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1.0 SCOPE

1. This document contains procedures for testing performance of SMB-style electrical terminals, connectors and
components for coaxial cable connection systems intended for road vehicle applications. These are often called
FAKRA Il designs. This specification does not apply to the Non RF portion of a Hybrid RF connection system.

2. The intent of this specification is to qualify sealed and unsealed RF connectors that operate at frequencies from
DC to 6 GHz. The characteristic impedance of the SMB/FAKRA connection system is 50 ohms however this
specification does not exclude the use of these RF connectors on non-50 ohm cables or systems.

3. This specification does not apply to single conductor wire or twisted pair connection systems.

4. This specification (along with SAE/USCAR 18) is designed to provide the mechanical and electrical data required
to insure that assemblies from various manufacturers will perform reliably in actual conditions. There is
intermateability testing included in this specification. End users who may be concerned about intermateability are
responsible to request the supplier complete this testing.

2.0 REFERENCES

SAE/USCAR-2 Performance Specification for Automotive Electrical Connector Systems
SAE/USCAR-25 Electrical Connector Assembly Ergonomic Design Criteria
SAE/USCAR-18 USCAR-17 Supplement

Society of Automotive Engineering
400 Commonwealth Dr
Warrendale, PA 15096-0001

USA

http://www.sae.org
IEC 62153-4-7 Metallic Communication Cable Test Methods — part 4-7 Triaxial Tube in Tube Method
EIA-364-30A Capacitance Test Procedure for Electrical Connectors and Sockets

3.0 GENERAL REQUIREMENTS
3.1 SAMPLE SIZE

1. Terminals used for validation testing are applied to cables using the manufacturers recommended tools and
processes.

2. The total number of test samples required for each test is listed in tables 5.2, 5.3 and 5.4.

3. Number each sample pair of connectors and record crimp dimensions as applicable from a representative group
from each set of samples (See tables 5.2, 5.3 and 5.4). Document cable information such as type, supplier and
supplier part number. All test data, including swept SWR and IL, must be maintained by the supplier for possible
review. The supplier must also keep the test samples such that each new customer can visually inspect the
samples or confirm SWR and IL.
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3.2 CONNECTOR QUALIFICATION

1. The RF connection system will be qualified for a specific coaxial cable per these procedures. The guidelines in
Table 3.2 apply for qualifying the product for use on additional cables sizes and constructions. The connection
system must meet the dimensional characteristics specified in USCAR-18

Connector Construction (dimensions/materials) | Complete Section 4.2.1 (mechanical Pull) and 4.3 (Terminal
same as originally validated. Example: Electrical Tests) only and other testing as required by end
connector for RG 174 vs. RG 316 having same | customer

cable interface dimensions
Connector construction differs from originally Complete re-qualification is required
validated design due to coax cable
size/geometry. Example: connector for RG 174
vs. RG 58 and having different cable interface
dimensions.

Table 3.2: Connector Qualification for Additional Cable Construction

2. Final determination as the level of testing needed for qualification on additional cables shall be determined by
agreement between the supplier and the OEM. The qualified coaxial cable(s) and frequency range of interest
must be listed on the connector drawing.

3. This specification is a supplement to the SAE/USCAR-2 Performance Specification for Automotive Electrical
Connector Systems and all requirements herein must be met in addition to all requirements of the most recent
revision of SAE/USCAR-2, unless otherwise specified. RF connector related additions and/or subtractions to the
SAE/USCAR-2 specification are contained in this document.

3.3 EQUIPMENT

In addition to the equipment listed in the SAE/USCAR-2 Performance Specification, the equipment listed in Table 3.3 is
required.

Iltem | Description Requirements
1 High Voltage 800V AC
Source
2 8GHz Network S Parameter with Time Domain
Analyzer Capability. Min. Frequency as
required for certifying the CUT
performance within the required
frequency range

Table 3.3: RF Conn. Additional Equipment
4.0 TEST AND ACCEPTANCE REQUIREMENTS

41 GENERAL

Refer to the SAE/USCAR-2 Performance Specification for the majority of RF connector test and acceptance
requirements. The exceptions to those tests are listed in the following sections:

1. The Terminal — Mechanical Tests of SAE/USCAR-2 are not required for the Center - Inner Terminal for RF
connector qualification.

