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NOTE—No 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
verified and documented. All required verification and documentation must be done by the
supplier of the part or parts. If testing is performed by another source, it does not relieve the
primary supplier of responsibility for documentation of all test results and for verification that all
samples tested met all applicable Acceptance Criteria. See Section 4.

1. Scope

Procedures included within this specification are intended to cover performance testing at all phases of
development, production, and field analysis of electrical terminals, connectors, and components 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 systems with
and without Shorting Bars. They are not applicable to Edge Board connector systems, > 20 VAC or DC,
or to eyelet type terminals.

1.1 Rationale

This document is being cancelled because it contains duplicate information that is in SAE/USCAR?2.
SAE/USCAR?2 is more up to date because it is revised on a more frequent basis.

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
connectors and their associated terminals and other components are required to meet all applicable
portions of this document with the following exception:

Specific tests that are not required or additional test requirements as specified in any document in the
hierarchy of Section 2.

2. References
2.1 Document Hierarchy

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

1% -Applicable FMVSS requirements and other applicable state and Federal requirements.
2" _Applicable part drawings

3" -Applicable product design specification(s).

4™ _Automotive Industry Action Group (AIAG) Production Part Approval Process (PPAP)
50 -Applicable SAE performance specifications

6" -Other applicable standards and specifications

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

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

Performance requirements.

Component part number.

Reference to applicable portions of this specification.

The quantity and part number of terminals used.

The typical mating connector.

Maximum permissible Temperature Class (per Table 2) for which the part is intended or 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.

2.4.2 TEST REQUEST/ORDER INSTRUCTIONS

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

2.4.3 PERFORMANCE AND DURABILITY TEST INSTRUCTIONS

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

2.4.4 DEVELOPMENT TESTS

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

2.4.5 VALIDATION TESTS

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

2.4.6 SPECIAL PURPOSE TESTS

Portions of this specification may be useful for special purpose testing. For example, verifying a process
or material change may, in the judgment of the Authorized Person, require only one or two specific tests,
or a portion of a test, to verify that no adverse consequence resulted from the change. Any portion of a
test or any combination of tests contained in this specification may be used individually or may be
combined with other testing, described outside this specification, in any phase of product development,
production testing, or analysis of parts from the field.
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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 TS16949—Quality of Automotive Production and Service Part Suppliers

IEC 68-2-32—Basic Environmental Test Procedures—Part 2

3. Definitions and Abbreviations
3.1 Definitions

Terms defined in the definitions or abbreviations sections are capitalized (i.e. Room Temperature, PLR,
etc.)

Acceptance Criteria: Generally the final section in each test description. It specifies the requirements
that all test samples must meet during or at the conclusion of that test.

Authorized Person: One person will be responsible as the final authority for releasing a given part for
production and/or for testing that part. Such person may delegate authority for testing that part, or may
retain the authority. The Authorized Person, as used in the Specification, is the person with authority for
making the final decision as to any question arising during testing to this Specification or for any
deviations from any requirement of this Specification. Such Authorized Person is responsible for
documenting any deviation he/she authorizes from this Specification. This documentation must be
included in the final test report.

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

Device Connector: An electrical connector that mates with the electrical interface of a device (e.qg.
headlamp, switch, horn, etc.).

Disengage Force: The force required to disengage a mated pair of contacts (terminals) or a contact and
a mating test gage.

Dry Circuit: Circuit that operates continuously below a level of 20mV open circuit voltage and 100 mA
current limit.

Edge Board Connector: A connector system that utilizes the edge of a printed circuit board for an
electrical interface.

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 (terminal) 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 inserted into a
housing. The non-mating ends of the terminals are usually soldered to a printed circuit board or connect

internally to the device.

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

Insertion Force: The force required to insert an individual contact (terminal) into its cavity in a
connector.

Leakage: Refers to current passage between two or more conductors separated by a normally non-
conductive medium when sufficient voltage potential exists between the conductors. By increasing the
potential to 500 volts DC or more, the current flow, or Leakage, becomes measurable even though at a
micro or nano-ampere scale. Leakage measured at a known voltage is useful in estimating contact air
gap and detecting contaminants without specimen disassembly.

