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ABSTRACT

Porosity Control in Laser Welding of Galvanized Steel Sheets

Considering Zinc Removal Effect

Kim Hyo Sung

Advisor @ Prof. Bang, Hee-Seon, Ph.D.
Department of Welding and Joining Science
Engineering,

Graduate School of Chosun University

This study focuses on addressing the quality issues related to welding
defects in overlapping zinc-coated steel sheets for automobiles. To achieve
this, the application of the 3-step laser stitch welding process is
emphasized. This method effectively resolves welding defects occurring in
resistance spot welding and offers economic benefits and industrial
feasibility.

The research investigates the welding characteristics by varying process
parameters such as laser output, focal distance, welding speed, and pitch
interval in both single laser stitch welding and 3-step laser stitch
welding. The 3-step laser stitch process consists of three stages, each with
different parameters. The first stage involves an output of 1.6 kW, focal

distance of 20 mm, and welding speed of 20 mm/s. The second stage has an

- VI -



output of 0.8 kW, focal distance of 20 mm, and welding speed of 60 mm/s. The
final stage includes outputs of 2.0 kW, 2.4 kW, and 2.8 kW, focal distances
of 20 mm, 25 mm, and 30 mm, and welding speed of 35 mm/s. The pitch
intervals are set at 20 mm, 40 mm, and 60 mm.

Through visual and non-destructive inspections, the experiments
demonstrate a significant reduction in defects, particularly when using the
3-step laser stitch welding process. The SEM-EDS analysis indicates that the
zinc (Zn) content at the joint interface is 1.78% for single stitch welding
but 0% for 3-pass stitch welding, indicating effective zinc removal when
using the 3-step process.

These findings contribute valuable information for securing high—-quality
welding joints and effectively addressing zinc-coated steel sheet welding

quality issues in the automotive and industrial sectors.
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15t Procedure

Laser beam

Vaporized zinc

/1/11//1//11///1/1/1N
GA Steel 2
Kz

SIS,
T

Key hole

) T IIIIIIIIIIIII

GA Steel

,,111,11[l,’1,11111,111,1111,’,’,,, ST

Zinc coated

Melt pool

3rd Procedure

Laser beam Welding direction

Key hole
srrisissiiiii..

PPy I ITIIIIIIIS

I
1/1,111111,1/1,1,1/’,111’1/111111 s rrrrrrsrsssrsrrssrissrss

Zinc coated Melt pool

Fig. 2.2 clOIN AEIX
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Welding direction
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2nd Procedure

Laser beam

x i“_ Welding direction
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Fig. 3.1 Fiber laser machine(LMSiit2l 3% Laser System)

3.2 Al 22T & AEEANE

2 AP0 A Fig. 3.20i LIEFH HE2E 201 S 1.2, 0.9(mm)2l SGARC340=2 0| 23t
O IOl SlOIME AtZE0tN dIOIEH AEBIX 2= AACACH. E&E AMEH2 st=
A RZECl ME HSH 0182 AN e AIEE X & AIEZLE(KS B 0851)
Ol 245t Fig 3.2 & Table 3.30{l LIEHH 2d0r 201 HIEGHALCH. AIEH &
o 20l 270(mm), = 105(mm), SMH= 1.2(mm)2t 0.9(mm), EtIH A& =
UL AtEE M= JIAHE 420 ststi &2 Table 3.12 Table 3.200 LIEFLHRALCE.

_18_



1 0.9 mm

1.2 mm

105 mm

Fig. 3.2 SGARC 340 cllOIXd AEIXI AlEE &4

Table. 3.1 The chemical composition of SGARC340 (wt%)

Composition C Si Mn P Ti S-AL

SGARC340 0.001 0.048 0.005 0.01 0.43 0.033

Table. 3.2 Mechanical properties of base materials

Mechanical Tensile strength Elongation
i (MPa) Yield strength (MPa) %)
SGARC340 359 198 39

_19_



3.3 dIOINM AEIXI & X=A

diOId AEIX Z2&EA TR2H Xz 2 AR (Angle beam incidence), 2I0IX
), =c

= (Laser power), 28 (Welding speed), 8&2| A& L Z&(Teaching
points), =& H2l(Focusing length)E 1AGHAULE.

