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Table 2-1 Chemical compositions of material used

(mass %)
Material C Si Mn P S Ni Cr
SUS304| =0.08| =1.00| =2.00| =0.045] =0.030/ 8.00~10.50 | 18.00~20.00

Table 2-2 Thermophysical properties of SUS304

Specific heat Thermal Thermal Melting
Material capacity conductivity diffusivity point
[J/kg-K] [J/m-s-K] [m?/s] [C]
SUS304 494 14.7 0.234 1499
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Fig.2-1 Crossrsection of material used
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Fig.2-2 Appearance of measuring device
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Fig.2-3 Cross-section of butt joint
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(b) Vertical welding

Fig.2-4 Schematic diagram of laser welding equipments
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(b) Front view

Fig.2-5 Schematic drawing of jig for laser butt welding

S KRR LSO R




SUS304 plates

Laser irradiated line (weld line)
\

Oftset

\

Groove
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Fig.2-7 Definition of offset direction
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Fig.2-8 Schematic diagram of experimental set-up
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(a) Appearance of laser butt welded specimen
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(b) Appearance of weld (c) Appearance of groove
at high magnification at high magnification

Fig.2-9 Appearance of laser butt welded specimen
in preliminary experiment
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Fig.2-10 Difference of irradiated position
between He-Ne laser and CQ, laser
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Fig.2-13 Schematic diagram of tensile tester
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Fig.2-14 Schematic diagram of bead-on-plate welding
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Fig.3-26 Bead appearance of laser butt weld,
0 =0.6~1.1mm in horizontal welding
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Fig.3-27 Bead appearance of laser butt weld,
0 =-0.1~-0.6mm in horizontal welding
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Fig.3-28 Bead appearance of laser butt weld,
0 =-0.7~-1.2mm in horizontal welding
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Fig.3-29 Bead appearance of laser butt weld,
0 =0~0.5mm in vertical upward welding
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Fig.3-30 Bead appearance of laser butt weld,
0 =0.6~1.1mm in vertical upward welding
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Fig.3-31 Bead appearance of laser butt weld,

ing

] downward weld
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Fig.3-32 Bead appearance of laser butt weld,
0 =0.6~1.1mm in vertical downward welding
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Fig.3-33 Cross-section of weld bead,
0 =0~0.5mm in horizontal welding
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Fig.3-34 Cross-section of weld bead,
0 =0.6~1.1mm in horizontal welding
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Fig.3-35 Cross-section of weld bead,
0 =-0.1~-0.6mm in horizontal welding
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Fig.3-36 Cross-section of weld bead,
0 =-0.7~-1.2mm in horizontal welding
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Fig.3-37 Cross-section of weld bead,
0 =0~0.5mm in vertical upward welding
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Fig.3-38 Cross-section of weld bead,
0 =0.6~1.1mm in vertical upward welding

—ERKRFRER

Lo xR

O.SIT’lm




Welding speed [mm/s]

O.SBm

Fig.3-39 Cross-section of weld bead,
0 =0~0.5mm in vertical downward welding
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Fi1g.3-40 Cross-section of weld bead,
0 =0.6~1.1mm in vertical downward welding
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Fig.4-10 Thermal cycles on SUS304 surface of laser irradiated side at
different measuring points; Welding speed 20mm/s 0 =-0.8mm
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Fig.4-11 Thermal cycles on SUS304 surface of laser irradiated side at
different measuring points; Welding speed 20mm/s 0 =-1.0mm
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I
e O5mim
e W o111 P
-===4.9mm
o
v 600 - 3
=
'E; /"‘r‘
S " ~ " s
g 400_ l"’ \\\\“'
ﬁ :l" ’ Q\::““’\
2001 i e 1
n .‘;?
,"l' ,‘y‘\:“.“‘v\s‘:-cg:
05233‘5}:; \ ! .
0 10 20
Time [s]
(a) Upper plate
1000
=mmm3 0mm
== 3 05
soar ~swwOmi |
S
o 600 - i =
= I~
w S
5 I' s\ \\
e 400+ e -
E ] ’,”\ “w_ o
) 'l" g, 5,
— I NI
200+ i "‘:g‘:‘:-:"- d
" e oA
W Saanva Xy
0 atomenrel’ |
0 10 20
Time [s]
(b) Lower plate

