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Gigacycle Fatigue Behévior and Fracture Morphology
of High Speed Tool Steel, JIS SKH 51
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Gigacycle fatigue characteristics of high speed tool steel, JIS SKH 51, was investigated under
cantilever-type rotary bending fatigue tests in an open environment at room temperature. As a result
of fatigue tests, S-N curve was clearly classified into two types of fracture modes by the different
crack origins. One fracture mode occurred at the surface inclusion in the region of short fatigue life
and high stress amplitude level. The other was at the subsurface inclusion in the region of long
fatigue life and low stress amplitude level. The transition of crack initiation site from surface to
subsurface appeared at about 2X10* cycles and the stress amplitude for the transition was affected
by the tempering temperature of the specimen. On the other hand, difference on fatigue life for
internal fracture mode between specimens treated by different tempering temperature did not
observed. Fatigue fracture mechanisms were discussed through the detailed observation of subsur-

face crack initiation site.
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(a) Tempered at 823K
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Fig.1 Microstructure of testing materials
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Fig.2 Shape and dimensions of specimen tested
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Fig.3 S-N curve for high-speed tool steel, SKH 51
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(a) Surface crack initiation without surface inclusion,
6.=1 200 MPa, N,=3.29x10*

(b) Surface crack initiation due to surface inclusion,
0e=1400 MPa, Ny=1.86%10*

(¢) Subsurface crack initiation with fish-eye,
02=900 MPa, N,=1.0x10®

Fig.4 SEM observation of crack initiation site on the
specimen tempered at 823 K and polished by
grind stone
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Fig.5 Surface crack initiation due to surface corro-
sion, 6.=650 MPa, N,=1.48x10°
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(a) Inclusion A, 6.=800 MPa, N,=8.48x10?

(b) Inclusion B, 6,=900 MPa, Nf 5. 35><106

(c¢) Inclusion C, 6,=850 MPa, N,=2.40x10®

Fig.6 Three kinds of non-metallic inclusion observed
on internal crack initiation site
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Table 1 Experimental measurement of surface rough-
ness on the fracture surface

(um)

Type of Inside of
héﬁZMm Roughness GBF fishoye
A Ra 0.141 0.025
Rmax 0621 0.040

B Ra 0.052 0.02
Rmax 0.227 0.038

o Ra 0.138 0.024
Rmax 0.669 0.045
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N~

Fig.7 Birds-eye pattern (b) in the vicinity of bright-facet area around an inclusion (a) and a surface roughness plot
(c) along a cutting plane line on the fracture surface of the specimen ruptured by an internal failure mode
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Fig.8 Definition for size and dimension of fish-eye
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Fig.9 Experimental results for depth of non-metallic
in-clusion in relating to number of cycles to

failure
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Fig. 10 Experimental relationship between aspect ratio
of fish-eye and depth of non-metallic inclusion
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Fig.11 Experimental results for size of non-metallic
inclusion initiated crack relating to the applied
stress amplitude
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Fig.12 Experimental results for size of GBF, relating
to the applied stress amplitude

— 167 —

NI | -El ectronic Library Service



The Japan Soci ety of Mechanical Engineers

668

FHE TE# SKH 51 OBRFMETEE & BIRTE

Fah, fiEDIE I BBRBEHEBELTKEYL, TEY
C 13 18~43 pm OEFICIE 5D < 4, 215 DFHIE
24.8pym ThHolz, THEHFLT, MEWABLIUB
i3 6~18 pm ORI AL TH Y, T 12.2um T
Hot:, SEEONEY? SARERA L T 20
EWARGHRBERTECTEY, $L-REXHRE
L NI S BEER O LT OBEC N EMOREE