2. The Terminal Bend Resistance test is to be considered as optional dependent on the terminal design as
determined by agreement between the supplier and the OEM.
3. The Maximum Test Current Capability test is optional. DOCU ments
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4.2 CONNECTOR MECHANICAL TESTS
4.21 Mechanical Pull Test and Side Load Test

4211 Purpose

This test verifies that the connector latch, terminal retention system, and cable attachment will maintain continuity when
subjected to mechanical stress.

This Mechanical Pull test is in addition to the mechanical connector tests in SAE/USCAR-2 Performance Specification.
This is a stand-alone test and requires samples for each cable type qualified.

Note:

The Mechanical Pull Test is a design validation test and shall not be used as a production acceptance or quality
control test.

4.21.2 Procedure

1. Prepare Connector Under Test (CUT) assemblies for each cable being qualified per Procedure 4.4.2.2, Steps 1
through 7

2. Attach a continuity tester to check continuity through both the center contact and shield of the mated connector
pair.

3. Subject Inline, Board and Panel Mount connection systems to a direct pull force parallel with the axis of the cable.
Any method can be used. If an SMA connector is present for testing, gripping on the SMA connectors can be
effective. For samples prepared for SWR measurement (per 4.4.2.2, Note C), it is also acceptable to wrap the
cable around a 2-inch diameter mandrel, securing the cable to the mandrel with electrical tape or some other
suitable means. Board mount connectors may have the circuit board end firmly attached to a suitable fixture.

4. Increase the pull force at a uniform rate not to exceed 50mm/min until the force equals 110N.

5. Hold the force for 5 seconds while monitoring for continuity.

6. Additional Board and Panel Mount testing only. Grab far-end SMA connector (or other available area) and apply
75N of force in the following directions using the same test sample: 1C, 3C, 5B, 7B, 8C (per Figure 4.2.1.2.). The
sequence of force application is not mandatory. Direction vectors B and C revolve 360° around the connector
axis. 1

5

Figure 4.2.1.2: Board Mount Mechanical Pull
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7. Additional test for Right Angle Cabled Connectors: Axial loads are less practical when applied to right angle
cabled connectors therefore a side load shall be applied to the extreme end of the ferrule (furthest from the
centerline). The load of 75N shall be applied for 5 seconds while monitoring continuity. SWR measurements and
visual inspection for damage shall be done before and after the side load test. (See drawing below)

end of ferrule
Direction A

—_— ' at 1 1
[‘/. Pl ___E _ b :@K

‘Probe position

Max. 5mm diameter

Note: Cable to connector retention to meet force values according to table 4.2.6.5-B Pull Criteria

7.1  Measure SWR and IL per Procedure 4.4.2.2, Steps 4, 6, & 7. Sections of this test apply to all RF connector
types refer to 4.4.2 for application specifics.

7.2 Disassemble each sample and visually check for damage that could affect the performance of the
connection system.

Note:

Optionally, to account for SMA crimp degradation and the corresponding increased insertion loss, a minimum of 10 SMA
connector assemblies (same crimp process and length as CUT assembly per Figure 4.4.2.2 1a.) may be subjected to this
test (statistical evaluation).

4.2.1.3 Acceptance Criteria
1. There shall be no interruptions in continuity on any sample during the test.

2. The RF connector SWR and Insertion Loss values must be equal to or less than those listed in Tables 4.4.2.3
after the test.

3. There shall be no visual damage to any part of the connection system including connector body, metal terminals
or cable attachment. Failure of the SMA terminals is not to be interpreted as a failure of the CUT. Samples
identified as having SMA failures through failure analysis may be replaced and retested through the entire
sequence.

