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Keywords: Abstract. This study demonstrates the successful application of integration of GA and Ansys for size and shape
Optimization optimization of a truss structure. Optimizing any truss structure is an important research topic due to the complexity of
FEA problems and the benefits to the industry. Furthermore, it is an essential need for any industrial manufacturer to optimize
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their design with respect to conflicting technical and financial goals. Therefore, the design variables were optimized in
order to achieve the minimum weight. The capability of the method was demonstrated by comparing the results with those

obtained by HPSO, GSO, and TLBO. It is observed from the comparative result that the present approach is 25.88% lesser
in weight than TLBO, 58.23% lesser in weight than HPSO, and 26.66% lesser in weight than GSO.
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INTRODUCTION

Structural design has always been a concern for
engineers in practice. The focus is not only in construction
cost, but also in geometry of structures. It is the responsibility
of engineers to design structures with high reliability and low
cost. The best way to achieve this is to use different optimiza-
tion algorithm like Genetic Algorithm (GA), firefly algorithm,
Teaching Learning Based Algorithm (TLBO), heat transfer
search algorithm (HTS) etc.

Without optimization, any structure results in over size,
over design and consequently more cost. To incorporate the
economic aspect in any design, it is important to optimize the
structure. The FEA is used so as to avoid the structure from
failure.

Structural optimization problems are grouped into three
categories: sizing, shape, and topology [1]. Sizing optimization
is typically applied to a truss-type structure to obtain the optimal
cross-sectional areas of beams. Shape optimization determines
the optimal boundaries of a structure. Topology optimization
is able to offer optimum topology along with shape and size.
Size optimization is typically applied to a truss-type structure
to obtain the optimal cross- section areas of beams. As the
area increases, the induced stress in the structure decreases
resulting in increased weight. Sizing design variables can be
plate thickness and beam cross- sectional areas. Hence, we set
these design variables in such a way that we get the
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minimum possible area for minimum weight. The minimum
weight will, however, be constrained by the maximum stress that
the material can withstand. Shape optimization determines the
optimal boundaries of a structure for the given fixed topology.
Design variables are typically spline control points defining the
shape of a structure in 2D or 3D. The total number of members
in the optimized structure remains the same as the original
structure.

There are three popular methods to undertake size and
shape optimization [2].

1) Both structural analysis and optimization done using
a commercial FEA code (Ansys classic environment);

2) structural analysis done in commercial FEA code but
an external optimization code is used (MMA optimizer); and

3) both structural analysis and optimization using MAT-
LAB programming capacities. They have discussed the advan-
tages, disadvantages and the computer running time for the
methods by using various examples.

Researchers have adapted various optimization methods
on many practical applications like trusses, beams, vehicle
structure, etc. [3] have performed size optimization on a tapered
cantilever beam. Their governing idea was to minimize the mass
of the beam for a given strength. [4] implemented GA optimiza-
tion by coupling MATLAB with Ansys for optimizing a tapered
cantilever beam with an objective to minimize its volume along
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with maintaining the required strength. [5] performed Size and
Shape optimization on a 40-bar truss structure. The method
used by them was teaching learning based optimization. The
minimized weight obtained was compared with that obtained by
other algorithms such as Heuristic Particle Swarm Optimization
(HPSO) and group search optimizer (GSO).

The method of using the combination of Ansys and
MATLAB has been very popular in recent time. The main
reason for its popularity is that the researchers could have a
greater control on the different parameters present in the design
space and also in return get a better accuracy compared to
using only MATLAB for finite element method (FEM) routine.
[6] have implemented GA in MATLAB along with Ansys to
optimize the structure of a vehicle. They were able to achieve
a 4% reduction in weight thereby depicting that the method
of integration of both MATLAB and Ansys helps the user to
achieve the advantages of both the software with the help of

2016

some programming effort. The process flow of this method is
discussed in this paper later.

The methodology of carrying out the optimization of
trusses using Ansys and MATLAB has successfully been demon-
strated by [7]. They have outlined the important constraints
required to be applied to the trusses. They have validated their
hypothesis by applying it on various benchmark examples and
have compared the results with other algorithms.

Interfacing Genetic Algorithm and FEA

This section deals with the method of integration of
Genetic algorithm tool box of MATLAB and Ansys. Before
looking at the integration of both the software we would be
discussing about the individual capacities of both MATLAB
and Ansys.

