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Effects of Microstructure and Carbon Content in the Case
on the Fatigue Strength Properties of Carburized Steel

Téru FURUKAWA, Shizuyo Konvuma, and Satoru NISHIWAKI

Synopsis:

The rotating bending fatigue and static bending tests were carried out to know the roles of surface non—
martensitic structure and sub—zero treatment and the effects of retained austenite and carbon contents
in the carburized case on the fatigue strength properties of carburized steel.

The main results obtained are as follows:

(1) For both tests of rotating bending fatigue and static bending, the existence of surface non-mar-
tensitic structure decreased the mechanical properties of carburized steel when fracture occured at the

specimen surface.
if fracture did not occur at the specimen surface.

On the other hand, the fatigue limit was independent of the existence of the structure

(2) For the specimen with the carburized case containing carbon of about 0.9% (0.9%C specimen),
sub—zero treatment followed by oil-quenching reduced the fatigue limit of about 15 kgf/mm? by com-

parison with the case of no sub—zero treatment.

Also, the maximum fatigue limit was obtained for the

specimen with the carburized case containing austenite of about 20-25%,.

(3) The fatigue limit, the value of the fatigue crack initiating stress, the fatigue crack propagating
stress, the nominal fatigue crack propagating stress at the tip of the maximum non—propagating crack, and
the static bending strength and deflection up to rupture for 0.5%C specimen were higher than those for

0.9%C specimen.

(4) The existence of the non-propagating crack at 107 cycles was observed in the case of the notched

specimen with the notch root radius of 0.16 mm.,
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Table 1. Chemical composition of material used

(wt%).

Steel C Si | Mn P S [Cu Ni Cr [ Mo
SCM 415(0.15{0.33 [ 0.70[0.016{ 0.01 |0.18 |0.06 [1.03 |0.19
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Fig. 1. Shapes and dimensions of specimens (a, b :
rotating bending fatigue tests, c¢ : bending
tests, Arrows show the loading and support-
ing points). :
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Table 2. C% and yg% in carburized case of 1.0 - i
specimens. 0.8 2. . ® Specimen 21
o 4%
C % (Wt. %) Tr % (Vol.%) s c

Symbol
Surface |Max. pt. (Depth) [Surface | Max.pt.(Depth)

a1l | 0.82085(50um)| 186 | 21(75um)

a2 | 067 |0.75(50+) 20 25(50 =)

ad | 0.62 [ 0.75(70 - )| 16 23(50 «)

a4 | 0.65 | 0.82(50 )| 18 34100 - )

al-s| 0.82 | 0.85( 50 ) 6 9(75 «)

a2s| 067 | 0.75( 50 ¢) 9(50 +)

b 0.60 | 0.68( 50 ») 19(60 «)
)

c 0.45 0.50(60 » 5,5 (surface)

Note : symbol a : CP=0.9¢5, symbol b: CP=0.74,
symbole : CP=0.5%

e 4 e, hEHTTHTON. TAERESY al, a2,
a3,at L L. & ey, FORRE X UBUED LHILT
ARG LS X 3R L. FEANRBETESNLE
LRI S o®BIe, bzl al-S8, «2-8S 0 x5
iz, SEDITTERL L.

BRB XOBAEY LA AR OBEFEG ST 5
C%E rr %% LOWLIPE BT B CHE TR DU
Hiff7E SN & R SOl R R T AT DK Eid HOE R %
Table 2 iR .

2.2 R

2.1 FEEA LR R - BB B AR O On R D4y
% PGP TR 153 penm it ET L, Z0i%E
- NEFSKEER AR B B (10kg —m, 3 000rpm)
THEFRABY T ok, BREFMOCHOMETLE - EM
X-SM BXE~A 2707 F74F—1CLDTHDIE.
¥, BRRFOBEIHECKT D CHOLEOREILE
B MR R 5 SRR A 0 S AT ER e A S o BRI TS D\~ TR
By R 659 0. 1 mm Wil ©fTo%. WE, rr i
BRI IME, lape DWELE, BI Gun o, Tuz ®
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Distribution of carbon content, hardness,
retained austenite and residual stress.

Fig.

