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ABSTRACT: The work aims to simulate improvement of residual tensile stresses in transitional area of the spot continual in-
duction hardening (SCIH) components by establishing shot peening (SP) model. Distribution of residual stresses induced by SIH

was measured in the method of X-ray diffraction, and resulting residual stresses were assigned to the SP model as initial residual
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stresses. The X-ray residual stress test was performed to verify accuracy of SP model-based residual stress prediction. Finally,

the verified SP model was used to study improvement effect of SP on initial tensile residual stresses in transitional area and in-

fluences of SP parameters on the distribution of residual stresses. The tensile residual stresses in transitional area on the surface

were transformed into compressive residual stresses after SP treatment. The difference in residual stress distribution of the model

was very small after SP treatment in different residual stress states, which indicated that the residual stresses introduced by the

previous process had little effect on the distribution of residual stress after SP. Increase in shot velocity, shot diameter and peen-

ing coverage could lead to increase in both compressive residual stresses and depth of compressive residual stresses. However,

increase of the two was saturated, which meant that the values changed slightly after reaching a certain level. The maximum

tensile residual stress in transitional area is 295 MPa before SP and —973 MPa after SP, which indicates that SP can improve dis-

tribution of tensile residual stresses in the transitional area of SCIH components efficiently.

KEY WORDS: spot continual induction hardening; shot peening; residual stress; numerical simulation; initial stress assign-

ment; saturated residual stress field
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Tab.1 Chemical composition of 42CrMo steel
wt%

C Cr Mo Si Mn Ni S Al P Fe
0.44 1.21 0.22 0.28 0.81 0.07 0.02 0.03 0.02 Bal.
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Fig.1 Surface state of 42CrMo steel after SIH treatment at different movement velocity of inductor
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Fig.2 Surface state of 42CrMo steel after SIH treatment at different movement velocity of inductor
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Fig.6 Schematic diagram of dimple patterns:
a) dimple patterns at100% coverage ratio,
b) dimple patterns at different coverage ratios
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Fig.7 Calculation method of residual stresses
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Fig.10 Residual stress (X direction) distribution in transitional
area along depth direction at different shot velocity

0.12, 0.14 F10.16 mm, R4 N J1 253504 0.3
0.34, 0.38, 0.42 mm,

AN [) W% AL T BE T e K 8% A% F N A 3 [ R
—867 MPa £-973 MPa, % 2 g 7nad I X 35k 1]k 55 (%
ARZH 2 IR 38 35 800 MPa, TS 4BL 3R A5 (4 5 4% Fe i
A A e A et R K X AR B G DL B R
Be: 1) WAL FRAEAE N TREAL IR %, hn T o F b B
BHVRATERRERIM, ARG T T 2) AEY
UL IR O WA, S 3T AR A N I E AR — 2
B FRCCI A A B K 3) SEPRmUiLid A, |
T 2o R 222 X kL 404k , gk Stk Rl RE
SARPRA LR AT T T

He s L BE R 70 m/s 1 80 m/s T 45 5% 4%
JIME, W RLE I R KR AR T N ok
I35 -940 MPa F1—-973 MPa, 3> FH 42 1t B ¢ L5
b R, WL BRSNS, SRR EN HEAS—H
B, RS TR R R R R Y 1A

3.4 EABEREMFERRN BRI

B 11 SR TN #8885 sl o 3 mm/s . AR
PEXALE R PR, WAL 60 m/s, fH 5 RH
100%15}, AN [R) # AL BLAR XT3 X X 7 a1 5% A% I 1 1)
MG B, BEEUA) L ARSI 0.4, 0.6, 0.8,
1.0 mm., 50§ AU EE X 3% A% 1 ) i 2 i B AR AL, il
FHIILE AR RIEIN, KRR RN E . IR
I I L Fe R B% A N 7 R B R A R N J2 TR IR B
ZHIN . 4 FPORRIFRILE AR, RIEFRA RN S
S A—280, —325, —433, —510 MPa, # KFRAEN
FJHES A H-785. —890., —925. —946 MPa, #Hi K5k
AR FIREESY )M 0.05, 0.12, 0.15, 0.18 mm, 5%
ARERN T EHST 9 0.2, 0.34, 0.4, 0.49 mm, X /&
e H A4S T ES AR A BT, #ILER
W, SRALEA BRI LG ShRBRE Z 3G, 51 i S
7 R PR RS I A R AR BT RN

