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Introduction123 
Cylindrical shells are widely used in a variety of 
industries, including aerospace, marine, automotive, 
oil and gas. One of the main advantages of composite 
structures over the conventional structures is that the 
stiffness and strength of composite structures can be 
tailored by selecting orientation of fibers. In addition, 
significant weight reduction offered by composite 
materials makes composites a more attractive option 
in the design of cylindrical shells. In 
designingcylindrical shells with a minimum
the load bearing aspects of these structures will be 
generally constrained with a loss of stability under 
axial compression. Therefore, the buckling load and 
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stiffened cylindrical shells are widely used as primary elements in aerospace 
structures. In the recent years, there has been a growing research interest in optimum design 

d cylindrical shell structures for stability under buckling load.  
paper focuses upon the development of an efficient optimization of ring-stringer stiffened 

shell. The optimization problem used in this study involves weight minimization of 
stringer stiffened composite cylindrical shell with buckling load and stress, which are 

considered as design constraints. The proposed methodology is based on Particle 
Optimization (PSO) algorithm. The material of shell is composite, but the material of 
stiffeners is considered to be isotropic. The approach adopted in modeling utilizes the 

method and the stiffeners are treated as discrete members. In addition, a 
(FEM) model of the ring-stringer stiffened cylindrical shell is developed

that takes into consideration the exact geometric configuration. The results obtained using the 
Ritz energy method are compared with those using 3-D FE model. The proposed 

methodology is implemented on the ring-stringer stiffened cylindrical shell using the PSO 
algorithm. The obtained results show a 13% reduction in the weight of the ring
stiffened cylindrical shell whilst all the design constraints are satisfied. In addition, the 
results show that the proposed methodology provides an effective way of solving composite 
stiffened cylindrical shell design problems. 
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structures over the conventional structures is that the 

composite structures can be 
tailored by selecting orientation of fibers. In addition, 
significant weight reduction offered by composite 
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the load bearing aspects of these structures will be 
generally constrained with a loss of stability under 
axial compression. Therefore, the buckling load and 
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the weight of structures are two main 
considerations in their desig
design flexibility offered by composites introduces 
additional design variables (e.g., fiber orientation, 
number and layer thickness) and the complex 
mechanical behavior of such materials make the 
design of composite structures a mo
time consuming process. These features of 
composites have motivated the use of optimization 
algorithms in the design of such structures, which
been the focus of many research programmers during 
the past two decades [2-5]. 

A survey paper by Ganguli [
historical review of optimal design of composite 
structures and a study of composite structures with 
respect to industrial application has also been 
presented in [7]. Bruyneel [
review of problems, solution
applications of optimization of laminated 
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composite structures. In the recent years, there has 
been significant progress in the application of 
optimization on composite cylindrical shells [9-12]. 

Many researchers attempted to employ Genetic 
Algorithm (GA) in the optimization of composite 
structures [13-16]. Park et al. [17] have presented 
optimization of composite laminate stacking sequence 
by considering the uniform tensile axial loads to 
enhance strength using the theory of first-order 
transverse shear deformation based on Genetic 
Algorithm (GA).  Gharib and Shakeri [18] have 
presented optimization of the stacking sequence of a 
laminated cylindrical shell with natural frequency and 
buckling load as the objective functions using GA 
and artificial neural networks (NN). Sadiqfar et al. 
[19] introduced GA in multi-objective optimization of 
stiffened cylindrical shells to achieve the minimum 
weight and maximum axial buckling load. Talebi et 
al. [20] proposed a novel tank design algorithm using 
GA for enhancing roll stability of fuel tank shape 
considering the multi-objective optimization of the 
problem. The main drawbacks of the use of GA in 
optimization ofcomposite structures is a high number 
of evaluations required and the corresponding high 
computational time.   

 
Fig. 1 Geometry of stiffened cylindrical shell 

Particle swarm optimization (PSO) is a meta-
heuristic optimization algorithm that is 
computationally more efficient than GA. This 
algorithm is an evolutionary algorithm introduced by 
Kennedy and Eberhart [21] and is inspired by the 
social behavior of animals such as fish and birds that 
live together in small and large groups.The fast 
convergence rate, the ease of implementation and the 
number of parameters set are other advantages of 
PSO [22-23]. Suresh et al. [24] has employed PSO as 
a multi-agent search method to maximize elastic 
coupling of a composite helicopter rotor blade. Chang 
et al. [25] introduced a method based on PSO for 
stacking sequence design.  Some researchers used 

PSO algorithm in the optimization problem of 
composite cylindrical shells. 

