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I nfluence of Shot Peening Method on the Distribution Rule of
Surface Residual Stress for the Irregular Component
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ABSTRACT: The work aims to optimize the shot peening process and further improve the strengthening effect of shot peening.
The finite element modelling in conformity with full surface coverage and different shot peening methods was established by the
predefined field and the rapid modeling method based on moving vector. The distribution rule of residual stress along with the
tangential direction of the peened component surface by different shot peening methods was analyzed through the local coordi-
nate conversion of stress in the simulation results. As for the shot peening method with fixed direction (method-1), the impact
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angle in different areas changed within 60° to 90°. As the impact angle increased, the consumption rate of kinetic energy and
conversion rate of strain energy during impaction respectively increased from 71.6% and 5.3% to 89.0% and 7.5% and the sur-
face coverage increased as well. As for the shot peening method with fixed angle (method-2), the impact angle was always 90°

and surface coverage was evenly distributed so that the residua stress induced by shot peening method-1 was larger than that in
shot peening method-2 in convex arc surface, oblique surface and concave arc surface. The difference value between the stresses
increased first, then kept stable, and finally decreased along with the +x direction. Compared with the shot peening method with
fixed direction, the shot peening method with fixed angle is adopted, because the consumption rate of kinetic energy and the conversion
rate of strain energy during the impact are higher due to larger impact angle and the full surface coverage can be ensured. Therefore,
larger surface residual stress can be obtained in convex arc surface, oblique surface and concave arc surface of the component.

KEY WORDS: shot peening method; irregular component surface; residual stress; numerical simulation
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Tab.1 Constitutive model constants of Johnson-Cook for
7075 aluminum alloy

C
0.017

B/MPa
347

AIMPa
305

m
161

0.5

K2 MHBESHFERESH

Tab.2 Static mechanical property parameters of materials

) Density  Young's modulus Poisson’s
Materials pl(kg-m2) EIGPa ratio v
Glass shots 2700 7.9 0.30
7075 aluminium alloy 2810 70.5 0.29
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Fig.3 Results of finite element simulation for two types of shot peening methods: a) method-1; b) method-2
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Fig.6 Projection of the peened component surface in — direction
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Tab.4 Test conditions of residual stress

Target

Miller index Tube voltage/lkV Tube current/mA  Exposuretime/s Pendulum angle  Collimator diameter/mm

CrKa 311 30 6.67

15 — 45°~45° 3




- 104 - * wm #H R

2018 4% 12 A

RILT) s I, S5RANE 8 Fin . RS RATE
— L DR 0 5 35 A I 3R SR S LA A RS R
FHERTEAIRE , (HE AR S A BROTE U
APRFE—2, W E, AHRLALE AT BRI, SR AEA
P AE IR0 I R 25 AR A A

0 T T T T T
£ -50
= - +- Simulation result for method-1
§ —— Simulation result for method-2
£ -100
=
S
v L
g —-150
g
E -200
Experiment result for method-1
250 —g— Experiment result for method-2

0 0.8 1.6 2.4 32 4.0
Distance to the left end of component/mm

K8 A2 WAL {1 R T Bk A% 1 1k 6 26 ik
Fig.8 Experimental verification of residual stress on the
peened component surface

3 #Hit

1) T Python ZifEif 7 Fl Abaqus K415,
TEJ& T AN 0] 52 W55 64 13 TR W AU A R DT A A A A
AT R R R T 4 7 55 D R R R AN [ I kL 9 )
BT o

2) TEMTH Ty ) [ A M AL 7 ik, SUOLAE AN TR
DX 3k P 48 o A B A AR fR S Rl Ry 60°~90°, i S di
o A RERE N, LR I A0 S AE T RE SR AN AR fEFE AR
FOr 51 71.6%F1 5.3%42 = 21 89.0%7F1 7.5%, KA
R 3

3) TEWTH A B M AL e, sOLE A
BEMRZEh 90°, FRIAHE 3R M5, 1576
(RIS IAT A% o R T (530 ST PR 35 ) 2 T 5 4% B ) B
S ) [ E WAL AR, HPE 2 {E i +x 5
BRSNS ARRRRCE . PO AR R

4) FRMEFRAN S H FRITAIL LS R 5 50 25
HAMA

SE M-

[1] MEGUID S A, SHAGAL G STRANART J C. 3D FE
analysis of peening of sensitive materials using multiple
impingement model[J]. International journal of impact
engineering, 2002, 27(2): 119-134.

