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1.  

4 (Marangoni
Lorentz )

 

 
 
2.  

4
Navier-Stokes  

 = + + 2 +2 ( ) +  (1) 

= ( × × ) + + × + ( ) + 1.2
 (2) 

(  = 3)  1 MPS (Moving 
Particle Semi-implicit) 1)

(1) 1 2 3
(2) Marangoni Lorentz

 
Koshizuka 2)

(3) Newton   
 

= ( ) + 2 1 12  (3) 

 
(3) 1 2

(0.1 mm)
 

30.0 mm  17.5 mm 5.0 mm
(1.5 mm  R  3.0 mm) 60° 30°
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4 0.5 s  
 
3.  

Fig. 1 3.2 s

Fig. 1(a) Marangoni Fig. 1(b) Lorentz
Fig. 1(c) Fig. 1(d)

Marangoni
Lorentz 3

Lorentz 2

Marangoni

 
 

  

 
 

(a) Marangoni effect  (b) Lorentz force  

  
(c) Shearing force  (d) Drag on slags 

Fig. 1 Instantaneous distributions of individual driving forces on weld pool surface.
 

 
1) S. Koshizuka and Y. Oka, Nucl. Sci. Eng., 121(3) (1996), 421-434. 
2) S. Koshizuka, A. Nobe and Y. Oka, Int. J. Numer. Methods Fluids, 26 (1998), 751-769. 
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1.

IMC: Intermetallic compound [1] IMC
[2]

Marangoni
3

IMC
2.

Marangoni Navier-Stokes

= + + 2| | +2 ( ) + 1 × + (1)

| |
Marangoni

Joule

= 2| | 2 + ( ) + | | + | |
(2)

Joule
Ohm

MPS Moving Particle Semi-implicit

3.
Fig. 1 3

0.1 mm 105096
5 s 100 ms

60 ms
40 ms

8 kA 8 kA
z

1.3 V 0 V

Joule 

Fig. 1 Computational domain.
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4.
Fig. 2 t = 40.0 ms

xz

Fig. 3
xz

5

2

×
Fig. 4 A E x = -1.5, -0.75, 0.0, 

0.75, 1.5 mm, y = 0.0 mm, z = 0.0 mm IMC
t = 20.0 ms

60.0 ms

C A E

IMC

IMC

[1] M. Yasuyama, K. Ogawa, and T. Taka, “Spot welding of Aluminum and Steel Sheet with insert of Aluminum Clad steel sheet”, 

Quarterly Journal of Japan Welding Society, Vol. 14, No.2, 314-320 (1996).

[2] , , , “Fe-Al Al ”, 

2020 (2020).

Fig. 2 Particle state distribution at t = 40.0 ms.

Fig. 3 Velocity distribution of xz cross-section 
at t = 40.0 ms.

Fig. 4 Al-steel interfacial IMC layer thickness
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1.
SAW: Submerged Arc Welding

SAW

SAW
SPH : Smoothed Particle Hydrodynamics SAW

2.
SPH

= + + 2 +2 ( ) + (1)

Fig. 1 50 m 1)

250 A 2) 10 s

Fig. 1 

3.
Fig. 2

SAW 2)

19%
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(a) = 10 ms (b) = 13 ms (c) = 17 ms
Fig. 2 

Fig. 3 Fig. 2(b)

SAW

(a) (b)

Fig. 3 

Fig. 4
Fig. 4(a)

Fig. 4(b)

Fig. 2 Fig. 4(c)

(a) (b) (c) 
Fig. 4 

4.
SPH SAW

1 Y. B. Li et al.: J. Appl. Phys., 101(5) (2007), 053506.
2 : , 35(2) (2017), pp. 93-101.

2 mm

1 mm

[N]

2 mm
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GMA

1.

GMA

GMA

GMA

.
2.

GMA
1 2

2

2 2

2 BX= -3.0 ~3.0 mT
f= 5, 10, 20 Hz

IA= 120~220 A E = 
12~25 V V= 5~10 mm/s

10°
1.2 mm

JISYS308 3 mm (400×70×3 mm)
SUS304
3.

3(a), (b) BX= -1~ 0 mT
f= 10 Hz GMA

Fig.1 Experimental setup of GMA welding 
added with magnetization coils.added with magnetization coils.

Fig.2 Distribution of Magnetic current
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1,000 fps
(a)

(b) (a)
100/1000

(b) BX=-1 
mT f= 10 Hz

4(a) GMA (b)
(c) (d) 5 Hz 10 Hz

(a)

(b)
(c)

(d)
(c)

(d)
5

(1)

(2)

(3)

.

