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Abstract: Integrity of the resistance spot welds determines the overall structural rigidity and
integrity of the mechanical system. The main mode of failure for spot-weld joints is fatigue
fracture due to fluctuating loads. Resistance spot welds are of great importance to manufacturing
industry, considering that it is a commonly used technique for joining thin-sheet components of
metals. For example, car and bus bodies may contain thousands of spot welds. Besides economic
aspects, spot-welded structures drive the development of optimization in the field of spot welds.

Accordingly, the objective of this study is to develop a procedure to maximize the fatigue life
or the load-carrying capacity of spot-weld joints by minimizing the maximum stress. In the
optimization procedure, the material and size of the sheet plates are predetermined. On the
other hand, the number and locations of the spot welds are chosen as design variables. In order
to calculate the objective function, which is the maximum equivalent stress, ANSYS (version 9.0)
finite-element analysis software is used. The procedure is applied to a representative problem to
demonstrate the effectiveness of the proposed method.

Keywords: optimal design, spot weld, finite-element analysis, Nelder–Mead (Simplex) method,
fatigue

1 INTRODUCTION

Spot-weld joints are mostly used to assemble metal
sheets, especially in automotive and railroad indus-
tries for decades. As, sometimes, there are hundreds
and thousands of spot welds in a structure, the design
and fabrication of the spot-weld joint affect the qual-
ity as well as the safety of the structure. In addition,
because fatigue is the most common failure mode for
the spot-weld joints under fluctuating loads, under-
standing their fatigue behaviour and assessment of
their fatigue lives are crucial.

In today’s world, due to several aspects such as
simplicity, economical, and reliability, the resistance
spot welding is accepted as the primary joining
method especially for automotive and railroad struc-
tures because of its advantages such as adaptation
to automation in a mass production environment.
Also, it is an inexpensive and effective way of
joining thin-sheet components of metals. According to
studies, a coach or a bus body may contain hundreds
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or even thousands of spot welds. In other words, in an
automotive body assembly, about 90 per cent of the
welds are resistance spot welds [1–7].

Mechanical components usually experience cyclic
loading. Naturally, they are liable to fail because of
fatigue. In mechanical and structural systems, fatigue
is perhaps one of the most important failure modes
because it is known that over 80 per cent of observed
service failures are mainly due to fatigue [8, 9]. Hence,
it can be concluded that the structural rigidity and
durability of the spot-welded structures rest on the
fatigue strength of spot-weld joints [3, 7, 9, 10].

In general, spot-welded specimens deform
through the sheet thickness, resulting from crack
growth across the nugget area and then crack
propagation through the sheet thickness. The stud-
ies examining the effects of the design parameters
on spot-welded structures [3, 11–15] show that fail-
ure mechanism of a spot-welded structure is closely
related to stress values, especially at the peripheries of
the spots, spot-weld diameters, and metal sheet thick-
nesses. Crack growth through the metal sheets, for
instance, is encouraged by low load range, thin metal
sheet, and large spot-weld diameter. Crack growth
across the nugget, in contrast, is favoured by high
load ranges, thick metal sheet, and small spot-weld
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diameter [7, 16]. Hence, design and optimization of
spot welds under typical loading conditions have been
drawing the attention of researchers. Understanding
the mechanical behaviour of spot welds as well as
plates is important in structural integrity assessment.
The primary factors that determine the performance
of spot-welded structures are the location and num-
ber of spot-weld positions and the quality of the spot
welds [17].

Even if tensile shear-type (TS) and modified ten-
sile shear-type metal sheets joined by resistance spot
welds are subject to uniaxial in-plane loads, multi-
axial stresses occur, especially at the peripheries of the
spot welds. Because of this, high stress concentration,
and, as a result, non-linear deformation occur around
the spot welds. Hence, these high stresses control the
failure life of the joint and thus its structure.

Optimization of the number and, of course, location
of the spot welds under different loading conditions
are major economic considerations. Because spot
welds are commonly used in mass production due to
their simplicity, a small reduction in the number of
spot welds, through their efficient and optimal usage,
can mean a great saving in production costs [18].

