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Welding speed : 5m/min , Arc current : 450A
Wire feeding speed : 11m/min , Wire current : 165A
Wire feeding angle( 8 ) : 30° , Torch angle : 70°
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The laser beam contributes
to base material melting.

Filler wire is melted |
by the wire current
due to Joule heating. |
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(2-1)
IR :45~50mm, BAJENE :5mm, B <: 100mm
562 —Y (5mm x 48mm) & FH
(2-2)
¥RJE : 45~50mm, BESKIE:5 10mm, & :100mm
B2 —Y (3.5mm x 48mm, I4—E S )#E A
(2-3)

WIE :45mm, BHEIE: 10mm, B<:200mm
B2 —Y (3.5mm x 48mm, 914—E > )#E A
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Laser type LD

Fiber core (mm) 0.4

Focus lens (mm) 1000 \Q
homogenizer FF4 \
Laser power (kW) 6
Spot size (mm) 5 X48

Defocus (mm) 100

Welding speed (m/h) 1.0

Wire feeding speed (m/min) 1.80

Wire current (A) 65

Wire feeding angle (degree) 45 \
Wire feeding position (mm) 2

Shielding gas (Ar) (£/min) 10,50

Pre irradiation (s) 180

/

7 Filler wire

& _Wire feeding

angle

Wire feeding

position
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Laser power:6kW Spot size:5 X 48mm
Welding speed:1.0m/h Wire feeding speed:1.80m/min
Wire current:65A Wire feeding angle:45°
Shielding gas:10,50¢/min Pre irradiation:180s
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HE : 45~50mm, FSENE:5mm, & :100mm
5L —H (5mm x 48mm) 1 2
(2-2)
IE : 45~50mm, BASEIE:5 10mm, B : 100mm
B2 — (3.5mm x 48mm, 914—E > ) A
(2-3)

WIE :45mm, BHENE: 10mm, B§<:200mm
YL —H (3.5mm x 48mm, I94—E 4 )EH
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/7 Filler wire

/

< Wire feeding
N\ angle

Wire feeding

position

Laser type LD

Fiber core (mm) 0.4

Focus lens (mm) 1000
homogenizer FF4

Laser power (kW) 6

Spot size (mm) 3.5%X45
Defocus (mm) 0

Welding speed (m/h) 1.0 0.5
Wire feeding speed (m/min) 1.66 2.32 | 1.66
Wire current (A) 48 61 43
Wire feeding angle (degree) 45

Wire feeding position (mm) 2

Shielding gas (Ar) (£/min) 10,50

Pre irradiation (s) 180

Gap size (mm) and 5 7 10
Weaving spot size (mm) 5.5 7.5 11

uoI32341p SUIp|IM



: XERER D5




Hiroshima University

BT 77 A

Half-cut specimen (1/2Thickness) |

------- -bottom
1/2Thickness

Example of cutting part from
50mm-70 mm

Transverse welding direction plan
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Parallel welding direction plan
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% 0% 40% 0% 80% 100% 0% 20% 40% 60% 80% 100%
Percent (%) of fulfill on % groove thickness; (D%) Percent (%) of complete fusion (1/2TH); (F1%)
B Gap 5, Weaving 5.5 mm ® Gap 5, Weaving 5.5 mm
B Gap 7 mm Weaving 7.5 mm B Gap 7 mm Weaving 7.5 mm

Gap 10 mm Weaving 11 mm 0.5 m/h Gap 10 mm Weaving 11 mm 0.5 m/h
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100%
51-70 mm

75%

100%
31-50 mm
80%

100%

11-30 mm

50%

Distance of welded inspection from bottom

100%

0-10 mm

100%

0% 20% 40% 60% 80% 100%

Percent (%) of complete fusion in Welding direction; (F2%)
B Gap 5, Weaving 5.5 mm
B Gap 7 mm Weaving 7.5 mm
Gap 10 mm Weaving 1 mm 0.5 m/h
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Welded Distance from Bottom
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- Gap : 5mm 1m/h ; ! Gap : 7mm 1m/h ; , Gap : 10mm 0.5m/h
l78_ |_ - EH—
== B B e

E 1.5 E E 0.9 E E : :
: L : o . .
0% 50% 100%0% 0% 100%% 0% 100%

Percent of Phase (%) Percent (S)f Phase (%) Percent gf Phase (%)

Color bar means: |Balnlte, l Acicular ferrite, _|Coarse Acicular ferrite, . Widmanstiditten
Andl GB allotriomorphic ferrite, coarse polygonal ferrite and pearlite (reconstructive transformed group)
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152 \)/,

