Check for
updates

ISSN 2466-2232 (Print)
ISSN 2466-2100 (Online)

Mg-6.7 wt.% &FulF 59 GMA 2 GTA €3 EAYr}

Weldability Evaluation of GMAW and GTAW for Al-6.7 wt.% Mg Alloy

Tachoon Kang***, Jiyoung Yu*, Young-Min Kim*, Insung Hwang***, Seung Hwan Lee**,
and Dong-Yoon Kim*»**.¥

*Korean Institute of Industrial Technology, Advanced Joining & Additive Manufacturing R&D Department,
Incheon, 21999, Korea
**Hanyang University, Department of Mechanical Convergence Engineering, Seoul, 04763, Korea

tCorresponding author: kimdy@kitech.re.kr
(Received September 9, 2021; Revised October 6, 2021; Accepted October 19, 2021)

Abstract

In this study, the arc weldability of an aluminum alloy was investigated based on its Mg content. The base materi-
als used in the experiments were aluminum with a Mg content of 6.7 wt.% (referred as Al-6Mg) and commercial
Al15083-0. The weldability of two types of fusion welding methods was evaluated: gas metal arc welding (GMAW)
and gas tungsten arc welding (GTAW). The tensile strength, hardness, alloy composition, and microstructure proper-
ties of the welds of two types of the aluminum alloys were compared. The tensile strength values of the GMAW and
GTAW welds of Al-6Mg were 20% and 10% higher than those of A15083-0, respectively. The weld hardness of the
GMAW and GTAW welds of both aluminum alloys were similar. Al-6Mg by GMAW and GTAW were smaller than
those of AI5083-O. Based on the results of analysis of the welds, the residual magnesium content was as high as
37% by GMAW and 30% by GTAW.

Key Words: 5xxx series aluminum alloy, High Mg weight, Gas metal arc welding, Gas tungsten arc
welding, Mechanical properties, Chemical properties

AZe] Al-Mg-SiAl ¢FvE a2 §588dA &

1. A = el oal FYse 42 2A A7 EY 45

w7t AstEls EAo] u!l? 70004299 Al-Zn-

dznlFe] HZEL 2.7 kg/m® 02 A HFE  \MeA dBuE 2o AFAo $eke] &4 Do
7.8 kg/m® B} oF 3w @& H|Foz A oin] 7} o3l A=rb At AsHrE 831 F9 Alzte] ZabE
Ha, 7 2 e B T U =2 A=E o uwtet el FEHE S EA &5 dEe] A
TR ol2ig B <lale] dFnEe AlEA o] E=rhe who] V. 500041299 Al-MgAl &+
A 23 tkgt Hopd) AMgE T 9lenl T =} g e v gFE Fuel BlE WA, 7k
A Aok E 2 9 AR T AHEA FE 3, &340 Ssta, A gl Rtk 884
5000, 6000, 7000 AEe] &Frlw Fael 445 n Aol Agsl] AgAt FES AFshe FHd 45
ATY . dEnF g A 2 dEA 5L Algst 1 9. 5000AIE LFnlE FEFS Mg ol =
of 22t HEe A A e gFvE dael VEEE AAE B4 F shil et SR

A1) adel F7leka vk @ AP 6000 apw S84 shulgrol Algkslm o] $He

Journal of Welding and Joining, Vol.39 No.5(2021) pp471-479
https://doi.org/10.5781/JW1J.2021.39.5.2


http://crossmark.crossref.org/dialog/?doi=10.5781/JWJ.2021.39.5.2&domain=pdf&date_stamp=2021-10-31

S

(o] A5 o
CHAG A - g - o5 PER

Aol

IS Ast AN 3589 Fdes P71

3t cold metal transition(CMT)¢F 2& A <

oY

9 H
d &5 MRSl &R VA 54E Y
AAARY 8324 Mg FFE S7HIA A=e
SHAAE et Yo

B AFqMe a4 6.7 wt. %S a3k 4F
& (Al-6Mg) IAZE /L=, Al-6Mg =<
GMAWSF GTAW B4 BA3817] 9ste] AI5083-0

ga7te] Hlw AdS Pt GMAW 2 GTAW
4 A7 A7 S Agsla, 4 SH0IAE &

wt % 6]"!'[‘51 Al-6Mg<] %%ﬂldr 1_1}7“:7} A15083—
09 &HFET GMAWANA At 20%, GTAWeA
Jhﬂ 10% 4}}1\—1—4_ Al- 6Mg-4 Q..;GH o]x]—ﬂcy} %5]:)\1
d dRE BRIt flste] HAFARER] 7 (scanning
electron microscope, SEM)9] energy dispersive
X-ray spectrometer(EDS)EEES Algdle] £3H
Fof nlol S BAGen, #4723 Al-6Mg
o]zl miadlg o]l GMAWS] 7% 37%,
GTAWS] 4% 30% F= ¥tk azlx sldud &
A7](electron back scatter diffraction, EBSD)&
H Q_ 1?‘ @;gal 3_7]:‘_% _Z__X-] ],oﬂ th Al*6MgQ
GMAW % GTAWS| &4 H 244 7F &2
15 % A% Wit} ol2ldt o= Al-6Mg7} A15083—O
o] ERHFHT =2 APEE Hole Aoz It