Studies on optimization usually involve numerical
work. It is important to note that although experi-
mental studies provide the necessary physical insight
into the behaviour of the spot-weld joints, predictive
tasks such as design, analysis, and evaluation of the
spot-welded structures are often carried out by com-
putational methods. Spot-weld joints present several
challenges to design engineers in terms of mechan-
ical analysis and evaluation. First, depending on the
relative size of the spot welds to base-metal thick-
ness and their quality, the spot-weld joints can fail
either through the base metal or through the spot-weld
nugget (there is some uncertainty involved). Sec-
ond, because of geometrical complexity of spot-weld
joints, effective correlation between the mechanical
performance of the joints and loading and geometry
is difficult to obtain through experimental methods.
In addition, optimization of the spot-weld joints via
experimental studies is not practicable because of
economical reasons. Hence, the design optimization
method should rely on numerical tools.

In the literature, there are a few studies related
to optimization of spot-weld number and loca-
tions [14, 15, 19, 20], regarding stiffness and fatigue
behaviour. A topology optimization algorithm was
used in references [14], [19] and [21] and the max-
imum stress intensity factor of spot welds, which
is a control parameter for the fatigue life of the
structure, was minimized in a spot-welded structure.
In reference [22], a design optimization procedure was
introduced using a special element to model the spot
weld. In reference [14], sheet metals were modelled
using shell elements, and spot welds were modelled
as bar elements. In reference [18], the spot welds were

modelled using an umbrella (spoke bar) model. The
optimization problem of the spot-welded structures
was examined using radial (structural) stresses and
the umbrella model, finding optimal locations of spot
welds. In reference [23], a meta-heuristic method that
is an integer optimization method on the discrete type
was proposed, and the effectiveness of the method
was discussed through optimization of the spot-weld
positions.

There are a number of optimization techniques
such as non-linear, linear, geometric, dynamic, inte-
ger, and stochastic. In this developed program, for
the optimization part, a linear program, Nelder–Mead,
which is used in different engineering problems in
industry [24], is chosen. Because structural optimiza-
tion problems may contain many local minimum
configurations, the developed algorithm, in which
a monotonically decreasing value of the objective
function is iteratively created, may stick in a local
minimum point rather than the global minimum solu-
tion depending on the starting point. To eliminate
this problem and to obtain the global minimum con-
figuration, the algorithm has been employed many
times starting from different configurations for every
problem.

2 PROBLEM STATEMENT

The purpose of optimization is to find the best possible
solution among the many potential solutions for the
given problem in terms of a performance criterion.
The objective of the design optimization problem is
to generate an optimum design for spot-weld joints in
order to maximize their load-carrying capacity.

Any design process requires some design variables
through which the part can be defined with the objec-
tive of choosing a suitable set of these variables,
such that the performance of the corresponding part
becomes satisfactory.

The optimization process tries to find the optimum
set of design variables such that the corresponding
part yields the best performance. In our problem, it is
assumed that the geometry (Fig. 1) and material of the
metal sheets, material and size of the spot welds, and
loading conditions are predetermined. Design vari-
ables are then the number and locations of spot welds.
Because of the difficulty of varying the number of spot
welds in a single optimization run, the number is fixed;
however, choosing a different number for different
runs is possible. In this article, a common geometry, TS
specimen, was considered and optimized for different
types of in-plane loading.

The objective of the design optimization problem
is to minimize the maximum equivalent stress value,
Smax, of the joint

minimize Smax (1)
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Fig. 1 Geometry of the TS specimen (top and side views)

