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Table 1 Influence of elements on weldability of 7xxx series

aluminum alloyst'' '

Element Strength C'rack COlerSion

resistance resistance
Zn 1 ! !
Mg T T !
Cu T ! T
Mn 1 1 1
Cr 1 1 1
Ti 1 1 1
Zr 1 1 1
Fe ! 1 !
Si ! ! !

Note: 1 means effect of increase; | means effect of decrease;
Corrosion resistance refers to stress corrosion resistance of

welded joint.
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Table 2 Joint properties of 7039 aluminum alloy welded by

different wires!”!

Crack Joint Corrosion Color
Brand Ductility
resistance  strength resistance math
ER5183 A A B A A
ER5356 A B A A A
ER5556 A A B A A
ER5654 B C A A A

Note: A, B, C represent the level of welding performance, A is

best, B is medium, C is last.
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Table 3 Effect of Zr/Sc/Er micoalloying elements on joint properties of 7A52 aluminum alloy!'® '8!
Base . Joint Increase Increase
Base metal Strength/ ) Adding »
) welding strength/  Ductility/% percentage of percentage of
thickness/mm MPa element
wires MPa joint strength/% ductility/%
ER5356 - 316.5 7.4 - -
ER5356 0.3%Sc 322.5 8.2 1.9 10.8
ER5356 0.3%Zr 321.5 9.1 1.6 23.0
ER5356 0.3%Er 319.3 8.4 0.9 13.5
3 458
ER5183 - 316.2 8.1 - -
ER5183 0.3%Sc 3324 9.6 5.1 18.5
ER5183 0.3%Er 328.6 8.3 3.9 2.5
ER5183 0.1%Sc+0.2%Er 323.6 9.2 2.3 13.6
ER5356 - 356 8.0 - -
12 500
ZNHS 0.5%—0.6%(Sc+Zr) 378 11 6.2 37.5
F4 Txxx REGEIEETTERE R
Table 4 Characteristics of welding method of 7xxx series aluminum alloys
Welding method Invention time Advantage Disadvantage
Basic method of welding Al alloys can weld at ~ Low welding speed, limited tungsten
TIG 1892 low current, especially adapt to weld sheet and  current carrying capacity and welding
flexible welding position metal thickness, harmful tungsten
Stable metal transfer, less splash, can weld thick  Strict cleaning of surface of base metal
MIG 1935 plate, weld forms well, the most extensive method  and wire, high heat input and large
of Al alloy welding deformation after welding
Strong energy concentration and especially Strict assembly of weld and low energy
LBW 1965 suitable for precision welding, low heat input and  conversion efficiency, high cost and
narrow HAZ limited welding metal thickness
High welding speed and deposition efficiency, Expensive equipment and complex
Double wire MIG 1996 £ ) £ p ) P ) ) Y P auip P
beautiful welding gap, high welding quality process
Laser-MIG hybrid Reduce reflection of Al alloy to laser and
) 1982 ) ) Problem of welding crack and porosity
welding increase weldable plate thickness
Solid-state joining, free of fusion welding defects, ) o
Rigid fixation, poor process flexibility,
Friction stir welding 1991 high joint strength, without wire filling, have

difficult to weld complex weld

advantage of welding Al alloys
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Fig. 2 Schematic diagram of double wire MIG welding

system *!: (a) Twin arc; (b) Tandem

£S5 TA2 BEA L MIG f548 T 2050 Hr 2628

Table 5 Process comparison of 7A52 aluminum alloy welded by single and double wires MIG welding'
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HL I B A A A T A ff 7 1 o 4 P€1 2(b) T 7 , Tandem
R 2 J5 2 W PR AR 22 4% — 52 (1) AR B8 T E — AR onll e o
PIEAR L, PR R 22 230 et 4% 1 s b s, A
Y%, BRikee L nIANRISh, A BT IS4 v pky
W, JFE B RS, RS R,
DA AR I, K P A M SR B4 B B eI

sk A% B 2P0 TAS2 BRA AT T HL. X2 MIG
PRI T2, ZRAEN], L ez MIG JRAHEE, XL
22 MIG R4SAR T SN (UL 3)ZH 28 B /N0
POEmX A, IREEDCMIRE TR 2 4R 8%, BBl
LRI T 7.7%. ARHEPIHIST 40 mm JE 7AS2
BEEN2 MIG FRESKIMARRITERE, 458K,
TAS2 FREERKMNL MIG 12 0] 15 340 B #954
Sk, BL R A T IA 305 MPa, N BRERTSRIE Y 74%.
% TAS2 A 4 X 22 MIG JE T 9T 45 B 5 B
FIPO, e MIG 1546 AR TAS2 S8 a8z B #
WS, Bk LE P22 MIG FE I3 R 6%~11%, L&
P E 1] I8 600~800 mm/min

(2)

|

200 pm
—amm— —

HANEL MIG H R KA T %) E )

Fig. 3 Comparison of weld distortion between single and
double wire MIG welding™: (a) Joint of single wire MIG; (b)
Joint of double wire MIG

3

[26-28]

Thickness/mm Filler wire Welding machine Strength/MPa Coefficient/% Speed/(mm-min ')
40 Single5356 SAF TRS-480 250 61 300
40 Double5356 Fronius TPS500 269 66 600
40 Single5A56 Single wire semi-automatic MIG 252 61 350
40 Double5A56 Fronius TIME-TWIN double wire MIG 280 68 680
40 Double5A56  SAF TANDEM high speed welding system 305 74 800
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Fig.4 Schematic diagram of laser-MIG hybrid welding®"!
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Fig. 5 Joints hardness distribution of MIG and laser—-MIG
[34]

hybrid welding
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Fig. 6 Microstructures of double wire MIG and FSW joints'*: (a) Fusion zone of double MIG; (b) Thermo-mechanically affected

zone of FSW; (c) Weld nugget zone of double MIG; (d) Weld nugget zone of FSW

(@)
1801
= —Min thickness
= o —Max thickness
£ 160+
é - -
2 60r
=
= 40F
20F
oF s=—"" - —

1965 1982 1996

Welding method
7 Txxx REESAFEIETTVE TR R S R BGE

1892 1935 1991

TIG MIG LBW LB-MIG FSW DW-MIG

1.0
(b)

0.8
£
£
2 061 *—Min coefficient
g °o—Max coefficient
Q
2
=

0.4}
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Welding method

Fig. 7 Sheet thickness and welding coefficient of different welding methods for 7xxx series aluminum alloys: (a) Thickness gage of

plate; (b) Welding coefficient
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Research status and perspective of
7xxx series aluminum alloys welding

SONG You-bao"2, LI Long', LU Jin-ming?, YAN An%, ZHOU De-jing'

(1. Yinbang Clad Material Company Limited, Jiangsu Key Laboratory for Clad Materials, Wuxi 214145, China;

2. Yinbang Defense Technology Company Limited, Wuxi 214145, China)

Abstract: The characteristics of welding for 7xxx series aluminum alloys were combined, and the selection and

optimization of wires were introduced. Three new welding methods, such as double wire MIG welding, laser-MIG hybrid

welding and friction stir welding, were stated. Compared with traditional welding methods, the three new methods have

superiority and foreground in the welding of 7xxx series aluminum alloys. Alloying optimization design of base metal

and wire for 7xxx series aluminum alloys, developing of new welding method are the important research direction in the

future.
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