Fig.4-13 Thermal cycles on SUS304 surface of laser irradiated side at
different measuring points; Welding speed 40mm/s 0 = 0mm




smawd Gomm.
=== 3.00Mm
-===4.43mm
8 “'\\ |
it O
Bl :
- p Lt
o] ' ‘\\\
8 400) W e |
e 4 \\\‘\\
: e
- \\51-5\
200} AR
i |
OO 10 20
Time [s]
(a) Upper plate
1000 .
s e OO
e S0 JmNn
g ----4.45mm |
o .
— 600} £ :
3 bt o
8 e ':":\":\\
S 400} e .
g R
200} ,: RO i
B J "i*‘sw
A A
0 10 20
Time [s]
(b) Lower plate

Fig.4-14 Thermal cycles on SUS304 surface of laser irradiated side at
different measuring points; Welding speed 40mm/s & =+0.2mm




I
e mm D GO
=S ma3 Omimn
= s ad. S5
e E: N 2
v 600 ek
oo I 2,2~ \\
= B X R
) Hor=soo s
& 400 Al " / \\\\\\\ 7
E " l' \\\“\\
Q "' ‘:\\\
~ l,’l k:\\\s\\
200} w! SN, =
_ g T
O&.'v: v . I
0 10 20
Time [s]
(a) Upper plate
1000 .
e ki 0 S OMINIY .
== 3 4 S0im
ol ™ s—sill A5 |
r— | R ¢
O R
= 600 ) :
e B T
= L e NS
> lp = '\ N\
= ::II YA
2 400} i M. -
g g": \:\"\"\
] . P
g (] s
200} Vv e .
J Lt U
il Y
| ~
T 1
OO 10 20
Time [s]
(b) Lower plate

Fig.4-15 Thermal cycles on SUS304 surface of laser irradiated side at
different measuring points; Welding speed 40mm/s & = -0.2mm



[
W
)
O

Temperature [C]
o
S

_.I...I...I...I...I-.J IIIIIlIIIIII!IIIJ_lIII—
0-5-4-3-2-1012345
Distance from groove [mm]
(a) 20mm/s & =0mm
2000 1~

— 1500}

Temperature ['C
S
S
O

500}

IllIILIlIIIILlIIIIIIIII

TR BTSN SN

S S R (R N S TV
Distance from groove [mm)]
(b) 20mm/s & =+0.2mm

Fig.4-16 Relationship between distance from groove to temperature

measuring point and maximum temperature ; Welding speed
20mm/s, § = Omm A0 Ruem ¥ ot % o




Temperature [C]
S
S

||||Ll|||||||4Ll|||||

S R R S S RS T R R R
Distance from groove [mm]
(a) 20mm/s 0 =+0.4mm

i
1500+

Temperature [C]
o
)
O

IIJ_IIIIIIIIIIIIIIIII

SIS
Distance from groove [mm]
(b) 20mm/s 0 = +0.6mm

Fig.4-17 Relationship between distance from groove to temperature

measuring point and maximum temperature ; Welding speed
20mm/s, & = +0 4 40 Fominy’ ¥ % ¥




2000~
O 1500f
> _
E 5
g R
9 1000
S _
(D)
H -
500
O-.Iunlluunlnnnlnuul... ...I...I...I...I...I._
-5 4 3 -2 -1 0 1 2 3 4 5
Distance from groove [mm]
(a) 20mm/s & =+0.8mm
2OOO_I|I"|'H|"'|'-'|--- L W L B B B B S B B L e e
O 1500f
2
= i
ilOOO-—
g
(D] R
~ "
500+
W ]
O_ ||||||||_|||4||||||||-

o o b e o b o Lo by 1y
S5 4 -3 -2 -1 0 1 2 3 4 5
Distance from groove [mm]

(b) 20mm/s & =+1.0mm

Fig.4-18 Relationship between distance from groove to temperature

measuring point and maximum temperature ; Welding speed
20mm/s, & = +0:§mih;+150mir o %




Temperature [C]

2000 —r——

[e—
S
S
()

TR 4 S N N T N TR R B N

EE
Distance from groove [mm]
(a) 20mm/s & =-0.2mm

[S—
()]
S
=)