The design variables are subject to a number of
side constraints. The spot welds should be prevented
from interfering with each other and getting close
to the plate boundaries; this means that the design
should conform to the standards related to weld-to-
weld spacing and weld-to-edge distance. According
to industrial organizations such as American Welding
Society, the distance between an edge and the centre
of a spot weld should be greater than one spot weld
diameter, d. Accordingly, the constraint equations are
given as
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where l is the total length of the square plate; it was pre-
determined as 300 mm. Besides, the distance between
the centres of the spot welds should be greater than
twice the spot-weld diameter as recommended by the
industry. Then

sij � 2d (4)

where sij is the distance between spot welds i and j.
In many cases, joints are under fluctuating loads,

and spot welds are then susceptible to fail due to

fatigue fracture. Therefore, their load-carrying capac-
ity is limited by the fatigue failure mode. As fatigue
crack initiation is quite susceptible to a stress level,
reduction in the maximum stress level considerably
increases the fatigue life of the component. Accord-
ingly, the objective function to be minimized is the
maximum equivalent stress developed in the struc-
ture. Consequently, the locations of the spot welds that
will result in the minimal value of Von Mises [25, 26]
stress was determined.

There are some limits on the coordinates of spot
welds, i.e. constraints on optimization variables. The
welds should not get near the edges of the plates,
or go outside. In these cases, maximum stress level
increases. Because, in such a case, cost function
increases, and there is no need to impose constraints
on the optimization variables or to calculate a penalty
function. The search algorithm already diverts the
weld away from the edges.

3 METHODOLOGY

3.1 General solution procedure

In order to integrate the design optimization pro-
cedure with a commercially available finite-element
analysis (FEA) software (ANSYS 9.0), a code was
developed utilizing the built-in parametric language.
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Using the available commands, the necessary tasks
are achieved, which includes definition of the model
(geometry and element types), material properties,
and boundary conditions (restraints and forces), solu-
tion, and extracting the results.

During the optimization process, the locations of
the welded joints are changed iteratively in search
of a better objective function. For this purpose, the
Nelder–Mead simplex method [27, 28] is used as a
search algorithm. The objective function, i.e. maxi-
mum equivalent stress, is recalculated whenever the
design is changed. The code automatically regener-
ates mesh data in each analysis step and extracts
results for different spot-weld locations. As the welded
components have complex shapes, mesh is gener-
ated on three-dimensional surfaces. The resulting Von
Mises stresses developed in each element are sorted,
and then the largest value is obtained. The iterations
terminate when the convergence criterion is met. Oth-
erwise, the algorithm resumes finding new values for
the positions of the spot welds.

3.2 Structural analysis

In the meshing step, ten-node tetrahedral structural
solid elements (SOLID92) [29] are used. New meshes
are constructed in each iteration taking into account
the change in spot-welding locations. The elements
around the weld joints are refined to capture the
stress state accurately, because in these regions high
stresses develop due to stress concentration effects of
the joints. In contrast, the mesh density over the rest
of the solid body is uniform. This gives uniform qual-
ity of meshes throughout the optimization process.
Using different levels of refinement, the optimization
procedure is repeated in order to observe the differ-
ences between different levels of mesh refinements
and choose the most suitable one.

In this article, instead of modelling the spot welds
as metal sheets, a rigid bar model [30] is used in the
analyses. Hence, a rigid bar element (BEAM 188) [29]
is used, which directly creates a line representing the
spot weld between the metal sheets.

3.3 Search algorithm

As our structural analysis is based on a numeri-
cal method, consequently, the stress state cannot be
predicted in the closed form; it is difficult to use the
search algorithms that require the derivative of the
objective function. In this respect, zero-order meth-
ods are more suitable; among them are stochastic
and deterministic methods. The advantage of stochas-
tic methods such as simulated annealing and genetic
algorithms [27, 28] is that they may easily converge
to the global minimum and start from any set of val-
ues of design parameters. However, they are difficult to

apply and expensive in terms of computational time.
Zero-order deterministic methods such as the Nelder–
Mead and Powel’s methods [27, 28] are much easier
to apply, but they do not necessarily converge to the
global optimum. A deterministic algorithm should be
employed many times starting from different points
within the feasible region of design parameters. Then,
the lowest value is chosen as the global minimum
of the objective function. In this article, the search
for optimum design parameters was started using the
Nelder–Mead method which requires only the values
of the objective function for the given set of design
variables. Using this method, the solution domain was
proved to be containing a low number of local min-
ima. Therefore, the Nelder–Mead method was found
to be a suitable choice; thus, after a number of tri-
als, spot-weld positions resulting in the minimum
peak stress can be denoted as the global optimum
positions.

