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ABSTRACT: This paper aims to study the influence of process parameters of shot peening on the surface integrity of
18CrNiMo7-6 roller and acquire the mapping relation between process parameters and surface integrity, so as to improve the
quality and efficiency of shot peening process. During this, Python language was used for the secondary development of Abaqus
to establish the random multi-shots model of shot peening simulation and the experimental verification was carried out.
Orthogonal experiment was designed to study the effect laws of impact angle, impact velocity, shot diameter, coverage and shot
type on residual stress and surface roughness, and the importance value of each process parameter on the comprehensive effect
of shot peening was obtained by the random forest algorithm. With impact angle, impact velocity, shot diameter, coverage, shot
type and surface depth as input values and residual stress and surface roughness as output values, a prediction model of shot
peening surface integrity based on neural network was established. Through the orthogonal test, it is found that the shot diameter
and impact velocity have a significant influence on the surface roughness. The importance of each shot peening process parameter
to the comprehensive shot peening effect of 18CrNiMo7-6 roller is impact angle (0.249), impact velocity (0.224), shot type
(0.193), coverage (0.173) and shot diameter (0.161). The optimal combination of process parameters within the range of each
process parameter is that the impact angle is 90°, the impact velocity is 80 m/s, the shot diameter is 0.7 mm, the coverage is
300%, and the shot material is cast steel shot. The average relative error of the shot peening surface integrity prediction model
based on neural network is less than 7%. Therefore, it is concluded that the shot peening surface integrity prediction model
based on neural network can accurately represent the mapping relation between the shot peening process parameters and surface
integrity parameters, thus providing relevant reference for shot peening process.

KEY WORDS: shot peening strengthening; residual stress; surface roughness; orthogonal experiment; data-driven; finite

element simulation

BfE LA MUR . KU . WA . R A R A 1)
HRIF . mT R R R, XA R R K
RS A T T 4R O R SR WAL S — PPk
MR b AR, BAMASCR B3 SN . REFEMC
SRR, TN TR R AR Y R R AL
W5 AL A — P4 B SR A N T, Ry v
W A AL o A Jm R, R A AR
T TEZ A 22 51 AFRA R 7 5 ol 38 £ 2 U 21 25
¥, AEZ A= L SR TN S5 A, $EE R bt
W% o7 EfEl

A2 ARSI T 2 280 3w 5 2
SR AR AT T R 158 5 05 BT 1F
B REEWIRFSE T AN R AL T2 S 800k 14 46 26 1 58 5
PEBYFZIR , e PR oo M KU 5 R ] ARG 3 i HEL A
KR U MR R I O AR A R R 7 o Nordin 255 1 st
LT 2528000k 3% 1o 1 Ak 14 40 B0 2 T RELRES B2 A R ), 7
EWSILRIE T, B TR, RIEHREE &
B, IRE)— e E R, RS B R 7 55 R A 5
W/ Seki ZESVHIFSY & PRISE AL AL FRAR = T 5 56 (0 B
B BRAYERY ) R A o Tida 25775 H T4
DY B LAY IR, A5 5 A L P LA 3 B K
()22 TR 5% 4% R 7 3 A T A% E . Unal 2558 ) 215
JUXE AIST 1017 AR MR, A5 H 2 1A 32 B 1 L5 B
FIREAR M8/, EHLAE 200 pm J5, 6l ZUWE LAY 285 50 T
Ko A Fte S URE s BUE AT T T WESHE R | s
AR T T R R I AL S BBR AR 7 | 3 T RELR B
FISEIR , 2 PR i — RS LAY 7 5 R T f 3 PR AR R 1
RURERE . Wu 20O i S 06 5 0 FURF 5 7 o5 0 ik A