5
2
3
]
5 1000
o
=
(]
= I
500

| IR T W S

vt o by b by b by by v by s by by
5 4 3 2 1 0
Distance from groove [mm]

(b) 20mm/s & = -0.4mm

Fig.4-19 Relationship between distance from groove to temperature

measuring point and maximum temperature ; Welding speed
20mm/s, § = -0.2fni, 2074mmy * %




O,

Temperature [
=
o
S

ol o by s by o by by o by oy by by by g by
S5 4 3 -2 -1 0 1 2 3 4
Distance from groove [mm]
(a) 20mm/s & =-0.6mm
2000~
O 1500}
5 I
2
o]
?g 1000
=
(]
= r
500

le o o by w0 by b b a by v by oo by o by g by g 1y
-5 4 -3 -2 -1 0 1 2 3 5
Distance from groove [mm]

(b) 20mm/s ¢ = -0.8mm

Fig.4-20 Relationship between distance from groove to temperature

measuring point and maximum temperature ; Welding speed
20mm/s, 0 = -0.:6%nin, 20:8mm 7 9 %




|
(V)]
S
o]

Temperature [C]
o
S

...IJ_..l...I...I...I.W

ol by by by by
-5 4 -3 -2 -1 0 1 2 3 4 5
Distance from groove [mm)]

(a) 20mm/s & =-1.0mm
2000 rrTr Tt T T T T T T

LI I B l|l|]7llllllll|lllll
- -

O 1500 i
)
=

g 1000 -
S
(D]

= i ]

500 -

: A,

IJ_L'[IIIIIIIIIJ_‘_[IIII

ol o by v by by by
-5 4 3 -2 -1 0 1 2 3 4 5
Distance from groove [mm]

(b) 20mm/s & =-1.2mm

Fig.4-21 Relationship between distance from groove to temperature
measuring point and maximum temperature ; Welding speed

20mmy/s, 6 = -1:0fnt, 2172mm ¥ o % #




[e—
()]
S
)

Temperature [C]
2
o T

500/

TR N { N W NN NN T T N NN AN SN S N

pa o b b s by s by g by

il TR BT BT AT A
5 4 3 -2 -1 01 2 3 4 5
Distance from groove [mm)]
(a) 40mm/s & = 0mm

2000 e

1500

1000}

[N T (N T M T |

Temperature [C]

500}

Y A

ol o by e o by by o by by s by b b
S5 4 3 -2 -1 0 1 2 3 4 5
Distance from groove [mm]

(b) 40mm/s & =+0.2mm

Fig.4-22 Relationship between distance from groove to temperature

measuring point and maximum temperature ; Welding speed

40mm/s, & = Orrirfi, 0 2t * 7 7%




Temperature ['C]
S
O
O

TR N T N R N N

|||||_L||||||J_|;I| ||||||||l|||||||4||'|

S R R, RV B A SR
Distance from groove [mm]
(a) 40mm/s 0 =-0.2mm

Fig.4-23 Relationship between distance from groove to temperature
measuring point and maximum temperature ; Welding speed
40mm/s, § = -0.2fy; < ¥ LEHER




s e (ST
-------- LOKW
ot e e 1.5 kW

E 2.0 kW

S 404

B \

=

¢

# 30l

8

| N

B \

T 20}

o

\.
N\
10}

1 1
0.05 0.10 0.15 0.20 0.25 0.30
¥ — 2§05 Ol [mm]

Fig.4-24 Relationship between distance from laser spot and Power
Density in gauss distribution at different power




O - L | ) | L | 1 | L
0 20 40 60 80 100

Welding speed [mm/s]

Range of § in welding condition of O [mm]

Fig.4-25 Relationship between welding speed and range of & in
welding conditon of O in horizontal welding

CERKRFERFEE LR




(2)O Full penetration (b) A Welding defects occurred (¢c) XNo Welded
in all weld length

_0=0.0mm. & =+0.6m  5=+0.9mm

B e

Laser irradiated |
position

it B

A E T
|
—

&
S
S
=
a
9
S
wn
=
S

before welding

0.5mm

Fig.3-1 Classification of welding condition according to observation
weld penetration ; Welding speed 20mm/s,horizontal position




100

P oN o0
S S S

Welding speed [mm/sec]

