
 
     Computational Research Progress in Applied Science & Engineering 

     ©PEARL publication, 2017

 
     CRPASE Vol. 03(01), 1-6, February 2017 

 

 

ISSN 2423-4591 

Multi-Objective Optimization of the Composite Sheets Using PSO Algorithm 

Mojtaba Eisazadeh, Javad Rezapour 

Faculty of Mechanical Engineering, Lahijan branch, Islamic Azad University, Lahijan, Iran 

 

Keywords  Abstract 
 
Multi-objective, 

Optimization, 

Composite,  

PSO algorithm.  

 

 

Despite advanced and fast computers which are available in the market, presenting the 
courses of faster and more accurate solutions of amny engineering problems such as those 

emerging in the field of aerodynamics is one of the main trouble in this domain yet. 

However, using meta-heuristic algorithm in some engineering ground works resolved this 

necessity. The main goal of the present research is the design of an optimized laminated 

sheet with minimized weight and cost so that it could resist as maximum load as possible 

before failure. The fitness function is multiobjective that combined with weight, cost and 
failure load. Therefore, the problem is minimizing the weight and cost with maximizing the 

failure load concurrently. For the analysis of sheet, we use the classical theory of laminated 

composite plates. Of course we could also do optimizing via the particle swarm algorithm.  

 

1. Introduction 

In a simple expression, a composite substance is made up of 

at least two or more different materials combined and 
assembled together to gain better engineering properties such 

as higher stiffness and strength, lesser weight, heat, moisture 

and corrosion resistance which one may not have all of these 

in homogeneous materials such as metals. For the first time, 

plastic resins with glass-fiber were used because of their 

tensile strength, lightness, low cost and high resistance 

against corrosion, approximately seventy years ago. One of 

the outstanding features of these materials is their low weight 

along with very high strength [1]. 

In the engineering science, composites are placed in the 

category of advanced materials in which the combination of 

simple materials are used in order to create new materials 

with superior mechanical and physical properties. In other 

words, composite is referred to a category of materials that 

are the mixture of different materials in a composition which 

their components retain their identity and not dissolve 

together.  The two main parts of the composite are the matrix 

and the booster. Surrounded with the matrix, the booster is 

kept at its relative place. The booster improves mechanical 

properties of the structure. Generally the booster can be a 

short, long or continuous fiber. The type of composed 

materials which we’ll be looking through are multi-layered 

fiber composites. So it should be a powerful tool with which 
a plate could be made with different directions, layers and 
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materials, bearing large loads despite having low weight and 

cost of the design [2, 3]. 

In PSO algorithm there are a number of creatures which 
are called particles and one searches the function to improve  

the (minimum or maximum) value of it where distributed. 

Each particle calculates the goal function value of the space 

in which it is located. Then, using a combination of its 

current location information, the best location information 

that has been previously in, and also the information about 

the best existing particles in motion, selects a direction to 

move. All particles select a direction to move and after the 

move, is the end of a stage. These stages are repeated several 

times to converge to an optimal answer. In fact, the particle 

group searching a function minimum, act like a bunch of 

birds looking for food. [4-6]. 

The first research paper on composite materials, was 

presented in 1944 in which the optimum buckling load of a 

flexibly supported plate composed of two sheets has been 

obtained [7]. 

In 2003, a plane’s parts, which are made of  composites, 

were studied for optimization by means of the genetic 

algorithm and neural network methods. Generally, 

composite sheets considered in manufacturing the aircrafts 

are standard. However, optimization techniques can be used 

in order to increase their performance or to reduce their 

weight. Notable points of this research was the speed of 

optimization of this procedure and its positive results [8]. 

In an article in 2013, Ant Colony Algorithm method was 

used to minimize the weight and cost of composite sheets. 
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Ant Colony Algorithm inspired by the studies and 

observations on ant colonies. These studies show that ants 

are social insects that live in colonies and their behavior is 

more in the direction of the colony’s survival up toward the 

survival of one component of it. This method in the 

performance of a multi-goal, considers lower weight and cost 

than other methods and is better in this respect [9]. 

Robust design and optimization technique were used to 

optimize the composite stiffened panels for the post-buckling 

behavior. To find the optimum design of a real component 

subjected to the different types of load combinations, a more 

realistic design should include more load cases generating 

more objectives and constraints and increasing complexity to 

the problem [10]. 

Also, the optimization for minimum weight and 

maximum feasibility robustness of thecomposite structures 

were studied by Antónioa and Hoffbauerb [11]. 

2. Analysis of the Problem 

Calculating the resistance of the laminated composite 

materials is very complex. Upon the disruption of one of the 

layers, the system still bear the burden until the stiffness of 

plate decrease dramatically and eventually all of the layers 

are disrupted. This can be compared with the buckling 

behavior in the plates [1, 2]. 

