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1. SCOPE 

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. 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. 

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. 

1. This specification defines basic test methods and requirements for ultrasonically welded cable termination type 
connections. These procedures are applicable to the ultrasonically welded cable attachment method to buss, 
terminal, or device connections including welded eyelet or battery terminations.  

2. The wiring supplier has the primary responsibility for testing and selection of weld tooling and equipment.  
 
Specific terminal designs may require specialized ultrasonic weld tooling and equipment. The component supplier is 
responsible to provide the component processor or wire harness supplier information based on the weld tooling and 
equipment used in the terminal DV and PV testing process. 
 
Traceability to the tooling and equipment used to prepare the samples under test must be documented in the test 
report. Obtaining approval from the customer with appropriate test data showing that the welded termination will 
function as defined by this specification lies with the wiring harness supplier. 

3. New or revised ultrasonically welded terminations shall be tested to the requirements of this specification. 

4. Deviations from the requirements of this specification must be approved by the customer engineering department.  

5. Procedures included within this specification are intended to cover performance testing and development of welded 
cable terminations that are part of the electrical connection systems used in road vehicle applications at ambient 
temperatures of 125°C maximum. The OEM customer must approve use of these test procedures for use at 
temperatures beyond this limit. 

6. Welded terminations using crimped insulation wings for strain relief shall meet the insulation crimped grip 
requirements of SAE/USCAR 21.  

NOTE: This specification was developed with clean, bare, uncoated, stranded automotive copper wire. Welded 
terminations using compressed, compacted, or solid core construction or other core materials (clad, steel core, 
etc) need to be reviewed to determine that this specification is applicable to evaluate those terminations.  Coating, 
lubricants, or contamination in the bond area of wires or components can affect the mechanical and electrical 
performance of ultrasonically welded cable terminations. For the purpose this specification the words: cable and 
wire shall be used interchangeably  

1.1 Ultrasonic Weld Characteristics 

1.1.1 Ultrasonically welded termination bond performance is characterized by: 

A. Mechanical bond, measured by cable to component adhesive pull. . 
B. Electrical connection, measured by cable/wire to component resistance and or voltage drop. 

SAENORM.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 us
ca

r38

https://saenorm.com/api/?name=bb1931cbb7b6508e470c488d33971731


SAE/USCAR-38 Issued 2009-12 
PERFORMANCE SPECIFICATION FOR ULTRASONICALLY  
WELDED WIRE/CABLE TERMINATION  - 3 - 

1.1.2 The geometry of a cable to component welded joint is characterized by: 

A. Weld bond height (WBH) 
B. Weld bond width (WBW) 
C. Weld bond length (WBL) 
D. Insulation crimp height (ICH) 
E. Insulation crimp width (ICW) 
F. End of conductor limit 
G. End of insulation limit 
H. Strand length difference (multiple cable terminations) 
J. Strip length 
K. Weld position  

NOTE: To claim conformance to this specification, the weld characteristics used to ultrasonically terminate a cable to a 
component must be traceable to a SAE/USCAR 38 test report. The specific cable and component configuration 
including stranding, actual cable cross sectional area, component base material and thickness as well as the 
tooling detail the tooling must be detailed in the report. 

NOTE: Due to the wide range of possible component configurations and applications for ultrasonic wire terminations, the 
graphics, illustrations, and figures in this document are intended to show general examples of characteristics and 
are not intended to represent actual component combinations.  

2. REFERENCED DOCUMENTS 

• SAE/USCAR-2: Performance Specification for Automotive Electrical Connector Systems 
• SAE J1128: Low Voltage Primary Cable 
• SAE J1127: Low Voltage Battery Cable 
• JISC 3406: Low Tension Primary Cable 
• ISO/DIN 6722: Low Tension Primary Cable 
• AIAG: Measurement Systems Analysis Reference Manual 
• SAE/USCAR-21: Performance Specification for Cable-to-Terminal Electrical Crimps 

2.1 Document Hierarchy 
 
1st - Applicable FMVSS requirements and other applicable state and Federal requirements 
2nd - Applicable part drawings 
3rd - Applicable product design specification(s) 
4th - Automotive Industry Action Group (AIAG) Production Part Approval Process (PPAP) 
5th - Applicable USCAR/EWCAP performance specifications 
6th - Other applicable standards and specifications 

2.2 Test Request/Test Work Order 

The laboratory test request/order shall provide a description (Wire/cable type, component base material, etc) of test 
samples, the weld bond dimensions , include tooling and equipment detail (see 1.1.2) 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.  A copy of the Test request or Test work order shall be attached to the final test report. 

2.3 Materials and Processes Specifications 

Suppliers are expected to adhere to the appropriate Materials and Process that are referenced in this specification and all 
associated drawings and reference documents. Unless otherwise specified or required by law, suppliers are expected to 
use the most recent versions of any applicable drawings, reference documents, and standards. 

NOTE: See Appendix D for examples of existing wire/component applications. 
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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 Documentation 

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

3.3 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. It is permissible to include additional groups of bond heights (WBH) (at 
a fixed weld bond width) to insure the minimum and maximum bond heights (+/- 1 bond height tolerance based on the 
optimal developed weld height) will meet the specified requirements. Any alternative sample size and/or methodology 
must be approved by the Authorized Person. 

3.4 Default Test Tolerances 

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

A. Temperature = ± 3° C 
B. Voltage = ± 5% 
C. Current = ± 5% 
D. Resistance = ± 5% 
E. Length = ± 5% 
F. Time = ± 5% 
G. Force = ± 5% 
H. 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 basic conditions shall apply: 

A. Room Temperature = 23 ± 5° C 
B. Relative Humidity = Work area ambient 

3.6 Equipment 

Neither the list shown in Table 3.6, 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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DESCRIPTION REQUIREMENTS 
DC Power Supply 
(Regulated) 

⇒ 0-20 V …200A or 
⇒ 0~20V current sized as required. 

