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ABSTRACT
The present research studies five spot welding electrodes (RSW) of different
geometries. The design of each electrode considerers contacts shape and area of the
welding spot. The considered welding electrodes are (Flat, Round, Project,
Punch\Flat, Cross Flat). A simplified mathematical 2D-axisymmetric model is used to
study the behavior of each electrode. It is solved numerically using Finite Element
Method (FEM). The model describes the nature of welding contact in terms of
contact locations, contact pressure and stress distribution. The model is validated by
performing tensile shear tests on the welded specimens resulted from each electrode.
Results show good agreement between the estimated behavior and the performed
tests. The strength of welding appeared to be proportional to welding time for all five
electrodes considered. The type (Project) gives the highest shear strength and the type
(Punch\Flat) gives the lowest shear strength. The tests show that the electrode of the
type (Punch\Flat) produces a hole in the welding area. This is caused by the electric
spark in the gap between the upper electrode and the plate. The same defect is noticed
in the type (Round). In both types, this phenomenon is attributed to the stress
concentration in a narrow area which eventually causes the punch.

ﺗﺧﻣﯾن اﻟﺷﻛل اﻟﮭﻧدﺳﻲ اﻷﻣﺛل ﻟﻸﻟﻛﺗرود ﻓﻲ ﻟﺣﺎم اﻟﻣﻘﺎوﻣﺔ اﻟﻛﮭرﺑﺎﺋﯾﺔ ﺑﺎﻟﻧﻘطﺔ
( ً  وﻋﻣﻠﯾﺎFEM )ﻧظرﯾﺎ ً ﺑطرﯾﻘﺔ اﻟﻌﻧﺎﺻر اﻟﻣﺣددةRSW
اﻟﺧﻼﺻﺔ
ﻓـﻲ ھـذا اﻟﺑﺣث ﺗم أﺧﺗﯾـﺎر ودراﺳ ـﺔ ﺧﻣﺳ ـﺔ أﺷ ﻛﺎل ھﻧ ـدﺳﯾﺔ ﻣﻘﺗرﺣ ـﺔ ﻷﻟﻛﺗ رود ﻟﺣ ـﺎم اﻟﻣﻘﺎوﻣ ﺔ
: وﻗد ﺻﻣﻣت أﻋﺗﻣﺎدا ً ﻋﻠﻰ ﺷﻛل اﻟﺗﻣﺎس وﻣﺳﺎﺣﺔ ﻧﻘطﺔ اﻟﻠﺣﺎم اﻟﻰ اﻷﻧواع,RSW – ﺑﺎﻟﻧﻘطﺔ
 وﻗ د ﺗ م ﺑﻧ ﺎء ﻧﻣ وذج ﻣﺑﺳ ط ﺛﻧ ﺎﺋﻲ.( Cross Flat ,Punch\Flat ,Project ,Round ,Flat )
 ﺣﯾ ثFEM -  ﺑطرﯾﻘ ﺔ اﻟﻌﻧﺎﺻ ر اﻟﻣﺣ ددة2D - Axis symmetric أﻻﺑﻌ ﺎد وﻣﺗﻣﺎﺛ ل ﺣ ول اﻟﻣﺣ ور
 ﻛ ذﻟك ﺗﻘﯾ ﯾم ﺷ ﻛل.(  ﺗوزﯾ ﻊ اﻷﺟﮭ ﺎدات, ﻗ وة وﺿ ﻐط اﻟﺗﻣ ﺎس,ﯾظﮭ ر طﺑﯾﻌ ﺔ اﻟﺗﻣ ﺎس ) ﻣواﻗ ﻊ اﻟﺗﻣ ﺎس
ﻣﻧطﻘﺔ اﻟﻠﺣﺎم اﻟﻧﺎﺗﺟﺔ وﻣﺳﺎﺣﺗﮭﺎ واﻟﻣﻧطﻘﺔ اﻟﻣﺗﺄﺛرة ﺑﺎﻟﻠﺣﺎم وﻣﺻﺎدﻗﺔ اﻟﻧﻣوذج اﻟﻧظري ﻋن طرﯾق أﺟراء
أﺧﺗﺑﺎر اﻟﺷد اﻟﻘﺻﻲ ﻋل اﻟﻌﯾﻧﺎت اﻟﻣﻠﺣوﻣﺔ وﺗﻘﯾﯾم ﻣﻘدار ﻗوة اﻟﻠﺣﺎم اﻟﻧﺎﺗﺟﺔ وﺑﯾﺎن اﻟﻣﻘﺎرﻧﺔ ﺑﯾن اﻷﺷ ﻛﺎل
 وﻗد أظﮭرت اﻟﻧﺗﺎﺋﺞ أن ﻋﻼﻗﺔ ﻗوة اﻟﻠﺣ ﺎم ﺗﺗﻧﺎﺳ ب طردﯾ ﺎ ً ﻣ ﻊ زﻣ ن اﻟﻠﺣ ﺎم.اﻟﮭﻧدﺳﻲ اﻟﺧﻣﺳﺔ ﻟﻸﻟﻛﺗرود
 وﻧ وع. ( ﻛ ﺎن اﻷﻋﻠ ﻰ ﻗ وة ﻗ صProject ) وﻟﻛل أﻧواع اﻷﻟﻛﺗرودات ﻣﻊ ﻣﻼﺣظﺔ أن ﻧوع اﻷﻟﻛﺗ رود
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 أﻣ ﺎ ﺗﻘﯾ ﯾم.FEM  وھو ﻧﻔس اﻟﺗﺧﻣﯾن اﻟذي ﻗدﻣﮫ ﻧﻣوذج اﻟـ. ( ﻛﺎن اﻷﻗل ﻗوةPunch\Flat) اﻷﻟﻛﺗرود
 ( ﻧﺗﯾﺟ ﺔ وﺟ ودPunch\Flat) ﺷﻛل اﻟﻠﺣﺎم ﻓﻘد أظﮭر وﺟود ﺛﻘب ﻓﻲ ﻣﻧطﻘ ﺔ اﻟﻠﺣ ﺎم ﻓ ﻲ ﻧ وع اﻷﻟﻛﺗ رود
 وھو ﻧﻔس اﻟﻌﯾب اﻟذي ظﮭر ﻓﻲ ﻧوع,ﺗﻔرﯾﻎ ﻛﮭرﺑﺎﺋﻲ ﻓﻲ اﻟﻔﺟوة ﺑﯾن ﺟزء اﻷﻟﻛﺗرود اﻟﻌﻠوي واﻟﺻﻔﯾﺣﺔ
. ( ﺣﯾث ﺗرﻛز اﻷﺟﮭﺎدات ﻓﻲ ﻣﻧطﻘﺔ ﺿﯾﻘﺔ ﺳﺑب ﺧرق ﻓﻲ وﺳط ﻣﻧطﻘﺔ اﻟﻠﺣﺎمRound)اﻷﻟﻛﺗرود
INTRODUCTION
esistance Spot Welding (RSW) is a major bonding technique in the automotive
industries Nowadays industries are using 30% of the total amount of spot weld to
join a part of car. The advantages of resistance spot welding are high speed and
suitability for automation and inclusion in high production assembly lines with
other fabricating operations. In RSW process, two or three overlapped are
welded together due to the heat created by electrical resistance. Spot welding may be
performed manually, using robots, or by a dedicated spot welding machine and the
process takes only few seconds. There are several variables to control in order to produce
good quality weld like welding current (A), welding pressure (MPa) and time (Cycle),
type of material, thickness, condition of electrodes and the surfaces. The profile of the
