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A mechanical/metallographical estimation of CO , Laser Arc Hybrid welding
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Table 1. welding condition
Laser Arc fit-up condition
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Table 2. Chemical composition of base metal

A% C Si Mn P S
% | <021] <050] <0.55] <0.035| <0.035

£HR =239 nlo]lar H miaz £4& §3
o Table 19] =7 tisty &FHE A
#20007}A] Polishing3 ¥ 60% HNOs, 4ml + ©l
gdU4F 100mle] etchantolA 7715%3t etching st
o §HE YA dig vta= E4E& AAEH
Fig 1" Fig 3.9l YeElldx Laser 8kWe # ¢
no gap ¢ 37FA =74 disidE £FHFE A,
SIS TRt FEER B oZ 2008 wiolZ R
A& A3 Fig 4.7 Fig 6. ol YeliAch

stolBEl= &FFo] 7|AH 54 dHeolgH x
g 93 Yol A AY F vjo]azZ ENE

._85_



20054 & st=8Ig
AAIg 37HA] 2de dgte A AlY, $4 A
d 9 FESAS AL v 7ted =1 A
Ao M F7HHo2 AE FH LS AT
3. 23 & 1E

stolBgl= & F9 viaz 4 ZAI}:= Fig
1"Fig 3.3 23 °]E T3l FYF ol3 Y<¥
ol t$ gape] FFH oA EFd w2 3
ojEgl= &HF A Aol Fofste HA
¢ Y48 21 AAsE 7N vlAE AT
EF A7g 37kA] 24 dldld e vz
T4 S AAstq &, 3HFE TE3t Fig 47Fig
6.9 YeEfA} ot LH R LAHFEHE A
202 widmanstatten ferrite®%S e
9 FFHAZ) = JEFo] FS+F ferrite T
o] oA Bainite 2 °] ®olFL & +
At #HolA LHEY LIAFEL FIFH
(HAZ)S vl 23S Yetdon 9o
A dE%e] FLSTE AR HoJUolE =3 9]
@o] &A13 A%< grain boundary ferrite %
acicular ferrite2 FA4E AL /I = AN
=3

4§

]
ug

L

05mm 10mm

L

;
u

<8

Fig 2. Macro structures when laser power is 12kW
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Fig 3. Macro structures when laser power are

8Kw & 12Kw
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Table 3. Tension test results (MPa)

Laser 8Kw Tensile strength | Yield strength
220A ,20V 469.9 3289
300A, 25V 471.6 330.1
380A, 30V 470.4 323.9
Table 4. Impact test results

Base metal 60.8 (J)

Laser 8Kw HAZ (]) Weld metal (J)
220A ,20V 56.2 52.0
300A, 25V 53.1 66.0
380A, 30V 52.1 101.1
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(c) WM of Laser part (d) HAZ of Laser part
Fig 4. Micro structures 8kW & 220A, 20V
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(a) WM of Arc (b)HAZ of Arc

(c) WM of Laser part (d) HAZ of Laser part
Fig 5. Micro structures 8kW & 300A,

(a) WM of Arc (b)HAZ of Arc

(c) WM of Laser part (d) HAZ of Laser part
Fig 6. Micro structures 8kW & 380A, 30V
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Fig 7. Hardness distribution
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Table 5. Maximum hardness (HV)

Upper section | Lower section
(Arc part) (Laser part)
27105 254.9
200.3 206.0
223.8 196.6

Laser 8Kw

220A 20V
3004, 25V
380A, 30V
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