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1. Scope—This SAE Standard defines test methods and general requirements at all phases of development,
production, and field analysis of electrical terminals, connectors, and components that constitute the direct
connection to the storage battery of road vehicles having 42 volt (nominal) electrical systems.

2. References

21 Related Publications—The following publications are for information purposes only and are not a required
part of this document.

2.1.1  SAE PuBLIcATIONS—Available from SAE, 400 Commonwealth Drive, Warrendale, PA 15096-0001.

SAE J311—Fluid for Passenger Car Type Automatic Transmissions
SAE J1127—Battery Cable
SAE J1128—Low Tension Primary Cable

3. Definitions—Terms defined in the definitions or abbreviations sections are capitalized (ie., Room
Temperature, PLR, etc.)

3.1 Acceptance Criteria—Generally, this is 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.

3.2 Authorized Person—Cne perscn will be responsible as the final authority for releasing a given part for
production and/or for testing that part. Such person may delegate autherity 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 hefshe
authorizes from this Specification. This documentation must be included in the final test report.

3.3 BladeTerminal—This metal blade or pin inserts into the Receptacle Terminal. The Blade terminal is part of
the Header Connector assembly

3.4 Engaging Force—The force required to mate a separate pair of contacts (terminals) or a contact and mating
test gage.

3.5 Extraction Force—The force required to completely remove an individual contact (terminal) from its cavity ina
connector.

3.6 Receptacle Connector—This connector houses the Receptacle (Female) Terminal(s).

3.7 Header Connector—A connector system that utilizes one or more fixed Blade 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.

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

3.9 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.

3.10 Mating Force—The force required to mate Blade and Receptacle Connector halves or to completely seat a
connector in a device Header or receptacle.
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3.11 Maximum Current Capability—This is the maximum current carrying capability at Room Temperature for a
specific combination of terminal size, conductor gage, insulation type, etc. This value must be derated for
actual conditions in the expected application.

3.12 Mechanical Assist—This is a device used to minimize the operator effort required to mate two connector
halves or a connector to a header. Typical means are a bolt, cam, or lever.

3.13 Power Pin—This is the primary current conducting terminal or pin for the battery connector.
3.14 Receptacle Terminal—This electrical receptacle receives the Blade or pin terminal.
3.15 Room Temperature—23 °C + 5 °C.

3.16 Sense Pin—This is the battery connector terminal or pin that services the temperature and/or disconnect
sense function. This pinis low current. When connectors are mated, it must engage after the Power Pin. When
connectors are unmated, it must disengage before the Power Pin.

3.17 Soak—Refers to a time pericd 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.

3.18 Special Tool—A tool specifically designed to mate and/or un-mate a connector, or to insert and/or remove a
connector terminal or other component.

3.19 Total Connection Resistance—This is the 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.

3.20 Un-mating Force—The force required to un-mate Blade and Receptacle Connector halves or a connector
from a device Header or Blade Connector.

4, Abbreviations

CPA Connector Position Assurance. This is a secondary 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/A Continuity Totalizator/Analyzer. A made-up test device composed of a data analyzer
and a continuity monitor.

cuT Component Under Test

DMM Digital Multimeter

MVD Millivolt Drop.

PLR Positive Latch Reinforcement. Alsc 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.
RH Relative Humidity.
TPA Terminal Position Assurance. See PLR.
TUT Terminal Under Test.

WEDGE/SPACER  See PLR.
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5. Test and Acceptance Requirements
51 General
5.1.1  GENERAL TEST INFORMATION

51.1.1 Default Test Tolerances—Default tolerances are as follows and are expressed as a percentage of the
nominal value unless otherwise indicated:

a. Temperature = +3°C
b. Voltage = 2%
c. Current = 1%
d.  Resistance = 1%
e Length = 1%
f. Time = 5%
g Force = +b%
h.  Freguency = 5%
i. Flow Rate = £5%
j.  Relative Humidity = 5%

51.1.2 Default Test 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:

a. Room Temperature = 23+£5°C

b. Relative Humidity =  Ambient

c. Voltage = 420+1.0VDC

5113 Samples

a. 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.

b. Number and appropriately identify all samples

5114 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. See Table 1.

51156 Sense Pins—This specification is used primarily to test the performance capability of high current battery
connections and terminals used with 42 volt electrical systems. Any low current (sense) terminals residing
in this battery connection shall also be tested and shall meet the requirements of this document.