4. SMB Connection Systems Minimum Retention Force
a. 110N minimum in direction A for Inline, Board and Panel Mount Connectors
b. 75N minimum in directions B and C for Board and Panel Mount connectors
c. 75N minimum Side load for Right Angle Connectors

5. The Outer (braid/shield) Crimp must meet the requirement of 4.2.6.5 step 3
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4.2.2 Connector Mating and Un-mating

4.2.21 Mating/lUn-mating Forces

42211 Purpose

This test determines the mating/un-mating forces associated with RF connectors.
42.21.2 Procedure

Follow the procedure for Connector Mating/Un-mating Force found in the latest revision of SAE/USCAR-2. The
acceptance criteria are specified in USCAR-25.

4.2.21.3 Acceptance Criteria

Must meet the requirements of USCAR 25.
4.2.2.2 Mating Under Side load:
42221 Purpose

This test is designed to simulate the mating of an 8.0mm centerline dual connector pair when the cables are constrained
at an angle perpendicular to the mating direction of the connectors.

42222 Equipment

Wedge shown in Appendix B.

4.2.2.2.3 Procedure

There are two sections to this test. The first section is designed to validate the female connector and the second section

validates the male connector. Perform the test on 5 sets of constrained female connectors and 5 sets of constrained male
connectors.

Documents

Document Sharing Hub

Full document details: SAE USCAR17-5


http://www.avadocuments.com/doc/sae-uscar17-5
http://www.avadocuments.com/doc/sae-uscar17-5

SAE/USCAR-17 REVISION 5
PERFORMANCE SPECIFICATION FOR AUTOMOTIVE RF CONNECTOR SYSTEMS

Revised 2016-12
-7 -

Female Connector Constrained

1.

2.

Attach the wedge to the Two-Way Female contact with 8.0mm Center Inline FAKRA Connector in the manner
shown in Figure 4.2.2.2.3.A

Secure the housing of the Two-Way Female contact with 8.0mm Center Inline FAKRA using the intended clip
provision (when available) and typical mounting clip. If there is nothing available fix the assembly on the female
connector housing.

Mate the pair, measure and record the Center & Outer Contact Resistance.

Attach a continuity monitoring device to each connection point (both Outer & Inner contacts).

Grasp the mating Male connector by the housing only leaving the coaxial leads unrestricted. Mate the Male
connector to the stationary Female connector 10 times. Continuity must be detected during each mating cycle.
Leave the pair mated, measure and record the Center & Outer Contact Resistance.

Visually inspect both interfaces for damage.

ELECTRICAL TAPE
OR
NYLON WIRE TIE‘\

— ——F AKRA CONNECTOR,
L e /' FEMALE, 8mm CENTERS
o ki FOR RG-58 CABLE

RG-58 TYPE
COAXIAL CABLE

\96-56 TY¥PE

\ COAXTAL CABLE
\— WEDGE PER
USCAR- | 7_WEDGE . PDF

Figure 4.2.2.2.3.A Female Connector with Wedge

Male Connector Constrained

1.

2.

No

Attach the Wire Tie around the cables of the Two-Way Male contact with 8.0mm Center Inline FAKRA Connector
approx. 12.7mm from the end of the ferrules in the manner shown in Figure 4.2.2.2.3.B.

Secure the housing of the Two-Way Female contact with 8.0mm Center Inline FAKRA using the intended Clip
Provision (when available) and typical mounting clip. If there is nothing available fix the assembly on the female
connector housing. Leave the coaxial leads of the Female connector unrestricted.

Mate the pair, measure and record the Center & Outer Contact Resistance.

Attach a continuity monitoring device to each connection point (both Outer & Inner contacts).

Grasp the mating Male connector by the housing with the coaxial leads constrained with the Wire Tie. Mate the
Male connector to the stationary Female connector 10 times. Continuity must be detected during each mating
cycle.

Leave the pair mated, measure and record the Center & Outer Contact Resistance.

