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1. SCOPE

This specification defines test methods and performance criteria for ultrasonically welded wire-to-terminal bonds as shown
in Figure 1. This specification subjects parts to environmental exposures to simulate a lifetime of field exposure for a road
vehicle. Exposures referenced in this specification include thermal shock, temperature humidity cycling, and mechanical
stress. This specification is intended to evaluate the strength and performance of the interface between wires and the
electrical terminal pad. The graphics used are specific to the linear weld type of process equipment. Validation of the terminal

is a separate task (refer to a component validation test such as SAE/USCAR-2).

If the weld under test (V
automotive use, the teg
actual conditions encol

Vehicle and product co
1. Applicable use: Thi
used in road vehicl
or high (to 1000 VA
500 mm where a W

the terminal at the ¢
applications per a {

Figure 1 - Wire-to-pad weld configuration

VUT) is different than described in this section'or is subjected to conditions b
t sequence may not be applicable. Ensure that parts used in other conditio
ntered.

hditions applicable to use of this specification are:

s specification is applicable whére the wire and terminal are part of an elect
es at ambient temperatures from -40 to +150 °C. Applied voltage may be e
C or VDC). USCAR-38 applies to all wire lengths and includes a special te§
eld is done after anather component has been assembled to assess poten
ther end of the wire-Wire harness makers typically will be given the respons|
tatement in the.applicable engineering statement of work.

The procedures described are applicable to buss, terminal, or device conne
ptions, eemprising either single or multiple wire terminations. Designs wit

eyond what is typical of
ns are validated for the

ical connection system
ther low (0 to 60 VDC)
t for wires shorter than
tial process damage to
bility to track short wire

ctions, including eyelet
h and without crimped

vv;rU UUIIf;HuIat;UI 1S FUI Illu:t; vv;IU vaIdo, 12 U1 vale vv;IUo ;o pleUIIUd o;llue having over 12 WireS

increases the cost and complexity of the weld. A design review is recommended for welds having over 12 wires to see
if splitting the splice into smaller pieces is a better choice. Welds of 220 wires are not applicable (because welds of that
complexity require equipment capability assessments beyond the scope of USCAR-38). The ratio of the smallest wire
size to the total weld cross-sectional area is recommended to be at least 1:10 (i.e., the smallest cable must be at least

2. Applicable designs

and battery termin

insulation wings ar¢ applicable.
3. Applicable multiple

10% of the total cross-sectional area of the weld).
4.

Applicable wire: This specification was developed using clean, bare, uncoated, stranded automotive wire. Wire with tin

coatings, applied lubricants, or contamination is known to affect the mechanical and electrical performance of ultra-
sonically welded cable terminations, and are not applicable to be evaluated per this specification. USCAR-38 is not
applicable for wire-to-wire splice welding (USCAR-45 is applicable).
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Applicable wire sizes and types: Copper wire sizes between 0.22 to 150 mm? per ISO 6722-1 or ISO 19642-3 and

aluminum sizes between 0.5 to 150 mm? per ISO 6722-2 or ISO 19642-4 are applicable. Other wire types may be tested
but cannot claim compliance. Examples of “other” wire types are compressed core, compacted core, solid wire core,
and center strand materials other than copper, copper alloy, aluminum, or aluminum alloy. Examples of different center
strand materials are copper-clad or steel-center-core wires.

The validation process described applies only to linear ultrasonic welding, typically with pressure, energy, and amplitude

set as inputs and weld time controlled by limiting energy based on “feedback” from process monitoring sensors. Using
process feedback assures the energy-per-weld is maintained. If the equipment used to make samples for USCAR-38
testing is different from this description, this specification may need to be modified or may not be applicable.

1.1 Conformance Re¢
To claim conformance {
must be traceable to a
stranding, actual cable
must be detailed in the

1.2  Ultrasonic Weld

1.2.1  Ultrasonically \
1. Mechanical bond s

2. Electrical connectig

3. Consistent weld atfributes and parameters (characterized by these attributes, with some shown

quirements

o this specification, the weld characteristics used to ultrasonically terfminate
satisfactory SAE/USCAR-38 test report. The specific cable and component
cross-sectional area, component base material, and thickness as well as
report.

Characteristics

elded termination bond performance is characterized by:

rength (measured by cable-to-component tensile and peel strength).

n quality (measured by cable-to-companent resistance or voltage drop).

b cable to a component
configuration (including
the tooling description)

in Figure 2).
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cIPMMUOwY

Strip length

Weld bond length

Weld bond width

Insulation crimp height

Insulation crimp width

Wire brush limit

End of insulation limit

Wire prep (strip length and alignment)
Weld bond height

Weld position
Terminal position limit

Cable part number

Terminal part number

nAOTOZZM X

Tooling profile or part number
Number or cables being welded
Wire core material (plating on wire)

Welder manufacturer and model
Welder supplier part number for horn, anvil

and gathering blocks, and fixture

A
A 4

NOTE: This graphic shows process and.guality parameters. See Appendix C for a list ¢

pafameters recommended to.develop the correct tooling and process settings.

Figure 2 - Key parameters of the wire-to-pad configuration

2. REFERENCED DQCUMENTS

2.1 Normative Refer¢nces (required to perform tests)

SAE/USCAR-2

SAE/USCAR-21

Performance Specification for Automotive Electrical Connector Systems

' Q Iy . c P BB : ' P e
PC 10TTTIANUE OpPCULIILAdUUIT TOT LdDIC=10= TTTITINal IetUital LIPS

2.2 Informative References

SAE J1128

SAE J1127

ISO 6722

ISO 19642

AIAG

Low Voltage Primary Cable
Low Voltage Battery Cable
Automotive Cable
Automotive Cable

Measurement Systems Analysis Reference Manual

f “design”
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2.3 Test Request Documentation

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

Note that sample groups with different weld dimensions need be tested per the method of Appendix D. Care must be taken
to identify all samples correctly with the process settings used to weld them. Note that the selection of the process settings
to be tested are not controlled in this document; selection of settings is done prior to submitting samples for USCAR testing.

No specific format for the report is required, as long as the required information is provided. Since some customers have
requirements for specific report formatting. it is recommended an agreement on report format is made before testing.