B30tAs 284 JtAQ Ot22(Ar)2 0186 SJI1E XHoted 88 Al AtE
= N2 YXNotEE otRil. E30tA R 2 ZFHAXE= ol A"HAM 22 A
3 ZHS M

) g
SPH SEHI 2 E8 SEE=S
CZ dolN & 0E55:S =
Cot EZUHIES 2HE DEGHACE. Ol 20Id &S 2/2.5W2 28& & &
& == (1/2n/min)0ll HE EE SHS DEOIAULH. AU AMEE dOId AEX

212 Table 3.301 LIEFLHRICH

_20_



Table. 3.3 Welding conditions

) 3 pass procedure
conditon 1 pass
1 2 3
== 2.4 1.6 0.8 2.,2.4, 28
(PONer, kW) . . . .y oy .
ZEHe|
(focal lenth, mm) 20 20 20 20, 25, 30
885k % 20 60 %
(Welding speed, mm/s)
HIE 2t Hel (Pitch) 20, 40, 60
83 JIA 10
(Shielding gas, £ /mi)
HIE 20l 2
(Bead length, mm)

_2‘|_
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g

J

3.6 3k

d&Jl= Akashi HM-112 DtOI3Z2 HIA

ARE

Fig. 3.4 Micro vickers hardness tester

Table. 3.4 Micro vickers hardness tester

o 9
H1 - of

.
m

Loading time

Values
Model Akashi HM-112
Type Micro vickers hardness tester
Load 0.5 kgf
10 sec
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3.6.1 A& 0|3 (SEM)

SUS00 SEMZ HITACHI2l High-TechOilAl HMZot=s g XS 01E

ot g &= 220l Jt=soti, tE OI0IX &5 £ =2

UL, =2 It BYS MESIH MLel xS Lot 2EE

et 0101 222 M6t et 82 =90l 88 Jtsottt
EBSDS €2 15 =4 JIssS Moo & 7d & 2F FXE =48
Ch. MHEX &gtEel QIHHOIAE HFH AIE0l €10 &5HQ
Jtsotil etth. Chet EO0k0IA S5, JHE, S& 2l S0l 2

SEM ZdIOICH.

il
I

\

Fig. 3.6 HITACHI ()2l SUSO00 S=AREXFEOIZ(SEM)
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3.7 glity A

3.7.1 BAIEEN ZA

BtARSE EF AIE2 Dandong Huarimt XXG-300501E2 AlEot2O,
170-300(kv) / 5mA, =& A2+ 16, H-AIEH = AH2l 500mm, =< 1.0
X| 3l

Z £Fot0 BAE HHGHALH.

=23

.0

.
~4

[0 10

T P

)
|

| T net o

‘ |

a
XXG-3005
““n.!‘l!--_!‘?lﬁlﬂ

Fig. 3.7 Dandong Huarimt XXG-3005 ZfAtA& E1F AlE &H|
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3.7.2 HAEEEA AA
da HE B ZAM= KS B 0816 =M 2AAHGHH EFME AMESHM AZHO0
2 ZAGI0 1522 AES & ChAl MEMZ AZH 0| 2AHA OI2E 2 M
=, 156222 &8 = EII AMEoIYU2H ofJl HEE JIE2Z AE ot AT
Table 3.5 &t FE & A AIE &Y

Horgrd KS B 0816

2 = = 0 (= 8 & M

E NPP2 NPR1-3 NPD4

" 8 Brush Hand wipe Spray

ZE A2 152 N/A 158
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3.8 EN 1S0(13919-1) &

SZHES0 HE zEFQ 2HIAHS ZHGHI| <o ZHIHOI CHSt Bead On Plate
(BOP) &2 =&AHelol et AAIGHRLD, AXs 82 2 ZEUIDF 2 =3
£ JIECE £ =FHCE HatAIA 88 JdotAL. SEBE =0 HE dl0l
N 88822 228 S42 8882 28 EOF #2(EN 1S0 13191-1) 0l 2IHBH0 DIAIZE
g S22 GIIoIR2H, 8IS BIF S42 4JtXI(Reinforcement, Under cut, Back
bead, Continuity of bead width)2 =235l 45tH =2 HIISIH L.

Table 3.6 dIOIM SR &g Elt JI&E

Imperfection Limits for imperfections for quality levels

designation

Modeater (D)

Intermediate (C)

Stringent (B)

h<05t or 5 mm,
Whichever is the

smaller

h<04 t or 3 mm,

Whichever is the

smaller

h<03 t or 2 mm,
Whichever is the

smaller

Prosity and

gas pores

The following conditions and limits for imper.
fections shall be fulfilled:

a) Maximum dimension 1(I;, I, or h) for single pore.
b) Maximum dimension of the summation of the projected area

of the imperfections.

