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A study on Tensile properties and HAZ softening according
to change Heat input in MIG Welding of Al6082-T6

Kyung-Do, Park

Department of Shipbuilding Systems Management Engineering,
Graduate School, Pukyong National University

Abstract

Al6082-T6 is widely used because of its corrosion resistance and excellent
strength. HAZ ‘softening is occurred in MIG welding" process for aluminium
alloys because it was heated to higher temperature than its aging temperature
during welding. Therefore low heat input ‘and minimum standard deviation of
heat input is required for narrow HAZ width and, for higher strength of
welds. But, there are not enough study for these relations. In this study,
Al6082-T6 was used to examination for HAZ softening with various heat input
in aluminium MIG welding. For weldments, micro hardness was measured and
tensile test was carried out. Consequently, we could-assess the HAZ softening
and tensile properties. according to heat! input quantitatively. Minimum
hardness was increased at high-speed welding such as 80CPM and 120CPM in
welding speed comparing with 40CPM. Also, in case of high speed welding
such as 80CPM and 120CPM, tensile strength of weldments was increased
about 10% comparing with low speed welding(40CPM).

Key Words: Aluminum alloy, Al6082-T6, MIG Welding, Butt welding, Heat
input, HAZ softening, Tensile properties, Heat affected zone
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Table 2.1 System of Al alloy
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Table 2.2 Symbol of type of heat treatment
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Table 2.3 Classification of symbol T
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2.3 MIG €3
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Table 2.4 The classification of transfer of moten metal (ITW)
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Fig. 2.3 Various type of metal transfer in GMAW

Fig. 24 Arc phenomena and transfer of droplet at projected transfer
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2.3.3 Pulse MIG £ 3
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Fig. 2.6 Schematic of Short circuit and Arc reignition spatter
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2.4 Al 6082-T6

Al 6082-T6= Al-Si-Mg7} A (Table 25011, T62] dAzlx &4 3}
AYF JATAEE A7 WHolth. &Fvlw F5 Al6082-To= ol
AEol EfH o Ad=odMes I Hold g WA 53 7
=2 A3ty S gFxES A g I (Helideck), EFY 734 o](Tower

=

gangway), &F7]5 I8 F(Aluminium fitting)s o] A FT2ET] FAE
(Flatform), &5 v | Tl(Aluminium ladder)s¢ A¥RF, 21&, 7]AF
Z RoldlA A MAAer gy ALH7) M&ﬂ%ﬂ.PMGR

Moreira® 52 7o we=w MIGEHA Yitdos AMgHm Qe
Al6061-T6ol BI3] ~Al6082-T6:= 1 HAZZEZE7F & 13%7}%F =tix
vebstth whebA A= s Ed drbRopel] S A &Ha e
217 o] t}(Figi2.8, Table2.7)#Table 2.6°1% Al6082-T62] L' 7712 A4
= e i,

Table 2.5 Main chemical composition of the 6082 aluminium alloys (wt%)

Alloy Si Mg Mn Fe Cr

6082 1.05 0.80 0.680 0.260 0.010

Table 2.6 Monotonic mechanical properties of the T6 heat treated 6082

aluminium alloys

Aluminium alloy 6082
Tensile strength, oyrs (MPa) 330
Yield strength, oys (MPa) 307
Elongation, & (%) 9
Young's modulus, E (GPa) 70
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Fig. 2.8'Micro hardness profiles of the MIG welded
Al6061-T6 and Al6082-T6 specimens.

Table 2.7 Material properties for welded specimens,

data acquired in tensile tests

Yield strength Tensile strength ours
oys (MPa) (MPa)
MIG 6082-T6 176.8 210.0
MIG 6061-T6 156.3 221.2
FSW 6082-T6 140.5 226.1
FSW 6061-T6 158.7 241.5
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Fig, 2.9 Schematic of mechanics behavior for Al6082-T6
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2.6 Al MIGE A A9 HAZAZAA
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Fig. 210 Method of artificial heattreatment for Al6082-T6
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Fig. 3.1 Welding machine Fig. 3.2 Welding robot
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Fig. 33 A decision method of the pulse waveform for perfect

spray transfer with 1pulse 1drop
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Fig. 34 A decision parameter-of the pulse waveform for

perfect-spray transfer with 1pulse 1drop

One pulse /one dropolﬁlﬂgl U Aaz wE g, Tese XFTHA
aEa B2 F719 2583 Al 7EAE ARRSE T

e A tg VIEe GEFHRrEE 1201, Trs® EZTHAE 0.1ms
ol3f, 2 79| xFHAIE 04mse|et= skt

Table 39+ One pulse one drop2] & 2= go] o) =1 HEE
A AA - =20ES YERUTH

Table 3.1 Experimental condition

Power source Inverter MIG
Base metal Al6082-T6
Shield gas Ar 100%, 20¢/min

Setting current 250A Pulse

CTWD 15mm

Welding method Bead on plate

Pulse Energy Min -5 ~ Max +5
Comparative Arc Length Min -30 = Max +30
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Fig. 35 Current and voltage waveforms by adjusting comparative arc
length after setting Pulse energy (250A, Short circuit ratio 10%)
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Fig. 3.8 Standard deviation of Tps to pulse energy
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Fig. 3.99]= One pulse one drop°]3d] T+ HZ dUyA] =
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Fig. 3.9 Current and voltage waveforms to pulse energy below short
circuit ratio 0.03%. (pulse energy:#4, comparative arc length :2)
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Fig, 310 Output Voltage to pulse energy
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42 43 Asg £ Py
421 23 A8

B Ade Zol 70mm x &*F 60mmx F7 7mm<e Al 6082-T6%} @
1.2mm Al 5356 wire (ER5356)€ AH&3lR L, Inverter MIGE&7F 7|9} 65
Gud 84 228 AHEsel SEsa,

422 AJAHH

nARAE 238 AP FAA 2mme o] F4. 2eloz Ry 2ij
742 02mmr A2 2P oW dFFHS 100gfATh v AZF
TFE A FRG1AA ZAZA] #F ST
Table 412 VA A= &7 AFHAZLS 95 &4
2k o

Z8 YeEh Ao
SHEEE 40, 80, 120CPML.E2 H7As o] JL S W7

it

B

Table 4.1 Experimental condition

Powersource Inverter MIG
Base "metal Al 6082-T6
Shield gas Ar 100%, 20¢/min

Setting current 250A Pulse

Welding method [-Groove, Butt joint
CTWD 15mm
Welding speed 40, 80, 120 CPM
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Fig. 41 Schematic of specimen butt welding
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Fig. 4.2 Relationship between welding speed and heat input
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Fig. 4.30]
Jery o,

Fig. 4.3 Distribution of micro vickers hardness at various welding speed
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Table 4.1 - Experimental condition

Power-source Inverter MIG
Base metal Al 6082-T6
Shield gas Ar 100%, 20¢/min

Setting current 250A Pulse

Welding method [-Groove, Butt joint
CTWD 15mm
Welding speed 40, 80, 120 CPM
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Fig. 5.10= A d= A% A=A FH e 4= YR

(@) Top view

(b) Front view for A to B

Fig. 5.1 Tensile specimens with transverse weld line
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(b) 80CPM(479.3]/mm)

(c) 120CPM(319.6]/mm)
Fig. 5.3 Specimens after tensile test
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