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GENERAL MOTORS ENGINEERING STANDARDS

Materials and Processes - Procedures

DETERMINATION OF HYDROGEN EMBRITTLEMENT BY STATIC LOADING
GM3661P

1 SCOPE. The standard describes 2 method of testing for
hydrogen embrittlement in heat treated and plated or severely
cold worked and plated parts.

1.1 This procedure shall be used to:

1.1.1 Determine the need for a special relief treatment after
plating.

1.1.2 Establish the processing requirements to eliminate
hydrogen embrittlement if it exists.

1.1.3 Check the reliability of the established process in
production, such as in a lot control program.

NOTE 1: Because the susceptibility toward embrittlement
increases with an increase in hardness, test samples must be
specially selected. Functions 1.1.1 and 1.1.2 require samples
selected for the highest physical properties (hardness) within
those limits specified on the part drawing.

2 TEST CONDITIONS.
2.1 Test Load. A sustained test load in bending of approxi-

mately 85% of the yield is applied to the part. Two
alternative methods are given for determining this test load.

2.1.1 One method (preferred) involves loading the part to
ultimate failure in bending.

2.1.2 The second method (alternative) allows direct calcula-
tion if the hardness is known.

2.2 Test Time. The parts are normally loaded for 24 h. In
addition, the parts are normally aged at room temperature
24 h min prior to test. Allowances for shorter times for lot
contro! purposes are noted.

3 EQUIPMENT REQUIRED.

3.1 Holding fixture heavy enough to withstand the forces
required to break a sample when loaded according to the test
conditions; this may be 2 grip plates for flat parts that are
clamped with ‘C’ clamps to a workbench.

3.2 Universal testing machine.

3.3 Loading system (dead weights or equivalent) which will
maintain the required constant static test load on the part.

3.4 Precision caliper for measurement of parts.
4 TEST PROCEDURE.
4.1 Determine hydrogen embrittlement test load.

4.1.1 Method I: Ultimate breaking load.

4.1.1.1 The ultimate breaking load in cantilever beam load-
ing shall be established from heat treated or cold worked,
preferably, unplated samples. The bend line and point of load
application shall be the same as that used for the hydrogen
embrittlement test. The bend line and point of load applica-
tion may be specified on the part drawing.

4.1.1.2 An average of 3 or more ultimate breaking loads
shall be determined; strain rate shall be per ASTM A370 for
standard tensile testing.

4.1.1.3 Calculate the hydrogen embrittiement test load by
taking 0.567 x average failing load. (See Appendix A for
explanation and derivation)

Lret = Luinmae % 0.567

4.1.2 Method 2: Calculation (known hardness) (assumed
rectangular section).

S x B x H?
6xD

D = Lever Arm (distance from bend line to point of
load application)

From S = MC/1, Test Load =

B = Width of specimen (length of material in bend)
H = Thickness
S = Fiber stress for R, 47
S = 2070 mPa (see Appendix A)
4.2 Determine if hydrogen embrittlement exists.
4.2.1 Condition of test parts. |

4.2.1.1 Parts shall be processed through normal production
process including a bake operation as noted below if it is
normally included. The finished parts are normally further
aged 24 h min at room temperature prior to test.

4.2.1.2 Place specimen in fixture (see Appendix A) and
apply test load by dead weight hanger (or equivalent) at same
load point as in 4.1.1. Assure that bend line is the same as in
4.1 or that geometrical conditions are the same as in 4.1.2
calculations.

4.2.1.3 Test termination. Test is terminated in 24 h if no
fracture occurs. For further interpretation, see Section 5.

§ EVALUATION.
5.1 If test samples withstand the applied load for 24 h, the

embrittlement effect of hydrogen will be considered negligible
for the particular part and process conditions evaluated.
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5.2 If any sample fails the 24 h tests, hydrogen embrittle-
ment exists and the need for an effective relief treatment has
been established.

NOTE 2: The Notes from GM Materials and Processes
Standards offer 2 method for relieving hydrogen embrittle-
ment:

All steel parts having a hardness above HRC32 and all highly
stressed cold worked parts subsequently plated with metal are
subject to embrittiement because of hydrogen absorption.
Unless otherwise specified, this condition must be relieved by
heating after plating, The temperature 200 C for 4 h has been
found suitable in some instances; however, higher tempera-
ture and/or longer may be found necessary. Hardened parts
which have been tempered at less than 175 C shall be heated
at 150 C and held for 8§ b, or longer, if necessary. Suitable
relief of hydrogen embrittlement of highly stressed spring
steel parts is considered doubtful.

NOTE 3: Once it is established that hydrogen embrittlement
exists, the part (lot) cannot be salvaged by baking. The lot
showing hydrogen embrittlement shall be scrapped/rejected.

5.3 For lot control purposes after a process is under control,
it may be expedient to judge the results of this test after 8 h
thus allowing for subsequent processing. Severely embrittled
parts will likely fail in less than 8 h. However, in no case shall
a test be terminated in less than 24 h. Further, it may be
expedient to conduct this test sooner than the normal 24 h
room temperature aging as noted above. If parts meet this
early test, requirements have been met. However, if a2 part
fractures (not a test failure) without allowing for 24 h room
aging, a second test shall be made on fully aged parts and lot
disposition shall be made as a result of this second test.

6 SAFETY. This standard may involve hazardous mate-
rials, operations, and equipment. This standard does not
intend to address all the safety problems associated with its
use. It is the responsibility of the user of this method to
establish appropriate safety and health practices and deter-
mine the applicability of regulatory limitations prior to use.

7 GENERAL INFORMATION. This newly issued stan-
dard has been revised from FBTM 48-7.

APPENDIX A

A1 STRESS CALCULATION: Rectangular segment in
cantilever beam bending for hydrogen embrittlement evalua-

Al.l Dimensions & Load.

tion test. The calculation below allows for plastic deformation B = Bl + B2 = Bend Length
in the ultimate load test but restricts the hydrogen embrittie-
ment test load to the elastic range (less than yield). H = Thickness at Bend
D = Distance to Center of Load Application
L = Load (dead weight)
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FIGURE A1 - TYPICAL IRREGULAR FLAT PART
WITH RECTANGULAR BEND CROSS SECTION

FIGURE A2 - TYPICAL TEST SETUP WITH
LOAD APPLIED
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