I 7 K 2% TRURELRES 85 1 5 M, SIC 00 3% 4% I g 03 T RELRS
JE 54 FRIC O EL IR 25 7E 18%LAIN . Lin &0 gy T
— AL B L AN R B R AL 22 S LB R BIFSE
W SRR B . 7 3 R S R ALK R AN T . 2R AR
JEE R A5 IR ST 52 o 78 SEPRIBALIE R, 52 ok
AN T | FRTHHURE B A5 R 1 52 M SN TS HA
%, RETEESEEWAL T 2S5 Z 2203k
LR R, WO IRET 2% ), WAL T 2 SHaE UK
W, Wb, WAL T E S80S R m etk
SHERXT R R, DIgRmiAL T2,
HTREBI T LSS RIS RES BRI
XN ER, SR S SR T, Miao 5
FTF Hertz PRI . Zarka FR¥APERRIS, RN ES
FIWEEF R | AL S Almen IRERICRR, I
X Bk AN AT T . 2% 4 AR hE i 5] A G 4 s
INERSEL, WA RN 135 0 8 A 5IR EAR )
KR, LI T RFEM R R AN T W . MR A
AU A BR OGN EURIRE R T v A5 AR A 4 n R T
BR AN SRR 55 AL T2 S 800 (% 107 26 & o X Fh
FL -y BRI 1) 2 T 5 R PR TR 28 =B, g0 B A%
H AR 35 ol 245 0 285 10 55000 3R 80 3k e
TE WAL ELAAE ML, AR B A BB T S8 itk 17
222], AT LI SR SR M S B AT O, A2 A
FHUBR 4 5 75 i 100 a2 i g . B
ISR 22 28 i R WAL T A S 800 Rl s & 1k 2
B A IF R8> . RS2 A Python i 5 4
Abaqus HET ZRITF A&, EEAL WAL B R REALZ 5L
FERIEGEAT TR I UE , BT IE 38 L k474 FR ey



+ 88 ¢ %‘% E & 7K

2021 4 4 A

H, WFFCmU R . BUNEE | WOLER . BIEER.
SRALZRAUNS 18CrNiMo7-6 ¥R T IMILLE & RUR 5
Wi 5 Je 7 T 28 00 2% B4 I AL TR 8 B MRS BT A6
B, PRI T L2805 32 1 58 B2 B8] B A3 5
F, SCBLARTH E B S R DU P, 5 e UL A
BEYE, NWOLT 2GRS %

1 ARAE

1.1 EXZEWiEIT

1E 22 S 6 R H A A AR 58 A B s kS
FARR AL IEAS R HEB AL T 5 46, W R w2
AT ZE b, BRI T 2S5 .
T AL BEAE A PR WAL B — A B2 S b, HR/N
B AR AR R 18y | SR LR B R R e S
B, T M R A (R 5 P R o 7E SR AL T
LS N 2 V) U T8 e S R A WAL AL
% AL L B R S Rk e R UV m ot B R 1Y)
JEFR WG R 1w U B A A AL E A L
T ] e K P e 7 3 R TR A LB
i, WmARK (1) For, Hrp, CHEER, r R
JEPEAE (mm), N NHILEUE .

C=1001-¢"") (1)

ARSI EZ (D). WESHmEE (o). Wikt
MR (V). iR (C), #ILk® (M) 5 MHEZE,
Horr, SILERN 4 KF, BUEHN 0.5, 0.6, 0.7,
0.8 mm; WiHHAEE N 4 KF, BUEN 45°, 60°,
75°. 90°; WEHTHEE A 4 K, BUEN 60, 80, 100,
120 m/s??; EERF 3 K, BUEH 100%. 200%.
300%2; FEALRACN 3 K, BUNSHAL (ZG ).
WMz (CW), =R YL (HCW ), | FA
WAL T 23R 00 45 TR R WK BOR A, IR A 7K /)
ZNZIRE, RABUKE 2 AT b #1PY W 28 36 1
IR 4 FHAE 1 84, LR K SF 4 K 18
oo WOLT ALK AR 1 FiR.

R1 BATIZEXRLWEERKTE
Tab.1 Orthogonal experimental factor levels for shot peening
process

Factors
Levels N
D/mm o/(®)  Vim's) C/% M
1 0.5 45 60 100 7G
2 0.6 60 80 200 CW
3 0.7 75 100 300 HCW
4 0.8 90 120
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Tab.2 Orthogonal experiment scheme of shot peening
process

No. D/mm  o/(°) Vims') C% M
1 0.5 45 60 100 1
2 0.5 60 80 200 2
3 0.5 75 100 300 3
4 0.5 90 120 100 1
5 0.6 45 80 300 1
6 0.6 60 60 100 3
7 0.6 75 120 100 2
8 0.6 90 100 200 1
9 0.7 45 100 100 2

