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ABSTRACT: The paper aims to study the heat generation mechanism of refill friction stir spot welding. The welding
process was simulated by DEFORM-3D finite element software to obtain the temperature cycle at different positions and
the temperature field at different moments, and study the temperature cycle and temperature field of the joints at different
speed by changing the speed of the stirring head. The results show that the temperature of test point near the maximum
plunge depth of the sleeve was the highest, and the highest temperature was distributed under the sleeve. In the horizontal
direction, the closer to the center of the weld, the faster the temperature rise rate and the higher the peak temperature. In
the thickness direction, the temperature cycle did not change much. With the increase of the rotational speed, the temper-
ature rise rate of test point and the peak temperature increased. The temperature field and temperature cycle of refill fric-
tion stir spot welding can be obtained by numerical simulation, which provides theoretical guidance for studying the heat
generation mechanism.
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Fig.8 Temperature cycle in horizontal direction at different rotation speed
400 240 380
—— 2200 r/min
350F —— 2400 r/min 360
—— 2600 r/min —~ 7
300 —— 2800 t/min T 220F
250 —— 3000 r/min g/ L340 8
g % =
% 200 & 200 g
o150 ﬁ 4320 g
i
100 EE 180
! 4300
50
0 . L L ! 160 L L L L L 280
1 2 3 4 5 2200 2400 2600 2800 3000
A ) /s 34/ (r-min™)
O ARV T Py e BE 7 2 Pl 10 S ) 2 o A JE 1 ok 25 7 0 {1 0k
Fig.9 Temperature cycle of point P at different Fig.10 Temperature rise rate and peak temperature at different

rotation speed rotation speeds



106 Wo®m oW B T & 2019 4F 11 A

BRE/C SR
438 I 552 l
375 I 383 l

23 214

48.8 457

a 2400 r/min b 2600 r/min

HE/C HEE/C
598 I 618 I
413 I 431 I

208 243

432 56.3

¢ 2800 r/min

d 3000 r/min

AREHET 2.5 s BF IR E Y

Fig.11 Temperature fields at 2.5 s at different rotation speed

A 11

3

1

2.5s

2

3

4
SE Rk :

[1] UEMATSU Y, TOKAJ K. Comparison of Fatigue Be-
havior between Resistance Spot and Friction Stir Spot
Welded Aluminum Alloy Sheets[J]. Science and Tech-
nology of Welding and Joining, 2009, 14(1): 62—71.

[2] JO DS, KIMJ H, KIM B M, et al. Feasibility Study on
Application of Hot Forming Quenching to Patchwork
Blanks Using Two-stage Refilled Friction Stir Spot
Welding[J]. Journal of Manufacturing Processes, 2019,
41: 66—73.

(3]

(4]

(3]

(6]

(7]

(8]

ENKHSAIKHAN B, SHINTARO F, MITSUO F, et al.
Refill Friction Stir Spot Welding of Surface-treated
Aecrospace Aluminum Alloys with Faying-surface Seal-
ant[J]. Journal of Manufacturing Processes, 2019, 42:
113—120.

CASEY D A, WILLIAM J A. Evaluation of Friction
Spot Welds in Aluminum Alloys[C]// 2005 SAE World
Congress, 2005.

XU Zhi-wu, LI Zheng-wei, JI Shu-de, et al. Refill Fric-
tion Stir Spot Welding of 5083-O Aluminum Alloy[J].
Material Science and Technology, 2018: 878—885.
SHEN Zhi-kang, DING Yu-quan, OLGA G, et al. Effects
of Tool Design on the Microstructure and Mechanical
Properties of Refill Friction Stir Spot Welding of Dis-
similar Al Alloys[J]. Journal of Materials Processing
Technology, 2018, 252: 751—759.

ALI M N, SHEN Zhi-kang, JEFF S C H, et al. Failure
Analysis of Tool Used in Refill Friction Stir Spot
Welding of Al 2099 Alloy[J]. Engineering Failure Anal-
ysis, 2018, 84: 25—33.

TIER M D, ROSENDO T S, SANTOS J F D, et al. The
Influence of Refill FSSW Parameters on the Micro-
Strength of 5042 Aluminum
Welds[J]. Journal of Materials Processing Technology,
2013, 213(6): 997—1005.

structure and Shear



11 %

% 6 1]

XA 6061 Fa < 1l FUUSE H R 450 AR I 8 ) (LA 4L

107

(9]

[10]

MOOSA S. Parametric Study of Two-stage Refilled
Friction Stir Spot Welding[J]. Journal of Manufacturing
Processes, 2016, 24: 307—317.

WA, fLint, B8 5. DR Rk R I S R
B RALICYY h EHUR TR e 25 T\
W4 AR R 2 BOESUE-S01 TR I HE, 2013.

CAO Ju-yong, KONG Liang, WANG Min, et al. Nu-
merical Simulation of Refill Friction Stir Spot Weld-
ing[C]// Proceedings of the 18th National Welding
Conference of the Welding Society of China Mechanical
Engineering Society-S01 Pressure Welding, 2013.

CHU Qiang, YANG Xia-wei, LI Wen-ya, et al. Numeri-
cal Analysis of Material Flow in the Probeless Friction
Stir Welding Based on
an-Lagrangian Approach[J]. Journal of Manufacturing
Processes, 2018, 36: 181—187.

Spot Coupled Euleri-

[12]

[13]

[14]

[15]

MUCI K, KAKARLA K H. Numerical Simulation of the
Friction Stir Spot Welding Process[J]. SAE Technical
Paper, 2005, 1: 1260.

GERLIC H, BENDZSA K, NORT H, et al. Friction Stir
Welding and Processing III[M]. Warrendale: Metals and
Materials Society, 2005.

SRR, XUIH, AE, AF. PP R SR I AR IR
IBER[]. SR, 2018, 47(3): 35—38.

SU Zhi-qiang, LIU Juan, LI Chao, et al. Numerical
Simulation of Temperature Cyclein Friction Stir Spot
Welding[J]. Welding Technology, 2018, 47(3): 35—38.
KAREEM N, SALLOOM 1. Fully Coupled Thermome-
chanical Simulation of Friction Stir Welding of Alumi-
num 6061-T6 Alloy T-joint[J]. Journal of Manufacturing
Processes, 2019, 45: 746—754.