Table 1 Al-6Mg =3 A15083-0 &=¢l st

A 2= ‘/}E}lﬂ At B AFelAE s

wt. / stk A 1.5 mm-J Al-6Mg JJrZHE‘r H}IL

vgS 4. 57 wt.% &3 T2 1.5 mmel Al5083-
J‘rxﬂﬂ AFEEIATE Table 29F #Zo] Al-6Mge] &

A QAIEE 452 MPaZ Al5083-02 24 1747
305 MPati¥] ¢ 33 % =& Z=E 71t 2A
=9 7%, Al-6Mg7t 137 HV, Al5083-02] ZA|

ArE 92 HVE Al-6Mg® BA| ZA=3ko] 33 % =
< HZ Heln

22 28 3¥Y 2 =
2.2.1 GMAW =3

GMAWS] gleloj2e A7 1.2 mme AWS A5

1.0 ER5356< AHEtH L, €4 9olole gy %

’3& Table 3¢ YERSITH GMAW 239 =A%

= Fig. 13 2t} 150 mm x 150 mm F 7H9] Al

HAAHE gH7] o] &5-2 130 mm &84S 3319

Table 4°14E GMAW ZA& HolFth GMAWS]

7% 8HAYe2E TPS5000(Fronius  interna-

tional, Austria), ARFEFY DCEP(direct current

electrode positive) =43¢ DC(direct current)
pulse’} AFEEATEH ARSEH £179Le dAA A=
ojolo] FFEE Wgo| wet A% AYgE A3 F=

S8e 7L Stk golo] FEEEE 25 - 4.0

m/min & 4 FFo8 23S 353t 4 —’Fi—o

ofolo] FFEE 2HAAY] AU 15 - 17V F

ol9ltt. #HEEE 60 cm/minlg 13k, JJH

9} g Agle 15 mm, A 2k 10°, AH7iaz

=100 % €25 % 15 L/mine] 7oz Jd3S

et

Table 1 Chemical compositions of base metal (wt.%)

Si Fe Cu Mn Mg Cr Zn Ti Al
Al-6Mg 0.084 0.17 0.002 0.009 6.7 <0.001 0.013 0.004 Bal.
Al5083-0 0.40 0.40 0.10 0.40-1.0 4.57 0.05-0.25 0.25 0.15 Bal.

Table 2 Mechanical properties of base metal

Yield strength (MPa)

Tensile strength (MPa)

Hardenss (HV) Elongation (%)

Al-6Mg 389 452

137 9.0

Al5083-O 151 305

92 23.7

Table 3 Chemical compositions of GMAW filler wire (wt.%)

Si Fe Cu

Mn Mg Cr Zn Ti Al

AWS A5.10 ER5356 0.10 0.17 0.03

0.08 4.80 0.08 0.01 0.07 Bal.
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Fig. 1 Schematic diagram of GMAW

Table 4 GMAW conditions

Table 6 GTAW conditions

elding type
. &P Butt welding
Conditions

Power source Lorch V30

Current type Direct current (Polarity: DCEN)
Current 60 - 90 A (4 levels)
Voltage 12 - 14V

Welding speed 80 cm/min
CTWD 3 mm

Travel angle Push 10°

elding type
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Conditions

Fronius Trans Pulse Synergic 5000
DC pulse (Polarity: DCEP)
2.5 - 4.0 m/min (4 levels)

Power source
Current type

Wire feed rate

Current 60 - 90 A

Voltage 15-17V
Welding speed 60 cm/min

CTWD 15 mm
Travel angle Push 10°

Shielding gas Ar 100 % (15 L/min)
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Fig. 2 Schematic diagram of GTAW
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Fig. 3 Weld tensile test specimen schematic
Fig. 4 Milling method for tensile test of welds
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Fig. 6 (a) EDS measurment point, (b) EBSD measurment point
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Fig. 11 Comparison of the residual Mg content in weld
metal of AI-6Mg and A15083-O
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(b) WM of Al-6Mg

(d) WM of AlI5083-0

Fig. 12 GMAW welding EBSD analysis results
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(b) WM of Al-6Mg

(d) WM of AI5083-O

Fig. 13 GTAW welding EBSD analysis results
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