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Effect of Hydrogen on the Gigacycle Fatigue Properties of Low Alloy Steel

Hisashi HIRUKAWA, Yoshiyuki FURUYA and Masao HAYAKAWA

Synopsis : Gigacycle fatigue tests were conducted for hydrogen charged SCM440 low-alloy steel in order to investigate the effects of hydrogen on fa-

tigue properties of high-strength steel. 200 and 550°C tempered samples were prepared and an ultrasonic fatigue testing machine was used

for the fatigue tests. The base steel without hydrogen charging showed only fish-eye fractures in case of the 200°C tempered version, while

the 550°C tempered version showed surface and fish-eye fractures in short and long life regions, respectively. On the other hand, the hydro-

gen charged steel of both versions showed only fish-eye fracture and the fatigue strength largely dropped. These results meant that the hydro-

gen effects were larger on the fish-eye fracture than on the surface fracture. However, no extension of ODAs was observed in the hydrogen

charged steels, so the degradation of fatigue strength due to hydrogen had nothing to do with ODAs. Moreover, in this research, it was con-

firmed that the ultrasonic fatigue testing machine was effective in evaluating gigacycle fatigue properties of the hydrogen charged steel. The

ultrasonic fatigue testing machine enabled us to finish the gigacycle fatigue test before the specimen lost a large amount of hydrogen due to

emission, and no frequency effects were observed in case of fish-eye fracture even in the hydrogen charged steel.

Key words: fatigue; low alloy steel; hydrogen; fish-eye fracture; optically dark area.

1. #&

ol

BRIE L LA [200MPa L E OSSR Cik, ifEmx
BN D AR E L Uz E U, R L 107

[ %A ZVHODEXHH A ZIVEFHEE 25, W,

HOPEFBRIZFIRBRIE D BB L Z L AIckbZ EHIGR
TWBHY, NEHIENE U B HADOERBREIEZZHA LD
BELKTT S, £72, 20L& RSB CIERN L
75 o P2 AERIRE D OB RN M TR BECBE I N D
ODA (Optical dark area)*¥ 2 fF{E 9 % . ODA DJZHAEHE X
RRE L THIETIR WA, KEOHENRE I T
39,

D& I EBEMORE TR L AKROBERSER S h
TW5 2, RIS RIE T REORE & B ICHHIG L
EE A, BRI, 108RIABZ B KD kX A4 o0
FerHIEIC 5 2 2 ARFBOEEEAFANRLFNIE LA L0,
ZFOBHO—2IZ1Z, HEROFEIARBFHED 5 b IR
75 7B g AR T 57 A BR A & O C 8 R B R K 150 He
FETH 279, 10EFTCHAMU ESLETH S Z LM
BIFoN5b, Thbbd, WEHIEARZ T RmEHMONRE
THBbecEEDHRELVILT V44 b HTIIAKREDHEL
BREBRBEWED, BRF v - VETKEEF Y-V L2
LTy, 1AM ERERAEITS EAKREBRITTLES LD
MER S 5,

KEORRHEMZ Bk LT, REBHIZHAF Iy A
(CdyA v F &2 HET Z & AENBHIERER S O ML 7734
Bz W TiThhTns, ULa L, gy aliko
BAIERBRRIZCd A v FEET L, D2AEIE-T
LESHOMBENELC S, £/, Ao F4LEREBHT
Ay FAENEAPREE LD, WHEESK T
ZkyPEEha!\, 7, EHELD VL — T TIIEM
B 20kHz & HEEHT & 2SR MBI DWW TR
FTEED TS, THE TOMETHERIERIZBIL T
BHEENENRBRE CEYEERMBE O NS 2 L A FETE
L0 i I i O NERBE R IZ - 2 2 T ED ¥ 4 X,
WVE R " ODA TR E DREBEREI L TS, /g
WY A A28 kD, 108EHE 1hiE, 10°[AT
LIHWTEET B ZENTED, ZOXIICERETY
HH 4 2 VHEE F CRET AT IE S AREEAS v Aud
KEF v — D LB T8 KEIRT BH1CABREFET T
X5, LEA-TC, CAA vy FEOUHEEBE L TERE
WRIEH DX H YA 2 IVEFEEICS 2 5 KEOME % i
IZEHETE 5,

PED &> 5¥lE»6, AFETITII L BN AEKEE
Waxge U, BBiARF v — V&L B s onT
BE IR R A W E Y 1 7 VEFREEEITD Z
L&D, B O NERBERHEIC 5 2 5 KKRDTE
FE Uz, 72, EHEEICE A 2KKROLE LTS 5

SERC1982 H 16 2 SERL 1945 H 14 H 52 #E (Received on Feb. 16, 2007; Accepted on May 14, 2007)
% g - MPRAFZEEERE (National Institute for Materials Science, 1-2—1 Sengen Tsukuba 305-0047)



FE &8 E W7 B O G I DN T ThRET %
T-72,

2. EEBFH*E

2.1 fHEM

LR 1L JIS-SCM440 8 T, Table LIZ{b k2 % /R d .
BUL 13, Table 212789 & 5 12 880°C X 30 min 1 T
BEAILI=%, 200°CX60 min ZK ¥y ] OF 550°C X 60 min K i
2EMOBERL A ENWEhiT o7z, UTFTTIEIhs OMK
D 5 5 200°CBER L # % 200T, 550°C R L #1 % 550T & B
BUAL IR % DA G DM 1B % Table 312779, 200T
D TR E 1L 1975 MPa, 550T CTid 1164 MPa & 7% - 7=, 5
ELNL2Eh5 L 51T, 200T ENEREE, 550T 3%
HWEA ZNENRET T 57200 TH 5.