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

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

Mating Force: The force required to mate male and Female Connector halves or to completely seat a
connector in a device Header or receptacle.

Maximum Test Current Capability: The maximum current carrying capability at Room Temperature of
the specific combination of terminal size, conductor gage, insulation type, etc. as determined in Section
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 connector halves or
a connector 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.

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

Room Temperature: 23°C x5 °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 assembilies.

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

Steady State: A condition of environment or current flow that remains stable for 1 minute or more.

Total Connection Resistance: Electrical resistance of one terminal to terminal interface plus the
resistance of the conductor to terminal grip for each terminal. For Header type connections, only the
resistance of the one conductor to terminal grip is included. Included is the "Bulk Resistance" of the
terminal material itself.

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

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

3.2 Abbreviations

AIAG Automotive Industry Action 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 two 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 indicator of
full connector mating.

CT Continuity Tester. A made-up test device composed of a data analyzer and a 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 Federal Motor Vehicle Safety Standard

FS Full Scale

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

IACS International Annealed Copper Standard

IDC Insulation Displacement Connection. A means of attaching a terminal to a conductor

where projections on the terminal pierce the conductor insulation to make electrical
contact, rather than requiring the insulation to be removed.

MVD Millivolt Drop
MVSS Motor Vehicle Safety Standard
PLR Positive Latch Reinforcement. Also known as a Wedge, Spacer or Terminal Position

Assurance (TPA) feature. It is installed or seated after the terminals are inserted into
their housing to assure that the terminals are properly positioned. It either reinforces the
primary terminal locking mechanism or provides a separate redundant terminal lock.

PPAP Production Part Approval Process

RH Relative Humidity

TPA Terminal Position Assurance. See PLR

TUT Terminal Under Test

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

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

4, General Requirements

4.1 General

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

Construction details for selected test fixtures and equipment are provided in this specification.

A 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 1ISO 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 Sample Size

Minimum sample 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
specification unless the minimum sample size has been tested and all samples of the group tested have
met the applicable 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 represent that this specification has
been met.

4.5 Default Test Tolerances

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

Temperature = £3°C
Voltage = 5%
Current = 5%
Resistance = 5%
Length = 5%
Time = 5%
Force = 5%
Frequency = 5%
Flow Rate = 5%
Relative Humidity = £5%

4.6 Test Default Conditions

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

Room Temperature = 23°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
100 mA. The micro-ohmmeter must also use either offset compensation
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 as required by Temperature Class
Chamber = 0% to 95% RH
10 Vibration Controller As Required
11 Vibration Table = 2640N (600 Lbs.) Sine Force
= 2200N (500 Lbs.) RMS Force
12 Vacuum As Required
13 Megohmeter Accuracy <5% of full scale
14 High Pressure Spray Equipment See
Table 10
15 Decibel Meter +1.5dB “C” scale

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

4.8 Measurement Resolution

Unless otherwise specified, meters and gages used in measurements of the test sample(s) shall be
capable of measuring with a resolution one decimal place better than the specified value. For example,
even though a wire diameter specified as 0.1 mm might actually be the same as one specified as
0.10 mm, calipers capable of 0.01 mm resolution may be used to measure the first wire but a micrometer
with 0.001 mm resolution is required to measure the second wire.
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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 conformance shall be determined by the performance requirements of the test being conducted. All
samples must satisfy the performance requirements regardless of sample age, test cycles, or test
temperature, except where a test to failure is specified.

4.11 Disposition of Samples

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

4.12 Part Endurance

Successful completion of all requirements of this specification is intended to demonstrate that the design
and construction of the components and connector systems tested are capable of operating in their
intended vehicle environment and application.

5. Test and Acceptance Requirements
5.1 General

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

The test procedures that follow were written as stand-alone tests and may be used as such. However,
they 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.
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511 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 construction shall conform to the dimensions, shape, and detail attributes specified on the latest
revision of the applicable part drawing(s).

5.1.3 MATERIAL CHARACTERISTICS

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

All material used in each test sample shall conform to the material specifications shown on the latest
revision of the applicable part drawing(s).