2.1. Stresses calculated for each layer (on-axis) 

The relation between the force and moment resultants 

and the strain and curvature components of a composite 

lamina are obtained as follows 

{
𝑁
𝑀
} = [

[𝐴] [𝐵]
[𝐵] [𝐷]

]{
𝜀°
𝜅
} (1) 

in which 𝐴𝑖𝑗 , 𝐵𝑖𝑗  and 𝐷𝑖𝑗  stand for the tension, coupling and 

bending stiffness parameters, respectively. 𝜀° and 𝜅 denote 

the in-plane strain and curvatures of the plate. Eq. (1) can be 

rewritten as follows 

{
𝜀°
𝜅
} = [

[𝐴′] [𝐵′]
[𝐵′] [𝐷′]

] {
𝑁
𝑀
} (2) 

It should be noted that all the matrix equations to find the 

stress and strain havev been done with the Gauss method. In 

order to gain the strain and stress components in the Kth layer 

(off-axis) of the plate, one can use the following relations 

 {

𝜀𝑥
𝜀𝑦
𝛾𝑥𝑦
}

𝐾

= {

𝜀°𝑥
𝜀°𝑦
𝛾°𝑥𝑦

} + 𝑍𝐾 {

𝜅1
𝜅2
𝜅12
} (3) 

{

𝜎𝑥
𝜎𝑦
𝜏𝑥𝑦
}

𝐾

= [

𝒬11 𝒬12 𝒬16

𝒬12 𝒬22 𝒬26

𝒬16 𝒬26 𝒬66

 ] {

𝜀𝑥
𝜀𝑦
𝛾𝑥𝑦
}

𝐾

 (4) 

In the above equations, 𝜅1 , 𝜅2 , 𝜅12 are the curvatures of 

the middle layer. 𝑍𝐾 is the height of the Kth  layer from the 

mid-level and the reduced stiffness matrix [�̅�]𝐾 is achieved 

via 

[�̅�] = [𝑇]𝑇[𝒬][𝑇]  (5) 

where 

[𝑇] = [
𝑐𝑜𝑠2𝜃 𝑠𝑖𝑛2𝜃 2𝑠𝑖𝑛𝜃. 𝑐𝑜𝑠𝜃
𝑠𝑖𝑛2𝜃 𝑐𝑜𝑠2𝜃 −2𝑠𝑖𝑛𝜃. 𝑐𝑜𝑠𝜃

−𝑠𝑖𝑛𝜃. 𝑐𝑜𝑠𝜃 𝑠𝑖𝑛𝜃. 𝑐𝑜𝑠𝜃 𝑐𝑜𝑠2𝜃 − 𝑠𝑖𝑛2𝜃

] (6) 

Now, to calculate the stresses in on-axis coordinates for 

each layer, we have 

{

𝜎1
𝜎2
𝜏12
} = [𝑇]𝐾.  {

𝜎𝑥
𝜎𝑦
𝜏𝑥𝑦
}

𝐾

 (7) 

2.2. Failure Criteria 

The Tsai – Hill theory of failure, which is the spread of 

the von mises theory about the non-isotope material is 

applied here. Using Hill theory for orthotropic materials, we 
will have 

𝑅 = (
𝜎1
𝑋
)
2

− 
𝜎1 . 𝜎2
𝑋𝑋

+ (
𝜎2
𝑌
)
2

+(
𝜏12
𝑆
)
2

≤ 1 (8) 

 𝜎1 < 0   →    𝑋 = 𝑋𝑐        𝜎1 > 0   →    𝑋 = 𝑋𝑡 

 𝜎2 < 0   →    𝑌 = 𝑌𝑐         𝜎2 > 0   →    𝑌 = 𝑌𝑡 
(9) 

3. Optimization 

The mathematical model in the process of doing 

optimization has three general sections. The objective 

function, the design variables and restrictions of the issue. 

Here are the outlines of each stick individually. 

 
3.1. The Objective Function 

 

In this research for the optimization of composite plates, 

three aims are pursued. Optimization of the weight, cost, 

final load, so that the weight and the cost are minimum and 

the final load is maximum. 

 

Weight: 

To get the weight of the plates, the following relationship 

is considered 

 

𝑀 = 𝑎𝑏(𝜌1𝑡1 + 𝜌2𝑡2 +∙∙∙∙ +𝜌𝑛𝑡𝑛) (10) 

 

where 𝑎 and 𝑏  are the dimensions of the sheet’s cross section 

area and 𝑡𝑛 denotes the thickness of the nth layer. To 
combine the functions, the comprehensive criterion is used. 

