B>y F v FMEICRIZT v 3 v b=V 72X AT LS & ORI 0% 99

BeAivam
B Technical Paper

EyFoImEICRIFTay bE—Z22TI12&K%
MIHE{EH K CERBISHDZE

AR, RS R, i R

Influence of Work Hardening and Residual Stress Induced by Shot

Peening on Pitting Resistance

Ryohei Ishikura, Keisuke Inoue, Yuji Kobayashi, and Toshiya Tsuji

Synopsis

The present study investigated the influence of work hardening and compressive residual stress induced by shot peening on the
pitting fatigue strength. We prepared the test specimens of which surface roughness is the same by grinding after two kinds of
shot peening for various carburized steels.

As a result, the pitting strength increased with peening intensity and increasing surface hardness after tempering at 573 K
by the shot peening. And it was found that increasing of surface hardness before testing and compressive residual stress under
testing contribute to improving of pitting strength. Because the number of crack initiation of material with higher hardness and
higher compressive residual stress is fewer, when pitting strength was compared between specimens with the same hardness after
testing.

In addition, high silicon material that is given more than 1000 HV and 1800 MPa compressive residual stress has extremely
higher pitting fatigue strength than that applied the conventional peening treatment for carburized SCM420H. This is because the
amount of decrease in hardness and compressive residual stress after tempering at 573 K becomes small with increasing silicon.
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Table 1. Chemical composition of specimens (mass%).
Steel No. C Si Mn Cr Mo
SCM420H | J 0.20 | 0.25 1 0.80 | 1.17 | 0.16
Steel A A | 018 | 0.83 | 063 | 1.27 | 0.15
Steel B B 0.20 | 090 | 0.79 | 0.60 | 0.30
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FEARALER & 72 5 SCM420H (J) 123 L Tl 1203 K T
0.78 ks DR ALIL & 22.2 ks DY EVILEE % F2 56 L 7214,
MWBEAI, BERL (433K X 72ks) #f1o72. TD4%
T 6 N7R RIS DR KT S 1% 745 HY, A 2L
JBES GI3HVES) 3 12mm TH Y, BEERER
D HEFIEFEDY 0.7 mass%, y g mADHKI 15 vol% & 7 o T
WA AR L TIX, SCM420H & 13T [F45E 0 je R
L b L)l ERE LA 2, ASOBR LA
X 433K (A1) & 413K (A2) D2 k#EZETT 52
TS 22 L E¥7: (A1:747 HV, A2:772 HV). B4

Table 2. Heat treatment conditions and carburizing properties.

Conditions of heat Carburizung
treatment properties
Steel No, | Surface Tempering | Retained | Surface
carbon .
S temperature | austenite | hardness
o
[mass%] K] [vol.%] [HV]
SCM420H | T 0.70 433 14.8 745
Al 433 23.2 747
Steel A 0.75
e A2 413 244 72
Steel B B 0.95 433 431 697

Fig.1. Schematic diagram of roller pitting testing specimen.
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Table 3. Shot peening conditions.

No Shot Diameter | Density | Hardness
’ material [mm] [g/cm?] [HV]
SP@D Steel 0.6 7.8 700
SP® | Zirconia 0.6 4.6 1000

Fig.2. Optical microphotographs of carburized specimen near surface.

Table 4. List of specimens.

As VCQT | veQr

Steel | No. | yooT | 4sPD | +SP®
SCM420H | J O O O
Al O O O
Steel A " — — o)
Steel B B O = O
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RP RBRIC At L -3 Br - o F ik % Table 5 (24488
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B LB O S L FRIBIC T OSSR D¢ CRe L 7.
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SCM420H (Fig.3 (a)) ¥, SPHI B £ UV SP @ i §§ 12
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HV CTH A, AHIOM XL, 433 KEEE LM (A1) T
IZ SCM420H (J) D[ tEAE & 13125 (Fig3 (b)) &
o TWwh, F72, 413 K OIKIEEERE LA (A2) (2 SP
@% i L 723 T, 1057 HV EBWEZ R L7, v,
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(Fig3 (¢)) FTm kL, 4RERL 7P Thid &Vl
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FiREOBINZ X B2~V T Y A M-S OBEMAZET S
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TWa XM 22T, SPALEL% it L 72 RO T & 205
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KRBT IZ 573 K X 10.8 ks DB LALFR %47 o 72 1%
DR FEE S % Fig.5 IR, 2P I2IE, ket
JBFL L7z, SCM420H O BER LA S (L FABR AT O fif & & [
K2, SPOERIFONE (SP @ :771 HV > SP @ :720 HV
> VCQT:603 HV) 2 <{ > TWwWab, B LikALHEHT
O AT, SPALERIZHE VTS SCM420H D [F
AL D BHALEAVI S {, MW E /SN, 20
fHAE, FEHESOESIMEROFERY & —HT 5.
HyRmCHoHBHIISP@E#EA LK DS573K
BER LA S 12943 HV TH O, RERATOM & & Mk Hx
bEWHEER L.
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Table 5. Surface properties of specimens.