Visually inspect both interfaces for damage.
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ELECTRICAL TAPE ——=2-WAY FAKRA PLUG,
ar / 8 mm CENTER3
NYLON WIRE TIE

RG-58 TYPE
/somm CABLE
(-
i
L |=ET '
\—p- -58 TYPE —= — 2.7 mm
C

G
COAXIAL CABLE

Figure 4.2.2.2.3.B Male Connector Constrained
4.2.2.2.4 Acceptance Criteria
The mated connectors must meet the electrical values specified in Section 4.3.1.3.
4.2.3 Polarization Feature Effectiveness
4.2.3.1 Purpose
This test prevents mating of a connector housing with any unintended mate.
4.2.3.2 Procedure
Follow the procedure of SAE/USCAR-2 “Polarization Feature Effectiveness” with the following exceptions:
1. Test a minimum of 3 sets for each selected mis-orientation or mis-index.

2. Terminals with electrical access to the center conductor are required to be loaded in each connector of each test
pair to allow verification of continuity.

4.2.3.3 Acceptance Criteria

1. For single contact SMB connection systems, the minimum mis-mating force to achieve center contact electrical
continuity is 80N.

2. For multiple contact SMB connection systems, the minimum mis-mating force to achieve center contact electrical
continuity is 100N.

DESIGN NOTES related to Polarization Criteria

1. ltis known that certain key code combinations may not meet this requirement. Therefore, the combinations listed
below should be avoided.

A&B

&G

C&N

F&H

K&L

K&M

L&M

E&F

E&H

“TemeaoTo

2. The “Z” or Neutral Key Code may not mate with L, M, or N Key Codes and should be used solely for
developmental or prototype applications. Documents
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4.2.4 Connector-to-Connector Audible Click Test:

4.2.41 Purpose

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

4.2.4.2 Equipment

dB Meter

4.2.4.3 Procedure:

Refer to USCAR 2

4.2.4.4 Acceptance Criteria

The Values measured in this test shall be documented in the test report. These values should be considered for
information only and are used to compare connector designs or to assist in the connector selection/wire harness design
process.

4.2.5 CENTER CONTACT RETENTION

4.2.51 Purpose

The purpose of this test is to assure that the center contact is sufficiently captivated within the insulator to withstand forces
exerted by excessive mating forces as well as thermal expansion and contraction of the cable and connector.

4.2.5.2 Equipment

Force Gauge

4.2.5.3 Procedure

Use standard production tooling to terminate 10 male connector samples for each wire size specified.

Allow the samples to stabilize at room temperature (25° C) for a minimum of 24 hours to allow the dielectric materials to
cold flow around contact retention features.

Measure the maximum force required to completely extract the center contact from the dielectric material on 5 samples.

Measure the actual force required to push the center contact below the minimum dimensional limits of the manufacturers
recommended interface for the other 5 samples.

4.2.5.4 Acceptance Criteria

In both tests, the center contact must withstand an axial load of 10 N minimum.
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4.2.6 Resistance to Applied Torque

4.2.6.1 Purpose

This test is run to determine whether the design can resist an applied torque to a coax cable. Electrical failures have been
detected where the only leading indication of a problem is a lack of resistance to torque. This test applies to Right Angle
Connectors only. The braid crimp cross section evaluation described in 4.2.6.4 step 11 and 4.2.6.5 step 3 apply to all
connectors terminated with coaxial cable.

4.2.6.2 Equipment

Vise, locking pliers, and a marking pen in a contrasting color to the ferrule and cable’s outer jacket.

4.2.6.3 Samples

3 connector samples for each cable type submitted for test. Samples must be made using production tooling. Allow the
samples to stabilize at room temperature (25°C) for a minimum of 24 hours to allow the dielectric materials to cold flow
around contact retention features.

4.2.6.4 Procedure

1. Complete a visual inspection per USCAR-2 section 5.1.8 on the test samples.

2. Mark the “grip line” of the cable at a distance of 10 times the cable diameter or 50mm, whichever is greater, from
the back of the ferrule. Refer to Figure 4.2.6.4-A.

50mm or 10 x dia.

III!IIIIIIIIilIIII

-

Figure 4.2.6.4-A: Marking the location of the grip line

3. Draw a single straight line on both the ferrule and the cable as shown in Figure 4.2.6.4-B. This line will be used
as a reference to determine relative motion between the cable and the ferrule.

Figure 4.2.6.4-B: Marking the reference line
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