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Table 1 The parameters of Q235 and TA2
A B T T,
R c R ” el ol
/MPa | /MPa °C °C
TA2 | 213.89 | 3558 | 0.026 | 0438 | 1.08 1688 25
Q235 | 244.8 | 899.7 | 0.039 | 094 | 0.76 1538 25

FEAT FROTEE R T, Ry T A BN 6 B 25 L, 75
SRR, R EALTE T R R SR A
K R BCFIIARA e . A SR IMatPro B 43 HE MR B
FLRGER I F 2 /3,

1.3 DR
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FSW ik R rbr | T b 3 1T RN 1A 360 2 % 35 i S 4
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S B AR R 2 B R o X R e
TL(2)0

Gen = heou (T, = T) 2
2 g, XTI s b, XS TR R B T,
T 43 3 Ry PR AR V) AR R T IR

FRIH AR KA I 2 (3) :

Qua = 08, (1,0 = T 3)
o, R AR -IH22 2 R, R/ 5.67x107 W/ (m? KH) ;

Fig.1 The workpiece of FSW and stir tool e, AMPRIR AR EE R AL
R2 TA2@WEEIARIRIE
Table 2 The physical material properties of TA2
W%/ (kg/m?) ErC A/ (W/mK) A i/ GPa THFALE JE Ik F %/ (1/°C) A/ (J/gK)
25 22.161 1.163x10" 8.950x107 529
100 19.506 1.112x10" 6.640x107 580
200 18.017 1.047x10" ~1.315x10- 585
4520 0.3
300 17.443 9.910x10" -4.830%10- 610
350 17.381 9.625x101 ~2.550%10- 622
900 20.931 5.988x10'° 7.340x107 2947
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&3 Q235{NHVTRIEM
Table 3 The physical material properties of Q235

I/ (kg/m?) i/ C MFE/(W/mK) FERL R /GPa TARALL ik F %/ (1/°C) HeAY/ (1g K)
25 68 2.107x10" 1.230x10° 449
200 56 2.015x10" 1.29x10° 519
300 50 1.935x10" 1.34x10° 564

7800 03

500 40 1.716x10" 1.41x10° 689
700 33 1.437x10" 1.5%10° 937
850 27 1.215%10" 1.12x10° 660

AT R A AR, P (R R ARy Rl R S S BUR e RS B . BRI S

XU EAAE B, S5 AR A T LR S
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Fig.2 The boundary conditions of heat transformation

1.3.2 3% A 454

CEL R B i U AF 52 SO BRALAA , Bt bE 58 A F)
IR AR I HASTEAR . ol T e ok 4 2 2%, SR
ABAQUS H (1 #8 & 38 FH 32 il R S R g AR T A R 1
AAE Sl e Y Jy e il 28 R0 e SR i, PEE 452 K]
B E AR 0.3, 75 ) 5 4Rl S R B E R A, K e
P AL R BB AR T B 3 PR AR BOR BN 0.9,
1.3.3 J1ill Ao

TERERI I B, Ry TR IR TR A RS, A Jedie
B A, R T RS B R T e ke L
IS5 A 24 SRR TR T 04 A & el B, B Lk K A
TARERS ., KRN R SN S SN S %

TR AH R 9 T2 S50, e 3 R 300~500r/min ; #4222 4
[#] 5 A7 40mm/min ; 4§ HE AR 0. 1mm ; JCIESABIA -
1.4 RIIgXIS

i F TSR R E 28, A% 28 Bt AN ]
K FH Y p5. 75 TR RKRE B G(EC3DSRT) X T4 1E 4 7 R 4l
a3, I BLZE ARG R T DX o 288 Do A% 177 4 Al DX 3l A 6 D)
¥ o K FH U A R 1A BTG (C3DAT) W 48 ELEAT A% &) 43
WE 3 iR

(@)

(b)
B3 THS5REmMELLD

Fig.3 Mesh division of workpiece and stir tool
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(a) 300r/min,40mm/min

(b) 400r/min,40mm/min

(c) 500r/min,40mm/min

4 NARESHRERBERDH

Fig.4 The temperature distribution for different welding parameters
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(a) 300r/min, 40mm/min

(b) 400r/min, 40mm/min

(c) 500r/min, 40mm/min
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Fig.5 The temperature distribution on the cross-section
of welds
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Fig.6 The distribution curve of temperature
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Fig.7 The schematic diagram of material flow

(a) 300r/min,40mm/min (b) 400r/min,40mm/min (c) 500r/min,40mm/min
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Fig.8 The equivalent plastic strain field for dlfferent

welding parameters

(a) 300r/min,40mm/min

(b) 400r/min,40mm/min

(c) 500r/min,40mm/min
B9 AOERESHESEFREMENES
Fig.9 The equivalent plastic strain field on the
cross-section of welds
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(a) Fifii
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Fig.10 The equivalent plastic strain field for 500r/min,

40mm/min with 26s of welding
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Numerical Simulation of Temperature Field and Material Flow of Friction Stir
Welding Based on CEL Model

Wu Xiaoyan', Luo Wei', Cao Zhiming', Wang Yisong'?, Jiang Haitao'
1. Institute of Engineering Technology, University of Science and Technology Beijing, Beijing 100083, China

2. Beijing FSW Technology Co., Ltd., Beijing 101107, China

Abstract: Based on the Euler-Lagrangian Coupling (CEL) model in ABAQUS software, a thermal-mechanical
coupling numerical model of Friction Stir Welding (FSW) of titanium-steel clad plate was established. The influence of
process parameters on the temperature field and the plasticity of the weld zone were discussed. The tracer particles
were inserted in the model to investigate the plastic flow and defect formation during FSW process. The experimental
results and simulation results were compared to illustrate the formation of welding defects during FSW process. The
results show that with the increase of rotation speed, the maximum temperature of the weld increased gradually. The
optimal welding process was 300r/min for rotation speed and 40mm/min for traveling speed. The temperature
simulation results indicate that the temperature on the retreating side is about 25°Chigher than the temperature on the
advancing side. In the equivalent plastic strain field, the advancing side presentes high plastic deformation which is
similar to the experimental result. The tracer particles simulation results indicate that the weld material mainly rises
from the bottom to surface and then accumulates in the back of the shoulder.

Key Words: friction stir welding; temperature field; material flow; titanium steel clad plate; numerical simulation
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