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Mechanism of Reduction of Fretting Fatigue Limit
in Hydrogen Gas in SUS304

by
Masanobu KUBOTA™, Yasuhiro TANAKA™ *, Kyohei KUWADA* ** and Yoshiyuki KONDO*

The authors reported reduction of fretting fatigue strength in hydrogen gas using several kinds of materials such as low alloy
steel, heat resistant steel, aluminum alloy, austenitic stainless steels, etc. In this study, mechanism of the reduction was discussed
thorough detailed observations of small fretting fatigue cracks and two-step test in which the environment was changed during a
test. The material was 30% pre-strained austenitic stainless steel SUS304. Hydrogen gas pressure was 0.12MPa in absolute pressure.
Whereas oxidation process was important to develop fretting damage in air, adhesion was dominant in the fretting in hydrogen gas.
In hydrogen gas, small cracks were emanated at both ends of the adhered parts. Since the major crack was propagated from one of
the small cracks emanating adhered part, the adhesion and formation of small cracks were important determinants of the reduction
of fretting fatigue strength in hydrogen gas. In the fretting fatigue test in hydrogen gas following fretting fatigue test in air, no
fracture occurred even if the stress amplitude was higher than the fretting fatigue limit in hydrogen gas. The reason was that the
oxidized wear film, which was produced in the first air environment, prevented the adhesion and the formation of small cracks.
Another two-step test was that small cracks were formed in hydrogen gas and the test environment was then changed to air. As the
result, there was no fracture of the specimen even the test was performed at stress amplitude that the fracture of specimen occurred
in the single hydrogen gas environment. The result suggested that the stress field in the vicinity of small cracks were severer in
hydrogen gas than in air.
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Fig.1 Effect of hydrogen gas on fretting fatigue strength?.
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Table1l Chemical composition of material (mass%).

Material C Si Mn P S Ni Cr
SUS304 | 0.04 | 0.58 | 0.90 | 0.037 | 0.000 | 8.10 |18.14

(a) Solution heat-treated

(b) 30% strained

Fig. 2 Microstructure of material.

Table 2 Mechanical properties of material.

Material Condition co2 | ©Os 5 ¢ HV
(MPa) [(MPa) | (%) | (%)
SUS304 | 30%strained | 757 | 917 | 36 74 | 338
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Fig. 3 Fretting fatigue test method.
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Fig. 4 Shape and size of specimen and contact pad

(Dimensions are in mm).
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Table 3 Condition of two-step environment fretting fatigue test.

First step Second step
Test No. Env. Ca N Env. Ga
(MPa) (Cycle) (MPa)
1 Air 160 110’ H, 160
2 H, 160 5x10° Air 160

*Fretting fatigue limit in air: 180MPa
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Fig. 5 Reduction of fretting fatigue limit in hydrogen gas.
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Fig. 6 Difference of fretting damage between environments.
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(b) Fretted surface of the contact pad

e
= — Specimen
§ S5t ----Contact pad -
‘2’ [
5= [
2
o, L
S I
€ |
5 T
2] [

10L L L

0 50 100 150

Scanning length, x (pum)

(c) Superposition of the surface profiles
Fig. 7 Matching of contact surfaces fretted in H,
observed in the vicinity of the contact edge
(0a=200MPa, N = 1.7 X 10%).
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Fig. 8 Adhered specimen and contact pad
after fretting fatigue test in H, gas
(ca=160MPa, N = 1.0 107).
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Fig. 9 Change of tangential force coefficient
with change of number of cycles.
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Fig. 10 Observation of adhered specimen and pad at a section cut in the axial direction (o, = 200MPa, N = 5.0 X 10°).
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Fig. 11 Etched section of adhered specimen and contact pad (. = 180MPa, N = 1.0 X 10%).
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Table 4 Result of two-step environment fretting fatigue test.