(1)

, 82(2)
(2013) 15-20

(2) , 87(8)
(2018) 9-28

(b)Arc inclining backward.

Fig.4 Effect of magnetic field on bead shape
(IA=135 A, E=20 V, V=5 mm/s).

(a)Arc inclining forward.

Fig.3 Appearance of change in arc shape and 
molten pool flow (IA=135 A, E=20 V, V=5 mm/s, 
Bx=-1 mT 0 mT, f=10 Hz).

Welding direction

ArWir

2.0m

Molten 

(c) BX= 0 ~ -1 mT, 
f= 5 Hz

Arc side

Back side 2.0mm

Arc side

Back side 2.0mm

Arc side

Back side 2.0mm

Arc side

Back side 2.0mm

(a) DC BX= 0 mT (b) DC BX= 2 mT

(d) BX= 0 ~ -1 mT, 
f= 10 Hz

2.0

1.5

1.0

0.5

0.0 H
ei

gh
t o

f b
ea

d 
H

b 
m

m

100806040200
 mm

 DC
 AC 5 Hz
 AC 10 Hz 

Fig.5 Change of a height of bead.
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Fig. 1 Experimental setup 
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Fig. 3 The three-dimensional convective patterns inside the weld pool 

 
 

 
 

 
 

[1] A.V.Nguyen, D.Wu, S.Tashiro, M Tanaka, Welding journal, 98, 204s-212s, 2019. 
[2] A.V.Nguyen, S.Tashiro, B.V.Hanh, M Tanaka, J.Phys.D:Appl.Phys. Vol.51, 015204, 2017. 

 
 
 

 

Fig. 2 The weld bead appearances and the cross 

sections of the weld beads 

 
Fig. 4 The top weld pool and temperature distribution 
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1.  

2.  
Cu2O CuO

Cu2O
(A) (B) 1

Cu2O 4.288[ ] 6.03 [g/cm3]
4 1 Cu3/2O

3. 
Cu2O Cu

Meyer [4]
 

 
4.  
[1] M. Tsukamoto et al., Appl. Phys. A 93, pp. 193-196 (2008). M. Tsukamoto et al., Appl. Phys. A 110 pp. 679-682 (2013). M. Tsukamoto 
et al., Appl. Surf. Sci. 313, pp. 730-735 (2014).  

[2] S. Kato, A. Sunahara, and M. Tsukamoto, J. Vac. Sci. Technol. A 37, 031512 (2019).  

[3] P. Giannozzi et al., J. Phys. Condens. Matter 21, 395502 (2009). P. Giannozzi et al., J. Phys.: Condens. Matter 29, 465901 (2017).  

[4] B. K. Meyer et al., Phys. Status Solidi B 249, No. 8, 1487–1509 (2012). 
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ALPION 
type-Blue

A1052
445nm 300W

100W 3 1) 3

0.26mm
0.03mm

270W 10mm/s 12mg/sec
10mm 0.15mm 6

 

60 m
 

 

[1] Y.Sato, M.Tsukamoto, T.Shobu, Y.Funad, Y. Yamashit, T.Hara, M.Sengoku, Y.Sakon, T.Ohkubo,  M. 
Yoshida and N.Abe Applied Surface Science 480 (2019) 861. 
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IIn718  
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1)

2,3)

3
A C ( )

T 4 9.5mm
20mm S45C

300mm×200mm×3.2mm SPCC
Fig.1 Stir 

in Plate
LK-030

Stir in Plate
30mm×85mm×1.0mm SPCC

JIS Z2241
1500rpm

12kN 1.6mm 2.5

Fig.2

A T 1000

Fig.3

SPCC

Fig.4 Fig.4

Fig.2 Fig.4 T
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A T

Fig.5

Fig.5 A

T 1000 JIS

Z3140

A

SPCC 1000
JIS Z3140 A

 
 

1) , , : 5854451 (2015). 

