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Numerical Simulation of 2524-T3 Aluminum Alloy in Refill Friction Stir Spot Welding
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ABSTRACT: The paper aims to analyze distribution of temperature field and stress field of welded joints, and discuss the
influences of rotational speed on the distribution of joint voids emphatically. Based on ABAQUS finite element analysis
software, the refill friction stir spot welding process of 2524-T3 aluminum alloy was simulated to analyze the process of
welding temperature field, stress field and internal changes of the voids at the bottom of the joint. On this basis, the re-
sidual stress around the joint was measured by the blind-hole method, and compared with the simulation results. As the
welding speed increased from 2200 r/min to 3000 r/min, the welding temperature increased from 489 °C to 518 °C when
the welding process reached stable friction. At the end of the welding, the residual stress values of the welding parts were
100-200 MPa, which was in good agreement with the actual values measured by the blind-hole method. The increase of

the rotational speed leads to the increase of the peak temperature during welding. A large temperature gradient along the
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thickness direction can be observed in the cross-section of the workpiece. The number of joint voids increases first and
then decreases with the rotational speed. And the number of voids is the smallest when the rotational speed is 2800 r/min.
In addition, the residual stress on the welding surface is distributed symmetrically around, and the maximum value ap-
pears at the external diameter of the clamp.
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Tab.1 Comparative analysis of different simulation software
Ttk LGS AR A A )
Lagrangian DEFORM-3D Visco-plastic Moderate
Eulerian FLUENT Elastic-visco-plastic Transient Low
CEL ABAQUS/Explicit Elastic-visco-plastic High

Xof R v IR R Y B N 3 A I 0L A
R, Al R | PR E T LR AR
SRR L3140 L. Zhoul'SIf Shude Jil'6145 7 R AR
RIS LT, YR R A &7 RFSSW
LU F, B AL AR AR S Sk I AR R DL &
SZ MRS 2 AEE HEEIR R, RSBk
AT DL 03 1 3k e B R B Bt . ROSE 2o Atk
Ao Awang MUTF] ] ABAQUS #4:%F 6061-T6 454
4 FSSW AR IR B 5 S B it = AR 1) — AR5 (E A
1, 15 Gerlich A F1 Su PUS— 1914 — 3 iy 2k | B
PENRHE R R P G (A LB TR 3 0.95T, ( T M A 4 1 [
AL EE ), X SEPRAE R R vl B ) et EL A 4
=

TV EVHe, Mo EkREY . N R
SR AL S A E B, SCH S FHECEATA0L 0 5 ik oy — 4
FERL Xt 2524-T3 54 419 RFSSW i B HEAT T A4
SRt . T A RICHIIZE R, BELEEY . W
i B ALR (8 5 A 15 B

ST 2 mm [ 2524-T3 4944
W, HAb2ES SR 2 Palt . 2524 B4R 2 &R
AEa M AR, RAMEE. SRE. Rk
FEERE . PR AR 2, IR A LR
R TRLR . fias B B Tl 26450 . 7EAS IR 5256
W, PR R FLIR R SIS RT RANAR , SR MR
St RESSW Sy, BARMRES 5L 3,

SRR 50 mmx150 mmx2 mm B854
M, B 1 s, E LA, =S
X3 50 mmx50 mm MIEETE . SCIRTE ) KUKA HLEs
N B SRRk T B B P A e A b T, S v
T HH HI3 W (i b B 7500 0.35%19 C.
5% Cr. 1.5%IF Mo. 1% V) HIm, kS,
PEPEE K Frer 3 WA, HypiPE HEN 6
mm, WHE. EERIMESHH 9 mm M 17 mm,



F1E HeW WS 2524-T3 FR-A 4 ISR U 0 B8 82 A5 R 7 ) (A 75
2 2524-T3
Tab.2 Chemical composition of 2524-T3 aluminum alloy
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Fig.1 Lap joint of 2524-T3 aluminum alloy
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