" disengage force reading

the peak force required to completely engage the terminal to its mating part)and use this

The forge shall be

Use this

(Optional) Repeat Steps 2-7 except use the applicable gage in place of the Male Terminalg. Use new

Femalg Terminals. The applicable gage is to be of polished steel_.made to within .01 mm

bf nominal.

Surfacg finish must be at least 0.076 - 0.305 micro meters (3-12 micro inches). Polish dirgction must

be patallel to the blade/pin length. Test the additional 10 production Female Terminal
deternmine the force correlation between polished gage and actual samples.

Acceptance Criteria
he Visual Examination per Section 5.1,6

TABLE 3—ENGAGE/DISENGAGE FORCES

samples to

TERMINAL GAGE (Optional) ACTUAL PART

Size
(mm)

Type Engage Disengage Engage Disengage

Max. (N) Min. (N) Max. (N) Min. (N)

0.64 Square Post * * * *

1.50 Blade

2.80

*k *k
Blade * ® * ®
* *

6.35 Blade * *

TBD

"«" ‘denotes values to be inserted by the Authorized Person pending design com
ptotype evaluation.

=

p

Tletion and
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5.2.2 TERMINAL BEND RESISTANCE

5.2.2.1 Purpose

This test checks for at least a minimum level of terminal strength so as to resist bending or breakage
during crimping, assembly, or service. Insufficient bend strength for the conductor size selected can lead
to a high incidence of terminal damage during the assembly process. Since terminal material thickness

varies so widely, and the bending force can be applied in any direction, only minimum values

have been

assigned tp this test. Actual bending force values in each of three directions are recorded art it is then

up to the Authorized Person to evaluate the results and determine the suitability of the tested
its intendegl application.

5222 Equipment

= Specigl steel mounting fixture(s) appropriate to the terminal(s) under test:
= Linear|Force Tester with peak reading feature or weights per figure 6;

5.2.2.3 Procedure

rminal for

1. From FKigure 5, determine which design style most closely fesembles the terminal under tegt (TUT).

C Locatg)n “1"N XLocation 2"

STYLE "A" STYLE "B"

FIGURE-5=TERMINAL DESIGN STYLE

2. Prepate terminal samples per Section 5.1.6, Terminal Sample Preparation, using the sm
size conductor with the thinnest insulation applicable to the design of the terminal to be t
Style A" terminals, prepare a total of at least 15 samples. For Style "B" terminals,
minimdim of 30 terminals,.in order to test both bend locations.

bllest gage
bsted. For
prepare a

3. Repeat Step 2 except'use the largest conductor gage size with the thickest insulation applicable to

the degign.
4. Numbé¢r each. terminal.

NOTE—Use-at(least 5 new samples for each test sequence (Steps 6 - 9).

5. Mount the TUT in a fixture taking care that location "1" is positioned as shown in Figure 6.
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6. Apply

7.

10.

5224

The TUT must not tear when subjected to the applied force for 15 sec.

Location "1"

materi

Inspeg
of met
for cra
Select

180° flom the position shown,in Figure 6. Repeat Steps 5 - 7.

Select
90° fr
symm
symm
for gui
For te
locatio

A
L Steel Force
Fixture
TUT

FIGURE 6—TERMINAL BEND TEST

orce to the sample as shown in figure 6 for 15 seconds, then rélease. The require
bl thickness are listed in table 4.

TABLE 4—MATERIAL THICKNESS VS. APPLIED BENDING FORCE

Terminal Material Thickness Applied Force
(mm) (N)
<0.20 4.0
<0.30 10.0
<0.40 15.0
>0.40 20.0

t the area around the bend using at least 10X magnification. Note in the test repor
bl cracking or tearing. Straighten the terminal to its original position and re-inspect t
CKS.

a new batch of at least 5(samples and mount them in the test fixture with the termi

a new batch of at least's samples and mount them in the test fixture with the termi

trical in this "sideto side" direction, it is not necessary to test both directions. If the
trical in this-direction, it may be necessary to test both ways. Consult the AuthoriZ
fance in this‘regard.
'minal, style "B" designs (Figure 5), repeat Steps 5 - 9 with each TUT mounted
n "2 is firmly retained at the edge of the fixture.

| forces by

any signs
ne terminal

nal rotated

nal rotated

bm the position sshown in Figure 6. Repeat Steps 5 - 7. Since terminals are typically

TUT is not
ed Person

such that

Acceptarce Criteria

If the TUT was bent from its

original position during the test, it must not tear or crack when straightened to its original position.
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5.3 Terminal - Electrical Tests

5.3.1 DRY CIRCUIT RESISTANCE

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 te
during fiel
performed

53.1.2
Micro-ohm
53.1.3

NOTE—T4
tes
co

NOTE—If
co
Fad

NOTE—If
pu
ap

5ts for the presence of thin insulating films that may have developed on the conta
] service or environmental type stress tests, it is important that no other electri
on the samples prior to this test.

Equipment

meter.

Procedure

t. Such disturbance could rupture any insulating(film which may have develop
htact surfaces.

or any reason the terminals, when submitted'for this test, are already contained in {
hnector housings, do not disconnect them unless otherwise directed by the Authoriz
r terminals in mated connector housings;:omit steps 1 and 5 - 7.

he samples submitted for this testthave already been subjected to any other electrig

rpose of this test has likely been defeated and the Authorized Person must be co
proval before proceeding.

1. Prepa

e 20 (at least 10 male.and 10 female) terminal samples per Section 5.1.6, Termin

Prepaiation, using the largest gage size conductor and insulation thickness applicable to
of the ferminal to be tested:

2. Do NQT mate the terminal pairs until after the millivolt leads have been attached, as
Step 5| For terminals that have been subjected to prior testing, do not disconnect their

housi

s or remove any terminal from its housing.

3. Measure and,record the resistance across 150mm of the conductor to be used for the test
using @& Header terminal as one half of the test connection, refer to Section 5.1.5 and m¢
75 mn] of the conductor.

ct surfaces
cal test be

lke care to avoid any mechanical disturbance of mated terminal samples submitfed for this

ed on the

heir mated
bd Person.

al test, the
htacted for

al Sample
the design

directed in
connector

For tests
asure only

NOTE—For attachment points exceeding 75mm per side, the extra wire resistance shall be measured

an

d subtracted per step 8. Record the conductor resistance

4. Choose the preferred method of taking measurements (e.g. soldered sense lead or probe) and
document the method chosen. In either case, the sense point T, (Figure 7) must be soldered for all
stranded cable. For Header type connectors, T, is attached to the Header terminal per Section 5.1.5.

All mill

ivolt leads must be no larger than 0.22 mm? (24 AWG).
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R

—| | Je—

I mm 3 mm

&

T

79t 3 mm U7t 3Imm
FIGURE 7—CONNECTION RESISTANCE MILLIVOLT LEAD LOCATIONS

For pyrposes of this test, the Male Terminal must be inserted to a precise depth into the female.
Standard practice is that, in the worst case, there must becatleast 1 mm of excess insertign between
the rearmost contact point with the Female Terminal and the start of any lead-in taper oh the Male
Terminal, as illustrated in Figure 8. This dimension is<to’be calculated from the terminal dfawings by
the Authorized Person, taking into account the worst:-case tolerances. Each Male Terminal is to be
suitably marked so test personnel can make the Bne and only mating of the test terminal pairs to the
correct depth. Score marks or any other marking that might introduce contaminants qr alter the
strength or conductivity of the Male Terminal*or the interface are not permitted.
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SINGLE SPRING MEMBER EXAMPLE

) Female Terminal
I
¥
O |
2 LA Male Terminal
59
[ARRRLRRRLR R Entry‘Eﬂd
1.0mm nig

fastiatlsn Blus)

6. Prior tp mating the test terminal pairsy_provision must be made for mounting them on an

Pomtoicomtact
MNearest entry end

— Start of Taper

MULTIPLE SPRING MEMBER EXAMPLE

Fema;e Term.ina; .......................................... Leai Sp”ﬂgs ,-‘-:
ém_ e

Male Terminal —— »z - 3 3> |
A
Entry End —F

> 1.0mm
minimum

E
b

Point of contact
Mearest entry end

Start of Taper

FIGURE 8—TERMINAL INSERTION

electrically

nductive surface in such a_manner that the mechanical stability of the male to female interface

non-cg
can bg maintained.

7. Carefdlly mate the test terminal pair to the appropriate depth, as specified in Step 5 ahove. Use
cautio to assure that mating is done along terminal centerlines to prevent side pressurg¢ that may

distort
maintg
8. Using
Figure

9. Verify ponformance to the Acceptance Criteria of Section 5.3.1.4.

5.3.1.4

either terminal. Secure the TUT to the mounting surface so that the correct insertipn depth is

ined throughoutthe test.

he appropriate equipment, measure and record the resistance between T, and T,, as shown in
7. Then deduct the conductor resistance to find the total connection Dry Circuit resistance.

Acceptance Criteria

The Total Connection Resistance calculated in Step 8 must not exceed the values listed in
Section 5.3.2.4, Table 5.

For connectors with Shorting Bars, the change in connection series resistance of both contacts while in
the “shorted” position shall be <40 mQ. Other requirements may apply depending on purpose of the
shorting circuit.
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5.3.2 VOLTAGE DRoOP

5.3.2.1

Purpose

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

5322

= Digital
= DC Po
= Currer

5.3.2.3

Equipment

Multimeter (DMM)

wer Supply (0-20 VDC @ 0-150 A)
t shunts

Procedure

1. Prepa

Prepaiation, using the largest gage size conductor and insulation-thickness applicable to
of the ferminal to be tested.

Complete the Connector and/or Terminal Cycling pro€eddre per Section 5.1.7 if n
performed on the sample set.

