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Effect of Silicon on Pitting Life of Carburized Steel Treated by Shot
Peening

Kohei Yamaguchi, Ryohei Ishikura, and Yasushi Matsumura

Synopsis

The present study investigated the effect of silicon on pitting life of carburized steel treated by shot peening. We prepared two
test specimens which have different silicon and same surface roughness , hardness and residual stress after shot peening.

As a result, the high silicon steel which has high resistance to temper softening and low decrease in compressive residual stress
under testing temperature has high resistance to pitting with wear. Wear speed during test and wear depth at the time of pitting
have influence on pitting life. Lower wear speed and deeper wear depth at the time of pitting bring high pitting life. It would
appear that surface hardness of steel during test which is related to performance of resistance to temper softening influences
wear speed. Furthermore, low decrease in compressive residual stress under testing temperature brings deep wear depth at the
time of pitting. That is because compressive residual stress has resistance to crack growth.
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2. RBRH&E
2. 1 #EM

KWL TH W 723 0L E 5 % Table 1 1277,
NS DOMEE 150 kg DEZEFHEIFCTHEEL, 0%
B EC & > T ¢ 32 mm OWEHIEM L7z, 2o
SHIZ 1223 K OBEZR & LALE % jiti L 721%, Bmoin 112 T
¢ 263 mm X 130 mm DI—F —E v F > 7R (5
Fu—9—) Z{ER L7 T 1223 K TOHEZEE K
WUE A SN L 728, TMBEAAL, BEREL (403 K X 8.4 ks)
ATV, Bk 95 SPALE A FERME L 72, %k, SPALHH]
OREHM S 2RI 5720, BRAHEZISHER (G5E
M) A 150 um OB 24TV, WO b i
FEHOEZREY ¢ 260 mm, &% Ra = 025 yum (21 E
F72. Bi#a— 5 — oK% Fig. 1 12R.

SPALFHIZH W 2 Bk F DO 4B L UV SP &1 %
Table 2 (2R, FRFHRI 1L, RHREEIC—HEAIZEH
ENTWAHIE S )% 800 HV T& % Conditioned Cut Wire
(SP1) &, RBRF DIE BB L h v 900 HV O 7 E Vv
7 7 AEBEOEMERT (SP2) &7z, SPALHIE
Ze R T T SN A IV TAT VY, RER P B R
DI A LRI & L7z, WERSFIE 2 BRLEECTH D,
1B HIZ SP1 K &2 H WIRFHE % 0.5 MPa, I NL—T %
400 % & L, 2B BIX SP2 4 & Vi 4FE % 0.5 MPa,
HINL—T % 1200% & L7z
Table 1. Chemical composition of specimens (mass%).

Steel C Si Mn Cr Mo
SCr420H| 0.19 | 0.18 | 0.75 | 1.05 | 0.03

Steel A | 020 | 1.20 | 051 | 065 | 0.10
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Fig. 1. Schematic diagram of roller pitting testing

specimen.

Table 2. Shot peening conditions.

N Shot Diameter | Density | Hardness Air Coverage
0. material [mm] [g/cms| [HV] pﬁz;;g]r ¢ [%]
SP1| CCW 0.3 7.8 800 0.5 400
sp2 || 005 | 74 | 900 | 05 | 1200
metals
2. 2 HABRROFHESGE

SERF DR EE S B X OREALB W o/ & 4546 12,
~A 7y — A S HERE Y O CHIENE 294N
WCCHIE L7z, BRI S 3k % N 7 L 728212
WL T RERBEBLIOEEL—ZAT7F 1
(yo) ®IZ, ThENEFTO—TxA 707+ T4
(EPMA), X#EEHTEEIC X o THE L7z, RIS OHEIE
13, JS-B2711 ICHE SN D X MR IMEEIc L ) FE
Wi L7z BESMEE, FRE X HE CrKafl, HIEH %
AERFT Ol AR & W U & L7z, BRI & o
THAERBOBRE AT RN LHEZEE) KT Z LT, Wk
Fro2 5 (G & H510) OIS0 b g L7z,