Micro-ohmmeter ⇒ 0-20 mV maximum open circuit voltage 
⇒ 0-100 mA maximum test current 
⇒ 0.03 mΩ/mV resolution 

Digital Multimeter 
(DMM) 

Capable of measuring the following: 
⇒ .001 - 50 Volts DC with an accuracy of 0.5% of full scale 
⇒ 0-10 MegOhms with an accuracy of 0.5% of full scale 

Current Shunts 100 mA or as required with accuracy of ± 1% of nominal 
Millivolt Meter Capable of measuring 0-100 mV DC an accuracy of 0.5 mV or 

better 
Thermocouples Type "J" or "T" as required 
Force Tester Capable of an accuracy of ≤1% of measurement 
Data Logger As Required 
Vibration table  As Required 
Vibration controller  As Required 
Thermal shock 
Chamber 

⇒ -40°C to 125°C 
 

 
Table 3.6 - Equipment 

NOTE: 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 0.25 mV or better. 

3.7 Test Order and Set-Up 

Diagrams and tables are provided where necessary to clarify the details of the various test requirements. The tests in 
each section must be performed in the order given unless otherwise specified in the test request/order. Set up details 
including tolerances for specific tests are provided where necessary.   

3.8 Definitions and Glossary of Terms 

Terms defined in the definitions or glossary are capitalized (i.e. Room Temperature, Steady State, etc.). A list of 
definitions is provided in Appendix A.  A glossary of terms is provided in Appendix B. 

3.9 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. 

3.10 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 and the AIAG publication Measurement Systems Analysis Reference Manual. Copies 
of this Manual can be obtained from the AIAG by calling (248) 358-3570 or writing to AIAG, Dept. 77839, Post Office Box 
77000, Detroit, MI 48277-0839, Attn: Customer Service.  Information may also be obtained at the AIAG web site, 
www.aiag.org . Documentation is to be recorded and retained in accordance with Section 4.1 of this SAE/USCAR 
specification. 

SAENORM.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 us
ca

r38

https://saenorm.com/api/?name=bb1931cbb7b6508e470c488d33971731


SAE/USCAR-38 Issued 2009-12 
PERFORMANCE SPECIFICATION FOR ULTRASONICALLY  
WELDED WIRE/CABLE TERMINATION  - 6 - 

A list of instruments and equipment used, date of the last calibration, and when the next calibration is due shall be 
included in each final test report. 

3.11 Conformance Determination 

Test conformance shall be determined by the performance requirements of the test being conducted. All specimens within 
a sample group must satisfy the performance requirements regardless of age, test cycles, or test temperature, except 
where a test to failure is specified. It is not acceptable to test a larger sample group then select only those specimens that 
meet the requirements. 

NOTE: Additional sample groups with alternate weld dimensions may be tested to help determine the optimal and 
min/max dimension of a given cable/component combination. All specimens in the minimum and maximum (two) 
weld height groups (Optimal +1 tolerance, and –1 tolerance) must meet the requirements but all groups tested 
need not pass.  

4. TEST AND ACCEPTANCE REQUIREMENTS 

4.1 General Testing Requirements 

The test procedures that follow were written as stand-alone tests and may be used as such. However, they are normally 
used in a sequential test format and 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.  Any test plan approved by the Authorized Person that shows compliance to the minimum 
performance requirements with test data is acceptable. 

4.1.1 Dimensional Characteristics 

Part construction shall conform to the dimensions, shape, and detail attributes specified on the latest revision of the 
applicable part drawing(s). 

4.1.2 Material Characteristics 

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

NOTE: See material condition warning in Appendix C. 

1. Any engineering development, prototype, or production part may be submitted for test. 

2. The samples submitted for test shall be identified by description, part number, and revision letter where applicable. 

3. For validation testing, all parts are to be in their "as furnished for vehicle assembly" condition when testing begins. 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. 

NOTE: If the samples under test are plated or coated it is not permissible to remove the plating or coating or to clean the 
samples prior to performing the welding process unless these additional processes are a documented part of the 
volume production weld process. This test in intended to: evaluate, document, and approve the welded cable 
termination process for volume production applications.   

4. Samples submitted for any test shall be prepared per Appendix C. 
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4.2 Visual Inspection 

4.2.1 Purpose 

This test is used to document the physical appearance of test samples and to assist in the evaluation of the effects of 
environmental conditioning on test samples.  A comparison can then be made with other test samples. Examinations shall 
be conducted under high magnification.  Photographs (Micrographs) 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 if photographs or video’s are not on file.  

4.2.2 Sample size 

At least two specimens (one minimum and one maximum WBH) for each weld width group under test shall be evaluated.   

NOTE: Minimum and maximum WBH is based on the optimal developed weld height and width for that specific 
wire/component combination, +/- one WBH tolerance.  

See Appendix C Weld bond height tolerance table.  

NOTE: For purposes of comparison and especially when only subtle appearance changes are anticipated, it is desirable 
to submit an additional sample to serve as a control. 

4.2.3 Equipment 

Video/photography (Micrograph) equipment. 

4.2.4  Procedure 

1. Visually examine the weld bond area on each test specimen prior to testing and/or conditioning, noting in detail any 
manufacturing or material defects such as wire to weld transition, loose strands, cut strands, long strands that could 
interfere with component function, short strands that could affect weld function, 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.  

2. 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 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. 

3. If the component supplier’s appearance requirements are more strict than those specified below, then the component 
supplier requirements shall be applied. 

4. Return test samples to requestor after all tests are completed and all necessary data have been obtained. 

4.2.5  Acceptance Criteria – Refer to Figure 4.2.5. 

1. General Appearance 
 
The welding operation shall not affect mating surfaces or interfere with covers or other device features and functions.  
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2. End of wire core 

a. The end of the wire strands must extend beyond the end of the weld bond 2mm +/- 1mm. The wire strands must 
not interfere with the installation of the component, device or terminal being terminated with the weld process. In 
sealed applications, mat or cable seals must not be damaged by the core, and may require core depressors and 
strip length control to prevent seal damage from the weld bond or wire strand ends.  

