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Impact Fatigue Properties of Carburized SCM415 Steels

Kiyoshi Uwal, Toshiro KOBAYASHI, Mitsuo NIINOMI and Shuhei ADACHI

Synopsis :

Fatigue and impact fatigue tests have been carried out on carburized steels with the case between

0.3 and 0.5 mm.

S-Nf curves in impact fatigue tests show a knee transition point as well as in fatigue tests. The crack
initiates from the surface of the specimen in the cycle life region lower than the transition point, while that
initiates from the inside of the specimen in the cycle life region higher than the transition point in both

fatigue and impact fatigue tests.
inside of the specimen.
initiation site.
fatigue tests.
higher than that in fatigue ones.

The fish-eye fracture appears when the crack initiates from the
The transition on S-Nf curve is attributed to the difference in such a crack
Striations have been observed in the fish-eye fracture area in both fatigue and impact
The crack growth rate calculated from the space of striations in impact fatigue tests is
The cyclic impact loading has been found to accelerate the release of

dislocations and damage of grain boundaries comparing with non-impact cyclic loading.
Key words : impact fatigue; carburized steel; S-Nf curve; fish-eye fracture; striation; crack growth rate;

grain boundary damage.
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fiEzkAticid, #iB SCM415 4 (C:0.15, Si:0.23,
Mn:0.77, P:0.11, S:0.005, Ni:0.01, Cr:1.00,
Mo :0.17, Cu:0.13 (wt%)) # H 7. RERF 1, B
A (K& 116 mm, &/NERE 4mm, #IZ$% 35mm)
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Table 1. Heat treatment conditions.

Material Carburizing treatment Tempering treatment
E=0.5mm | (1173K1.5hFC,1113K 0Q) X2 453K 1h AC
E=0.3mm | 1173K1.5hFC,1113K 0Q 453K 1h AC

FC : Furnace Cooling 0Q : Oil Quenching AC : Air Cooling
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B, HEEFTRBRICBITAIGHER L FEFCEEE
BEM T #BIETH &4 33ms Th - 7.
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Fig. 1. Microhardness distributions.
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Fig. 2. Residual stress distributions.
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Fig. 3. Retained austenite distributions.

Table 2. Mechanical properties under static ten-
sile tests.

0.2%* Tensile o
Specimen proof stress strength Elongation
0.2(MPa) og{MPa) a(%)
E=0.5mm | 288K 1209 1487 1.39
specimen 353K 1338 1339 0.83
E=0:3mm | 288K 1092 1459 1.59
specimen 353K 1228 1343 ., 0.9

* Reference value

DB T—HOFRRAIEH L 25 I LD bHB.
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FN23% BLUA3% HHET A ENbD L.
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WA+ B0 ADbND. 72, %I Fig 4 IORT &
HICEIRICB T HMTEEE (n) b 353K 2<%
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DEE, FBREECHLPDLLTDLTLTHLED, 0.2%
i 77 13 A AL R & OB ARERIRE B D 5 TR
CBRESRRTILNEOLND. ‘

1]

Table 3. Content of Yk and Static Tensile Testing
(S.T.T.) temperature in E=0.5 mm materials.

Specimen Tr(%)
Virgin 1.2

S.T.T. 288K 5.0

S. T.T.353K » ’ 11.3
(=] 0.3 T T T T
‘: oO—O O
g yd N
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% o \\\o 288K
¥ o0.2r N
o (o]
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True strain , %

Fig. 4. Relationship between work hardening
exponent and ture strain in carburized steel (E=
0.5 mm specimen) at each testing temperature.
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Fig. 5. S-Nf curves in non-impact and impact
fatigue tests and effect of effective case depth at
each testing temperature.
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G(NfT)M =D +rereveenererorinnninniiniiiiin.. (1)

ZZT, m, DIMBERTHD, m i 3HEEFEE
DRBICLDMEERT oMM ERTHBELILIER, D
BHEOMBEL NV RET AMEERTH 5.

2T, R(1)2EEE B L OHEIEHS BR%E <
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Table 4 {2 E=0.5mm #® 353 K 2B} %@ EE
BLUHBEFRBZEOBREAE L VEONL REY

Table 4. Content of 7 and fatigue testing
conditions in E=0.5 mm materials.
Specimen Condition (353 K) Yr(%)