For pyrposes of this test, the Male Terminal must beinserted to a precise depth into t
Standard practice is that, in the worst case, there must be at least 1mm of excess insertid

the re
Termir
the AU
suitabl
depth.
condu

even Qinsealed, to control terminal insertion since the housings will alter heat dissipa
testing.

variou
Prior t
non-cq
can beg
CarefJ

cautiof to assure that mating is done along terminal centerlines to prevent side pressur

e 20 (at least 10 male and 10 female) terminal samples per‘Section 5.1.6, Termin

rmost contact point with the Female Terminal and the start of any lead-in taper o
al, as illustrated in Figure 8. This dimgnsion is to be calculated from the terminal d
thorized Person, taking into account'the worst case tolerances. Each Male Termir
y marked so test personnel can.make the final mating of the test terminal pairs to
Score marks or any other matking that might introduce contaminants or alter the
Ctivity of either terminal or the.interface are not permitted. Do not use the connecto

This will compromise, test repeatability and will invalidate comparisons of data ¢
5 terminals.

b mating the test(terminal pairs, provision must be made for mounting them on an
nductive surface in such a manner that the mechanical stability of the male to fema
maintained.

lly mate.the test terminal pair to the appropriate depth, as specified in Step 4 at

distort

maintginéd throughout the test.

either-terminal. Secure the TUT to the mounting surface so that the correct inserti

al Sample
the design

ot already

he female.
n between
N the Male
rawings by
al is to be
the correct
strength or
housings,
ion during
bllected for

electrically
e interface

ove. Use
e that may
bn depth is

Assemble the test circuit shown in Figure 9, 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 7: Connection Resistance Millivolt Lead Locations, for placement of the millivolt test

leads.

Record the test current used.
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Current
Shunt

LC Power Supply
+ =

7. Measu
used d
refer tq

NOTE—Fq
an

Choos
the mq
cable.
millivo
Set th
that th
equipn

0.22 mm?

%/—czqﬂwe-j
T4 \

¥ SHH] FEF 8
| —
TErEImm

Tz

1

Ta*2 mm

FIGURE 9—CURRENT RESISTANCETEST SET-UP

re and record the millivolt drop across 150mm,ofithe conductor size and insulation
uring the test, using the test current determined in Step 6. For testing Header type @
Section 5.1.5 and measure the millivolt drop~across only 75 mm of the conductor us

r attachment points exceeding 75mm_per side, the extra wire resistance shall be
d subtracted per step 10.

e the preferred method of taking-measurements (soldered sense lead or probe) and

thod chosen. In either case, the sense point T, (Figure 7) must be soldered for g
For Header type connectors, T, is attached to the Header terminal per Section

t leads must be no larger than 0.22 mm? (24 AWG).

b power supply for(the current determined in Step 6 and wait 30 minutes minimunm

e test current, stabilizes at the appropriate value. Allow sufficient time for all

hent to warm.and stabilize per the manufacturer's recommendations.

10. Using

betwe

acrosg the €niire connection, including the crimp(s) and terminal interface.
type connectors, T, is attached to the "tail" of the Header Connector per Section 5.1.5.

the test current determined in Step 6, measure and record the millivolt drop (mVLO
n test points T, and T,. Use these values in the equation below to calculate the v¢
In the case

mVD Entire Connection = mVD(T, - 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.

type to be
onnectors,
ed.

measured

document
Il stranded
5.1.5. All

to ensure
other test

) readings
ltage drop
of Header

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.
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5.3.2.4 Acceptance Criteria

TABLE 5—AFTER TEST VALUES

NOTE—TH
ap

NOTE—V

propriate conductor resistance). For headers, the values are.the “crimp — to — tail”
FiIure 1) less the appropriate conductor resistance).

es outside of this range are usually for specialized use. The requirements for thes
hll be set by the Responsible Engineer. In no’case may the Total Connection
ceed 20 mQ.

XIMUM TEST CURRENT CAPABILITY

Nominal Male Total
Terminal Connection
Size* Resistance After

Test (mQ)
Maximum

0.64mm 20.0

1.5mm 10.0

2.8mm 5.0

6.35mm 1.5

* As defined by the male blade portion (width) of the TUT

e "After Test" values are for "crimp - to - crimp" measurements, (T, to T, in Figure

lues for other terminal sizes between 0.64 and 6.35-are calculated by interpolation

Purpose

SiZ

sh

ex
5.3.3 M}
5.3.3.1
This test i
Room Te

occur. Temperature Rise (Y axis) vs, Current (X axis) shall be plotted for each applicable cong
These grgdphs are NOT to be used for actual terminal application in a vehicle (see Appendix D
is conducted on terminals alene; thus eliminating the variation that may be introduced by varia
heat dissigating characteristics of differing connector housing designs and sizes.

NOTE—A [draft free @nvironment is necessary to get accurate measurements.

5.3.32

5 used to determine the maximum test current at which a terminal system can of
perature environment béfgre excessive thermal degradation and/or resistance

quipment

9 less the
T,10T, in

Terminal
e terminals
Resistance

berate in a
begins to
uctor size.
. This test
ions in the

yu vl

Digital Muttimeter{Diviivt)

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

Data Logger (As required)
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5.3.3.3 Procedure

1.

o

Prepare 20 (at least 10 male and 10 female) terminal samples per Section 5.1.6, Terminal Sample
Preparation, using one of the conductor gage sizes and insulation thicknesses applicable to the
design of the terminal to be tested.

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

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

Assenible the circuit shown in Figure 10 in a draft free enclosure. Use at least/10 terminal pairs.
Choosg the preferred method of taking measurements (soldered sense leader probe) and document
the m¢thod chosen. In either case, the sense point T, and T, (Figure 7) must be soldgred for all
strandged cable. Attach conductor ends of the terminal pairs to form onecontinuous series|circuit and
attach|the thermocouples to each mated pair as shown in Figure #0. Attach the circui{ to a non-
condugtive surface, such as wood or high temperature plastic, leaving’a minimum of 50 mm between
test samples.

Power Supply

Curtent DMV

Shunt + — OO0
=@ noog O O
1

+
OO0 @

/>Thermocouples

Leads

[
Millivolt °
°
°

- - L Non-conductive
Terminal Pair # < Mounting Plate

FIGURE 10—SET-UP FOR MAXIMUM TEST CURRENT

Test the sample terminal pairs at 23 °C (Room Temperature). The ambient temperature sg¢nsor must
be plaged.on the same plane as the test samples, 30 cm 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 7, less the millivolt drop of the conductor as determined in Step 3).
Then calculate the resistance of the terminal pair interface.

Increase the current by 10% of the expected Maximum Current Capability of the TUT and repeat
Step 8.
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10. Repeat Step 9 until 80% of the expected Maximum Current Capability of the TUT is met.
11. Continue to increase the current in increments of 5% of the expected Maximum Current Capability of
the TUT, repeating Step 8 after each incremental increase.

12. For samples to be used in subsequent tests, repeat Step 11 until one of the following conditions
occurs:

a. The temperature of any terminal interface exceeds a 55 °C rise, or the maximum temperature
recommended by the terminal manufacturer, whichever is lower.

b. The Total Connection Resistance of any terminal interface exceeds the "After Test" Acceptance

13. The

gage |and insulation type used is then determined to be the current in the first increme
eithelf the condition described in A or B of Step 12 above was achieved, less 10%-of that V
14. As arn optional step, at the discretion of the Authorized Person for samples-that will not

riteria listed in Section 5.3.2.4.
aximum test current capability of the specific combination of the terminal and.the

conductor
nt in which
alue.

be used in

subsgquent tests, continue to increase the current in steps of 5% of the expetted Maximyim Current

Capapility of the TUT until the thermal stability of any one or more samples can no
achieped. Data from this test to failure step may be useful for statistical purposes or for
safety margins.

15. Repept Steps 1 — 13 or 14 for each conductor size and insulation.type applicable to the TL

16. Grap
sizes

NOTE—th
A

5.3.34
For the cu
1. The ni
maxim
2. The ¢
Accep
534 10
5.3.4.1

This test s

the data with temperature on the Y-axis and current(ittamps) on the X-axis for al
and insulation types tested.

At this data is NOT to be used as guidance. for any actual application of the
pendix D.

Acceptance Criteria

rent determined to be the "Maximum Test Current":

easured temperature of the terminal must not exceed a 55 °C rise over ambig
um temperature recommended by the terminal manufacturer, whichever is lower.

hlculated Total Connection Resistance of any sample must not exceed the
ance Criteria of Section 5.3.2.4.

08 HOUR CURRENT CYCLING

Purpose

longer be
estimating

JT.
conductor

TUT, see

ent, or the

\fter Test"

mulates the main function of the terminal over the expected life of the vehicle. Curr

is an acce

ent cycling

erated aging test which electrically heats terminal interfaces and core conductor cimps, 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.
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5.34.2 Equipment

Ud Uil

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

1.

NOTE—F¢r attachment points exceeding 75 mm perside, the extra wire resistance shall be
and subtracted per step 10.

10.

Prepafe 60 (at least 30 male and 30 female) terminal samples per Section 5.1.6,\T&rmir
Prepafation, using one of the conductor gage sizes and insulation thicknesses-applica
designl of the terminal to be tested.

Attach|the millivolt leads in positions T, and T, as shown in Figure 7. Forleader type con
is attached to the Header terminal per Section 5.1.5. All millivolt J€ads must be no |
0.22 mm?® (24 AWG).

Complete the Connector and/or Terminal Cycling procedure fper, Section 5.1.7 if n

perfor

Measyre and record the voltage drop across 150mm of thesconductor to be used for the

the mgximum test current previously determined (Section 5.3.3.3, Step 13) for the combingtion of that

condu

5.1.5 gnd measure the milli-volt drop across only 75 mm-of the conductor used.

Assenible the circuit shown in Figure 10.ip a draft free enclosure, except use a timer contrg
supplyl Set the power supply to provide 45 minutes 'ON' and 15 minutes 'OFF' at the ma
currenf previously determined (Section 5.3.3.3, Step 13) for the combination of that cond
insulafjon type and the TUT. Also-Connect a data logger to the voltage drop and thermocol
Test the set of sample terminadl pairs at 23 °C. (Room Temperature). An ambient tg

senso

Turn 'ON' the power supply, DMM's, and data logger.
0 minutes inte.the first 'ON' cycle, record terminal crimp and interface millivolt drop readings (T,
to T, inl Figure 9) as"well as thermocouple readings for each terminal pair.