Condition
Test No. -
Result (Ns and N are the number of cycles in the 2nd step )
1 In air, 5, = 160MPa, N = 10" — In Hj, o, = 160MPa
Not fractured after N = 3 10"
, In H,, 6, = 160MPa, N =5X10° — Inair, 5, = 160MPa
Not fractured after N = 3 X 10’

«——Relative slip Outer contact edge—

Fig. 12 Fretted surface in the 2-step environment test
(Test No. 1: 6, = 160MPa. In air, N = 10" — InHz, N =3X107).
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100um
(a) 2-step environment test: Test No.1

(2= 160MPa. In air, N = 10" — InH,, N =3x 107, Unbroken).

Outer contact edge

l

(b) Single environment test: Air
(6a=160MPa. N = 1.2 X 107, Unbroken).

Outer contact edge

|

Major crack

(c) Single environment test: H,
(0a= 160MPa. N; = 1.1 X 10, Broken).
Fig. 13 Comparison of fretting fatigue cracks among environments.

MBREDSEOXZ L il LRy, AFH4x107 | (K
R AX107 |, AKEHS AT 3X107[E) DR L &2



7o TestNo. 1 DEHOESITK 0O UM THH7e. ZDE
GeHiEE, OISR TR P EIRBREE T N =1.2X 107 [[]
THERRAKT LR 0 R/ L ZFERETH -T2, 2
D LD D, Test No. 1 OREK—KFE N A YRR D X A
%, 1BEORKRFCTERL, HfE I3 CIZRLE
FEDSELE L7 RAED £ & 2 BEH O/KFEH ATz U#ax T
BEEENE LD 2 EMTERWTadIZ, KT IRE
UTOIERECTIIERBERET LI LN TERNP ST
HOLHEESND.

42 KFEHR-KKNEZ AERFER (Test No. 2)
Test No. 1 OFRER 1T E EUIFAE LB IEMchH -
7o KA A P EMEER TIIARIE A 4 U 55 R T
DIZHBEADLST ZOEXHNER L o722 EiZoW0
T, TestNo.2 TE LITHGETEIT>72. TestNo. 2 TiE, 1
BB OKRFEHT AR TN E R A RAE XTI, IS
FDOFEET2EHDOKRKIREICUIMZ 72, Test No. 2 13,
—HARBH AR TN E R EFRAE I RICKRKERR
WO x T LR 2 B S AU AR ER L
272D LWV RBEIRGEET D72 OITT> T2
ZOFER, ARt 4X 107 [OOSR U ITHEENIZA U 7rn
S7-. Fig. 14 R T B ERIC L D S HWE SGHIl O R
b, PIHIEANER Lol B R LTV A. 1 B
H DIKFE T AHTKFE N X BT H VLW % 5] = i
CHICHE DR AR L VNS RBER L THWDBHICD
Db LT, KRREICE -2 LIc L AR &R
BRENEL 22D Z PRI NTZ

BT O ST OIS FPRRBIZ DWW CTIE A R OFRE & 3
B0, FEEREIC AT 5 2 LT & 0 Bifilitn oS SR RE
DR SN D Z & &~ 7 B RS 72 OICERR K
ZME L=, Fig. 15T Test No.2 (21T B ErEEOI#a % I
DB IR O 2R T, RIS HREICB WV TRR
D7 BEERARE MR, R IRE TERT 5
EREHE JI S tum TH Y, ik Y 100pum D
TABHFHELTHTH, KEF 160MPa O T Tk Z
DERERESIEDLDOICKESRIEN Y% T DH T
DERINZNWTEDICERHRERE L hofe B 2
bid. WITE R, BUNEEEFE OIS SGITARET A
MOLFREVBLWSEDTHDZ L2 HEESE 5.
MBHIARISE & Bip B8, T H A WB gz

2 [ T T T T T T ]
[ |30% pre-stained SUS304 ]
1S r | c,=160MPa 1
ELSF| o mH, ]
© t | |n air
s
> Ir 1
<@ L
~ L
% L
6 0.5 r |

0 1 2 3 4

Number of cycles, N (X 107)

Fig. 14 Result of continuous measurement of crack length

in the test No. 2 of the two step environment test.
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Fig. 15 Change of tangential force coefficient depending on
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