3. GENERAL REQUIREMENTS
3.1 Record Retention

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

3.2 Sample Documenptation
All test samples shall bg identified in accordance with established (i.e.,lSO or AIAG) policies and pfactices.
3.3 Sample Size
Minimum sample sizeq are given for each test in this specification in Table 9. No part or device nay be represented as
having met this specifi¢ation unless the minimum sample-size has been tested and all samples of the group tested have
met the applicable accgptance 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 représent that this specification has been met.
3.4 Default Test Toldrances

Default tolerances, expressed as a percentage of the nominal value unless otherwise indicated, ar¢ shown in Table 1.

Table 1 - Default test tolerances

Description Tolerance Description Tolerance
Tlemperature 13 °C Length 5%
\{oltage 5% Time 5%
Current 5% Force 5%
Resistance 5% Relative Humidity 5%

3.5 Test Default Conditions

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

1. Room Temperature: 23 °C +5 °C

2. Relative Humidity: Ambient

3. Voltage: 14.0 VDC + 0.1 VDC
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3.6 Equipment

Table 2 highlights specialized equipment or devices, with accuracy requirements, used for USCAR-38 testing. Neither Table
2 nor the list in each test section is all-inclusive; items of customary laboratory equipment and supplies will also be required.
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.

Table 2 - Equipment list

Description Requirements
DC Power Supply (Rggutated) 0~20-VTurrentsizedas required
Micro-Ohmmeter 20 mV maximum open circuit voltage

100 mA maximum test current
0.01 mQ resolution

Digital Multimeter (DMM) Capable of measuring 0.001-50 VDC
with accuracy of 0.5% of measurement

Millivolt Meter Capable of measuring 0-100 mV DC
with accuracy of 0.5 mV
Thermocouples Type “J” or “T” as required (wiresize ~0.08 mm)
Force Tester Capable of an accuracy of 1%.0f measurement
Thermal Shock Chamber -40 to 150 °C + 3 °C (in 5{minutes or less)
Oven (alternate to thermal shock +150°C+3°C
chamber)
Temperature Chambdr (alternate to -40°C+3°C
thermal shock chamber)
Video/Photography Equipment As requjred:to make clear pictures, including cross-sectioh micrographs

3.7 Definitions and Abbreviations

A list of definitions is in[Appendix A. A list of abbreviations used in this document is in Appendix B.
3.8 Measurement Rgsolution

Unless otherwise specified, meters and gages used in measurements of the test sample(s) shall b¢ 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 pethe same as one specified as 0.10 mm, calipers capable of 0.01 mm regolution may be used to
measure the first wire but a micrometer with 0.001 mm resolution is required to measure the second wire.

3.9 Test Repeatability and Calibration

All equipment used for testing shall be calibrated and maintained along with periodic gage “R&Rs,” in accordance with
individual test facility certification requirements and applicable standards. The AIAG publication “Measurement Systems
Analysis Reference Manual” can be used as a guideline. A list of instruments and equipment used for the USCAR test, date
of the last calibration, and when the next calibration is due is to be included in each USCAR test report.
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4. TEST PROCEDURES AND ACCEPTANCE CRITERIA

4.1 General Testing Requirements

The test procedures in this section are stand-alone tests and may be used as such. However, they are normally used as a
sequential test. Knowledge of test group construction is required to overcome any redundancies in sample preparation or
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. The general testing requirements are:

1.
drawing(s) of the p

rt.

Part submitted for test shall conform to the dimensional characteristics specified on the applicable engineering

evelopment, prototype, or production part may be submitted for test "

5 submitted for test by description, part number, and revision level where ap

Parts must be representative of the process used in production. For example, terminals may ha

ne condition must prevail for test samples. (Similarly, ifthe terminal for the W

to remove the plating or coating or to clean the samples prior to performi
onal processes are a documented part of the velume production weld pr|
b cleaned for the same reason.) Equipment and<4eoling used to make samp

intent. This is critical since ultrasonic welding is sensitive to procéss and material conditions.

2. Any engineering (¢
documented.
3. Identify the sample
4.
on them so this sar
it is not permissible
unless these addit
insulation cannot b
5. USCAR recommer]

beyond the scope ¢
4.2 Visual Inspection
421 Purpose
This test is used to do
environmental conditio
can be accomplished u
4.2.2 Sample Size

Size will vary dependin

ds that samples submitted for test be prepared per Appendix C. However
f this document and any properly documented samples may be tested.

cument the physicalfappearance of test samples and to assist in the eval
hing on test samples/using descriptions, photographs, and/or videos. Exan
5ing available lighting in the lab.

j on_configuration. See Table 9.

423

rovided the design is

plicable.

e residual die lubricant
UT is plated or coated,
ng the welding process
bcess. Cable core and
es must be production-

sample preparation is

uation of the effects of
inations in most cases

Equipment

1.

Photographic equipment able to take general and cross-section micrograph pictures.

2. Video equipment able to take general component pictures.

4.2.4 Procedure

1.

If inspection is being done prior to testing, examine the weld bond area per the criteria in 4.2.5. Note any manufacturing

or material defects such as poor wire-to-weld transition, loose strands, cut strands, or long strands that interfere with
component function. Take photographs and/or video recordings of one representative sample to be tested and keep as
an untested part sample. (Only one photo is required for the WUT. The photo step does not have to be repeated even
if called for in different test paths.)
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2. If inspection is being done after testing and/or conditioning, re-examine each test sample and note in detail any
observable changes such as physical distortions, cracks, etc. Compare the tested and/or conditioned samples to the
control sample, the videos, and/or the photographs, recording any differences in the test report.

4.25 Acceptance Criteria

All samples submitted shall meet the criteria of this section and not show any defect described in Table 3. If the component
supplier’s appearance requirements are stricter than those specified, then the component supplier requirements shall apply.
Note that the descriptions are generic and specific terminals will need to have customized quality criteria developed and
agreed to by the customer. Figure 3 illustrates an ideal weld bond and Table 4 illustrates acceptable but not ideal weld
bonds for reference. The criteria given are based on weld bond robustness only and do not consider application-specific
failure criteria related to part appearance or interference with neighboring parts.

