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Fig.2 300 mm 50 mm 10 mm
2 2 1mm 300 mm

4 20,212
9,996 SM490A
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BTR
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AI BTR
 

Condition 
Number 

Heat 
input 

Welding 
speed 

1 
700 

J/mm 

2 mm/sec 
2 4 mm/sec 
3 6 mm/sec 
4 8 mm/sec 
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Fig. 2 15 35 70 120
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Fig.3 Appearance of arc shape 

 (a) BX= 0 mT, f= 0 Hz 

(b)Arc inclining backward. 
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Fig. 2 (a) IR (b) Blue IR Blue

IR 1/e2 61.2 m Blue
205.3 m (c) IR Blue

Fig. 3 IR
1mm IR 35 m

1000 m 30  

Fig. 2 Laser beam profile at the processing point of 
(a) IR laser, (b) blue laser (c) hybrid laser system with IR laser and blue laser 

Fig. 3 Optical images of cross-sectional observation area with (a) IR laser, (b) hybrid laser 
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Fig.1 12.7mm
5mm 1mm  

AZ31 1mm SPCC Fig.2

12kN 1500rpm
Plunge depth: Pd 1.1 1.9mm 2.5s JIS-Z3136

 

 

Fig.3
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Fig.5
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1) M. Sakamura, K. Ohishi, K. Ota, Y. Takeyasu, S. Mizunari and H. Fujii: Dissimilar spot welding of three lapped 

sheets of aluminum alloy and steels by metal flow, Journal of Light Metal Welding, 52-12 (2014), 453-461. (in 

Japanese) 

2) K. Ohishi, M. Sakamura, K. Ota and H. Fujii: Novel Dissimilar Spot Welding of Aluminum Alloy 

and Steel Sheets by Friction Stirring, Q. J. Jpn Weld. Soc., 32-1 (2014), 1-7. (in Japanese) 
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0.5 mm 1 mm 1 mm
3 mm

FFig. 4
Fig. 3 Rsf = 

0.5 mm Rsf =2 mm Rsf = 3 mm Rsf = 6 mm

 
 

1) M. K. Sued et al., Mater. & Design, Vol. 54 (2014), pp. 632-643. 
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S N

S N

 

Electric 
power 
(kW)

Welding 
speed 

(m/min)

Defocus 
length  
(mm)

Advance 
angle 
(deg.)

4.0 1.5 5.0 5.0

Table 1 Welding condition

Fig. 1 Shape and dimensions of specimen (unit: mm).

140

208

Weld bead

－ 153 －



 
 

 

 
 

0.05

0

Weld bead

Fracture
origin

Minimum
cross-section

(Base metal)

(Weld metal)(Heat Affected Zone)

Base metal: SPCC specimen
Welds (Fracture origin)
Welds (Min. cross-section)

0

0.01

Stress amplitude, a (MPa)

T
(K

)

0.04

0.03

0.02

0.05

0 100 25050 200150

Fig. 5 Measure results of dissipated energy for specimen.
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Fig. 3 S-N curves.

Fig. 2 Cross-section observation results.
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(a) SPCC specimen

(b) Laser welds
Fig. 4 Fatigue fracture morphologies.

Fig. 6 Dissipated energy distribution
for laser welds

( a = 210 MPa, N = 3000 cycles).
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22.  
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3.  
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Fig. 2
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Joint research report of JIJRec program 
QIN Xiaomeng Department of Materials Science and Engineering  City University of Hong Kong 

Research Activity 

I studied in Osaka University funded by 2020 JIJReC grant as a visiting student from 

1 January 2021 to 28 February 2021. I resided at Osaka University Kasugaoka House. I 

conducted the research under the supervision of Prof. Hidetoshi FUJII, Joining and 

Welding Research Institute (JWRI), Osaka University. My research work continues the 

line of previous work relating to alloying by friction stir processing in CoCrFeNi high 

entropy alloy. As a visiting student, I was also involved in the regular group meeting of 

the lab. 

 

Research Results 

 

Our previous work demonstrated that the grain refinement induced by friction stir 

welding (FSW) could greatly improve the strength of CoCrFeNi high entropy alloy. In 

this study, CoCrFeNi HEA, which has a single FCC phase, was processed by FSP with 

additional alumina or graphite powders. The strength of the CoCrFeNi HEA is expected 

to enhance via grain refinement and second phase precipitation while maintaining 

ductility because of its heterogeneous structure. The base metal (as-cast CoCrFeNi ingot) 

and alloying powder (alumina and graphite powders.) were prepared in CityU. Fig. 1 

shows the summary of the experimental flow graph. Fig. 2 shows the schematic of FSP 

on the CoCrFeNi plate along with powders in the pre-drilled holes. 

 

 
Fig. 1 The summary of the experimental flow graph. 
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Table 1 

Detailed friction stir welding process parameters 

Parameters Values 

Alloying addition Al

Friction stir welding tool  WC- -6-1.9 
 Axial forc e(Kg) 1500 

Welding speed(mm/min) 50 

 Rotation speed (rpm) 300, 400 

 

 

Fig. 2 Schematic of FSP on the CoCrFeNi plate along with powders in the pre-drilled holes. 
 

All the scheduled FSP work has been finished in JWRI, while characterization and test 

work are also needed to do in the future. It mainly includes the following: (1) hardness 

profiles along the cross-section of the joints and deep microstructure analysis of the Al-

addition FSPed samples; (2) all the characterization and test work of carbon-addition 

FSPed samples. 

 

I would like to thank Joining and Welding Research Institute (JWRI), Osaka University, 

for giving financial support under JWRI International Joining Research Collaboration 

(JIJReC) 2020 program, opportunity and providing all the facilities to carry out the 

experiment. It is a great pleasure to have the opportunity to work with the excellent 

researchers in Prof. FUJII s lab.  
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