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The Weldability of 6mn' Primer-coated Steel for Shipbuilding Using CO, Laser (II)
- Dynamic Behavior of Laser Welding Phenomenon and Composition of Porosity and Vaporized-particle -
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Abstract

It has been reported that good quality weld beads are not easily obtained during the CO, CW laser
welding of primer coated plate. However, by introducing a small gap clearance in the lap position, the
zinc vapor can escape through it and sound weld beads can be acquired. Therefore, this study examines
for keyhole behavior by observing the laser-induced plasma and investigates the relation between keyhole
behavior and formation of weld defect.

Laser-induced plasma has accompanied with the vaporizing pressure of zinc ejecting from keyhole to
surface of primer coated plate. This dynamic behavior of plasma was very unstable and this instability was
closely related to the unstable motion of keyhole during laser welding.

As a result of observing the composition of porosity, much of Zn element was found from inner surface
of porosity. But Zn was not found from the dimple structure fractured at the weld metal. By analyzing of
vaporizing element in laser welding, a component ratio of Zn was decreased by introducing a small gap
clearance. Therefore we can prove that the major cause of porosity is the vaporization of primer in lap position.

Mechanism of porosity-formation is that the primer vaporized from the lap position accelerates dynamic
behavior of the key hole and the bubble separated from the key hole is trapped in the solidification
boundary and remaines as porosity.

*Corresponding author : jdkim@hhu.ac.kr (Received March 7, 2006)

Key Words : CO, Laser welding, Primer-coated steel, Laser induced plasma, Porosity, Keyhole, Gap clearance

TZEHE ZolAE o] & vk M| &4 Tx2Re
1. M = AZE st e FAolty. a2y, AT

of dlolq o) A mPPRel ke we S1a18)

Az 2B QAL AFBHe ATD TRA o] solE 2 V1T B9 we SRS WYAR,

o Juel A§% PEstn govl, Av F odes  m9 AR ¥ 499 S99 $UFA Aol B
VIS 2 Sk DA B Aol A & cfelgel U

2 Rzkgel Wek Feel FAs el g% §9 B AFME 2HE Zelolnl 9739 (primer

e
&=
S
ﬁf
DI

2
&

244 %255, 20064 41 179



792 AZz=-vrdF
coated-steel) AH362] COqglolx &HAl 7] &
Z‘D]- g‘l 71%‘ %:‘-O/] %@%%QI EH:_]_' j_y_é_vij_;__ %%ﬂ]’ ZH B—— High speed ///
o - - amera v
g3t BAd ofgle] 2ol AR HEG 7153} 7] FL Y e
2 29 PSS FEgoRA R4 B i &
WA ok Atk S AAsk Al skt 7] Laser
%j/]_ _|<_>r_7] = _;_z‘u],o ﬂ%% EZHE.J-?LH %_g——g]__“:__-_ 2“;}- beam camera controler
Feae FAASS Wen slome, §7] FRz | AT ) ¢ e g "
vt Afe] td $HATE §HTE S5
v YA Zejolnle] AFEAG W A
o8 4 gtk ma of BAAIE FEARA = Computer
W 9 7139 BA AZd A3 A=A} AA Sk Fig. 1 Schematic experimental setup for obser-
Zaloln]e] AZd U3t w7 ES =45k vation of laser-induced plasma and spatter
¥ APARE AHoR §HANE BAHE In- _
process®] 7]9EA2l0] & 4= 91 Aol Goldt 4271 84 (Lap welding)2elH Add=
AHeta, $HFERS A gusied wEFH 713Ul
2. Aleidhe HE SEMOR &gt &3 71g #9 5 AAdE
9 EDXEX= Bdlol 7|32 olFe 78 e
21 20| 77| Z2f=0et AQjE{e| HITEE zAlekth w3 SRz wet FUEEE ¥y

Aol 83 F A Hole] WL 7] FA=h o qwaog agn
29 E9] ASS uEe Fgel o8 7irsls e o =
anton, e, 14 5 A% Aage sane e L TER BUE JMGeR 2 § 2y =
o) B ogEal ol . . e e gFrlE FEd A6061E ARSI o,
BRI & A &% 25 RIS Disital  gag aelq w zxddln 43 w8 gstel £
color CCD sensor’s scanning types 83kl ) Mo Pod 288 ke TS
on, #Hu #FYEEE 10,000 FPS, 4 shutter
time= 50501 23 X-M FI} HMAIAHS 0|28 J|E &
dlojA 843l ASAY Ame 40°% sto] 7] HMoiMo| 1 AHZ
Fetznke] B4 AFd A EFH Hikske 29iH
(spatter, E8UAN Y A®S BAlol &I dolA &4 & Al ddEe 7158 71T
o] FATE XA T3 Gzl o) gate] #F
22 Zzjo|of ZmelZuof chet s A A  slen, 3 AR EALEE Fig. 24 HEpAIH
ZsHY EM o] AlGAI2ElE X-A# ou|x] FZ7|(1.] 5 Image
Intensifier), ¥3H2x], CCD HY Q. &% 7}
zejolw IR oA A 7189 Bl wjg A|2E 2 AF@H o]FHo|E HEow A
Laser beam ||,
CCD camera

ﬁﬁﬁﬁﬁﬁﬁﬁﬁ - - e e e e e e ey

1X—ray shielding ;
! Chamber 29 image
mmmmmn = -~ | intensifier

N.C.Work table 1y image intensifier High speed video cameral
(Fluorescent screen) 1

Fig. 2 Schematic arrangement of X-ray transmission imaging system for observation of keyhole
and porosity in laser welding
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Fig. 3 High speed photographs of laser-induced plasma and spatter in bead welding
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Lap welding: P=6kW, v=1m/min, fa=-2,
tor(pm) = S(30) + L(60), Ge(mm)=0, He(152¢/min)
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Fig. 5 SEM Photos and EDX analyses of porosity
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