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The Weldability of 6mm’ Primer-coated Steel for Shipbuilding by CO, Laser(1)
- Effects of Primer Coating Condition and Gap Clearance -
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**Graduate School, Korea Maritime University, Busan 606-791, Korea

Abstract

Recently the application of laser welding technology has been considered to shipbuilding structure. However, when
this technology is applied to primer coated steel, good quality weld beads are not easily obtained. Because the
primer-coated layer caused the spatter, humping bead and porosity which are main part of the welding defect attributed
to the powerful vaporizing pressure of zinc. So we performed experiment with objectives of understanding spatter and
porosity formation mechanism and producing sound weld beads in 6mmt primer coated steels by a CO; CW laser. The
effects of welding parameters;, defocused distance, welding speed, coated thickness and coated position; were
investigated in the bead shape and penetration depth on bead and lap welding. Alternative idea was suggested to
suspend the welding defect by giving a reasonable gap clearance for primer coated thickness.

The zinc of primer has a boiling point that is lower than melting point of steel. Zinc vapor builds up at the
interface between the two sheets and this tends to deteriorate the quality of the weld by ejecting weld material from
lap position or leaving porosity. Significant effects of primer coated position was lap side rather than surface.
Therefore introducing a small gap clearance in the lap position, the zinc vapor could escape through it and sound
weld beads can be acquired. In conclusion, formation and suspension mechanism of the welding defects was suggested
by controling the factors.

* Corresponding author : jdkim@mail.hhu.ac.kr (Received May 16, 2005)
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Table 1 Chemical compositions of primer-coated steels

Element .
- C Si Mn P S Fe
Material
AH3
(6me) 0.16 | 0.40 | 1.44 | 0.023|0.005! bal.

KEEHREET $23% B39, 20054 67

Table 2 Physical properties of Fe and Zn

ggg:;;f}t Density | Melting|Boiling|  Thermal | Reflectivity
(k /mz}), point | point conductivity (%)

Eloment || ® | (® |J/(m-KI473K)| R(1.06m]
Fe 7,870 | 1.808 | 3.027 61.74 65
7n 7130 | 692 | 1,176 105 49

2t} Znel ¥)H (boiling point)©] Fe2l &% (melting
point) Bt} @& RS & 4 s, ol B4 A
olZ Qlste] ATfE|Y 7]Fe] folatAl AAHE ZoR
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1 laser beam

2 Focusing mirror

3 Shielding gas

4 Gas delivery nozzle
5 Workpiece

6 Vapor channel

7 Welding seam

8 Plasma

9 Deflection mirror

9

(a) CO: laser

7

TJig

Fig. 1 COg laser and schematic illustration of jig

Insert sheet

(b) Jig
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Bead welding : P=6kW, v=3m/min, £,.(m) =0, He(15 ¢ /min)
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- Bead width
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thlckness

Bead width, W,(mm)
Penetration depth , D,(mm)

-8 -6 -4-2 0 2 4 6 8 10 12 14
Defocused distance, f3(mm)
Fig. 2 Penetration depth and front bead width as
function of defocused distance
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3.2.1 Hl= £ (Bead welding)
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Bead welding: P=6kW, =-2, He(15¢/min)
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(a) Transverse section of bead

Bead welding : P=6kW £=2, He(15 £ /min)
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Front bead width--
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(b) Variation of penetration depth
Fig. 3 Penetration depth and bead width as function
of weld speed and primer coated thickness
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Lap welding: P=6kW, fi=-2, G.(mm)=0, He(15 ¢ /min)
foe (1m) No coated S(15) +L(30) 5(30) +L(60)
v, . Trans./longi. section of bead|Trans./longi. section of bead| Trans./longi. section of bead
(m/min and bead appare. and bead appare. and bead appare.
1.0
1.5
Base metal +S0)
<+L(x)
Base metal
25 ma | X° Primer-coated
thickness (i)

Fig. 4 Variation of bead shape by weld speed and primer coated thickness
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Fig. 5 Example of porosity formation in lap position
(A of Fig.4)

REEHREE $£23% B35, 20054 6H

72 E}OIUH 9] 71930l 1212 2
£ ez AE

2tojol FEX I FEFAO E
&

Aglel ER(S), AA $AWL), 293 "EE
4 74 FREH A e Sl 299

g 15meM 30mz Z7HIAE Tl
@e3L 71 gt 2fEe] Byl ste] o)
£ AWEEE dESGT Fig 6& Zeols] 289
A g 7ol Be Yo, S D vl=od ARE
UET glew, 713 2 sdfed 2gwA ug
Yoz @ Edskn ok 713 299
W E(P)E Hl=e] FuwdN S8R B 7]
Aol v gols, sue WARE HL(S,)E §
Aol tfsjed 2B Q8] S48 wAe wg 3
st

A3 2L 2959 Y= A% 15me] =9
ZRAHE B9 humping) Wl Yo Bgkent
30mE THFAE L AT A% ooiE S
s Tge) 73 PPHEs} s, W mﬁ_
()% 2R e ALlE BYUA 2 Aol
Zol 4 glgith 2eht Ague 3 w =5
o FE(s+L)e] ZRE Aol
A% 2siHe] €% @gu et 63@5491@1 30mz
2YTAE F7H SR olE Wgel HeE A
¢ 5 T o AnErE,
ool $83&o] #9517 Aol

e ouNE Frdl dRE o] Foz Fdse
WA, g3 99 Zeolmt §eEsoR AW &

e}

o, (B ol X o

2

291



80

oY
ofy
r_w
N

=

Lap welding: P=6kW, v=1m/min, fi=-2. G.=0, He(15#/min)

Coated
ke 15 30
Cuated - -
position
ESead Porosity area
Surface rate, P. (%)
S) Spattered area
rate, S, %
Lap E
(L) // ////
Surface Fi
and
e N /////// _
(S+L) / . J
] 0 30 2 10 00 a —
Trans./longi. section of bead Trans./longi. section of bead
and Bead appear. Porosity and spattered-area rate, % and Bead appear.

Fig. 6 Effect of primer-coated position and thickness on weld-defect formation
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Lap Welding; P=6kW, v=1m/min, £,=2, He(15 £ /min)
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Fig. 7 Porosity area rate by gap clearance in primer

coated steels
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Lap Welding; P=6kW, v=1m/min, =2, He(15 ¢ /min)
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Spatter area rate by gap clearance in primer
coated steels
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Lap welding: P=6kW, v=1m/min, fi=-2, He(15¢/min) Lap welding: P=6kW, v=1m/min, £=-2, He(15/4/min)
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(@) tor(pm) =S(15) +L(30) (b) tpr(m)=S(30)+L(60)
Fig. 9 Effect of gap clearance and coated condition in lap welding on primer coated steels
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Fig. 10 Formation mechanism of weld defects by Zn and gap-effect in lap welding on primer coated steels
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