\®)
S

O Full penetration in all weld length
A Welding defects occurred
X No welded

|
- XAO000QO0AX
i !
- XAO00O00O0OAAX
' I
|
i XAAOOOOQOOAAAX
- i
- XAAAAAAAOOOOQOOAAAAAAX

Fig.3-2 Process window for laser butt welding
in horizontal position

A Wy N Ay Nk 3 L % W 98 Fl




O Full penetration in all weld length
A  Welding defects occurred
X No welded
100 I I ] I T l ) 1 ] I I
—~ 8- 0 0 0 A X ~
(D]
E 5 -
S50 0 0 O 4 X -
B8
B )
SR e 00 0 &A X -
o L :
=
e Do o8 e s AL AA e
I 1 1 1 1 I 1 1 1 1 I
i 0.5 1
J [mm]
(a) Upward welding
100 l I T 1 1 l ) 1 ] ! I
- 8 0O 0 0 A X -
Q
g 5 -
e 99 ax -
e :
f4L 0 0 0 O A A X -
= :
=
1 R T (. TR i SR S Y
I 1 1 1 1 l 1 1 1 1 I
e 0.5 1
0 [mm]
(b) Downward welding

Fig.3-3 Process window for laser butt welding
1n vertical positigrr 2R LEHES



1.5 71— 1.5S——————1——1—
) [ O Top side ] = [ O Top side ]
= € Bottom side ] £ ! @ Bottom side -
— 1} - = 1F -
s 0080880 | o
=R ] S 203 o
%050 - g 0.5} *%g8 $ 3
9 ] u-Tad |
S S
o T . O -

- ; |
oL . 1+ 1 0 T B B B
-04 -02 0 02 04 -04 -02 0 02 04

§ [mm] 0 [mm]

(a) Welding speed: 20mm/s (b) Welding speed: 40mm/s

1.5 T T T ¥ T T I 1.5 T T T T | T 1
— O Top side = i O Top side
£ I € Bottom side g I € Bottom side
£ 1L - E i
< = T -
Tl o, =B
2 < O 2
0.5\ 1% - - < -
T [ ecede §05 .°°2
- : ! ! | a i M ]
"0 02 0 02 04 007402 0 02 04
0 [mm] § [mm]

(c) Welding speed: 60mm/s (d) Welding speed: 80mm/s

Fig.3-4 Relationship between ¢ and bead width
at different welding speed in horizontal welding

A O N N o R B B




i | <I> Top side
050 € Bottom side ]
RN o
EoF 60%%
o [©9 ]
0.5} :
1070270 02 04
0 [mm]

(a) Welding speed: 20mm/s

(c) Welding speed: 60mm/s

l—

[ T 7 I

[ ! | !
QO Top side
&€ Bottom side

- 600°°

}—

|

N | N N
-04 -0.2 O

0 [mm]

N B
02 04

1 - . : —
O Top side

0.5 . € Bottom side ]

g | ]

é OF 2 8° 8 .

s | :

-0.5F -

-1 : | I R R
-04 -02 0 02 04

0 [mm]

% [ N R
-04 -02 O

Top side
Bottom side

L 400090
00

I 1 I 1

0 [mm)]

0.2

(b) Welding speed: 40mm/s

Fig.3-5 Relationship between 0 and d at
different welding speed in horizontal welding

S (N NS

T2 B R

(d) Welding speed: 80mm/s




£
E
=
S
3
e
<
L
aa

(a) Welding speed: 20mm/s

Bead width [mm]

(c) Welding speed: 60mm/s

[a—
W

0.5

[
L L]

T T T T T T
O Top side
@ Bottom side

g0l

.