ALGORITHM DESIGN o
VARIABLE (tog)
A
NO
VALUATE THE G} GENERATE RUN ANSYS
FITNESS FUNCTION BFILEFOR APDL
YES 1S THE CRITERIA STRESS & SRS (BATCH
SATISFIED? DEFLECTION MODE)

Fig. 1. Process flow of the optimization loop

Finite Element Analysis (FEA)

Ansys is a commercial finite element software which
can solve a variety of problems like structural, thermal, fluid,
etc. With the increasing demand from the industry to optimize
the designs of their product to satisfy the opposite goals of
least cost and strength, Ansys Inc. has released two tools to
help them. These are ANSYS Probabilistic Design and the
ANSYS DesignXplorer. ANSYS Probabilistic Design is inbuilt
into Ansys Mechanical APDL and the ANSYS DesignXplorer
is inbuilt into the Ansys Workbench [12]. [8] have reported
the advantages and the disadvantages of both the probabilistic
design tools.

From past experience and results, for a problem of a few
design variables, a commercial finite element method like Ansys
is the right choice to optimize the design [13-15]. But if there

are large number of design variables then it is experienced that
Ansys can spend a huge time in order to reach an optimum point.

Genetic Algorithm

Genetic Algorithm helps in efficiently searching a large
space of possible solutions to a problem for an optimal solution,
e.g., identifying an optimal order for a number of variables or
finding an optimal set of weights and parameters for an experi-
ment [9]. It is based on the model of biological evolution based
on the Charles Darwin’s theory of natural selection. There
are many advantages of genetic algorithms over traditional
optimization algorithms, and two most noticeable advantages
are: the ability of dealing with complex optimization problems
and parallelism. Genetic algorithms can deal with various
types of optimization whether the objective (fitness) function
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is stationary or non-stationary (change with time), linear or
nonlinear, continuous or discontinuous, or with random noise
[10].

MATLAB is a powerful mathematical computation
tool which has inbuilt optimization toolbox. This toolbox has
many optimization algorithms like GA, Linear Programming,
Quadratic Programming, etc. Researchers have used only
MATLAB for carrying out the full cycle of optimization, this
is done by programming the FEM codes into MATLAB. The
programming is difficult and time consuming so methods of
integrating GA and Ansys are developed which incorporate the
advantages of both the software.

Integrating GA and FEA

By integrating MATLAB (i.e. GA toolbox of MATLAB)
and Ansys, the designer is able to get the best features of both
the software. MATLAB is a powerful mathematical compu-
tational tool which has many optimization algorithms built
in. Ansys is a commercial finite element software which will
carry out the structural analysis of the truss. It is worthwhile
to note that any other finite element software can be used with
MATLAB provided it can accept a txt/log file as input and can
run in batch mode.

The problem is defined in MATLAB. The objective
function and the constraints are coded in MATLAB. First the
genetic algorithm generates a set of variables which generates a
truss structure. This truss structure is sent to Ansys for solving
it by Finite Element Method (FEM). The maximum stress and
deflection are compared with the maximum limit depicted in
next section. If the truss exceeds the specified limit, then a
penalty is applied to the objective function otherwise the truss
is deemed acceptable. This cycle is repeated as per the variables
configured in the genetic algorithm till it reaches an exit condi-
tion.

Problem Formulation

In the present work, we have taken 40-bar planar truss
problem as shown in Figure 2 to demonstrate size and shape
optimization method. This problem is adapted from [5]. Their
work is on size and shape optimization of truss structure using
TLBO.

The problem is solved by integrating MATLAB and
Ansys. There are 40 members, which fall into 20 groups on
the basis of geometric similarity of the structure, as follows:
(A1) 1,75 (A2) 2, 6; (A3) 3, 5; (Aa) 45 (A4s) 8, 14; (A6) 9,
13; (A7) 10, 12; (As) 8; (Ag) 15, 22; (A1p) 16, 21; (A1q)
17, 20; (A12) 18, 19; (A13) 23, 29; (A14) 24, 28; (Ays) 25,
27; (Asg) 26, 33; (A17) 30, 36; (A1s) 31, 35; (A19) 32,34 ;
(Ag0) 37, 38, 39, 40. Due to the geometrical similarity of the
structure the top nodes are constraints as follows: 1 < yg =y
16 <5, 1 <yio=y15 <5 1 <y =yus <5 1< y=ys
< 5 (m) where, y is the vertical coordinate of the nodes. The
nodes 2, 3,4, 5, 6 and 7 are acted by Force P, 98066.50 N in
negative y direction. The design parameters are listed in Table 1.