electrode is important with respect to both the tip life and weld quality. Tips may be
conical, truncated, flat, domed or cylindrical. Of these types the truncated cone and the
dome predominate in case of welding carbon steel and Aluminium respectively. The most
commonly recommended shape is the domed tip, the shape of which is more easily
maintained in production than the truncated cone. The truncated cone tends to be used for
commercial quality applications, mainly because electrode alignment is more critical and
difficult to maintain consistently in production. Tip life, however, is markedly better, by a
factor of two to three, than can be achieved with the domed electrode. Cone angles vary
from 60° to 150° including an angle with a slight radius on the tip which aids in
alignment and reduces marking of the sheet. [1]
The size of the electrode tip point controls the size of the resistance spot weld.
Actually, the weld nugget diameter should be slightly less than the diameter of the
electrode tip point. If the electrode tip diameter is too small for the application. The weld
nugget will be small and weak. If, however, the electrode tip diameter is too large, there is
danger of overheating the base metal and developing voids and gas pockets. In either
instance, the appearance and quality of the finished weld would not be acceptable. [2]
A number of investigators have studied the spot welding process to obtain analytical
and numerical solutions where:
Li. Baoqing, Shan Ping [3] represented an axis-symmetric contact finite element
analysis (FEA) model of (RSW). It provided effective analysis of contact behaviour in the
pre-squeeze stage. The numerical simulation results that the uneven contact pressure
distribution on the Workpiece-Electrode interface is the reason of the contact pressure
distribution on the faying interface. The contact behaviour is affected mainly by the
electrode tip radius, work-piece depth and electrode force . A 2D axi-symmetric FEM
model has been developed by Thakur.A.G, Rasane.A.R [4] to analyse the transient
thermal behaviours of RSW process. The objective of this analysis is to understand
physics of the process and to develop a predictive tool reducing the number of
experiments for the optimization of welding parameters. During the welding cycles
there is compressive stress in the contact area of faying surface, which is helpful for
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good metallurgical structure, forming a condensed weld nugget. Through the thermal
histories and temperature distributions obtained from this analysis, the geometry and
dimensions of the nugget can be calculated.
The effect of electrode cap geometry on nugget formation was modelled FEM and
investigated by Kevin R. Chan, John C. Bohr [5], Four electrode geometries were
compared, including standard domed-flat, truncated, (ISO F-style), and a new
parabolic shaped electrode (Para Cap™). It was found that the shape of the electrodes
had an influence on the development and final shape of the weld nugget. Where the
(Para Cap™ - 6 mm flat) electrode yielded the largest weld current window when
welding 1.6 mm DP780 steel for the conditions studied. Electrode temperature and
deformation was found to be more pronounced when using the (domed-flat- 4.8 mm)
electrode. The (ISO F-style- 6 mm flat) electrode while able to reduce the heating of the
electrode and indentation of the steel. The (truncated- 6 mm flat) electrode showed a
