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Effects of Shot-peening on Resistance to Softening during Tempering and Contact Fatigue Strength of
Carburized and Carbo-nitrided JIS SCr420H Steels

Youichi WATANABE, Naoki NARITA, Shunzo UMEGAKI and Yoshinao MISHIMA

Synopsis : Effects of shot-peening were investigated on the resistance to softening during tempering at 573K and the contact fatigue strength of JIS

SCr420H steels carburized conventionally and carbo-nitrided to a surface nitrogen content of about 0.70 mass% N. Experimental methods in-

volved in the investigation include hardness measurement, X-ray diffraction analysis and roller-pitting fatigue test,

The resistance to softening during tempering in the carbo-nitrided layer is found to be higher than in the carburuized layer, which is due to

the precipitation of y'-Fe,N. It is further improved by shot-peening, which effect is larger after carbo-nitriding than after carburizing. The

reason seems to be that recovery of dislocations introduced by shot-peening would be delayed by solute nitrogen and precipitation of y'-

Fe,N. Contact fatigue strength in terms of pitting durability and wear resistance is estimated from a roller-pitting test under a Hertz stress of

3.68 GPa added slip (—40%) under an assumption that the temperature of contact surfce rose to nearly 573K. Shot-peening is shown to im-

prove the pitting life of the carbo-nitrided specimen by as much as 25 times, compared with only by 2 times for the carburized specimen. Pit-

ting life can be explained from the differences in the initial surface hardness and the resistance to softening. The pitting life was also found to

correlate positively with the surface hardness of the specimen tempered at 573K.

Key words : carburizing; carbo-nitriding; nitrogen; shot-peening; tempering; softening; nitride; pitting life.
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Table 1. Chemical composition of JIS SCr420H steel

BRI K URREILFEAN L 722 JIS SCra20H SO BER L BALIRHT B L UM X 1T IT T 5 9 P -2V S ORE

(mass%).
C|Si|Mn| P| S | Cr|Mo
0.22 | 0.21 | 0.78 { 0.011 ] 0.018| 1.1 | 0.04

Table 2. Shot-peening treatment.

Machine type

Compressed air

Shot media

Cast steel( 4 0.6mm,700Hv)

Blasting pressure 0.4MPa
Arc height(Almen intensity)| 0.69mmA
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Fig. 1. Carbon and nitrogen profiles analyzed by EPMA.
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Fig. 2. Roller-Pitting fatigue test condition: (a) shape and
dimension of specimen, (b) specimen and loading-
roller arrangements.
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Fig. 3. Hardness profiles: (a) unpeened, (b) shot-peened.
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Fig. 4. Optical micrographs.
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Fig. 5.
(c) shot-peened after carbo-nitriding.
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Fig. 6. Differences in lattice parameter between carbo-

nitrided and carburized layer as a function of tem-
pering temperature.
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TEM micrographs: (a) as carbo-nitrided, (b) dark field image showing retained austenite in as carbo-nitrided specimen,
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Fig. 7. X-ray diffraction patterns of carbo-nitrided layer:
(a) as carbo-nitrided, (b) tempered at 573K for
10.8 ks after carbo-nitriding.
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Table 3. Details of surface layer of specimens before roller-pitting test and average life.

Treat.

c

N

Quench Peening Surface hardness

Volume fraction of

Residual stress Case depth Average life

(mass%) (mass%) (Hv) retained austenite(%) (MPa) (mm) (cycles)
A 0.72 0.03 Salt — 795 25.6 - 343 0.68 43%10°
B 0.72 0.03 Salt peened 950 7.9 -1110 0.65 8.5x%10°
C 0.60 0.71 Salt - 542 45.7 - 203 0.72 1.8x10°
D 0.60 0.71 Salt peened 838 20.3 - 668 0.73 45%10°
E 0.76 0.08 Brine - 872 21.8 - 574 1.20 4.05x%x10°
F 0.76 0.08 Brine peened 954 4.2 -1328 1.25 3.9x10°
G 0.69 0.56 Brine — 840 219 - 475 1.32 1.05% 10°
H 0.69 0.56 Brine peened 951 12.2 - 783 1.20 3.8x10°
@) Time to pitting, ks (b) Time to pitting, ks
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90 - = 90| e
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> 20 9 Treatment: | g 20 Treatment: ]
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Fig. 8. Results of roller-pitting fatigue test: (a) salt-quenched, (b) brine-quenched.
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Fig. 9. SEM micrograph of surface layer in carbo-nitrided
and shot-peened specimen after roller-pitting test
(treatment D, 7.451 X 10° cycles).

VLT Y H A P OMPRESE KAV THEE TS
S ZERFRRO—DIZEITFo NS,
3.5 VoV IUDEELLIVEFDGE
ARBERIFCIE, XD &R0, ZOHMEZ A0 )
MW E 2 BRETIZZHRIBNAEC S, ZOBEOE
T4 &, BERISHIZ K » CREICHMAEY 2 7 v &
PEL, CNEPRELAFHBEEZEL 5N T35, XKHi
DYy 7 14 v 7 OFEA SR O N PRI E H % Fig.10 {2
WY, BIKE VL MEAR T E (UBC) MBLUZED
#%SP (LHD) ML, KmH»LRELZMNY T v
DL AZRE L, —SEB T2 Lk D/NrRIEEL >
D, KRELHEE (YyTF100) LETES>TNBEIER
DB, TROHHBEOREABET S &, WX OISO
CTE, REITART LS IZR SO um £ Tl L&
w5 v 2 BREBERD Sz, kBRI, MDD
K ICEKMmBNT Z v 2 I3ELBOD O A o7z, THhE,
EKHEWNT 7w 7 ORATINIREM X AHEETCH D I &
AERELTCWS, £2Zh60MNY 5 9 2 BEELTA
ELFEEICRDIEEZLORNDIENSL, 7T v o DIEER
FIZB Ty, FRICKSWERT (ki) OEr T
ENd, 77y 7 DRI AKFEGORK YL MEAK
RSPt (MLEB) &EFFmOIRKREL VL MBEANE SP
M O(MLEED) & T L 72 SEMEHE 4 Fig.11 12/8F,
THhE Yy 74 v 7 RAES R A S HEHY 150 um O E
TH5, MWHBTIE, RHED2EN>TWEY T vy (B
F, £27v2) OFRNIERD THINE 2 59 7 BB KGR
o, ZThofhs 92 &F 059 7 H3RITNIC
BHOODOLB ST ENEINHETELRND, Ty
DREVNZWUNT 5w 2 BT s, ZFOaREMIZEW,
BROA (EA) CHIZITHERIZED S, Zhisxt
L, WD T, RIWA»SEENFE Y 7 o o 2300 20 fA

| Treatment C

Treatment D

Pitting

Near pitting

-

Fig. 10. Optical micrographs of cross section of surface fracture: treatment C (pitting life: 1.99X 10° cycles), treatment D (pitting
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SEM micrographs showing crack propagated
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ment B (7.27X10° cycles), (b) treatment D
(4.015x10° cycles).
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