ON AN IDEAL WELD:
o All strands are welded.
e Weld bond is contained:by’terminal (w/{ clearance on sides).
e All wires reach the end-of the weld nugget.
e Strands beyond the‘weld nugget do nof interfere with
functional areas hearby (terminal, eyelgt, heat shrink, etc.).
¢ Bond has no scorching, foreign materigl, or contamination.

Figure 3 - Ideal weld bond appearance
1. General Appearang¢e and Function
The welding operatfjion shall not change the terminal such that it interferes with device function.|Weld must not result in
interference betwegen wire and covers, eyelet studs, or parts added in follow-on operations. A|design review must be
performed separat¢ from this test to assure nointerference is possible with mating componentg at all tolerances.

2. End of Wire Core

a. Insealed appli¢ations, the end.of the wire core shall not present any sharp surfaces that maly damage a seal during
a connector agsembly or-s€al application processes. Customer and supplier determine ywhat test is applicable.
USCAR-2 provjdes tests'te validate sealing that may be applicable.

b. Strip length shall bessufficient to keep cable insulation out of the weld area and be long enough to allow wire strands
to extend to the_end of the weld area.

3. Insulation Grip

For single-wire welds, the insulation grip (if present) shall meet the criteria in SAE/USCAR-21, 4.2.5, Step 8 for general
visual appearance and 4.3.5, Step 3 for cross-section attributes. (The insulation grip adds strain relief to the weld bond.
Terminal makers are encouraged to provide insulation grips for terminals that have a total wire cross section of 6 mm?2
or smaller. The insulation grip moves the point of highest stress between welded and un-welded wire strands away from
the weld bond area.)

For multi-wire welds with an insulation grip present, apply the inspection method of USCAR-21, 4.2.5, Step 8 and 4.3.5,
Step 3. Any cable can be used provided it is a production-intended wire for the application.
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4. Cable Appearance

Poor cable conductor appearance, prior to welding, is known to result in inconsistent welds. Aluminum wire has been
noted as highly sensitive to changes in appearance. Consistent samples are recommended.

5. Individual Cable Seal and Mat Seals

USCAR-21 criteria for visual inspection criteria shall be met for single wire terminations, if applicable. Sections 4.2.5,
Step 10 and 4.3.5, Step 4 apply to samples with cable seals. Section 4.3.5, Step 5 applies only to mat seal designs.

Table 3 - Weld bond appearance requirements

A ppearance Attribute

Requirement for USCAR-38

Weld nugget length cannot/be shorfened due to wire
placement under horn. (hhis applie$ to the nugget
overall; individual strands do not hajve to go to horn end
or be exactly the same length.)

No.teoling marks are allowed off th¢ weld pad. See Table
4, item B for information on transitignal marks.

= T

C) Insufficient side|clearance

Terminal pad must extend 1.0 mm ¢r more beyond the
nugget on both sides to allow for clamping.

NOTE: Deviation requests are common on this topic and
need a case-specific asses$ment.

Loose strands are not allowed. See| Table 4, item D for
instructions for manual trimming.

Cut, broken, or missing strands are allowed within the
limits of Table 5. No broken strands are preferred as a
demonstration of process robustness.

F) Strand cut or missing before weld

Requirement removed. (The condition of strands before
weld is not inspected by the test lab; good samples are
expected.)



https://saenorm.com/api/?name=22e9524ef1c77fdbc91ef36c7a184445

SAE/USCAR-38 REVISION 2 Revised 2023-07
PERFORMANCE SPECIFICATION FOR ULTRASONICALLY
WELDED WIRE TERMINATIONS -12 -

Appearance Attribute Requirement for USCAR-38
G- EEETE

/ e 1 il

Looped wires are not acceptable. See Table 4, item G for
information on how looped wires can be pushed back.

Insulation must end before weld bond starts. Individual
insulation filaments are allowed under the weld. (The
yellow line that shows where the horn overlapped the
;Ilbuidt;ull IUbuitillg ill d chﬂbt.)

Requirement removed. Disgoloration by scorching is
allowed. However, if there-is discolgration in addition to
other concerns with.therweld, the discoloration may be
considered as eviderce of overwelding. (Overwelding is
not acceptable.)

I) Strands scorcheg in weld bond

Incoming-strand condition is not applicable to the weld
validation. The condition of strands |before weld is not
inspected by the test lab; good samples are expected.

J) Contaminated sjrands

Bond location must not interfere with terminal’s function.
. pu— Strand ends must be within marked| limits for bond
T \ location if present on terminal.

On multi-wire applications where the WUT has an
insulation grip, the end of the insulgtion must be visible
between the weld bond and the insjilation grip.

On multi-wire applications, wires may not fold or shift due
to the insulation wings.

M) Wire folded in crimp

Requirement removed. (The condition of strands before
weld is not inspected by the test lab; good samples are
expected.)

N) Oxide on wire (aluminum wire)
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_Appearance Attr.i_bute Requirement for USCAR-38

No visible spalling, fracture, or separation of the nugget
(typically only a concern on aluminum).

No cracks or damage allowed to terminal box or beams
(ciﬂlcl oftermimatunder-testorterminal at other end of
wire being welded). Sections 4.8 arjd 4.9 have related

testing.

P) Damage to the ferminal being welded

On multi-wire applications, brush lepgth cannot vary
more than 4.mm between strands df different wires and
must be within marked position line|if present.

Q) Multi-wire brush length variance is excessive

N
=

On multi-wire applications, the radius at the transition of
multi-wire welds must be 0.5 mm mjnimum (to avoid the
“waterfall” condition).

R) Multi-wire bunching radius too sharp
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Table 4 - Acceptable but not ideal weld bond attributes

Reference to Similar Part
That is Not Acceptable in
Appearance Attribute Details on Part Acceptability Table 3

A radius knurl (or other transition tooling) off

the weld pad is allowed. Part B
A) Weld is partially offf the weld pad

!Dart_ially welded strand is allowed, provided it Part D

is clipped.

Loops above the outside diameter of Part G

insulation are allowed if pushed back.

C) Loops out of nugggt but not stray

NOTES:

This section is provided ap a reference to identify acceptable parts. Each application is different, however, and will have unique
requirements that supersgde this section.