Virgin , 11.2

Impact Low cycles 0=1421 MPa, Nf=2.02X103 0.0
fatigue High cycles o= 624 MPa, Nf=7.08x 108 11.4
Non-impact Low cycles =1 326 MPa, Nf=2.92X103 3.7
fatigue High cycles o= 856 MPa, Nf=3.96x10% 9.1
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BeHiEL Ao s oEERY. (a) BXU (b)
BREES T, FREFREBI KT A4 2 VEMBTH
BLaE, (c) BXO (d) 3HEEHNT, thEh|
BRI A 7 VEGIRTHEE L 228, (e) 1ZFFRO5I
BRI ThHDL. TAOHDEELD, KY 47 VEMKRT
iR L 2SO OB E THLGEBEIE S B X UHBE SRR O
WE e bRAA,SHE L, REEEIZTFHE, AEEMNY
AE L&) BT ERAR O~ 7 OBE & B L 2k
MBI NS, —JF, B4 7 VEGETITBEIES
BLUHBES A OMBE L b Fish-eye BB 2 L
Twh. IO Fish-eye DAWERIX, BEHREF T2 MG
BATEN, HREHFTCRFHTHLOFHHTH 5.
3-5-2 MIEESOBILE

BIEHW (B 1 7 VERE) CRBHEY B & O
BEFOME CHEIHABERRASEZ Y, Photo. 2
WRT L ICRBRTE LS 1~2 FARREORRE L
BV CRARES L O RENOBAKEE %
N, BELBIBEBICELZ EMFBEIRS. IORHEKE

(a) Non-impact fatigue high cycle region (b) Non-impact fatigue low cycle region (c) Impact fatigue high cycle region
(d) Impact fatigue low cycle region (e) Static tensile

Photo. 1.

Typical macroscopical views of fracture surfaces.
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Opmar = 1326MPa  Nf=2.92Xx10°
Photo. 2. Typical fracture ori-
gin on impact fatigue fracture
surface in low cycle region.

Photo. 3. Typical fracture morphology at fish-eye origin point in impact fatigue test.
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gBaAn/. Ld o T, Fish-eye DB S, EFH
npti Fish-eye DR FmICEICEZR IS &%x%ﬂ
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1% Fish-eye NEATMIMMICE A TWA Z & B L UKL
H 55 Fish-eye A I CORBENLT IR NZ L%
BT, BBEF ERIKTH - 7.

3:5:3 Fish-eye iEIZ 8175 da/dN-AK HI#E

— 160 —



BRBEANL 72 SCM415 5 > & 5B 574514 161

~5
10 AR=aAoYTa ' '
where OK : Stress intensity
factor range
@ : A correction coefficient
L (a=2/w) —
Ao : Stress range
a : The crack size

da/dN=C(aK)"™
C and m are constants

where

Crack growth rate ; da/dN , m/cycle

--@--Non-impact fatigue
~O=—Iupact fatigue
1077 ! I |

10 .20 30 40 50

Stress intensity factor range ; AK , MPa/m

Fig. 6. Relationship between da/dN and AK at
fish-eye in non-impact and impact fatigue tests.

Fish-eye W ICFR s noE X D FBICIEA A R b
TAT—Ta b, SREHEEE do/dN SHEREHTIC
BHTE5 . Fig. 6 KB AMFSfI - avk,

& REHEREE do/dN LICTIVERIRBEE AK & DR
PRY. AK AR SRy B EES N 220K
CIEDS - 72 8RB LT, KT LDk 7.

AK=2/7t‘Aam ................................. (2)

IIT, Ao BIEHIRIBTH ), a BEREST, &
HAR»L0EEL LTHEL, £20ED AK 23K

Bl —ixiZ, AF—Y I ® da/dN 2 TFEDINY
ZRNDALT 5.
da/dN = C (AK )™ c+eeveresemmmmmmiinniniiiiin. (3)

FIT, BRAZREBEZIVEFNRFRhOBEROMEE 3K
Wk, EWEEET C=2.2X10"15 m=6.0,
T EHBENT C=5X10"15 m=6.3 %8/, oh
h, 27=Y I TOEREHEEIHFREF TS

W EHDRL. O SREREOHEDRED—>
ELT, Hi, Z Jwn Hii, sZEROBICET LN
BOKEESOBEXFETTWLE?DD, vrbh, HE
B T SR OERMBIEEIZB W TOREMATER &
NABEDIIHL, BEEFTTREBOBIROLBAIKE &
BV TEHBEE SR S NS, ZOKE ¥R

Table 5. Relative change of half-value width of
a (211) lines on fracture surface obtained from
X-ray diffraction in E=0.5 mm materials.