P T T R R
—%.1 0 0.1 0.203040.5

0 [mm]

1 -5 LA LA DL LA L B
[ O Top side
- € Bottom side
1F -
[ <o ]
0.5 <o © 4 ._
. o ® i

A R R PR
1 0 0.1020.30.40.5
0 [mm)]

[a—
W

[
L}

Bead width [mm)]
)
W

O Top side

€@ Bottom side

$380

i

i

-%:.1'

0

0 [mm]

P T T T
0.1 0.2 0.3 04 0.5

(b) Welding speed: 40mm/s

1.S—r————7—7—1—
e | O Top side
= - € Bottom side
| S— 1_ |
_Q B
2 |6
3 Lo
o 0.5+ © Py
3 o0
R ]
' TR ST B | T
-%.1 0 0.1 02030.40.5

0 [mm]

(d) Welding speed: 80mm/s

Fig.3-6 Relationship between 0 and bead width
at different welding speed in vertical upward

welding

ES PP

L B % R




1 L L e 1 ot Tt " 1T T
i & Top side . - O Top side
- @ Bottom side - F @ Bottom side T
r. - -
E 0] 1 E osf |
e I 8 ho i
o o o - L 0 -
o © i oL 8 ]
L Lo 1 s 1 | T ) L | TR s 1
-0.1 0 0.1 02030405 -0.1 0 0.1 0.2 0304 0.5
0 [mm)] 60 [mm)]

(a) Welding speed: 20mm/s (b) Welding speed: 40mm/s

1 rrrr-Tr v 17 1 LN DL DL I DL B
i O Top side - i O Top side
- € Bottom side - € Bottom side
— L Py
£ o5 1 Eosl )
£ 0 5_ 1 & 0 5_
n . 'U -
© i 3 T - 9
N o ] i o ]
o- © - 0 9 —
P SR TR NN TR NN N e 1o
-0.1 0 0.1 0.203040.5 -0.1 0.1 02 03 04 05
0 [mm] 0 [mm]

(c) Welding speed: 60mm/s (d) Welding speed: 80mm/s

Fig.3-7 Relationship between ¢ and d at
different welding speed in vertical upward

welding SEAERE LEGK R



1'5 ! | T T ! T | N
— [ © Top side
S s € Bottomside -
~ o8 0 -
= ]
g0.5— -
o)
S
O
m -

|

(a) Welding speed: 20mm/s

(')

A R B B
1 0 0.1 0.20.3040.5

0 [mm]

(c) Welding speed: 60mm/s

1.5
— | O Top side
g € Bottom side
E (L h
:Ei i
S < -
30.5_ < g L J _
- [ @ -
R
o |
A N T S P B B
-(2).1 0 0.1 0.2 0.3 0.40.5

0 [mm)]

[
(V4]

= [

,E, i
1=

5 5

=

=

- 0.5

S

Q

M

[

T T T T T T T T T T T

6 8 0 0

O Top side
@ Bottom side

[

P TR T .
0 0.1 02030405
0 [mm]

(b) Welding speed: 40mm/s

1.5;
g i
£ 1L
- [
=)
205
o)

c
(]
M

S5 o © ]
:009 ]

17 7 717
O Top side
€ Bottom side

| i

-%:.1'

U I T SR N
0 0.1 02030405

0 [mm]

(d) Welding speed: 80mm/s

Fig.3-8 Relationship between 0 and bead width
at different welding speed in vertical downward

welding

SN SN

T2 B R




1 ! [ ! r 1T 7T 1T 7 I 1 ot | o ! |
O Top side - i O Top side
& Bottom side i € Bottom side
E0.5] 1 Eosf -
- 8 | < |
o0 ° ] o O ]
o @ - or ¢ -
ST ERRTTR NN T R R L PR ST NN RN R RS
-0.1 0 0.1 0.2 0304 0.5 -0.1 0 0.1 02 03040.5
0 [mm] 0 [mm]

(a) Welding speed: 20mm/s (b) Welding speed: 40mm/s

1 L L D e 1 D L L
O Top side - - O Top side
€ Bottom side . F € Bottom side
"Eo0.sl il i i
os| _ E).s_
- FO L
)
N
o- © . o- & -
A AT TR N YO NN S N SN M L PR TR TR N S
-0.1 0 0.1 0.2 0.30.4 0.5 -0.1 0 0.1 0203040.5
0 [mm)] 0 [mm]

(c) Welding speed: 60mm/s (d) Welding speed: 80mm/s

Fig.3-9 Relationship between 0 and d at
different welding speed in vertical downward

welding SRR LR R




o
B2 U gl

(<)
DN

Cross-section area of bead [mm?]
(=) W

0 [mm]

(a) Welding speed: 20mm/s

T . FERE RIS
E . T [ |

- ® S
g K O A8
- ] vV Su
2 33 4
Ql—d L
o
< ]
= &%
o 0.5+ ~
e 0300.’f’ -
¥ Vool |
o atev i
A (Pl g L A‘ P Tv Rl O AN
= 4] 5 0 0.5 1
&)

0 [mm]

(b) Welding speed: 40mm/s

Fig.3-10 Relationship between 6 and d Cross-
section area of bead in horizontal welding

K

2h T EW KR




=)

- A ®

3 0.5 & ®

s ® o

lav]

% i’ *%.