NOTE: If the component being welded is supplied with a wire core length identification feature this feature shall be used 
to determine the appropriate core end position.    

b. Excessive strip length must not allow wire strands to interfere with the component being welded and or allow bare 
wire between the weld and end of the insulation to create a condition where un-insulated wire could cause a short 
circuit condition.  

c. Strip length must be sufficient to keep the cable insulation out of the weld area and long enough to allow all wire 
strand ends to extend past the weld area.  See figure 4.2.5 for maximum wire core length past weld bond.  

3. End of insulation 

a. If the terminal or component being welded has an insulation grip feature the end of the insulation must be visible 
in the area between the weld bond and (if applicable) the insulation grip wings. 

b. In no case may un-stripped insulation be in the weld bond profile.   

4. Conductor weld bond  

a. All individual strands must be enclosed in the weld. Loose or cut strands are not permitted.  

b. No broken or cut strands are allowed in the transition area between the weld bond and the wire insulation.  

c. The weld bond must be completely in contact with the terminal or component being terminated. No portion of the 
weld bond length or width can extend outside the surface of the component.   

NOTE: The weld bond height and width dimensions of the samples under test must be recorded and included on the test 
report.  

5. Insulation Grip 

a. The purpose of an insulation grip is to add strain relief to the weld bond. This moves the stress riser between 
welded and un-welded wire strands away from the weld bond area.  

b. The crimped Insulation grip must contact the surface of the insulated cable(s) or wire bundle. (See Paragraph 
4.3.5-2)  

c. The crimped Insulation grip dimensions are reference dimensions. 

d. The crimped Insulation grip must not interfere with any subsequent operations. 

e. The crimped Insulation grip must not interfere with the fit or function of the terminal, component, or device being 
terminated with the welding process. 

f. The crimped insulation grip must not damage the cable seal. (See Paragraph 4.3.5-3)  

g. The crimped insulation grip must not damage damage the wire core. (See paragraph 4.5.5.2)  
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6. Cable Conductor Appearance prior to welding. 

a. Missing wire strands are not allowed.  

b. Wire strands shall not be nicked or elongated. 

c. Insulation shall not be stuck or imbedded in strands. 

d. Strands shall be clean and free of lubricants and or discoloration. 

7. Individual Cable Seal crimp.  

NOTE: This specification does not include any requirements for seal sliding force due to the large number of variables.  It 
is understood that individual cable seals be properly seated in their intended component to function. 

a. The crimped seals must be firmly secured by the insulation grip. 

b. The seal must show no signs of damage. 

c. Seal designs with a neck and or hub must have the end of the seal neck or hub visible in the area between the 
weld bond and the insulation grip. 

d. The end of the cable insulation must be visible under the seal. 
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Un-acceptable weld bond characteristics 

NOTE: This box graphic is intended to represent a buss, terminal or other welded component.  
 
 
 
 

 
 
 
 

                                         
 

 
 

NOTE:  Photos courtesy of Stapla Ultrasonics Corporation 
 

Figure 4.2.5.a Unacceptable Weld Bond Appearance  
 

Loose or un-welded wire strands  

Wire not fully in weld bond area 

Un-even wire position in weld bond area  

Insulation in weld bond area  

Scorched, over welded bond  

Weld not fully on component  

Broken or cut strands are not 
acceptable in the transition area 
between the weld bond and un-
welded wire strands.  
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Acceptable weld bond appearance  
 

 
 
 
 
 
 
 

Figure 4.2.5.b  Acceptable Weld bond Appearance 

4.3 Welded termination and insulation grip Cross-Section Analysis 

4.3.1 Purpose 

Cross-sectional analysis is used as a diagnostic aid in determining why a weld termination fails a portion of this test.  
Failure to pass the electrical and mechanical requirements of this specification may be caused by insufficient or excessive 
weld bond compaction and may be identified by visual appearance under high (10 X min.) magnification. 

4.3.2 Sample Size 

At least two specimens (one minimum and one maximum WBH) for each weld width group under test height shall be 
evaluated.   

NOTE: Minimum and maximum WBH is based on the optimal developed weld height and width for that specific 
wire/component combination, +/- one WBH tolerance.  

See Appendix C Weld bond height tolerance table.  

4.3.3 Equipment 

Various specialized equipment exists for cross-sectioning samples.  The choice of equipment is up to the supplier, but 
should be capable of sectioning the weld bond with minimal disturbance to the cable stranding or component. Polishing 
and etching the specimen is necessary to clearly expose the ends of the strands within the bond. It is necessary to use 
magnification equipment so all individual strand can be seen and photographed.  

4.3.4 Procedure 

1. Cross-section and photograph each weld bond (and insulation grip where applicable) specimen for analysis.  

2. Cross-section analysis shall be performed on all weld bond sample groups at the minimum and maximum production 
weld heights* for each weld bond width under test. (See Appendix  C Weld bond height tolerance table) 

3. Cross-sections shall be performed as near to the mid-point of the welded bond area as possible. 

4. Compare the specimens to section 4.3.5, Acceptance Criteria and figures 4.3.5.a and b.   

*Minimum and maximum WBHs (Based on the optimal developed WBH +/- 1 tolerance) for each nominal selected WBW, 
are required to meet all weld bond performance requirements. Additional WBHs may be included to determine the optimal 
WBH +/- 1 tolerance at a single width dimension  
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4.3.5 Acceptance Criteria 

1. Acceptance criteria for the cross-sectioned weld bonds are described as follows: 

a. All strands in the weld bond must be in contact with the weld bond.  (See figure 4.3.5.a) 
b. Limited interstitial gaps are acceptable 
c. See Appendix C for additional weld bond judgment information  

 
Unacceptable weld bond cross sectional appearance 

 
 

Figure 4.3.5.a  Example cross sectional view of an un-acceptable weld  
due to strands not in contact with the weld bond.  

