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ABSTRACT

A Study on Weldability of Aluminum Alloy and Hot Dip
Galvanized Steel by AC Pulse MIG Brazing

Choi Sol

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

Graduate School of Chosun University

Recent |y, greenhouse gas emissions in the transport sector in the global
industrial sector are 25%, and automobile fuel efficiency regulations are
being tightened to restrain greenhouse gas emissions through strengthening
environmental regulations. With the development of automobile products and
the development of production technology, many technologies are being
developed for improvement of fuel efficiency and reduction in weight for

reducing CO2 emission gas.

The focus of the development of light-weighting technology for the existing
body has been research and development as a substitute concept of aluminum
and super high tensile steel. Therefore, it is not a single material
development for securing productivity and stability and maximization of |ight

weight, but the need for application of various metal materials, increase in

_V_
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moldability and material price due to acceleration of multi-materialization,
and research and development for solving the problem of dissimilar material

bonding .

The aluminum alloy material has a specific gravity of 1/3 as compared with
steel, and has the advantages of moldability and corrosion resistance, and
the utilization thereof is increasing. In addition, the application of the
material of the hot-dip galvanized steel sheet to improve the corrosion
resistance of the steel is increasingly applied to automobiles. However, it
is difficult to expect good welding results due to the formation of
intermetal lic compound (IMC) which is formed at the interface between
dissimilar materials using fusion welding between ferrous and non-ferrous

materials.

In this study, the weld-brazing characteristics of Al 6061-T6 and hot-dip
galvanized steel lap joint welding were analyzed according to welding current

and EN Ratio using AC pulse MIG welding.

The wire used in the AC pulse MIG welding was Alcotec ER 4047 wire with a
diameter of 1.2 mm. The material Al 6061-T6 (thickness 2 mm) and hot-dip
galvanized steel sheet (thickness 2 mm) used in this study were stacked with
Al 6061-T6 and the lower plate was overlapped with Gl steel 20 mm and AC
pulse MIG welding. the process variables, the welding currents were changed
to 50A, 60A, and 70A, and the EN ratios were 0%, 10%, and 20%. Neck thickness,
Leg length. Joint interface length was measured. SEM-EDS analysis was also
conducted to measure the amount of Al-Fe-S| intermetallic compound at the

interface between Al 6061-T6 and the hot-dip galvanized steel sheet.

_VI_
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As a result, as the EN ratio increased, the amount of metal deposition
increased, and the neck thickness, joint interface length and leg length
tended to increase. As the current increased, the root porosity increased due
to the increase of heat input. At welding current 60A and EN ratio 20%, the
thickness of intermetallic compound was the thinest at 2.41 um. As the EN
ratio increases, the melting amount of the filler increases, but the
intermetal lic compound growth is inhibited because the heat input at the
brazing interface of Gl Steel is reduced. The intermetallic compound formed a
mixed layer of Fe — Al - Si system. The optimum condition was the maximum
tensile — shear load of 7.9kN when the welding current was 60A and En ratio

was 20%.
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1.1 Characteristics and Classification of Aluminum Al loy
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Front Side

Fiish (Top) Coafing -------------
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Chemical Pretreatment -
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.............

Fig. 1.7 Coating Process of Galvanized Steel Sheet

Table. 1.2 Characteristics and Classification of Galvanized Steel
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O Al 6061-T6, Gl Steel2 && 0l E&

na

O Al 6061-T6, Gl Steel2 && 0l &

O Al 6061-T6, Gl Steel && 0I5 SEF0UHA S& HF2 EN Ratiol &et

[ o
Ol CHold R & 28 &2

Fig. 2.1 Flow Chart of Thesis
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Table. 2.1 The Chemical Composition in Al 6061-T6 (Wt%)

Composition )
. Si Fe Cu Mn Mg Cr n Al
Material
0.4 0.15 0.04
Al 6061-T6 0.7 0.15 | 0.1 0.25 | Bal.
~0.8 ~0.4 ~0.35

Table. 2.2 The Mechanical Properties in Al 6061-T6

Mechanical properties
erier el Yield strength Tensile strength )
Elongation (%)
(MPa) (MPa)
Al
276 310 12
6061-T6

Table. 2.3 The Chemical Composition in Galvanized Steel (Wt%)

omposition

Material

C Si

Mn P

S Sol-Al

Fe

Gl Steel

0.012 | 0.01

0.15 | 0.015

0.007

0.032 | Bal.

Table. 2.4 The Mechanical Properties in Galvanized Steel

Mechanical properties

LS U8 Yield strength Tensile strength :
Elongation (%)
(WP2) (iFe)
Gl Steel 164 294 >

Collection @ chosun
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Table. 2.5 The Chemical Composition in ER 4047 Aluminium Wire (Wt%)

Composition )
. Si Fe Cu Mn Mg n Be Al
Material
11.0~ 0.000
ER 4047 0.8 0.3 1 0.15 ] 0.1 0.2 Bal.
13.0 3

Table. 2.6 The Mechanical Properties in ER 4047 Aluminium Wire

Mechanical properties
erier el Yield strength Tensile strength )
Elongation (%)
(MPa) (MPa)
ER 5356 131 268 17
P 100mm
|\
Al6061-T6
20mm
2mm

100mm

Fig. 2.2 Schematic of Lap Jointed Al 6061-T6 to Galvanized Steel
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2.2.2 &8 &HI

= HF0A A EE AC EA MIG EEJI= Fig. 2.300 LEtH 2= Daiheniit 2

o

DW300 AC ZA MIG E&EIIE ALZGIRULCEH. DW3008 =2 AtE2
= =3

30~300A, = =3 MY 12~-35VE AIE0tH, 3 AE&2 =0 80%0IC.

