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Fig. 1-1 Cross section of weld defect at 0 mm gap between steel sheets10).



Fig. 1-2 Cross sections of laser lap welded joint of galvannealed steel sheets with 1.0 mm thickness 10).

Fig. 1-3 Relationship between sheet gap and tensile load of laser lap welded joint
using galvannealed steel sheets with 1.0 thickness mm 10).
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Fig. 1-4 Weld defect example on cross-section of laser welded lap joint with large gap
between steel sheets10).
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Fig 1-5 Sheet deformation by laser forming33).
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(a)Narrow gap (b)Wide gap

Fig.1-6 Schematic illustration of sheet clearance controlling method.
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Fig. 2-2 Appearance of fiber laser. Fig. 2-3 Appearance of laser head.



440 MPa 1 mm

Fig. 2-4 Fig. 2-5 Marc MSC

50 × 66 mm

X 0 5 mm 0.1 mm 5 10 mm 0.2 mm

Y 0 66 mm 0.1 mm Z 0 1 mm 0.1 mm

3 kW 9 mm

Fig. 2-5(a) 1 mm 40 mm

6 m/min 5 mm 2

Fig. 2-5

33 mm Z 0 0.2 0.5 1.0 mm

Fig. 2-5 33 mm

Z 1.0 mm



        

 
(c

) T
he

rm
al

 c
on

du
ct

iv
ity

(d
) T

he
rm

al
 e

xp
an

si
on

 

(a
) P

oi
ss

on
’s

 ra
tio

(b
) S

pe
ci

fic
 h

ea
t

(
)



            

        
 

Fi
g.

 2
-4

M
at

er
ia

l p
ro

pe
rti

es
 fo

r F
EM

-a
na

ly
si

s.
 

(f
) Y

ou
ng

’s
 m

od
ul

us
(e

) Y
ie

ld
 st

re
ss



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 (a) Top view

X

Y

40

Measurement
position

50

66

Laser 
preheating

position

(b) Cross section
Fig. 2-5 Finite element model for FEM-analysis. 
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Fig 2-5 Finite element model for FEM-analysis
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Table 2-2 Conditions of laser preheating.



b Cross section

Fig. 2-6 Schematic illustration of experimental set-up.

a Top view
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Table 2-3 Laser preheating conditions for deriving appropriate heat input conditions
(One sheet and two sheets).

Table 2-4 Laser welding conditions using laser preheating
 for deriving appropriate heat input conditions.



(a) Laser preheating position

(b) Laser welding position
Fig. 2-7 Schematic illustration of laser preheating and laser welding position 

for deriving appropriate heat input conditions.
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Table 2-6 Laser welding conditions using laser preheating
for deriving proper bead placement.

Table 2-5 Conditions of laser preheating for deriving proper bead placement.
(One sheet and two sheets).



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(a) 1Pass bead (Length:40mm)

(b) 1Pass bead (Length:20mm)



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(c) 2Pass bead (Length:20mm)

Fig. 2-9 Schematic illustration of laser preheating and measurement position
for deriving proper bead placement.



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

a 2Pass bead

b 1Pass bead 
Fig. 2-10 Schematic illustration of laser preheating and laser welding position  

for deriving proper bead placement.
.
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Fig. 2-12 Deformation of steel sheet by laser preheating.
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Fig. 2-11 Appearance of laser displacement sensor.
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Fig. 2-14 Schematic illustration of acquisition of tensile test specimen.
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(a) Temperature histories obtained by FEM-analysis

(b) Deformation histories obtained by FEM-analysis and experiment

Fig. 3-1 Temperature and deformation histories of steel sheet by laser preheating.
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Fig. 3-11 Appearances and X-ray photos and cross sections of welding beads after laser preheating.
(Initial gap =0 mm and 0.7 mm, 440 MPa)
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(a) Distribution of steel sheet deformation

(b) Relationship between measurement position and deformation. 

Fig. 4-2 Effect of pitch between laser irradiation beads 
on steel sheet deformation by FEM-analysis 



 

 

1

440 MPa 1 20 mm 2

3 kW

6 m/min 9 mm 90 mm

15 mm

Fig. 4-3(a) 40 mm 1

Fig. 4-3(b)

40 mm 1 Fig. 2-9(a)

20

mm 2 Fig. 2-9(c) 2

0.04 mm

0.06 mm

2

2

440 MPa 2 0 0.7 mm

20 mm 15mm

Fig. 4-4 Fig. 4-4(a) 0.7 mm

0.36 mm

0.4 mm 0.3 mm

2

0.4 mm

Fig. 4-4(b) 0 mm 0.2 mm



 

0.03 mm 1

2

20 mm 2 15 mm



        

(a
)

2P
as

s-
15

m
m

be
ad



   

 
     

(b
) 1

Pa
ss

-4
0m

m
 b

ea
d

Fi
g.

4-
3 

D
ef

or
m

at
io

n 
di

st
rib

ut
io

n 
of

 st
ee

l s
he

et
 b

y 
la

se
r p

re
he

at
in

g
of

 2
Pa

ss
-1

5m
m

 a
nd

 1
Pa

ss
-4

0m
m

be
ad

 (O
ne

 sh
ee

t).



                                  

a
In

iti
al

 g
ap

 =
 0

.7
m

m



  

b
In

iti
al

 g
ap

 =
 0

m
m

Fi
g.

 4
-4

 D
ef

or
m

at
io

n 
di

st
rib

ut
io

n 
of

 st
ee

l s
he

et
s b

y 
la

se
r p

re
he

at
in

g 
of

2P
as

s-
15

m
m

 b
ea

d 
(T

w
o 

sh
ee

ts
).