1. The above are acceptable based on weld\bond robustness and electrical stability. They do not suggest idepl samples.

2. This section does not gonsider appli¢ation-specific failure criteria such as how the weld may interfere with neighboring parts or
sealing sleeves.

3. Customer requirements aresused to define the part-specific criteria. It is common for additional criteria to exist based on the specific
customer’s application|.

4. Weld relative position is not a criterion for weld acceptance. The applicable requirement is that the validated weld must be defined
by position and that position must be controlled in production.
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Table 5 - Allowable broken or missing strands

Strand Count on Cable®

Broken or Missing Strand

Limit

1 to 7-strand cable

0 broken or missing strands allowed

8 to 19-strand cable

Up to 1 broken or missing strand allowed

20 to 37-strand

cable

Up to 2 broken or missing strands allowed

38 and higher strand count

using visual inspection to assess the out
weld®@,

Up to 5% of total strand count can be broken or missing,

ermost layer of the

NOTES:

() “Strand Count” applies

@) Having 5% of strands
However, a design wit|

4.3 Welded Termina
4.3.1 Purpose

Cross-sectional analysi
The cross section is c(

diagnostic aid in determining why a weld termination fails a portion:of this test. Failure to pass the el

requirements of this sp
by visual appearance u

4.3.2 Sample Size

Two samples are calleg
4.3.3 Equipment

Cross-sectioning equip
4.3.4 Procedure

1. Photograph the we

to individual cables. For multi-cable welds, evaluate each cable based on strand’co

Missing indicates poor processes and should not be tolerated due to the bad-workm
h 5% missing strands is known to perform acceptably. (NOTE: This was-demonstrat

ion Cross-Section Analysis

5 provides direct evidence of a strong and uniform.mechanical bond needed
mpared to known good cross sections as a means of direct evaluation. It

bcification may be caused by insufficient or excessive weld bond compactio
nder 10X magnification.

for. Only one sample is sectioned. The other is retained for reference.

Mment capable of sectioning the weld with minimal disturbance to the termina

d bond.

Lint in that specific cable.

nship it indicates.
d on copper wire only.)

o assure bond function.
May also be used as a
bctrical and mechanical
h and may be identified

and cable stranding.

2. Make a cross-secti

as possible. Make the

cross-section cut as near to the midpoint of the welded bond as possible. In Figure 4, the vertical “section line” shows
where to perform the cross section on the part.


https://saenorm.com/api/?name=22e9524ef1c77fdbc91ef36c7a184445

SAE/USCAR-38 REVISION 2 Revised 2023-07
PERFORMANCE SPECIFICATION FOR ULTRASONICALLY
WELDED WIRE TERMINATIONS -16 -

Figure 4 - Location of cross-sectional cut (center of weld, in valley)

3. Photograph the crgss section.

4. Measure the area|of the wire core cross section after weld as described in Figureys. Not|all cross sections are
rectangular. Use measuring methods appropriate to the design geometry.

5. Calculate the ratio pf final-to-initial wire cross-sectional area per Equation 1. Toycalculate the initial wire cross section,
measure the area ¢f any individual strand and multiply by the strand count{(or calculate per th¢ weight method in ISO
6722-1 or ISO 19642-1). Fully surrounded air gaps are counted as part ofthe final area.

C(%) =§* 100 (Eq 1)
where:
C = compaction Jratio (%)
F = cross-sectional area of wire and trapped airafter weld

A = wire cross-gectional area before weld

Calculations for sample at left per Equation {1

Weld Area '|2.18Tmm”
Area before crimsing 11.496mm*

F = Wire cross-sectional area after weld = 1R.187 mm?2
A = Wire cross-sectional area prior to weld ¥ 11.496 mm?2
C = Compaction Ratio = 106%

F is calculated using commercially available| software.

A £ - o £l | ol iH
MITA UT'T 1o OSlTUWIT do U1C VUATU UULITIT.

Figure 5 - Cross-sectional compaction calculation
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435

1.

Acceptance Criteria

The cross-sectioned weld bond shall have all strands in contact with either the weld pad or other strands. No unwelded

strands are allowed. See Figure 6 for a cross section of an ideal weld (having slightly compressed strands and all
strands in contact with the surface). Entrapped air gaps are acceptable and expected (which explains ratios over 100%).

2. The ratio of final wi
should be highlight
3. For multi-wire weld
4. For multi-wire weld
based on a visual &
5. For terminals with

identified as permit

NOTE: Applied cable
SAE/USCAR-2

4.4 \Weld Bond Tens

441 Purpose

Figure 6 - Ideal cross section: illustration (left) and photograph (right)

re area to initial wire area should be close to values in Table 6.Significant
bd in the report. It is recommended that the reason for large yvariances be ur

Table 6 - Ratio of initial wire area to final wire area

Wire Type TypicalRatio
Copper Wire 107%
Aluminum Wire 88%

ssessment.

sidewalls, strands on an -edge of a weld nugget shall contact terminal sidew
ed on the terminal drawing. (The center of a nugget may be above the side

Seal retention is‘assessed as a separate test. When an applied cable s
1 Section 4.6

le and Peel Strength

variances from Table 6
derstood.

5 with sidewalls, the total cross-sectional area shall be contained within the {erminal sidewalls.

s, the weld section shall not have-a large imbalance between the right and left sides of the weld,

alls, unless specifically
vall height.)

bal is present, refer to

This test provides a method to measure component-to-cable retention of weld bonds in tensile and peel conditions. Tensile
test applies to all welds, but peel applies only to wires <6 mm? (bond peel strength is not meaningful for wires 6 mm?2 and
larger since the terminal will bend before the peel occurs, resulting in a condition where the test cannot be completed).

442 Equipment
1.

2.

Device capable of measuring weld bond dimensions (caliper, etc.).

acceptable to make the samples with the insulation grip not crimped to avoid this step.

De-crimping tool or other suitable means of opening insulation grip wings without damaging the weld bond. It is

Force tester with appropriate fixture(s). Fixture design and setup is dependent on the specific WUT.
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4.4.3 Samples
4431 Peel Test Samples

Two samples for each weld group are tested per Table 10. Only terminals welded to wires smaller than 6 mm? are tested;
6 mm? and larger wires are evaluated using minimum weld width recommendations. For multiple wire terminations, see
4.4.5 to determine if additional samples need to be tested per test path B2 of Table 9.