E50 AMEEH Z2X2 Fig. 2.3001 UEtH 2= 0TCit2l FD-V6S AtEoHRULH.
FO-V62 =& AtZ=2 =l d& JtEt ot= 6kg2

=HU2AES 65 2XR0IUH.

Fig. 2.3 AC pulse MIG Welding Machine and 6 Axis Welding Robot
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Gl Steel

Al 6061-Té

2mm

Fig. 2.4 Schematic of Lap Joint Wire Position

Table. 2.7 Al 6061-T6 / Gl Steel Lap Joint Welding Experiment Condition

Welding process AC Pulse MIG
Type of joint Lap joint
Over lapping length (mm) 20
Electrode type ER 4047
Electrode diameter (mm) 1.2
Travel speed (cm/min) 50
Torch angle (deg.) 10 / 10
Gap (mm) 0
Shielding gas Ar100%
Shielding gas flow rate (L/min) 18
Contact tip to work distance (mm) 15

EN Ratio(%) 0, 10, 20
Current (A) 50, 60, 70

Collection @ chosun

_30_




Al 6061-T62t ESR0IHE==22 & 0I5 E& Al EN & 22 0%, 10%, 15%=
Sot, 28 MF= 50A, 60A, 70A, el olol @& =M (Neck thickness),

N
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AotJl ?Iot SEM-EDS A& XHGHACH. SEM-EDS 4= Hitachimtll S-4800
Scanning Electron Microscope(SEM),
E0IA20, OIE Fig. 2.50 LIEFLHALCS.

i
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Energy Dispersive Spectroscopy(EDS

ot 2HEEE HC o6t1), & 0F2E(Hot mounting) & OIAMEHOH
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Table. 2.8 Keller ‘s Etching Reagent

Solutions Values(mé)
pure water (Hx0) 50
Hydrochloric acid(HCI) 15
Nitric acid(HNOs) 15
Hydrof luoric acid(HF) 10

Collection @ chosun

—1
L'
i)

£

Fig. 2.5 OM and SEM

_32_

4

1




Universal Testing MachineOICt. AI&® 20| 180mm, = 30mm, =&

T oI UF-HHAIE == 2mm/min2 =2 +HGIUCH. AF-FCHA|
s

N= Al 6061-Te2t E&0
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—
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TR

A HY QIFAIH HEl
gYY
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6.9[661
Gl Steel Gl Steel

200mm

Fig. 2.6 Schematic of Tensile-Shear Test Specimen
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Fig. 2.7 Universal Testing Machine
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Table. 3.1 Bead Appearance of Welded Surface

Electrode negative ratio(%)
Current

(A)

0% 10% 20%

50 T

—
T

s % e o : :
60 5. kg B R e AT o s I ¥4 4 : B 1

70
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Table. 3.2 Cross Section of Welds

Current

Electrode Negative Ratio(%)

(A)

50

60
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Joint Interface Lengath

Fig. 3.1 Schematic of Joint Interface Length

Table. 3.3 The Joint Interface Length, Neck Thickness and Leg Length According
to Welding Conditions

Current

(A)
EN Ratio

(%)

Throat
thickness 4.78 5.32 5.6 5.56 6.26 6.85 6.13 6.68 7.10

(mm)

50 60 70

0 10 20 0 10 20 0 10 20

Joint
inter face
7.60 7.80 7.80 9.22 9.48 9.99 11.00 11.34 11.48
length

(mm)

Leg
length 2.70 | 2.80 | 2.9 2.0 2.18 2.2 1.9 1.95 2.5
(mm)
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3.1.3 SEM/EDS =4
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Of SME =ZoIUCE. Fig. 3.20l 200022 ® 2 SEM AIXIS LIEIWRAULCH. 2F

H=JF 65A EN Ratio 0%2 XZ20NM= =H2ete=2 I5MN= 4.96um, EN
Ratio 10%L212 4.69um, EN Ratio 202U A= 2.41mIt SEHE|RULCEH.

2= XUUAN sH2detg=z F=EHe 52 FHOE & 2 ~ 4m0] €4 EHYUL
04, EN Ratiodt SIt&0l Met H&(brittle)TQ SH24seE S &0 A
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M= 60A, EN ratio 0% M= B0A, EN ratio 10%
v IMC BZ5N : 496 v IMC BZSH - 4602
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Fig. 3.2 Thickness of Intermetallic Compound by EN Ratio
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30pm ' Electron Image 1
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Fig. 3.3 EDS Line Analysis of Intermetallic Compound

MEZ G0A, EN ratio 20% Spectrum 3

1 = = a
ull Scale 574 ots Cursor. 0.000

Element Weight% Alomic%
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Fig. 3.4 EDS Spot Analysis of Intermetallic Compound
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79 8 E=3 EN ratio 0%
[ i MM EN ratio 10%

T 7.6 84
(T e B EN ratio 20%
50/0 50/10 50/20 60/0 60/10 60/20 70/0 70/10 70/20
Current(A) / EN ratio(%) Current(A) / EN ratio(%)
Fig. 3.6 A Graph of Shear-Tensile Test Results
Table. 3.4 A Result of Shear-Tensile Test
Current
50 60 70
(A)
EN Ratio
) 0 10 20 0 10 20 0 10 20
Shear—
tensile
6.9 7.6 7.7 6.7 7.6 7.9 5 6.5 8.0
strength
(kN)
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