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Advisor : Prof. Bang, Han—-sur, Ph.D.
Department of Naval Architecture and
Ocean Engineering,

Graduate School of Chosun University

Recently from the automatic industry is caused by with continued ratio
improvement and, CO, environmental regulation and demand of crash safety
reinforcement etc. from the world wide automobile advanced various nations
leads a continued these rules and celebration of the environmental
characteristic automobile development which hits the high performance and
the research and development for a body lightweight and is in parallel and
productivity improvement technical etc. is research and development
continuously.

weight lightening of car contribute to reduce emitting harmful gas.
Nonferrous metal is applied in various industry. But many problems occure
aspect of cost, weldability and strength. Laser welding complement
drawback of spot welding and has lots of advantages like high bond
strength, few deformation. technical development that is applied by laser
welding is progressing favorably to retain the safety of car.

Spot welding make indentations after welding and Flange depend on
electrode diameter. Also it's hard to apply complicated parts. Laser welding
produce good quality products and productivity is high than spot welding but
first cost of installation is high. Therefore laser stitch welding is applied to
complement fault of spot welding and laser stitch welding. it already applied
in Europe of car and applications will be increased in the world gradually.

In this study, 3types Galvanized sheet iron(Typel: 1.4t SGARC 440/2.0t
SGARC 440, Type2: 1.4t SGAFC 590/2.0t SGARC 440, Type3: 1.4t
SGARC 440/1.4t SGAFC 590) Nd: YAG Laser Welded Lap Joint by Laser

_\/I_
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Stitch Welding Weldability study results, the following conclusions could be
drawn. The optimum conditions for laser stitch welded joints of SGARC440
and SGAFC590 is laser power of 2kW, welding speed of 4m/min shieding
gas of 15¢/min, focal length of +1mm. The shear stength of laser stitch
welded joints about 19.91KN, 20.84KN, 16.55KN, and the welding defect
standard(EN 1SO13191-1) for quality levels is Stringent(B). Looking at the
distribution of hardness with excellence and laser welding of Galvanized
sheet iron effect of hardness of the substrate during the process of the
heterogenous characteristics make of them showing a width of the weld
metal hardness values. it is that almost seems to have similar characteristics.

- VIl -
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Table 2.1 application of laser welding for korean automobile manufacturers

HE dIoIX

4kw
Nd:Yag

6kw  Co,

LAVITA
TUSCANI

GRANDEUR XG

SONATA
SANTAFE

Ok
I+

00
Rr

Door side line

tail gate

S CH- D10t

=3
1o

2.4 A2 MHESHE

-t

El

&l

=~
J

O

FH(Hot Rolled Coil)& &tal=2

g
[t

nO

0l

H(Cold Rolled Steel)

o1 2 T

Nl e

A
(=]

J
o)
o

Kk

ol
100

Ju
ul

-~
Y

2 &7

=
=

2 0tAH(Zn) 352 =0ILt

ioF

RO
Ao
J
i
K

ol

9]

VR

&l
=i

0l

10

oJ

=Y

oL

AS HIR

, BRAOE NS A

S0l Ecl M0l

=]

11

Collection @ chosun



EHOICH. Fig 2.62 A8 HMESES UEHH Z40ICH
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Fig. 2.6 Manufacturing process of cold rolled sheet
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Fig. 2.7 characteristic of Galvanized steel and Galvannealed steel
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2 329 YoM 28 ol == AAES MAS Fig. 110 LIEILHASH,
AMEE Nd:YAG EFJIQ B3 Fs&8=2 3KwWe! Od*m(Contmuous Wave: CW)
Ol dIOId m&E2 1.06um, diOIME=2 ZF0l 600umoll & =& el
(Focal Length) 223mm<2l Z&AEE AISoIRULCH. 2 AMAEOS IHEOI AILS
Table 3.12+ 2Ct.