Before testing After 573K tempering
Steel No. roslll;tfl?lizis Retaingd Surfacer rSel;IIF(fiﬂuC; rel\s/i(?;)liél Retain@d Surface fel;fg:lc; rel\s/i?i)lil‘al
Ra austenite ha;dness sfress Stress auslel(ute hardness o sfress
[ 1m] [vol.%] [HV] [MPa] [MPa] [vol.%] [HV] [MPa] [MPa]
J-VCQT 0.12 14.8 745 -95 -517 0.0 603 -113 -113
SCM420H | I-SPD 0.08 32 920 -826 -1293 0.0 720 -240 =377
J-SP@ 0.07 0.0 948 -1191 -1828 1.1 771 -555 -572
Al1-VCQT 0.15 23.2 747 =247 =247 2.6 675 -149 -291
Steel A A1-SPD 0.09 5.3 963 =750 -1477 1.9 823 -392 -487
Al1-SP® 0.06 1.4 989 -1345 -1893 0.0 913 -765 -1005
A2-SP® 0.06 0.0 1057 -1853 -2121 2.0 917 -987 -987
Steel B B-VCQT 0.09 43.1 697 101 -440 3.0 669 -214 -369
B-SP® 0.06 7.0 1088 -1442 -1791 3.1 943 -864 -864
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Fig.3. Hardness distribution of specimens.
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Fig.4. Residual stress distribution of specimens.
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Fig.5. Surface hardness of specimens after tempering 573 K.
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3. 3 RPHEHFERIBERUBEZEDR R
RP kB & Table 6 12 H L, %BRH O RP Hdn
#2797 L72b D% Fig7 |IRT. 20T, BHHE
Tt ORECFIIMEOMIZ, 573 K HERE LAE S 8451 R
(10.8 ks) amm% 728, AL O N O AR b Of
FeL7z. B, MR Em R 5K F 5 R
st (1) wt STEONLHREA T CHIE L.

T, BREAERERT - T — OMEIK T 5 H
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Fig7 [Z/R$ £ 912, WFNOHfEIZBWTYH, SPIZ
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DR 2450 FmE LR L, SPAEMIZBNTD
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SP@:4811%, AI-SP@:1041%). %72, A2-SPOT
X, 4 X 10 B ETCHOEy F Uy I PRE Lo 72,
—7J7, FBESCHRE LB S RLE L, BEGTIIMG
N7z B-SP@TIE, 4.82 5 L FFanim LA/ S ViR
b &Of:.

RPER R DAV B X N2 o5 BRI oL FKpl =
Fig.8 |2 7k 9. SCM420H-VCQT #f (Fig.8 (a)) T &,
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HESHTHE LD Y KRESOE v F > 7 LHEE
ENb. —F, BSP® (Fig8 (b)) Tix, HENFIHE
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Fig.6. Maximum residual stress change in accordance with tempering temperature (x10.8 ks).
Table 6. Result of pitting test. 1.E+08
Total — D VCQT | 30t
Steel No. Numbler U contact time E @ sP Lsogjm — —‘A—
cycles [Ks] % @ SPQ
J-VCQT | 3,495,696 1.9 " ]
SCM420H | J-SPD 6,131,482 33 = 1.E+07
1-SP@ 19,163,968 104 ~
AL-VCQT | 8,435,506 46 =
Al-SP 16,828,805 9.2 =
Steel A SPD o
Al1-SP@ | 36,367,884 19.8 1. E+06
A2-SP@ 140,000,000 259 SCM420H(J)  Steel Steel Steel
ool | BYCQT [ 5401667 29 Al B A2
B-SP@ | 16,856,355 9.2 Fig.7. Pitting life of specimens.
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Fig.9. Relationship between surface hardness after

tempering 573 K and pitting life.
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VCQT # TIZEA L= A/ S <, #IZESiflo AdE B
#cix, MEomEPEDOLNL, AERKMIZBWT
1, 573 K THT IR 2 & o LA DAL o kA5 =
LERIE VI &, RERRNIIN T L S T2 SP#
T b THIL L TWB 2 &2 s, Zoms EAIER
BEANOMTE — 7 — DM LT DI & 2L o
BLEZOLND,

RERfR L ST3 KR LIROREKEM S OB % Fig.11
RS, 573 K BER LI S 25 VW ikBR A (3 BRTR o i
bEWEM AR L, SPALEEA i L 723 BRA TlXIIT 11
DOERIEOLNEL. Lo L, VCQT # TIXBER LIS
IOVRBBBE DS 100 HV BEE Lo Twhb, &
M, Arl L2 TR b o 2280, BER L ARFRRE R <
SP A IZ R THA MR B 2740 (Table 6) = & 25
tEZLNA.
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