current range similar to the (ISO F-style), however nugget penetration was reduced.
The effect of electrode pitting on the formation of the weld nugget in RSW of an
AL alloy was investigated using FEM was investigated by B. H. Chang, Y. Zhou
[6], Pitted electrodes were simulated by assuming a pre-drilled hole of varying
diameter at the centre of the electrode tip surface. The results showed that a small
pitting hole would not have a detrimental influence on the nugget size. The actual
contact area at the electrode/sheet interface did not change significantly when the
diameter of the pitting hole was increased. However, a large pitted area at the
electrode tip surface resulted in a greatly increased contact area and hence reduced
current density at the sheet/sheet interface, which in turn led to the formation of an
undersized weld nugget. The numerical calculation of the nugget shape and
dimensions agreed well with experimental observations. The temperature and nugget
size started to decrease for pitting holes greater than 3.0 mm in diameter.
Uğur Eşme [7] has presented an investigation on the optimization and the effect of
welding parameters on the tensile shear strength of spot welded SAE 1010 steel
sheets. Based on the ANOVA method, the highly effective parameters on tensile
shear strength were found as welding current and electrode force, whereas electrode
diameter and welding time were less effective factors.
Jianhui Xu and Xiuping Jiang [8] was employed to pre-join refractory alloy
50Mo–50Re sheet with a 0.127 mm gage. Five important welding parameters (hold
time, electrode, ramp time, weld current and electrode force) were adjusted in an
attempt to optimize the welding quality. It was found that increasing the hold time
from 50 ms to 999 ms improved the weld strength. Use of rod-shaped electrodes
produced symmetric nugget and enhanced the weld strength. Use of a ramp time of 8
ms minimized electrode sticking and molten metal expulsion.
THE FEM MODELLING OF RSW
A FEM model of contact analysis was developed using the university edition
ANSYS software. Since the entire schematic arrangement of the RSW shown in
figure (1-A) can model as an axi-symmetric model-2D, only one quadrant of the
model was constructed for every geometry of electrodes (Flat, Round, Project,
Punch\Flat, Cross Flat). And the boundary conditions of the FEM model showed in
the figure (1-A) where:
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I. The model is meshed using four elements; the element PLANE42 for
electrodes, VISCO106 for sheets, the contact elements consisting of contact
pair CONTA172 (contact element) and TARGE169 (target element). [9]
II. The upper electrode movable in y-axis direction only.
III. The lower electrode fixed in all directions.
IV. Two sheets movable in y-axis direction only.
V. Three contact areas: 1) Electrode\Sheet, 2) Sheet\Sheet, 3) Sheet\Electrode.
VI. The solving represented by von miss stress distributions and contact pressure at
sheet\sheet interface as shown in the figure (1-B, C, D, E, F).
OPERATIONAL FRAMEWORKS
The operational framework for the experiment and data collection is shown in
the figure (2) includes Design of electrode geometry, Prepare the specimen, Spot
welding process, Tensile shear test and Data collection and analysis.
The Experimental Process
Starting with Selection of specimen to be weld, the basic component to select the
specimen is the thickness and material. The mechanical properties and chemical
composition of material (1008 - low carbon steel) list in tables (1, 2). A standard