Objective Function

In the present work, we have considered the overall
weight as the objective function. Mathematically the objective
function is described as under considering the density (p),
length of the bar (1) and area of the bar (A).
Minimize,
36
> (p'li" A;) + penalty

i=1

Subject to,

Cl=S5; — Stress1<031i=1,2,3, ... 36)
C2=def;—defl<0(G=4,5)

C3=A,in <A; <Apnae: 1=1,2,3,36)

Where,

Stress_1 = Maximum stress that the material can sustain
def_1 = Maximum deflection of the nodes

Penalty = Penalty applied in case of constraint violation

TABLE 1

DESIGN PARAMETERS AND SEARCH RANGE
Parameter Value/Range
Density 7850 kg/m?
Youngs Modulus 196.13 GPa

Limiting Stress + 156.91 MPa

Limiting deflection at node 4 and 5 4 0.035m

Amin 0.001 m?

Amaz 0.005 m?
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Constraints

Constraint 1. This constraint deals with the limiting
stress for each member of the truss. If the stress in a member is
greater than limiting stress than a penalty of 5000 is added to
the objective function. In case of no violation to this constraint
no penalty is applied.

Constraint 2. Node 4 or 5 should not deflect more than
0.0035m. If the deflection is more than 0.0035m, then a penalty
of 5000 is applied to the objective function.

N. Soni, P. Dave, V. Patel, V. Savsani - Size and shape optimization ....

2016

Constraint 3. GA variables are real valued coded there-
fore the upper and lower bounds are automatically taken care
of.

The objective function, weight of structure, is minimized
under the above mentioned constraints by integration of An-
sys and GA toolbox of MATLAB. The next section describes
the results-discussion obtained using the proposed methodology.

i 3 i 3 ik 3 4 3 I, 3 e 3 i 3 i
o| ® g0/ ® 11] @0 12] @ 13 @ 14 @ 15| @ 16
(™30 (31 32 33 34 dRNED (™38 '
15 16 17 18 19 20 21) 23) *
37)| 23 24 |25 |26 27 | 128 | 129) (391
138) (1 2 2) 3 3) 4 4) 5 5 6| 6 7 7) 40|88 &
__________ 3 3 B B ¥ 5
Fig. 2. The 40 - bar truss structure
RESULTS AND DISCUSSION in Table 1. After conducting a number of trials, GA is applied

The effectiveness of the present approach using integra-
tion of MATLAB and Ansys is assessed by analyzing a 40-bar
truss structure which was earlier analyzed using HPSO, GSO
and TLBO. The specifications, shown in Table 1, are supplied as
an input. The limiting values of design variables are also shown

with the tuned parameter listed in Table 2. The results obtained
using the present approach of integrating the GA and Ansys are
compared with the previous results which were obtained using
TLBO, HPSO, and GSO in Table 3.

TABLE 2
GA PARAMETERS
Parameter Value
Population 100
Generations 400
Crossover Probability 0.8
Mutation Probability  0.005

Table 3 shows the optimized design variables ob-
tained using the present approach and its comparison with the
earlier approaches. It can be seen that the integration of GA
and Ansys results in the minimum area which in turn yields
minimum weight of the considered structure. As the weight
reduces, the material required reduces and the cost of the struc-
ture also reduces. As we minimize the weight, the maximum
stress occurring in the truss members may increase but it will

stay under the allowable limit of the stress.

