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Effect of Hydrogen Gas Environment on Fretting Fatigue

by

Masanobu KUBOTA*, Naoki NOYAMA** Munehiro FUETA**,
Chu SAKAE* and Yoshiyuki KONDO*

The objective of this study is to clarify the effect of hydrogen gas environment on
fretting fatigue strength of the materials, which will be used for the mechanical system for
hydrogen utilization. It is important to take fretting fatigue into account for strength design,
since many fatigue failure accidents have occurred at joints or contact parts between
components. The test materials were austenitic stainless steel SUS 304 and corrosion resisting
aluminum alloy A6061. Fretting fatigue tests and also fretting wear tests were done in
hydrogen gas, nitrogen gas and air. Fretting fatigue strength in hydrogen gas environment
was lower than that in air for both materials. Tangential force coefficient in hydrogen gas was
larger than that in air. The appearance of fretting pit and microcrack was quite different
among environments. Absorption of hydrogen was detected in contact pad of fretting wear
test fretted in hydrogen gas environment. Fretting fatigue life of the stainless steel was
decreased due to hydrogen pre-charge.
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Table 1.

Chemical compositions (wt%).

Material | C Si | Mn P S Ni Cr
SUS 304 | 0.06 0.51 ] 0.92 [0.033]0.004| 8.08 | 18.8
Material | Mg | Si | Fe | Cu [Mn | Cr | Zn | Ti
A6061 10.9310.64]0.17|0.27]0.00|0.11 | 0.00 | 0.01
Table II. Mechanical properties of materials.
Material Condition G0.2 oB 8 HV
(MPa) | (MPa) | (%)
Solution heat-
SUS 304 285 637 60 199
treated
A6061 | T6 heat-treated | 298 317 22 108
Bending moment
LN
Contact pad
-
. Contact load
Bar spring
¥
Fatigue specimen
Fig. 1. Fretting fatigue test apparatus.
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(a) Fatigue specimen
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(b) Contact pad

Fig. 2. Fretting fatigue specimen (Dimensions are in mm).
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Fig. 3. Fretting wear test method.
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Fig. 4. Contact pad for fretting wear test (Dimensions are in mm).
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Fig. 5. S-N curves of stainless steel.
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(a) Contact pressure = 50 MPa
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(b) Contact pressure = 100 MPa

Fig. 6. S-N curves of aluminum alloy.
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Fig. 7. Effect of hydrogen on the relationship between fretting fatigue limit and contact

pressure.



Microcrac

(a) In hydrogen gas (o, = 183 MPa, M = 2.96 X 10°)
- v T - -

(b) In air (o, = 188 MPa, N = 2.23 X 10°)
Fig. 8. Fretted surface of SUS 304 observed after removal of fretting wear product (Polished

specimen).
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(b) In air (, = 53 MPa, N; = 8.68 X 109)

Fig. 9. Fretted surface of A6061 observed after removal of fretting wear product.
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Fig. 10. Effect of residual air on fretting fatigue strength of the stainless steel.
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Fig. 11. Tangential force coefficient.

100 -

50

Tangential force coefficient, ¢

Relative slip range, AS ( um )

10000 20000 30000

Number of cycles, N

Fig. 12. Change of tangential force coefficient with the change of test environment.
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Fig. 13. Hydrogen desorption profile after fretting wear test in hydrogen gas environment.
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Fig. 14. Hydrogen charge method.
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Fig. 15. Effect of hydrogen pre-charge on fretting fatigue strength of the stainless steel.



Fig. 16. Fretted surface of hydrogen pre-charged SUS 304 (Ground specimen, o, = 209 MPa,
Ni=2.27%x10°).