procedure needs to be followed to prepare the specimen. For this study, the standard used
to prepare the specimen is IIS (Iraq Industrial Association) figure (3-F) [10]. This
standard specifies the method for shear strength test of spot welded joint not more 0.5 mm
in plate thickness, (t) and cut by the cutter to get standard dimension (100 x 23) mm, (L x
W). The specimen should not be rusty, because it can affect the effectiveness of the
experiment. For two sheet lap joint, the shape of test piece shall conform to Figure (3-F).
This research used a single spot test piece.
And the procedure for prepare Electrodes. We select electrode made of copper
and manufacture five different shapes as shown in Figure (3) with details and
dimensions & Figure ( 4 - A, B, C, D, E ) represents geometries of electrodes as
follows:
Flat, (B) Round, (C) Project, (D) Punch / Flat, (E) Cross Flat.
In this research used three types of contact depending on:
I. Point: (round) electrode.
II. Line: a) Closed line (project) electrode,
b) Opened line (cross flat) electrode.
III. Area: a) Single area (flat) electrode,
b) Multi-area (cross flat) electrode,
c) Deferent area (punch\flat) electrode.
The figure (5) represents the shape of real contact area for each electrode and the
values of these areas were calculated as shown in Table (3).
In addition, based on the basic component the variables such as time, current and
electrode force are selected. The total time (welding and holding) selected as shown in
Table (3), the effect of the current is changed with various shape (in this research was
neglected) and a constant force was selected (450 N).
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The Procedure of Spot Welding Process
The several electrodes geometry (flat, round, project, punch\flat, cross flat) were
tested and the figure (6-A, B, C, D, E) shows the nugget shape for all electrode types
respectively. They are executes with deferent value of time cycle (2, 4, 6, 8, 10) sec
for each electrode. In the beginning we start the experimental with these series of
time in flat electrode, but at time (8, 10) sec appears some defects as shown in figure
(6-F) therefore neglected.
The abstract of the calculations and measurements that resulted from this step
tabulated in table (3). Which includes contact area value of the electrode, diameter of
spot welding and heat affected zone diameter, describe of the weld nugget appearance
and evaluation by the comparing between them.
Shear Tensile Test
From the shear tensile tests we get two types of curves as shown in Figures (7), (8)
that represent the maximum force to joint two plates (specimen) where:
I. First zone: Represents primary welding deformation zone (where no fracture in
material and no separate in welding zone) only deformation of specimen.
II. Second zone: Represents secondary welding deformation zone (where fracture in
material or separate in welding zone).
III. Third zone: Represents welding fracture zone (where continuous of fracture in
material or continuous separate in welding zone).
The table (3) represents the collection of data of these tests where shows generally
the joint force increases with time as well as the project electrode have the greater force
value of joint than that of other joints, especially at time 6 sec.
THE RESULTS AND DISCUSSION
The stress distribution indicator (von-misses) in the FEM model was estimated
along all the contact area between the two electrodes and the two plates. It was also