400 [
200 _ -W
0 0.2 mm 0.49 mm

—-200 F —&— Initial stress
—0—d=0.4 mm
— L —A—d=0.6 mm
400 —¥—d=0.8 mm
—<4—d=1.0mm

—600 -

—800

Shot velocity: 60 m/s

Coverage ratio: 100%
L L L

Residual stress of X direction/MPa

—946 MPa

—1000 [

02 03 04 05 06 07
Distance from surface/mm
K11 ARISHLER T X X T 5%
I 3 J2 B3 A A DL
Fig.11 Residual stress (X direction) distribution in

transitional area along depth direction under
different shot diameter conditions

BRitb 2z AN, MERF AL EAE N 0.8 mm Al 1.0 mm A
I X FR AN J1E DL . AT AR S, P4k ih £k i B Kok
AR B S 4530T, 4390 F—925 MPa f1-946 MPa,
WS 788 4% N7 T 388 o R BH SR /N, S5 K IR AR R T
(B35 F 4 A

3.5 BIABHZEZRNFKRMNIHRIF N

R T R FEA [ W AL 55 R WAL S5 Y K A5
ARSI, X 12 ANEBOLE %5 R X X
D7 R AT L S BE AT 50 Mt , 12 IR 1) 2 SRy 1 75 s
FEN 3 mm/s, VKB IE X AR IPIEIRE T,
WE AL E A 60 m/s, SHRILEAE N 0.6 mm B A9 ALGHE
EIEHL . IEIHR AT LI, 55 535 % 50% 5k a0 7
MM, BEEN 100%., 150%F1 200% = 4 £k
TEAREE F AL o 7E 4 FIOR RV S5 R 5 00 R, RITGRAR
JEN SIS 3 h—142 . =313, —413. —547 MPa, %
KFRA R IR EE 4354 0.08, 0.12, 0.14, 0.17 mm,
FRA RN RS9k 018, 035, 0.37. 0.42 mm,
Bifi 5 7 55 RS I HEN, 2 TT AR A F N T (B B e KA AR TR

0 0.1

—1000 [

—1200 1 L 1 1 1
0 01 02 03 04 05 06 07

Distance from surface/mm

P12 TR R 35 2 ol Y DX X 7 ) 3R AR I g 43 A 1 L
Fig.12 Residual stress (X direction) distribution in transitional
area along depth direction at different coverage ratios

Shot velocity: 60 m/s

600
<
% 400 -
& 200f
k5 0.18 mm 0.42 mm
o 0
5
> =200 F —&— Initial stress
S —— C=50%
o —400Ff —A— C=100%
8 —v— C=150%
£ —600 | —4— C=200%
=
§ —800 [
&

Shot diameter: 0.6 mm
1 1




F4718% H£oW

A PRINAE WL SR AL 8 i 2R8I P K 42CrMo B 5% A% 1oy BB ALL 70 A 19 -

N SIE YN0, 5R A% R ) 2 TR e KB 4% e g 1 IR
FE IR A BEAN ., 78 55 RN 150%F01 200% 0}, e KR4
JE I 118 4 95 -943 MPa #1-970 MPa, & Kik4r
JE I (B I R 80N, HE R K A4 R R g (L
e

4 Zig

1) W U5 A X A 20 ol JERNE R ok 2ok I X 3%
AL TR RO I . WLsRIE AL B AT, Xl
TN TR KCFE A Sk U X3 2 AR A N ) de s T ak
295 MPa; WILALER)S , i I X RIZAE AFR AR RN T,
KA 15-973 MPa,

2) 1 NS Bl BRI VAR KA U B A I8 9 RS X g AL
JEFRATRE 11505 JLT- WA $2 0, 8 AL T 20 s i i
AL 3 43 A FEAR T LA 2R — 38 T 5| ABRAY I S
IVER .

