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Control of Micro-pores in the Fusion Zone of Dissimilar Heat Treatment
State 2219 Aluminum Alloy T-Joints and Its Impact on Weld Seam
Performance

SUN Wenliang, ZHAO Gang, YANG Jun, ZHANG Wentao, MI Haiming, LIU Ziyang, LIU Tao

Capital Aerospace Machinery Co., Ltd., Beijing 100076, China

Abstract: 2219 aluminum alloy is prone to porosity defects during welding, particularly in the T-joint region, which not
only reduces the mechanical properties of the joint but may also lead to structural failure. This study investigates the control
of micropores in T-joints and their effect on weld properties, using C10S and CYS state 2219 aluminum alloy plates with a
helium arc backing and argon arc double-layer welding process. The results show that the area near the weld pool in the T-
joint is susceptible to dense micropores, which significantly affect the tensile strength of the joint. Tensile tests revealed that
fractures consistently occurred on the CYS side, with dense micropores exacerbating the tendency for fracture on the CYS
side, resulting in a 10~15 MPa reduction in the ultimate tensile strength of T-joints with dense micropores compared to those
without. X-ray non-destructive testing and scanning electron microscopy analysis indicated that these micropores are primar-
ily hydrogen pores caused by the significant difference in hydrogen solubility between liquid and solid aluminum. Further re-
search demonstrated that optimizing welding parameters, particularly increasing the argon arc welding current by 10~15 A,
can effectively suppress the formation of dense micropores in the weld pool. This improvement, achieved by enlarging the
weld pool and extending the time for hydrogen evasion, reduced porosity defects and enhanced the mechanical properties of
the joint.The findings indicate that reasonable adjustments to welding parameters can effectively improve the quality and me-

chanical performance of aluminum alloy welds, meeting the high-reliability requirements of Aluminum alloy pressure vessel.
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Table 1 Chemical composition of 2219 aluminum alloy (wt. %)

Cu Mn Ti Mg Zr
5.8~6.8 0.2~0.4 0.02~0.10 0.02 0.10~0.25
Zn Ni v Fe Si Al
0.10 — 0.05~0.15 0.3 0.2 s

®2 NVBEEEERTFMERE
Table 2 Ambient temperature mechanical properties of 2219 Al alloy

PERIRZS R /MPa R,,,/MPa Al%
CYS 390 290 4.0
C10S 440 330 12.0

1.2 iR FH*E

B ek F 150 mmx300 mmx3 mm 2219 C10S
R A R AT R R 58 U B R X U
SRIF YT B R T K A7 115 150 mm=300 mmx
3 mm 2219 CYS G 4 PARXTHE R . 225N
2325, HAR 1.6 mm. MEHEZE AR HIK ) Dynasty 700
JEBIL, B0 i FRL A 5~700 A

SR LR IE B AT AR P N 5 i T2
PR ROAUZ2 0 T 2R %, BT o380k E
WF:(DFRMEZE . RABERIER, 309,
A& 11~13 L/min, B3 130~140 A, Hi B 12 V, 43
$E3 B 300 mm/min; (2) 55 EZE o PRSI N R
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JE 18 VA 150 mm/min.
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Fig. 1 Sampling location and size of T-joint specimens
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Fig.2 X-ray imaging of 2219 aluminum alloy T-joint weld bead

formation
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Fig.3 Scanning electron microscope photos of T-joint tensile fracture
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Fig. 4 Appearance of gas pores at T-junction breakout

Es5 KRAALIZSHEFELRTHNIEEHLATR
Fig. 5 The microstructure of a weld bead with unoptimized process

parameters and incomplete cleaning
BAER AL MR T 43k SEPRBR R, TR A AR 42
SN N 10~15 A 35 TH VE(E HL S 45 6 DX —
FAESSLASEINH], A& 6b B . HL T RS 4R
FEIE B it 1 UL B TR R AT A



100 FIgHK

2025 4F:

|
10.6 mm %100 SE 6/6/2023 11:

(b) S8 (235 A ARG
6 TFELEBESHMATIENE ORSR

Fig. 6 Fracture morphology before and after the optimization of T-
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Fig.7 Macroscopic appearance of T-joint weld and cross-section of

fracture
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Table 3 Performance comparison of T-joints with other position joints

g TTRORREIEER TR R
fu R L)

R/MPa R, /MPa A/% R /MPa R, /MPa A%

1 248 137 4.5 238 138 4.0

2 250 139 5.0 237 132 4.5

3 245 141 3.0 233 142 3.5

THEHE 24767 139 4.17 236 137.34 4.0
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Fig. 8 SEM photomicrographs of T-joint fracture
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