 

40 mm 1 20 mm 2

3 kW 9 mm 6 m/min

90 mm 20 mm 2 15 mm

φ10mm C Fig. 2-10

40 mm

20 mm 2

X

20 mm 2 40 mm 1

Fig. 4-5 Fig. 4-6 20 mm 2

0

mm

0.7 mm

0.8 mm

15 mm

20 mm 2

0 mm

40 mm 1 0

mm

0.7 mm

0.8 mm

40 mm 1

0 mm



 

1

2

2

0 mm 0.7 mm



 

Two sheets(440MPa)
Laser power : 3kW
Laser spot diameter : 9mm
Traveling speed : 6m/min
Preheating pattern : 2Pass
Length of bead : 20mm
Length between cramps : 90mm
Initial gap : 0 0.8mm

Fig. 4-5 Bead appearances and X-ray photos of weld beads by laser preheating
(2Pass-15mm bead).



 

Two sheets(440MPa)
Laser power : 3kW
Laser spot diameter : 9mm
Traveling speed : 6m/min
Preheating pattern : 1Pass
Length of bead : 40mm
Length between cramps : 90mm
Initial gap : 0 0.8mm

Fig. 4-6 Bead appearances and X-ray photos of weld beads by laser preheating
(1Pass-40mm bead).
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Fig.4-7 Relationship between fracture load and initial gap in 
2pass-15mm and 1pass- 40mm bead.
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Fig. 1-2 Blowhole in weldmetal of lap fillet joint using galvannealed steel sheets.
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Fig. 1-6 Schematic illustration Hot-wire Laser welding method.
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Table 2-1 Chemical compositions of base metal and filler wire.
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Fig. 2-1 Appearance of fiber laser system. Fig. 2-2 Appearance of laser head. (F=400 mm)
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Fig. 2-7

IDEC FL1E-H12SND

Fig. 2-5 Appearance of Hot-wire 
power source.

Fig. 2-6 Appearance of Hot-wire torch.

Fig. 2-7 Appearance of wire feeding device.
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(b) Initial gap : 0.8, 1.0, 1.2 mm
Fig. 2-8 Schematic illustration of specimen set-up (t=1mm, Fiber laser).

(a) Initial gap : 0 mm



Fig. 2-9 Experimental set-up for Hot-wire Laser welding
(t=1 mm Fiber Laser).



Fig. 2-10 Schematic illustration of experimental set-up of Hot-wire Laser welding
(t=1 mm, Fiber laser).



Table 2-2 Welding Conditions of Hot-wire Laser welding
(t=1 mm, Fiber laser).
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Fig. 2-11 Schematic illustration of specimen set-up (t=2 mm, Diode laser).



Fig. 2-12 Experimental set-up for Hot-wire Laser welding
(t=2 mm, Diode laser).



Fig. 2-13 Schematic illustration of experimental set-up of Hot-wire Laser welding
(t=2 mm, Diode laser).



Table 2-3 Welding conditions of Hot-wire Laser welding
(t=2 mm, Diode laser).
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Table 2-4 Welding conditions of MAG welding (t=2 mm).

Fig. 2-14 Schematic illustration of experimental set-up of MAG welding (t=2 mm).
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Fig. 2-15 Appearance of high-speed camera.
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Fig. 2-17 Measurement method of weld toe radius.

Fig. 2-16 Measurement method of vertical leg length, horizontal leg length and throat thickness.
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Fig. 2-19 Schematic illustration of acquisition of tensile test specimen.

(a)  t =1 mm (b) t= 2 mm

Fig. 2-20 Schematic illustration of tensile test piece.



Fig. 2-21 Appearance of tensile test equipment.
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Fig. 3-7 Schematic illustration of between energy density and weld bead creation.

Fig. 3-6 Relationship between welding defects and welding conditions (t=1 mm).

: No Welding defect

: Welding defect (Blowhole)

: Welding defect (Lack of fusion)
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(a) Throat thickness.

(b) Weld toe radius.
Fig. 3-13 Relationships between wire feeding ratio and throat thickness, weld toe radius

of Hot-wire Laser and MAG welding (t=2 mm).

HL: Hot-wire Laser 

HL: Hot-wire Laser 
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Fig. 3-14 Hardness test result of Hot-wire Laser (HL) and MAG welding.

HL: Hot-wire Laser 
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Fig. 4-1 Fracture modes in tensile shear test (t=1 mm).



Fig. 4-2 Relationship between tensile shear test results and welding conditions (t=1mm).
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Fig. 4-3 Appropriate range of construction according to welding conditions (t=1 mm).

Base metal 
fracture

Weld fracture
(Lack of fusion)

Weld fracture
(Blowhole)

787 616

792 794 334

602
754 610



2 mm

MAG

MAG Fig. 4-4

Fig. 4-4

1 2

Fig. 4-4

Fig. 4-5

1 m/min 4 8 10

2

6

1 m/min

4 10

HAZ

1.5 m/min 4 2

1

m/min

HAZ

6 8

MAG 1 m/min 2 MAG

0.3 mm

MAG

HAZ

HAZ



2 mm

HAZ

MAG

MAG

Fig. 4-6 780 MPa 2 mm

MAG

90

70 MAG

50 

MAG

MAG

HAZ 0 mm

HAZ



Fig. 4-4 Comparison of Hot-wire Laser and MAG welded joint by tensile shear test result (t=2 mm).

HL: Hot-wire Laser 
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Fig. 5-3 Fatigue test result of Hot-wire Laser (HL) and MAG welded joints
(S-N curves, t=2 mm).

HL: Hot-wire Laser 
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