 
Typical acceptable weld bond cross sectional appearance 

 
 

NOTE:  Photo courtesy of C&S Technologies and Stapla Ultrasonics Corporation  
 

Figure 4.3.5.b  Example of the cross sectional view of an acceptable weld bond 

2. Acceptance criteria for the cross-sectioned crimped insulation grips are described as   follows: 

• Standard insulation grip attributes considered ideal 

 
 

 Symmetric crimp 
 No insulation penetration 
 Wings (grips) embrace insulation to provide adequate strain relief 
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NOTE: Insulation grips on welded applications with multiple insulated wires (not shown) should grip the insulated 
bundle and provide strain relief without damage to the insulation or wire core.  
 
NOTE: Also refer to the terminal manufacturer’s recommendations for acceptable/unacceptable insulation grip 
attributes. Some examples of non-standard insulation grips include “tee-pee”, “tear drop”, “square”, or “tall B”. 
 
NOTE: Some insulation grips serve as a functional part of the terminal/cavity retention system and must be crimped 
to meet any functional requirements. 

• Crimped insulation grip attributes considered acceptable but not ideal. 

 

• Crimped insulation grip attributes considered unacceptable 

 

 *Damage is defined as severing strand(s) 
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3. Cross section views of Cable Seals 
 

         
 
 
 
 
 

     

4.4 Cable to Component, Weld Bond Mechanical Tensile Peel and Pull Force Test 

NOTE: Samples exposed to accelerated environmental conditioning and 4.7.1 or 4.7.2 electrical testing may be used for 
Mechanical testing at the conclusion of those tests. 

4.4.1 Purpose 

This procedure details a standard method to measure the component to wire/cable retention capability of weld bonded 
terminations. 

The Peel test is to be used pre test and will determine if the welds under test are suitable to be used for the balance of the 
testing procedures. This pre test was included so the testing could be halted on any sample groups where the welds were 
likely to fail other test requirements.  

The Pull force test will not be used to determine overall performance of the welded wire to component termination. It will 
only be used to determine the mechanical limits of the application for handling purposes. Applications may require 
additional strain relief protection to assure the welded circuit survives the harness handling and vehicle assembly 
process.   

There may be cases where the weld bond tensile is stronger than the component under test. In those instances the 
tensile failure value of the component shall considered to be the minimum tensile requirement provided the weld bond 
under test meets the “after aging” electrical requirements.   

No nicks or cuts are permitted in the seal neck or in 
the sealing ribs. Insulation grip wings are not 
permitted to penetrate into the seal neck. 

Welded component and wire attributes must be 
designed to avoid damage (such as nicks and cuts) to 
the sealing ribs when inserting terminated leads 
through mat seals.  

Sealing Rib 

Individual cable 
seal 

Mat Seal 

Component
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4.4.2 Equipment 

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

2. De-crimping tool or other suitable means of opening insulation grip wings without damaging the weld bond. (NOTE: it 
is acceptable to make the samples with the insulation grip not crimped to avoid this step.) 

3. Force tester 

4. Suitable fixture(s) 

NOTE: Fixture design and set up is dependant on the specific component and weld bond configuration. The Authorized 
Person has the final decision for approving the Peel and Pull test fixture(s) and set up.  

4.4.3 Samples 

4.4.3.1 Peel Test Samples 

At least 4 specimens (2 minimum and 2 maximum WBH) for each weld width group shall be tested.   

NOTE: Minimum and maximum WBH is based on the optimal developed weld height and width for that specific 
wire/component combination, +/- one WBH tolerance.  

See Appendix C Weld bond height tolerance table. 

4.4.3.2 Pull Test Samples 

At least 20 specimens (10 minimum and 10 maximum WBH) for each weld width group shall be tested.   

NOTE: Minimum and maximum WBH is based on the optimal developed weld height and width for that specific 
wire/component combination, +/- one WBH tolerance.  

See Appendix C Weld bond height tolerance table. 

NOTE: See 4.4.5, step 8 for additional sample requirements  

NOTE: Welded samples may be used for electrical testing prior to tensile testing. If samples used for electrical testing are 
used for tensile testing, expose all tensile samples to the environmental conditioning.   

4.4.4 Peel Force Test Procedure 

1. If the WUT has an insulation grip, the tensile pull force test shall be performed on leads with insulation grip wings 
open (not crimped). 

2. Peel force test shall be performed on taut leads (i.e., remove slack in cable before performing pull test to prevent 
incorrect test results due to “jerking”). 

3. Measure and record the conductor weld bond height, width, and length.  (Refer to Appendix C) 

NOTE: Dimensional data shall be obtained, recorded and included in the test report. Measure the weld bond height, weld 
bond width and weld bond length on the specimens from each sample group under test.   

4. If the insulation grip is not already open, open it with a de-crimper or other suitable tool so that the pull force will 
reflect only the welded conductor connection. 
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5. Visually inspect the de-crimped area to ensure that none of the conductor strands have been damaged.  Do not test 
any specimens that have damaged conductor strands. 

6. All wires in the specimen must be bundled and pulled together.  

7. Apply a force 180° to the direction of the welded wire(s) at a rate between 50 and 250 mm/minute (100 mm/min. is 
recommended). Measure and record peel force required to separate the wire/cable from the component for each 
specimen under test. 

8. The minimum peel force value is based on the cross sectional area of all wire/cable in the weld bond under test. 

4.4.4.1 Peel Force Test Acceptance Criteria 

The peel test is a pre test is used to determine the suitability for testing the sample groups under test. (See 4.4.1) 

The minimum peel force required to separate the wire/cable from the welded component is 20% of the Minimum pull 
value of wire/cable cross sectional area shown in Table 4.4.6.   