5 A

g A

2 AN

S o e

@) s o8 i R I SR

% 03 T T

0 [mm]

(a) Welding speed: 60mm/s

(b) Welding speed: 80mm/s

R = g S O S T .
NE O
&
-g 0.5+
2
e g ®
(qv]
O V2
5 . 7 &
E G|
o A
2 X
5 0 PO N L | A o | “ll....

i O 0.5
0 [mml]

4>
o

4 e
A R7,

5 o

Fig.3-11 Relationship between 0 and d Cross-

section area of bead .in horizontal welding



Cross-section area of bead [mm?]

(¢c) Welding speed: 60mm/s

Cross-section area of bead [mm?]
ek
|

[\

4o
LW

[u—
()] [\ ()]
T I | oS R AE I LR i I ]

=
O W
A3 I { P e | TERlet:

¥ 5

6 [mm)]

(a) Welding speed: 20mm/s

p
E 15 ity |
g e nal ) T
= ae) - 3
3] = . A
1 oA %1
E G [ :
o [ i
E o [
] )
@ 5 0.5F 0’3' .
3 g - v v
.8 0- YYY! l"_lT
2 0 0.5
)]
§ 0 [mm]
@)

(b) Welding speed: 40mm/s

1 . g 1 .
: O -‘ 4 | — - O
J =
I 3
0.5 - 305
3 X 4 i s | ® |
t ¢ v e ? p
: v o I » ]
- v 8 - f v Y .
e Q . v
. 0.5 Sara Y05
0 [mm] g 0 [mml]
O

(d) Welding speed: 80mm/s

Fig.3-12 Relationship between 0 and Cross-
section area of bead in vertical upward welding

- EAREARER

CFE PR




[\
()

[
()]

3 o

k.
W [\
[
T T I T T T

[U—
&=
()]

|

05% L R
;'V# |v' g
R T Y

0 [mm]

(a) Welding speed: 20mm/s (b) Welding speed: 40mm/s

=
W

S

-

Cross-section area of bead [mm?]
>o -
3 _
Cross-section area of bead [mm?]

e . g 1 .
L e e S e
= 3
o o)
.= [ G
0.5 . S 0.5 ® -
—_ f PP 3 ®
) —
5 ¥ : : # ¢t
@)
£ i MR & E=E | vV v
g v Q L A A
5, Sl IR e oS
& 0 [mm] % 0 [mm]
o
S &
&

(c) Welding speed: 60mm/s (d) Welding speed: 80mm/s

Fig.3-13 Relationship between 0 and area of
cross-section in vertical downward welding

~H K ¥ KEK LR



Welding speed:

-=0O-20mm/s
- =& = 40mm/s
-} - 60mm/s
- =2 = 80mm/s
T I 1 S l T T T T
_ O
g \
8 \
L )
2.5F 13 2
5 1ol
g [
'
O i
T
B l' \ o
qa l, ‘\p ""
< 1 5_' O \ "‘l 3
L ' \ 1
= ) A ¢\
c vy AR |
(@) v [} ]
s 0 i e
Q W 'l \‘ d Fo) 1
Cln : o,o' i
2 Q| 50000 8
; §§ﬁ9
-. | | ] [T | |
b -1 -0.5 0 0.5 1

0 [mm]

Fig.3-14 Relationship between 0 and cross-
section area of bead at different welding speed in
horizontal welding

EARERER T¥EWER




. Welding speed:
- +=0O=20mm/s
- =& - 40mm/s
=} - 60mm/s
- =2 - 80mm/s

e
(9]
g
&
bl
e
]
O
v
G
o
<
O
S
<
=
Q
-
Q
O
w
N
7]
o
=
@)