10 0.7 60 120 300 1
11 0.7 75 60 200 1
12 0.7 90 80 100 3
13 0.8 45 120 200 3
14 0.8 60 100 100 1
15 0.8 75 80 100 1
16 0.8 90 60 300 2
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HCW Isotropic 2050 210
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Fig.1 Random multi-shots finite element model
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Fig.5 GA-BP neural network structure diagram of shot peening performance prediction
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Fig.7 Residual stress curve of 4, 8, 12, and 16 groups
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Tab.4 Orthogonal experiment results of shot peening process

No. Sq/um o 4 /MPa o o /MPa Zo/um Z,/um Y
1 1.40 -480.4 -821.0 144 79 47.38
2 251 -486.4 -959.8 214 118 53.97
3 411 —443.7 -992.9 282 161 38.71
4 248 -554.2 -919.0 242 121 59.96
5 1.80 -477.0 -908.8 211 104 55.19
6 3.12 —474.1 -942.9 228 118 43.98
7 4.03 —431.2 -951.9 329 196 38.83
8 237 -459.3 -959.6 280 151  57.52
9 3.63 —448.2 —884.8 279 153  33.83
10 2.60 —545.8 -1003.5 411 172 76.17
11 249 -516.6 -995.7 259 139 64.78
12 4.65 -583.7 -1022.9 351 199 57.89
13 471 -470.1 -1027.8 412 200 46.13
14 3.15 -419.8 -902.5 338 158  40.49
15 2.86 -527.8 -929.0 329 160 59.57
16  3.41 -536.5 -1013.1 342 180 64.26

MfE, i=1,2,3,4,5.
Y =>100xbY, 9)

AT AL T 25 0E 38 92 3 R FHAU K - vk 04T 10
e, FEXPW 22 AT, IR RS ROk B
T EBEOF I ILE G RO DY, JrE A
=X (10) Fros, Hri, r AMEEKEE, R b EE
W2, d AT R, R AITHEMZE,

R =JrxRxd (10)

TEWIL T A SE R 2250k, e R 0K, %
TN T B HO W ILLRA A8 52 ek 8 2 o B 22 57
Brid g s 5 s, aTLEH, £ PMBOLTES5
Xt 18CrNiMo7-6 ¥& 1 HILR A WEALACR B2 AR I
WS SR AR B L WS ERORE | UL RN | R UL E AR,
AN LESHAEHEN, IR T ESHEHE R W
SRR 90°, WEGTHE 80 m/s, SEALEAR 0.7 mm, 7
R 300%, FAERUNEM I 9 TP R
N TESEI WAL G BRI B, R BEPLARAR
AP TASRE B AT . BEPLAR AR ( Random
Forest, RF ) j& AT SRR Ry B2y o) 5 O B il S R0
FLA PO v 2R 0w | iz ARE J R AR AL, T T AR
ANEE ST, RS2 H RRAE 0 B 20, B ML AR ARAR
PR 5280 ( Mean Decrease Gini, MDG ) Fl13F
YR EEKE % ( Mean Decrease Accuracy, MDA ) FiFl
FIEXWAL T 228 0 EE AT . th T RENLAR
AR BEALALE] , A R P AE BEAL AR AR DR SR rh
(14 HH BT S AR BRARFAE B B R ] B 3O TP
B Je 1 B 0y B R M O R TR S L O TR
[ T2 SHOSBOLLR A B M EE R, ASCEA T
T BERG BE A TR F B ST, EEEMEPE 43 ( Variable
Importance Measure, VIM ) A1 (11) PR,

VIM(X) :%i(ERi ~ER!) (11)

AP KO RF RS ER, HRIE X 430
HIEE i BT L A 0 % 22 5 ER! WRRIE X P8l )5 2
i RS XS 7 B T R 22 . A0 SR s S IR 22 AR Ak
AR, WHZ T2 SHO B LLR A RO B2 PR RAR
FARRAR K, VR T 5 S HO W I G O 1 %
PEAR 15 o A5 BEHLAR AR R %A 1000, max_depth

x5 BARSESERRESN
Tab.5 Range analysis of shot peening comprehensive score
results

Level D o vV C M
1 50.01 45.64 55.10 47.74 57.64
2 48.88 53.66 56.66 55.61 47.72
3 58.17 50.48 42.64 58.58 46.68
4 52.62 59.91 55.27
R 9.29 14.27 14.02 10.84 10.96
R' 8.36 12.84 12.62 10.42 10.54
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Test sets R* RMSE MRE/%
2 0.9958 29.42 6.83
8 0.9967 32.46 6.72
11 0.9954 31.34 4.45
15 0.9961 31.04 5.46
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