4.4.5 Pull Force Test Procedure 

1. If the WUT has an insulation grip, the tensile pull force test shall be performed on leads with insulation grip wings 
open (not crimped). 

2. Pull force test shall be performed on taut leads (i.e., remove slack in cable before performing pull test to prevent 
incorrect test results due to “jerking”). 

3. Measure and record the conductor weld bond height, width, and length.  (Refer to Appendix C) 

NOTE: Dimensional data shall be obtained, recorded and included in the test report. Measure the weld bond height, weld 
bond width and weld bond length on 5 specimens from each sample group under test.   

4. If the insulation grip is not already open, open it with a de-crimper or other suitable tool so that the pull force will 
reflect only the welded conductor connection. 

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

6. Apply an axial force at a rate between 50 and 250 mm/minute (100 mm/min. is recommended). Pull to 10% above the 
minimum value for that wire/cable size shown in table 4.4.6. .  

7. For double, triple, or multiple welded wire termination setups with conductor sizes within one step, pull the smallest 
conductor. (e.g. for a .35/.50 double, pull the .35 mm2 wire) 

8. For double, triple, or multiple welded wire termination setups with conductor sizes more than one step apart, one of 
the smallest and one of the largest gage size cables must be tested. (e.g. for a .5mm2/1.0mm2 double, pull both wires 
individually, for a .5mm2/1.0mm2/2.0mm2 triple, pull the .5mm2 and the 2.0mm2 wires, for a .50/.50/2.0 triple, pull one 
of the .5mm2 and the 2.0mm2 wires.)  Use a new specimen for each wire pulled. 

NOTE: Double the number of specimens if 2 wire sizes are required to be tested from the same wire/terminal 
configuration.   
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4.4.5.1 Pull Force Test Acceptance Criteria 

The tensile value requirement is minimum value the weld is required to withstand without separation. This test does not 
require pull to failure. Pull samples to 10% above the listed minimum value. Record the pull value of any failures in the 
test report. If the terminal or component fails below the value listed for that wire/cable cross sectional area, that value will 
be considered the minimum value for the weld under test. All specimens in any sample group must meet the minimum 
requirement for that group to be considered acceptable.    
 

Wire/Cable Cross 
Sectional Area 

(mm2) 

 
 

Minimum Pull Force (N)  
≤ 0.22 40(a)

≤0.35 50 (Annealed Core) 
≤0.5 85 
≤0.8 120 
≤1.0 150    
≤1.5 170     
≤2.0 220   
≤2.5 250     
≤3.0 290       
≤4.0 310       
≤5.0 340 
≤6.0 360       
≤8.0 380 
≤10.0 390 
≤12.0 425 
≤14.0 475 
≤16.0 500 
≤18.0 550 
≤20.0 600 
≤25.0 675 
≤30.0 750 
≤35.0 800 
≤40.0 850 
≤45.0 900 
≤50.0 950 
>50 1000 

(a) Or as defined by responsible person.  
 

Table 4.4.6 - Minimum Pull Force Requirements 

4.5 Accelerated Environmental Exposure, Thermal Shock Conditioning 

(See 4.8 Accelerated Environmental and Vibration Flow Diagram) 

4.5.1 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. 
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4.5.2 Samples 

At least 10 specimens (5 minimum and 5 maximum WBH) for each weld width group shall be tested.   

NOTE: Minimum and maximum WBH is based on the optimal developed weld height and width for that specific 
wire/component combination, +/- one WBH tolerance.  Minimum cable length for samples is 150 mm. 

See Appendix C Weld bond height tolerance table.  

4.5.3 Equipment 

Thermal shock chamber. 

4.5.4 Procedure 

1. Perform visual examination per paragraph 4.2. 

2. Perform dry circuit resistance, per paragraph 4.7.1 or voltage drop per 4.7.2. 

3. Set controls to the necessary temperatures, dwell times, and number of cycles. 

4. Allow the chambers sufficient time to achieve the programmed temperature. 

5. Place the sample group(s) in a transfer basket. If using an automatic T/S chamber insure that the test samples cannot 
jam the transport mechanism. 

6. Start the test program per figure 4.5.4. 

 
 

Figure 4.5.4 Thermal Shock Chamber Programming Profile  

7. When test program is complete, shut off the thermal shock chamber and remove the sample group(s).  

8. Perform visual examination per paragraph 4.2. 

9. Include in the report: 

• Operating temperatures, dwell times, and number of cycles tested 
• Report on evaluation tests, if performed. 
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4.5.5 Acceptance Criteria 

This is a conditioning procedure only.  There are no acceptance criteria. (See 4.7 for Electrical Performance 
requirements)   

4.6 Vibration and Mechanical Shock  

(See 4.8 Accelerated environmental and Vibration Flow Diagram) 

4.6.1 Purpose 

This test subjects a welded termination to variable vibration simulating accelerated exposure to actual vehicle conditions. 
Vibration and shock can cause mechanical fatigue failure.  

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

4.6.2 Samples 

Samples exposed to 4.5, Accelerated Environmental Exposure shall be tested per 4.6 Vibration and mechanical shock.  

4.6.3 Equipment 
 

 Vibration Table  
 Vibration Controller 
 Accelerometers 

4.6.4 Procedure 

1. Verify conformance of each sample connector assembly to the Acceptance Criteria of the Dry Circuit Resistance or 
Voltage drop test. (See section 4.7) 

2. Construct a suitable mounting apparatus using the following design criteria: 

a. The mounting apparatus must be constructed and secured to the vibration table to minimize added effects 
(harmonics, dampening, resonance, etc.). 

b. The weld under test may be mounted directly to the vibration table or to a suitable fixture. Refer to Figure 4.6.4.b. 
The free end of the wire/cable shall be secured to the table or fixture 100mm +/-10mm from the center of the weld 
bond using a suitable clamp or clip.  

