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Numerical Simulation Study of Residual Stress Field of
Friction Stir Welding of 5052 Aluminum Alloy

MIAO Chenhuai,CAO Lijie ,YIN Kai, WANG Nannan
(School of Mechanical and Automotive Engineering, Shanghai University of Engineering Science, Shanghai 201620, China)

Abstract ; Aiming at the excessive residual stress and the difficulty to measure the residual stress of friction stir welding
of aluminum alloy, the heat source model, boundary condition model and finite element model was proposed based on
thermal elastic-plastic method and sequential thermal coupling stress simulation of friction stir welding. The orthogonal
design method was adopted to simulate the three main factors that affect the residual stress in the design of the numerical
simulation, and the simulation results were verified by experiments. The results show that suitable welding parameters
(speed 1 000 r -

residual stress after welding of friction stir welding for 5020 aluminum alloy, and the numerical simulation results was

min "', welding speed take 120 mm + min "', preheating time take 3 s) can effectively reduce the

coincident with the actual residual stress after welding results.
Keywords: friction stir welding; stress field; orthogonal design; thermal elastic-plastic method; sequential thermal

coupling
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Table 1 5052 thermo-physical parameters of
aluminum alloy

L R p/ SR N/ HEs ¢/ Je BRIV T
7C (kg-m ) (Wem™'-C")(J-kg'-C") o/MPa
20 2 680 119 900 255
100 2 660 121 921 248
200 2 640 126 1 005 150
300 2 620 130 1 047 50
400 2 590 138 1 089 32
500 2 580 145 1129 10
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Table 2 Tool parameters

WE R L) SPE EIEE R e PEFEET
F,/kN r,/mm r,/mm h/mm
8 5.0 2.5 3.0
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Table 3 Factor level table
H%
K A e N/ B R o/ C TS ]
(r-min") (mm + min~") /s
1 1 000 60 2
2 1200 80 3
3 1 400 100 4
4 1 600 120 5
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Table 4 Simulation results and SNR ratio

FE EEA EEB HZEC BRI o,/MPa Rsy
1 1 1 1 160.35 -44.10
2 1 2 2 158.34 -43.99
3 1 3 3 154.22 -43.76
4 1 4 4 154.41 -43.77
5 2 1 2 180.53 -45.13
6 2 2 1 177.58 -44.99
7 2 3 4 182.21 -45.21
8 2 4 3 178.75 ~45.04
9 3 1 3 209.36 -46.42
10 3 2 4 205.38 -46.25
11 3 3 1 195.74 -45.83
12 3 4 2 192.96 -45.71
13 4 1 4 205. 44 -46.25
14 4 2 3 215.35 -46.66
15 4 3 2 208.53 -46.38
16 4 4 1 206.71 -46.31
5 fERkva R A
Table 5 SNR response table
- fEWE L Rey . ey
K1 K2 K3 K4 HE#

A -43.91  -45.09 -46.05 -46.40  2.49 1
-45.48  -45.48 -45.30 -45.21 0.27 2

C  -45.31 -45.30 -45.47 -45.37 0.17 3

H 3R S A A AT A, BT A Bk AR N ) fe /N ) SR A4
HCHEMEME /N5 ) A BLC,, RV 8 N HL
1 000 r/min, %53 v B 120 mm/min, T [E] ¢ B3 s,
M F i B I o L A, BT AR i — 4
ESEA G R, R A S50 BAUAR 25R AR
N 11k 151.43 MPa,
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Figure 4 Measurement of residual stress
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Figure 5 Residual stress on surface of weld
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Figure 8 Residual stress along depth of weld
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2-PUR-PSPR Parallel Mechanism with Large Rotation Capacity
DONG Fei,XU Yong™ ,WANG Yan,ZHAO Chuansen,ZHANG Qianggiang

(School of Mechanical and Automotive Engineering,Shanghai University of Engineering Science , Shanghai 201620, China)

Abstract;In order to meet the requirement of large rotational capability of processing equipment for complex surface
workpieces, a new type of Ry R, T, T, four degrees of freedom 2-PUR-PSPR parallel mechanism was proposed by
research group. The mechanism adopted both mobile external and internal drive, and controlled the motion of the moving
platform by means of driving direction transformation of the parallel large-stroke mobile external pair, supplemented by
the adjusting function of the telescopic drive of the mobile internal pair. Based on the helix theory and the modified
Kutabach-Griibler formula, the degree of freedom of the mechanism was calculated and verified. The inverse position
solution model of the mechanism was established from the closed-loop vector equation, and the analytic formula of the
inverse position solution of the mechanism was obtained by means of the constraints of fixed rod length. Based on the
boundary search algorithm, the RyR,T, T, workspace of the mechanism with constant Y-axis displacement of the moving
platform was solved by using the software of matlab. The simulation analysis was carried out by the software of
Solidworks, the results show that the mechanism has the advantages of large workspace range, large turning angle range
of the moving platform, stable operation and so on. The research provides some reference for the design of mechanism
with large attitude rotation ability.

Keywords : parallel mechanism; helix theory; large attitude rotation ; inverse position solution model ; boundary search

algorithm
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Three-dimensional schematic

diagram of mechanism
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