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Welding Technology using Laser Beam Controlling on Thick Steel Plate for
Shipbuilding

Yamamoto, Motomichi
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In this research, the hot-wire laser welding method with low heat input for
a thick-steel plate by combination with the high-tolerance and high-precision heat input control by
beam shaping using diode laser which is easy to control laser spot shape and high speed weaving, and

hot-wire system having low heat input / high efficiency properties was investigated.

The weldin? process which could be applied for a single-pass welding with a low heat input on a
thick steel plate with a 28 mm thickness with a gas-cutted groove was developed. And It was
clarified that the joint which produced using the developed welding process had sufficient strength
and toughness, although there are some problems at the fusion boundary.



CO2

YP47

HAZ

Imm
HAZ

10mm v

1/2



YP47 E
KE47
1.6mm YM-60A JIS Z3312
G59JA1IUM3MILT YM-80A JIS Z 3312
G78A4UMNSC1IM3T YM-60A
590MPa MAG
YM-80A
780MPa MAG
28mm 100mm
200mm 10mm
28mm 100mm 60mm
10mm
28.5mm 250mm 500mm 4.1
10mm 6kW
28.5mm 500mm 1000mm 3kW
10mm 9kW
1000mm |
1000mm |
\Y
LDF6000-40 2
Laserline 6kwW 3 4m/h
100mm
1 1
YLR-3000S
IPG 3kW
10mm
Laserx
15Hz
Only Laser Diode | Twin laser ( Laser Diode+Fiber Laser) |
2m/h 2m/h 3m/ 4m/h
N
e Wire feeding side W side Wire feeding side
Lack of fusion rat
4 [ 0 [ 375
2 116 \ 256 DIIUIIDr‘|rm-% 15.98 [ 285
Penetration Area, mm?
343 \ 176 | 63.96 \ 9.97
HAZ width, mm
19 ‘ 126 | 1.3 | 87
Lack of fusion
1
1 2
6kW
3kW 6kW
1 2
6kW




High energy density at edge
homogenizer
Blow

Twin Laser (LD+ Fiber) Normal homogenizer
9 kw B kw

Lack of fusion ratio%
0.54 [ 40.2 | a3
Dilution ratio, %
18.1 [ 0.83 I 387
Penetration Area, mm?
749 [ 238 I 135
HAZ width, mm
18 | 76 | a7

4.2

Ar

0%
Ar-90%

Ar-100% 5%

Ar-95% 10% 20% Ar-80%

4

60ppm

90%Ar+10%0,

80%Ar+20%0,

Lack of fusion, %

23.2 [ 14.8 ] 0 [ 0.54
Dilution ratio, %

15.98 [ 12.8 \ 16.04 [ 18.1

Penetration Area, mm?

63.96 [ 55.69 | 64.15 [ 74.9
HAZ width, mm

1.3 [ 10.8 \ 15 | 1.8

30,

YM-60A YM-80A

YM-80A

YM-60A

4

YM-80A

36.4J

YM-60A

YM-60A

YM-80A

YM-80A

Twin laser:9kW
Shielding gas : Ar
Welding speed: 3m/h

YM-60A , Ar (3m/h)
@ YM-80A, Ar (3m/h)

350 4 © .
300 - om. 140F 1
z % 2
> L 4
;B0 1 B0 °
S 200 le° ‘8, oo 2 100
. & r 1
% "s' () = z
2 ol ®one' 1 B sor 4
g g 60 °
S 100 a °T ] 1
s Qo
< 40+ J
50 b 4
20F ° J
0L " L n J
10 5 10 15 2 \
Distance from center of welding, mm YM-60A  YM-80A
4
Twin laser.9kwW
Welding speed: 3m/h
O lot is fi |
350 , penlwpa :S uswoyn ine
300
. m 250 - - - T
20 -
- om .
§ _,. P o, | - 200F a O 1
5200 W *0 Q.q' =
© & >
2 o0l e & |
» [
8 : : 0
o
£ 100 Q ° 5
£ 100 | 4 -] J
= 3 L '
50 g ° . A n
. 50 $ u 1
M5 A0 -5 0 5 10 15 2 ° |
Distance from center of welding, mm 0 ) \ \
A SRR, SO R0, AT
5

4.3

28.5 tx 250 wx 500 h
28.5 tx 500 wx 1000 h

HAZ



WM
YM-80A

FL

FL+1 FL+2

FL

YM-60A
YM-80A

YM-60A

YM-80A

EGW (3m/h) | HWL(2m/h)

Cross section 10mm
Back side

Front side

Dilution ratio
20.9 % | 9.4 %
Penetration Area
144 mm2 | 27 mm?
HAZ width
12.6 mm [ 9.2mm
6

FLi2 (HA2)

250

5
& 200 . 200 J
¥ t g o
2150 1150 | 1
< L] * s v
2 ¥ . X
5 100 8 . 100 ]
@ P
2 * M
s s L . X ¥
g s . i b PR 1
i . A
0 | A s L 0 L I L
WM FL FLd FLez WM FL Rl FLR2

Notch position, mm Notch position, mm

7

YM-60A

_We\d metal

YM-80A

4

(1) D. Wang, K. Kadoi, K. Shinozaki, M.
Yamamoto : Evaluation of Solidification
Cracking Susceptibility for Austenitic
Stainless Steel during Laser
Trans-Varestraint Test Using  Two-
dimensional Temperature Measurement,
ISIJ International, , 56-11, 2016,
2022-2028.

https://www.isijint.net/jp

@ _

b

85-3, 2016, 282-286. http:/www.jweld.]p

3

’ ) 5 64'9, 2016,

104-105.
http://www-it.jwes.or.jp/technology/

(4) E. Warinsiriruk, K. Hashida, M.
Yamamoto, K. Shinozaki, H. Yajima,
Oblique laser irradiation technique for
vertical welding of thick steel plates
employing hot-wire laser welding,

, , 33-4, 2015, 326-331.
http://www.jweld.jp

10
(1
H29
2017.
@)
H29 2017.
®3)
LMP
2017 2017.

(4) M. Yamamoto
Penetration Shape

Monitoring of
during Hot-wire




Laser Narrow-gap Welding
Visual-JW2016 2016.

(5) M. Yamamoto Development of
Vertical Welding Technology for Thick
Steel Plate wusing Hot-wire Laser
Welding Method Trends in Welding
Research 2016.

(6)
H28
2016.
(7)
82
2016.
(8
85 2016.
9)
H28
2016.
(10)
H28

2016.

0
o 0
o 0
@

YAMAMOTO, Motomichi
30274111

®
®
©)

SHINOZAKI Kenji

YAJIMA Hiroshi
KANAZAWA Tatsunori
USUI Hiroyuki