3. Should an application arise that does not lend itself to the situation described above, consult the Authorized Person. It 
is his or her responsibility to devise a suitable method for attaching the weld under test vibration apparatus. 

4. Subject the CUT to 10 positive half-sine wave pulses (5~10 millisecond duration at 35 Gs force) in each of the three 
mutually perpendicular axes.  Mechanical shock and vibration testing may be completed in sequence for each axis 
before proceeding to the next axis. 

5. Unless otherwise specified in the test request/order all Welds Under Test shall be vibrated for 8 hours in each of the 
three mutually perpendicular axes (X,Y,Z). Vibrate the WUT using the vibration profile in Fig. 4.6.4.a 

6. Inspect the WUT, and verify conformance to the Acceptance Criteria of Section 4.6.5 

SAENORM.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 us
ca

r38

https://saenorm.com/api/?name=bb1931cbb7b6508e470c488d33971731


SAE/USCAR-38 Issued 2009-12 
PERFORMANCE SPECIFICATION FOR ULTRASONICALLY  
WELDED WIRE/CABLE TERMINATION  - 20 - 
 
 

Frequency (Hz) 
Power Spectral Density 

(g2/Hz) 
                  60.0                 0.00100 
                200.0                 1.50000 
                210.0                 0.10000 
              1200.0                 0.10000 
  
Grms = 12.1 

1

10

.1

.01

.001

10 100 1000 10000 
 

Figure 4.6.4.a For Components Coupled to Engine (Vibration class 2) 
 

 
NOTE: Wires in multiple wire welds should be bundled and clamped as one cable 

 
Figure 4.6.4.b Typical Vibration Test Sample mounting set-up 
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4.6.5 Acceptance Criteria 

1. All WUT must meet the Acceptance Criteria of the Dry Circuit Resistance or Voltage drop test. (See section 4.7.1 or 
4.7.2)  

2. The welded components must not show (with the aid of 10X magnification) any evidence of deterioration, cracks, 
deformities, etc. that could affect their functionality. 

4.7 Electrical Performance Test 

4.7.1  Dry Circuit Resistance Test for Welded Terminations 

NOTE: This test is intended to be used when the total cross sectional area of the wire/cable in the weld bond is ≤5 mm2 
prior to welding.   

4.7.1.1 Purpose 

1. This procedure covers measuring the electrical resistance of welded wire to component type termination under dry 
circuit conditions. 

2. Dry circuit conditions require that the maximum voltage impressed across the test specimen be limited to 20 millivolts, 
and the maximum current through the sample be limited to 100 milliamperes.   

NOTE: For dry circuit evaluation welds containing multiple wires, perform the resistance measurement on the smallest 
wire in the weld bond.  

4.7.1.2 Samples 

1. At least 20 specimens (10 minimum and 10 maximum WBH) for each weld width group shall be tested.   

NOTE: Minimum and maximum WBH is based on the optimal developed weld height and width for that specific 
wire/component combination, +/- one WBH tolerance. See Appendix C Weld bond height tolerance table.  

2. Prepare at least 1 additional specimen of each weld bond dimensional variation under test to be used as the deduct 
value in 4.7.1.4 steps 4~6. This “deduct” specimen shall have solder applied to the weld bond area. A sample length 
of 150 mm is recommended.  However, any length >100 mm is acceptable as long as there is no effect on the weld 
bond during processing and handling of samples. The same length shall be used for all sample groups under test as 
for the deduct specimen.  

3. Prepare resistance measurement points on the test samples at a point on the cable 100 ± 3 mm minimum from the 
rear edge of the terminal conductor grip.  

NOTE: Any measurement point >100 mm is acceptable as long as the same measurement length +/- 3 mm is used for 
the deduct sample. 

4. Apply solder to measuring point C, figure 4.7.1.4 (stripped end of wire) to obtain consistent readings. 

4.7.1.3 Equipment 

• Micro-ohmmeter 
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4.7.1.4 Procedure 

1. Perform a visual inspection of components per paragraph 4.2. 

2. Measurements shall be made on thoroughly dry samples without cleaning or rinsing of corrosion products. 

3. Relative movement of samples should be minimized to reduce effects of movement on measured values. 

4. Measure and record the resistance of the specimen with the soldered weld bond. The measurement is made at a 
point 100 +/- 3 mm minimum from the rear edge of the terminal conductor grip.  

NOTE: Any measurement point >100 mm is acceptable as long as the same measurement length +/- 3 mm is used for 
the deduct sample. 

5. Measure and record the resistance between the cable measuring point C and point B on specimen under test, just in 
front of the weld bond area. (See Figure 4.7.1.4). 

6. The weld bond resistance is equal to the overall resistance measured in step 5, less the resistance of the soldered 
sample measured in step 4.  

NOTE: It is important that the deduct specimen measured in step 4 is the same length +/- 3 mm and material as those 
under test measured in step 5. The only difference must be the solder on the weld bond.  

 
 

*Any measurement point >100mm is acceptable as long as the same measurement  
length +/-3mm is used for the deduct sample. 

 
Figure 4.7.1.4 Dry Circuit Measurement Points 

4.7.1.5 Acceptance Criteria 

Upon completion of the Accelerated aging test (ENV), all samples prepared and tested at the minimum and maximum 
weld bond heights, based on each nominal weld bond width must not exceed the (mΩ) values shown in table 4.7.2. 

NOTE: Minimum and maximum WBH is based on the optimal developed weld height and width for that specific 
wire/component combination, +/- one WBH tolerance. See Appendix C Weld bond height tolerance table.  

NOTE: The 4.71 Dry Circuit test is intended to be used when the total cross sectional area of the wire/cable in the weld 
bond is ≤5 mm2 prior to welding. Use 4.7.2, Voltage Drop test when the total cross sectional area of the 
wire/cable in the weld bond is >5 mm2 prior to welding.   