FERIZWCRT, B8, 0.=1100 MPa X EDJEHI
RIECGBF BEE s k-7, 12 &Y, GBF
FIGTIRIBOET, $hbbEHFFMOEIMMHFE-> T

REL LB 5,
UREM LFc & 25

4. &

ZOMEMBER LBE B &
FR S RN,

=

X AEERERED SRV, kB, SRFELEESRL
% o e AEW OB R —ARICHRBRET TR &
LD ZLIIEHEMDOES DX ICHEHERRT 2

ZEWTRB,

PR = S A RIE S D X AFER M L 2o TN
EVMOBECIE, B L7 X 512, GBF S BRE &

i,

Z ® GBF OEM areacer (NEYOHEE %2 &

) BHEIE L, 2Ok Jareacss L AHIGHIREDR

Crack mifision site | Surface | Subsurface
bve) Grind @) 9|
Emery A A
0 A F= -
£ 8 & ¢ ¢
. ) S &g ©
g 6 8@% %gc £ c
5_ 4__—g_?_!&c ci:___.__c__
A SO
f =la A-ng
g- 2 | i ﬁ. 4
f: B
<
1 1 aul 1 asinul asnanl 1
10° 10* 10° 10° 10" 10® 10°
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Fig.14 Experimental relationship between 4Kcsr,
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Fig.15 Modified S-N curve considering applied stress

NI | -El ectronic Library Service



The Japan Soci ety of Mechanical Engineers

ERETEH SKH 51 DEEFMEHEE L REFE 669

LiIREREFRZ L, 2RAEEETOEELRohxR
v,

I 14 i3 GBF O~} ¥ Vareacsr VT, &(1) b
B\ (2) X FERRIC L TR TG KR BUE dKosr
ERT. 2B, BHEICIENE & WEERSONEYDST
B SRD T2 dKine,: RPFEE L T2, dKosr DfEIZ 4~5
MPa/m Ofi%#5= L, GBF 24 Uk WEFMRIC B
3% AKine, DEE S FERBETH S, Lich-THEHE

BT, NMEYWEBEI GBF 24£ U ¥R &
HWBFRELCERT 3, —F, REGBICB T 2N
Y11& GBF %4 U T, dKeer ¥ 4~5MPay/m 2% >
Ttk XENFE - HERLUTHRBIELLDOLELS
h, ZOENEHERO TRAGHIERGERETH 2
LHFEEIND, dKeer IR IZ—EMBICH 5 2 &1
SUJ2H#ICBWT HEED ST HO-09 HEFdy
Bz B 2SI GBF OBEESEE R BE %
LTWa 2 EBNEMEMIcH L THHERTE 3,

42 FFHFAEICRIZIRAIHSENEZE W
EAFERACERT 2T OIH 2 S EO%
BrroTHBREEROZNER TS, M15 38T
DS IS MOFKE LRI T 5 7- 010, A& RAFEE
BAEL RS NEYLB I BT 2 I6h 5K 7-HD
JEREE AW T, M3 ONEEHRERLSD S-N
HE*HEE LERE2RLDOTH S, 15 H
bbb dii, I3ONMERAREREFWHED
S-N BRI AT, FEHHFFOEI S DER/NE LR
BEEAIZRT D, KTz &k S i SBRER S L
STNEHOREI L BIES2ENTADSNS,

5 #& B

BREGBICE T 2 EHFEEHEHS 20T 25D
—Re LT, GHETEM JIS SKH 51 DBER LEE
823K B L V883K 0 2 FEHDABRH % Fv T 10° [|
¥ TOBEFWBICB T 2 FrREEER 55 28R 2 K
[HTITo ., BonlELBRIIUTOEBEY TH
3.

(1) FEFBESEEEIILAERE - EFaicsnTE
HfHEONEDCERT 2 20 S WRER L KIEH
iE - REGBICBOTHREONED 2REET I
HEHFAERO 2 BEIBHE I,

(2) S-NHBOIRBEAFEMN & 2 ) —#K
WEMCRZ Y, REREIGHOXNMNEBRT L
DR I o, R & RFAER R HED o N s 2
FARE T RBEOBR I RAREIC B L UHE LE
BORELRZZ T3 I EBHLLER -7, RiEERHEE