2.2 KFFr—T%MH

Pati KRR F v — VId 1 LD 3% NaClAKERIZ3 gD F A &
T VBT /EZ T ANHSCN) A A ZEROBTRh T
0.05~03mA/cm* DEBIMEL T24hiT > 72, £, EHR
Bk, BB R OSBRI B, PFERRE L CHEY
AR O FABRER A B U 22 B 4 mm O A2 DWW TKER
OWE - Bt #A L 7=, KEOWEEIEIL, 0.1~
03mA/cm* DERMEE T3I~113h KEF ¥ — V&1, K
RREFUWET I LICKOHAEL 2. KKK FH
F, 03mA/cm®*DEBHEE TUNKEF ¥ — VAT,
10min~24h R KKFICHBEROKREZEL2RET S Z &
C&kDITo7, Bk, KREOWEIZFEAKRSFEIZ X
DT> 72,

2.3 EFER, 5RARRUCEERRR

%57 FABR I3 Fig. 1) (28§ e/ NER I % 3 mm O b g 3178
A & B TR B 20 kHz O #8355 1 57 ek B A% & L <
BRI SO Hz DMEY — R IZ X D IT - 72, HBEW
e BRDFRI IS REA WA 5 -0 IR 222k L, &
WalBRIZ K DT o 72, FTH U0 R U BUS SR 3 ik Bi
e R840, WEY — KB & v 7254
A0 EHETE Lz, 72720, 31500 #R UKL LT
BRI L e 2 5 2235 A T, RIS E & B EYhE
ZHERR T 2 7 B IR T THRHII I IR IE X 721409,
o, KRBT E R=—17T, B RNWEEO 5
FAE B E 1200 B AFEACC K 28 L L 72, B3R
alB% 13 Fig. 1(b) IR FATEBIE E 3.5 mm DERERF, M2ak
BRI () 1R I8 S mm O aRERF A W TE R ENAT - 72,
Bh, WFhORE L FHREFERALADTH 5,
KRF v — Y UrikBil # Bk ¢ 5 BR1212, Rtk
Fr—VaMEATH2S 10min BIZKRER ATV, FHIE L
TER T 25 HEIT U T 6 1 h AP & H 112 SRERER & YTIkF L
FMRARFDITEIZ L O ARZEESEL 72,

37

RO SR X A 4 7 TR RIS RKOHE

Table 1. Chemical compositions.

Element (mass%)
C Si  Mn p S Cu Ni Cr
SCM440{0.39 0.18 0.74 0.017 0.012 0.11 0.10 0.94

Material

Mo
0.20

Table 2. Heat treatment conditions.

Material Quenching Tempering
Z?OT 880°C for 30min, oil-cool ZOOOC for 60m{n, water-cool
550T 550°C for 60min, water-cool

Table 3. Mechanical properties of base steel.

0.2% . 1~
T Che .
proof’ ensile Elongation Reduction . APV | Vickers
. strength of area | impact
Material| stress hardness
A value
Go.2 S 0 W
(MPa) | (MPa) (%) (%) (J/em?) | HV
200T 1512 1975 11 43 43 586
550T 1064 1164 15 58 119 368
62.2 }[
(a)Fatigue tests
w Mg x 1.25
(c)Impact tests
Fig. 1. Dimensions of specimens.
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Fig. 2. Hydrogen content as a function of charging time.
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Fig. 3. Hydrogen evolution curves.

Table 4. Mechanical properties of hydrogen charged steel.
0-2% Tensile . |Reduction .Charpy
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550T 1074 1154 —_ 72 22 91
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Fig. 4. S—-N curves of the steels tempered at 200°C.
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Fig. 5. S—N curves of the steels tempered at 550°C.
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Fig. 6. Hydrogen content of specimens after fatigue tests.
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Fig. 8. Typical FE-SEM fractographs of fish-eye fractures
for 200T. (a) is base steel broken at 1.4X 10" cycles
at 700 MPa in an ultrasonic fatigue test. (b) is hy-
drogen charged steel broken at 7.6X107 cycles at
460 MPa in an ultrasonic fatigue test.
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(a)Base steel

(b)Hydrogen charged steel

Fig. 9. Typical FE-SEM fractographs of fish-eye fractures
for 550T. (a) is base steel broken at 8.5X 10° cycles
at 660 MPa in an ultrasonic fatigue test. (b) is hy-
drogen charged steel broken at 1.84X 10° cycles at
540 MPa in an ultrasonic fatigue test.

(b)Hydrogen charged ste’elﬂ

Fig. 10. Typical OM fractographs of fish-eye fractures for
200T. (a) is base steel broken at 1.4X10° cycles at
700 MPa in an ultrasonic fatigue test. (b) is hydro-
gen charged steel broken at 7.6X 107 cycles at
460 MPa in an ultrasonic fatigue test.
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Fig. 11. Modified S-N curves.
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