The following function is defined as the weight objective 

 

𝜑1 = (1+
𝑀

𝑀∗
)
2

 (11) 
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in which M is weight of the design and 𝑀∗ stands for the 

maximum value of the weight which considered to be 

constant for all the designs. 

 

Cost: 

To calculate the cost of plate, two factors are important. 

The first One corresponds to each single plate cost, and the 

ther corresponds to the angle of the fibers. Table 1 illustrates 

the costs reported by the manufacturer for different fiber 

angles [1]. The material and total costs are obtained as 

 

𝐶𝑚 =∑𝐶𝑓𝑘

𝑛

𝑘=1

 

 

(12) 

𝐶𝑡 = 𝐶𝑚 + 𝐶𝑙  
 

(13) 

where 𝐶𝑓 stands for each single plate cost. 

Table 1. Price levels for different angles [1] 

Angles(°) 𝐶𝑙(𝓛) 
0 0.035 

±15 0.0375 
±30 0.0395 
±45 0.04 
±60 0.039 

±75 0.036 

90 0.0355 

 

The following function is defined as the weight objective 

𝜑2 = (1 +
𝐶

𝐶∗
)
2

 (14) 

 

in C is the weight of the design and 𝐶∗stands for the 

maximum value of the cost which considered to be constant 

for all the designs. 

 

Final load: 

The final load amount under which the last layer is 
disrupted is considered as the criterion. The problem with the 

determination of this load is that this may be 𝑀𝑦, 𝑀𝑥, 𝑁𝑥𝑦, 

𝑁𝑦, 𝑁𝑥 or 𝑀𝑥𝑦, or a combination of several of these or 

include all of them. This matter forces us to combine them 

so that we could consider the impacts of them all. 

 

{𝑎 = (
2𝑁𝑥
𝑁𝑥∗

)
2

, 𝑏 = (
2𝑁𝑦

𝑁𝑦∗
)

2

, 𝑐 = (
2𝑁𝑥𝑦

𝑁𝑥𝑦∗
)

2

, 

𝑑 = (
2𝑀𝑥

𝑀𝑥
∗
)
2

, 𝑒 = (
2𝑀𝑦

𝑀𝑦
∗
)

2

, 𝑓 = (
2𝑀𝑥𝑦

𝑀𝑥𝑦
∗
)

2

 

 

(15) 

The maximum values in these relationships are 𝑁𝑥
∗ ,  ... , 

𝑀𝑥𝑦
∗  that had previously been calculated and for all designs 

are a fixed amount. The goal function of the final load is the 

sum of the above relationships as 

 

𝜑3 = (𝑎 + 𝑏 + 𝑐 + 𝑑 + 𝑒 + 𝑓)/𝑅 (16) 

 

 

3.2. The Design Variables  

 

The design variables are the unknown values for which 
the object function is going to be optimized. These variables 

include the thickness, angle of fiber and material of each 

layer. These values can be different for each layer. Design 

variables follow the following equations 

 

  𝑡𝑙𝑜𝑤 ≤ 𝑡𝑖 ≤ 𝑡𝑢𝑝         ,    𝑖 = 1,2,… , 𝑘 (17) 

  
𝑡𝑙𝑜𝑤 = 0.025(𝑖𝑛)
𝑡𝑢𝑝 = 0.125(𝑖𝑛)  (18) 

 

𝜃𝑙𝑜𝑤 ≤ 𝜃𝑖 ≤ 𝜃𝑢𝑝       ,     𝑖 = 1,2,… , 𝑘            (19) 

  
0 ≤ 𝜃𝑖 ≤ ±90

 𝜃𝑖 ∈ {0,±15,±30, ±45,±60, ±75,±90},      𝑖 = 1,2,… , 𝑘
   (20) 

 

Each layer can have its own special material and finally 

the plate is formed to a hybrid laminate. For this purpose, 

two Kevlar-epoxy and graphite-epoxy has been considered 

[1]. 

 
1 ≤ 𝑝𝑖 ≤ 2

𝑝𝑖𝜖{1,2}    ,       𝑖 = 1,2… , 𝑘
    (21) 

  

In this equation, the codes 1 and 2 are selected for the two 

materials introduced. 

Various object functions can be expressed here that we 

are going to point them out. 

 

 𝑓1 = 𝜑1 + 𝜑2 + 𝜑3 (22) 

 

𝑓1 is an unrestricted multi-objective function which is 

used to optimize weight, cost and the final load. 