After 3

Cycle

minutgs inta’the 'ON' cycle, and at the conclusion of the test, 30 minutes into the final "on'

drop r
For e

rocedure

ed on the sample set.

Ctor size, insulation type and the TUT. For testing Header type connectors, refer

must be placed on'the same plane as the test samples, 30 to 60 cm from the neare

or 1008-hours taking readings at least once daily or as specified by the test reques

al Sample
ble to the

nectors, T,
arger than

ot already
test, using

to Section

measured

lled power
Kimum test
uctor size,
ple leads.
mperature
5t sample.

t/order, 30
cycle. mV

jadings should be taken at maximum test current.
ch/set of data. calculate and record the Total Connection Resistance by subt

acting the

conductor millivolt drop reading (Step. 4) from the T, to T, millivolt drop reading (Step 8) and dividing
the result by the test current (Step 5).

11. Allow the samples to cool to ambient, then complete the Voltage Drop test Section 5.3.2.
12. Verify conformance to the Acceptance Criteria of Section 5.3.4.4.
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5.3.4.4 Acceptance Criteria

1.

The temperature of any terminal interface must not exceed a 55 °C rise over ambient, or the
maximum temperature recommended by the terminal manufacturer, whichever is lower, for any
reading during the test.
The calculated Total Connection Resistance must not exceed the "After Test" Acceptance Criteria in
table 5 for any data set.

5.4 Conhector - Mechanical Tests

5.4.1 THERMINAL - CONNECTOR INSERTION/EXTRACTION FORCE

5.4.1.1 Purpose

This test i to ensure that the Insertion Force of a terminal into its connectorcavity is not greater than the

column stfrength of its associated conductor and is also low enoughyto-"allow easy and |consistent

production| assembly. Extraction testing is to ensure that the terminal'is retained in its hqusing with

sufficient strength to withstand the rigors of the wiring harness and yehicle assembly processes.

5.4.1.2 Equipment

= Insertipn/Extraction Force Tester with Peak Reading Feature

= Tempa@rature/Humidity Chamber capable of 95 to 98% RH at 40 °C

5.4.1.3 Procedure

A. Insertign Force:

Un-sealed|Connectors and Sealed Conne¢tors with Individual Cable Seals

1. Prepafe 20 (at least 10 male and/10 female) terminal samples per Section 5.1.6, Terminal Sample
Prepaiation, using the largest.gage size conductor and insulation thickness applicable to the design
of the ferminal to be tested:"For connectors with more than 10 terminal cavities, prepare gt least one
additignal male and one additional female sample for each terminal cavity in excess of {10, so that
each tgrminal cavity.in\the connector can be tested at least once.

2. Repeat Step 1 using-the smallest conductor size and insulation type applicable to the design.

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

4. Secure the gonnector shell in an appropriate fixture.

5. Securé¢ thé&terminal sample in the force tester by gripping the conductor a minimum of 20mm behind
the indulation grip. 1n

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

7. Record the force required to insert the terminal into the connector for each terminal sample to be
tested and verify conformance to the Acceptance Criteria of Section 5.4.1.4.

8. Repeat Steps 4 - 7 using the set of samples with the smallest conductor size and insulation type. It is

not necessary to test the forward stop function per step 6 with the small gage samples.
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Connectors with Multi-Cavity (Mat) type seals

1.
2.
3

. Extract|on Force:

Complete steps 1 — 3 above, except prepare at least one additional set of samples.
Complete steps 4 and 5 above.

Adjust the force tester to insert the terminal straight into the connector at a uniform rate not to exceed
50 mm per minute. Use a fresh terminal sample for each insertion and 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

approgriate to the design.

Prepale 20 (at least 10 male and 10 female);terminal samples per Section 5.1.6, Termir
Prepaifation, using the largest gage size conductor and insulation thickness applicable to
of the fterminal to be tested. Solder maybe added to terminal crimps to assure accurate

affect test
use a new
htil at least

b 3 above,
erform the
In addition
he order in

lation type

al Sample
the design
extraction

readings. For connectors with more.than 10 terminal cavities, prepare at least one addifional male

and ome additional female sample~for each terminal cavity in excess of 10, so that ead
cavity jn the connector can be tested at least once. At least 3 connector housings must
the tegt. Each terminal cavity ‘location in the connector must be tested, but these tes
distriblited among the connector housings used. Connectors are to be tested in “dry &
condition and should be jprotected from high humidity and heat levels between the tim
moldedl and the time.they are tested.

Numbeér each conbector terminal cavity in each connector housing so there are no dupli
numbgrs among.the housings used.

Install |a terminal sample into each cavity in the connector being tested. For connector
than 1P cayities, use a new connector after each terminal cavity has been tested and co

h terminal
be used in
ts may be
s molded”
e they are

cate cavity

5 with less
htinue until

all 10 ferminal samples have been used. Do not install the terminal lock (PLR, TPA, Wedg

b, etc.).

Secure the connector shell in an appropriate fixture.

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

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

Record the force required to pull the terminal out of each terminal cavity along with the cavity number
and the connector number. [f 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.
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8. Verify that the forces obtained in Step 7 above conform to the Acceptance Criteria of Section 5.4.1.4
for each cavity tested.
9. Using new connectors, repeat Steps 1-8 above except install the terminal lock (PLR, TPA, Wedge,

etc.).

10. 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, then
within eight hours, completing the extraction test.

5.4.1.4 Acceptance Criteria
Insertion:
1. The mpximum Insertion Force for a terminal is 30 Newtons.
2. Neithey 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)méet the values shown in the table 6.
TABLE 6—TERMINAL-CONNECTOR MINIMUM EXTRACTION FORCE
Terminal Siz¢ Max. Blade Primary Lock Ptimary and Secondary Lock * Primary ahd Secondary
Width (mm) (Newtons) (Newtons) per step 5.4.1.3.-B 9,10. Lock (Ngwtons) after
Before Moisture After Moisture TempfHumidity
Conditioning Conditioning (Sectfon 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 79 90 90 50
*includes gonnectors not desigried for use with secondary lock
5.4.2 CQNNECTOR-CONNECTOR MATING/UN-MATING FORCE (NON-MECHANICAL ASSIST CONNECTQRS)
5.4.2.1 Purpose
This test getermines the mating/Un-mating Forces associated with manual mating and un-mating of
complete ponnector assemblies. Mating Forces are an important consideration in determining the
suitability i ' i TOTT. =TTt 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. (at least 15 male and 15 female halves)
Completely assemble (but do not mate) all connector halves (both male and female) using all

r each connector assembly.

the connector halves (one male and one female) in the appropriate fixtures ©f,the f
the force tester to insert the Male Connector straight into the Female Connector.
ement is critical to avoid side loads and binding which can affect force measurement

applic}ble components such as terminals, wedges, and seals.

Force =

{Lack Qdertravel)

 (Maximum Mating

Force) {Forward Stop Contacted)

Combined Mating Decreasing
Forees of Seal, Force Value
Lock, Terminaly) ‘J\

0 E | ™ (ockup Ossery

I

L1y

—t | (Recognizable Travel
| v

| Distanca)

s

(Totul Distance of Travel)

FIGURE 11—TYPICAL CONNECTOR MATING FORCE CURVE

appropriate’ equipment is available, a continuous graph of applied Mating Force vs
tancé/is' highly recommended. A properly designed connector (and sealing sys
plicaple) should produce a graph showing a smooth rise to a single peak force, the

prce tester.
Straight-in

-

D.

5. Insertion
em where
n a fall off

il the connector is fi |||y mated.—lf the grnph shows maore than one force pﬂnl.(, the

tential for

a false lock condition exists.

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

2.
3. Numb
4, Secur
Adjust
engag
NOTE—If
dig
ap
u
5.
6.

Record the force required to completely mate each set of connector halves into its 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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B. 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 s

ample may be mated and then unmated without removing it from the force tester.

2. 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

ired to apply the Un-mating Force directly to the connector halves, not through the

config

condu
measu
protec

*** CAUTI
The follow
employed

3. Increa
occurs

ftor(s). Straight-out un-mating is critical to avoid side loads and binding which can &ffect force

rements. For connectors with lock arms that protrude above the protective ribs)ar

ive bridge, run this test with the lock arm deflected to make it level with the pfotectivg
)N *kk
ng step will result in sample breakage. Adequate shielding and personnel safeguar

o ensure the safety of persons and property in the vicinity of the test-

e the Un-mating Force at a uniform rate not to exceed 50mm/min. until complete
. Test all samples (at least 5) in the first group.

d have no
b ribs.

s must be

separation

4. Record the force required to completely separate the connectef. halves and verify conformance to the

Accep

ance Criteria of Section 5.4.2.4.

5. Repe

removeg/disable the primary connector locking mechanismi(s).

6. For t

connegtor lock. This is the force a person would\apply to the appropriate point such that
connegtor halves (or a connector mated to a-device) could be unmated in the intended m
no damage to any component. Apply the force perpendicular to the appropriate unlocking
a rate |not to exceed 50mm/min. Recard)the force required to displace the lock so it jus
mating feature. Verify conformance to.the appropriate Acceptance Criteria of Section 5.4.2,

7. Repe
Apply
5.4.24
NOTE—TH
bo
Sp|
lod
NOTE—TH

Steps 2, 3 and 4 above using the samples (at least 5) from Step A-5 above except

completely

remaining samples (at least 5) measurésthe force required to disengage the primary

step 6 with a minimum of 5.additional samples except with the CPA in its fully seate
bnly sufficient force to determine if the parts meet the Acceptance Criteria (5.4.2.4-5

Acceptance Criteria

e maximum mating effort is meant to simulate assembly in a vehicle when the a
dy position{and access to the connector being mated is not physically restric
ecification. will cover most operations, but not all conditions of vehicle assembly and
ation.can be anticipated.

the mated
anner with
surface at
t clears its
4,

d position.

ssembler's
ted. This
connector

eforces specified in the Acceptance Criteria must be met regardless of the moistt

re content

of the connector housing material. Consult the test request/order to determine if any conditioning
of the test samples is required prior to testing.