Table 3.1 Specification of laser welding equipment

Manufacture model Trumpf laser HL3006D
Type Nd:YAG lamp pumped
Max output 4,000W
Laser power 3,000W
Beam quality 25
Laser beam cable (micrometers) 600
— 14 -
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Fig. 3.1 CW Nd:YAG laser welding equipment

3.2 AliE 73

2 H0A Table 3.201 LIEWHHIRE 201 SMH 1.4, 2.0(mm)2 SGARC440%t
1.4(mm)2l SGAFC590 22 0I25t0f 3582 AXIJIRAEZS Nd:YAG dO0IKNE 0]
Zot: dIOId AEIXIEEES AAIGIRICH 8 AgEHE s34 H7Z0 HeEsd
0129 MCHAIEO CHEH AIE® X2 & AIEYH(KS B 0851)01 214501 Fig 3.2
2 Table 3.301 LIEHH 24Dt 20| HMESHACH AIE®E &A M2 20 120(mm),
Z 40(mm), SHE 1.4 £= 2(mm), T 22 Z2 35mmI oFACH AI2E XY

2O JIHA d&E ststE 2 Table 3.4%2 Table 3.501 LIEHLHRACE.
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Table 3.2 Type of welding specimen

Type 1 1.4t SGARC440 / 1.4t SGAFC590
Type 2 1.4t SGARC440 / 2.0t SGARC440
Type 3 1.4 tSGAFC590 / 2.0t SGARC440

Table 3.3 Demension of specimen

) Overlaped )
Standard Width(B) Distance of clamp(A)
length(W)
KS B 0851 40 35 95
(A)
J / , \ ,
A /’I // "l / ,/' SGARC440
+ + '[
|( IIIIIIIIIIIIIIIIIIIIIIIIII n g
(W)

Fig. 3.2 Schematic diagram of specimen

Table 3.4 Mechanical properties of material used

Material Y.S TS Elongation (%)
(N/mm?2) (N/mm?2) . °
SGARC440 321 447 38
SGAFC590 449 668 26
—_ 16 —_
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Table 3.5 Chemical composition of material used

, Chemical Composition(Wt%)
Material
C Si Mn P S S—-AL
SGAFC590 0.0802 0.201 1.922 0.02 0.004 0.026
(1) SGAFC590 Chemical composition
Chemical Composition(Wt%)
Material
© Si Mn P S Sol-Al
690 23 1.317 23 5 53
SGARC440 Cr Ni B Cu N
300 1 1 1 38

(2) SGARC440 Chemical composition

3.3 diOINd AEIXI BEXA

dioId AEIX 28A =223 X2 A2 (Angle beam incidence), 201X
Z2(Laser power), S8 XS (Welding speed), &2 A& % Z&(Teaching
points), Z& Hel(Focusing length)E 1ot Lt

A= SEH J1AQ Ol22(AnNS 0l8d SIIE XH6tH & Al AL
= = | 2

pa— = o
ot EsitA R& 2 XX = HEBIZEA S

A 0
Q'j
4%
(W

E -
B
2
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I
lo
00
0
gl
ry
o
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e
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o
o
o
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C=2 dI0IN & 0IES5TE BHtAIAHA FIDIE
Ol clIoIM =
JEGHALE

QF SEHIEL ZHE DEIIULCH
=C(1/2m/min)0l 2 ¢
2 Table 3.60 LIEY

50
[w

==}
=
A

=

ol

A Al

= dIiolM

.

=
=
| S

=

Table 3.6 Welding parameters for laser stitch welding

Ol &3 (kw) 2, 2.5
=& Hel (mm) +1
&S (m/min) 1.0, 1.5, 2.0
SBSItA (¢/min) Argon 15
HIS20l (mm) 12, 16, 20

Fig. 3.3 Experimental setup for laser stitch welding
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3.4 HEHAIE

SHIMAZUAF EHF-EG200KN-40L

0l ZotRULt.

Fig. 3.4 Process of shear test
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TJl= Akashi HM-112 DI0I32 &2 BIHAEEZ AlEIIS AISoI™U2H, 5386
50ng, Ol=AlIZ2t 10sectdHe2 EHEF HHO EESo=z 0.6mm 2tE3e=z 2%
B AMEI E AIED| EtS LIEtH

=Xl Fig 3.5 2 Table 3.72 HIHA
OlCH.