150 152
143
130
HAZ < L > Weld metal
110
Fusion Line =>=Weld position 10 mm
90 T T T T T T T T T T T T T T 1
7mm 6mm 5mm 4mm 3mm 2 mm 1mm 0 mm 1mm 2 mm
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IR :45~50mm, BASENE :5mm, B :100mm
552 —4 (5mm x 48mm) & FB
(2-2)
IRJE : 45~50mm, BESKIE:5 10mm, & :100mm
Y52 —Y (3.5mm x 48mm, 94—E Y )EHR
(2-3)

WIE :45mm, BHEIE: 10mm, B:200mm
B —Y (3.5mm x 48mm, 94—E >4 )
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1.2
Laser type LD
Fiber core, mm 0.4 < 1
Focus lens, mm 1000 % 0.8
QL
Homogenizer LL4 S 06
Laser power, kW 6 g 04
Spot size, mm 3.5x45 2 .
Weaving spot size, mm 11x43 s
0
Defocus, mm 0 0 25 50 75 100 125 150
Weld length (mm)
Welding speed, m/h 0.111025] 05 | 1.0 «— Laser
Wire feeding speed, m/min | 0.3310.79 | 1.66 | 3.32 x{ 1 c%
Wire current, A 18 | 26 | 39 - // Filler wire g
Wire feeding angle, degree 45 / T A e a
Wire feeding position, mm 2 i I | §
. . . 1 [ TWire feedi —
Shielding gas (Ar), L/min 10,50 \ e eio';?ion o
Pre irradiation, s 180 ' i
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Transverse
section at welded
distance (mm)

Macro section on
perpendicular of
welding direction

Percent (%) of fulfill
on 2 groove
thickness; (D%)

Percent (%) of complete
fusion over D%; (F1%)

100 %

0.1 m/h at 15 mm 100%

from bottom
100 % of groove length
100 %

0.25 m/h at 30 mm 82 9 °

from bottom °
82 % of groove length
96 %

0.5 m/h at 58 mm 829

from bottom
78 % of groove length
55 %

1.0 m/h at 80 mm 87%

from bottom

48 % of groove length
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Laser type LD
Fiber core, mm 04
Focus lens , mm 1000
homogenizer LL4
Laser power , kW 6
Spot size, mm 3.5%X45
Weaving spot size, mm 11x43
Defocus, mm 0
Welding speed, m/h 0.25
Wire feeding speed, m/min 0.79
Wire current, A 27
Wire feeding angle, degree 45
Wire feeding position, mm 2
Shielding gas (Ar), £/min 10,50
Pre irradiation, s 180

B B & H(2-3:80)
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& Wire feeding

’/ Filler wire
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Accumulate zone
Enough heating

<

Full fill

Gradient zone
Lack of heating

<

Not full fill
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20 20
0
0 20 40 60 80 100 120 140 DU 20 40 60 80 100 120 140

Distance from spacer (mm) Distance from spacer (mm)
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Homogenizer Focusing lens
400 mm

Focusing lens 100 mm Weaving Head
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Laser type LD

Fiber core, mm 1

Focus lens , mm 400
homogenizer LL3

Laser power , kW 6
Defocus, mm 50
Weaving spot size, mm 11 x 28
Weaving frequency, Hz 15
Welding speed, m/h 1.0 | 2.0 | 3.0
Wire feeding speed, m/min 1.24 | 2.48 | 3.72
Wire current, A 61 100 | 132
Wire feeding angle, degree 45

Wire feeding position, mm -1
Shielding gas (Ar), £/min 20 30
Pre irradiation, s 120

/ /
/ /
&8 /
y /
y /

/ Filler wire

& Wire feeding

angle

Wire feeding
position

/
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Welding speed : 1Tm/h Welding speed : 2m/h
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1.0 m/h 2.0 m/h

Joint fulfill : 100 % Joint fulfill : 100 %
Lack of fusion : 0 % Lack of fusion : 22 %
Penetration depth : 3.2 mm Penetration depth : 0.6 mm

Dilution ratio : 26 % Dilution ratio : 6 %
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Investigated Stationary laser beam 6 kW Weaving laser beam 6 kW
zone elding speed 0.25 --> 1.0 m/h Welding speed 1.0 m/hour
Weld metal
(x 200)
T RS
Weld metal
(x 500)
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Investigated Stationary laser beam 6 kW Weaving laser beam 6 kW
zone Welding speed 0.25 --> 1.0 m/h Welding speed 1.0 m/hour

p— - p— p—
Weld m i HAZ o

Weld metal  HAZ

55

Fusion boundary
(x 50)

Fusion boundary
(x 200)
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AERAE S 5 | 7 | 8 | 9
L—H—347 LD Weaving head
L—H 3 (kw) 6

ARy kA4 X (mm) 5.5% 30

B EEIEE(m/h) 2.0 1.0
TANEES1EE(m/min) 248 1.24
JANXERA) 100 61
A YLEE H E (degree) 45

) AR 1E (mm) 0 —1 0
> —JLREAH R Ar (L/min) 20

T E g S (sec) 60 120
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