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

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

Un-mating Force must be > 110 Newtons with the primary connector lock fully engaged. A CPA
device, if provided for, must NOT be engaged during this test.

The force to completely disengage the primary connector lock must be > 10N and < 70N without the
CPA engaged in its fully seated position.

The force to completely disengage the primary connector lock must be > 50N with the CPA engaged
in its fully seated position.

5.4.3 CQNNECTOR TO CONNECTOR MATING AND UN-MATING FORCES (CONNECTORS WITH MECHANICAL

5.4.3.1 Purpose

ASSIST

This test cpvers mating and Un-mating Forces for Mechanical Assist connectors such as lever and slide

lock. USCAR-25 Ergonomic guidelines should be used as a further reference.
5.4.3.2 Equipment

=
= Fixturgs for holding connectors as required.

5.4.3.2.1 | Samples

Force tester

Using any|applicable conductor size and insulation type, prepare enough samples of male and Female
Terminals fo fully populate connector assemblies per Section 5.1.6, Terminal Sample Preparatipn.

Prepare cpnnector samples with thefull 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

1.

N —

Force fo Engage.to'Pre-Lock Position

Using the foree tester, engage each connector fully to its pre-lock position. For purposes pf this test,
the pre-lock-position means that the connector is manually engaged to its mate and is inl a position
where [the‘locking lever can be actuated to complete the mating process.
Reverse the direction and measure the force required to un-seat the connector from the pre-lock
position.

Verify conformance to the Acceptance Criteria of Section 5.4.3.4-1 and 2.

Force to Release Latch from Shipping Position

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

Using the force tester, gradually apply a force of 30N in a direction so as to move the lever toward the
lock position.

Verify conformance to the Acceptance Criteria of Section 5.4.3.4-3.
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3.
4,
5.4.3.4

Note that
connector

Criteria for

1.

2.
3.

5.4.4 Pd
5.4.4.1

This test €
incorrect n
housing w
terminal d
recommen
mis-mating.

5.4.4.2

Lever Actuation/Removal Force

With the connector in its pre-lock condition, measure the force required to fully actuate and close the
lever. Force shall be applied perpendicular with the contact surface of the lever or slide as nearly as

possib

le.

For designs with a secondary release mechanism, without disabling or releasing this feature,
gradually apply a force of 60N to the lever in the release direction.
Disable or release any existing release mechanism (if applicable) and record the force

required to

move {he lever from the locked position to the open position.

Verify

The f
SAE/U
The fo
The fo
pre-log
The fq
requirg
The n
applica

conformance to the Acceptance Criteria of Section 5.4.3.4-4 and 5.

Acceptance Criteria

rce required to move the lever or slide from its shipping position while the connector
k position shall be 30N minimum.

rce required to move the lever to and frombthe locked (engaged) position shal
ments of SAE/USCAR-25.

ble) shall be *60N for a fully mated cannector

LARIZATION FEATURE EFFECTIVENESS

Purpose

nsures that the polarization feature(s) is adequate to meet its intended purpose of
nating of a connéctor housing with its intended mate, and preventing mating of a
th any unintended mate. It also tests the adequacy of the polarization feature(s) in

pmage during'incorrect assembly attempts. In addition to this objective force
ded that.a_jury evaluation be conducted among knowledgeable individuals trying

Equipment

the Acceptance Criteria of this section varies with the available_ contact (grip) qrea of the
being tested. Reference SAE/USCAR-25 Electrical Connector Assembly Ergonomic Design

details of the Acceptance Criteria.

brce to engage the connector to its pre-lock positionioshall meet the requirements of
SCAR-25.

Fce required to un-seat the connector from it's pre-loCk position shall be ¢15 and 75.

is not in its

meet the

inimum force to release the assist feature without depressing the release meghanism (if

preventing
connector
preventing
test, it is
hands-on"

Insertion/Extraction 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 connector
with an incorrect mate.
Sample size varies depending on the number of incorrect orientations tested. Test at least one
sample set for each selected mis-orientation or mis-index.
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5.4.4.4 Acceptance Criteria

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.
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

Securg 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
Femalg Connector in the orientation selected in Step 3.
Engage the connector halves at a uniform rate not to exceed 50mm/min. untihithe maximum force
specified in the part drawing is applied. If no value is specified, apply a maximum force of 220 N.
Note the indication of the penetration detection device installed in Step 3.

The minimum mis-mating force that must be resisted by the polarizing.feature(s) is the value given on the

part drawing. If no value is specified, the minimum value is 220N

If sufficien] mis-mating is achieved to allow contact with any.Male Terminal if it were properly jnstalled in

any positign in its connector housing, the polarizing feature(s) is considered to be inadequate.
5.4.5 MIBCELLANEOUS COMPONENT ENGAGE/DISENGAGE FORCE

5.4.5.1 Purpose

This test i$ to ensure that connector assembly components such as TPAs, PLRs, CPAs, Logator Clips,
etc. will bg sufficiently retained, yet allow’ easy and consistent assembly and removal for seryice where

necessary
5.4.5.2 Equipment
Insertion/Bxtraction Force \Tester with Peak Reading Feature
5.4.5.3 Procedure
A.

1.

EngagemeéntForce

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.

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
binding which can affect force measurements.

Engage each component to be tested, with its retaining mechanism(s) in place, at a uniform rate not
to exceed 50 mm/min. Test each applicable condition per table 7.

Record the force required to completely engage the component with its mating part and use this
value to verify conformance to the Acceptance Criteria of Section 5.4.5.4.
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B. Disengaging Force

*** CAUTION ***

The following step may result in sample breakage. Adequate shielding and personnel safeguards must

be employed to ensure the safety of persons and property in the vicinity of the test.

1. With the component fully installed and properly fixtured, disengage the component at a uniform rate

not to exceed 50mm/min.

The force must be applied parallel to the centerline of the component

being tested to avoid side loads and binding which can affect force measurements. The direction

must [
conditi

e opposite to the direction of normal insertion of the component part. Test each|applicable
pn per table 7.

2. Record the force required to disengage the component from its mating part and(use thjs value to

verify ¢onformance to the Acceptance Criteria of Section 5.4.5.4.
5.4.5.4 Acceptance Criteria
Insertion/Extraction Forces shall meet the values indicated on the part print-” If no value is spegcified, the
force shalllmeet the values shown in table 7.
TABLE 7—MISC. COMPONENT ASSEMBLY/DISASSEMBLY FORCES
Force'(N)
Insertion Removal
Dgvice Insert to lock Pre-set to lock Lock to pre-set Remoye
Locator Clip 60 max N/A N/A 110 Min (Alsp see
Section 5.7.9)
CPA 60 Min (w/connectors 60 Min_(wi/Connectors 10-30 30 Min
un-mated) un-mated)
22N max w/connectors 22 Max w/connectors
mated (loose pc. CPA) mated
TPA/PLH 60 Max (w/terminals 60 Max (w/terminals 60 Max 25 Min

installed)

installed)
15 Min (w/o terminals)

18 Min after initial
removal

5.4.6 VIBRATION/MECHANICAE-SHOCK

5.4.6.1

This test
vehicle co
contact an

Purpose

ubjects .a_connector system to variable vibration simulating accelerated exposur¢ to actual
hditions:. Vibration and shock can cause wear of the terminal interfaces, intermittent electrical
i failure of mechanical components of the connector system.

NOTE—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.

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.
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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 Equipment

= Vibration Table

= Vibrati

on Controller = Accelerometers

5.4.6.3
1. Using
enoug
Sectio
parts

applica
Refer
conne
are reg
Compl

performed on the sample set.

3. Verify
Resist
conne

NOTE—It

Procedure

the largest applicable conductor size and insulation type applicable tothe desig
n male and Female Terminals to fully populate a minimum of 10 connector asse
n 5.1.6, Terminal Sample Preparation. Prepare each sample by, assembling all
bnd bundling (with tape, convolute, scroll, etc.) the conductors) according to th
ition of the parts being tested. Consult the Authorized Personfor.details on intende
to Fig. 12 for examples of test mounting arrangements. Mounting position A is for
ctors. Position B is for connectors that will mate to an electrical device. At least 1
uired unless otherwise specified in the test request/ordet.

pte the Connector and/or Terminal Cycling proceddre per Section 5.1.7 if n

conformance of each sample connector assembly to the Acceptance Criteria of the
bnce test, Section 5.3.1.4. Measure at least-10 terminal pairs randomly distributed

Ctor sets.
Wq

{7

hedile

hﬂuunﬁng Q'EEFI [Mount [ t
A B

FIGURE 12—MOUNTING POSITIONS

is vitalto secure the conductors to their respective connector housings. Termina

th

n, prepare
mblies per
applicable
> intended
j bundling.
n-line type
0 samples

ot already

Dry Circuit
among the

s "float" in

ir_cavities and will wear rapidly if the associated conductors are allowed urllrestrained

movementretative-totheconnectorhousing:

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,

da
b.

mpening, resonance, etc.).

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

the connector feature provided for mounting. Refer to Figure 12-A. Do not use a "Christmas

Tree" or any other type of mounting device.

Instead, the Mounting Bracket itself must be

constructed so as to include a direct mounting feature to mate with the mounting feature
(Dovetail) on the mated connector pair.
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c. For Device Connectors, mount the device directly to the Mounting Bracket. Refer to Figure 12-B.
Use the normal device mounting feature(s) used to secure the device in its intended vehicle
location. Do not use any intervening bracket or mounting device. Instead, the Mounti
must be fabricated to include any cooperating features necessary to mount the device directly to

it.

ng Bracket

d. The conductor attachment points must be 100 mm = 10 mm from the rear of the connector body.
5. Should an application arise that does not lend itself to either situation described above, consult the
Authorized Person. It is his or her responsibility to devise a suitable method for attaching t

he CUT as

directly

6. Securgly attach the conductor bundle ends to the mounting fixture such that there is 2 10

sag re

Set up
The te

® N

testing.

9. Subjed
three
seque

10. Unlesg
transmj

ative to the bisecting plane of the attachment points. See Figure 13.

