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Fig. 1 Schematic diagram of the finite element model
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Tab.1 Parameters of 7075-T651 J-C constitutive model

e A/MPa B/MPa c n m
& 527 692 0.017 0.71 1.61
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Fig. 2 Relationship between crater position and shot generation
probability
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Fig. 3 Relationship between shot peening coverage and the number

of shots
C(N),u=[1-exp(=0.181N)]x 100% (5)
C(N)y =[1 = exp(-0.139N) 1 x 100%  (6)
C(N), e =1 = exp(=0.126N) | x 100%  (7)
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Tab.2 Mechanic properties of shots and component

R %)/ (kg/m?) FPER L E/GPa MEL/NTA
RS AL 2700 7.9 0.3
W B2 AL 2300 300 0.3
P 7 800 210 0.3

7075-T651 2810 71.9 0.3
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Fig. 4 Surface coverage achieved by different number of shots
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Tab.3 Minimum number of shots for full coverage under different

shot peening parameters

s gepe O g ’\fjj/;)’;/ HAL A
1 0.3 228
2 0.425 158
3 0.58 105
90 50
4 0.71 59
5 b2 0.71 55
6 P 0.71 45
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Fig.5 Comparative analysis of predicted results and test results
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Fig. 6 Residual stress distribution on the surface of different shot materials with a diameter of 0. 71 mm
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Fig. 9 Schematic diagram of rough surface contour
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Tab. 4 Target roughness and stress concentration coefficient under
different shot peening parameters

215 WOLMEL LB/ mm R/um R, /um K,
1 W 0.58 35.8 238 1.407 3
2 BB 0.58 23.2 160 1378 4
3 b 0.58 20.9 153 13358
4 b 0.71 22.6 158 1368 3
5 b 0.425 12.8 123 1.1949
6 Ve 0.3 5.1 53 1.166 7

BE T AL ME % Bl AL 43 AT A BR T B, X 7075-
T651 48 4 Wi ALTR Ak R aEA T A AR AU, A3 3 LT &=
L5

D 5] A K 7075-T651 534 4 ALsi Ak i i
B %) 50 T AR SCHE ST A WS AL 5 Ak A PR T AR 7R ) 1)
N 353 A Fa B AR A B AR 9 1 ) oA Bk
B AR RN J11R 250 13, 3%

2) AH [ 055 L 2 550, AS [ 33 b A o2 W5 L o Ak )
WA VR B8 7 1] d5c K% 4% R g F) 6 AR 43 A7 78 650 MPa [ift
T, e R J2 R DX B L A3 A B AL L B 5
JU P e AU LB AR I 14 N, ) 2RI R 269,208
193 wm s X b 3 F A o AL, & A B i et AL Ak
Jei ) B b % TRDRLRES B R, RNV 1 46 b R ALK fe /DN, oy
)4 20.9 wm Al 1. 3358,

3 EAR M 0. 3 mm 3K F] 0. 58 mm [ e 7 54
JUmE ISR ALJS B A 4 UM 2 AR 43 B 1 A 345 MPa
B4R H] 455 MPa, UL AR — 2 K F]0. 71 mm
i, FRFR A0 J1 0 411 MPa, & AE 1 F7 058t 1 B0
FEAR A B2 5 B R AR A% T I 7 B I 77 J2 IR B 5 AL L
PG R MIIE KI5 8 THRE , s R RN 23R 5L
TR AR 5 TEAH O 5 Fe R BB AR R I 77 Bt 3 kL LA A 15
IR RGBT, YL EAE KE0.71 mm
B, de KR A% e N ) e A 7F 625 MPa il

4) 4B L E AR M 0. 71 mm /3] 0. 3 mm B
WA 2 RS R, M 22. 6 wm J8i/NE 5. 1 pum, 1
T ZRECK 1. 368 3UH/NE 1. 166 7.
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Study on the influence of shot material and diameter on residual stress and
roughness of shot-peened 7075 aluminum alloy

ZHOU Jingjing' KONG Qingdong® LIU Xiangbo’ DAI Hao' LONG Xianglin® WANG Meng> WEI Yanhong’*
(1. Changhe Aircraft Industry (Group) Co., Ltd., Jingdezhen 333002, China)
(2. School of Materials Science and Technology, Nanjing University of Aeronautics and Astronautics, Nanjing 211106, China)
(3. Wuxi Research Institute, Nanjing University of Aeronautics and Astronautics, Wuxi 214187, China)

Abstract: [Objective] Shot peening technology is usually used in aircraft lightweight manufacturing to improve the
performance of aluminum alloys, but the current numerical simulation of shot peening residual stress is mostly based on the
random distribution model of the shot, and there are fewer studies on the roughness of the target material after shot peening
with different shot material. It is necessary to conduct research on this issue. [Methods] A shot probability random distribution
finite element model was established to carry out numerical simulation of shot peening, and studied the effects of different shot
material and shots diameter on the residual stress field and surface roughness of 7075-T651 aluminum alloy targets after shot
peening. [Results] The results show that with the same shot peening parameters, the depth of compressive stress layer of cast
steel shot, glass shot and ceramic shot are respectively reduced. As the shot diameter increases from 0.3 mm to 0.58 mm, the
maximum residual compressive stress increases from 559 MPa to 641 MPa. When the shot diameter is 0.71 mm, the residual
compressive stress increases significantly slow down. As the ceramic shot diameter decreases from 0.71 mm to 0.3 mm, the
surface roughness R, decreases from 22.6 pm to 5.1 pm, and the stress concentration factor K, decreases from 1.368 3 to
1.166 7.

Key words: Shot peening; 7075-T651 aluminum alloy; Numerical simulation; Surface roughness; Residual stress; Shot
probability random distribution model
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