5.1.2  VISUAL INSPECTION

5121 Furpose—This test is used to document the physical appearance of test samples. A comparison can then
be made with other test samples. A person with normal or corrected vision and normal color sensitivity
under cool white fluorescent lighting can accomplish examinations in most cases. 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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5122 Equipment

Camera
Video Recorder
Magnification Apparatus (as required)

TABLE 1—EQUIPMENT

Item

Description

Requirementsm

O o ~N o

10
1
12
13
14

DC Power Supply
(Regulated)

Micro-ohmmeter

Digital Multimeter
(DMM)

Current Shunts

Millivolt Meter

Thermocouple
Insertion/Extraction Force Tester
Data Logger
Temperature/Humidity Chamber

Temperature Chamber
Vibration controller
Vibration Table
Pressure/Vacuum Source
Megohmeter

0-650 A

Must use either offset compensation or current reversal methods to measure resistance

0-20 mv
0-100 mA

Capable of measuring the following at an accuracy of <0.5% of full scale:
0-50 Volts DC
0-10 Megohms

100 mA or as required with accuracy of £1% of nominal
Capable of measuring 0-100 mV DC at <0.5% full scale

Type “J” or “T” and as required

Capable of <1.0% accuracy, full scale with peak reading feature
As required

-40°Cto80°C
0% to 85% RH

—-40°Cto 90 °C
As required
As required
As required
Capable of measuring =100 Megohms at 500 Volts DC + 5% accuracy

1. 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.

The measurement technique known as the Kelvin or 4-Wire Ohm method should be used as applicable in all resistanceAvolt-
age drop measurements in this Specification. This is a measurement technigue that places the test probes ahead of the high
current connections to eliminate the voltage drop associated with the power connections. It eliminates measurement errors
due to the source current present in the test leads when using the 2-Wire Ohm method.

51223 Procedure

Visually examine each test specimen prior to testing and/or conditioning, noting in detail
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, andfor the
photographs, recording any differences in the test report. The Authorized Person will need to provide
an additional sample for this purpose.

any

5124 Acceptance Criteria—All samples must be free of defects that could affect the electrical or mechanical
performance of the part or degrade its long-term performance.

Full document details: SAE J2622_201102
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5.2 Terminal—Electrical Tests
521 ENGAGE/DISENGAGE CONDITIONING PROCEDURE

5211 Purpose—This procedure simulates terminal wear and deformation expected during normal assembly and
service during the life of the vehicle and battery.

5212 Sample Size—As required
5213 Procedure

NOTE— When samples are subjected to a series of tests as in 5.6 Flow Charts, this conditioning
procedure is to be done only once (at the first procedure where it is called for).

a. Manually engage and disengage each test sample a total of 24 times. Verify that any Mechanical
Assist features are fully actuated with each engagement and disengagement. On terminal samples
without plastic connectors, use caution to assure that mating and un-mating is done along terminal
centerlines to prevent side pressure that may distort either terminal.

b. Re-connect the sample for testing

c. Complete the visual inspection (see 5.1.2)

52 1.4 Acceptance Criteria—Samples shall meet the Acceptance Criteria of the Visual Inspection (see 5.1.2.4)
5.2.2 DRy CIRCUIT RESISTANCE

5221 Purpose—This test applies only to the 2.8 mm Sense Pins. It does not apply to the positive and negative
Power Pins due to the high voltage/current at which they operate.

This test determines the combined resistance of the conductor crimp and the contact interface of a mated
terminal pair under low energy (dry circuit: 20 mV open circuit voltage and 100 mA current limit) 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

5222 Samples—Samples consist of 10 mated pairs of terminals crimped to the largest size wire appropriate.
Crimp the samples per the manufacturer.s specifications.

5223 Equipment—Micro-ohmmeter that limits the open circuit voltage to 20 mV and limits the current applied to
100 mA.

5224 Procedure

NOTE— Take care to avoid any mechanical disturbance of mated terminal samples submitted for this
test. Such disturbance could rupture any insulating film that 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 a and f.

NOTE— If the samples submitted for this test have already been subjected to any cther electrical test, the

purpose of this test has likely been defeated and the Authorized Person must be contacted for
approval before proceeding.
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a. For virgin terminals, record the crimp height and width of each terminal. Do NOT mate the terminal
pairs until after the millivolt leads have been attached, as directed in Step d. For terminals that have
been subjected to prior testing, do not disconnect their connector housings or remove any terminal
from its housing.

b. Measure and record the resistance across 75 mm = 3 mm of the conductor to be used for the test.
Record the conductor resistance.

c. Choose the preferred method of taking measurements (soldered sense lead or probe) and document
the method chosen. In either case, the sense point T, (Figure1) must be soldered for all stranded
cable.

