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ABSTRACT

Evaluation of Weldability in MAG and LASER
for SGAPH440

Kim Jong Hee

Advisor : Prof. Bang, Hee—-Seon, Ph.D.
Department of Welding and

Joining Science Engineering,

Graduate School of Chosun University

Lower—-Arm is one of the critical components in automotive
suspension module. It plays an important role on the effect of
absorbing and relaxing the vibration and also it influences in wheel
alignment.

Generally the production of Lower—-Arm is used MAG welding after
fixing the component with jig system. The tails—end process is needed
due to the foundational problems in the welding process such as
spatters and weld defects in porosities and weld shapes. These
problems increase working hours and production expenses.

Therefore, the purpose of this study is to verify the effects on
welding process of MAG and LASER welding and analyze the
weldability.

Lap—joint fillet was applied to weld two 2mm thick Galvannealed Steel
sheets (SGAPH440) which has been used in actual Lower—Arm.

The mechanical and metallurgical properties were considered to
evaluate each step of the welding process. Two solid wires with
differently chemical composition rate of 0.19% and 0.22% of Silicon(Si)
and Manganese(Mn) were used in MAG welding. In this case, more

spatters were observed from the solid wire containing more Mn and Si.

— \/| —
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The weldability was evaluated in terms of Bead. There is no lack of
penetration, fairly fine porosity and good penetration were observed in
all conditions. However, there were more spatters in KC solid wire than
MC solid wire.

Welded joints quality was evaluated according to ISO 5817(Undercut,

Porosity, Lack of penetration, Excessive throat thickness) and ISO
13919-1(Porosity, Lack of fusion, Deviation from specified joint axis).
The result for estimate welded joints could be obtained quality level for
stringent(B) in MAG and LASER.

The highest tensile—shear strength of the MAG welded joints was
18.1kN and LASER welded joints was 16.7kN. The highest hardness
values were proved that 230.3Hv in MAG and 293.5HV in LASER.
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1.3 Problems of Lower—Arm in MAG Welding
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Table. 2.1 Chemical Compositions and Mechanical Properties in
(a)Base metal, (b)MC solid wire and (c)KC solid wire

Chemical Compositions (wt%) of SGAPH440

C Si Mn P S Sol-Al

0.0791 0.01 1.227 0.01 0.003 0.031

Mechanical Properties of SGAPH440

Yield stress (MPa)| Elongation (%) | Tensile stress (MPa) Hardness(HV)

362.8 33 471.7 172

Chemical Compositions of MC(%)

C Si Mn P S
0.08 0.48 0.98 0.014 0.012
Mechanical Properties of MC
Yield stress (MPa) Elongation (%) Tensile stress (MPa)
450 30 540

Chemical Compositions of KC(%)

C Si Mn P S
0.07 0.67 1.20 0.015 0.011
Mechanical Properties of KC
Yield stress (MPa) Elongation (%) Tensile stress (MPa)
440 30 540
~ 15 -
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2.2.1 MAG & =&

MAG E8° ESH3E FR2 B2 d7, 88, E85%, 284, EIE A,
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Table. 2.2 Welding parameters of MAG

Welding parameter Values
Current (A) 160-190
Voltage(V) 20

Welding speed
g sp 50-70
(cm/min)
Shielding Gas Ar 7~9:CO2 3~1
(£/min) (20)
Teaching distance(mm) 0.5-1.5
CTWD(mm) 15
Torch Angle 45°
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MAG E&2 &Al
et KC &c2l& 240101

Ct.

=
S

=2
=

g x2

[

HE Table. 2.301 UEFWHALCE. MC £clE 20104
O0IZ5t O 129tX MAG E&

Table. 2.3 Experiment chart of MAG welding

Number |  Current(A) Welding S.Deed Teaching distance
(cm/min) (mm)
‘ 50 1
2 160 60 :
S 70 0.5
4 50 1.5
5 170 60 :
0 70 0.5
! 50 1.5
8 180 60 :
9 70 1
10 50 1.5
11 190 60 .
12 70 1.5
g -
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2.2.2 LASER & =&

|0

& o, MY, E85L, BSItA, 2&
s2 HHEGIUCE Table. 2.400 LIEHY Bt 201 &2 2kW &8 20V 85%
Im/min, £37tA Ar, R 150/ming &8 =222 HEGIH AE0HAL
LASER &2 S JIXl Yoz Xdoid=0d MAG E8U 22 0ISEH2ZA
&St Single line(Case-1)Z211 0Ot2d SBHE LTE &AIII <o
Double line(Case-2) 22122 EHE AAOIH F JIXl Lo SHHS HlW-H

Jt otALCH.

