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Microstructural and mechanical property gradients along the thickness
direction of plasma arc welded thick aluminum alloy plate joints

ZHANG Pengtian', WANG Xiaowei’, GONG Kang', ZHANG Hengyi', JIANG Nan', SUI Yantao’

(1. Beijing Spacecraft Manufacturing Co., Ltd, China Academy of Space Technology, Beijing, 100094, China;
2. Engineering Research Center of Advanced Manufacturing Technology for Automotive Components, Ministry of Education,
Beijing University of Technology, Beijing, 100124, China; 3. Aerosun Corporation, Nanjing, 211100, China)

Abstract: To address the issue of insufficient strength in weld joints of thick aluminum alloys, a variable polarity plasma arc-
tungsten inert gas (VPPA-TIG) composite welding process was proposed. The welding quality of VPPA-TIG composite welding
was validated by conducting welding experiments on 2219 aluminum alloy plates with a thickness of 17 mm, followed by a detailed
analysis of the weld microstructure and mechanical properties along the thickness direction. The mechanism of strength distribution
characteristics was revealed by microstructure analysis. The results show that the VPPA-TIG composite welding process produces
high-quality welds with a superior degree of metallurgical bonding. The hardness distribution in the weld fusion zone is uniform,
with an average value of 67.6 + 2.7 HVO0.2. The tensile strength reaches 62. 83% of the base material, while the elongation after
fracture is only 24.8%. The increased thickness of the weldment expands the heat dissipation area of the molten pool, resulting in
insufficient grain growth within the weld. This leads to the formation of “meandering” micropores in the interface region. These
micropores will continue to grow when subjected to tensile loads, which is the main reason for affecting the tensile strength of the

weld. This study further expands the application range of the VPPA-TIG composite welding, clarifies the mechanism of strength
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failure in welded joints of thick plates, and provides a theoretical and technological reference for welding large-thickness plates.

Highlights: (1) A VPPA-TIG composite welding process for thick aluminum alloy plates was proposed.

(2) The microstructure and mechanical properties of the weld for thick aluminum alloy plates by VPPA-TIG composite

welding were analyzed.

Key words: aluminum alloy; variable polarity plasma arc keyhole welding; large-thickness plate; mechanical property;

microstructure.
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Fig. 1 Schematic diagram of VPPA-TIG composite
welding 9 1.96 N, J#kHE 10 s.
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Table 1 Chemical compositions of aluminum alloy plate and welding wire
R Al Cu Si Mn Zr Ti Zn
2219 i 6.00 0.20 0.30 0.20 0.10 0.02 0.10
ER2319 i 5.80 0.20 0.30 0.30 0.10 0.10 0.10
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Fig. 2 Dimensions of tensile specimen
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Fig. 3 Schematic diagram of slicing tensile specimen
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Fig. 4 Macroscopic morphology of weld seams
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Fig. 5 Weld and welds slices specimens
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Table 2 Tensile properties of welds and welds slices

. EIRLL Jott Ml g Wi J5 i %

TR
R,,/MPa R /MPa A(%)

{5y 452.0+0.82  370.0+1.41 13.3+1.30

154k 284.0+2.10  110.0+1.45 3.3+£0.20

TREETRYIA 260.7+£2.05  111.7+1.70 3.3+0.41

KREETPELIN 250.7+£4.03  123.0+£18.38  3.2+1.65

JRAEMIYI A 256.7+2.05  119.7+1.70 3.3+0.41
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Fig. 7 Metallographic microstructures of weld seam
cross-sectional. (a) heat-affected zone; (b) fusion
line region; (c) fusion zone
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Fig. 9 Scanning electron microscope micrograph of the
weld seam and elemental distribution. (a) top
area of weld seam; (b) middle area of weld seam;
(c) bottom area of weld seam; (d) energy
dispersive spectrometer analysis of Fig. 9(a)
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Fig. 10 Weld tensile fracture surface scanning electron
microscope morphology. (a) base metal; (b) top
slice of weld seam; (c) middle slice of weld
seam; (d) bottom slice of weld seam;
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