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® 1  789:;<=>??K¯/ 

Fig.1  REFSSW welding process: (a) fixed plate, (b) push down, 

(c) backfill, and (d) recycling 
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Table 1  Chemical composition of 7475 aluminum alloy (ω/%) 

Si Fe Cu Mn Mg Cr Ni Zn Al 

0.1 0.12 1.2~1.9 0.06 1.9~2.6 0.18~0.25 - 5.2~6.2 Bal. 
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Fig.2  RFSSW welding sample 
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Table 2  Experimental scheme of process parameters 

Process 

Parameter No. 

Depth of 

depression, p/mm 

Spinning speed, 

ω/r·min

-1

 

Movement rate, 

v/mm·s

-1

 

1 2 1500 1 

2 2.5 1500 1 

3 3 1500 1 

4 3 1500 1 

5 3 2000 1 

6 3 2500 1 

7 3 1500 0.5 

8 3 1500 0.75 

9 3 1500 1 
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® 3  RFSSWK¶·LM¸¹º»��¼½® 

Fig.3  Surface and ring groove defects of RFSSW joints: (a) a ring groove on welding joint, (b) no ring groove on welding joint, and 

(c) ring groove defect 
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® 4  RFSSWOPMdQef 

Fig.4  RFFSW cross-section microstructures: (a) weld cross section, (b) BM, (c) HAZ, (d) TMAZ, and (e, f) SZ 
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® 5  EF�GHI�Y�n Hook�� 

Fig.5  Hook defects under different process parameters: (a) 2 mm depth of depression, (b) 2.5 mm depth of depression, (c) 3 mm depth of 

depression; (d) 1500 r/min spinning speed, (e) 2000 r/min spinning speed, (f) 2500 r/min spinning speed; (g) 0.5 mm/s movement 

rate, (h) 0.75 mm/s movement rate, and (i) 1mm/s movement rate 
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Fig.6  Holes (a) and not-bonded defects (b) 
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® 7  K¶VWj¾ 

Fig.7  Distribution of joint hardness varing with stirring sleeve depth (a), welding tool rotation speed (b), and mixing sleeve 

movement rate (c) 
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® 8  EF�GHI�Y�nZ[\]¿À 

Fig.8  Tensile shear load under different process parameters: (a) welding tool rotation speed, (b) stirring sleeve depth, 

and (c) mixing sleeve movement rate 
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Fig.9  Joint fracture mode: (a) shear fracture and (b) tensile-shear 

mixed fracture 

 

��������

1) RFSSW ~Æ���;�Aê� 4 Î�ÚL0

,^¤BM�HAZ�TMAZ�SZ$HAZ� TMAZ,^

Ñë�þ�,^�-3Â��d SZ � BM ,^�Ø

SZ-35d BM$¹Ù'<ÀÁíÍ��3�(?�

)}�úûü3�(?�þ�,^��3(?�ÀÁ

í��üGÈ}#~&;�-3�/É$ 

2) Hook���¨�|Ùè}����ÍÜÝ�Ë

\Eä�K/j�����åß¨�Ø���'<À

ÁíÍ��3�}�úûü3�(?�Hook��çß

�è3θ(?$'<ÀÁí��üG�(?�θîïÒ

É$Hook �çè3θ�(©Ñ��}#(ÔÕ�;Ö

\�}#��/���$ 

3) '<}�úûü3¢ 1500 r/min (?� 2500 

r/min�~Æ��#$}~�v¡u��$'<ÀÁí

Í��3¢ 2 mm(?� 3 mm�~Æ��}~�vÙ

1500 2000 2500

0

2000

4000

6000

8000

10000

M
a
x

i
m

u
m

 
T

e
n

s
i
l
e
 
S

t
r
e
n

g
t
h

/
M

P
a

Welding Tool Rotation Speed/r·min

-1

a

2.0 2.5 3.0

0

2000

4000

6000

8000

10000

Stirring Sleeve Depth/mm

b

0.50 0.75 1.00

0

2000

4000

6000

8000

10000

Mixing Sleeve Movement Rate/mm·s

-1

c

a 

b 

800 µm 



°1274°                                          ±²³��´�/                                           � 48� 

(?ËÒÉ$ÀÁí��üGÈ~Æ��#$}~�

v�¡Â�$}~~Æuv¨å÷s��;uv�

��uv$ 

 

����    References 

[1] Liu Zhihua(ÁÂÃ), Zhao Bing(Ä Å), Zhao Qing(Ä Æ). 