4.4.3.2 Weld Bond Tensile Samples

One hundred samples are tested per Table 9 column C1. For multiple wire terminations, see 4.4.5 to determine whether
additional samples need to be tested using test path C2 of Table 9
4%
&

1. Check to see if an [nsulation crimp is present and closed. If closed, open the crimp V\Q?a suitaple tool so that the peel
force will reflect only the welded conductor. Visually inspect the de-crimped areagy sure thaf none of the conductor
strands have been|damaged. Do not test any specimens that have damaged con ctor strandg.

O
NOTE: An insulatign grip is recommended for welds with 6 mm? and sma@(wires.

444 Peel Strength Test Procedure

2. Measure and record the conductor weld bond height, width, and %ngth. Measure and recprd all process setting
parameters and mgchine feedback results (weld time and weld height, typically) as available.

3. Load sample in tegt fixture. Remove slack in cable to preve t’@orrect test results due to “jerking.
4. Perform peel test gn smallest and largest individual wi@gﬁ applicable, for multi-wire welds uging separate samples.
Apply a force at an|angle of either 90 degrees or 1 egrees to the direction of the welded wire(s) at a rate between
50 and 250 mm/mip. Measure and record peel foqig equired to separate the wire/cable from the component for each
specimen under tesgt. ‘\\C)

Figure 7 - Peel strength test showing 180 degree peel setup
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445 Tensile Strength Test Procedure

1. Open insulation crimp if the WUT has an insulation grip to allow the tensile pull force test to be performed on leads with
the insulation grip wings open (not crimped).

2. Place WUT in fixture and remove slack. Test only on taut leads; remove slack in cable before performing test. This
prevents incorrect test results due to “jerking.”

3. Measure and record the conductor weld bond height, width, and length. (See Appendix C for guidance on design of
weld configuration.)

4. Confirm the insulatjon grip is open. If not, open it with a suitable tool so that the pull force will reflect only the welded
conductor connectipn.

5. Visually inspect thg de-crimped area to ensure that none of the conductor strands have been damaged. Do not test any
specimens that haye damaged conductor strands.

6. Apply an axial forcg at a rate between 50 and 250 mm/min (100 mm/min is recemmended) angdl pull to failure. Record
the peak value for ¢ach sample. Calculate and record average and standard deviation for each|group.

a. For multiple-wite terminations with conductor sizes all within one siz€ step, pull the smallest gonductor (for example,
for a 0.35/0.50|double, pull the 0.35 mm? wire).

b. For multiple tefminations with conductors more than one wife size apart, pull one of the gmallest and one of the
largest size cables. Use a new specimen for each wire pulled. See Figure 8 for a typical lalj setup.

Examples of testing requirements with multiple terminations greater than one wire size apart:
a. For a double wjre 0.5 mm?/1.0 mm?: Pull both.wires since size differs by two wire sizes.
b. For a triple wirg¢ 0.5 mm2/1.0 mm2/2.0 mmZ2;)Pull the 0.5 mm? and the 2.0 mm?2 wires (largegt and smallest).

c. For a triple wirg 0.50/0.50/2.0 mmZ2-~Rull one of the 0.5 mm? and the 2.0 mm? wire (largest gnd smallest).

Figure 8 - Tensile strength test showing multiple wires pulled individually
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7. Calculate the lower 3 sigma limit for the 40 pieces made with nominal settings. Record the result.

8. ldentify and record where each strand broke: (1) at transition, (2) in cable, or (3) in test equipment fixture.
446 Acceptance Criteria

1. Based on the sample size, select the applicable condition in the following:

a. For tests with sample size of 30 or more, the “mean minus three standard deviations” of the pull value shall satisfy
Table 7.

b. For tests with sample size under 30, all samples in the test group shall satisfy Table 7

NOTE: If a WUT fails due to terminal failure prior to meeting the minimum pull force per’ Table 7/Appendix F, this
terminal is jnappropriate for this wire and the application is not acceptable.

2. Peel strength shall|satisfy Table 7.
3. The weld width shdll satisfy Table 7 (for single wire welds) or Appendix F (for multi-wire welds) [to be compliant without
additional review. |f a sample does not meet the width in the tables, WUT must be reviewed to understand how
mechanical strength is achieved despite the nontypical weld pad construction. The WUT is [approved if the expert
assessment is that|the weld design is robust.

NOTE: Nonconforming weld widths are at an increased chance offailing other tests.
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Table 7 - Pull/peel requirements and weld width
Copper Wire® Aluminum Wire®)
Pull Min Peel Weld Width Pull Min Peel Weld Width
Wire Size® Strength(®) Strength®) Range®) Strength(®) Strength®) Range®)
(mm2) (N) (N) (mm) (N) (N) (mm)
0.22 50 10 0.5-1.0 X - -
0.35 55 11 0.5-1.0 X - -
0.50 85 17 0.5-1.0 50 10 -
0.75 120 24 0.5-1.0 85 17 -
1.0 170 34 1.0-1.2 120 24 -
1.5 225 45 12-18 150 30 -
2.0 450 50 1.8-2.5 180 36 -
25 375 55 1.8-2.5 200 40 -
3.0 350 70 3.0-3.6 240 48 -
4.0 375 75 3-5 260 52 -
5.0 400 80 3-5 280 56 -
6.0 435 - 4-6 300 - 4-6
8.0 500 - 4-6 350 - 4-6
10.0 §00 - 6-10 400 - 6-8
12.0 1000 - 6-8 450 - 6-8
14.0 1025 - 6-8 500 - 6-8
16.0 1050 - 8-10 550 - 8-10
18.0 1100 - 8-10 600 - 8-10
20.0 1200 - 8-10 650 - 8-10
25.0 1350 - 10-12 850 - 10-12
30.0 1500 - 10-12 1000 - 10-12
35.0 17100 - 11-43 1200 - 12-14
40.0 1850 - 11-13 1400 - 12-14
50.0 2200 - 13-16 1650 - 14-17
60.0 2200 - 13-16 1800 - 17-19
70.0 2400 - 16-20 1880 - 17-21
85.0 2100 - 18-22 2000 - 18-22
95.0 3000 - 18-22 2050 - 19-25
110.0 3200 - 18-24 2150 - 19-25
120.0 3400 - 20-28 2200 - 22-30
150.0 3600 - 28-36 2350 - 30-38
NOTES:

() “X” in tensile strength column indicates insufficient experience with this size to determine a limit.

