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ABSTRACT

A study on the indentation characteristics with electrode

diameter ratio in resistance spot welding

Kim Ji-Min

Advisor : Prof. Bang, Hee-Seon, Ph.D.
Department of Welding and Joining Science
Engineering,

Graduate School of Chosun University

Resistance Spot Welding(RSW) is a way of joining the materials by forming
melted nugget in contact surface between materials. The nugget is formed by
welding force and resistance heating. As an advantage of Resistance Spot
Welding, the heat affected zone is generated because of its high speed of
cooling and heating. Resistance Spot Welding is widely applied as one of the
joining process in variety industries such as automobile, railroad car and
cargo plane due to its economic feasibility and productivity. Nevertheless,
the high temperature =zone occurred by resistance heating and virtual
pressure cause the plastic deformation. The weldability degrades because of
indentation generated by the plastic deformation. Therefore, servo gun type
of welding equipment or cu plate is used to decrease the indentation in
industrial site. This study is to deduct the optimum welding condition by
decreasing the depth of indentation with changing the diameter of the
electrode tip. The experiment is progressed with fixed diameter of lower
electrode tip and variable sizes of upper electrode tip. The characteristic

of Resistance Spot Welding is evaluated by the ratio of the upper and lower

Collection @ chosun



electrode tip diameters in this study.

In case of same electrode tip diameter, the nugget diameter had increased
when the current had increased. This can be inferred that the increase of
heating value from the increase of current value affected the growth of
nugget. In the same weld current, meanwhile, the nugget diameter had
decreased when the electrode tip diameter ratio had increased. This result
is from the decrease of current density by the increase of electrode tip

diameter of upper surface.

the cross section of weld metal shows that 1.0 and 1.3 of electrode tip
diameter ratio allowed the proper size of nugget growth, but the nugget
could not grow and only be affected from the heat in the electrode tip

diameter ratio which is upper than 1.7.

As the electrode tip diameter ratio increases, resistance heating decreases
and nugget diameter decreases due to a decrease in current density. The minimum
nugget diameter was satisfied at the electrode tip diameter ratio of 1.0 ~ 1.3.
In addition, the depth of indentation was reduced to 0.038mm from the current
ratio of 1.3 to 9.0kA. The indentation was convex at the electrode tip diameter

ratio of 1.7 or more.

In the tensile shear strength test, about 7.702kN was measured under conditions
of a weld force of 2kN and a current of 9.5kA. Then, under conditions of a weld
force of 3kN and a current of 9.5kA, a tensile shear strength of about 7.752kN
was measured. The tensile shear strength values when the condition of weld force
Z2kN than under the conditions of weld force 3kN the lower measurement is thought
to be because the heat affected zone to increase the contact resistance between
the plate material increases as the pressing force is decreased. However, both

conditions are above all industry standards (6.17kN).

_VI_
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Table. 2.1 The chemical composition in SPCC (Wt%)

Composition
2P o(%) Si%) | M%) P(%) S(%)
Material
SPCC 0.0017 ~ | 0.002 ~ [ 0.098 ~ | 0.009 ~ | 0.0051 ~
0.0020 0.002 0.093 0.0096 0.0055

Table. 2.2 The mechanical properties in SPCC

Mechanical properties

Material Yield strength Tensile strength
(WPa) (WPa) Elongation (%)
SPCC 162 ~172 292 ~291 50 ~51

Fig. 2.1 Configuration of RSW lap—joints specimen
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AANMAME HALALE(SPCC)S M & TS <IGHH DIotKIR22I0te 3
Xl =

=
& EETIIS AS5UL. Fig. 2.2 (a)2 Table. 2.3
@]

[eoy—]

FE 8012 M ALS LIEHUWACH. & EZ Al =29

=

(b)2l SpotronAl 10kN 2&°| M= ot EHIIE AMEotH &H
|

(b) Electrode force machine

(a) Spot welding machine

Fig. 2.2 Equipment of resistance spot welding

Table. 2.3 Specifications of resistance spot welding machine

Rated Power input | Max welding Rated Cooling electrode
input vol tage input output A capacity force
10220V )

100 KVA 601 241 KVA 27,000 A 10 £ /min 1,000 kgf

z
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Table. 2.4 Electrode tip diameter and diameter ratio

Upper

- - . ]
Electrode tip ! : ' . !
w ) i—

Lower

16

13

10

Diameter

(mm)