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)

3) 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)
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(Friction Stir Welding FSW)

FSW PCBN

FSW

 

FSW

FSW 15 mm
[1]

Z FSW

 

15 mm FSW

SX9 200 rpm 50 mm/min

1° FSW

Z FSW

98.07 N 10 s

 

 

1  
FSW

152 N m 140 N m

350 rpm

100 N m 200 rpm

100 N m

－ 119 －



Z

2 a (b) 200 mm

2

FSW

Z

1

(a)

(b)

2

[1] 15mm

108 2021-4 58- 59

－ 120 －



－ 121 －



－ 122 －



 

 

 

－ 123 －



 

－ 124 －



－ 125 －



－ 126 －



－ 127 －



－ 128 －



－ 129 －



－ 130 －



－ 131 －





－ 133 －



－ 134 －



 
       

1.  
Selective Laser Melting; SLM

3
Ti

Ti 3
SLM Ti

Ti Ti-6 wt.% Al-4 wt.% V
Ti6Al4V Ti6Al4V

V O
N Ti

Ti-N SLM
Ti SLM

[1] Ti-0.3 wt.% N SLM 22 %
8 % 3 924 MPa 0.2 %YS

C SLM SLM
Ti Ti

Ti
 

 
2.  

Ti 99.7 % 26 μm , 
TILOP-45 TiC 99 % 3 μm Ti TiC

Ti-x wt.% TiC x = 0, 0.25, 0.5, 1.0, 2.0 5
60 Hz, 3.6 ks TiC

5 mm ZrO2 0.1
10 1 SLM 160 W

535 mm/s 1.5 mm 100 ppm
500 3.6 ks SLM XRD

X Bragg -Ti
TEM-EDS SEM-EBSD  

 
3.  
3.1  SLM TiC  

SLM TiC TEM-EDS Fig. 1
TEM-BF TiC
TiC <33-2> <1-1-1>

TiC SLM TiC
SLM TiC SLM

SLM TiC
Ti TiC Ti  

 
3.2  
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EBSD Ti Ti-0wt.% TiC 33.4 μm
7.7 μm

Fig. 2 Ti -Ti
-Ti

Ti-0.5 wt.% TiC

Ti Burgers
2

Ti Ti-2.0TiC
Ti

 
 
3.3  

SLM
-Ti

[2,3] c
SLM c

SLM
c [4]

SLM
 

 
 
 
 
 
 
 
 
 
 
 
4.  

Ti TiC Ti
Ti

+
2

 
 

 
[1] A. Issariyapat et.al., Additive manufacturing, 36, 2020. DOI:10.1016/j.addma.2020.101537. 
[2] S. K. Nayak et.al., Npj Computational Materials, 4, 2018. DOI:10.1038/s41524-018-0068-9. 
[3] K. Shitara et.al., Scripta Materialia, 203, 2021. DOI:10.1016/j.scriptamat.2021.114065. 
[4] K. Kondoh et. al., Materials Science and Engineering A, 795, 2020, DOI: 10.1016/j.msea.2020.139983. 

 
Fig. 1 Ti-2.0 wt.% TiC TEM-EDS

200-300 nm TiC  
 

Fig. 2 Ti-C
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2 6000N
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1)

SS400

A 3 

0.01m/s 4m/s 36 1

A B R35 C R8.75 D R2.5

Dynamic Increase Factor

(a)                    (b) 

1

(a)     (b)     (c) 

2 DIC B
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(a)    (b)  

3  

 

100/s 

10-2/s 18%

10-2/s 1.1

100/s D R2.5 1.7 

C R8.75 1.2 

10-2/s 10% 100/s 50%

2 B R35 4m/s

DIC

A DIC 

3 B R35 C R8.75 D R2.5

D R2.5

B R35

 

 

 

 

0.4

0.5

0.6

0.7

0.8

1.E-06 1.E-04 1.E-02 1.E+00
(1/s)

R2.5 R8.75 R35

0.4

0.5

0.6

0.7

0.8

0.5 0.6 0.7 0.8 0.9 1.0

100/s 

－ 162 －



°
° °

°

－ 163 －



° °

°

－ 164 －



－ 165 －



－ 166 －



－ 167 －



 
 

－ 168 －



－ 169 －



－ 170 －



－ 171 －



－ 172 －



(Friction Stir
Spot Welding: FSSW) 590MPa
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1.  

A7075

(1)(2)

A7075

 

2.  

1(a) (b) (c) 1(a)
1(b) 1(c)

IHI

SKD61 1000 mm 240 mm
75 

t 312.5 
kgf/mm

30 
mm

240mm

2 m/min
100 m/min 2

2

400 g A7075
3

1
0.8 mm 100 mm

640 
2 m/min 3 m/min 5 m/min 10 m/min  

 

 
(a)  Overall view           (b)  Top view 

 

 
(c)  Overall view 

Fig. 1  Twin roll casting machine 
 

 
Fig. 2  Side dam plate           Fig. 3  Nozzle 

 
Table 1  Experimental conditions 

Material A7075 
Roll speed [m/min] 2, 3, 5, 10 
Pouring temperature [ ] 640 
Initial roll gap 0.8 
Solidification length [mm] 100 

 

3.  