Missiles and Space Vehicles(ÇÈ´ÉÊ§¿,- )[J], 

2002(5): 63  

[2] He Diqiu(ËÌÍ), Deng Hang(Î É), Zhou Pengzhan(ÏÐ

@ ). Tansactions of the China Welding Institution(?K�

Ñ)[J], 2007, 28(9): 13  

[3] Fu Chunkun(ÒÓÔ), Bai Gang(Õ Ö), Wang Hongbin(×Ø

Ù) et al. Aviation Precision Manufacturing Technology(ÉÊ

ÚÛ*+,-)[J], 2012, 48(3): 49   

[4] Wang Ting(× Ü), Zhu Danyang(ÝÞß), Liu Huijie(Áàá) 

et al. Transactions of The China Welding Institution(?K�

Ñ)[J], 2009, 30(8): 109  

[5] Uematsu Y, Tokaji K, Tozaki Y et al. International Journal of 

Fatigue[J], 2008, 30(10-11): 1956  

[6] Arul S G, Miller S F, Kruger G H et al. Science and 

Technology of Welding and Joining[J], 2008, 13(7): 629  

[7] Yin Y H, Sun N, North T H et al. Journal of Materials 

Processing Technology[J], 2010, 210(14): 2062  

[8] Cao J Y, Wang M, Kong L et al. Journal of Materials 

Processing Technology[ J], 2016, 230: 254  

[9] Fujimoto M, Koga S, Abe N et al. Welding International[J], 

2009, 23(6): 403  

[10] Rosendo T, Parra B, Tier M A D et al. Materials and 

Design[J], 2011, 32(3): 1094  

[11] Badarinarayan H, Yang Q, Zhu S. International Journal of 

Machine Tools and Manufacture[J], 2009, 49(2): 142  

[12] Shen Z K, Yang X Q, Zhang Z H et al. Materials and 

Design[J], 2013, 44: 476  

[13] Hirasawa S, Badarinarayan H, Okamoto K et al. Journal of 

Materials Processing Technology[J], 2010, 210(11): 1455  

[14] Bozkurt Y, Bilici M K. Materials and Design[J], 2013, 51: 513 

[15] Uematsu Y, Tokaji K, Tozaki Y et al. International Journal of 

Fatigue[J], 2008, 30: 1956  

[16] Zhao Y Q, Liu H J, Lin Z et al. Science and Technology of 

Welding and Joining[J], 2014, 19(7): 617  

[17] Shen Z K, Yang X Q, Yang S et al. Materials and Design[J], 

2014, 54: 766  

[18] Cao J Y, Wang M, Kong L et al. Materials Characterization 

[J], 2017, 128: 54  

[19] ISO 14273-2001[S], 2001 

[20] Zhao Yunqiang(Ä§�). Thesis for Doctorate(��âã)[D]. 

Harbin: Harbin Institute of Technology, 2015  

[21] Zhao Y Q, Liu H J, Chen S X et al. Materials and Design[J], 

2014, 62: 40  

[22] Badarinarayan H, Shi Y, Li X et al. International Journal of 

Machine Tools and Manufacture[J], 2009, 49(11): 814  

[23] Feng A H, Chen D L, Ma Z Y. Metallurgical and Materials 

Transactions A[J], 2010, 41(4): 957  

[24] Hayat F. Materials Science and Engineering A[J], 2012, 556: 834 

 

Microstructure and Mechanical Properties of Refill Friction 

Stir Spot Welded 7475 Aluminum Alloy Joints 

 

Lu Zhenyang, Gong Wentao, Chen Shujun, Yuan Tao, Li Xiaoxu 

(Beijing University of Technology, Beijing 100124, China) 

 

Abstract: The 7475 aluminum alloy backfill friction stir spot welding (FSSW) was studied. Firstly, the 2 mm 7475 aluminum alloy was welded 

by different process parameters, then the surface and cross section of the joint were observed, and the hardness and tensile shear test of the sample 

were carried out. The results show that the joint can be divided into four parts according to the weld microstructure, and the grain size of different 

parts is different. Hook, holes and unjointed microstructures due to poor fluidity of the material are found in the microstructure. At the same time, 

the hardness of the base metal zone and stirring zone is significantly higher than that of the heat affected zone and the thermo-mechanically 

affected zone; in addition, the highest hardness and tensile shear strength of the joint vary with welding tool rotation speed and the depth of the 

sleeve. However, the effect of the stirring sleeve movement rate on the mechanical properties of the solder joint is not obvious. 

Key words: refilled FSSW welding; microstructure; technological parameter; fracture mode 
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