Table. 2.4 Welding parameters of LASER

Welding parameter Values
Power(kW) 2
Voltage(V) 20

Welding speed 1
(m/min)
Angle 20°

_20_
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b &Y

2.3 E&8=& =

0=

d 24

MAG E& EZELS DEDH| <Idh ISO 5817(8EZ
of FE+F)[22]01 2ANGHH ZAE HIES Sd&S 30HA 2F(HEA, JI3,
YEE)L A =F(ORUS, US, 235)22 BIIGHACH

Table. 2.5 ISO 5817 Quality levels

=13

=]
=
S

Imperfection
designation

Limits for imperfections for quality levels

Moderate(D) Intermediate(C) Stringent(B)
Short imperfections:Short imperfections: )
Undercut Not permitted
h=<0.2t h=<0.1t
. d=<0.4a, d=<0.3a, d=<0.2a,
Porosity

but max. 4mm

but max. 3mm

but max. 2mm

Excessive throat
thickness

Unlimited

h=1mm+0.2a,
but max. 4mm

h=<1mm+0.2a,
but max. 3mm

Collection @ chosun
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MAG 81t sZs &

28t YACZ LASER E& X220 g &8RS ESHES 1
Z3tJ1 foi 1ISO 13919-1(8&E-& X ¥ LASERY E&O0IS

Oier XIE)[23]01 2AAGH 3ItAI 2:& 1 3EHH ==

Table. 2.6 I1ISO 13919-1 Quality levels

e e e Limits for imperfections for quality levels
HEEIZmEEn Moderate(D) Intermediate(C) Stringent(B)
h<0.5t or bmm, h=<0.4t or 3mm, h<0.3t or 2mm,
Porosity whichever is the whichever is the whichever is the
smaller smaller smaller
h<0.15s or 1mm,

Lack of fusion whichever is the

not permitted not permitted

smaller
Deviation from | h<0.15s or 1Tmm,

specified joint whichever is the
axis

h<0.1s or 0.5mm, |h=<0.05s or 0.3mm,

whichever is the whichever is the

smaller

smaller smaller

_22_
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2.3.2 ¢l

MAG 2t

eIy ANEEE2

cross—head =
1 Ot A L.

cC =
T
2 &4

{Z/Collection @ chosun

-8

LASER
ShinGangAt SGA-E-100AD J|HA =
KS 730 2/Hot 2+0l0i

ANE
SR QF-MHATE ZEIIoHI| ol Fig. 2.601 LIEHH
CIHEAIE EXIE ASoIRULH

SN

OS2 IHFOIRUCE A
C2 KS #A(KS B 0801 13-B)0ll 21245t04 0.0833mm/sec

|3—|_/.:
s /|

Fig. 2.6 Tensile—shear test equipment
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2.3.3 & AlE

MAG E&F1 LASER EER2 & =F2 Fig. 2.701 LIEFH AkashiAte

[«

HM-112 BIAA & AEJIE AtEoHCH 013 &= 500, 136° CHOIOt

Z=C IletllE YXE AMESHRULE

d =& X242 Table. 2,700 LIEFH B2t 20l dtS 0.2
10secz 1&GIH AIZoIRULE. MAG EE2 S8R 4FHHCZLRH 1Tmm fAl
ol 28R SUUHAN =B&S2Z 0.3mm 2HALCH 0IABEE SEot¥ 1) LASER
282 282 S d45= SE2 1406 MAG 882 ZE=E 98l ¢
el Hlga oz =HGHRUCH

Values
Model Akashi HM-112
Type Vickers hardness tester
Load 0.2kof
Loading time 10sec

Fig. 2.7 Hardness test equipment  Table. 2.7 Hardness testing condition

_24_
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2.3.4 OlMIz=% &2Z

Ed= EJtotJl ?AoH Fig. 2.80 LIEtHH st 0|

2t 2HY SO 2EEN EHMS B
jc‘;‘(ODtical Microscope)S 0|26t MACRO 2 MICRO XZEZAIE & AlGHLCE.

HE0HM SHSE MFotH ZAH(nitric acid) 4miI2t HIEHS(Methanol) 96mIS

S5HAIZ2I LHOIE(Nital) 4% 2HS 0|26 2 2HYE 2 EE 4~-5x2t & =l

Fig. 2.8 Opical microscope
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Table. 3.1 High speed photography for shielding gas compositions

Ratio of
shielding Arc stability Transfer mode
gas

Ar 7:
CO; 3

Ar 8:
CO,; 2

Ar 9:
CO, 1

_28_
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Table. 3.2 Bead profiles of welds for shielding gas compositions

Ratio of
shielding Bead characteristics Cross section
gas

Ar 7:
CO, 3 |

CO; 2

Ar 9:
CO, 1

_29_
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3.1.2 ISO =H+#Z0 WmE

1) MC-50A £c2lE2010
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Table. 3.3 Bead profiles of welds in MC solid wire

Number Bead characteristics
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Table. 3.4 Bead and cross section profiles of welds in MC solid wire

Cross section

Bead characteristics

Number
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MC Z2lE 2A0IHE 0188 MAG EERS ZZZ2 ISO = AU Mol H
Jtet Z0E Table. 3.50 LIEHLH LY.

