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Effects of Alloying Elements and Shot Peening on Impact Fatigue Strength of Carburized Steels

Hiromasa Tanaka, Toshiro Kosavasui, Fukukazu Naxasato and Mitsuo Uno

Synopsis

: Impact fatigue tests were carried out using various kinds of carburized steels. It was shown that internal oxidation was

remarkably reduced with decreasing Si and Mn contents, and resulted in higher impact fatigue strength. The effects of
residual stress, retained austenite, hardness near the surface, and fatigue fracture toughness were investigated. The
difference of the fatigue strength in various carburized steels could be explained in terms of those effects.

The effect of shot peening application to carburized steel was investigated using JIS standard type steels. As a result,
high cycle impact fatigue strength increased 40 to 60% gain by shot peening. This improvement was caused by increase
of hardness near surface and compressive residual stress. On the other hand, low cycle fatigue strength showed no gain.
For this phenomenon, it was suggested that decrease of the amount of retained austenite by shot peening showed negative
effect for fatigue strength. Further, the difference of the fatigue strength in shot peened steels was very slightly. For
this reason, it was considered that the life of shot peened steel was influenced by releasing its compressive residual stress

rather than the effect of alloying elements.
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Table 1. Chemical composition of test steels. (wt%)
~ Steel C Si Mn P S Ni Cr Mo Nb Remarks
A 0.18 0.04 0.33 0.009 0.008 2.00 0.08 0.78 0.027
B 0.20 0.03 0.47 0.018 0.012 2.08 0.02 0.82 0.029
C 0.18 0.03 0.37 0.017 0.012 0.22 0.67 1.03 0.032
D 0.21 0.03 0.46 0.017 0.013 — 0.63 1.01 0.028
E 0.23 0.25 0.81 0.013 0.020 — 0.98 0.15 — SCM420
F 0.22 0.23 0.83 0.021 0.016 — 1.12 — — SCr420
G 0.22 0.31 0.60 0.020 0.016 1.61 0.61 0.15 — SNCM420
Table 2. Carburized case properties of test steels.
Steel Surface hardness Case depth Core hardness Depth of internal oxidation Austenite grain size
(Hv) (mm) (Hv) (#m) J1s)
as carburized shot peened as carburized shot peened
A 735 - 0.97 425 0 - 9.2
B 758 — 1.09 474 0 — 8.7
C 752 — 0.97 443 0 — 7.8
D 770 — 1.07 486 0 - 8.6
E(SCM420) 710 937 1.07 468 12 11 8.9
F(SCr420) 717 932 1.02 469 11 11 7.9
G(SNCM420) 715 908 0.97 444 12 12 9.0

(b) Steel F

(a) Steel A

Photo. 1. Typical microstructures near the surface after heat treatment.

o1

gl



H92 $&4$8Vol.79 No.l

TETREE 55 AER S BT ER T s U 72 s P A RN M8 | SR
HEAE - TAT- 129, i3, RRBREEOREEFHE Iz »
T, IRV EBIN T 3D T I ITOERIZEET 5,
WMEOBIEIR, REBEOo—Ferizd vite, 0 FAD
W, AEBA PRI Lc 0T a5 =2 TRIEL
2. 1 EIDERTH G N A EHRAFEDO B A IEI & 2 2
msT H - 12, AN DRERAM L, MEDHE YK LEES10
c.p.s., Wohl (R=omin/ omax) 3 R=0.1, RERIFEIZ
FEiRE L7,

3. ARBEREIUEE

3:1 BREFBEROMR
3-1-1 HERKER I L WSS
Fig. 1icSi, Mnf&iE# D, Fig. 22 JISEHDOS-N#X % #
NFIURT, EBRIZ, B 2 TOR: & L EH7108~ 1001 D
P TIT - 70, Mtlh, AU R L, BRI,
BITHEARRGCET 2 LTS 5 BiRO TR~ 708k 72 i £
BN T UL oD, 2 RARERBR TR £ » TEd
LT eiew, dsCRJISERD & 5 i REERED
AT B2, BEPECHBRNERL VREL, wbW
574 via - TARONEBEEY o2 btk st
Bbis, ‘
BEBERRLICS DIZASTH b, BESEEXRLRF
8 (SCrd20) LIb~5 L, ¥B0UBEWETH S L4 B,
R A TSI, MnfliRH Oy EmETH 3 »°, G
(SNCM420) £Si, MnfEHSH e 5 DRETH - 12,
B P OB, EEE UMY Al T L.
R VBRI EBR OXKmE > O RAEL TH Y, B
B DIEER, Photo2(@) 7w a L5 & 512, Si, MniE#ksH D
A 2 DSBS TH 0, LB, MR v
L7cHin T, E~SE, T4V~ ERBTLTL DD
BB iz, Si, MniRHSR O &4 4 2 v 5 OB 13 Photo.
2M)CART & 9D, AR AR IR £ AL LA TIE Bk
HTH 55, LI, RECAT L LIcd > TR EEE,
NSEE, T YT~ EBIT LTl OVEEINT,

Steel F » (B) Steel B
(high cycle fatigue)

)

(a

(high cycle fatigue)

Photo2(c)ioind & 342, Y 28R C/ET 2 L, 3%
FEREVERUICES L, B0ECHEELES L 2 ARG
R0 5T 8%, 22T, Fig. 3UERNIZRT & 5
I, EEUEITC L AEEY, SEORE, sHOMCEE, A
WHED 3 D50 T, HEEYHRIEICREY S L 2 BER
OV TUFICEET 3,

3:1-2 SHDOHE
SHOFRACHL TR, BREFBEOFEKEET 2R

:

—0O— Steel A
-—-O--- Steel B
—-@--— Steel C

O Steel D

Maximum stress ; Omax , MPa

500 3
10 10 10 10

4 5 6

Number of stress cycles to failure ; Nf

Fig. 1. S-N curves under impact fatigue tests.
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Fig. 2. S-N curves under impact fatigue tests.

(c) Typical fracture surface
by low magnification.

Photo. 2. Typical views of fracture origin on impact fatigue fracture surfaces.



(1) Fatigue crack initiation : microhardness near

the surface
(2) Fatigue crack propagation : residual stress,
retained austenite

(3) Fast fracture : KfC

K.~ =K

fC R KC=C0max/H

C

Fig. 3. Schematic drawing of fracture surface after
impact fatigue.
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Table 3. Low cycle impact fatigue test results. =

As carburized Shot peened
SCM420 | omax (MPa) 1132 171
Nf 1.45 x 10° 1.41 % 10°
SNCM420 | omax (MPa) 1194 1171
Nf 2.03 x 10° 2.03 x 10°
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Fig. 14. Relative change of retained austenite (Ayz)
distributions.
Ayr =(yx after test)—(yx before test)
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