F 7, B % 573 K T 10.8 ks HiR L O & 45347
BL V523K, 573 K T 10.8 ks BERE L R O IG5
WZDOWTHMEL 7.
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Yy F o 7HEGOFEMIIE, a~vyzy 7)) s
o -5 -y F o7 RP) REEE W/, RP
BRIZHTR O Fig. 1 1R & 912, BREVAI, feshilo —H
f& % e IS C— L TR SR, TN 252 7%
NHMEEEELZ LI2LY), HEOY Yy F o 72 HHT
LR TH L. BIRSMIITE 347kN, 3D 2 60 %,
[R5 1500 pm & L7z, EIBVIE P 7 > A3 v a3 VA
Ha FV, R 323K, JiE 3 L/min TRERT 1T 72
ARERICHW BRI T — 7 — I 3RB 0 — 7 — L B LR
K& L $57-9, SCrd20H 122\ CIfi= 8 Sul2
FREA - BEREL (HT) BICHEL, BEia—J — L[
SO SPALEEZFEH L. —H AflicowTid, Bz
RRMMBEAI - BER L (VCQT) RRICEKmFEL, BERE)
U—— &N SPUEEEH L. tHa—7—
DIZIRIE, B 130 mm, IR 18 mm TH Y, Filid 25
BREF O BEFEI X D WM T 2/ & {5 720 P E
% 1000 mm & L7z, FRCSARICCRBRZ Sl L 72% 6,
REH 2 S BN O — T — OfE FIMICER T S IE A
DFEMIEAS 18 mm & 725 2 & 2L TV 5,
ARBBZOREIE, BHu— 7 -0k, WS04, 5%
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3. RRBERLEEE
3. 1 HRAOEIHLVEELH

KRBT DR RBEORMRFIRE, ye=, KEM
WX, AWELEES (513HVEE) % Table 3 [2/R
F. SCrd20H O FRHEM S 1% 819 HV, AN LB S
X 1.4 mm, ZRERERORELEEA 0.7 mass%, Z L
TyR BN 14 vol% TH D, — AHORFI S 1
809 HV, AMIFEILIEE SI 1.4 mm, {258 R O b
FRIEEDS0.7 mass%, L CyrmARI 13 vol% TH D
SCrd20H & A% CTdh 5. 2 kg OG- B B4
k% Fig. 2 127" 9. SCr420H & Ao~ )V5 v A k
HREICIIRE R ZRIITDO LNV,

SPALH R D FMH &, KA S B X KA &
Table 4 (27”9, FKHIZIZERE 0 — T — L EBI T — T —

Table 3. Carburizing properties.

% 573 K 12T 10.8 ks BER L ZOUEHRICOVT L PE
HCE L7, SCrd20H B X VA SP LB B X O
573 K 12T 10.8 ks #EE L A DM & 43745 % Fig. 3 1IRT
AL RE D A RE & A7 12T I ETH B, STBK HRE
L#® SCr420H B L A SO FEHE S 1212 811
HV, 963 HV Tk V), MWiflEkE HITHRELATL D ST
LTWB2SAO 23150 HV £ . SCrd20H B
LA SPALETEE X TV 573 K12 10.8 ks BER L
BOFRAIS 156 % Fig. 4 1273, WA FIH 5%
SO MITIFIEFEETH L. T2, BELEBICOWT
1 SCrd420H B L UNA S & QIR LET & 0 D EMEOFE
BIBHPEL L TWBE 00, A ORI EINE
{, BRLETOLEWVIEMOBRHIC ) 2R L T 5.
INHIRHEROWER S P O R AAS Y OBREE R E—5K
LTw3, DlRizky, BEo— 77— dmiloms, 5%
IS8 L ORI S PFEEPOBRE LEOMS B L O
BRRISTIVELRY, REFHOHMICHEL TWb, (EH)
O —F — |22V H AR X B X ORI S A REE0o
573 K OBER LI EH5%) & 7 2 ERE 0 — 5 — & (3 IT[EEE
ThY), ABRFOHMIZHEHL TW5.

Fig. 2. Optical microphotographs of carburized

specimens near surface.

i‘;fbaocr? Retained | Surface Ef’ie;cstéve
Steel content al[ls(t)%};]t € Ha[rlflls]ess depth
[mass%] . [mm]
SCr420H 0.71 13.9 819 1.44
Steel A 0.70 125 809 1.41
Table 4. Surface properties of specimens.
Steel SCr420H | Steel A
Surface roughness Ra[pm] [ (0.39 0.37
Retained austenite [vol.%] 0.00 0.00
Befqre Surface hardness [HV] 1118 1096
testing Surface residual stress 1065 1166
Drive [MPa] ) )
roller Max. Residual stress [MPa] | -1808 | -1853
Surface hardness [HV] 811 963
5A;t§rK Surface residual stress 357 859
tempering [MPa]
Max. Residual stress [MPa] -620 -1103
Steel SUJ2 | Steel A
Before Heat treatment condition HT VCQT
Driven | t€StNg | surace roughnessRa[pm] [ 0.48 0.45
roller Surface hardness [HV] 999 1028
After
573K Surface hardness [HV] 767 923
tempering
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Fig. 3. Hardness distribution of specimens.
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Fig. 4. Residual stress distribution of specimens.