Conductor
Attach Point

ICunduc’tur Sag

10mm?* 5mm cuT

J— _
] - -] cuT
A Mounting Bracket &

.{rCundun’tnrs must niot \
comtact bracket

FIGURE 13—TYPICAL CONNECTOR VIBRATION TEST SET-UP

the samples to monitor continuity per-Section 5.1.9
5t fixtures, system layout, and test.set-up must be approved by the Authorized Pers

t the CUT to 10 half-sine wave jimpulses (10 millisecond duration at 35 Gs force) in
mutually perpendicular axés:” Mechanical shock and vibration testing may be co
nce for each axis before proceeding to the next axis.

otherwise specifiedwin the test request/order all CUTs mounted directly to the
ission shall be vibrated for 8 hours in each of the three mutually perpendicular ax

Vibratg the CUT using_ the vibration profile in Fig. 14.

11. CUTs
compg
hours
requeq

mounted anywhere else on the Sprung portions of the vehicle, including #{
rtment (but\not directly on or to the engine or transmission) use Figure 15. Vibratiorn
n each-of the three mutually perpendicular axes (X,Y,Z) unless otherwise specified
t/order,

and firmly as possible to the Mounting Bracket consistent with the intended vehiclte mounting.

m+=5mm

on prior to

bach of the
mpleted in

engine or
bs (X,Y,2).

he engine
shall be 8
in the test

among the connector sets. Do not use monltored cwcuﬂs for Dry C|rcun measurements

14. Compl

distributed

ete the Voltage Drop test, Section 5.3.2. Measure at least 10 terminal pairs randomly
distributed among the connector sets.

15. Record the results, inspect the CUT, and verify conformance to the Acceptance
Section 5.4.6.4.

Criteria of
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All Sprung Portions of Vehicle Coupled to Engine

Frequency (hz) Power Spectral Density (g’/hz)
60.0 0.00100
200.0 1.50000
210.0 0.10000
1200.0 0.10000
10
1 7
/
/
/
1 /|
/
|
.01
.001
10 100 1000 10000
FIGURE 14—FOR COMPONENTS COUPLED TO ENGINE
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All Sprung Portions of Vehicle Not Coupled to Engine

Frequency (hz) Power Spectral Density (g’/hz)
5.0 0.00200
12.5 0.24800
77.5 0.00320
145.0 0.00200
230.0 0.00032
1000.0 0.00002
Grms = 1.81
1
1 A
.01 /
/
/
/
LN
.001 ~/ |
|
|
.0001 N\
.00001
1 10 100 1000
FIGURE.15—FOR COMPONENTS NOT COUPLED TO ENGINE
5.4.6.4 Acceptance Criteria
At the conclusion-ef-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 tefsts:

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. Each terminal pair of the connector assembly must meet the Acceptance Criteria of the Voltage Drop
test, Section 5.3.2.

3. 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.

4. The terminals must not show, with the aid of 10X magnification, any evidence of deterioration, cracks,
deformities, excessive plating wear, etc. that could affect their functionality.
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5.4.7 CONNECTOR-TO-CONNECTOR AUDIBLE CLICK
5.4.7.1 Purpose

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

5.4.7.2 Equipment
= dB meter
5.4.7.3 Procedure

8 sample pairs are required. Samples are to be production intent. All conpnector cavities shall be filled
with wires| and terminals of any size appropriate to the CUT. Include’all TPA’s, seals, sfuffers and
auxiliary pieces as applicable.

1. Measyre and record the dB (C) level of the ambient sound_ within the test environment. The ambient
noise level must be 60 dB (C) minimum.

2. Locatd the sound measuring device or microphone 600.mm = 50 mm from the connector.

3. Mate the connectors by hand and measure the dB’(C) level of the sound generated gs the lock
engagges. Do not bias the connectors toward or away from the latch as they are engaged.

4. Repeat Steps 1 through 3 using moisture conditioned parts. Parts are brought to their practical limit
of moipture content by exposing “dry as molded parts” to 95-98% Relative Humidity at 40 °C for 6
hours {minimum), then completing the tesbwithin 30 minutes.

5.4.7.4 Acceptance Criteria

The minimum sound level required shall be as specified on the part drawing. If no value is spgcified, the
requirement is 7dB above the/recorded ambient for un-conditioned parts and 5dB for conditiongd parts.

5.4.8 CONNECTOR DRQP.TEST

5.4.8.1 Purpose

This test gvaltates the ability of the connection to withstand impact due to dropping on a hafd surface.
This test dpes)not apply to headers or any other connector not designed for use in a wiring harpess.

5.4.8.2 Equipment

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

-44 -



https://saenorm.com/api/?name=01ebe60935c78e64c172363fdbef7760

SAE J2223-2 Revised FEB2005

5.4.8.3 Procedure

1. 3 samples are required. Assemble connectors with all parts to be used in the intended application

(CPA,

TPA, PLR, etc). Do not insert leads or terminals

2. Drop each sample 3 times (or as agreed upon by the supplier and user) onto a horizontal concrete
surface from a height of 1 meter, orienting the sample in various directions each time. The
Responsible Engineer may direct specific orientations in order to expose areas of the design that
may be vulnerable to damage.

54.8.4
Samples s
549 CA
5.4.9.1

This test i

Acceptance Criteria

hall meet the Acceptance Criteria of Section 5.1.8, Visual Inspection.
VITY DAMAGE SUSCEPTIBILITY

Purpose

5 intended to demonstrate resistance to damage when the connector TPA/PLR i

inserted om a connector with one or more terminals in the incorrect. (un-seated) position. The

other plast
following

5.4.9.2

¢ and metal parts must subsequently be able to beassémbled correctly and retain f
uch an event.

Equipment

Force testégr.

Procedure

s consist of five connectors\with terminal secondary locks in the un-seated positic

5.4.9.3
1. Sampl
leads

rminated with each terminal size in the connector.

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

3. Determine the force to beyapplied to the secondary lock by adding 40N to the maxi
requirgd to seat the device when all terminals are located properly (Section 5.4.5.3 A, ste¢p 4). The
minimyim force is 80N\

4. Partially insert a términated lead into the selected cavity. The terminal should be inserte
just short of locking into position. While holding the terminal in this position, apply
determined.in step 3 to the terminal secondary lock in the direction of normal seating.

5. Remoye the-force and seat the terminal in its normal position. Seat the secondary lock.

5 forcefully
cavity and
ull function

n and five

mum force

d until it is
h force as

5.4.9.4 Acceptance Criteria

Verify that terminal retention meets the Extraction Forces in table 6.

required.

Moisture conditioning is not
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5.5 Con

5.5.1

5.5.1.1

nector - Electrical Tests

ISOLATION RESISTANCE

Purpose

This test verifies that the electrical resistance between any two cavities in a connector system will be

sufficient to_prevent detrimental electrical conductivity between the various circuits passing through that

connector [system. This test is typically done after other environmental stress tests to ensufe that any

contaminapts that may have entered the connector during testing are not sufficient. 10 |create an
unintended electrical path.

5.5.1.2 Equipment

Megohmeter.

5.5.1.3 Procedure

NOTE—THhis test is typically used only in conjunction with another test that subjects the conngctor to the
chpnce of some form of moisture or other contaminand intrusion. Test the same samples used
fof the related test.

NOTE—When sealed connector samples are to be-tested following exposure to moisturge or other
contaminants (except Fluid Resistance), it is*important that this Isolation Resistange test be
pefformed on each sample within one-hour of concluding the associated test. [Otherwise,
pafticularly where samples are exposed to elevated temperatures in the preceding test, any
coptaminant that might invade the.samples may dry to the point of being undetectaple by this
Isglation Resistance test.

NOTE—Fqr un-sealed connector pairs, test samples shall rest in ambient environment for >3 hours prior
to measuring Isolation Resistance after any environmental conditioning.

1. If this fest is to be performed to check isolation resistance of a new connector housing, grepare cut

leads as specified in.Section 5.1.6, Terminal Sample Preparation

2. Connect the Megehmieter, set to 500 VDC, to the bared conductor ends as illustrated in Figure 16 so
that adljacent cavities have opposite polarization. For special applications, the test voltage may be
reducdd or increased with the approval of the Authorized Person.

3. Use the Megohmeter to measure the resistance between the adjacent terminals. Apgly the test
voltagg 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.

4. Record the minimum resistance measured and verify conformance to the Acceptance Criteria of

Section 5.5.1.4
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() o
N\

FIG

5. For cq
termin

5.5.1.4

URE 16—METHOD OF CONNECTING LEADS FOR ISOLATION RESISTANCE TE

nnectors with Shorting Bars, take the isolation resistance measurement betwee
hls designed to be shorted together by the Shorting Bars (Shorting Bars'“open”)

Acceptance Criteria

The resistance between every combination of two adjacent terminals.in the CUT must exceeq

500 VDC.

This includes terminals that may be separated by one-or‘more vacant terminal caviti

5.6 Conphector Environmental Tests

5.6.1 TH
56.1.1

This test ¢
contractior]
accelerate

5.6.1.2

Temp. Cha

* As required

5.6.1.3

ERMAL SHOCK

Purpose

subjects the connector assembly (fo extreme temperature cycles that cause expa
of the various materials uséd in the connector system. This is intended t

d wear at the terminal-to-terminal interface.

Fquipment

imber(s) (-40 °C to#175 °C *)

by the Temperature Class selected from Table 2.

Procedtire

1. Using

ST

n the two

20 MQ at
es.

nsion and
o produce

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 TUT. Assemblies must include all applicable Wedges (TPAs, PLRs,
etc.), Seals, etc. Number each mated connector pair.
2. Complete the Connector and/or Terminal Cycling procedure per Section 5.1.7 if not already
performed on the sample set.
3. Verify conformance of each sample connector assembly to the Acceptance Criteria of the Dry Circuit
Resistance test, Section 5.3.1.4. Measure at least 10 terminal pairs randomly distributed among the
connector sets.

4. Setup

the samples to monitor continuity per Section 5.1.9

5. Place the samples in the chamber so that there is no substantial obstruction to air flow across and
around the samples, and the samples are not touching each other.
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6. Determine the Temperature Class for the intended application of the connector system from Table 2.
Then set the Temperature chamber to the minimum ambient temperature for that class. Allow the

chamb

er to stabilize, then cold Soak the samples an additional 30 min.