Fig. 3.5 Micro vickers hardness tester
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Table 3.7 Micro vickers hardness tester

Values

Akashi HM-112

Micro vickers hardness tester

0.5kgf

10sec

Model

Type

Load
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(2) Optical Microscope 2

Fig. 3.6 Optical Microscope
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3.7 EN 1SO(13919-1) =&

22XBs0

2dHE dOoIN E2EHRQ ?I5tH, Table 3.82] Welding
defect standard (EN ISO 13919-1) for electron beam and laser welding0®l 2l
Hold HIES S48 4JIXl(Reinforcement, Back bead, Undercut, Continuity of
bead width)2 F &6t =& A (LS, =22, I )= HIIGHALL

B Sd= &2l

Table 3.8 Welding defect standard for electron beam and laser welding
(EN 1SO 13919-1)

Imperfection

Limits for imperfections for quality levels

designation Moderate(D) Intermediate(C) Stringent(B)
h=<0.15t or h<0.1t or h=<0.05t or
imm, 0.5mm, 0.5mm,
Undercut ) . ) . . .
Whichever is Whichever is Whichever is
the smaller the smaller the smaller
h<
h<0.2mm+0.3t | h<0.2mm+0.2t
0.2mm+0.15t
Excess weld or 5mm, or 5mm,
or bmm,

penetration

Whichever is

Whichever is

metal Whichever is Whichever is ) )

Whichever is
the smaller the smaller
the smaller
h<
h<0.2mm+0.3t | h=<0.2mm+0.2t
) 0.2mm+0.15t
Excessive or 5mm, or 5mm,
or bmm,

Whichever is

filled groove

Whichever is
the smaller

Whichever is
the smaller

the smaller the smaller
the smaller
h<0.3t or h<0.2t or h<0.1t or
Incompletely Tmm, 0.5mm, 0.5mm,

Whichever is
the smaller

Collection @ chosun
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Welding Power
speed (KW) Bead appearance Back bead Cross section
(m/min)
1 ‘O 2 ‘ . | -
2.0 2 | l -
(1) Typel: 1.4t SGAFC590 / 1.4t SGARC440
Welding Power
speed (KW) Bead appearance Back bead Cross section
(m/min)
1.0 2.5
1 ‘5 2.5 i -
2.0 2'5 - -

(2) Type2: 1.4t SGARC440 / 2.0t SGARC440
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Welding Power
speed (KW) Bead appearance Back bead Cross section
(m/min)

1.0 2.5

1.5 2.5

2.0 2.5

(3) Type3: 2.0t SGARC440 / 1.4t SGAFC590

Fig. 4.1 Bead appearance and cross section of laser stitch welded joints
for various welding speeds and power

4.2 dHAlE 21t

1) Fig 4.2= BN &&= HEst 2 (Reinforcement, Undercut, Continuity
of bead width) ¥ JI& OotEE HIEE UEHWHsE ZT2AHHA, HI=20/(12mm,
16mm, 20mm)0l (8 2L QI&E-MHAUT EH42 LIEIH 210/CH.

2) JENAN S&E HEE XA =, EHET Im/mindtoll HEdts =26t
of 282 AAlGtACH O Z3 HIEZ0l 20mmOolA 3 Typell 1.4t SGARC 440 /
2.0t SGARC 440, 1.4t SGAFC 590 / 2.0t SGARC 440 % 1.4t SGARC 440 /
1.4t SGAFC 590 25 =) MHotE 19.91kN, 20.84KN, 16.55KN2| gt= &€=
= AACH

3) Fig 4.32 Jt&E =2 A&E-dc2AE s LEHH= HIEZ 0l 20mmoil CHSH |
ol E8 £ HdEGH| o, EEEE 1~2m/min S0l HE AUE-HEHAE

)Collection @ chosun



A2 DEGIALCH AF-JHLE SHS H4HEH, Typel: 1.4t SGARC 440 /

2.0t SGARC 4402 zl1 MHotE=2 EE5S Tm/minllA 19.91kNS
-

1, Type2 @ 1.4t SGAFC 590 / 2.0t SGARC 4409 z1 MHot=2 8=
Tm/minOilAl 20.84kNS LIEFHLHRAS M, Typed : 1.4t SGARC 440 / 1.4t SGAFC

5909 %1 MHGIEE B2HEE 1m/min0lAd 16.55KNS LIEHILCE.