(a) Upward Welding
2.5
— I : : Welding speed:
NE O 1 +=O=20mm/s
= [ 1 -=&=40mm/s
= oL 4 --F=60mm/s
3 i 1  -=%=80mm/s
B _ of’q .
S 1.5¢ R =
o i v \ ;
8 ’,p‘\o', |‘
2 \
a0
CIShe o ]
05 ’ 4
3 _O-0- /'2
¢ 35k ORI L .
A e SO
S R s
2 i
XV TR W e
0 [mm]
(b) Downward welding

Fig.3-15 Relationship between 0 and cross-section
area of bead at different welding speed in vertical
welding ' ‘




Welding speed:
+=0O - 20mm/s
- =& - 40mm/s
=} -60mm/s
- == 80mm/s

T
100+ -
o e SR R O TN e (PSS R O SO0 SRR )
G| P :
H ¥ I” o
L 60| 4 I,/A i
< | / 47 1
o _ o /P :
7] vy
G } S} 1
O 40 o /J‘o l, 1y
e T -
= d’,{,l:l—
Q 20 i P |
e
A
OF o
1
-0.5 0 0.5
0 [mm]

Fig.3-16 Relationship between 6 and percentage
of S, in S at different welding speed in horizontal
welding

N N By = L % if 28 ¥



100 .
i Welding speed:
I i «=0O = 20mm/s
90+ . =& - 40mm/s
oy [ i -} - 60mm/s
E\—J 80: /)pz ,6 X - =2 - 80mm/s
m -_— " Emm o omm s omm s -[ () = - . -
3 i P 7 et
o L 7 7/
2! 70 o o -
= [ Il
o [ 0
Q E 4, s
& 60f 1O :
8 o
g =
9 e | ;
5 SOf g
P :
40L ' |
0 5 [mm] 0.5
(a) Upward Welding
100 I ' - ; ' 5 Welding speed:
i 1 =Cr=20min/s
I ] =& - 40mm/s
90 f a o bi «=} - 60mm/s
Y i / i - = - 80mm/s
ol_\o_‘ r ,:}7,/ (o] ]
o 80 e 21,.’4 f _,/ .........
E F /’ I, l,
mcn 70 . ﬁ// ,' o
G | &) g
S [ T G -
S & ]
oy} - I" /,
g _ Y _ O
5} i
. vl :
5 i
s I
[ |
£ 0 0.5
0 [mm]
(b) Downward welding

Fig.3-17 Relationship between 6 and percentage of
S, n S at different welding speed in vertical welding

“HKRFKER L. % WF %5 F




- =0 - Horizontal welding
-=& = Vertical upward welding
- -Vertical downward welding

1.5 i T l : '

= [
,E, L

1 o5 Q 3
B2 T
S 3 ~f:_ - Y.\
g5 i, e
&
5 I
M i i

ISt e

0 20 40 60 80 100
Welding speed [mm/s]
(a) Top side
- @ - Horizontal welding
- =& - Vertical upward welding
o --® - Vertical downward welding

PSRN L W AR ot St TR s
=
= 3

iL 5
i :
B \\§‘é :
< 0.5fF 33 i

oL ' ' '

(R e
Welding speed [mm/s]

(b) Bottom side

Fig.3-18 Relationship between Welding speed
and bead width at different welding position in
butt welding ; 0 =Q e x5 craran




Cross-section area of bead [mm?]

| R ' | ' |
1 el
8
0.5 \"‘:~ ]
g::::s —e==-1]
O | | 1 I |
0 20 40 60 80
Welding speed [mm/s]

=0 - Horizontal welding
=L} - Vertical upward welding
-<O - Vertical downward welding

100

Fig.3-19 Relationship between Welding speed

and cross-section area of bead at different

welding position in butt welding,; 0 =0



1.5S——r—————1— - O = Horizontal welding
11} - Vertical upward welding
g 1 =& = Vertical downwaed welding
& i
g 1 ]
e i
o b m
5 b ool
9 0.5F g B
)5 i
faa) ;
O i L | 1 | ! | ) ] )
020 40 60 80 100
Welding speed [mm/s]
(a) Top side
ooy e gy oo - -® = Horizontal welding
1 & - Vertical upward welding
1| - % = Vertical downward welding
T N
= 7
- 0 5 i \\\ : 5}
8 *s -\‘
M
0 i ) | ) | L | 1 | 1 ]
0 20 40 60 80 100
Welding speed [mm/s]
(b)Bottom side