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

5.1.4 TEMPERATURE CLASSIFICATIONS

Components to be tested must be assigned a class from the table below according to the expected
environment in their intended vehicle application. "Rise" is defined as the temperature rise due to
electrical heating caused by the maximum Steady State current flow expected for the component under
test. Care must be taken to ensure that the conductor and insulation selected for the application or any
test will itself withstand the maximum temperature for the class selected without exceeding the conductor
manufacturer's maximum temperature recommendations.

NOTE—also that terminals packaged such that they are surrounded by other terminals will dissipate heat
more slowly, and thus experience a higher temperature "rise" with the same current flow, than
terminals located on the periphery of a connector.

When "Maximum Temperature" is mentioned with respect to Table 2 , the highest ambient temperature in
the right column, "Ambient Temperature Range" is to be used unless otherwise specified. If not 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 Application Guidelines.
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TABLE 2—COMPONENT TEMPERATURE CLASSES

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

QB |WIN|=

5.1.5 TESTING HEADERS AND DIRECT CONNECT COMPONENTS

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

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

However, if there is more than one "tail" length involved, but the Bulk Resistance per unit length is
common, it may be more convenient to attach the millivolt leads at a common distance from the
connection to be measured.

Therefore, in situations where there is more than 50 mm from the point of contact in the connection
nearest to the Header or device to the point where the terminal "tail" or buss bar connects to the device,
these two options are available. (1) Attach the millivolt lead at a convenient common distance 30 to
50 mm from the contact to be measured. Then subtract the Bulk Resistance of the selected common
length when calculating the resistance of the associated Header or device connection. (2) Measure Bulk
Resistance of each individual Header terminal or component buss bar from the connection to be
measured to the point of millivolt lead attachment and subtract this resistance when calculating the
resistance of the associated Header or device connection.

When attaching millivolt leads, take care that the heat applied does not damage platings or cause stress
relaxation in any connection component. Application of an appropriate heat sink may be advisable.
Refer to Figure 1.
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Connector
Header Printed circuit
board or device
connection
/ _ 30-50mm T2 N points

- |
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E T
] G « 30— 50mm T2 L

Tz

3 mm

Tz - millivalt lead attach point

FIGURE 1—METHOD 1 — MILLI-VOLT LEAD ATTACHMENT

It may be that the electrical component or device being connected is not itself capable of withstanding the
tests to which the connector is usually subjected. In these cases samples of just the connector
receptacle portion of the device must be obtained. Then the required connections for testing can be
made and sealed. Leak paths in devices may need to be sealed in order to test the integrity of mating
connectors. Such modifications to the device are appropriate, but must be documented in the test report.

In any case, the Authorized Person must be consulted and must approve any deviation from the normal
tests of this performance specification.

5.1.6 TERMINAL SAMPLE PREPARATION

Terminals used for testing are machine crimped to leads using the manufacturers recommended tools.
Crimp dimension physical characteristics and mechanical pull strength shall be within tolerance as
applies to the respective terminal and wire gage. Crimp both the conductor and insulation grips unless
otherwise specified in the individual test procedures. Use the appropriate cable seal as applicable.
Assemble insulation displacement type terminals per their manufacturer's recommended assembly
criteria. When testing Header type connectors with mating connectors, prepare samples only for the
mating Female Connector (ref. Section 5.1.5). Record the crimp height and width of a representative
group of samples of each terminal (except for insulation displacement type terminals) and number
samples for tracking and later identification as appropriate.

Crimps shall be tested and validated separately per SAE/USCAR-21 Performance Specification for
Cable-to-Terminal Electrical Crimps.
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5.1.7 CONNECTOR AND/OR TERMINAL CYCLING

5.1.7.1 Purpose

This procedure preconditions a connection system pair or terminal system pair prior to a test sequence.
Connectors may be subjected to repeated cycling due to in-plant and/or service repair prior to and during
the life of the connector. Complete this procedure only once when conducted as part of a series of test
as in Section 5.9.

5.1.7.2 Equipment

None.

5.1.7.3  Sample Preparation

No special preparation required.

5.1.7.4  Procedure

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

When working with terminals only, use caution to assure that mating and un-mating is done along
terminal centerlines to prevent side pressure that may distort either terminal.

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

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

5.1.7.5 Acceptance Criteria

None.