computed in the points of stress concentration as shown in Figure (1-B, C, D, E, F).
This means that the metal in the pressure stage experiences a compression at these
points higher than other points.
In other words; this means that the bounding force between the two plates was
increased after the plastic stage happening in the welding process.
Another indicator is the area of contact pressure shown in Figure (9). The
electrode (project) gives the maximum contact pressure distributed along contact area
between the two plates; this demonstrates an excellent bonding of the metals of the
two plates.
The results extracted from the welding samples were analyzed to find out the
effects an: 1) The spot welding area. 2) The area of heat affected zone.
3) The general shape and appearance of the spot welding area.
The results were compared for electrodes of different shapes. Table (3) shows a
review of these results. It can be deduced that the welding area increases with the
increase of the welding time for all electrode types. The maximum welding area (Φ15
mm) was given by the electrode (project). The electrode (punch/flat) caused a
punching in the middle welding area due to the electric sparking in the gap between
the upper electrode and the plate Figure (6-D). The same punching phenomenon was
seen in the electrode (round) Figure (6-B) as a result of the concentration of pressure
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in a narrow area where the spark commences. The high current passing through this
narrow area highly increasers the rate of metal melting in the contact area.
The tensile shear test was carried out on all welding samples for all electrode
types. The results in figure (10) show that the welding shear strength is proportional to
the time spent in welding for all types of electrodes. The maximum bonding force (3.35
KN) in the welding area was given by the electrode ( project ) followed by the electrode
(cross flat = 2.63 KN) then (flat = 2.58 KN). The bonding strength of the welding was
so high that the metal surrounding the welding area was ruptured in the tension test and
the welding bond itself remained intact. This was not the case with the electrode
(punch/flat = 1.72 KN) where the fracture occurred at the welding bound itself.
CONCLUSIONS
1. The mathematical model solved by FEM gives satisfactory prediction of the value
of contact pressure area at sheet\sheet interface and stress distribution in the
welded area.
2. The result obtained from the squeeze stage shows that the contact behavior is
affected mainly by the electrode geometry and electrode force. Also, the stress
distribution varies from centerline of the model towards the edge of the electrode
and the sheets.
3. The radius of faying interface depends on the electrode geometry and the contact
pressure distribution shape is primarily affected by the electrode tip and electrode
force.
4. Electrode geometry does affect the development and final shape of the weld
nugget.
5. Increasing contact area between electrodes does not necessarily increase the shear
force joining of the sheets.
6. The holes or spaces produced by electrode (punch\flat) cause a deformation in the
welded area and weaken the force joining the sheets.
7. Increasing the welding time over 6 sec. causes a defect in the welded area due to
the increase of molten quantity of the metal.
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Table (1): material properties of (1008 - low carbon steel)
specimen blank.
Properties of material