7. At the conclusion of the 30 minute cold Soak, transfer the samples to another chamber set to the

maxim

um ambient temperature for the Temperature Class selected in Step 6.

It is important to

complete the transfer of all samples from the cold to hot chamber (or, optionally, to transition one
chamber from the coldest to the hottest extreme) in less than 30 seconds. Allow the samples to heat
Soak for 30 minutes.

8. At the|conclusion of the 30 minute heat Soak, transfer the samples to another chamber
miniméim ambient temperature for the Temperature Class selected in Step 6. It is)in
complete the transfer of all samples from the hot to cold chamber in less than 30 s€conds
samples to cold Soak for 30 minutes.

9. Repe
10. Measu
not us

11. Measu
12. Verify

5.6.1.4

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

assembly,

following tests:

First, the O
Second, th

NOTE—If
in

The conn

deterioration, cracks, deformiti€s, etc. that could affect their fit or function, or distort their appea

5.6.2 TH

5.6.2.1

Steps 7 and 8 ninety nine (99) more times.
re the Dry Circuit resistance (Section 5.3.1) of the same terminal pairs‘sélected in ¢
b monitored circuits for Dry Circuit measurements
re the voltage drop per Section 5.3.2. At least 10 terminal pairs, must be measured.
conformance to the Acceptance Criteria of Section 5.6.1.4

Acceptance Criteria

as appropriate, to the Acceptance Criteria of Section 5.1.9.4 (continuity Monitoring)

ry Circuit Resistance test, Section 5.3.1:4.
e Voltage Drop test, Section 5.3.2@%.

samples are to be subjected.te’further testing (for example as part of the test seque|
Section 5.9.6), the following.steps may be deferred until the sequence is complete.

bctor assemblies must not show, with the aid of 10X magnification, any e

MPERATURE/HUMIDITY CYCLING

Purpose

set to the
portant to
Allow the

step 3. Do

connector
and to the

nce shown

idence of
rance.

This test

Simulates actual operating conditions using temperature and humidity variations

as aging

mechanisms for evaluation of a connector system's electrical durability. High humidity and temperature
can promote galvanic and electrolytic corrosion of the terminals which may cause electrical and
mechanical degradation. Temperature cycling promotes relative movement of the contact surfaces that

can cause

wear and fretting corrosion. Certain plastic materials may also degrade.

5.6.2.2 Equipment

= Data Logger
= Temperature Chamber(s) (-40 °C to +175 °C *, 0%-95% Relative Humidity)

* As required

by the Temperature Class selected from Table 2.
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5.6.2.3 Procedure

1.

8.
9.

10. Complete the Isolation Resistance\test procedure, Section 5.5.1.

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 (TPAs,

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 ponformance of each sample connector assembly to the following Acceptance Criter

testin

a:
and-alone.

on prior to

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

Then pet the Temperature chamber to the minimum temperaturefor that class. Allow the ¢
stabilige before proceeding.

Cycle the test samples 40 times using the cycling schedulg shown in Figure 17. Extende
times
the sample at —40 °C and un-controlled relative humidity. Completion of the scheduls
Figure|17 will constitute one cycle. Use the Maximum Ambient Temperature for hours 5 th
deternmined from Table 2 in Step 6 above.

Complete the Dry Circuit Section 5.3.1. Measure at least 10 terminal pairs randomly
amond the connector sets.

Voltage Drop Section 5.3.2. Measure @t least 10 terminal pairs randomly distributed
connegtor sets.

m Table 2.
hamber to

J transition

ay be used as long as the dwell times at temperature are maintained. The cycle begins with

shown in
rough 7 as

distributed

hmong the
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150

130

3 — |
110 \

90 \

Test Temperpture (°C)
(9]
o
T

Time (Hours)

100

~
80 N\ \\‘\<
_ N 3
£ 70 N
Z 5
T 60
g 50
s
2
]
S 30 4
20 =
10
0 :
0 1 2 3 4 5 6 7 8
Time (Hours)
Key:
1(440) °C
2 (80-90)°C
3 Test temperature, see Table 2 (Class 3 shown for illustration only)
4 Relative humidity, uncontrolled. Do not vent chamber at hour 5
5 (80 — 100)% Reélative humidity

FIGURE 17—TEMPERATURE/HUMIDITY CYCLING SCHEDULE

11. 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 48N.
12. Verify conformance to the Acceptance Criteria of Section 5.6.2.4.

5.6.2.4 Acceptance Criteria

1. At the conclusion of the test, verify conformance of each terminal pair and each sample connector
assembly, as appropriate, to the Acceptance Criteria of the following tests:
a. First, the Dry Circuit Resistance test, Section 5.3.1.4.
b. Second, Voltage Drop test, Section 5.3.2.4.

-850 -



https://saenorm.com/api/?name=01ebe60935c78e64c172363fdbef7760

SAE J2223-2 Revised FEB2005

C.

Finally, the Isolation Resistance test, Section 5.5.1.

d. Pull test samples shall meet the connector/terminal Extraction Force test requirements of
Section 5.4.1.4

NOTE—If samples are to be subjected to further testing (for example as part of the test sequence shown

in

Section 5.9.6). The following steps may be deferred until the sequence is complete:

2. The connector assemblies must not show, with the aid of 10X magnification, any evidence of
deterioration, cracks, deformities, etc. that could affect their functionality or distort their appearance.

5.6.3 Hi

56.3.1
This test 4

componen|
relaxation

detrimental to electrical and physical performance.

5.6.3.2

= Tempsd

* As required
5.6.3.3

1.

Using

conne
insulat
(TPAs

5H TEMPERATURE EXPOSURE
Purpose
valuates the effects of long-term exposure to elevated temperature oh connecto

ls. Thermal aging may cause changes in metal and plastic)materials, inclug
in important flexing members of the terminal or its connector. These change

Equipment
rature Chamber(s) (+175 °C *)
by the Temperature Class selected from Table 2.

Procedure

leads prepared per Section 5.1:6, assemble a minimum of 10 pairs of fully
btors (at least 10 male and 10 Female Connector halves) Leads may be of an
on type appropriate to the-application. The assembly must include all applicab
PLRs, etc.), seals, etc. Number each mated connector pair.

ete the Connector and/or Terminal Cycling procedure per Section 5.1.7 if n
ed on the sample sét;

assembly
ing stress
S may be

populated

size and
e Wedges
ot already

of the Dry
distributed

on prior to

m Table 2.

etthe temperature chamber to the maximum ambient temperature for that class

Allow the

chamberto stabitize before proceeding:
Place the samples in the chamber, set to the maximum ambient temperature, so that there is no

substantial obstruction to air flow across and around the samples, and the samples are not touching
each other. Leave the samples in the chamber for 1008 hours.

ete the Dry Circuit Section 5.3.1. Measure at least 10 terminal pairs randomly

among the connector sets.

connector sets.

3. Verify
Circuit
amon

4. The te

5.

Then

6.

7. Compl

8.

9.

intervals may be requested by the Authorized Person.
10. At the conclusion of the test, verify conformance to the Acceptance Criteria of Section 5.6.3.4.

distributed

Voltage Drop Section 5.3.2. Measure at least 10 terminal pairs randomly distributed among the

Sample evaluation is required only at the beginning and end of the test, but additional measurement
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5.6.3.4  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 the following tests, in the order shown:

a. The Dry Circuit Resistance test, Section 5.3.1.4. Measure at least 10 terminal pairs randomly
distributed among the connector sets.
b. The Voltage Drop test, Section 5.3.2.4. Measure at least 10 terminal pairs randomly distributed

a

NOTE—If
in

c. Th
5.6.4 FL
NOTE—TH
5.64.1

This test ¢
immersed

Since the
data is ac
included in

5.6.4.2

= Labors
= Stainle
= Explos

5.6.4.3

1. Using
conne

nfong the connector sets.

samples are to be subjected to further testing (for example as part of the test 'seque)
Section 5.9.6) do not perform any steps beyond this point.

e visual inspection, Section 5.1.8.4

JID RESISTANCE

is test is to be used for sealed connector systems only.
Purpose

valuates the sealing capability and material compatibility of a sealed connector sy
n various fluids commonly found in and around road vehicles.

same materials are commonly used for-numerous connection systems, the use o
ceptable for this test. If surrogate data is used, all references to the original test(
the test report.

Equipment

tory Fume Hood

ss steel tanks or Pyrex beakers

ion-proof Heat Chamber

Procedure

leads’, prepared per Section 5.1.6, assemble a minimum of 8 pairs of fully
Ltors~Use leads of the smallest conductor size and insulation type appropriate to th

and connéctor being tested. Assembly must include all applicable Wedges (TPAs, P

nce shown

stem when

surrogate
5) shall be

populated
b terminals

| Rs, etc.),

Seals,

etc. Number each mated connector pair.

2. Verify conformance of each mated sample connector assembly to the Isolation Resistance test,
Section 5.5.1. This establishes a reference for the concluding Isolation Resistance test.

3. Completely submerse at least 1 test sample in each fluid listed in Table 8 for 30 minutes. Fluids are
to be stabilized at the temperatures indicated. A fresh sample is to be used for each fluid and each
sample is to be submersed in one fluid only, unless otherwise requested by the Authorized Person.

***CAUTION***
Follow all Federal, state, and local safety regulations, standards, and procedures when performing this

test.
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TABLE 8—FLUID TEST

1. Atthe
excesy
store t
fluids 1

2. Atthe
avoid

3. Verify

5.6.4.4

1. Each ated terminal pair in every test sample must meet the Acceptance Criteria of th
hnce test, Section 5.5.1.4. In the’ case of single cavity connectors, apply the test voltage
betwe¢n a ground plane foil wrap and;one of the conductors from the test sample.