 

𝑓2 = 𝜑1 (23) 

 

𝑓2 is a restricted objective function to optimize the weight 

and is under the unequal load and  cost constraint. 𝑔𝑗(𝑥) 
function contains load and cost function [1] 

 

𝑔𝑗(𝑥) = 𝑚𝑎𝑥 (𝑔𝑗(𝑥),0)

=

{
 
 

 
 𝑔𝑗

(𝑥) = 𝑎 + 𝑏   𝑖𝑓   𝑎 < 0, 𝑏 < 0

𝑔𝑗(𝑥) = 𝑎           𝑖𝑓   𝑎 < 0, 𝑏 > 0

𝑔𝑗(𝑥) = 𝑏           𝑖𝑓   𝑎 > 0, 𝑏 < 0

0                            𝑖𝑓   𝑎 > 0,𝑏 > 0

 

 

 

(24) 

 

 In the above equations, 𝑎 and 𝑏 are defined as follows 

 

  𝑎 = (𝑙𝑜𝑎𝑑) 𝑖 −𝑚𝑎𝑥(𝑙𝑜𝑎𝑑)/10 

𝑏 = (𝐶𝑜𝑠𝑡) 𝑖 −max(𝐶𝑜𝑠𝑡)/3 
(25) 

 

 
Table 2. The maximum values constraint [1] 

Number 

of layers 

Maximum 

load(lb/in) 

Maximum 

cost (ℒ) 
Maximum 

weight(lb) 

10 -176500 83.94 10.44 

 

 

The maximum values for the weight, cost and final load 

are given by Table 2. Table 3 gives the number of parameters 

for the PSO algorithm input. 
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Table 3. Number of parameters related to the PSO algorithm 

A C2 C1 W 

1000                   2.3     1.9 0.9 

 

4. Results and Discussion  

The results of the optimization operation of making a 10 

layer plate under pressure, in line with the layer of y on this 

plate is brought on the Table 4.  

In the first column of the Table 4, the results of the 

simultaneous optimization of weight, cost, and load of the 

plate final rupture is seen. In Figure 1, the chart 

corresponding to the convergence of the composite function 

relative to the number of generations.   

The results of the optimization of the weight under the 

restrictions of cost and final load can be seen in the second 

column of the Table 4. The graph of the weight function 

convergence compared to the number of generations is in the 

Figure 2. Pareto charts obtained for the objective function of 

load and weight are depicted in Figure 3. As would be 

observed, points A, B & C are the important pareto points.  

Design variants and object functions related to point B 

are shown in Table 5. 

 

 
Table 4. The results of optimization of a 10 layer plate under the tension load along with y 

Object Function   𝑓1 𝑓2 

T(in)   [0.103,0.080,0.125,0.045,0.125]𝑠  [0.03, 0.095, 0.125, 0.06,0.05]𝑠  

𝜃(°)   [90, 90,−15,0, 90]𝑠  [30,15,90,−15,90]𝑠  

Mat     [2,2,2,1,1]𝑠  [1,1,1,2,2]𝑠  

W(lb)   5.12  3.90  

C(ℒ)   40.34  25.10  

Ny(lb/in)   -126600  -66300  

 

Figure 1. Changes in function 𝑓1 of the number of iteration 
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Figure 2. Changes in function 𝑓2 of the number of iteration 

 

Figure 3. Pareto response time from the perspective of the load objective function and weight 

Table 5. Objective functions and variables designed to point B 

Point Load (lb/in) Weight (lb) Thickness (in) Angle((°) Material 

B -61800 3.51 [0.06, 0.125, 0.125,0.09, 0.025]𝑠 [60,15,90,−15,60]𝑠 [1,1,1,2,2]𝑠 

5. Conclusions 

The first objective function used in this research is an 

unrestricted multi-objective function which follows two 

completely opposite purposes. This function is used in order 

to minimize the weight and cost and maximize the final 

composite plate load. Weight and cost parameters follow a 
goal that is decreasing the weight of plate, and on the other 

hand the final load parameter, tries to increase the thickness 

of the layers in order to plate be able to handle the additional 

load. The two other object functions are restricted. 

Comparing the obtained designs for restricted functions to 

the first function designs which are unrestricted, some 

differences between them can be seen. This difference 

indicates that the PSO algorithm acts in order to satisfy the 

restrictions, and in the occasions with important restrictions 

in design, this feature can be very useful. 

Obtaining several different optimized designs is one of 

the unique properties of multi-object optimizing designs. 

Meeting these designs the designer can simply choose one 

of them that each one is suitable from one aspect. In Pareto 

diagram points A & C have the best (least) weight and the 

best (highest) final load. Although all points in the Pareto 

curve shown in figure are optimized and can be chosen by 

a designer, the point B is more suitable to design from the 

perspective of both object functions and is chosen as the 

optimized design point. Accessing point B in design which 
is desirable from the aspect of both final load and weight as 

object functions, is of unique properties and advantages of 

Pareto optimization used in this research. 
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