The sequential simplex or the Nelder–Mead method
was originally proposed by Hext and Himsworth and
Spendley. Then, the so-called method was improved
by Nelder and Mead, so that the simplex method is
also known as the Nelder–Mead method. The search
algorithm, shown in Fig. 2, sequential simplex, begins
with a regular geometric figure called the simplex
requiring N + 1 initial sets (vertices) of the design
variables in an N -dimensional space, where N is the
number of the design variables. These vertices can
be defined by the origin and by points along each of
the N coordinate directions. The following equations
are suggested for the calculation of the positions of
the vertices of a regular simplex of size ‘a’ in the
N -dimensional design space [27].

xj = x0 + pej +
N∑

k=1
k �=j

qek , j = 1, 2, . . . , N ,

where

p = a

N
√

2

(√
N + 1 + N − 1

)
and

q = a

N
√

2

(√
N + 1 − 1

)

(5)

where ek is the unit base vector along the kth
coordinate direction and x0 is the initial base point.
For the problem examined in this article, the initial
location number was 3 because there were two dif-
ferent design variables, namely x and y coordinates
of the second spot weld. Hence, equation (5), for
our case, leads to an equilateral triangle of side a.
Once the simplex method is defined, the objective
function is evaluated at each of the N + 1 vertices,
x0, x1, x2, . . . , xN . Let xl and xh denote the vertices where
the objective function assumes its minimum and max-
imum values, respectively, and xs is the vertex where
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Fig. 2 Flow chart in the design process of optimization with ANSYS

it assumes the second highest value. The simplex
method discards the highest value and replaces it by a
point where the objective function has a lower value in
the following operations, namely ‘reflection’, ‘contrac-
tion’, and ‘expansion’. The reflection operation creates
a new point xr along the line joining xh to the centroid
x̄ of the remaining point defined as in reference [27]

x̄ = 1
N

N∑
i=1

xi, i �= h (6)

The vertex at the end of the reflection operation is
calculated by Haftka and Gurdal [27]

xr = x̄ + (x̄ − xh) (7)

If the value of the objective function at this new
point satisfies the condition, that is fl〈 fr � fs, where
fl = f (xl), then xh is replaced by xr and the process is
repeated with this new simplex value. If, in contrast,
the value of the function at the end of the reflection is
less than the lowest value of the function, then, there
is a possibility that it can be further decreased to the
function by going further along the same direction. It
is searched as an improved point xe by the expansion
technique using the relation [27]

xe = x̄ + 2(xr − x̄) (8)

If the value for this function is smaller than the value
at the end of the reflection step, then xh is replaced by
xe and the process is repeated with the new simplex
value. However, if the expansion leads to a function
value equal to or greater than the function value of the
reflection point, then the new simplex is formed by
replacing xh by xr and continued [27].

Finally, if the process of the reflection operation
leads to a point xr such that the function value of
reflection is smaller than of the maximum, contraction
is performed without any replacement using [27]

xc = x̄ + 0.5(xh − x̄) (9)

If the function value of this point is greater than that
for maximum value, then all the points are replaced by
a new set of points

xi = xi + 0.5(xl − xi), i = 0, 1, 2, . . . , N (10)

and the program restarts the process with this new
simplex. The operation in the last equation causes the
distance between the points of the old simplex and the
point with the lowest function value to be halved and is
therefore referred to as the ‘shrinkage’ operation [27].
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3.4 Finite-element analysis

In order to determine the stress state developed in
the structure, a non-linear analysis was carried out
using a commercial FEA software, ANSYS. The base
metal and spot-weld nugget were modelled using
three-dimensional ten-node tetrahedral solid ele-
ments, SOLID92 [29], and a two-node beam element,
BEAM 188 [29], respectively. Contact elements were
defined on the interfaces between the plates. Because
high stress concentration occurs in the vicinity of the
spot welds, much smaller elements were used within
and around the spot welds in comparison with that of
the base metal.