Resist

2. There
any te

*Swelling of g
5.6.5 SU
NOTE—TH

5.6.5.1

Fluid Specification* Test temp.°C
Gasoline 1ISO1817, liquid C 23+5
Diesel fuel 90% 1SO 1817, Oil No. 3 + 23+5

10% p-xylene
Engine ol 1ISO 1817, Oil No. 2 503
Ethanol 85% Ethanol + 23+5
15% ISO 1817 liquid C
Power steering fluid ISO 1817, Oil No. 3 503
Automatic Dexron Il 50+ 3
transmission fluid
Engine coolant 50 % ethylene glycol + 50+ 3
50 % distilled water
Brake Fluid SAE RM66xx** 50+ 3

*Solutions are determined as percent by volume
**Use latest available SAE reference fluid
See appendix A for fluid source list

conclusion of the submersion period, remove the sample from'the fluid. Do NOT sh
fluid. Use care not to splash any fluid on unintended surfaces. Leave the sampleg
nem in a suitable container or area for one week. Do nat.allow samples submersed
p touch each other and do not allow any dissimilar fluid drippings to intermingle.
conclusion of the storage period, samples may be dried sufficiently to allow inspec]
ontamination of test apparatus.

conformance of each test sample to the Acceptance Criteria of Section 5.6.4.4.

Acceptance Criteria

must be no visible degradation, swelling*, cracking, or loss of mechanical function
5t sample, examined with the aid of a 10X magnifying glass.

able and connector and(cable seals is permissible.
BMERSION
is test is\to/be used for sealed connector systems only.

Purpose

hke off any
"wet" and
in different

fion and to

e Isolation

evident on

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

occur, it is

recommended that a suitable ultraviolet dye be added to the salt water solution.

5.6.5.2 Equipment

= Stainless steel tanks or Pyrex beakers
= Megohmeter
= Temperature Chamber (-40 °C to +175 °C*)
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*As required by the Temperature Class selected from Table 2.

5.6.5.3 Procedure

1.

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

connectors. Use leads of the smallest conductor size and insulation type appropriate to the terminals
and connector being tested. The assembly must include all applicable Wedges (TPAs, PLRs, etc.),

Seals,

record
cavitie
operat
Compl

etc. Number each mated connector pair.

For m{iitiple conductor (mat) type seals only, Select 10 cavilies at random among the sam

the connector and cavity numbers. Remove and re-insert the terminals in\th
5. The purpose of this step is to ensure the terminal does not damage the sealdur
ons.

pte the Connector and/or Terminal Cycling procedure per Section 54.7 if n

performed on the sample set

Verify
Sectio
Place
around
Detern
Maxim
Heat §
tempe
tempe
not be
Prepa
below
liquid
an apy
the teg
Remo
Temps
at this
At the
the ex
Isolatiq
10.
that hg
Expos

11. Immegdg

conformance of each mated sample connector assembly to thé*isolation Resis
n 5.5.1.4. This establishes a reference for the concluding Isolation Resistance test.
he samples in the chamber such that there is no substantial ‘ebstruction to air flow
the samples, and the samples are not touching each other:

nine the Temperature Class of the connector system from Table 2 and set the chan
um Ambient Temperature for that class. Allow thesehamber to stabilize before p
boak the samples at the elevated temperature of the chamber for 2 hours. If t
ature of a representative sample of the parts to_be tested can be shown to stabili

ble set and
e selected
ng service

ot already
ance test,
hcross and
hber to the
roceeding.

he internal
ze at oven

ature in less than two hours, the shorter timermay be used. The demonstration s@mple may

used as an actual test sample.
enough salt water solution to completely submerse all samples to a depth of 30 ¢

e
lhe surface. Use tap water and 15 gram’s to 16 grams of table salt per liter. Then a

ish washing soap per liter. Mix well before adding to test apparatus. It is recomm
ropriate ultraviolet dye be added\{o assist in visual inspection for any ingress of s
t samples.

e the samples from thé chamber. Within 30 seconds, submerse them in
rature salt water solution to a depth of 30 cm to 40 cm. The samples shall remain
depth for a period of 80 minutes.

end of the 30 minute submersion, remove the samples from the salt water solution|
cess solution, then’carefully dry the exterior surfaces of the samples. Immediately ¢
n Resistange test of Section 5.5.1 on each sample.

Repeat Steps 648y'and 9 four (4) more times, except do not repeat when this test is done ¢

ve completed the Temperature/Humidity Cycling test of Section 5.6.2 or the High Te
ire Jest of Section 5.6.3.

to 40 cm
d 10 ml of
ended that
blution into

the Room
submersed

, shake off
erform the

n samples
mperature

ce Criteria

iately upon concluding the test, verify conformance of each sample to the Acceptar

of Sec
12.

samples.

SPECIAL TEST for connectors with multi-cavity (mat) type conductor seals.
applicable to single cavity connector designs.

o 5.6.5.4-

produce a leak.

a.

each connector pair to be tested.

b.

Prepare only enough terminal samples to fully p

connector pairs, less one cavity for each connector half.

This test is not
This is an additional test and requires use of new
Its purpose is to check for seal distortion from extremes of conductor size that may

Repeat Step 1, except prepare one male and one Female Terminal (smallest conductor size) for

Repeat Step 1 except use the largest conductor size and insulation type for the terminals to be
used in the intended application.

opulate all
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c. Prepare a minimum of 10 connector pairs so that all but one randomly selected cavity in each
connector half is populated with a terminal crimped to the largest conductor size, prepared in
Step b above. Then fill the remaining cavity in each connector half with the appropriate terminal
crimped to the smallest conductor size, prepared in Step a above. Number each connector pair.

d. Repeat Steps 3, 4, 5, 6, 8, 9, 10, and 11 using the samples prepared in Step C above.

13. At the conclusion of the test, disconnect each mated sample pair and perform the Visual Inspection

5.6.5.4 Acceptance Criteria

1.
2. Samples shall meet the Acceptance Criteria of the Isolation resistance Test, Section 5.5.1.4.

5.6.6 PHESSURE/VACUUM LEAK

5.6.6.1 Purpose

test of Section 5.1.6. When disconnecting the samples, use care not to allow any residual solution to
enter the interior of any connector half. Careful examination is required to detect any trace of fluid
leakage that escaped detection by the Isolation Resistance test. Use of a dye in the solution, as
recommended in Step 7 above, will aid in this inspection.

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

This test gvaluates the sealing capability of a sealed connectar ‘system when subjected to & specified

pressure differential between the inside and outside of the sealed area.

5.6.6.2 Equipment

= Pressyre/Vacuum Source (Regulated)
= Contaiper (for sample immersion)
= Tempgrature Chamber (-40 °C to +175 °C %)

* As required|by the Temperature Class selected from.Table 2.

5.6.6.3 Procedure

NOTE—When using sampless:that have been subjected to any prior testing that in¢ludes the

Temperature/Humidity./Cycling test, Section 5.6.2 or High Temperature Expdsure test,
Sdction 5.6.3, praceed directly to Step 18. This assumes that the samples have already been
prépared with yacuum tubes per steps 1 through 17.

Refer fto Section 5.1.6 and prepare leads using the smallest conductor size and insujation type
approgriate to’the terminal and connector under test. Crimp enough samples of male ahd Female
Terminalsyto assemble a minimum of 10 pairs of connector assemblies, less one cavily for each
connectorpair—Crimp-boththeconductorand-insutationgrips:
For convenience, and to minimize loose conductor ends, conductor lengths may be terminated on
both ends and looped between samples.

Using the terminals prepared in Step 1, assemble a minimum of 10 pairs of fully populated
connectors, leaving one conveniently located cavity open in each connector pair. Determination of
which connector half has the vacant cavity will have been determined in Step 1. Assembly must
include all applicable Wedges (TPAs, PLRs, seals, etc). Number each mated connector pair.

For multiple conductor (mat) type seals only, select 10 cavities at random among the sample set and
record the connector and cavity numbers. Remove and re-insert the terminals in the selected
cavities. The purpose of this step is to ensure the terminal does not damage the seal during service
operations. (Not required if previously done on this sample set.)
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10.

11.

12.
13.

14.

15.

16.

17.

18.

19.
20.

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.

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

performed on the sample set.

Verify
Sectio

conformance of each mated sample connector assembly to the Isolation Resis
N 5.5.1.4. This establishes a reference for the concluding Isolation Resistance tést.

Prepafie enough salt water solution to completely submerse the samples. Use tap water

grams
well bg
to assi

of table salt per liter. 10 ml of liquid dish washing soap per liter of watermay be 4

S5t in visual inspection for any ingress of solution into the test samples.

ance test,

and 15-16
dded. Mix

fore adding to test apparatus. It is recommended that an appropriate ultraviolet dyg be added

Bend &ll conductors in the same direction, 90° to the back of each sample-¢connector half &and secure

them i
the co
applica
intent

obstru
eliming
Compl
prepar
Slowly
until th
Obser
Switch

N this position, using actual conductor dress shields if availablesy [This is to simulate
nductors as they exit the connector and is intended to stress the conductor seal(s) 2
tions. If actual production dress shields are not available, simulate production
as closely as possible. Ensure that the tube is net<kinked, squeezed shut or
cted. The tube should be left out of the 90° bend ifdfeasible. Seal all loose conduc]
te possible Leakage through the conductor strands.

ptely submerse all samples into a container ‘ofthe Room Temperature salt wat
ed in Step 8 above. Use care to avoid submersing any wire ends or the open end of
increase the air pressure of the regulated pressure source supplying the tube in es
e gage reads 48 KPa (7psig).

e samples for 15 seconds and verify'that there are no air bubbles.

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

the samples for 15 seconds.

Remo
exterig
Strip 1
the Isg
Discor
discon
conne
detect

e the samples from the salt.water solution, shake off excess fluid and then caref
r surfaces of the sample.

D mm of insulation from, the conductor ends of each terminal in one connector half a
lation Resistance test'of Section 5.5.1.

nect each mated sample pair and perform the Visual Inspection test of Section 5.
hecting the samples, use care not to allow any residual solution to enter the inte
ctor half. Careful examination is required to detect any trace of fluid leakage thé
on by the\lsolation Resistance test.

Re-comnect.each sample to its original mate and re-seal all conductor ends. Place the sa

jressing of
s in actual
application
otherwise
tor ends to

er solution
the tube.

ch sample
vacuum to
ully dry all
nd perform
.6. When
rior of any

it escaped

mples in a

tempefature~chamber stabilized at the maximum ambient temperature for the Temperature Class

selectg¢d-from Table 2 for the CUT. Heat Soak all samples for 70 hours. 1

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.