Fig.3-20 Relationship between welding bead
width and bead width at different welding
position in bead-on-plate welding'



--® - Horizontal welding
- 4 - Vertical upward welding
- -& - Vertical downward welding

[

=
o0

Cross-section area of bead [mm?]
= S
RS (®))

mh
W
\ \‘
Y \
\
\\‘
\
8.
b
‘=§g

=
RS

Fig.3-21 Relationship between welding speed and
area of cross-section at different welding position

Welding speed [mm/s]

in bead-on-plate welding

100




-=O = Top side in bead-on-plate welding

- =@ - Btottom side in bead-on-plate welding
-=O - Top side in butt welding
- =@ - Bottom side in butt welding

o R 1.5
= =
= g i)
oy \§‘o~\ o e
20.5) §E:~o=-§ 1 Post
= .- 3
Q i (D] &
A O- B SRR B AR DR (o8 N A 0_

0 20 40 60 &80 100 0

(a) Horizontal welding

Bead width [mm)]

Welding speed [mm/s]

20 40 60 80 100
Welding speed [mm/s]

(b) Vertical upward welding

1.5- T T | |
L i
\\’&:‘s'&m-
0.5F \’"'8 —
-3
o

1 I L | L | 1 |
920 4000 B0 T80

Welding speed [mm/s]

(c) Vertical downward welding

Fig.3-22 Relationship between welding speed and bead
width and in butt welding and bead on plate welding

KK ¥ b L % Bf

7e Bl




--@ - Bead-on-plate welding

-=O - Butt welding
o I
z -
g E
Lend I | I T
| [ T [
% 0.8 @ 4 0 08 3
\ O @

f I \\ el \\
© 0.6} °\ i . S 0.6 \‘\ 1
S N 5 N
lav] \ 2y o O. So

04 b '~~‘ ~ < 04+ \\\“__ —
5 g g ~o-=>0
> o =
0.2 : Lo L 5 ! ARSI e
S',)) 0l Al RO B 100 § 0‘2() 9020 60 S0 100
n 1
§ Welding speed [mm/s] § Welding speed [mm/s]
© O

(a) Horizontal welding (b) Vertical upward welding

o

&

,g, il il T T
v-g 0.8 .\ —
8 R

G 0.6 Q \\ ke
© . ‘

S 0.4— O\\::.'-—--. |
- o

R O

A : ] : ] ; ] ’ ] i
§ ey R TN TR T
2 Welding speed [mm/s]

o

G

(c) Vertical downward welding

Fig.3-23 Relationship between welding speed and cross-
section area of bead in butt welding and bead on plate
Weldlng CERER¥ER LE¥WEH



Maximum tensile strength [N/mm

- T ' T ' T - Welding speed:
i {+=0=20mm/s
-=O = 40mm/s
800} =0 = 60mm/s
. 1-=O=80mm/s
600 22Z3>-2f>~co---0 d
(o ~0 1
400 B
200 —
| L | L | 1
4 0 0.1 0.2 0.3

0 [mm]
(a) Relationship between ¢ and maximum

tensile strength at different welding speed in
horizontal welding

0.5mm

(b) Fractured part of specimen after tensile test

Fig.3-24 Results of tensile test

EREKRERE LEWHER




Imm

Fig.3-25 Bead appearance of laser butt weld,
0 =0~0.5mm in horizontal welding
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Fig.3-27 Bead appearance of laser butt weld,
0 =-0.1~-0.6mm in horizontal welding
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Fig.3-28 Bead appearance of laser butt weld,
0 =-0.7~-1.2mm in horizontal welding
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Fig.3-29 Bead appearance of laser butt weld,
0 =0~0.5mm in vertical upward welding
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Fig.3-30 Bead appearance of laser butt weld,
0 =0.6~1.1mm in vertical upward welding
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Fig.3-32 Bead appearance of laser butt weld,
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Fig.3-37 Cross-section of weld bead,
0 =0~0.5mm in vertical upward welding
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Fig.4-5 Thermal cycles on SUS304 surface of laser irradiated side at
different measuring points; Welding speed 20mm/s 0 = +0.8mm
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