The boundary conditions in the FEA model are
shown in Figs 3 and 4. In one loading case, displace-
ments and rotations in all degrees of freedom are
fixed at one end; the other end is subject to uniformly
distributed in-plane load.

4 RESULTS AND DISCUSSIONS

The same problem was also studied by Chao
et al. [31] using different search algorithms and
analysis techniques. The comparison of the results will

indicate the relative strengths of the methods [32]. In
the first step, a study performed by Chao et al. [31]
was repeated using our procedure and the results were
compared in Tables 1 and 2. In this comparison, a three
spot-welded, 300 mm by 300 mm square plate, shown
in Fig. 3, subjected to a 3000 N force which is uniformly
applied in both x and y directions on the right surface
of the lower sheet was used. The results summarized in
Table 1 show good agreement with the previous ones.
In Table 2, four different cases were also summarized
for the same problem using the proposed optimization
procedure.

In the second part, another problem was studied.
The optimization procedure is applied to 300 mm by
300 mm square sheets joined by two spot welds; one
is fixed and the other is movable. The sheet thickness
and the spot-weld nugget diameter are chosen to be
1.0 and 4.0 mm, respectively. The initial space between
the metal pieces is assumed to be 0.5 mm.

The spot-welded joint is composed of the nugget
and the base metal. The material properties for the
base metal and nugget are listed separately in Table 3.
In addition, the materials of the sheets are assumed
to be homogeneous, isotropic, and linearly elastic;
large deformation and nugget indentation are not
considered.

Fig. 3 Boundary conditions of the FEA model for the axial and transverse loading case
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Fig. 4 Finite-element meshes and boundary conditions on the optimized square plate with two
spot welds (under axial and transverse loading case)

Table 1 Comparison of the predicted results per-
formed by Chao et al. [31] for three
spot-welded square plates under both axial
and transverse loading of 3000 N

Chao et al. Ertas et al.

Spot weld no. x y x y

Initial locations (mm)
1 −50 −50 −50 −50
2 50 −50 50 −50
3 0 50 0 50

Optimized locations (mm)
1 −50 −86 −55 −89
2 6 −86 4 −87
3 94 18 90 6

As seen in Figs 3 and 4, the left end of one of the
metal sheets, the upper sheet, is clamped (i.e. displace-
ments and rotations are set to zero) whereas the other

Table 3 Material properties of base and nugget

Base material Nugget

Young’s modulus (GPa) 190 200
Poisson’s ratio 0.25 0.2

one, the lower sheet, is not restrained. As for loading, a
3000 N force is uniformly applied in the x direction and
a 3000 N force in the y direction on the right surface of
the lower sheet.

Figure 4 also shows the finite-element mesh gen-
erated over the volume of the structure. The total
number of elements in the model is ≈90 000 and the
total number of nodes is ≈160 000.

Because the region around the spot welds is crit-
ical, finer meshes are introduced near to the edges
of the spot welds; the dimension of the smallest

Table 2 Optimum positions of the spot welds obtained starting from different locations with only converged
mesh densities, L-50 and R-2 (under axial and transverse loading case)

First spot Second spot Third spot

Set no. x y x y x y Smax

Initial locations of the spots (mm) and resulting maximum peak stresses (MPa)
1 −100 −100 0 0 −50 0 425
2 −75 −75 −50 −50 50 50 439
3 −50 −75 0 −50 0 50 396
4 −75 −50 −50 0 50 0 412

Optimal locations of the spots (mm) and resulting maximum peak stresses (MPa)
1 −60 −95 −15 −79 101 8 221
2 −48 −86 1 −89 89 11 232
3 −50 −73 −1 −87 82 15 236
4 −58 −89 5 −84 81 20 229
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elements being 0.0005 mm. The extent of the region
where elements are refined is two times the spot-
weld diameter. Expanding this region has little effect
on the stress state. In order to prevent the penetra-
tion of the sheets into each other, node-to-node and
flexible–flexible contact elements (CONTACT 12) [29]
are defined around the spot welds over the inner
surfaces. Because of the contact elements, the analysis
becomes non-linear.