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.
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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 left open for the
pressure/vacuum tube.
c. Prepare a minimum of 10 connector pairs so that all but one randomly selected cavity in each
connector half is populated with a terminal crimped to the largest conductor size, prepared in
Step b above. Leave one cavity in each connector pair open for the pressure/vacuum tube, as

directed in Step 1.

Then fill the remaining cavity in each connector half with the appropriate

terminal crimped to the smallest conductor size, prepared in Step a above. Unless the size of the

cornector makes it impossible, do not place the smallest conductor in a cavity adja
préssure/vacuum tube. Number each connector pair.

d. Rq
5.6.6.4

1. When
no buk
2. Afters
the Isg
3. Atthe
test, S
enter 1
Leaka
ingres

5.7 Spe
571 HE
5.7.1.1

The termirn
insert mold
or soldere
by forces
requireme
sub-assen
these requ

5.7.1.2

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

Acceptance Criteria

bles visible exiting any test sample.

amples are subjected to negative pressure (vacuum), all mustuneet the Acceptance
lation Resistance test, Section 5.5.1.4.

conclusion of the test, all samples must meet the Acceptance Criteria of the Visual
bction 5.1.8.4. When disconnecting the samples, usé care not to allow any residual

he that escaped detection by the Isolation Resistance test. There should be no tr
5 in the connector at the conclusion of this tesk

cial Tests
ADER PIN RETENTION
Purpose

al push-out test is used to determine the retention of the Male Terminal in certain
ed Header Connectaors. It may also be used to test the attachment of male pins w
| directly to circuit boards. Proper pin retention assures that the terminal will not be
associated with.normal engagement and disengagement of the mating connect
ts apply todfinished devices only and not to “in-process” products such as pin bloc
blies. The module and/or connector suppliers need to determine at what stage of t
rements will be tested and verified.

Equipment

cent to the

samples are subjected to positive pressure, there must be no loss)ir’ the applied préssure and

Criteria of

Inspection
solution to

he interior of any connector half. Careful examination is required to detect any trIce of fluid

ce of fluid

stitched or
hen staked

displaced
br. These
ks or other
he process

= 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 production intent.

For designs where pins are closely spaced, pins or

terminals may need to be selectively removed or cut to allow space for attachment of jaws,
collets or mandrels. Pins may be shortened if necessary to allow for gripping and fixturing. All
pin locations for a given design shall be tested and in no case less than 10 pins.
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1. Moisture condition samples by exposing “dry as molded parts” to 95% to 98% Relative Humidity at
40 °C for 6 hours, then immediately complete the extraction test.
2. Measurements shall be taken in both directions if possible, i.e. force to push the pin longitudinally
through the connector, and to pull it out as if removing a female plug from the header. Depending on
individual design, “pushing” or “pulling” may be reversed in order to get the proper reading. It may
also be appropriate to apply the loads from the back of the connector on certain designs. Pressure or
tension must be applied parallel with the axis of the pin to achieve accurate results.
3. Secure the connector body to the appropriate fixture.

4. Using [the force tester, apply a ramping pressure to the terminal pin. Note and recoreht
he pin begins to be displaced within the plastic housing or board attachment. ;Repeat for each

which

pin lodation. Where resultant damage to the connector housing would affect readings o
cavitieg, move to an undamaged pin or use a fresh connector.

5. Using

5.7.1.4  Acceptance Criteria

The minimn

specified imn Table 9.

NOTE—Values for terminal sizes falling between the table values are calculated by interpolatio

572 Cd
5.7.2.1

This test i
for electrig
expected i
housing.

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

um force required to displace the pin longitudinally in eitherdirection shall meet

TABLE 9—MINIMUM HEADER PIN DISPLACEMENT FORCE

Minimum
Terminal Family Displacement Force
*0.64 15N
>0.64<1.5 24N
1.5 50N
2.8 60N
>2,8 70N

NNECTOR MOUNTING FEATURE MECHANICAL STRENGTH

Purpose

al connectors. Such features must withstand mechanical stresses (pulling, pus
h the vehicle including vehicle assembly, service and repair without functional dam

ne force at

n adjacent

the values

=)

designed tojtest the mechanical strength of clip slots and other designed-in mounting features

hing, etc.)
age to the

5.7.2.2 Equipment

Force Tester.

5.7.2.3 Procedure

Testa

minimum of 20 connectors (five in each direction).

1.

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

3. Secure a virgin connector with the designed-in mounting feature to a bracket with a fixture simulating
the coordinating mounting feature (see Figure 18). No additional reinforcement of the connector slot
is permitted.
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With the connector assembly attached to the bracket, apply a downward force with a probe (at a rate
of 50 mm/min) to the non-mounted mating connector in direction F1 until breakage of the mounting
feature or until the force specified in the Acceptance Criteria of Section 5.7.2.4 is reached. The force

shall be applied 5 mm from the rear and side of the connector to affect the greatest moment arm (see
Figures 19, 20 and 21).

Remove the connector from the fixture.
Repeat steps 2 — 5 with four additional connectors.
Repeat_steps 2 — 6 _in_the other three directions (F2, F3, and F4 - 90 degrees apart, each

perper
testing

various force directions if not damaged.

—
—
-

\T\\
.

> ~
——

- —

FIGURE 18—MOUNTING FIXTURE - EXAMPLE

F4

A 4

~5mm

Mounting ‘————% !
Clip Support

n n n Bracket

A

F > ooo

J

dicular to the direction of mating of the mounting feature). The same samples may e used for

(atch _————*——] TI

F2

FIGURE 19—TEST SET-UP, END VIEW
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Mounting F4
Feature F3
ol st
7B
Mating |j|| fl :I
i oo e e e R R R R [Filemssny
pis ﬁ{ﬂ If' E3
R Wt
Mounting — > ,”ém
Connector // ¥ 1
Non-Mounting/ ﬁ T
Connector F1 F2

FIGURE 20—(3D VIEW)

NOTE—AIfrows indicate direction of applied force, not location of probe.

A

Mounting Feature

\4

Non-Mounting

Mounting (mating) Connector

Connector

~5
mm

FIGURE 2 1T—(SIDE VIEW)
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5.7.2.4 Acceptance Criteria

The minimum force required to break the mounting feature shall be > 50 N.
5.7.3 FORCED FRETTING TEST

5.7.3.1 Purpose

This test ¢reates fretting in terminals systems by controlled micro-motion. This test canbe used for
comparing| normal forces, coatings, lubricants, and other variables in the design of connection systems.
Only one direction of motion (axial) is considered. Forced fretting is therefore considered-a dgvelopment
test and n@t a requirement for validation. No field correlation is currently available.

5.7.3.2 Equipment

= Cycling Fixture - Various forms of equipment are acceptable. Cycling.equipment is usually custom
built. One set-up is described in Figure 22.
= Dry Cifcuit Monitoring Equipment

DC Pomer
supply
1
BEctention Unit h =]
r=-—=—===== 1
# ! Communic|
: ationBoard :
! B0 0AD] g e
COprEr N ! Digital
hilti
hieter
e =
& Replly Terminal +
o Lazer
o Dizplackment
o 1 1 hiater
Pulze Pulse Mator
[ | CyoM) —{hibcitar
Control

FIGURE 22—FORCED FRETTING TEST SET-UP (EXAMPLE)

5.7.3.3 Procedure

1. At least 8 samples of male and Female Terminal should be tested. Set up the terminal holding
device so that there is at least 1.0mm of over-travel from the end of the Male Terminal lead-in past
the contact point of the Female Terminal. Terminals must be positioned so that testing begins at the

nominal contact point of the interface.
2. Record initial Dry Circuit Resistance of each sample. Contact resistance data must be taken

throughout the procedure.
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3. Set the equipment to the following:
= Stroke — 50 um
= Frequency — 1 Hz. Higher frequencies are permissible depending on equipment capability.
= Cycles — 100K or sufficient to reach a defined failure (total cycles depends on the system being
evaluated)

= Alternative settings and equipment may be determined by the test requestor.

stroke can have major effects on the outcome of the test.

the equipment and complete the test cycle

4, Turno
5. Plotth

Following 1

Visual exd
characterig

5.7.34

The test re
Acceptanc

FIGURE 23-—EXAMPLE FORCED FRETTING RESISTANCE CURVE OF A TIN CONT

b resistance vs. fretting cycles for each sample. (ref. Figure 23)

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

tics of the interface including SEM analysis if applicable.

Acceptance Criteria

e Criteria such as visual examination of the interface.

mination of the interface may be requested. If so, photograph and documen

questor may determine the Dry Circuit resistance Acceptance Criteria as well as any

Wear and Oxidation

/ Contact with
Base Material

0.1 -

Ohm

0.01

0.001

0 1000 2000 3000 4000

Fretting cycles

5000

5.8 SevereDuty Tests

Frequency and

the wear

additional

\NCT

The following test procedures are optional and are intended for use when, in the judgment of the
Authorized Person, additional testing is needed to demonstrate acceptability of the connection system for
severe duty applications. Because these situations are unique, the procedures may have to be modified

according to data gathered from prototype vehicles or field experience.

These procedures and

Acceptance Criteria are not required for general validation, but rather are intended to lend consistency to
the test procedures when such tests are deemed necessary.

Special design provisions will likely be needed for connectors required to pass these tests.
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5.8.1 HIGH PRESSURE SPRAY

5.8.1.1 Purpose

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 Pressu

re/Vacuum

Leak Testg

A vacuum
the interio
depending
report.

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

protection.
58.1.2
= Fanje

= Device
= Swivel

(Sections 5.6.5 and 5.6.6). Perform this test for sealed connectors only.

of minimum 48 kPa (7psi) may be added to the high pressure spray to simulate rapiq
of the connector due to the water spray. The level of vacuum maychave to b

on the application.

Equipment

nozzle
holder
ng table

Document any such adjustments or other test modifications

cooling of
e adjusted
in the test

degree of
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