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Abstract: In the present study a comprehensive numerical study has been conducted to simulate the resistance spot welding process. The
phase- field method is employed to model the phase change during the melting and solidification of the material. By this way, the martensitic
properties are assigned at the nugget and heat affected zone. As a result of this modelling the residual stress at the heat affected zone is
attained and shows maximum value on the heat affected zone.
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The phase-field method is used to model the two- phase (liquid
and solid) and capturing the interface. During the solidification the

Resistance spot welding is a common technique to join the sheet mechanical properties of the material are replaced by martensitic
metals in automotive industry [1]. Since the welding method is a properties. Figs. 1,2 illustrate the phase transition and von Mises
thermal process, estimation of the residual stresses and stress distribution at the end of the welding time, respectively.
consequently the fatigue of the joint need to analyze the phase
change during the melting and solidification of the sheet parts.
Available data in the literature reveals that a hard martensitic
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appear after the solidification of the joint [2,3]. In the present study, 0.002 ‘ ‘
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2. Numerical Model -0.002
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applied electrical field generates heat to increase temperature in the
electrodes and sheets. Some pieces of the metal sheets are melted

L. . - - Fig. 1 Ph t ition betw lid (b tal d liquid It
and joined together. During the cooling of the pieces the molten 9 ase transition between solid (base metal) and liquid (molten

metal
metal is solidified. But the specifications of the metal at the nugget ) _ _ i
(solidified metal) is different from the row material. It affects the 0,002 Time=0.48 ms_Surface: von Mises stress (N/m")
mechanical properties of the welding parts such as the distribution ’
of the residual stresses. 0.001r
0,
The governing equations for electrical, thermal and mechanical 0,001t
fields in cylindrical coordinate are 0.002
-0.003F
7 = -0.004+: . ‘
Vii= g (1) 0 0.005 0.01 ,
J=cE+] [ — 10
g 0.5 1 15 2 2.5 3
E=-WVV
ar @) Fig. 2 Distribution of von mises stress at the end of welding time
pCﬁ,a—+anu- Vr+vV-g=0Q+ @
. r E q
g= —kvT References
V-FS5+Fr=10 (3) 1. Aslanlar S. (2006) The effect of nucleus size on
F=1I1+%Vu mechanical properties in electrical resistance spot

welding of sheets used in automotive industry. Materials
and Design 27: 125-131

2. Wan Z.,, Wang H., Wang M., Carlson B., Sigler D. (2016)
Numerical simulation of resistance spot welding of Al to

Boundary conditions are depicts in Table 1. zinc-coated steel with improved representation of

Welding Time 80 ms contact interactions. International Journal of Heat and
i i Mass Transfer 101: 749-763

Holding Time 480 ms 3. Eshraghi E., Tschopp M., Zaeem M., Felicelli S. (2014)

Electrode Force 4000 N Effect of resistance spot welding parameters on weld
i pool properties in a DP600 dual-phase steel: A

Applied Current 7 kA parametric study using thermomechanically-coupled

Material of Sheets AISI 3161 gg;te element analysis. Materials and Design 56: 387—

Materila of Electrodes Cu-Cr Alloy

468 YEAR |, VOLUME VI, P.P. 468-468 (2017)





