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Fig. 1 Road map of DEM-FEM coupling technology
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Tab.1 Basic mechanical parameters of materials
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.. Poisson ratio
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Tab.2 Parameters of J-C model of TC4 titanium alloy
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Fig.2 Simulation model of DEM-FEM shot peening
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Fig.3 Schematic diagram of shot peening specimens
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Tab.3 Process parameters of shot peening
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Shot peening

Shot peening strength/mmA  Shot peening coverage/%
process
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Process 1
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Process 2
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Fig. 4 Comparison of surface residual stress simulation and test
results
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Fig.5 Comparison of surface roughness simulation and test results
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Tab. 4 Design factor and factor level

BT A F7KF- Factor level

Design factor -1 0 1
FURL A% Particle diameter/mm 0.18 028 043
I ALEJE Shot peening speed/(m/s) 60 30 100
15§ HL7E 35 % Shot peening coverage/% 100 200 300
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Tab.5 Test parameters and simulation results
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Design parameter Response value
e R*ﬁ.ﬁiﬁé ﬂﬁiwﬁ_fﬁ“ ”ﬁﬂ?ﬁ%ﬁ *&‘Eﬁkﬁ*ﬁj U
Serial [Tartlcle Sh(?t Ed 5}'10t 11 Sl.u“fa(:e Roughness/
number diameter/  peening peening residual o
mm speed/(m/s) coverage/%  stress/MPa

1 0 1 -1 -955.06  40.75

2 1 -1 0 -849.636 31.24
3 1 1 0 -1052.92 51.31
4 0 0 0 -992.71 30.46
5 1 0 1 -038.14  46.29
6 -1 -1 0 —~824.68 13.59
7 0 0 0 -996.84 30.46
8 -1 1 ~1161.33 20.47
9 0 0 -992.02 30.46
10 0 -1 -1 —744.18 22.57
11 0 -1 1 —744.18  22.57
12 0 0 0 -991.98 30.46
13 -1 1 0 -1157.82 30.99
14 0 0 0 -993.65 30.46
15 0 1 1 ~1155.60 4641
16 -1 0 -1 -820.27 14.07
17 1 0 -1 ~918.79 45.89
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Tab. 6 Variance analysis of the quadratic model of the response

surface for residual compressive stress on the surface

; o
T P S S
Data source  Variance 6 & ) Mean square Value of F Value of P
reedom
R Model  2.010x10° 9 22329.44  388.36 <0.000 1
D 0.73 1 0.73 0.013 0.9132
v 21253.25 1 2125325  369.64 <0.000 1
c 1.385x10° 1 1.385x10°  2408.77 <0.000 1
Dv 2 198.65 1 2 198.65 38.24  0.0005
DC 3592.85 1 3592.85 62.49  <0.000 1
vC 3207.18 1 3207.18 55.78 0.000 1
D’ 2 183.74 1 2183.74 37.98 0.000 5
v’ 243.36 1 243.36 4.23 0.078 7
c? 17 934.52 1 1793452 311.92 <0.000 1

R?=0.998 0; Adjusted R?=0.995 4; Pred R*=0.968 3;Adeq Precision=67.226
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Fig. 6 Scatter distribution of test and predictive value of surface

residual stress
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Fig. 8 Interactive effect of shot peening speed and shot peening

coverage on surface residual compressive stress
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Tab.7 Variance analysis for the quadratic model of the roughness

response surface

Frih B 5 FlE PiH

freedom square of F of P

FEIE Model 1 812.77 9 201.42 71.00  <0.000 1
D 776.34 1 77634  273.65  <0.000 1
v 526.55 1 526.55  185.60  <0.000 1
C 191.52 1 191.52 67.51  <0.000 1
Dv 3.32 1 3.32 1.17 0.3152
DC 123.82 1 123.82 43.64 0.000 3
vC 20.35 1 20.35 7.17 0.0316
D? 12.52 1 12.52 4.41 0.073 8
v 5.04 1 5.04 1.78 0.224 4
c* 113.27 1 113.27 39.92 0.000 4