100mm ± 3mm minimum*  
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4.7.2 Voltage Drop Test for Welded Terminations 

NOTE: This test is intended to be used for welded bond, wire/cable cross sectional area of >5 mm2.  

4.7.2.1 Purpose 

1. This procedure defines measuring the voltage drop, of welded terminations under high energy conditions. It is to be 
used to validate terminal/wire combinations where the weld bond cross section is >5 mm2.  

2. The current through the specimen will be applied at a level per table 4.7.2.  This current is applied to the sample 
under test so voltage drop of the weld bond can be measured. Power supply voltage will be allowed to float during 
this test.  

NOTE: For multiple wire welds, high current evaluation, bundle the wire/cable and perform the mVD measurement on the 
cross sectional area of the total bundle.  Test current level will be based on the total cross sectional area of all of 
the wire/cable in the weld.   

4.7.2.2 Samples 

1. At least 20 specimens (10 minimum and 10 maximum WBH) for each weld width group shall be tested.   

NOTE: Minimum and maximum WBH is based on the optimal developed weld height and width for that specific 
wire/component combination, +/- one WBH tolerance. See Appendix C Weld bond height tolerance table.  

2. These sample groups may also be used for the tensile test samples after the accelerated environmental exposure 
and voltage drop measurements are made.  

3. Prepare 2 additional samples  to be used to determine the deduct voltage drop as required in 4.7.2.4 steps 5~7. The 
welds on these “Deduct” specimens will be soldered and the voltage drop will be measured in the same manner as 
the sample groups under test. These “Deduct” specimens will be identical in length, wire type and terminal type to the 
other sample groups under test except the weld bond will be soldered. Use the average voltage drop measured on 
these 2 “Deduct” samples as the deduct value for this test.  

4. A minimum specimen length of 150 mm is recommended however, any length >150 mm is acceptable as long as 
there is no effect on the weld bond during processing and handling of specimens. Longer wire length may be 
necessary if the specimens are powered in series for this test. It is important to use the same length for the deduct 
specimen as for those sample groups under test. 

5. Prepare the voltage drop measurement points on the test specimens at a point on the cable 100 ± 3 mm from the rear 
edge of weld bond. 

6. Apply solder to measuring point C, figure 4.7.2.4 (center strip or stripped end of wire) to obtain consistent readings. 

NOTE: The same set of samples shall be consecutively exposed to the T/S exposure and be measured using the voltage 
drop procedures described in this specification.   

4.7.2.3 Equipment 

1. DC Power supply (0~20V. (200A min recommended)) or 0~20 V current as required.  

2. Digital Volt meter  

3. Non contact thermometer  
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4.7.2.4 Procedure 

1. Perform a visual inspection of components per paragraph 4.2. 

2. Relative movement of samples should be minimized to reduce effects of movement on measured values. This is an 
open air bench test. In an effort to maintain repeatability, care should be taken to avoid drafts from HVAC, open 
windows, etc. 

3. Apply current (based on wire size) per table 4.7.2 at points A and D  

4. Allow the temperature of sample(s) to stabilize (with current applied) as follows: 
 
Use a thermocouple or non contact thermometer to measure the temperature of the weld bond under test. The 
temperature is stable when the weld on the sample under test changes less than 2°C in 5 minutes.  

NOTE: Applying the current load in series to all samples under test is recommended to reduce hook up variation and 
requires only one stabilization interval.   

5. Measure and record the voltage drop of the samples with the soldered welds. The measurement is made at a point 
100+ 3 mm minimum from the rear edge of the weld bond. The average voltage drop value of these soldered samples 
will be used in step 7. 

NOTE: Any measurement point >100mm is acceptable as long as the same length, ± 3mm is used for the deduct 
sample.  

NOTE: If the specimens are connected and powered in series, include the soldered specimens with the sample group 
under test.   

6. Measure and record the voltage drop on each specimen between the cable measuring point C and point B on the 
specimen, just in front of the weld.  (See Figure 4.7.2.4) 

7. Calculate and record the voltage drop as described above. The weld bond voltage drop is equal to the overall 
specimen voltage drop measured in step 6, minus the average voltage drop of the 2 soldered grip samples measured 
in step 5. 

NOTE: Specimens may be connected in series and powered up all together as long as the “B” and “C” measurement 
points are accessible and do not interfere with measurement points on any other specimens wired in this series. 
Split bolts, eyelet terminals crimped the end of the specimen, or welds are acceptable methods for connecting 2 
or more specimens in series for the purpose of applying current for voltage drop testing. Applying the test current 
in series to all samples at once will reduce set-up, measurement and environmental differences or set up errors.  
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* Any measurement point >100mm is acceptable as long as the same measurement  
length +/-3mm is used for the deduct sample. 

 
Figure 4.7.2.4 Voltage drop power hook up and measurement points  

4.7.2.5 Acceptance Criteria 

Maximum allowable Voltage Drop or Resistance shall be equal to or less than the values shown in table 4.7.2. 
 

Weld Bond Cross 
Sectional area (mm2) 

 
Test Current 

Maximum allowable mV 
Drop/A (mΩ)  

Maximum Allowable mV 
Drop/A Change* (mΩ)  

 
<.5 

Use 4.7.1 Dry Circuit 
test method 1.0  .5 

 
≤ 5 

Use 4.7.1 Dry Circuit 
test method 

 
.55 

 
.33 

>5 <13 5A per mm2 0.15 0.09 
≥13 <19 75A 0.11 0.07 
≥19 <35 100A 0.08 0.05 
≥35 100A 0.06 0.04 

NOTE: 1mV/A = 1mΩ     * Change from initial value 
Table 4.7.2  

100mm ± 3mm minimum*  
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Environmental conditioning sequence flow diagram 

 
 

Visual inspection per section 4.2 and 4.3 
and  

Dry circuit resistance per section 4.7.1 
for Weld Bond cross sectional area size ≤ 5 mm2 

or  
Voltage drop per section 4.7.2 

for Weld Bond cross sectional area >5 mm2 

 
 