3) FERIER N FPIRSAR RN LR, 42CrMo ek
T3 DX SR T AR AR S . B KERAY R R JI1H
i AN B N AN VAR i S
B | S B AR AL 25 R AR s H R A
KFRA RN AP S, BIZEWE LT | i
B AR AL 5 R K B — e RS, WL AR )
FRATI )13 2 AT — R o IR 2k S 38 i i AL s
B, RIS RN ME LA FH K

S -

(1] FW, RIS, A, 5. =4 s R i m AR
R, PR T AR, 2013, 26(1): 79-85.
CHEN Hao, QIN Xun-peng, WANG Zhou, et al. Finite
clement analysis of coupled electromagnetic thermal field
for 3D spot induction hardening[J]. China surface engi-
neering, 2013, 26(1): 79-85.

2] HHEPU TR S I 2. IR M]. b
BUBRC TP i ieat:, 2008.

China Society of Mechanical Engineering Heat Treatment
Society. Heat treatment manual[M]. Beijing: Machinery
Industry Press, 2008.

31 wMEi, Prfmde, wd®h, 55 WL xR m o % vk

520 B 5E BUOIR 5 R R (9], S i R, 2016,
515(20): 16-21.
GAI Peng-tao, CHEN Fu-long, SHANG lJian-qin, et al.
Recent situation and development trend of shot peening on
surface integrity[J]. Aeronautical manufacturing technol-
ogy, 2016, 515(20): 16-21.

(4] fLJRZR, MRdkA:, RAERY, S5, WULALBXR 42 AR

TS 9 55 9 FE R R AT [0]. UL 3h, 2003, 27(1):
39-41.
NI Zhao-rong, SHENG Ji-sheng, WU Xiong-biao, et al.
The effect of shot peening on the strength of gears in
automobile transmission[J]. Journal of mechanical trans-
mission, 2003, 27(1): 39-41.

(3]

(6]

(7]

(8]

[11]

[12]

[14]

[15]

FATH, AR, PRI S R T R AL B
BT IR H R TR, 2000, 13(2): 38-41.
WANG Ren-zhi, RU Ji-lai. Several problems on the sur-
face strengthening of valve spring in the automobile internal-
combustion engine[J]. China surface engineering, 2000,
13(2): 38-41.

PRI, Fml. R e R mmOILR AL T ORFE0]. A
T T, 2014(20): 121-122.

CHEN Na, LU Wei. Research of strengthening shot peen
on parts for blade surface[J]. Hot working technology,
2014(20): 121-122.

ATPET . IRA IR B B ILaR AL T 2 5 28 7 Bk D).
A, 2016(3): 559-561.

SHI De-yong. Shot peening strengthening of automobile
crankshaft die and its application verification[J]. Foundry
technology, 2016(3): 559-561.

s, Friar, XUBAS, A BEREEK 18CiNiMo7-6
B 1) 2 T WAL TR Ak K RAE[]. ML TR A K, 2013,
37(5): 100-102.

DAI Ru-yong, YU Zhong-qi, LIU Zhong-wei, et al. Shot
peening treatment and characterization of 18CrNiMo7-6
steel after carburizing and quenching[J]. Materials for me-
chanical engineering, 2013, 37(5): 100-102.

XU, Vi, 58 LB B YA A1 2 T o o
M), #AKEEE, 2015(3): 16-18.

LIU Bao, RU Xue-bin. Effect of strong shot peening on
surface quality of carburized and hardened part[J]. Heat
treatment, 2015(3): 16-18.

FoKTF, XIEM, 17, 5. 1CrI2Ni3Mo2VN 4 4
JGPEIX AL ARG ANL 1 [J]. G R ALLEE, 2006,
31(5): 53-56.

WANG Yong-fang, LIU Yu-jiong, RAN Guang, et al. Shot
peening and residual stress distribution in the induction
hardening transition zone of 1Cr12Ni3Mo2VN steel[J].
Heat treatment of metals, 2006, 31(5): 53-56.

