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Fig. 3. Stages of diffusion welding [19]
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2, (electrically assisted solid-state spot joining)

A A2 AFEE= O|F EF0/& 6000 AL (Al-Si-MgA) 2!

22 mm, = 30 mm 2|12

MY JIE 88WY JIe9 XY MEHI A WACR TYEOjYoH, SU
He 7171 = HEIZE DT RE dde &= ULk (Fig. 8)
Table 1. The chemical constituents of aluminum alloy AA6451 (in wt%)
Elements Al Cr Cu Fe Mg Mn Si Ti v Zn
AAGB451 Bal. 0.1 0.4 0.4 0.8 0.4 1 - 0.1 0.15
Table 2. The chemical constituents of aluminum alloy AA6014 (in wt%)
Elements Al Cr Cu Fe Mg Mn Si Ti v Zn
AA6014 Bal. 0.2

0.25 0.35 0.8 0.2 0.6 0.1 0.2 0.1

Painting layer
Joining directionﬂ =

2mm I

100 mm

30mm || AA6014

Fig. 8. Schematic of configuration of the joints
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camera DC power supply
DAQ

Fig. 9. Schematic of the experiment set-up of EASSJ process
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Main current Follwing current
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Fig. 12. Schematic of the electric current and displacement during EASSJ process

Table 3. Common parameters

Displacement Process time Pre-load
(mm) (s) (kN)
2 3 4

Table 4. EASSJ experiment set-up parameters

Main current (I,,) Following current (1)
.Cune.nt Cun.ent Duration  Interval .Curre.nt Curr.ent Duration .
Test sets Test label intensity ~ density™ intensity  density*® Times
k) amm)  © O ) wamy @
T-1 3 106.1
T T-2 3.5 123.8 25 88.4
T-3 4 141.5
T-4 4.5 159.1
FT-1 2.5 88.4
FT FT-2 45 150.1 2.75 97.2
FT-3 1 0.1 3 106.1 0.3 5
FT-4 3.25 114.9
MT-1 4.5 159.1
MT-2 4.6 162.7
MT MT-3 4.7 166.2 3.25 114.9
MT-4 4.8 169.7
MT-5 4.9 173.3

*MCtE d: 6 mm H0| 7|FE
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A Study on the feasibility of electrically assisted solid—
state spot joining for non—ferrous lightweight aluminum

alloys

Choi Hyeon-Seok
Department of Mechanical Engineering

Graduate School, University of Ulsan

Abstract

To keep pace with carbon neutrality to prevent global warming around the whole world, fuel
efficiency and exhaust gas emission regulations are being implemented, and the regulations are on the
rise as time passes. These regulations are particularly affecting the automobile industry, which
occupies the largest proportion in the mobility industry. Therefore, to increase vehicle fuel efficiency,
interest in light-weight vehicle is rapidly increasing, and light-weight materials are considered as a
major method. Through this, environmental regulation may be satisfied, and vehicle performance may
also be improved.

In addition to steel, which is used as a material for commercial vehicle body structure, the
automobile industry is actively considering aluminum alloys, which are non-ferrous metal materials as
a light-weight material. For this reason, interest in the development of joining technology for non-
ferrous metal structural materials is increasing.

Resistance spot welding (RSW) technology, which is used for joining vehicle body structure, is
also used for aluminum alloys, but there is a limit to the use of joining materials, such as a decrease in
the mechanical strength of the heat affected zone due to the fusion welding through melting. In this

paper, to overcome this problem, a study was conducted on the applicability of electrically assisted
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solid-state spot joining (EASSJ) technology to aluminum alloys.

The EASSJ is for making solid-state joining due to the diffusion phenomenon between atoms in the
joining interface with plastic deformation by simultaneously applying step-by-step current and
compressive load, which performs the joining materials below temperature lower than the melting
point. The joining parameter conditions were set by separating each stage into a main current and an
following current to determine the applicability of the EASSJ, and the nugget pull-out fracture mode
was set as a criterion for determining whether a solid-state joint was formed at the joint. Also, the
shear tensile tests and microstructure analysis were performed to evaluate the mechanical properties
of the joint. Through this, the shear tensile strength (kKN) of the joint increased by about 43%
compared to the same joining diameter from criteria of RSW (base: 5.65 mm).

Based on study results, it was confirmed that the EASSJ of aluminum alloys can overcome the
problems from resistance spot welding used to vehicle body structure materials and secure improved

mechanical strength.

Keywords: Solid-state joining, Spot joining, Dissimilar material, Aluminum alloy
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