(2) Sizes listed are per ISO 6722 or ISO 19642. For intermediate or non-ISO wire sizes, use criteria for the next larger size or

interpolate the table values.

() Select “Copper” or “Aluminum” based on the wire type only; do not consider the terminal material.

“) “Peel strength” is a requirement only for wires smaller than 6 mm2.

®) For multiple wire welds, use Tables F1 and F2 in Appendix F.

6) Pass or fail is not directly determined from the table value for sample size 230. Values shown in the table are used to compute weld
tensile strength lower 3 sigma limit described in 4.4.5, Step 7.
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4.5 Accelerated Environmental Exposure (Thermal Shock) Conditioning

451 Purpose

This environmental conditioning procedure details the requirement for establishing the functional performance of electrical
and electronic components when subjected to alternating high and low temperature environments. Rapid transfer between

the two environments tests the component’s ability to withstand drastic temperature changes.

NOTE: Humidity exposure, used to test other components, is not considered a significant environmental stress for
ultrasonic metallurgical welding and is not used.

452 Samples

At least ten specimens|for each WUT shall be tested per Table 9.
4.5.3 Equipment: Thermal Shock Chamber

454 Procedure
1. Set chamber contrgls to the temperatures and dwell times shown in Figure 9. Set the number of cycles to 72.
2. Allow the chambers sufficient time to achieve the programmed température.
3. Place the sample group(s) in the chamber.

4. Start the test program.

4"' I-— 5 Minutes max.

125C T

-40°¢ 5 Minutes max. - T
-=—— 30 Minutes ro- iy 30 Minutes4j

— 1 Cycle

Figure 9 - Thermal shock chamber temperature profile
5. When the 72-cycle test program is complete, shut off the thermal shock chamber and remove the sample group(s).
6. Record the actual operating temperatures, actual dwell times, and any test irregularities and include in the report.
4.5.5 Acceptance Criteria

This is a conditioning procedure and therefore has no criteria. The acceptance criteria are applied in other tests of the
sequence as shown in Table 10.
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4.6 Deleted (formerly Vibration Test)

The vibration and mechanical shock section has been deleted based on evidence that vibration does not cause a welded
terminal to fail. However, vibration from the weld process can cause failures so an added inspection to detect welder-
induced damage (from close welds on the same wire) has been added as 4.8. This inspection can be considered the
functional replacement for 4.6.

4.7 Electrical Resistance Measurement (Dry Circuit and Voltage Drop)

471 Purpose

This procedure describes how to measure electrical resistance of cable/wire to component. Two methods are provided:

1. For total cable corg cross-sectional area <6 mm2, use dry circuit method.

2. For total cable corg cross-sectional area >6 mm?2, use voltage drop method.

4.7.2 Sample Preparation

1. A sample length of|150 mm is recommended; however, any length >100 mmis acceptable as Igng as there is no effect
on the weld bond. The same length shall be used for all deduct specimens"Exception: Productipn-intent configurations
under 500 mm must be prepared in production configuration.

2. Prepare the resistgnce measurement point(s). For single cable-welds, prepare a point on the |cable 100 mm £ 3 mm
minimum from the [rear edge of the terminal conductor grip, (or end of pad if there is no grip) by applying solder to
stripped wire at Point C per Figure 10A or 10B as applicable:*(Use of a measurement point >100 mm is acceptable as
long as the measlirement length is consistent for all_samples.) For welds comprising mulliple cables, prepare a
measurement poin{ on each cable 6 mm? or smaller (for,dry circuit measurement). Electrically jo|n all cables over 6 mm?
to form points C and D per Figure 10B (for creation of‘voltage drop measurement point).

3. Apply solder to the|cable/wire(s) stripped in Step 2. Solder helps to obtain consistent measurement readings.

4. Note that Table 9 ipstructs to prepare three deduct specimens for each WUT. Using the three samples, apply solder to
the weld-to-termingl interface to simutate’parts with no electrical resistance in the bond. Mark thgse as “deduct” samples
for calibration used|in 4.7.4, Stepsi4,"5, and 6.

4.7.3 Equipment

1. Micro-ohmmeter pgr Table 2. Applies to dry circuit method.

2. DC power supply (

3. Digital voltmeter. Applies to voltage drop method.

NOTE: Not all equipment is needed. Select equipment based on which method will be used.
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474

1.

Procedure

Perform a visual inspection of components per 4.2.

Ensure samples are thoroughly dry but otherwise untouched; cleaning or rinsing of corrosion products is not allowed.

Place samples as instructed below, depending on type of test being performed.

DRY CIRCUIT: Place samples on measurement surface individually and minimize the movement of samples.

VOLTAGE DROP:

Place samples in series, powered as a single circuit.

Ensure points “B” g
or welds are accep

For each deduct sf
Figure 10A or Figu
the meter specified
drop in mV betwee|
mV/A = 1 mQ. Cal
points per 4.7.2, St

Using the same me
required measuren

The weld resistanc
deduct samples mq
under test measurg

nd “C” are accessible on all samples (split bolts, eyelet terminals crimpedth
able methods for connecting samples in series).

ecimen made in 4.7.2, Step 2, measure and record the resistance’'between
re 10B, as applicable for test type. If dry circuit method is usedimeasure r
in4.7.3, Step 1. If voltage drop method is used, calculate resistance by meas
h Point B and Point C using the meter per 4.7.3, Step 3, Calculate resistan
Culate the average of the three deduct samples and record. Repeat for all
Eep 2.

asurement method as in Step 4, measure and record the total resistance on
ent points.

b is equal to the total WUT resistance measured in Step 5 less the resistang
asured in Step 4. Reminder: The deduct specimens measured in Step 4 mu
d in Step 5. The only difference isithe solder on the weld bond of the deduc

e end of the specimen,

Point B and Point C of
psistance directly using
uring amps and voltage
Ce using the equation 1
required measurement

all WUT samples at all

e of the average of the
5t be the same as those
samples.