The afore-mentioned optimization procedure was
applied to obtain optimum locations of the spot welds.
Initially, the weld at the bottom left region was fixed,
and the other was allowed to change its location.

Figures 5 and 6 show equivalent stress distribu-
tions (in terms of MPa) over the inner surfaces of the
lower and upper sheets, respectively, in the optimum
state. High stresses develop at regions on the inner
surfaces of the sheets close to the peripheries of the

Fig. 5 Von Mises stress (MPa) distribution on the lower sheet’s inner surface (under axial and
transverse loading cases)

Fig. 6 Von Mises stress (MPa) distribution on the upper sheet’s inner surface (under axial and
transverse loading cases)
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spot welds because load transfer in a spot-weld nugget
mainly occurs through the material near the bound-
ary of the nugget, whereas the central region of the
nugget is mostly stress-free. High stresses develop at a
region within the lap zones of the sheets, where con-
tact occurs. The peak stress develops close to the spot
weld but not on its periphery. The largest principal
stress is tensile at the point where peak equivalent
stress develops. It may be concluded that this is
the critical location for fatigue failure. This location,
shown in Figs 5 and 6, also conforms to the fatigue
crack-initiating sites observed in an experimental
study [12, 33].

Examining the deformed shape of spot-welded
sheets, it can be mentioned that the deformation of
lap zones of the spot-welded joint in the middle part is
more serious than that at other zones of the specimen.
The reason for the phenomena may be as follows. The
loads that are applied to the spot-welded specimens
are due to the spot welds in the spot-welded joints.
Hence, the stresses flow with concentrating to the spot
welds in the middle parts of the lap zones, so that high
stresses arise there.

As the number of design variables is 2, which are
x and y coordinated of the moving spot weld, the
Nelder–Mead algorithm [27, 28] requires three sets of
design variables; this means three different positions
should be chosen for the moving spot weld.

Because a local search algorithm is used, the opti-
mization process is repeated many times starting
from different positions for the moving spot weld,
so that global optimum solution can be determined.

One should also note that the degree of accuracy in
calculating the objective function affects the resulting
design.

By using a coarse mesh, one may carry out the
optimization process in a very short time; but due
to error in the peak stress level, the resulting design
may not reflect the global optimum one. If an
extremely fine mesh is used, the optimum posi-
tion can be accurately determined; but computa-
tional times may be excessively long. For these rea-
sons, a study is conducted on the accuracy of the
results by repeating the optimization process many
times starting from different locations with different
mesh densities. Table 4 gives the optimum posi-
tions of the moving spot weld obtained in some of
these runs.

First, it is noted that both optimum coordinates
and the resulting peak stresses converge to certain
values as finer and finer meshes are used. Sec-
ondly, there are many global optima or near global
optima. This is better depicted in Figs 5 and 6, in
which the optimum locations of the moving spot
weld was obtained using the finest mesh (L-50 and
R-2). Fifteen of the 18 runs, starting from different
positions, ended up with optimum locations around
x = 80 mm and y = −10 mm. The magnitudes of the
peak stresses were ∼343 MPa. Three of these runs
stuck to local optima with higher levels of stress,
not shown in the figure. Optimum positions obtained
from different locations under only axial loading case
were summarized in Table 5. In this second case
of the problem, the optimum locations calculated

Table 4 Optimum positions obtained starting from different locations with different mesh densities
(under axial and transverse loading cases)

Initial coordinate of the second spot weld (mm)

First point Second point Third point Optimum coordinates

Refinement types and levels x y x y x y x y Smax (MPa)

