556 HoM @"2%\ Vol.55 No.9
202549 H Electric Welding Machine Sept. 2025

DOI: 10.7512/.issn.1001-2303.2025.09.13

SEraIRR e B HABIL AR 8 miii 58
ERAML KRR, G AL EER K E

HIRFE OB e R E B B A BR A ], EPE 401135
H E. ABEAEZR IR TREALERMGAIL AL F8E, 24K T TEMNBRT L L IR T E AR KL IE
kA FHRRMHrablh], BT SORPAS AL MK # E 4862 H A (0.9 mm+1.5 mm), M THREL LS
o (9,97 25.5~38.4 kA, JE /1 3~5 kN, B 18] 60~120 ms ) , 5P AL 3 7 IR IF 5 fE A 404 &7 36.5 KA L JE H7 4.85 kKN | B 18]
74 ms, AT EXERIT, SN TR E B AR, BT T HELRMT S F R GBI &R
>E N>R, KIS E R, R4 K 35 1% 1K 10.86 kN, 24 4 B 4 5k (3.65 kKN) 4291 297%, Bk 2B X 2
ILAESIE R IAREW G I SRRt ki, @d S i md 8, 21 TETRELSFEAKNE
¥ % 2 (R=0.907) , BiE X 1o B = T4 (3.86 kKN) 5 52 M 14 (3.47~4.31 kN) 35 £ 95% Fam| X 4] (3.255~4.506 kN ) ,
B SRR, 45 A IR B A 3G A R b P S5 B SRR R M, R A0 B RO B4, 2 38 KA 5 KN 60 ms 89 AR & F T
FIIEAZ A2 7.31 mm 5 &k K329 3% & 3.87 kN,
KB 4504 IRk AURUMERR  SIABERL; w3 AT
FESES: TG407 SCHRARIRED: A XEHE: 1001-2303(2025)09-0124-10
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Processof Aluminum Alloy
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Abstract: To address the issues of porosity and cracks in aluminum alloy spot welding under the trend of automobile weight
reduction, this study systematically investigates the impact mechanism of structural adhesive on resistance spot welding pro-
cess parameters and joint mechanical properties. Through the SORPAS numerical simulation software, an aluminum alloy
lap model (0.9 mm+1.5 mm) was constructed. The welding process window was predicted to be a current of 25.5-38.4 kA,
pressure of 3-5 kN, and time of 60-120 ms. The optimal parameters for adhesive welding were recommended as a current of
36.5 kA, pressure of 4.85 kN, and time of 74 ms. Based on orthogonal experimental design, combined with tensile shear test-
ing and nugget diameter analysis, the sensitivity order of welding parameters to mechanical properties was revealed: current>
pressure>time. Experimental data showed that the tensile shear strength of the adhesive welded joint reached 10.86 kN, an
increase of 297% compared to traditional spot welded joints (3.65 kN). The failure mode exhibited bimodal characteristics,
manifesting as a progressive failure process after the adhesive layer ruptured. Through multiple regression modeling, a quan-
titative relationship between tensile shear strength and welding parameters was established (R=0.907). Validation tests
showed that the predicted value (3.86 kN) was within the 95% prediction interval (3.255-4.506 kN) of the actual measured
values (3.47-4.31 kN). The research proves that the structural adhesive, by increasing interface resistance and stability of the
plastic ring, significantly suppresses spatter defects. A nugget diameter of 7.31 mm and the maximum tensile shear strength
of 3.87 kN can be achieved under the parameter combination of 38 kA, 5 kN, and 60 ms.
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Fig.1 Schematic diagram of stacking test pieces
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Design of Weld Combination:

Materials:
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Fig.2 Working condition information of spot welding simulation
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Fig.3 Growth curve of welding core
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Fig. 4 Working condition information of the adhesive welding
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Optimization Result - Optimal Welding Parameters and Process Window:
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Fig.5 Weldable current window of the adhesive welding
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Fig. 6 Diagram of optimized process parameters
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Fig. 7 Welding window report
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Table 1 Welding equipment and tensile testing equipment
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Table 2 Performance parameters of 3318G structural adhesive

PERE ik
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Ek e M
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Table 4 Factor level table
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Fig. 8 Schematic diagram of test piece joint and stretch clamp test
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Table 5 Factorial experimental design schedule

C1 2 3 Cc4  C5 c6 c7 C8 0
WRER BT s K4 AR BJES CHFA] d/mm  F/AN

|

7 1 1 1 25.0 5.0 120
5 2 1 1 25.0 3.0 120
4 3 1 1 38.0 5.0 60
3 4 1 1 25.0 5.0 60
9 5 0 1 31.5 4.0 90
8 6 1 1 38.0 5.0 120
1 7 1 1 25.0 3.0 60
11 8 0 1 31.5 4.0 90
2 9 1 1 38.0 3.0 60
10 10 0 1 31.5 4.0 90
6 11 1 1 38.0 3.0 120
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e Table 6 Results of the adhesive welding
10000
o Cl Cc2 C3 C4 Cs C6 Cc7 C8 C9
PR G21TF sl X4 AR BFEJ) CHIH d/mm F/KN
£ e PP 7 1 1 1 25.0 5.0 120 4.0 1.735
6000 -
£ Cisai: 5 2 1 1 250 30 120 54 2530
5000 ~ 51820.9+1.5
— e 4 3 1 1 38.0 5.0 60 7.2 3.866
s 3 4 1 1 25.0 5.0 60 5.0 3.034
200 9 5 0 1 315 4.0 90 55 2526
0o 8 6 1 1 38.0 5.0 120 79 2497
g s 1 7 1 1 25.0 3.0 60 54 2577
fief(mm)
B0 A TR 11 8 0 1 315 4.0 90 6.0 2.892
e fa-i - 2 9 1 1 38.0 3.0 60 6.4 3.287
Fig.9 Load-displacement curve of spot welding and adhesive welding
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Fig. 10 Tensile shear of spot welding joint and adhesive welding joint
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Fig. 11 Regression model
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Fig. 12 Residual four-in-one diagram
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Fig. 13  Scatter plot of residuals against the respective variables
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Table 7 Test results of spot welding

cl c2 3 Cc4  CS c6 c7 8 0
bRUERF BT s K4 AW BIES CHFE] d/mm  F/KN

7 1 1 1 25.0 5.0 120 6.1 3.358
5 2 1 1 25.0 3.0 120 73 4367
4 3 1 1 38.0 5.0 60 7.7 4378
3 4 1 1 25.0 5.0 60 54 3225
9 5 0 1 315 4.0 90 59 3.047
8 6 1 1 38.0 5.0 120 8.7 3.663
1 7 1 1 25.0 3.0 60 57 3741
11 8 0 1 31.5 4.0 90 6.2 3.086
2 9 1 1 38.0 3.0 60 7.8 3.373
10 10 0 1 315 4.0 90 7.0 3.106
6 11 1 1 38.0 3.0 120 8.6 2.707
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Fig. 18 Residual four-in-one diagram
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