PIVEREIL, FIORZL, JEItHoK. Sl A o v Kommsete
AEBRER AN F143HT[T]. FUIN T TZ, 2005(5): 60-62.
SUN Xian-kai, TIAN Bao-hong, ZHOU Shi-yong. Resid-
ual stress analysis of medium-frequency quenching for
crankcase[J]. Hot working technology, 2005(5): 60-62.
MIAO H Y, LAROSE S, PERRON C, et al. On the poten-
tial applications of a 3D random finite element model for
the simulation of shot peening[J]. Advances in engineering
software, 2009, 40(10): 1023-1038.

DIENG L, AMINE D, FALAISE Y, et al. Parametric study
of the finite element modeling of shot peening on welded
joints[J]. Journal of constructional steel research, 2017,
130: 234-247.

WRE, b, BLLLD7. WO =ZEFR AN 1 i) A FROT
FEHI[T]. B T AR 23], 2006, 42(8): 182-189.

LING Xiang, PENG Wei-wei, NI Hong-fang. The finite
element analysis of three-dimensional residual stress field
for shot peening[J]. Chinese journal of mechanical engi-
neering, 2006, 42(8): 182-189.

)R AN [a] 5 R AR AL SR AR I T AT BR TR (D).
i BBASHE R, 2012,

ZHANG Guang-liang. Study on finite element simulation



.+ 20 -

E TR NN

2018 4 9 H

(18]

of shot peening of different yield strength steel and its re-
sidual stress[D]. Shanghai: Shanghai Jiao Tong University,
2012.

VA, [URAN S B0 G 1A R NS L 552 56 B 90 5 A
D], Fifg: FIgASiE KA, 2011.

WANG Zhou. Computer simulation and experimental in-
vestigation of laser hardening and shot peening process of
martensitic stainless steel[D]. Shanghai: Shanghai Jiao
Tong University, 2011.

VRIESC, #0, $532E, 4%, 42CrMo 7 I 5T
1. AR T RS 2E 4 H SRR, 2008, 31(9): 1506-
1508.

XU Shi-wen, DONG Man-sheng, HU Zong-jun, et al. Fa-
tigue test research on steel 42CrMol[J]. Journal of Hefei
University of Technology (natural science), 2008, 31(9):
1506-1508.

KICH, KR, BRE4E, 5. 42CrMo YRR N
WEFE[)]. 4@k 3, 2007, 32(11): 101-103.

ZHANG Wen-yong, ZHANG Ge-jun, CHEN Ya-wei, et
al. Application of quantified water quenching on 42CrMo
steel[J]. Heat treatment of metals, 2007, 32(11): 101-103.
KLEMENZ M. Anwendung der Simulation der Rand-
schichtausbildung beim Kugelstrahlen auf die Abschitzung
der Schwingfestigkeit gekerbter Bauteile[D]. Karlsruhe:
Karlsruhe University, 2009.

MACHERAUCH E, MULLER P. Das sin2y-Verfahren

[24]

[25]

[26]

der rontgenographischen Spannungsmes-sung[J]. Z Angew
Phys, 1961, 13: 340-345.

NOYAN I C, COHEN J B. Residual stress-measurement
by diffraction and interpretation[M]. New York: Springer
Verlg, 1987.

MOORE M G, EVANS W P. Mathematical correction for
stress in removed layers in X-ray diffraction RS analy-
sis[J]. SAE Trans, 1958, 66: 340-345.

GAMBIRASIO L, RIZZI E. On the calibration strategies
of the Johnson-Cook strength model: discussion and ap-
plications to experimental data[J]. Mater scieng A, 2014,
610: 370-413.

HIBBITT H D, KARLSSON B I, SORENSEN P.
ABAQUS Analysis user’s manual (2010), version 6.10
[EB/OL]. [2018-04-03]. http://laptop-t1raln18:2080/v6.10/
books/usb/sb/default.htm.

KLEMENZ M, SCHULZE V, VOHRINGER O, et al. Fi-
nite element simulation of the residual stress states after
shot peening[J]. Materials science forum, 2006, 2006:
349-354.

PR, R s b Bk AISI304 NEEHHR I 5ok
KA EREESE[D]. RIAt: RIA TR, 2014,
YANG Xin-jun. Effects of ultrasonic impact treatment on
improvements of mechanical properties and surface integ-
rity of AISI304 stainless steel[D]. Nanjing: Nanjing Tech
University, 2014.