ISO 58170 2/ H& EOF 20, 2 ZT2H0U A UndercutO] 2MaHX 20t [B]IS
10l Al BlowholeOILt Wormhole &2 JI3% Z445HK
. 8 RE ZAHUAM Lack of penetrationOl 2245t
Bt Excessive throat thickness &JI0IMd = 180A
Nz 2l [D]S=28 20 160A, 170A =240 A
t. 160A 60cm/min, 170A 60cm/min Z=210i

v
nio
fo
HT
ol
39
J
0
rn
re
|'\J

fo
o
_O'j
9
0 =

ol
8
>

=2 U qo
o
Jon

o

o

pal
o
40 o Jio
HT
4%
O

il

[T
0

N
P
il
Jo
0
@
oin
il
<2
%

0
_O'j
rr
Ay
1
o
=
00
il
&
0o
m°
0x
o
i

Table. 3.5 ISO 5817 Quality levels for imperfections(MC)

Welding

- 160A 60cm/min 170A 60cm/min 180A 60cm/min
condition

Cross section

[B] (8] (8]

Undercut
none none none
. [B] [B] [B]
Porosity
none none none
Lack of (B] [B] (B]
penetration none none none
Excessive (B] (B] (D]
throat h:0.78mm h:1.13mm h:1.56mm
thickness a:2.0mm a:2.11mm a:2.19mm
— 33 —
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Table. 3.6 Bead profiles of KC solid wire

Number Bead characteristics

10

11

12 . . e gl .. e et oy 0 M 5%

g e
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Table. 3.7 Bead and cross section profiles of welds in KC solid wire

Cross section

Bead characteristics

Number
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KC £cl&E 20l E 0188 MAG EEF2 SE= ISO XM A0 2154 &ot

o

Z 1S Table. 3.80 LIEFLHALE.

ISO 581701 218 &It 2, MC &2IE 2A0/0Het H&EHXNE 2= Z2A0A

UndercutO] Z25tX 220t [B]lS=22 EE6IPD 2E ZAH0UHAM J18, Lack

of

penetration ZMGIX L0t [BIS3YUS =OCIGHICH oFXISH Excessive throat

thickness EJLOI A= 170A 60cm/min, 180A 60cm/min ZH0AM [ClE=S
AN 160A 60cm/min ZAHUACH SUGHH [BIS=S &EoIRL KC £el&
ole =20 8 x&A X HOF st=20M 25 [BIS3S

L2 = ISO 5817 47
> o

S
£ 160A 60cm/min =20| Jt& 2Set A= =CIoHALH

Table. 3.8 ISO 5817 Quality levels for imperfections(KC)

(o]

—

ot

A
=

Welding

- 160A 60cm/min 170A 60cm/min 180A 60cm/min
condition

Cross section

Undercut
none none none
. [B] [B] [B]
Porosity
none none none
Lack of (B] [B] (B]
penetration none none none
Excessive (B] [C] [C]
throat h:1.13mm h:1.40mm h:1.34mm
thickness a:1.66mm a:1.91mm a:2.21mm
— 37 —
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— 2(160~170A)
— 5(170~180A)
—— 8(180~190A)

~

Load (kN)

0 I 10 ' 20 . 30
Stroke (mm)

Fig. 3.1 Load-Stroke curve of MAG welding(MC)

Fig. 3.2 Fractured specimen after tensile—shear test(MC)
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Fig. 3.3 Load-Stroke curve of MAG welding(KC)

Fig. 3.4 Fractured specimen after tensile—shear test(KC)
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Fig. 3.5 Hardness distributions of MAG welds(MC)
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Fig. 3.6 Hardness distributions of MAG welds(KC)
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3.1.5 OlMIZ=%& EIt

Fig. 3.701 UtEHH Ofch M OE=2 MC

=2E 201 TAHUHMN gt
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20l dHiol 226l /[N 0 20 2MEL SIS B0 HEIF 2F 18~26%
Ol ASHE Hez THEC EHs20le 220 dloh =&l A =M
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Fig. 3.7 Micro structures in different locations of MAG welds
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Table. 3.9 Bead and cross section profiles of welds in LASER welding

Cross section

Bead characteristics
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& A 8= 0I28 LASER E8F2 SE= ISO I MAAM 2o EHotet

[

Z 1S Table. 3.1001 LIEHLHRACEH.

ISO 13919-10f &/ Hst WO 20, & XAH 25 DJ|20| 2MEHA &0t [B]IS2
S sS55I 1D 2 X2H0M Lack of fusionOl ZAMBIX| €0t [BlsS=22S ol

SRACH 1SO 13919-1 3ItAl EIt &§=30AM & =

Table. 3.10 ISO 13919-1 Quality levels for imperfections(KC)

Welding condition Single line Double line

Cross section

Porosity
none none
B B
Lack of fusion (8] (8]
none none
B B
Deviation from (8] (8]
e e s \ h=0.3 h=0.27
specified joint axis
s=0.86 s=0.64
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Fig. 3.8 Load-Stroke curve of LASER welding
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Double line

Fig. 3.9 Fractured specimen after tensile—shear test(LASER)
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