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A feasibility study of electrically assisted solid-state spot joining (EASSJ) of dissimilar aluminum alloys for automobile
structures was conducted. EASSJ of dissimilar automotive aluminum alloys (AA6451 and AA6014) was conducted by
simultaneously applying step-by-step current and compressive load to the faying interface (lap spot joining), while the
temperature was controlled to be lower than melting points of joining alloys. To evaluate the soundness of the joint, a
nugget pull-out fracture mode under shear tensile test was set as a criterion. Microstructure analysis was also conducted to
evaluate characteristics of the joint. Experimental results suggest that the EASSJ is clearly feasible in joining dissimilar
aluminum alloys for automobile structures.
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Table 1 The chemical constituents of aluminum alloy (in wt%)

Elements AA6451 AA6014
Al Bal. Bal.
Cr 0.2 0.1
Cu 0.25 0.4
Fe 0.35 0.4
Mg 0.8 0.8
Mn 0.2 0.4
Si 0.6 1
Ti 0.1 -
\% 0.2 0.1
Zn 0.1 0.15
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2mm I

100 mm

30 mm I AA6014

Fig. 1 Schematic of configuration of the joints
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Fig. 2 Schematic of the experiment set-up of EASSJ process
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Table 2 Common parameters

Displacement [mm] Process time [s] Pre-load [kN]

2 3 4

Table 3 EASSJ experiment set-up parameters

Main current (7))

Following current (/)

Current Current

Current Current

Test sets Test label intensity density* Duration Interval intensity density* Duration Times
kAl [Amn?] s s kAl [Admm?] s
T 3 106.1
. T2 3.5 123.8 2 "
T3 4 141.5
T4 45 159.1
FT-1 2.5 88.4
o FT2 is s 275 97.2
FT-3 1 0.1 3 106.1 0.3 5
FT4 3.25 114.9
MT-1 45 159.1
MT-2 46 162.7
MT MT-3 47 166.2 3.25 114.9
MT-4 48 169.7
MT-5 49 173.3
Aol ex =Ae olsto] elM 7h|zH(FLIR-T440, FLIR o Follwing urrent
Systems, Wilsonville, USA)S A5}t 73t Are] Mgt _ )
R PAeka AR T THaR(50%)S Sualr] SIaA W v s | o3s  oas e L.
QAo B.=(Displacement Control Mode)Z A2 43513} g H ,,"/— §
olF AFulE T 24 THAAGC014, AA6451) T = - g
A T 7R AEL 9Aste] Bl ARy & F7F AR “1 1T J ﬂ H [ B
274 g3 AES sk Ao 389 Ht 245 g - 5 cycles N
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Fig. 4 Schematic of the electric current and displacement during
EASSIJ process
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Fig. 5 Schematic of lap shear tensile test

RSW Atk QAT (2.2 kKN)YE AM8-3F5IT.

Aenel ww W oudgE BAS o8 e @ug
(OLYMPUS BS51M, Olympus, Japan) ¥47} EBSD (EDAX/
TSL, Hikari, USA) 2418 Sajsiolr}. ek, gk gho] o
slo] mfo]=Z 2 H|AA A (AMT-X7BFS, Matsuzawa, Japan)

e stk

B\
fto



324 / April 2024

E.Nugget
1 ) ‘pull-out@) :

- fracture

Fig. 6 Failure modes after lap shear tensile test
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Fig. 7 Joint failure mode for test sets; T and FT
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Fig. 10 The results for mechanical evaluation of test set MT
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Fig. 12 EBSD results, IPF maps and KAM maps of AA6451 and
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Fig. 13 EBSD results, IPF maps and KAM maps of joint (MT-5)
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