R?=0.989 2;Adjusted R*=0.975 2; Pred R?=0.827 4; Adeq Precision=27.934
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Fig. 9 Scatter distribution of test and predictive value of surface
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Fig. 10 Disturbance curves of surface roughness of each factor near

the center point

H 6 7 AT, AURL AR RN 3 1 7 56 R IS 5.3 DC
() FAE R 43. 64, i T oAl 5 5100 () 5%, HoA8 B 5
WE 11 F7R . YA AR R 0. 18~0. 43 mm, 7 1
I 1009%~300% B, 2 HDFURE B2 14 A28 fh 22 (6 ik
3771 wm, B AU B AR A AL 5 R i H LS
FER A A AR B B . SR Z Y
8 I AL LA R R 6 6 ) B T i AR K
& HH 3 T RELRS 32 7 55 /N B AURE B AR RS AL T 75 R 1Y
YU T P A A A e R S, 7 TR 8 e 1 3 R A 2 T A
R AR AR o IR B4 T BE R BE A LKL B4R R
FUTE 35 SR A3 I, WAL Fh A5 SR R A B — A T



5 47 B4 3

UL, 45« HET DEM-FEM A& (I AU A i 7 TS AL 1 K T 280 3 A 73

AR AR | 30K IF P15 0 AU AL 1 A2 R R 55 38, 3R T
REUAE HE PR EHE K

3004

3 Coverage Cl%

100 '
0.18 023 028 0.33 038 043

ALK A2 Particle diameter D/mm

Bl ANEEMESZENREEEENZESN
Fig. 11 Interactive effect of particle diameter and coverage on the

surface roughness

3.3 (EBIGIE
R I8 R AR SCT S ST ) e N TR AR RS A o A
TER TS RIVE N, BEPLEE T 6 iR T8 0, 43l i
17 7 DEM-FEM #5443t it i A3 A0 foel . HApjy 5
25 5 R e g TR ASE AR 00 45 SR AN 8 FiR o
®8 HRTHE R RN EAERFN L 23t LL

Tab.8 Comparison of finite element analysis results and response

surface model predictive results

FEAAE Bt FIMBRAN ST AR
Sample variables Surface residual stress/MPa Roughness/pm
PrEfE i P LfE i
D v C Simulation Predictive  Simulation  Predictive
value value value value
0 0o -1 -918.79 -878.03 31.28 32.76
0 -1 0 -849.64 -854.88 26.71 25.41
1 0 0 -990.19 -971.73 46.39 44.17
1 1 1 -1162.78 -1118.56 58.64 56.71
-1 -1 -1 -761.61 -748.14 11.24 10.75
-1 1 -1 -957.86 —-1003.64 28.87 29.85
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Construction of shot peening enhanced response surface model based on DEM -
FEM coupling and the influence analysis of process parameter

ZHANG Hongwei' YAN Xichao'” GAO Shi' CHEN Tao'
(1. School of Mechanical Engineering, Beijing Institute of Petrochemical Technology, Beijing 102617, China)
(2. School of Intelligent Manufacturing and Control Engineering, Qilu Institute of Technology, Jinan 250200, China)

Abstract: In order to simulate the shot peening process and realize the rapid prediction of the shot peening effect, a
random multi-shot pellet shot peening strengthening model was established based on Abaqus software using the discrete
element method-finite element method (DEM-FEM) coupling, and the TC4 titanium alloy was used as the research object to
carry out the shot peening strengthening test to verify the accuracy of the coupling model. The Box-Behnken design (BBD)
method was used to design a three-factor and three-level shot peening simulation test scheme for the three process parameters
of projectile size, shot peening speed and shot peening coverage. The surface residual stress value and surface roughness value
were obtained by simulation analysis, and the numerical fitting was carried out by Design-Expert software. Finally, the
function models between the shot peening process parameters and the surface residual stress or surface roughness were
obtained, the interaction between the three factors of projectile size, shot peening speed and shot peening coverage was
analyzed by the response surface method, and the influence law of shot peening strengthening effect was analyzed. The results
show that the error between the results of the response surface prediction model and the simulation calculation results is less
than 5%, the established response surface prediction model has high approximate accuracy and reliability, and the effective
prediction of shot peening effect can be achieved by using this model.
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