=(b—bo)/ b

Impact fatigue test Non-impact fatigue test
—0.28 —-0.20

X EBBAONIRID, ZROERIIH S LDE
HRxND, T4, WOFEKEE UTRE RSSO
BXOMELEIOND.
3-6 GEWE

Table 5 ix, FEEI B X UHBRIE Y T Fish-eye B
BLZ E=0.5mm M OBELETOXKREHICX
a(211) MO MO LI ERT. FMIBO LI (H)

REMEEICKEL, RN L D EEMIIKRD LR
69)23).
H=(b— bg)/ by +rerrerereremermesssessuesniensnnans (4)

ZIT, by RHERBORB IV B OIS «(211) [
RO PR, b HEEEF DDV IHREHRB %D
HAE (BHEEE) KVESRAZTRTH B,

ZHRIY, BEESBLIUVERESOMET HD
i, ZIn GOHRETHHMANGED L LB I N
12CrMo SO EF B L OCHBREFHBRBRIZBIIL HOD
MEHERS CRABKICAEE 2 ), REDOEMEE R
DL ERRLTWAS, CORTRIHERESOFHH
%aﬂ“ﬁ>“j:3 <, BEEFCHNFHFREFOBEN T

SREMAFETOEHER IS B OBBIES T
éotp&%m%waé.b@;tm,ﬁﬁﬁﬁm%
EORBOBERTICOLSFAEEIZLN, B A I
HOBOHGRBENIRTTL—ERE LTEFOoNS
Bbhsd, LarL, TOHIIODVWTIRSHES SIZFEML
RETLETHA .

3-7 BBENROEAM

KR TE, SRBREBEORREM OKL, T4abb
BB RDESH T EEMIIET—2DHEL LT, ¥
DUBICXDERMICKHR*BREL, 2OoNABRE
wErlE, kBLz. CollEhEkiE, MESOH
B IR L TFTo 72, Fig 7 C&HBREORKRE LD
W L7 SHoliEs (60 ) FHRFBRBERSOL
R, fEECIE, REBREIORE L DB SR TR
BEBES L 1L LIEGEOKFERBORBOTFIGH R
BEEBESORTN-ThHs. CORLY, K LES
Zuwigy, TAFALEELEOEEICE, BEETLY
LHEEEFTOFPNRBEBREEIEC LD L by
B, ZORRE, THREY CONROEEHOET K
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Average depth ratio of grooves
o

Testing conditions

(a) Before fatigue test

(b) Non-impact fatigue test (Low-cycle region)
(c¢) Non-impact fatigue test (High-cycle region)
(d) Impact fatigue test (Low-cycle region)

(e) Impact fatigue test (High-cycle region)

Fig. 7. Relationship between average depth ratio
of etched grain boundary grooves and testing
conditions.

KW LERBLTVAEEIONS.

LIAT, ¥ YSBIIIARRBRETI, ¥rY
BEA N A LBIRBICEUGL T 5 7290, FFEAD Y A DR
ENERBEBTL—ETHLI L 2HIOTBILED
bhH. F2T, -V 2 BFHHHIE (AES) L&D,
MRTODADRITIRIREZE L7225, N ADKRAD
RITIERBBETOEL b o, Lo, FFE
RHEFESOMERL, HROKEEHOMEERL TS E
HEEND, 2F D HFBES CERIRW KR T OEH
PEITLRTVEEZLND.

4. # B

BRBEAN L7 SCM415 S8iC o v TIEZ MR U
ETBIUHREE LHET COEFRBREIT, 20
ERIFIAFEICOVTRE L, UTIWRTHEREE.

(1)EHBEH TO S-NF i, BEES TORER
CEBBICBITERRL, SOBFAELY LERDEATR
WA EE S SRS D, KIS T Fish-eye B
BEETLHI ENbh ol S-NfHROSEINE, X3
BEMBOHEISERT 5.

(2 MBS T OBmEEFTBE SRFEITEEL » %
DTES D, BISHE i EEESEE L 2R CRE
Efofz, Tk, BICHRITOBSEIREDS, BEKS
BIXUBBESOWMECRAK TH /-0 EZ LR
5.

(3 )KMF% TP Fish-eye fiEORE X, A7—-T1

Jul

xZLBbnsb,. F7:, Fish-eye ODFFOA b5 4 12—
SarvhoBBInAF—Y I TOHRK XHE
B, @EENAMEGHBAE R EVWI END
o,
(4 ) BEEH B L UOHRIEY T Fish-eye BIE L 12K
HOBHEAEIZBT 5 XREITOEMELHE L& 2
%, HE&RRT OB IR FE OB £ RRT B2l
IBOBLHWETHED LN, £z, T OEMBBORS
RILBFET I HAHREFT TR RE» o 7.
(5)BEEFB LUVHFBREFABREZOXMAONTER
BRESEPHELLE DS, BELENFSVIZYE, 72/
L#E LBOBE I, #FETL) SEHEREFOHH
BWRBEEBESPEL 2oz, T, RROERWE
BERETHLDEEZ G
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