4) AEH-FHHUAE Al IEH2 EHEE Im/minllld= Fig 4.401 LIEHHEIRE 201 &
BR0HA HEDLIHO| ZMIIADL EEEE 1.5~2m/minliMde 22 FF2=2 0]
EZSR0A HHIIEO| LAMBHALCEH
|—e— Bead Length 12mm
® Bead Length 16mm
25 | ®m Bead Length 20mm
20+
— 154 /
=
£
8 10+
i
5_
0 T T T 1
0.0 0.5 1.0 1.5 2.0

Stroke (mm)

(1) Typel: SGARC440 1.4t / SGAFC590 1.4t
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—a»— Bead Length 12mm
®  Bead Length 16mm

25 - ®  Bead Length 20mm
20
— 151
=
X
=]
g 10 1
4
5
O T T T 1
0.0 0.5 1.0 1.5 2.0
Stroke (mm)
(2) Type2: SGARC440 2.0t / SGARC440 1.4t
—&— Bead Length 12mm|
—&— Bead Length 16mm
25 4 —M— Bead Length 20mm|
20+
— 154
=
X
o
S 10 4
|
5
0 T T T 1
0.0 0.5 1.0 1.5 2.0

Stroke (mm)

(3) Type3: SGARC440 2.0t / SGAFC590 1.4t
Fig. 4.2 Tensile—shear test result of laser stitch welded joints with
bead length
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254

204

Load (KN)

—&— 1.0m/min
® 1.5m/min
& 2.0m/min|

7

10
0.0

r .
0.5 1.0 1.5 2.0
Stroke (mm)

(1) Typel: SGARC440 1.4t / SGAFC590 1.4t

254

204

Load (KN)

—&— 1.0m/min
® 1.5m/min
& 2.0m/min|

g

10
0.0

r . .
0.5 1.0 1.5 2.0
Stroke (mm)

(2) Type2: SGARC440 2.0t / SGARC440 1.4t
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—— 1.0m/min
®  1.5m/min

25+ ® - 2.0m/min

20 4
=
X
o
3
— 154

10 T v T y T g 1

0.0 0.5 1.0 1.5 20

Stroke (mm)

(3) Type3: SGARC440 2.0t / SGAFC590 1.4t
Fig. 4.3 Tensile—shear test result of laser stitch welded joints with
welding speed

SGAFC590
1.4t

k

SGARCM0 §°  SGARCM0 %  SGARCHO
14 7 20t

(1) Welding speed 1m/min
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SGAFC590 SGARC440
1.4t 1.4t

SGARC440 SGARC440 SGARC440
1.4t 2.0t 2.0t

(2) Welding speed 1.5m~2m/min
Fig. 4.4 Fractured specimen after tensile—shear test

43 OIMZER S8 2 IS=F 2

4.3.1 OIMIZ=A 2F 21t

Fig 4.5, 46 & 472 2 90 digots OIMEAES 2Ese A2, 2SR
=ttt 2XME dluote 2Y, 88Fs SUXA2 S 4% ol Ot
SHAMOIE ZX2=2 0|F0HM UASS & & = ULt 289eR= 22 2
&= OIZEAMO0IE XZXO0I0, 20l ot =X0I £UgsS € = UCH JdelLt
Type 2/Type 32 2.0t SGARC440 ZSSRUANE 2EE2 XU 401 JCt

A 3A LHEFLEXT B2 QUCH
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20pm
4

(1) Type 1: SGARC440 1.4t / SGAFC590 1.4t 2XH

o 20pm
Y Efeh——

20pm

fE S ALO|E

(38) Type 1: SGARC440 1.4t / SGAFC590 1.4t E8%

Fig. 4.5 Optical microstructures of laser stitch welded joints : center of
fusion zone, HAZ, base metal for Type 1
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20pum
]

(1) Type 2: SGARC440 1.4t / SGARC440 2t 2

20p

OF2EIAFO| E ——

(38) Type 2: SGARC440 1.4t / SGARC440 2t E8%

Fig. 4.6 Optical microstructures of laser stitch welded joints : center of
fusion zone, HAZ, base metal for Type 2
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20pm
—_

(1) Type 3: SGAFC590 1.4t / SGARC440 2t 2

(2) Type 3: SGAFC590 1.4t / SGARC440 2t € H&=

20p

20pm m
O} 2EIALO| E — O 2EIAO|E ——

(3) Type 3: SGAFC590 1.4t / SGARC440 2t E8%

Fig. 4.7 Optical microstructures of laser stitch welded joints : center of
fusion zone, HAZ, base metal for Type 3
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—{>—top plate:SGAFC590 1.4t

240 —O— bottom plate:SGARC440 1.4t
40 -

220 -

Hardness (Hv)

SGAFC590 1.4t

SGARC440 1.4t

Distance (mm)