Values

Young’s modules, Е
Density, ρ
Yield stress, σy
Poisson’s ratio, ν

361 GPa
7980 kg/m3
216 MPa
0.3

Table (2): chemical composition of (1008 - low carbon steel)
specimen blank.
Element

C

Si

Mn

S

Cr

Ni

MO

Cu

Ti

V

Wt %

0.
06

0.00
3

0.3
1

0.03
7

0.02
1

0.07
7

0.00
5

0.05
2

0.00
8

0.00
2
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Table (3): the properties of spot welding zone and the
effect of(time, electrode geometry) on the force value
(max. Shear force) at constant force (450N).

The
Shape

FLAT

Total
Time
”sec”
2
4
6
8
10

ROUND

2
4
6

PROJECT

2
4
6

PUNCH
\
FLAT

CROSS
FLAT

2
4
6
2
4
6

Dia.
Averag
e
of
Heat
Zone
“mm”

Max.
Shear
Force in
Tension
”KN”

3
4
6

6
7
7.5

1.95
2.2
2.58

-------

-------

-------

9
11
14

1.75
2.48
2.54

1. The dia. is regular
and the shape is very
good.
2. The surface is very
good.

Dia. of
Area of Pressure
Spot
Contact Applied
Welding
2
2
“mm ”
N/m
“mm”

(78.53*2)

5.73.E
+06

(78.53*2)

5.73.E
+06

6.5
7
8

Appearance of
Welding zone

Spot

1. The dia. is regular
and the shape is
good.
2. The surface is good.
1. The
defects
in
welding zone.
2. The surface is not good.

start with
point to
(1.767)

2.55.E
+08

rings
(18.85+
42.41)*2

7.35.E
+06

10
12
15

15
17
20

1.82
2.8
3.35

1. The dia. is regular to
both zones.
2. The surface is good
at all times.

71.47
+
78.53.

6.30.E
+06

6
8
12

9
13
16

1
1.2
1.72

1. The dia. is increase
with time.
2. The surface is not good
relative round shape.

5
9
10

9
11
12

1.6
2.44
2.63

1. The dia. is increase
with time.
2. The surface is not
good relative to round
shape.

(38.84*4)
*2

2.90.E
+06
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B

C

2634

PDF created with pdfFactory Pro trial version www.pdffactory.com

Eng.& Tech. Journal, Vol.30 , No.15 , 2012

Prediction of the Best Electrode Geometry of
Resistance Spot Welding RSW Theoretically by
FEM and Experimentally

D

E

F

Figure (1): Represents the FEM model of RSW, where:
(A) Axi-symmetric model and boundary conditions,
(B) Flat, (C) Round, (D) Project, (E) Punch / Flat, (F) Cross Flat.
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START

Electrode geometry design
and specimen preparation.

Spot welding process:
Constant: force. (N)
Variables: Welding Time. (Sec.)
Electrode Tip or Geometry.

Tensile Shear test

Data collection and analysis

END

Figure (2): Flow chart illustrating the experimental procedure.
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Figure (3): Represent the geometries of electrode and specimen with
detailsand dimensions where: (A) Flat, (B) Round, (C) Project,
(D) Punch / Flat,(E) Cross Flat.(F) The Tensile Shear Specimen,
IIS (Iraq Industrial Association).

A

B

C

D

Figure (4): Represent real electrodes, where the geometries of electrode are,
(A) Flat, (B) Round, (C) Project, (D) Punch / Flat, (E) Cross Flat.
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10 sec.

Figure (5): Represents contact areas of the electrodes, where the
geometries are, (A) Flat, (B) Round, (C) Project, (D)
Punch / Flat, (E) Cross Flat.

2 sec.

8 sec.

4 sec.
10 sec.

6 sec.

A

B

C

D

E

F

Figure (6): Represent the photographs of spot welds for each electrode at
time 2, 4, 6 sec. and constant force = 450 N.(A) Flat, (B) Round, (C) Project,
(D) Punch / Flat, (E) Cross Flat.(F) The defects in welding zone at
time 8, 10 sec. are Surface splash (Flat electrode).
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Figure (7): Represents the relationship between the displacement and force when
applied tensile shear test on the welded specimen at welding variables:
Project Electrode, Time = 6 sec., constant force = 450 N.

Figure (8): Represents the relationship between the displacement and force when
applied tensile shear test on the welded specimen at welding variables:
Punch\Flat Electrode, Time = 2 sec., constant force = 450 N.
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Figure (9): Represents the contact pressure distributions in sheet\sheet interface of all
electrodes in FEM modeling analysis at constant force = 450 N.
(A) Flat, (B) Round, (C) Project, (D) Punch \ Flat, (E) Cross Flat.
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Figure (10): Represents the relationship between shear force and time practically of all
specimens at Constant force = 450 N of electrode types,
(A) Flat, (B) Round, (C) Project, (D) Punch / Flat, (E) Cross Flat.
at constant welding Pressure = 450 N.
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