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Microstructure and Propertiesof Large Thick Plate ZL 205A
Aluminum Alloy by T1G Bead Welding
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(State-owned Sida Machinery Manufacturing Company, Shaanxi Xianyang 712203, China)

ABSTRACT: The work aims to solve the problem of air hole and insufficient welding caused by multi-layer and multi-pass
welding in TIG welding process of ZL205A cast aluminum alloy with wall thickness of 25 mm, and realize high quality welding
of large thick plate ZL205A. 25 mm thick ZL205A was welded by TIG bead welding, and the effect of interlayer welding cur-
rent on the microstructure and mechanical properties of the joint was studied. The results showed that there were obvious air
hole defects in the welding nugget zone. With the increase of the welding current, the number and size of air holes increased.

Welded joints were divided into welding nugget zone, fusion zone, heat affected zone and base metal zone according to their
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microstructure characteristics. The minimum grain size in the welding nugget zone was the smallest, which was about 20 um,

and about 1/5 of the grain size of the base metal. A large number of Al,Cu, AlCu and a small number of Al;;CuMn, particulate

phases were widely distributed in the welding nugget zone. With the increase of the welding current, the tensile strength and

elongation of the joints increased first and then decreased. Its maximum tensile strength and elongation were 94% and 41.72%

of the base metal. When the welding current was optimal, the tensile fracture of the joint was located at the base metal fracture

and the weld seam fracture. Air hole defects was the main cause of weld fracture, while the main cause of base metal fracture

was that there were many AlICu particulate phases between crystal boundaries. The high strength welding of 25 mm thick

ZL205A can be realized by controlling the current between different layers with TIG multi-layer and multi-pass welding.

KEY WORDS: casting aluminum alloy; large thick plate; welding current; multi-layer and multi-pass welding; particulate

phases
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Fig.1 Schematic diagram of V-groove machining
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F1 ZL205A-TS sSaE & =ER 4
Tab.1 Chemical composition of ZL205A-T5
aluminum alloy wt.%

Cu Mn Ti Zr Cd B Al
4.6-5.3 0.3-0.5 0.15-0.35 0.05-0.20 0.15-0.25 0.005-0.06 Bal.

R 2 ZL205A-T5 B Zm 5
Tab.2 Chemical composition of ZL 205A-T5

solder wire wt.%
\% Fe Si Mg Zn Al
0.05-0.30 <0.15 <0.06 <0.05 <0.1 Bal.

*3 TIGHRERRSH
Tab.3 Current parametersof TIG bead welding A

Number First Second The The The fifth
of layers layer layer third fourth layer
Y Y Y layer layer Y
1* 190 190 180 160 150
2* 210 210 200 180 170
3# 230 230 220 200 190
4* 250 250 240 220 210
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TCH AL . M S . Bk R AR R B
5 2b fR ), BARE VB . BEE ZE0sEn,
JREEVEFE W20 3, 56 5 )RRV RN 2.5 cm.

ANRVEEEE R T B S BT S AN # 3 R .
AP BE L, G IR AHER X ( Welding Nugget
Zone, WZ ) RE#HEIE RN HAA B &7, FiE 5

B2 MREGES R REIES (a) MBERETES (b)

Fig.2 Surface morphology (a) and cross-sectional
morphology (b) of welding joints
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Fig.3 Cross-sectional morphology of 17-4 # bead welding joints



F1sE FHTW

X, 4 ZL20SA RIEHUER & 6 TIG iS4 2U5 PERERT ST 139

a 1"k WZ %X

b 183k WZ X

¢ 2k WZ %X

d 2%k WZ X

g 4k WZ %X

e 3k WZ %X

f 3k WZ X

h 443k WZ X

K4 RIS WZ 3% KNI M2 4
Fig.4 Edge and inner microstructure of joints with different WZ joints: a) WZ edge area of 1% joint; b) WZ area of 1% joint;
¢) WZ edge area of 2% joint; d) WZ area of 2” joint; ) WZ edge area of 3* joint; f) WZ area of 3" joint;
g) WZ edge area of 4" joint; h) WZ area of 4" joint
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Fig.5 Local microtissue of sample 17
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Fig.6 Local microstructure of 2 sample: a) WZ edge area; b) WZ area; ¢) BM area
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Fig.7 Results of SEM and EDS tissue analysis in zone A: a) zone A; b) partial enlarged view;
¢) EDS surface scanning results; d) EDS point scan results
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Fig.8 Results of SEM and EDS tissue analysis in zone B: a) tissue of zone B; b) partial enlarged view;
c) partial enlarged view; d) EDS point scan results

PRI AR A O, AR DAY AL B B e 2 AL
RGFI B R (A 4g—h B ), iz ks
AR AR BE B 2 A o T3 0h, M AR A IR 2 20 iy
T AR AL AT H A 2 B ORLAT

3.2 HEXKETASHT

2L P A T 2L B N R 10 B o 2550 RE 1) b
SAN B NI B WZ YRR AL RN 24 AE WZ 4k 4 ) %)
WAL s WZ Il C IX DL S Wi 237 WZ AbiY D

X417 SEM Hl EDS Zr#r, HEHE55anE 11 fiE
12 iR o

S RI%TE 11a ()R8 E XA F X7 oK, t
11b AT, Wi E DXAEFE G A 25 & 5 T DX RO R ()
Mg, #E—k G X (WE 11c) "JLLESE], #H
R B TG X 228 R vk R s A, AR 11d
ATLLAE S, B0 X300 A 2 A B 5 o, X X etk
AT EO B RUE (LA 11e), Bl 1le A6 XS
TRADIX I 0 St L, B B0A i 4 A AN Tl



F1sE FHTW X, & ZL205A RIEHIB A4 TIG HEEA L 5 M aeIF 5 143

600 20 P
Tensi]e strength m Elongation
o 500 - a1 4585 | e R
415 7] 4145 2925 7292115
400 [7] I s e
B I
£ 300 110§ ey
5 | g -
= 200f s = . N
z 5.38 539 5.05 477 - NP P10 2R fel A
o X sl . . ..
& 100k 55 Fig.10 Tensile fracture position of 2* sample
-
0 3 FH—EXF wy . w, XKIETT EDS 4Fr a0, wy X

0
NO.1 NO.2 NO.3 NO.4 B tal . W . w
Sample ype we Al JTERMFHAECN 58.06%, Cu TG4

" N N 2 41.94%, 18230 1 1; w, X3 Al SR B i

B9 RRMHESECF R 0 TR 41040, WHIL 12 13 T wa DO AT JC A AL
Fig.9 Joints tensile properties under different SPEN 92.55%, Cu JURHYMEL BN 7.45%. X —
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Fig.11 SEM and EDS analysis results of breaks in zone C

Fig.12 SEM analysis results of breaks in zone D
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