2.7

2.2

1.7

13

diameter
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Table. 2.5 Welding conditions for

resistance spot welding

Collection @ chosun

late thickness
1.2x1.2(mm) 1.6x1.6(mm) 1.2x1.6(mm)
Type
Weld force(kN) 3 3 2~5
Squeeze time(cycle) 36 36 36
Weld current 1(kA) 9.0~11.0 7.0 7.0
Weld time 1(cycle) 36 15 15
Weld current 2(kA) - 9.0~11.0 9.0~11.0
Weld time 2(cycle) - 36 36
Holding time(cycle) 12 12 12
Upper Electrode tip 5 N -
diameter (@) 6~16 6~16 6~16
Lower Electrode tip
diameter (@) 6 6 6
Electrode diameter
) 1 ~ 2.7 1 ~ 2.7 1~2.7
ratio
- 12 -
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Fig. 2.3 Specimen of resistance spot welding

Fig. 2.4 Optical microscope
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Fig. 2.6 Dimension of tensile-shear strength test specimen

Table. 2.6 Configuration of tensile-shear test specimen (unit : mm)

. . Free length
Plate Thickness (T) | Width (W) | Overlap (L) | Length (A)
between clams (B)
0.3 ~ 0.8 20 20 75 70
0.8 ~ 1.3 30 30 100 90
1.3 ~ 2.5 40 40 125 100
2.5 ~ 50 50 50 150 110
- 18 -
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Fig. 2.7 UTM(Universal Testing Machine)
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Table. 3.1 Welding conditions for resistance spot welding (1.2t)

Type Values
Weld force(kN) 3
Squeeze time(cycle) 36
Weld current 1(kA) 7.0~11.0
Weld time 1(cycle) 36

Weld current 2(kA) -

Weld time 2(cycle) -

Holding time(cycle) 12
Electrode
. . 1~2.7
diameter ratio
n.z2
0.18—1%
a.16 \
E 0.14 \\
= 0.1z 3
5 \
- a.1
5 \
2 p.os
& \
= 0.06 -
_G.é) <o (J.t].ﬂ-&{mu%_\ _/
= N
0.0z
u]
1.0 Hs) 1.7 PE AT

Electrode tip diameter ratio

Fig. 3.1 Indentation depth of spot welding with electrode tip diameter (1.2t)
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Table. 3.2 Cross section and nugget diameter of spot welding

with electrode diameter (1.2t)

Elpctrode _ Nugget

diameter Nugget cross section di
et iameter
1.0 5.58mm
1.9 5.52mm
1.7 5.23mm
2.2 5.12mm
2.7 ERAREE
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Table. 3.3 Welding conditions of resistance spot welding (1.6t)

Type Values
Weld force(kN) 3
Squeeze time(cycle) 36
Weld current 1(kA) 7.0
Weld time 1(cycle) 15
Weld current 2(kA) 8.5~11.0
Weld time 2(cycle) 36
Holding time(cycle) 12
diéﬁS??Joiiio 1~2.7

0.2z
0.2

D.1.EE \
0.16 \

=

= 014 \

= \

S 0,12

L

=0l \

= 0.08 \ 2
=

[

g

\
0.06 -
0.04 }t?ff/’f
0.0z ”-Wf'v[mm}v

0

1.0 1.3 1.7 2.2 2.7
Electrode tip diameter ratio

Fig. 3.2 Indentation depth of spot welding with electrode tip diameter (1.6t)
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Table. 3.4 Cross section and nugget diameter of spot welding

with electrode diameter (1.6t)

Electrode
diameter Nugget cross section
ratio

1.0

1.3

1.7

2.2

NN

: .‘ﬁ . I.; _--r-..--.:-lr b
?‘a ™

T,
Ly
& ‘ t:n*-‘ =i

2.7 = o
- 3 -_ . i‘l—
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Table. 3.5 Welding conditions of resistance spot welding (1.2t x1.6t)

Type Values

Weld force(kN) 3
Squeeze time(cycle) 36
Weld current 1(kA) 7.0
Weld time 1(cycle) 15
Weld current 2(kA) 9.0~11.0
Weld time 2(cycle) 36
Holding time(cycle) 12

di;;g?ggﬁiiio 1.3~2.2
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Table. 3.6 Cross section and nugget diameter of spot welding
with electrode diameter (1.2t x1.6t)

Elpctrode _ Nugget
diameter Nugget cross section di
. iameter
1.9 5.84mm
1.7 5.48mm
2.2 _
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