              
Thermal Shock per section 4.5.4 

72 Cycles 
30 ± 5 min. at +125° ± 3°C 
30 ± 5 min. at –40° ± 3°C 

 

 
 

 
 
 

Vibration and mechanical shock per section 4.6.4 
8 Hrs in each of 3 mutually perpendicular axes  

 
 
 

Dry circuit resistance per section 4.7.1 
for Weld Bond cross sectional area size ≤ 5 mm2 

or  
Voltage drop per section 4.7.2 

for Weld Bond cross sectional area size > 5 mm2 

and 
Visual inspection per section 4.2 and 4.3 

 
*optional 

 
Figure 4.8  Accelerated Environmental and Vibration sequence [ flow diagram ] 

NOTE: The purpose of taking the optional measurements after thermal shock is to identify failures and allow the test to 
be discontinued if failures are found.   

Dry circuit resistance per section 4.7.1 
for Weld Bond cross sectional area  size ≤ 5 mm2 * 

or  
Voltage drop per section 4.7.2  

for Weld Bond cross sectional area size>5 mm2 * 

SAENORM.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 us
ca

r38

https://saenorm.com/api/?name=bb1931cbb7b6508e470c488d33971731


SAE/USCAR-38 Issued 2009-12 
PERFORMANCE SPECIFICATION FOR ULTRASONICALLY  
WELDED WIRE/CABLE TERMINATION  - 27 - 

5. VALIDATION REQUIREMENTS FOR WELDED WIRE/CABLE TERMINATION - SUMMARY 

5.1 Validation Test Requirements 

5.1.1 Purpose 

The validation requirements listed in Table 5.1 shall be conducted to demonstrate the design and performance intent of 
the weld bond are met. 
 

 
 
 

Test 

Requirement 
Section or  
Paragraph 

Number 

 
Design 

Validation 
(Yes/No) 

 
Minimum 

Conformance 
to Tolerance 

Weld Tooling and equipment identification 
traceable to Performance Testing Appendix C Y 100% 

Wire/cable Weld Bond  total cross sectional area 
after welding1 Appendix C Y 100% 

Appearance 4.2.5   
- end of conductor 4.2.5-2 Y 100% 
- end of insulation 4.2.5-3 Y 100% 
- insulation grip 4.2.5-5 Y 100% 
- individual cable seal  4.2.5-7 Y 100% 
Weld bond and insulation crimp geometry  Appendix C   
-WBH, WBW, WBL  
-ICH, ICW,  Appendix C  Y 100 % 

- Cross -section requirements 4.3 Y 100% 
Mechanical performance 4.4   

-Peel and Pull Force* 4.4.4 Y Minimum value 
only  

Electrical performance 4.7   

- For Power Applications:  
Use Accelerated Environmental Exposure 
(ENX) and Voltage drop test 

4.5.4  and 
4.6.4 
4.7.2 

Y 100% 

- For Low Energy and Low Impedance 
Applications: 
Use Accelerated Environmental Exposure 
(ENX) and electrical dry circuit resistance test  

4.5.4 and 4.6.4 
4.7.1 Y 100% 

* 4.4 may be performed after 4.7 when the same samples are used for both electrical and mechanical testing. 
    1 The weld bond cross sectional area is the WBH X WBW. For other than rectangular welds, the weld bond 

cross sectional area shall be determined based on tooling geometry at a specific weld height.  
 

Table 5.1  Tests to be used for validation 

5.2 Special Applications and Exclusions 

5.2.1 Special applications and variances from this specification require customer approval.  Pull force testing and 
cross-sections [PTX] are required for all validations. 

5.2.2 This specification is intended to validate only the welded wire termination performance.  
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5.3 Other Validation Methods 

5.3.1 Reference [REF] - The application is the "same as" another similar application already validated to meet the 
customer requirements 

5.3.2 “Same as" is defined as having the same: 
 
–  Material stock thickness 
–  Material alloy and temper 
–  The same surface finish  
–  The same terminal insulation grip wing dimensions and features [serrations, etc.]  
–  The same Wire/cable conductor core cross sectional area or construction.1  
–  The same insulation outside diameter  

NOTE: SAE, ISO, DIN, and JIS wire types with the same size designation have different conductor core cross sectional 
area and must be validated as separate wire sizes.   

5.3.3 Cables with the same conductor core construction, but differences in the insulation may be considered the “same” 
for welded bond termination validation purposes.  The crimped Insulation grip must be reviewed against the cross 
section requirements for final validation. 

                                            
 
1 The “same as” wire construction is defined as the same stranding.  Other stranding configurations must be tested on an individual basis. 

SAENORM.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 us
ca

r38

https://saenorm.com/api/?name=bb1931cbb7b6508e470c488d33971731


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /PDFX1a:2001
  ]
  /PDFX1aCheck true
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <>
    /CHT <>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF che devono essere conformi o verificati in base a PDF/X-1a:2001, uno standard ISO per lo scambio di contenuto grafico. Per ulteriori informazioni sulla creazione di documenti PDF compatibili con PDF/X-1a, consultare la Guida dell'utente di Acrobat. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 4.0 e versioni successive.)
    /JPN <>
    /KOR <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die moeten worden gecontroleerd of moeten voldoen aan PDF/X-1a:2001, een ISO-standaard voor het uitwisselen van grafische gegevens. Raadpleeg de gebruikershandleiding van Acrobat voor meer informatie over het maken van PDF-documenten die compatibel zijn met PDF/X-1a. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 4.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents that are to be checked or must conform to PDF/X-1a:2001, an ISO standard for graphic content exchange.  For more information on creating PDF/X-1a compliant PDF documents, please refer to the Acrobat User Guide.  Created PDF documents can be opened with Acrobat and Adobe Reader 4.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /HighResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


