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GENERAL MOTORS ENGINEERING STANDARDS

Materials and Processes - Procedures

EVALUATION OF ELECTRODEPOSITION COATING BY TORQUE
TENSION TESTING OF THREADED JOINTS
GM9912P

1 SCOPE. This test is performed in order to analyze the
torque tension characteristics and chatter propensity for elec-
trodeposition coated joints. Joint dynamic torque at tension is
analyzed for electrodeposition (ELPO) coated internal and
external threads. The joint testing is performed using GM
NAO production fastener finishes and power tools.

1.1 APPLICABILITY. All joints or components joined with
threaded fasteners.

1.2 RESTRICTED AND REPORTABLE CHEMICALS
(GM1000M). All materials supplied to this specification must
comply with the requirements listed in GM1000M, '"Restricted
and Reportable Chemicals."”

2 REFERENCED STANDARDS.

GM1000M
GM6047M

GM6174M
GM7111M

GM7114M
9984094

3 EQUIPMENT AND TEST MATERIALS.
3.1 FIXTURING.

3.1.1 Torque-Tension test machine or equivalent to measure
the fastened joint. The test equipment shall have the capability
to measure input torque, joint tension (clamp load) and angle.

3.1.2 Hand and power wrenches as required to tighten fas-
tener (s). Suggested tool manufacturers and tool numbers are
shown in Table 1. Tool manufacturer substitutions are allowed.
Tools which are substituted shall have rpm ranges which corre-
spond with the rpm ranges given in Table 2.

3.1.3 Fixturing as required to hold the fastened joint in the
design position. Clamp or bolt to a torque-tension table, slotted
table or mount fixturing in a vice.

3.1.4 Sockets and adapters as required.

3.2 INSTRUMENTATION.

3.2.1 Computer data acquisition system with printer and plot-
ter. The data analysis software shall have the capability to
calculate and/or measure joint tension, bearing torque, thread
torque, mean thread friction coefficient and mean bearing sur-

face friction coefficient along with calculating associated
standard deviations.

3.2.2 In-line torque transducer and angle encoder.

3.2.3 Load cell, force washer, strain gauge or ultrasonic bolt
depending upon the type of fasteners used in the joint.

3.2.4 Signal conditioner.
3.3 TEST MATERIAL.

3.3.1 A minimum of 100 samples of each specified test fas-
tener, unless otherwise specified by the fastener engineer.

3.3.2 ELPO coated fasteners will be tested at the maximum
film build (coating thickness) specified in the production build
range. Verify the current build specification with NAO Paint
Engineering, Presently, the ELPO thickness range for medium
build is .01778 to .02794 mm (.0254 mm = 1 mil). Test fasten-
ers should be coated to a film build of .02794 mm (unless
otherwise specified by NAO Paint Engineering). See medium
build ELPO specification-9984094.

3.3.3 Record specification for ELPO mixture formulation.

4 TEST PROCEDURE.
4.1 PREPARATION.

4.1.1 Sample Inspection. Fasteners and components required
for testing should be from the same lot and inspected for con-
formity to blueprint or design specifications unless otherwise
directed by the fastener engineer.

4.1.2 Sample Preparation. Any preparation required to facili-
tate placement of transducers, strain gauges, force washers,
ultrasonics or other load determining equipment (joint tension
measurements which require fastener modifications are not
preferred due to cost and possible alteration of joint torque/ten-
sion characteristics). Also any preparation required for
measuring joint tension characteristics as directed by the fas-
tener engineer. All joint contact surfaces should be shielded or
protected from contamination to maiitain the original joint
friction characteristics.

4.1.3 Instrumentation. Calibrate the clamp load and torque
sensing devices and computer to indicate proper clamp load
and torque ranges.

4.2 TEST.
4.2.1 Operation Instructions / Data Gathering.

4.2.1.1 Tools will be used in a normal manner, unless other-
wise specified by the fastener engineer.

4.2.1.2 Components and types of fasteners will dictate the
tool models to be used.

4.2.1.3 Internal Thread ELPO Coat Testing. The tool types
and fasteners shall be tested in accordance with Test Matrix 1
(unless otherwise directed by the fastener engineer). Specify
fastener part numbers for internal and external threads. See
Table 3 for recommended fastener part numbers.