(1) Type 1 : SGAFC590 1.4t / SGARC440 1.4t

—{— top plate:SGARC440 1.4t

—O— bottom plate:SGARC440 2t
240 - ' '
220
2001
180 -
160 -
140 -
120
100
80 -
60 -
40 - SGARC440 2t

Hardness (Hv)

SGARC440 1.4t

Distance (mm)

(2) Type 2 : SGARC440 1.4t / SGARC440 2.0t
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> top plate:SGAFC590 1.4t

—0O— bottom plate: SGARC440 2t

240 -
220
200 4
180 g
160 g
140 g
120
100—
80 e
60 4 - SGAFC590 1.4t

Hardness (Hv)

40 P SGARC440 2t
20 '

Distance (mm)

(38) Type 3 : SGAFC590 1.4t / SGARC440 2.0t

Fig. 4.8 Hardness profiles of cross section of laser stitch welded joints

4.4 EN ISO(13919-1) ¥ HIE

Jm

=

0

ot

EN - ISO 13919-1 R0l 2Hot0 & Z& (Undercut, Excess weld metal,
Excessive peretration) SHOHAM ZAIE AAIS 20, 224 =& A2 +1(mm),
B3SItA Ar 15(¢/min), EEXS 1m/min0ilA JtE HES S (Reinforcement,
Undercut, Continuity of bead width) & JI& ot& = HIEE LIEIHWHMH, & 20

=3 =
48t BISSAS EN ISO 13919-19) 3JbXI ZEOIA +F 1620 = “of
2 YS'ol £FO2 WITE AME SHEE P & UYL
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Imperfection

ISO 6520
reference

Remark

Stringent
(Quality B)

h<0.05t or 0.5mm,

Undercut SOt whichever is the
5012
smaller
h<0.2mm + 0.15t
Excess 502 or bmm, whichever
weld metal is the smaller
(0.175mm)
h<0.2mm + 0.15t
Excessive 504 or 5mm, whichever
penetration is the smaller
(0.256mm)
h<0.1t or 0.5mm,
Incompletely 511 Whichever is the

filled groove

smaller
(0.175mm)

Fig. 4.9 Welding defect standard for electron beam and laser welding
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H b5 & 2

= Y70Md=E 3KW CW Nd:YAG dIiOIME 0lE8 3 Typel OtAT=2Zot
(Typel: 1.4t SGARC 440/2.0t SGARC 440, Type2: 1.4t SGAFC 590/2.0t
SGARC 440, Type3: 1.4t SGARC 440/1.4t SGAFC 590) dIOIM AEIXI SE=L2
JIAHA, S35sH8 Sd= 8t otRlh

3KW CW Nd:YAG cllOIME 0lZ&t 3 Type2l SGARC440 / SGAFC590 dlOIX

3
AEIX EEE2 JIHR, 358 Sd2 Ush €0

1) 28xA 2&FAH2 +1(mm), ESItA Ar 15(¢/min), E2E3S 1m/min0lA Jt
& MEsH 22 (Reinforcement, Undercut, Continuity of bead width) & J& ot
e HEE LEUD, 820 s HESAHS EN ISO 13919-12 3JHXl & &
HA =& 1SH0 HEEle “2¢S579 +F22 Hilte HNE SIRE 2
= AU

2) 2% 1m/min Z20AM HIEZO0l HHstil OE UE-FHAIE 2t
20mmOilAd Typel: 1.4t SGARC 440 / 2.0t SGARC 4400iMd= =
19.91kN2 gtS 2 RAD, Type2: 1.4t SGAFC 590 / 2.0t SGARC 4400Md= =ICH
HHoE 20.84KNS g2 2 /A2M, Typel: 1.4t SGARC 440 / 1.4t SGAFC 590
A= =00 dHotE 16.55KN2 gt= 2ACH HIEZ0l 20mm & EE£L
Tm/min 8% AFIHAEE=E 25 KS B 08510M 2+ct=s BIPIES &5

ot AL

-
> g
ol
Qj
o

3) YTRLE AHBH M IE AS SCUOIMM 2E B & UACH T8 8
8% U FYSRHAH CLY 2T DIZEHA0IE XS 2 & AO0H, LY
Gk BER2 JISA TSI IBos 22 BEY £ AUSH o= HOIH
SO WE YLEET MR W22 WEHECH
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