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Weldability of Low Carbon Steel with

Al Coating Condition by Nd:YAG Laser

Jong-Do Kim? - Jung-Han Lee* - Sook—-Hwan Kim#*

Abstract : Laser welding has the advantage

of high welding speed and provides low heat

distortion. Thus, laser welding is a very attractive process for joining thin steel sheet
and surface treated steel sheet. And the major item in market for surface treated steel

sheet is zinc coated steel. However, the
difficult because of its low boiling point

laser welding of zinc coated steel is very
. Compared with zinc, on the other hand,

aluminum has a high boiling point. Thus, laser weldability of aluminized steel is better

than that of zinc coated steel. Moreover

aluminized steel sheet is a material with

excellent heat resistance, thermal reflection and corrosion resistance. The results of
laser weldability of the aluminized steel for the full penetration welding will be
described in this paper. We focused on the investigation of the phenomenons caused by
coating condition and behavior of aluminum in weld.

Key words : Nd:YAG laser(Nd:YAG #l°]#4), Aluminized steel sheet(ZFv =37,
Coating condition(=38271), Laser weldability(#l°]Ad £34), Intermetallic
compound (&4 7HaE)
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Eh3HeES 0.0016~0.003wt% W9 Wl THE
27 2H BaF T Aolsk A7) we] EFx
Aol W £HFY JAH - 22 5L Huts)
e 489 2Ae @ & Ao =IRAFe o
HEFek mals 2024 80g/mie A, AR
#e) sl 35 247t 40g/m?e) GRrlFe] &
FESH 2l A xan

Table 1 Chemical compositions of aluminized steel

Thick A! Chemical compositions(wt%)
(mm) (o) C Si | Mn P S | Fe
80 | 0.002 | 0.000 | 0.110 | 0.0013 | 0.005 | bal.
o4 120 | 0.003 | 0.010 | 0.080 | 0.012 | 0.008 | bal.
80 | 0.0024 | 0.001 | 0.090 | 0.120 | 0.007 | bal.
0.6 120 | 0.002 | 0.000 [ 0.090 | 0.015 | 0.007 | bal.
160 | 0.0016 | 0.002 | 0.080 | 0.012 [ 0.005 | bal.
40 | 0.002 | 0.000 { 0.190 | 0.010 | 0.007 | bal.
12 80 | 0.0026 [ 0.002 | 0.090 | 0.012 | 0.007 | bal.
120 | 0.0026 | 0.002 | 0.090 | 0.012 | 0.007 | bal.
80 | 0.0030 | 0.000 | 0.080 | 0.008 | 0.009 | bal.
= 120 | 0.0025 | 0.002 | 0.080 | 0.009 | 0.006 | bal.
22 MEYH
ARHL Nd:YAG HolAE olfsle dA4R
T, #HEYY 2R FAR 1T glo] 23
A (=004 &H5& A&k 58 £4F
AHFE = #Hold 28 (1.5~2kW)3 &£H&EE
(0.6~6m/min)& 3gslgen, RI7AEE

Ar(15 ¢ /min) 7}~2 A}85t9 )
;(o].

AVNGHS §HRY FHAEE Hohs

7} s ANEE FH - 8 rEEg ey, Fig. 19
AlEHe g4 2 ZAEE Yehdth £8 £34A)
EF5oM SHRE EYHE ¢y AR
g g8 BAAIN T FAREHL AN
RMAALE e SFZ0] GREFO] BT S0
EgHvhe sHdetel ey @A 3 EdE ¢
FoEES 229702 Hrke HO M Fig. 2
o] BARAM vehiE AXE AR U ZH(Wp
FHF (W), stF HMIZZ(Wy) g ZgEn AL
Gl

At wExo oz 3
. FHEAE Fig. 394 Jeldl= 2AdE &4

A#F3ted  ICP(Inductively Coupled
Plasma)3dR 2 AZFEAE AAsHen w7

Fautd A Yl Y ehs R A31A 6=, 2007. 9 / 737
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Fig. 1 Specimens for tensile-shear test
B
A:weld square
B: Al coating square
Fig. 2 Schematic illustration of weld
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Fig. 3 Preparation of ICP specimens
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Fig. 5 Cross-section of fracture
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Thickness of specimen (mm)

Fig. 6 Variation of Wyt with thickness of specimen
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Fig. 7 Variation of tensile-shear strength on Al
content in weld
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Specimen conditions; 0.6mm, 120g/m2
Welding conditions; P=1.5kW, o =2.7m/min

Sample 1

Sample 2
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Fig. 8 Weld cross-section of surface pre-treated

specimens
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Specimen conditions; 0.4mm, 80gm2
Welding conditions; P=1.5kW, » =4m/min

Cross-

section

Results of EDX analyses

fe Element | Wi%

Fe 95.81
Al 3.49
Si 0.70

Position

®

(Kent)
-
®

20 40 60 80 100 120 14.0 160 18.0 20.0 (KeV)

A Element Wi%

Fe 60.51
Al 35.19
Si 4.30

Position

® Tee

(Kent)

20 40 60 80 100 120 140 16.0 180 200 (KeV)

7oA Element | Wi%

4 Fe 31.28
Al 58.22
! Si 10.49

Position
® |
Fe

—Fe Si n

20 40 60 80 100 120 140 160 18.0 200 (KeV)

Fig. 9 Results of EDX analyses(Unit: wt%)
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Specimen conditions; 0.6mm, 160gm2
Welding conditions; P=1.5kW, v =2.7m/min

OLM Fe

[ ——. /.1

Fig. 10 EPMA analysis results showing Al-rich
zone at weld
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Fig. 11 Micro-hardness results of weld and Al-rich
zone
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Condition 0.6mm, 80 g/m2

Position

Cross- peot N L -
section :
¥ 200m

Fig. 12 Measuring positions of weld by TEM

ositions

Position @ | Position ® | Position ©

Analysis

(a)
TEM

image

(b)
Diffraction

pattern

(c) 021 02T oo 371
Key 202 7fo ofo !0 220 %,

diagram 221 240
agra z=[212}

FeoAls FesAl

Fig. 13 TEM image(a), electron diffraction pattern(b)
and its key diagram(c) of aluminized steel weld

9 Fe-AlAl 8408889 n4RE¢e 3
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Table 2 Microhardness of intermetallic compounds in
the Fe-Al system

Hardness Al content (wt%) Micro
Plase  \| phase diogram | _analyse | Pandnessy)
Fe;Al 13.87 14.04 350
FeAl 32.57 33.64 640
FeAl, 49.13 49.32 1,030
FeyAls 54.71 54.92 820
FeAl; 59.18 59.40 990
Fe;Al; 62.93 63.32 1,080
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