A B cC D
Weld under test
\ /
vy
rall Yy ¥
|
I-
I+ 100 mm*——¥

"-_‘I|"+

Micro-ochmmeter
(4 wire system)

*Any dimension >100 mm is acceptable if the same length +3 mm is used for the
deduct sample. A and B are on the weld pad and C and D are on the cable.

Figure 10A - Dry circuit measurement points for total cross-sectional area <6 mm?
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I+ «—

Weld under test

100 mm*.

Digital multi-meter

I-

T3x3mm —————®

-

DC Power supply

*

Figure
4.7.5 Acceptance Cr

Upon completion of the
Table 8.

teria

ny dimension >100 mm is acceptable if the same length £3.fam is used for
deduct sample. A and B are on the weld pad and C and’D are on the cable

10B - Voltage drop measurement points for total'cross-sectional area 3

accelerated aging test, all samples must not exceed the resistance (mV/A

Table 8 - Allowable voltage drop or resistance

he

>6 mm?

br mQ) values shown in

Max Voltage Mpgx Change
Drop or from Initial

Wire Sige Test Voltage Test Current Resistance V|Drop or R

(mm?2)} (V) (A) mV/A (mQ)* mV/A (mQ)*
<6 <20 mV (Dry Circuit) <0.1 0.55 0.33
>6 and <12 In ‘compliance 50 0.15 0.09
=12 and <20 In compliance 75 0.11 0.07
=220 and <80 In compliance 100 0.08 0.05
230 and <40 In compliance 100 0.06 0.04
240 and <90 In compliance 100 0.05 0.03
=250 and <60 In compliance 100 0.04 0.02
260 and <120 In compliance 100 0.03 0.02
>120 In compliance 100 0.03 0.02

* mQ are displayed directly or are calculated using the equation 1 mV/A = 1 mQ. It is used for wires >6 mmZ.
* Wire size refers to total wire core area. Intermediate sizes may be linearly interpolated.
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4.8 Screening Test for Damage to Weld Bonds on the Far End of a Short Wire

4.8.1 Purpose

This is a screening test that can predict a risk of low weld bond strength and terminal damage. This test assesses whether
the WUT sends excessive ultrasonic energy through the wire, putting nearby components at risk. Damage at the far end of

a 300 mm cable has been observed, and components within 500 mm are considered at risk.

NOTE: Damage to nearby components must be evaluated on parts within 500 mm of a welded bond, per 5.2. Other
evaluations in addition to USCAR-38 may also be required by test requester.

e WUT to an identical
sides provide data on

This test indirectly eval
terminal 200 mm away
whether the first weld was or was not weakened by the welding process on the second weld.

This is a generic screening test and is not a substitute for testing the specific application in i{s exact manufacturing
configuration. Any cablg length under 500 mm must have the validation performed in thé;as-manufactured condition.

Figure 11 - Typical short cable requiring screening test

4.8.2 Samples
1. Table 9 defines hoyv many samples are fequired. A typical sample is shown in Figure 11.

2. Ultrasonically termipate on both ends-with the identical WUT on cable 200 mm long. The same ferminal on each end is
intentional. The sarne terminal eah*be used since this is only a screening test showing relative performance.

4.8.3 Procedure

1. Weld the samples asdégscribed in 4.8.2 on both sides (two weld bonds, one on each end of the|sample cable). Identify
which terminal wait-be—ﬁ%et—weld—en—eaeh—sampﬂe.—

2. Inspect for damage per 4.2.

3. Perform pull test per 4.4.5 by grasping both sides simultaneously in the fixture. Pull to failure.
4. Record the force to cause the failure and whether the first or second WUT to be welded that failed.
5. Perform tensile test per 4.4.5 on the WUT that did not break in Step 3 and record peak force.

6. Tally how many times the sample failed at the first location to be welded. Calculate and record the percentage of
samples failed at the location compared to the total number of samples.
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4.84 Acceptance Criteria

This screening test indicates the sensitivity of the WUT to damage nearby weld bonds with excess energy. Meeting the
criteria can give confidence that the weld setup parameters used will not create damage to nearby terminals in short-wire
configurations. Failure to meet the criteria does not reject an otherwise acceptable validation. The validation using
production-intent short wires must perform a full validation on the specific configuration to be put in production using 4.8.3.

1.

If the fraction of cables tested that broke on the first-welded terminal (per 4.8.3, Step 5) is 70% or more, the WUT is

deemed to be “process-sensitive” in configurations shorter than 500 mm. This is not a failure but is useful information
that predicts trouble in double weld configurations (where the second weld will negatively impact the first weld).

orce in 4.8.3. Step 4 is less than 80% of the average pull force value recor

ed in 4.4.5, Step 6 (the

2. If the average pull
one-ended termina
3. Iftheinspectionin 4

sensitive” in configyirations shorter than 500 mm.

NOTE: If a test result g
performance o
is recommend
terminal) and p

4.9 Visual Inspection
491 Purpose

This is an additional vi
process might result in

4.9.2 Samples
Prepare samples as fol

1. Group 1: Ten piecd

lion), the WUT is deemed to be “process-sensitive” in configurations shorter
.8.3, Step 2 shows any damage caused by the welding process, the WUT is
etermines that WUT is “process-sensitive,” it can predict a risk-with short cg

cables longer than 500 mm. In applications where the above criteria are not
d to lessen the energy transferred through the wire. fFhis is typically don€

rocess (welder, weld tooling or weld setting) changes) Any change requires

for Terminal Cracks

sual inspection used to compare samples made with different processes. I
the creation of cracks in parts of terminal that are not in the weld area.

ows:
s, unwelded terminals.

s, terminals-welded using production-intent process (made of samples that
m amplitude; minimum pressure, and 110% of maximum energy).

production intent pllocess, but with the damper removed. Welding is done using the same input

5, onlyneeded if a damper is used in the weld process. Group is comprised 0

than 500 mm.

leemed to be “process-

bles but will not predict
met, a process change
with product (cable or
hew validation testing.

determines if the weld

are welded using input

f samples welded using
settings as Group 2.