5.1.8  VISUAL INSPECTION

5.1.8.1 Purpose

This test is used to document the physical appearance of test samples. A comparison can then be made
with other test samples. Examinations in most cases can be accomplished by a person with normal or
corrected vision, and normal color sensitivity, under cool white fluorescent lighting. Photographs and/or

videos are encouraged as a more complete means of documentation. An appropriately identified
untested sample from each test group must be retained for post-test physical comparisons.
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5.1.8.2 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
manufacturing or material defects such as cracks, tarnishing, flash, etc. When specified in the test
request/order, take photographs and/or video recordings of representative samples to be tested and keep
a properly labeled control sample.

After testing and/or conditioning, re-examine each test sample and note in detail any observable
changes, such as swelling, corrosion, discoloration, contact plating wear, physical distortions, cracks, 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 test samples to requestor after all tests are completed and all necessary data have been obtained.
5.1.8.4  Acceptance Criteria

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.
Connector locking mechanisms must function without breakage. Seals must remain serviceable and the
connector must be capable of being reassembled without rolling or tearing of the seal.

5.1.9 CIRCUIT CONTINUITY MONITORING

5.1.9.1 Purpose

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

= Continuity Tester (CT)

5.1.9.3 Procedure

At least 10 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—Monitored terminals shall not be the same samples used for subsequent Dry Circuit readings for
record, since the monitoring equipment may cause the potential across the circuit to exceed
20 mvolts. Dry Circuit readings, however, may be taken as an aid in root-cause diagnosis.

Solder the conductors from each terminal in the CUT in series to form one continuous current path with
only two free ends. Solder one of the free conductor ends to a 2 watt, 120 ohm * 1.2 ohm resistor.
Solder the " — " (negative) lead to the free end of the resistor and the " + " (positive) lead to the remaining
free conductor end of the CUT. Connect the Continuity Tester (CT) across the resistor, making sure that
the negative lead of the CT is connected to the negative side of the resistor. Adjust the power supply to
provide 100 mADC to the circuit. Set the CT to monitor the current through the resistor and record any
instance where that current falls below 95 mA. As an option, the CT may be used to monitor one or more
terminal pairs instead of the resistor. A reference illustration of the test set-up is shown in Figure 3.
Other suitable continuity monitoring equipment may be used. The test fixtures, system layout, and test
set-up must be approved by the Authorized Person prior to testing.

OC Power Supply
IS T O - T

Continuity Tester

e == G| [ W]
oo § no oo |Oo]
—_ — %
= T
r Res DT : )
120+ 1 okms :
21t J
) J..-r""

(=3}
o _E

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

FIGURE 4—INTERMITTENCY MEASUREMENT
5.2 Terminal - Mechanical Tests
5.2.1  TERMINAL TO TERMINAL ENGAGE/DISENGAGE FORCE
5.2.1.1 Purpose
This test determines the engage/disengage forces associated with compatible male and Female Terminal
pairs. Determination of the number of terminals that can be packaged in a given connector design
without exceeding allowable Mating Force limits is largely dependent on this information. Note 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. Completely identify and number each terminal to be tested. A minimum of 20 samples (10 male and
10 female) are required. If the optional Step 8 is to be used, at least an additional 10 Female
Terminal samples will be required.

2. Fixture one male and one Female Terminal so that proper alignment is achieved during testing.

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

4. Record the peak force required to completely engage the terminal to its mating part and use this
value to verify conformance to the Acceptance Criteria of Paragraph 5.2.1.4.

5. Disengage the mated terminals at a uniform rate not to exceed 50 mm/min. The force shall be
applied parallel to the centerlines of the terminals.

6. Repeat Steps 3 and 5 nine (9) more times and record the 10" disengage force reading. Use this
value to verify conformance to the Acceptance Criteria of Paragraph 5.2.1.4.

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

8. (Optional) Repeat Steps 2-7 except use the applicable gage in place of the Male Terminals. Use new
Female Terminals. The applicable gage is to be of polished steel made to within .01 mm of nominal.
Surface finish must be at least 0.076 - 0.305 micro meters (3-12 micro inches). Polish direction must
be parallel to the blade/pin length. Test the additional 10 production Female Terminal samples to
determine the force correlation between polished gage and actual samples.