4.2.1.4 External Thread ELPO Coat Testing. The tool types
and fastener types shall be tested in accordance with Test
Matrix 2 (unless otherwise directed by the fastener engineer).
Specify fastener part numbers for external and internal threads.
See Table 4 for recommended fastener part numbers.
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TEST MATRIX 1- INTERNAL THREAD ELPO COAT (*EACH RUN NUMBER CONSIST OF 10 TEST JOINT
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4.2.1.5 Verify material build condition of clinch nuts and  ing. M6 clinch nuts shall have a 6G tolerance specification
weld stud (simulated) test fasteners. Thread gauge fasteners for  prior to coating (See Table 5).

pitch diameter prior to ELPQO coating and after ELPO coating

(See Tables 8 - 11). Tolerances for clinch nuts (M8 and larger) 4.2.1.6 All weld smds (simulated) shall have a 6e6g tolerance
shall be in the top half of the 6H tolerance range prior to coat-  specification prior to coating. Thread gauge fasteners for pitch
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diameter prior to ELPO coating and after ELPO coating (See
Table 6).

4.2.1.7 Fasteners which are ELPO coated will be tested at
their maximum material condition (for internal threads test at
minimum pitch diameter and for external threads test at maxi-
mum pitch diameter). Fasteners which are ELPO coated will
be coated and tested at the highest film range (for medium
build approximately .02794 mm). This is done to determine if
there is a no build for the fastener. After coating, the effect of
a uniformly coated thread flank on the pitch diameter is a
change of 4 times the thickness of the coating on the flank.
Gauge clinch nuts and weld studs to verify the change in pitch
diameter due to coating thickness using the following equa-
tion:

a=4t
Where:
a = pitch diameter change due to coating

t = coating thickness

42.1.7.1 If a no buildexists decrease the amounts of ELPO
contained on the fasteners incrementally (increments of 00051
mm) in accordance with the medium build range given in
9984094 until a build is achieved.

4.2.1.7.2 No build — Occurs when a target torque is applied
to a fastener and results in (1) no clamp load in the joint or (2)
the fastener fails due to torsional shear or excessively high pre-
vailing torque.

4.2.1.8 Joint bearing surfaces should be plain hardened steel
test washers. For the M6 external thread ELPO tests use
washer P/N 11515487. The M6 internal thread ELPO tests
shall not require a test washer if the externally threaded fas-
tener has a retained washer. For the M10 internal and external
ELPO tests use P/N 11515490.

4.2.1.9 All tool gun manufacturers and part numbers shall be
recorded in Table 7.

4.2.1.10 All joint rundowns will be performed in accordance
with Test Matrices 1 and 2.

4.2.1.11 All joint rundowns shall achieve a final stall clamp
load of at least 80% of the proof load of the external threaded
fastener. If this clamp load is not obtained, increase the tool
torque setting until a final stall clamp load of at least 80% of
the proof load of the externally threaded fastener is achieved.

4.2.1.12 Record the transducer signals for torque and tension
as the joint is being tightened for all sample runs.

4.2.1.13 Record all tool setups (air pressure, torque limits,
cutoff frequencies etc.).

4.2.1.14 If chatter occurs during the rundown, indicate chat-
ter by placing a check mark in the yes column. If chatter does
not occur during the rundown place a check in the nocolumn
(See Tables 8 — 11). For this test program chatter will be
defined as: Any test run that produces a + 3 o variation >/=
34% of the mean torque achieved during the test run.

4.3 TEST DATA.

4.3.1 The recommended test fasteners are given in Tables 3
and 4. Test fastener substitutions are aliowed only if the fasten-
ers meet the size, grade, finish and pitch requirements given in
Tables 3 - 6. Record any test fastener substitutions in Test
Matrices 1 or 2.

4.3.2 Provide photographs or sketches of all test setups.

4.3.3 Record all ELPO coated clinch nut joint test data in
accordance with Tables 8 and 9.

43.4 Record all ELPO coated weld stud joint test data in
accordance with Tables 10 and 11.

4.4 POST TEST INSTRUCTIONS.
4.4.1 Sample Instruction.
4.4.1.1 Hold samples for documentation.

4.4.1.2 Identify chart traces, retain in departmental file for a
minimum of one year and enter results, conclusions and rec-
ommendations into the technical memory.

5 PERFORMANCE OBJECTIVES The test joints will
be mounted on the torque-tension test machine. Each joint will
be run down and achieve a tension of at least 80% of the proof
of the externally threaded fastener. Fasteners will be analyzed
for torque—tension @ 75% of fastener proof load. After each
rundown dynamic torque and tension readings will be recorded
along with tool speed.

5.1 The test data shall be reported in accordance with the for-
mat given in Tables 8 — 11.

6 TORQUE/TENSION REQUIREMENTS.

6.1 All joint configurations with external machine threads
shall be subject to torque/tension testing. The torque values at
specified tension for the 6 and 10 mm nominal thread diame-
ters are given in Table 12. The *+ 3 ¢ torque range for all
torque tension data tabulated per Tables 8 — 11 shall lie within
the torque ranges given in Tables 12 and 13. All tabulated
torque/tension data shall be submitted to the Fastening
Committee chairperson for review.
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