NOTE— For setting up the Header Connector sense terminal for testing, 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.

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 the 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.

T, /— Header

T,

Printed circuit board or battery
connection points

FIGURE 1—HEADER MILLIVOLT LEAD PLACEMENT

d. Attach the millivolt leads if applicable in positions T4 and T, as shown in Figure 1. All millivolt leads
must be no larger than 0.22 mm? (24 AWG).

e. 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 Blade to Receptacle
interface can be maintained.

f.  Carefully mate the test terminal pair to the appropriate depth. 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.

g. Measure and record the resistance between T4 and T,, as shown in Figure 1 Then deduct the
conductor and bus bar resistances to find the total connection dry circuit resistance.

h. Verify conformance to the Acceptance Criteria of 5.2.2.5
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5225 Acceptance Criteria—The Total Connection Resistance calculated in step h shall not exceed 10 m
523 1008 HOUR CURRENT CYCLING

5231 Purpose—This test simulates the main function of the power terminal cver the expected life of the vehicle.
Current cycling is an accelerated aging test that electrically heats terminal interfaces and core conductor
crimps, then allows them to cool under zero current conditions. This causes expansion and contraction
that may affect connection resistance due to wear, oxidation, inter-metallic growth and stress relaxation.
Results of this test are NCT to be used for actual terminal application in a vehicle.

5232 Samples—10 mated pairs.
5233 Equipment

Digital Multimeter (DMM)

AC or DC Power Supply (timer controlled)
Current shunts (Size as required)
Thermocouples

Data Logger (As required)

5234 Procedure

a. Conduct this test in an open bench, draft free environment at 23 °C + 5 °C.  An ambient temperature
sensor must be placed on the same plane as the test samples, 30 to 60 cm from the nearest sample.

b. BladeTerminals are made to production intent design and base material and plated with silver per SAE
J2366-1. For purposes of validating the 42 volt battery interface, cable size is 32 mm? to 35 mm?.
(Cable size must be recorded) Crimp samples to the manufacturer.s nominal specifications. Test leads
are 200 mm long.

¢. Number each terminal pair. Then record crimp height and width of a representative group of samples
of each terminal.

d. Complete the Engage/disengage Conditioning Procedure per 5.2.1 if it has not already been done on
this sample set as part of earlier testing.

e. Measure and record the voltage drop across 75 mm = 3 mm of the conductor to be used for the test,
using the expected Maximum Current Capability of the TUT in combination with that conductor size
and insulation type.

f. Millivolt readings may be taken by attaching sense leads or by probing with test probes. Choose
preferred method of taking voltage readings (soldered/welded test lead or probe), and record the
method chosen. Attach the millivolt leads (if used) to the terminals as shown in Figures 2 and 3 as
applicable. Attach the thermocouples to the hottest external point of each mated pair (usually on the
Receptacle Terminal). Experimentation may be needed to locate the point of maximum temperature.
All millivolt leads and thermocouple leads must be no larger than 0.22 mm? (24 AWG) wire. Attach
conductor ends of the sample assemblies to form one continuous series circuit from sample to sample.
Attach the assembled circuit to a non-conductive surface, such as wood or high temperature plastic,
leaving a minimum of 50 mm between test samples.
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DC Power Supply Current Shunt
DMM @DMM@
R + =
0.060 mm
(30 AWG)

See Detail — Figure 3

= el T

NOT TO SCALE

FIGURE 2—CURRENT CYCLING TEST SET-UP

I
=
1]

Male terminal buss bar
per male terminal specification

Thermocouple
attachment point

T) (probe or solder/weld
sense lead)

To power supply To power supply
or next sample (+) or next sample (-)
J
=
A—J>75 mm =+ 5.0
60 mm £ 5.0 —
between terminal
contact points rt—— 400 mm £ 10.0

cable length between terminals

17.0-30.0 mm

— T, {probe or solder/weld
sense lead)

NOT TO SCALFE

FIGURE 3—Typical Test Sample Arrangement
NOTE— This test may be interrupted once every 5 days to accommodate weekend laboratory hours
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