4(a) (b) (c) (d)
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2 m/min 3 m/min

5 m/min 10 m/min
5 m/min

10 m/min

6 5 m/min

2
4

30 mm

30 mm
 312.5 kgf/mm

30 
mm

 
6(a) (b) 5 m/min 10 m/min

10 m/min
5 m/min

-Al

 
Table 2  Measurement results 

 
 

 
(a)  2 m/min             (b)  3 m/min 

 

 
(c)  5 m/min 

 

 
(d)  10 m/min 

Fig. 4  Produced strips 
 

 
Fig. 5  Solidification cracks 

 

 

(a)  5 m/min                (b)  10 m/min 
Fig. 6  Microstructure

Roll speed [m/min] 2 3 5 10 
Strip thickness [mm] 2.52 2.34 1.52 1.41 
Strip length [mm] 185 164 425 540 
Rolling load [t] 65 59 40 33 
Rolling load per unit width 
[kgf/mm] 2167 1967 1333 1100 

C.DC.D

C.D. 

C.D. 

－ 178 －



－ 179 －



－ 180 －



－ 181 －



－ 182 －



－ 183 －



－ 184 －



－ 185 －



－ 186 －



－ 187 －



－ 188 －



－ 189 －



－ 190 －



 
  

 
 

 

[1] JIS ISO

[2] DSC

[3]
[4, 5]

 
 

 
 

65 15 20 Mechanical 
Processing

3 MPa 4 MPa 5 MPa
3 5 mm 5 mm  5 mm 1  

 

 
 

 
 

5 mm

 
Nd;YAG 1064 nm  300 s  

4.8 m  
 

Cape & Lehman [6,7] [8]  
1 3  
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3

2 1

3 MPa 5 MPa 3 MPa
3 5 MPa

3 MPa 2.4 10-7 m2/s 3.0 10-7 m2/s 2.9 10-7 m2/s
5 MPa 2.7 10-7 m2/s 2.7 10-7 m2/s 3.4 10-7 m2/s

3 MPa 0.10 W/(m K) 5 MPa 0.13 
W/(m K)  

 
(1-a)                                 (2-b)  

    
(1-b)                                 (2-b) 

    
(1-c)                                 (2-c) 

    
 

1 3  
(1-a)(1-b)(1-c) 3 MPa (2-a)(2-b((2-c) 5 MPa  

 
 

 
 

[1] JIS 1412-1:1999” GHP ”(1999). 
[2] W. J. Parker, R. J. Jenkins, C. P. Butler, and G. L. Abbott, J. Appl. Phys., 32 (1961) 1679. 
[3] T. W. Lian, A. Kondo, T. Kozawa, M. Akoshima, H. Abe, T. Ohmura, W. H. Tuan, M. Naito, Journal of Asian 

Ceramic Societies, 5 (2017) 118. 
[4] ,   2019 p.186. 
[5] ,   2020 p.163. 
[6] J. A. Cape and G. W. Lehman, J. Appl. Phys., 34-7 (1963) 1913.  
[7] D. Josell, J. Warren, A. Cezairliyan, J. Appl. Phys., 78-11 (1995) 6867. 
[8] JIS R 1611:2010 “ ”  

(2010). 
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1.  

LISICON Li3.5Ge0.5V0.5O4 LGVO

LGVO 730 °C LGVO

 

 

2  

LCO
Li2CO3 GeO2 V2O5 700°C LGVO

LCO LGVO 1:1 1:3 Li3BO3 1 wt%

1-buthanol butyl acetate 3- -3- -1-
(MMB) polyvinyl butyral PVB Ethylene glycol

20 vol%

LGVO

100 °C 100 MPa 700-800°C

 

 

3  

Fig. 1a

MMB Fig.1b

80-100  

Fig. 2 LCO LGVO 2:1 700°C

SEM Fig.2

Fig.2(b) Co V

LCO LGVO 1:1 2:1

3:1 LGVO
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Fig.3 LCO LGVO 2:1 750°C

SEM LCO V LCO

LCO LGVO 730

LGVO

Li2CO3 Li3BO3 25

700 °C LCO LGVO 2:1 7.1×10 5 1

(

Fig.1 (a)
(b)

MMB

Mixed 

1cm

(b)(a )

(a ) (b) (c)

Fig.2 700 (a)SEM
(b) Co c V

Fig.3 750 (a)SEM
(b) Co c V

(a ) (b) (c)
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