3. 2 EvFriFamEiERRE
SCr420H, ASiO Y v F 7Ha B L ORBR T O
JE1E L BER G E O BEEER & % Table 5 12783, SCr420H
WX LT ASIER 3 EoFEMTH D, RP ABRBEOIE
BLOE L HHBG IO WG S % Fig. 5 1283, WiflEk
ED T EHEG SO S, BRESERETH Y, B
IO WITHEIER 12 B\ T AWIS I HTELE S 5 AN
HAET L TWB I e 5, BHERREIIN LS 25 L
TWa "REREOE v F > 7 LiEEsnsG. 72, W
AR ISR T — T — & OFMITIC BV CERED
O BNz, BEFER S 13 SCrd20H 275108 um, A HlAS 157
um TH b, Lo TARBROWIBILEIIERZME) €
FrTHY, HEPICBITASPIZL o TS &N
i & B L OIEMFRF ST O F AL O BEFE D iy | 2
LCWAIERRET L. 512, MARROERERE SO
R (W15 EHFEmOER B3 L L/hsn
ZEMn, MABOBEEENRR D, Faiixa LT
JEFEREB L Oy F VI E T L BERESD 200
BRASHELTWDLEELLIONS. B, HARSOHE
VBV THERSTO SN TV A, ERHESIZZ0 4
mAEE L AR L ) V. SHUZERRFTEOE NS
LARREBANBOREDETHLLEZLND.

Table 5. Result of pitting test.

Steel Number of cycles | Wear depth [y m]
SCr420H 1,523,000 108
Steel A 5,302,000 157

Rolling direction ———m

(a)SCr420H (b)Steel A
Nf=1,523,000 Nf=5,302,000

Surface

5mm
. Pitting Pitting
Section origin origin
400mm

Fig. 5. Surface photographs and optical micrographs of

specimens after testing.

3. 3 EFEXRE

SCrd20H B & N A Sl D#E 1 & LI 3 5 BEFEGE S
O %L Fig. 6 12733, Wik e HIZITIZTEARATIZERE
DEAT LTV B2S, BEFEHEIIR 5. SCrd20H 124 L
T A I EEREAE 2SI <, BEFER S A5 50 um FEEEIZE
TLETCOHRYELEIZFNRZNT x 10°H & 2 x 10°
MTHhHb ZHDXHIZSC20H & A TIZY Yy F o 7
WEET LERRS T Ch BEREEDRLY, B
WTHDHAMDOFH, BEFRMEIEL, EvFrrn
ST B EERER SR, BRI L CIZERm o 2 o
WENERENTBY Y, Lo ) BIRAOEELZIT S
REEP ORME S OEDPEFEEFIHEE L Tnb EEL
514, SCr420H B L O A SO T & DR % Fig. 7
VR, A SEROBERE S Lz, »
FTNOBYELEIZBWTD SCrd20H 125 LT A D
FKEM S IEEmL, 250 um BEOBERE S THEL
THRETH L. Lo, HRELEIOEW A H
D7 5 RER R O R S A3\ 72O | EEFER S E  &
EZEZHNA.
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Fig. 6. Wear depth of specimens with number of cycles.

3. 4 EvFUOUREROEFERS

BWT Y Y F v FEEROBERRE S I2O W THRET
%, SCra20H B LU AHIOFNZ10° A& 5 x 10° [A]
0 R RO EEOWTH G E % Fig. 8 IZ/R7. MiflEks
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FERAGILEZLERZ I T 280 R0 5 LG L T
W37 FZTHEBMOBEINT) & X HERO%EB IO
WCHERES 5. SCrd420H B & N A S0 ) K L%
’ﬁTé?kFﬁ?mDﬁt%kéﬂméwﬁﬁ%F@

9IIRT. &k, ZHROERIHRIREZEFEOOIT EFE
WAHEDERBISIITH A L EZ bNL 0, BRSO
fEIE E BRI LT i KEMEERR IS 12 vz
SCrd20H B L N A 8 & b IZIEMRE IS OHE LRI

S E RSP ARL, BHEICE->TWw5h, SCrd20H
ﬂLTAfﬂiwﬁi@ B R LEICBW TR
FDOWAREIVNE N, Lo TlifkED ¥y F > 7355k
5 BEFER S OIS DA & OE NI L
LLEZLND.

