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Electrically Assisted Solid-state Spot Joining of Dissimilar Aluminum

Alloys for Automobile Structures

Z|SHAMT XESH|', AT, SMEf™, o|HF?, 7|48
Hyeon-Seok Choi', Seungbi Cha', Jin-Cheol Kim', Sung-Tae Hong'# Changjoo Lee? and Ki Seok Nam’

1 SAHSHD 7|AIZSHE (School of Mechanical Engineering, University of Ulsan)

2 RS KIS "IC|AA T [ =7HEE] (Body Manufacturing Engineering Research & Development Team, Hyundai Moter Co., Ltd.)
3 HHXISXILE XAIXHZIHLE! (Body Materials Development Team, Hyundai Moter Co., Ltd.)

# Corresponding Author / E-mail: sthong@ulsan.ac.kr, TEL: +82-52-259-2129

ORCID: 0000-0003-2263-7099

KEYWORDS: Solid-state joining (12AH&1Et), Spot joining (& &), Dissimilar material (0|2 AXH), Aluminum alloy (X20|& &=)

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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1. MB a1 ek RulE - I 240l whet AHsAF 4 €]
TR Hofol] &2 4= lrH6-9].

AAH o= 7|7k wijE 9 Avlof thgk A7 vgo] 7 Body in White (BIW):= 22} FA12] o 30%0] Edh=
shela glom, oo gt tioko® A Ak}t 7)ol thgt A vS-S AAeE7] WiZoll ZRA] A, ARl Lejar A
Tlo] WA F7FskaL Qe A AEE 93 WAl o2 e oAl Rl A vE SV B9 RSt 7he Aol Aot
T2 243}, AR T WA, AR ?5 a4 28 o] 7Hsst [10]. &FrE das 2 2 224 Dgstarat sh= A
o, o1& Sl AsAL, 715485, Wt wir|7ks viE T7b 37K wet s Bl S5 A9 JY 7ls N
SHA ikl o]HE A QM A 2 2Ae i of gt ¥l AALHA F7kskaL et
0] Aol A8 7hssbn thgst At ftol golshA AL RSW)E AsA; AFQlollA dFulE gae dd
L ¢ UTH1.2). AREE fleiA A7 a9 et W 517] QlaiA] UHrH o AMEEl= 7)ol RSW A7
2ol Ago] AF2or HERHI Lo 3-5], A7 < B0l BA 7 HE AUE §453] 847 7rgste] vyl
A= o G54l vls 3] AL 2Afjeks 95o] o (Nugget)y FASTH11,12]. Z22ut dFvl o= RSWE 4
o 2pF AEske] a7 Sl wheh A 71wt AHs Ak -, 24 85 9 1A Sl UAS P45k Y Sl Y
T2 20 Hijte R HlE A a5 F, AdF s 3 2L Y5ollA 715 9 Aol whgk 7hs/do] =rH13,14]. E
2.7 glem’e] WEE 7= ARu)E gae] Tgo] HFHo gk, B2 HE ARtele Etshal YR uEY] £ dHEER
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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

Painting layer
Joining directionﬂ : e
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
© Tables 29} 33} 2Tk AA| T ARE 3%, 2T . .
mmz AT YU ARAAS 5 2] Aeree Time (5)
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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
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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. 8 Joint failure mode for MT (Iy: 4.5-5 kA + I: 3.25 kA)
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Fig. 10 The results for mechanical evaluation of test set MT
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Fig. 11 OM analysis of joint cross section: (a) MT-3, (b) MT-4,
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Fig. 12 EBSD results, IPF maps and KAM maps of AA6451 and
AA6014
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Fig. 13 EBSD results, IPF maps and KAM maps of joint (MT-5)
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