Projection is in a direction parallel to the surface and
perpendicular to the weld axis. It relates to an area t multiplied
by weld length, where weld length is the actual length of the

weld or 100 mm, whichever is the smaller
:

)

B
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4.2

Ok

M
&
=2
=]
r

HIE SA

4.2.1 &= AEIX vs. 3&AH AEIX BIE S4

DEUA0 02 2 Y D0 SAS DESD| s 1S0 13919-1 720 2 HE!
=R

o =25 inforcement), Ol H|E(Back bead) ¥ AHHA
(Undercut), S&E o SHOo=2= gz dEst 230l U= HIEZ(Bead
width), 22320 &2 (Heat Affected Zone) & &8 22t &

|(Penetration), 24
2= & HH(Interface) ¥ JIB(Porosity) S8 FHEOZ NE GIRUCEH
2 o370 E85= 3¢ dIoId AEIX 888 1, 2

ASM, ofA ZI| BiE A 1, 26 3&9 TR & L ¢l S48 1
SCH. Table 4.32t 20 1A 2HH SEF 2 0

Zi(Undercut) ¥ JI3(Porosity)2 ZE&X LUCH. 22HH 22& A

JHetol et Y2010 1.377mm, & A

219mmZ SItot U CE.

e n

Qo

o

U
&oe

Ch= 01 AEIXI ™Al O BJ| IS0 AE6HH SIX 220t HIE EHUAM D
=(Porosity) & A= (Undercut)Ol ZA4&r. Table 4.4%2F ’*OI OotA BII2 QI5tH
di0lM ol &=01 LAGHA 20t II=(Keyhole) EH0| =S H=I6H0 LME Aoz
At ECH

2oL #2A(EN IS0 13191-1)01 20{5t0d Z& 24 2, & AEIX
HHOAM 2F2E J1Z22 A)l= & 0.9m2 S& S= B level Ol o &Y.
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Table 4.3 8 HHE ESHF 22 & HH ALA
= HH HE ol HIE cHo
B AL Weld Mot
1 =
AL LAY “'ﬁll. Metal
.’ :
2
Table 4.4 S8 20 GE SEF 22 & HH ALY
gd
H9 HIE Ol HIE &
o=
AEIX
SEH|
AEIX
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Table 4.501 LIEHHH Bi2t Z0[, =3 2.4kN, =8 A2l 20mmel == 20X

AEIX SE0A bl

i
<+

ol

o0

Ul

Rr

o

00
or

o0
fal

0
xJ
Ju
3

o

o0
s

xr
I

ok

-

_xa
£l

o0

Pit =

Bead appearance

Bead
No.

-/
@0
PR
. pMMMp
#
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4.2.2 32 dOlM AEIXI 88 HE &4

Table 4.62 BUS [ 20| SO0 M2+ SHEDHN ASEQON, DS Al LA
Tl OI{240| LAGIRICH EBH, UH0| ZIISIH ANEEE U 2212017 SIS
Ct.
Table 4.6 ZEJ2| 20 mm X210 20| (1= 2L Q2 L i AKX
=2
== oo HC ol®l HIE chp
(kW]
Metal
)
LA AL Wild Metal -
2.4
0.8 ;
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Table 4.701 LIEFY HEQF 2t0] =& H2| 20mm, =2 2.4kW L ==H2| 20mm,
=2 2.8k XAOA HIS Q2 TIF Al J|20| LGN LUACH LS5 HIE
QTS BEFIUOLL, TH 24 Al (0| ZEEQACH 0= =EHel 20mmol
AN S22 4N, 2.8kNDF DY FTHAS L & YO, AEOZ Adu0l 2
A8t ZAHQ EZE2l 25mm, =2 2.8KWOI Al IOl LIEHH HIQF 20| %58t 2
=22 58590

Table 4.7 X2l 25 mm X210 S0 (12 AL QA L CHo ALK

=

=" e = olet HIE CHo

(kW]
BAM HAZ Wi

2 4 -
[ [&1] HAZ

2.4
A HLAZ

2.8
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Table 4.801 LIEFWH HFQF 2001 =& M2l 30mm L =21 2k, 2.4kN X2AO0IA b
C QI I Al JIZ2 Y A0l M X LUSLE, 018 HISI EALX
OIUCH =2 Ok EAC F, oo TWIL Al GENX 220 ©X YAOH,
=2 24N EAHO Y ATO| 2SN SHE AR HHH 2ags Sy 0/E
SO Sz HBUUCH. 0l A Al Qs A0 =25 2K %S
HOoOZ AREICY.
Table 4.8 E&H2| 30 mn X212 S0 (12 2EEL AT L S AL
=
=" e = olet HIE CHo
(kW]
2 Unweld
BAM (WA A
2.4 P
s S
2.8
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