HICHDET B X UBRRE LIBENEWIE EERIC IR
BIXETFT L, BEEHEMN(S-N HROKFERE )
BAREL 23,

(3) M EHRERETBIBOREHFFFITIIRE
MRS & CBER LIBE DRV IFED shxdo e,

(4) ESHRERSEZ->LESEBNMEDCEIIE
ErgEsh, VC, (V+Mo+W)kCy B & U ALOs T
bote, THONEYOBEIC L 2EFEGOER
ZAHoNEh o,

(5) REMETHE S ZFREREHRIEL - BE
DFHZBREZIToEER, ERRELRI LT
EVIRBEIC ZRROE V72884 (GBF 4580 W&
n, ZOESSTZEDORABEICERTHMIMOK X WEET
HDHIEBESMERST,

(6) GBF#EOKRE EH»oRDIIGTIRFAL
8 dKeer 13 4~5MPaym Off %R L, GBF f8 %
R T BE L NEMOKRE &SRO 0T
KIFEIE L IZIZR—DEE R 5T, TOIEhs, B
FHBIC B ANEYELE & T 58 2 ZARERRK
FHEE I GBF OB EE L KRB E2RL, 20
RSB OMBIN S EE R IFARETH 5.

Bbhio, REBRICAW-EBBRFIE)FAZHLY
REEBILLOTHY, FEEBRD VLR
th - ZERCEHEER2RT, £/, ZRERCH 2B
1BINRFIHPEE - RINBERCHEESRT. %
B, KR GRIEHRAEMS (B8R C), BE
F512650077] 2B TEMBLISOTH D, BIRKL
CHERTRT.

X 73

(1) Mz, Stanzl-Tschegg, S. and Mayer, H. #q, Fatigue
in the very high cycle vegime, Vienna, (2001), Boku.

(2) EEMZE, #EE 103-981 (2000), 494-495.

(3) NEREHE-GHESE - -BIUFEZ, #H, 46-10 (1997),
1149-1154.

(4) Wang, Q. Y., Berard, J. Y., Dubarre, A, Baudry, G,
Rathery, S. and Bathias, C., Fatigue Fract. Eng. Mater.
Stract., 22-7 (1999), 667-762.

(5) Nishijima, S. and Kanazawa, K., Fatigue Fract. Eng.
Mater. Stract., 22-7 (1999), 601-607.

(6) Murakami, Y., Nomoto, T. and Ueda, T., Fatigue
Fract. Eng. Mater. Stract., 22-7 (1999), 581-590.

(7) Wang, Q. Y, Berard, J. Y., Rathery, S. and Bathias, C.,
Fatigue Fract. Eng. Mater. Stract., 22-7 (1999), 673-
677.

(8) WH-Ent - EY5, - RSB - B RE - F5IEH -
ATE - JNEERLEE, A1EL 49-7 (2000), 779-785.

(9) WEHEMHE - EXNFA - Hh e « £6% - INERE - 35
EFIE, 5%, 67-663, A (2001), 1805-1812.

(10) Shiozawa, K., Nishino, S., Ohtani, T. and Mizuno, S.
(Ravichandran, K. S., Ritchie, R. O. and Murakami, Y.
#R), Small Fatigue Cracks, Mechanics, Mechanisms and

— 169 —

NI | -El ectronic Library Service



The Japan Soci ety of Mechanica

670

(11)

(12)

(13)

Engi neers

R E TE# SKH 51 OBRFaES ) & WHHYE

Applications, (1999), 39-47, Elsevier Sci. Ltd.
BEME - B8 - GIRAE, #8, 48-10 (1999), 1095-
1100.

Shiozawa, K., Lu, L. T. and Ishihara, S., Proc. ECF13,
Spain, (2000), CD-ROM, Elsevier Sci. Ltd.

Lu, L. T, Shiozawa, K. and Ishihara, S. Material
Science Research International, STP-1 (2001), 35-40.

(14)

(15)

(16)
an

Shiozawa, K., Lu, L. T. and Ishihara, S., Fatigue Fract.
Eng. Mater. Stract., 24-12 (2001), 781-790.

Shiozawa, K. and Lu, L. T., Fatigue in the Very High
Cycle Regime, Vienna, (2001), 165-172.

BIEYS - IREAE, B, 67-662, A (2001), 76-84.
NESE - REBKES - NMERA, #58, 54-500, A
(1988), 688-695.

—170—

NI | -El ectronic Library Service