[2] BASKARAN B H, SRINIVASAN M S, BOB M. Nu-
merical simulation of Almen strip response due to random
impacts with strain-rate effectJ]. International journal of
mechanical sciences, 2011, 53(6): 417-424.

(3]

(4]

(5]

(6]

(8]

(9]

(10]

(11]

(12]

(13]

(14]

SEDDIK R, SEDDIK M, ATIG A, et d. Thermo-mechanica
relaxation of compressive residual stresses induced by
shot peening [J]. Procedia structura integrity, 2016(2):
2182-2189.

B GH742 il oG b R AL A LR fL Ak
[ WA 4B RS TR, 2016, 45(9): 2347-2350.
GAO Yu-kui. Residua stress of GH742 superalloy in-
duced by laser peening and shot peening[J]. Rare metal
materials and engineering, 2016, 45(9): 2347-2350.
GONZALEZ J, BAGHERIFARD S, GUAGLIANO M, et
a. Influence of different shot peening treatments on sur-
face state and fatigue behavior of Al 6063 aloy[J]. Engi-
neering fracture mechanics, 2017, 185: 72-81.

LLANEZA V, BELZUNCE F J. Study of the effects pro-
duced by shot peening on the surface of quenched and
tempered steels: Roughness, residual stresses and work
hardening[J]. Applied surface science, 2015, 356: 475-485.
ROUSSEAU T, HOC T, GILLES P, et al. Effect of bead
quantity in ultrasonic shot peening: Surface analysis and
numerical simulations[J]. Journal of materials processing
technology, 2015, 225: 413-420.

SRR, AR, IR, S, HOMUBTALAL BEER AN T
2 THDHURE B2 BB AU [T, P g 5C 38 R 72 4z, 2015,
50(4): 691-697.

QIANG Bin, LI Yadong, GU Ying, et al. Numerical
simulation of residual stress field and surface roughness
for steel plate subjected to shot peening[J]. Journa of
Southwest Jiaotong University, 2015, 50(4): 691-697.
GANGARAJSM H, GUAGLIANO M, FARRAHI G H.
An approach to relate shot peening finite element simula-
tion to the actual coverage[J]. Surface & coatings tech-
nology, 2014, 243: 39-45.

EHAE, X2, Wi, 5F. SO R TP RE R AL X
B4 A FARL]. sl 5 by, 2014, 30(6): 139-142.
YAN Wu-zhu, LIU Jun, WEN Shi-feng, et al. Energy
conversion and residual stress distribution in shot peening
processJ]. Journal of vibration and shock, 2011, 30(6):
139-142.

GHASEMI A, HASSANI S M, MAHMOUDI A H. Shot
peening coverage effect on residual stress profile by FE
random impact analysig[J]. Sruface engineering, 2016,
32(11): 861-870.

XIE L C, WANG C X, WANG L Q, et a. Numerica
analysis and experimental validation on residual stress
distribution of titanium matrix composite after shot peen-
ing treatment[J]. Mechanics of materials, 2016, 99: 2-8.
YR, TRENE, BEE. LR BOLAT BROCH R BB
LB e[ ). MU T2 =4k, 2011, 47(22): 43-48.

LI Yuan, LEI Li-ping, ZENG Pan. Shot stream finite ele-
ment model for shot peening numerical simulation and its
experiment study[J]. Journal of mechanical engineering,
2011, 47(22): 43-48.

MAHMOUDI A H, GHASEMI A, FARRAHI G H, et a.
A comprehensive experimental and numerical study on
redistribution of residual stresses by shot peening[J]. Ma-
terials and design, 2016, 90: 478-487.