SCr420H & ASHD Y v F ¥ I EBEFE S OFE W
FEMRBIC OBV EDOERIERT L E2 501
5729, RERPOERZIS OO WTHEE T 5.
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A b SRR S E 523, 573 KT 10.8 ks BER L A D
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Fig. 7. Surface hardness of specimens with number of

cycles.
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(a)SCr420H (b)Steel A
N=100,000 N=500.000

Fig. 8. Optical micrographs of specimens after testing.
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Fig. 9. Change in crack depth and residual stress with

number of cycles.
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FRIG)153 4 % Fig. 10 ISR 3. B, #BZICO W T
FERESEZEZRL, HEA»S ORI ZHL L 72
SCrd420H B X TV A $ii & DIZHE D B L E OB
FEB L ONEO ML IS WA L Tnwb, Ly
L., SCr420H & ASHTIZSPALEIZ X o TH G- &7z
[EAEOFRBIS I EERET L ETORY R LEIEL .
SCr420H 13 1 x 10° Al CIEMG OIS BHE LK T 5 DI
FLTAMTIZ2 X 10°BTHHEFFEIN TN D,

PR IE T iAok U TR BEREIC X B IG 8
%, ZROFAEB LI Lw ) BRI X MRS EZ 5
N5, REZOEREISIIMIN LTI hoiEsiz
BWTHEA L TWEDS, REHOFFIZHEIEAKE W
AL EHOFEEI L BB THLEEZOND. AN
®D 5 x 10° FEEEEB L0V x 10° MEEEBZORE IS
SRR A L, ERIZX BB EE R SN D
L0 QBN ORE IS5 LR OHER 2 7R L C
BY, BEEOAROBREERLTCWLEEZLND.
Z O DOWT SP LB ZOFER T 2 BR L 72560
BRRIS AT & s 5 &, 523 K DBER LICHIN T 5

Before testing 523K tempering

573K tempering e 1x105 cycles
—=== 5x10% cycles = = =1x10% cycles
— = 1.5x10% cycles

500

-500

-1000

Residual stress (MPa)

-1500

-2000
0 50 100 150 200

Depth from surface(um)
(2)SCr420H

(Fig. 10(b)). SCr420H ® 5 X 10° [AlFEE £ ICDOWT b [F
Thsb, ZZTSCr420H D 1 x 10° 2DV TId 523
KICTHER LB LD S EMBERICENDS, ZIUda
AL oME Y L RBICERZIS T OBEE T ORI
MTLETIC—EORMETETLI-OTHLEEZLN
L. 8502, HBRR R OHEEIREA 523 K LHERkOH
HBIZH B STRKISH L TERWZ E12onTid, KRB
Wi (323K) Ak (353 ~363K) VY X fkvieo
ThHbHEEZLNS.

Pz, B o EmALoiEi 523 K
RBETH), 5 x 10° [\ R LIZICIIREISIZED
RIS T A0 MmICE TR L, 20k, BERICLD
TR IR 8 OB 2 3 BO B A OIEMEFRR LTI 05HEFE S
BHIRSICETET 2 L ZROERIHZRITHE L E v
FUTICRELEEZ NS, SCra20H (2xF LT A S
BB X D ERRRRIC T OEEAIVNS X EEL
T CHEMERIS AR SN TV D20, SZEOMEREN
HIRIRAE LT BIR SRS, TORRELTE Yy F ¥
THFEET HERRESVFENEEZ LN,

— Before testing 523K tempering

573K tempering ==== 5%10° cycles
= = =1x10% cycles — — 2x106 cycles

— -+ 5.3X106 cycles

500

-500

-1000

Residual stress (MPa)

-1500

-2000
0 50 100 150 200

Depth from surface (um)
(b)Steel A

Fig. 10. Residual stress distribution before and after testing or tempering.
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3. 5 EBFEEeHEOIEYFID
e TT IV ERERTF
AL €y F v FOBEERE T IV A Fig. 1112
Y. BEARRNIZEREOMETE L w ) BIFEAIC X 2R
ST DIRHE T B, FLT5 x 10° MR CHEMER
ISTIHIFEBIREE XIS A6 £ TS 5. e\ THEAE
PRSI DSEEREL S & o TR L, iz ey 50 798

AT D, ABIEEE CIXEREEINEL, v F o
FEHBERER S DR VITERFmE 2 b, BERAEIZOW
Tk, ABFoREW oML, T4abb Sim £
LPUR LT S O EEREENMETICFS L Twb L
EZbNL. Yy FrrREERESIZOVWTE, &2
D RIIHIRY R & RO FEMEFR A D 7S i BR R~ CHERE
SNBESATHEIN, SIHRIM & B EHMEEBICTTO
BREOKT A v F v FHFHah LIcES5 T 5

Surface Before testing The end of tesitng
(before testing)
wear wear wear
A £ B &
The amount of decrease crack
in compressive residual ¢
v stress depends pitting
Inside of on alloying elements
. (about 5%105 cycles)
specimen
Fig. 11. Schematic figure of pitting behavior of specimen.
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