2. Group 2: Ten piecs
settings of: maximy

3. Group 3: Ten piece

4.9.3 Procedure

Inspect all groups for cracks using unwelded samples (Group 1) for comparison. Magnified inspection of terminal geometry
is recommended for crack observation, with optimal magnification selected in the test lab. Document any differences
between the groups (that indicate changes from processing).
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494 Acceptance Criteria
There are two modes of acceptance:

1.

WUT is accepted if welded terminals from Group 2 do not exhibit cracks or damage when compared to Group 1.

2. If a sample in Group 2 exhibits cracks, but the damper works and Group 3 does not exhibit cracks, then the WUT is
conditionally accepted, with the constraint that the damper must be used.

5. VALIDATION REQUIREMENTS FOR WELDED WIRE/CABLE TERMINATION

5.1 Requirements and Conformance Determination

Conformance to USCAR-38 requires meeting the requirements of all applicable test groups in,T.
sample size per Table 9.
5.2 Requirements fof (Short Wire) Applications

Applications shorter than 500 mm are considered special since the short length introduces the a
transferred energy to rlearby components. For these short applications, thes/exact production co

le 10 with a minimum

itional failure mode of
iguration, made in the

exact production sequs
Any terminal previously
damage per Table 3, itg
E to identify weld proce

nce must be used to perform the USCAR-38 tests; ng répresentative cable segments can be used.
welded to the opposite end of the WUT must befully re-validated with extra care taken to look for
m Q. Terminal makers performing initial validations are encouraged to perform Table 10, Sequence
sses that have an increased potential for causing damage to nearby terminals. Failing Sequence E

is often an indication thit there will be trouble validating the exact harness configuration when shorter than 500 mm.

5.3 Requirements fof Reference Validations
5.3.1  Purpose

” to a similar configuration\that passed USCAR-38 is offered to avoid repeati
be predicted. This section defines what common conditions are required.

Validation by “referencsg hg nearly identical tests

when the outcome can
5.3.2 Allowable Use pf a “Reference” Malidation

Use of a “reference” validation must)satisfy items 1, 2, and 3:

1. The reference partfthat has-already been validated has the same weld characteristics defined in 1.2.1.

2. These attributes myst-be the same between reference and WUT part: terminal part number (apd therefore same weld
pad material, plating;thickness;orientation-of-wire-to-terminah);cableapptlicationtootingand-process settings.

3. The referenced validation must have been performed to the latest level of USCAR-38 (no reference validations to back-
level specifications).

5.3.3 Exceptions

The only exception to 5.3.2 is that the cable/wire part number may be different as long as the following stay the same:
insulation outside diameter, material, compression, and cross-sectional area. Cables with more than 80 strands may differ
a total of 3% in strand count between samples on test and be considered the same. All other wires are different. (Example:
7- and 19-strand construction for a wire cannot be considered the same nor can different standards of the same size such
as SAE, ISO, and JIS wire types. These wires have different conductor core cross-sectional areas, even if the strand count
is the same and must be validated for the WUT.)
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Table 9 - Sample quantity per test group

C
.9
& 2
© < |z g
© = ©
= - - c | 3 O
. E S T z g | 2 T
Process Intensity Level for WUT S g 5 = = c fe) c
(see Appendix D) o = = = - £ & < S
[ =2 jo2 pust s > (o) N 5
© = 5 3 5 = T _ o 2
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7 © o ° © D 2o © o
2 Q 2 E =1 o
o c c c c 3 = =
= o (@} (@} o D O 2] (&}
&) 3 3] 3] ) < ¢ O £ n
Test Group A B B2 C C2 D E F G
Quantity at “most intepse” settings 2 2 30 30 50
Quantity at “nominal” gettings 40 40 10
Quantity at “least intepse” settings 2 2 2 30 30 105
Quantity (refer to 4.9.2 for details) 30

NOTES:

() Test Groups B2 and g2 are conditional. Include samples jf the WUT has multiple wires in the weld and wir¢ sizes differ by two sizes

or more. See 4.4.5, Step 6 for examples. If WUT is multi-wire, test largest wire in Groups B and C and smd
and C2.

@ Include samples only if a wire in the WUT is’<6'mm. There is no technical benefit to test larger wires.

®) Include samples only if instructed, typically, when WUT has at-risk unrelated components within 500 mm o
on when USCAR recommends to test.

“) Include samples only if WUT has»an insulation crimp. See 4.8.

®) Prepare at least 13 speeiméns for each WUT; three are for making deduct samples and ten are for testing.

lest wire in Groups B2

WUT. See 5.2 for details
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Table 10 - Tests required for validation

Bond Peel Strength (Multi-Wire Only)("

Bond Tensile Strgngth (Multi-Wire Only)(")

(o)) =
£ =

< © 2

S o £ 8
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5 5 Q O

Test Name 3 < £ S % <

o = = o o - €

o 2 I =119 | % 5
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o ge) ge) [ © 3 8

| 5 5 S ||s 2 5
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Test Group A B B2 € C2 E F G

4.1 General 1 1 1 1 1 1

4.2 Visual Inspgction 2 2 2 2 2 2,7 2,5 2

4.3 Cross Sectipn and Compaction 3
Analysis

444 Weld Bond Peel Strength Test 3 3

44.5 Weld Bond [lensile Strength Test 3 3 8

4.5 Accelerated| Environmental 4
Exposure (TThermal Shock)

4.7 Electrical R¢sistance (Dry Circuit 3,5
and Voltageg Drop)

4.8 Damage Asgessment to'Nearby 3
Componentg (Only on Short Wires)

4.9 Screening for Terminal Cracks 6 4 3
Insulation Cyimp Validation per 1
USCAR-21 section 4.3.5

NOTES:

() Test Groups B2 and C2 are conditional and are only performed if the WUT has multiple wires in the weld. If WUT is multi-wire, test
largest wire in Groups B and C and smallest wire in Groups B2 and C2.

@ Perform only if a wire in the WUT is <6 mm.

(@) Perform only if instructed.

“) Perform only if WUT has an insulation crimp. See 4.8.
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