5.2.1.4  Acceptance Criteria
Complete the Visual Examination per Section 5.1.6

TABLE 3—ENGAGE/DISENGAGE FORCES

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

NOTE—A "+" denotes values to be inserted by the Authorized Person pending design completion and
prototype evaluation.
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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 to this test. Actual bending force values in each of three directions are recorded and it is then
up to the Authorized Person to evaluate the results and determine the suitability of the tested terminal for
its intended application.

5.2.2.2 Equipment

= Special 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
1. From Figure 5, determine which design style most closely resembles the terminal under test (TUT).
/— Location 1X Location "2"

STYLE "A" STYLE "B"

FIGURE 5—TERMINAL DESIGN STYLE

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

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

4. Number 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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Location "1"

Z' Steel Force
Fixture
TUT

FIGURE 6—TERMINAL BEND TEST

6. Apply force to the sample as shown in figure 6 for 15 seconds, then release. The required forces by
material 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

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

8. Select a new batch of at least 5 samples and mount them in the test fixture with the terminal rotated
180° from the position shown in Figure 6. Repeat Steps 5 -7.

9. Select a new batch of at least 5 samples and mount them in the test fixture with the terminal rotated
90° from the position shown in Figure 6. Repeat Steps 5 - 7. Since terminals are typically
symmetrical in this "side to side" direction, it is not necessary to test both directions. If the TUT is not
symmetrical in this direction, it may be necessary to test both ways. Consult the Authorized Person
for guidance in this regard.

10. For terminal style "B" designs (Figure 5), repeat Steps 5 - 9 with each TUT mounted such that
location "2" is firmly retained at the edge of the fixture.

5.2.2.4  Acceptance Criteria

The TUT must not tear when subjected to the applied force for 15 sec. 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 tests for the presence of thin insulating films that may have developed on the contact surfaces
during field service or environmental type stress tests, it is important that no other electrical test be
performed on the samples prior to this test.

5.3.1.2 Equipment
Micro-ohmmeter.
5.3.1.3 Procedure

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

NOTE—If for any reason the terminals, when submitted for this test, are already contained in their mated
connector housings, do not disconnect them unless otherwise directed by the Authorized Person.
For terminals in mated connector housings, omit steps 1 and 5- 7.

NOTE—If the samples submitted for this test have already been subjected to any other electrical test, the
purpose of this test has likely been defeated and the Authorized Person must be contacted for
approval before proceeding.

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

2. Do NOT mate the terminal pairs until after the millivolt leads have been attached, as directed in
Step 5. For terminals that have been subjected to prior testing, do not disconnect their connector
housings or remove any terminal from its housing.

3. Measure and record the resistance across 150mm of the conductor to be used for the test. For tests
using a Header terminal as one half of the test connection, refer to Section 5.1.5 and measure only
75 mm of the conductor.

NOTE—For attachment points exceeding 75mm per side, the extra wire resistance shall be measured
and 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 millivolt leads must be no larger than 0.22 mm?® (24 AWG).
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FIGURE 7—CONNECTION RESISTANCE MILLIVOLT LEAD LOCATIONS

5. For purposes of this test, the Male Terminal must be inserted to a precise depth into the female.
Standard practice is that, in the worst case, there must be at least 1 mm of excess insertion between
the rearmost contact point with the Female Terminal and the start of any lead-in taper on the Male
Terminal, as illustrated in Figure 8. This dimension is to be calculated from the terminal drawings by
the Authorized Person, taking into account the worst-case tolerances. Each Male Terminal is to be
suitably marked so test personnel can make the one and only mating of the test terminal pairs to the
correct depth. Score marks or any other marking that might introduce contaminants or alter the
strength or conductivity of the Male Terminal or the interface are not permitted.
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FIGURE 8—TERMINAL INSERTION

6. Prior to mating the test terminal pairs, provision must be made for mounting them on an electrically
non-conductive surface in such a manner that the mechanical stability of the male to female interface
can be maintained.

7. Carefully mate the test terminal pair to the appropriate depth, as specified in Step 5 above. Use
caution to assure that mating is done along terminal centerlines to prevent side pressure that may
distort either terminal. Secure the TUT to the mounting surface so that the correct insertion depth is
maintained throughout the test.

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

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

5.3.1.4  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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