L OERRIG OB A TR EC R 5 47 h Fig. 2
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Fig. 3. Distribution of carbon content, hardness,
retained austenite and residual stress.
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B BLNFDT, HHIHTEER LD 6w KEIFTZ
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DESEHE TR CARSELBEADOBRE X R F~T. HET
Yo THRB—Thoteh, It ORFOLBMERC
FRLTCKED, RERTREIDREKTHL 20 pm L)
FChot.

o T SRBLEE al, & B XV ¢ B AL Fig. 1
(¢) ORBAC I2TIT, Bz &% B
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Photo. 1.

structure of carburized steel
(specimen a 1).
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Bending stress (kgf/mm?)
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Deflection (mm)

Fig. 4. Bending stress-deflection curves of curbu-
rized specimens(AT : as heat treated, EP :
electrolytically polished after heat treat-

ment). ’
100
& © Specimen at
E [ ] % a?
> 90 N @ a2-EP
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Fig. 5. S-N curves of oil quenched specimens and
sub-zero quenched specimens (O, @ : as
heat treated, (P : electrolytically polished
after heat treatment).

Tofc. DBEBUED ¥ Z0RBMA Y AT #f, BuLsms
RIE % ERYIEE LBk R % EP # %5 5.

LEOEHERBAC XA HMMTRBRERY Fig. 4 ©
AT B el 1 AT B XUt EP ¥ & L 80T %
L7a\CHilt LTV %25, EP M ilies X iz EFiEue
R R IURE e 1 & BT Y L BRin L
T30 MRk E S EP HoFrnlm@m g, &
WEDZ\. Lo, Bl LTisiuEo
¥ ¥ DORE L D REDTRELFEATIE L 7o REED H 2
RFEEERTE Laibnb.

BT, o0 WRIETTAELBEABOES T o\
THRNR%. R¥ o2 0 AT kX8 EP Ho[EimgiS
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BREVCEELPRITEIRVWEDEEL bR,
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AZERWT owo KRITTRELEBEARBOEZE Y ~-.
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CP=0.9 %0 BHREMSGFT 920°Cx7h #BE#E 2.1
W~ BAE 2 I L, TR0 ER &Rk, AT M
JOEP M rhZFhieonwCREMTFEY X% 2 7o
7.

RBEFDCYy, BE, rr &, FIUVBIEGLHORR
RERAACKT 54 % Fig. 6 R, EEE
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Fo@RBoRmC%IE 0.75 %, HEMEDE X114
Hv800 T JIS & X 5 FZME(LB % 31249 1.5 mm, K
THI 50 pm DRI & BIRBETHE 25% D rr &
7 40 kgf/mm2D FEFERAIEINRD bhbs, thb
DiER XU ZTORHIL Fig. 3 025 a RZoRABOLR
I, BHEEBEINECEIMIREALRALT
H5bD. 6we WOWTiX Fig. 7 WiR3T X 51, AT #
THJ 82 kgf/mm?, EP #1324 93 kgf/mm2¢, FE®D
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Fig. 6. Distribution of carbon content, hardness,
retained austenite and residual stress.
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Fig, 7. S-N curves of oil quenched specimens
(O : as heat treated, @ : clectrolytically
polished after heat treatment).

RELSBEABOBIRIC LI 2T owo 12K 10 kgf/mm? |-
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¥, Fig. 7 OFLRICI\THE LT XTORBRHF D
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SELBEARE & HUER - o35 A o T v 1 EABR A I >
BE) 0.2~0.5mm DIFEID L - AFRAC L IcEER
0.3~0.8mm D\ vhHPBHERHE™ HBEED L. %
A4 Uc BT 3 X O ZoEsfhiio SEM i X % ik
% Photo. 2 R, KPHE LI LB &, 417 Hy
650 Ll EoEMCcifEd e LTRE L, 5IRMBHERE
KA RTEH|EINTCV5D, Photo. 2 DX 51, %EE
SOBAREEMFTCNEDIRD LT, NAEEY

S LTWBZ EA B bR, RBER » L 0.2~0.5

mm DFEZD & Z A1k & V- (Hy 800 1) &=
ATHY, EiorfiETomsw Xy P,CN pRFIC
43 5 & @ KraussiV2 BANER]T 520 D% % i
TEHTH E, BEHMALRIFECEL, »> P,GN 7

Photo. 2. Scanning electron micrographs of rotating
bending fatigue fractured surface (gamp) :
100 kgf/mm2, Ng : 3.0 108, a : overall view
of fractured surface, & : initiation region of
silver spot).
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B tTotc &k & A Zh LORBA OBKITEIC b AL

Cle. 2Dz Embd, KEC X HZEENPEREDOTE
Rl Ehidonkb.
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