L-10 and R-1 0 −80 0 −70 10 −73 14.4 −74.7 156
L-10 and R-1 −75 75 −10 5 6 4 29.6 −14.9 141
L-10 and R-1 30 0 25 0 26 −15 24 −15 142
L-10 and R-2 −75 75 65 −70 75 −65 24 12 138
L-20 and R-1 0 −80 0 −70 10 −73 59 −47 220
L-20 and R-1 −75 75 −10 5 6 4 60.1 −47.8 220
L-20 and R-1 −75 75 65 −70 75 −65 57 −55 220
L-20 and R-1 30 0 25 0 26 −15 62.9 −24.2 219
L-30 and R-1 −75 75 65 −70 75 −65 64.6 −49.6 300
L-30 and R-2 30 0 25 0 26 −15 65.7 −53.1 316
L-30 and R-2 −75 75 −10 5 6 4 65.8 −52.6 316
L-30 and R-3 0 −80 0 −70 10 −73 69.3 −36.0 336
L-40 and R-2 0 −80 0 −70 10 −73 75.8 −15.8 331
L-40 and R-2 −75 75 −10 5 6 4 70.7 −36.9 333
L-40 and R-2 −75 75 65 −70 75 −65 69.8 −14.9 331
L-40 and R-2 30 0 25 0 26 −15 74.9 −11.9 331
L-50 and R-2 0 −80 0 −70 10 −73 84 −9.2 343
L-50 and R-2 −75 75 −10 5 6 4 80.7 −11.2 342
L-50 and R-2 −75 75 65 −70 75 −65 82.3 −6.5 344
L-50 and R-2 30 0 25 0 26 −15 83.6 −6.5 344

L denotes the number of divisions along the lines of the edges affecting overall mesh density; R denotes mesh refinement
around the spot welds; and Smax denotes the maximum equivalent stress.
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Table 5 Optimum positions obtained starting from different locations with only converged mesh densities, L-50 and
R-2 (under only axial loading case)

Initial coordinate of the second spot weld (mm)

First point Second point Third point Optimum coordinates

Refinement types and levels x y x y x y x y Smax (MPa)

L-50 and R-2 0 −80 0 −70 10 −73 −75.1 75 258
L-50 and R-2 −75 75 −10 5 6 4 −75 75 253
L-50 and R-2 −75 75 65 −70 75 −65 −75.3 75.1 261
L-50 and R-2 30 0 25 0 26 −15 −75 75 254

L denotes the number of divisions along the lines of the edges affecting overall mesh density; R denotes mesh refinement around the
spot welds; and Smax denotes the maximum equivalent stress.

Fig. 7 Near global optimum locations on the plates obtained using the finest mesh (under axial
and transverse loading cases)

only for converged mesh density values (L-50 and
R-2 cases) occurred around x = −75 mm and y =
75 mm. The resulting peak stress values were around
255 MPa.

Tables 4 and 5 show the initial starting locations
(three points) and optimal locations of the second spot
weld and the value of maximum equivalent stress of
the structure. Because the number of design variables
is two, namely, the x and y locations of the second spot
weld, for the Nelder–Mead optimization technique,
the number of the starting locations of the second
spot weld must be 3. Hence, as indicated in Tables 4
and 5, for every case, three different starting values
were defined. Then, the optimization procedure found
the optimal location of the spot weld. Additionally, it
was added to the corresponding maximum equivalent
stress value of the structure, which occur always at the
peripheries of the spot welds, as shown in Figs 5 and 6.

5 CONCLUSIONS

In this article, an optimization procedure is proposed
to determine the optimum designs of spot-weld joints.
A local search algorithm is used to search for the
optimum locations of the spot wells, resulting in the
minimum level of peak equivalent stress. This proce-
dure is applied to a test problem in order to check how
well the results reflect the globally optimum designs.
Starting from different points with different mesh den-
sities, the optimization process is repeated and the
optimum coordinates and peak stress converging to
certain values are observed. As shown in Fig. 7, the
converged values for two spot-welded square sheet
problems under both axial and transverse loading
were ∼75 and 0 mm, respectively, for x and y loca-
tions of the second (movable) spot weld. Also, the
results show that the number of local minima is low.
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Therefore, using the local search algorithm instead of
a global one is appropriate.

The proposed optimization procedure shows that
the global optimal designs can be obtained easily with-
out stacking local optimal ones. This also shows the
effectiveness of the proposed procedure.
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