It should be noted that the results written in Table 3 are
the least weight results found from a batch of 10 complete runs.
Also in most of the runs GA has exited because the average
change in the objective function is less than the specified toler-
ance function (le-6). The mean weight after 10 runs is 1636.45
kg with a standard deviation of 58.35.
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TABLE 3
COMPARISON OF OPTIMIZED RESULTS

Variable TLBO GSO

HPSO  GA & ANSYS

Ay 0.0010 0.0015
Ag 0.0010 0.0010
As 0.0010 0.0010
Ay 0.0010 0.0010
As 0.0010 0.0010
Ag 0.0030 0.0030
Az 0.0035 0.0035
Ag 0.0035 0.0035
Ag 0.0010 0.0010
Aqp 0.0010 0.0010
Ay 0.0010 0.0010
Aig 0.0010 0.0010
Aqs 0.0010 0.0010
Ay 0.0010 0.0010
Ais 0.0010 0.0010
Asg 0.0010 0.0010
Az 0.0025 0.0025
Aig 0.0010 0.0010
Aqg 0.0010 0.0010
Azo® -- --

Yoy 1.004 1.069
Yo 2412 2.307
Y1 2.737 2.851
Yo 3.314 3.287

0.0055 0.0011
0.0010 0.0010
0.0105 0.0017
0.0010 0.0028
0.0010 0.0027
0.0025 0.0024
0.0030 0.0032
0.0245 0.0036
0.0025 0.0019
0.0010 0.0010
0.0010 0.0011
0.0010 0.0014
0.0010 0.0011
0.0010 0.0011
0.0015 0.0011
0.0050 0.0011
0.0040 0.0014
0.0010 0.0011
0.0010 0.0011
-- 0.0020
1.006 1.044
2.791 3.127
3.541 3.694
3.396 3.131

Weight (kg) 2058.805 2080.673 3653.010 1525.935

Note. The results for TLBO are from [5]. The results for GSO and HPSO are from [11].

Some critical conclusion can be drawn from Figure
3 and the Table 3. It is observed that the members 3, 5 (Aj3),
4 (Ay), 10, 12 (A7) and 11 (Ag) have a greater area thereby
a greater weight to withstand the forces applied to the truss
structure, as they are the farthest from the support joints. The
areas A3 and A4 are much greater while comparing with TLBO,

HPSO and GSO whereas areas A7 and A8 are almost equal to
the areas of TLBO, HPSO and GSO. As the structure is opti-
mized there is a significant reduction in area in the members 30
and 36 (A7) of the order of 44% in TLBO and GSO whereas
the percentage reduction in case of HPSO is 65%.

3.694
3.131

Fig. 3. The 40 - bar truss structure

KKG PUBLICATIONS



81 N. Soni, P. Dave, V. Patel, V. Savsani - Size and shape optimization ....

Figure 3 shows the optimized shape of the 40-bar
truss structure. The structure has a weight of 1525.935 kg with a
maximum compressive stress value of 153.05 MPa in members
37 and 40. The maximum deflection is at node 4 with a value of
0.0298 m.

The greater area of members 8, 14 (As) and 15, 22 (Ag)
depicts that the maximum load is being borne by the outer frame
of the truss structure. The areas of the remaining members are
approximately equal to the areas obtained by TLBO, HPSO and
GSO.

The structure obtained by GA and Ansys is analogous to
that obtained by HPSO in the location of the top nodes 9, 10,
11, 12, 13, 14, 15 and 16. It follows an increasing trend when

4000
3500 -
3000
2500

2000 -

Weight of the structure (Kg)

1500 -
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going from left to right then decreasing at the center nodes 12
and 13 and then again increasing till node 15 and decreasing to
node 16. The height of the truss structure generated by GA and
Ansys is greater when compared with the results from TLBO,
HPSO and GSO.

There is a significant reduction of weight when GA and
Ansys are used as compared to other optimization algorithms.
The weight is reduced by 25.88% when compared with TLBO,
26.66% when compared with GSO and 58.23% when compared
with HPSO.

GA Convergence

1000 2 : z
o 50 100 150

200

250 300 350 400

Generation

Fig. 4 . Convergance of GA

CONCLUSION AND RECOMMENDATIONS

The convergence of the proposed method is shown in
Figure 4. It is observed from the Fig. 4 that the weight of the
structure started converging within 298 generations. The genetic
algorithm has stopped at 393th generation as the average change
in the objective function is less than the tolerance limit (1e-6).

This study demonstrates the successful application of
integration of GA and Ansys for Size and Shape optimization of
a truss structure. The design variables were optimized in order

to achieve the minimum weight. The capability of the method
was demonstrated by comparing the results with those obtained
by HPSO, GSO and TLBO. It is observed from the comparative
result that present approach is 25.88% lesser in weight than
TLBO, 58.23% lesser in weight than HPSO and 26.66% lesser
in weight than GSO.
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