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Tab. 1 Main chemical compositions of 5052-H32 and SAE1008 %

R .
Material Si Mn Cr Mg Cu Fe Al
A
5052-H32 — <025 <0.10 0.15-0.35 2.2-2.8 <0.10 <0.40 Bal
SAE1008 <0.10 <0.15 <0.50 — — — i:f —

£2 5052-H32F1SAE1008 B9 EZ F1 2246
Tab. 2 Main mechanical properties of 5052-H32 and SAE1008

B BUhiom e S MR JISGES
. Tensile strength/ Yield strength/ Elongation
Material
MPa MPa rate/%
5052-H32 290.8 188.8 16.5
SAE1008 493.5 352.5 34.4
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Tab. 3 Multiple solidification weld schedules
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Electrode force Preheat Period 1 Period 2
1420 ms @
5340 N 40 ms @ 8 kA, 250 ms @ 9.33 kA, 1231 kA, 250
10 ms cool 500 ms cool
ms hold
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Fig.1 Schematic diagram of different welding working conditions
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Tab.4 Welding test design

- g ] B HIK I
e Tkt A [ B ?Hkmg
Angle of Plate gap/  Cooling water flow
Test number Lo .
inclination/(°) mm rate/(L/min)
1 0 0 12.5
2 4 0 12.5
3 8 0 12.5
4 0 1 12.5
5 0 2 12.5
6 0 0 9.5
7 0 0 6.5
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(a) Macroscopic characteristic dimensions of nugget and locations

selected for microstructure evaluation
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(b) Schematic diagram of IMC and oxide film defect distribution
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Fig.2 Schematic diagram of the evaluation indexes for Al-steel
welding spots
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(a) Morphologies of the Al-steel welding spots

16

SRS
—

Ny
P

IMC J& % Thickness of IMC/um

2 3 4
FIJE ALY PEES Distance to the center of welding spots/(10° wm)
(b) IMCJZJE
(b) Thickness of IMC

4N Steel

(c) St IMC Kbt
(¢) Interface IMC and defect
3 RBIMEHEER
Fig.3 Metallographic results of test 1
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(¢) Distribution of Mg element
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(d) Distribution of O element
El4 SHURREFERKEDS DS
Fig. 4 Morphology of oxide film defects and EDS component analysis
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Fig. 5 Mechanical properties of peeled samples in benchmark

working condition test 1
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(b) Morphologies of the Al-steel welding spots in test 3
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Fig. 6 Metallographic results of test 2 and test 3
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Fig.7 Morphology of IMC in test 3
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Fig. 8 Mechanical properties of peeled samples in test 2 and test 3
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Fig. 9 Metallographic results of test 4 and test 5
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Fig. 10 Morphology of IMC in test 5
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Fig. 11 IMC cracks at the edge of welding spots
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Fig. 12 Mechanical properties of peeled samples in test 4 and test 5
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Fig. 15 Mechanical properties of peeled samples in test 6 and test 7
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Fig. 13 Metallographic results of test 6 and test 7
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Influence of working condition fluctuation on resistance spot welding of

aluminum alloy and steel

CHEN Jiaxuan"> HU Shanqing® LI Zhuoran"> HU Qingbang' MA Yunwu"’> XIA Yujun"’ LI Yongbing"’
(1. State Key Laboratory of Mechanical Systems and Vibration, Shanghai Jiao Tong University, Shanghai 200240, China)
(2. Shanghai Key Laboratory for Digital Manufacturing of Thin-Walled Structures, Shanghai Jiao Tong University,
Shanghai 200240, China)

(3. Institute of Materials, China Academy of Engineering Physics, Mianyang 621900, China)

[4. Manufacturing Engineering (ME) Center, Geely Automobile Group Co., Ltd., Ningbo 315300, China]

Abstract: Under the background of automotive lightweighting, the use of resistance spot welding to achieve effective
connection of aluminum to steel structures is an unremitting pursuit. However, in actual welding production, fluctuation of
working conditions occur frequently, seriously affecting the quality of weld points. Firstly, the resistance spot welding process
was adopted to connect aluminum alloy and low-carbon steel plates. The influences of different inclination angles, plate gaps,
and fluctuations in cooling water flow conditions on the resistance spot welding of aluminum-steel were investigated. Then,
the quality of the weld points was evaluated by comparing the diameter and thickness of the nugget, the thickness of the
intermetallic compound, the coach peel performance, as well as the fracture mode. The research results show that an increase
in the inclination angle and the gap between the plates within a certain range, as well as a decrease in the cooling water flow
within a certain range, will both reduce the quality of the weld points. Therefore, they should be avoided as much as possible in
actual production. The results of this study provide a theoretical basis and practical guidance for optimizing the resistance spot
welding process of aluminum to steel.

Key words: Resistance spot welding; Working condition fluctuation; Intermetallic compound; Coach peel performance;
Fracture mode
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