This paper focuses on the optimization of 
composite stiffened cylindrical shell. The methodology 
presented in this paper involves the minimization of the 
weight of the stiffened cylindrical shell subjected to 
buckling and stress constraints as well as the side 
constraints of the design variables. The main 
motivations and contributions of this paper are: (I) 
development of an efficient optimization algorithm 
using PSO for optimum design of composite stiffened 
cylindrical shell, (II) comparative study of 
computational performance of GA and PSO on the 
composite stiffened cylindrical shell, (III) study ofthe 
effect of number of ring and stringer on buckling 
load, (IV) study of effect of ܮ ܴ⁄  on buckling load. 

(1)  
ݑ = ,ݔ)଴ݑ (ߠ + ,ݔ)௫߮ݖ   (ߠ
ݒ = ,ݔ)଴ݒ (ߠ + ,ݔ)ఏ߮ݖ   (ߠ
ݓ  = ,ݔ)଴ݓ   (ߠ

Composite stiffened cylindrical shell 
equations 

Consider a homogeneous circular cylindrical shell with 
thickness ℎ, length ܮ, mean radius ܴ, mass density ߩ, 
modulus of elasticity ܧ, Poisson’s ratio ݒ and shear 
modulus ܩ = 1)2/ܧ +  The shell is reinforced .(ݒ
by ܰݎrings of equal or unequal spacing and ܰݏ 
stringers of equal spacing. A coordinate system (ݔ, ,ݕ  is fixed on the middle surface of the shell at (ݖ
one of its two ends,height of the stringer and the ring 
are shown with dܛand d୰, respectively, and the widths 
correspond to bୱ and b୰. The intervals of the mid-shell 
to the geometric center of the stringer and the ring are 
marked with the zܛand z୰symbols, respectively.As 
shown in Fig. 1., the displacements of the different 
points of the shell are related to the displacements of 
mid surfaces by the Eq. 1. Where(ݑ, ,ݒ  are the (ݓ
orthogonal components of displacement of an arbitrary 
point (ݔ, ,ߠ ,ݔ)in the shell along the coordinates (ݖ ,ߠ  ,(ݖ
respectively, and (ݑ଴, ,଴ݒ  ଴) are theinitialݓ
displacements of the shell mid-surface at point(ݔ, ,ߠ  .(ݖ
Shell strain energy could be stated as follows: 

(2) ఌܷ = ଵ
ଶ ׬ ׬ ଶగݔ݀ ߠ݀ ܴߝ[ܵ]்ߝ

଴
௟

଴   
Where[S] is the stiffness matrixandܴis mean radius.The 
strain vector, ε can be written as: 

்ߝ (3) = ௫ఏ଴ߛఏ଴ߝ௫଴ߝ } ݇௫݇ఏ݇௫ఏ}  

(4) 
௫଴ߝ = ௫,ݑ      ; ఏ଴ߝ   = ଵ

ோ ൫ݒ,ఏ +   ;   ൯ݓ
௫ఏ௠ߛ = ቀଵ

ோ ఏ,ݑ +   ௫ቁ,ݒ
݇௫ = ;  ௫௫,ݓ−   ݇ఏ = ଵ

ோమ ൫ݒ,ఏ −   ఏఏ൯,ݓ
݇௫ఏ = ଵ

ோ ൫ݒ,௫ −   ௫ఏ൯,ݓ2
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Where ε୶଴ ،εθ଴ ،γ୶θ଴  are the mean surface strains which are 
defined with the curvature of the middle surface k୶،kθ 
،k୶θ in Equation 4. According to the Love’s first approximation: 

To obtain the stiffened equations, the 
displacement according to the Euler-Bernoulli 
theory in the directions x, θ, z are defined as 
follows: 

௦௦ߝ (6)  = డ௨బ
డ௫ − ݖ డమ௪బ

డ௫మ   
The strain in axial direction is stated as: 
The strain in circumferential direction is stated as: 

(7) ε୰ୱ = ଵ
ୖ (ப୴బ

ப஘ − ୸
ୖ

பమ୵బ
ப஘మ + w଴)  

And the strain energy of the rings is [26-27]: 
(8)  ௥ܷ  =  ∑ ቂଵ

ଶ ௥௞ܧ ׬ ׬ ௥௦ଶߝ ௥௞஺ೝೖܣ
௅

଴ ቃேೝ௄ୀଵݔ݀   
            + ∑ ൤ଵ

ଶ ௥௞ܬ௥௞ܩ ׬ ଵ
ோమ ቀడమ௪బ

డ௫ డఏቁଶ ܴଶπ
଴ ൨ேೝ௄ୀଵݔ݀   

௥௞ܩ   , ௥௞ܬ , ௥௞ܣ , ௥௞ܧ , ௥ܰare torsional rigidity,polar 
moment of inertia, cross-section, elastic modulus 
and the number of rings, respectively. 
The strain energy of the stringers is [28]: 

(9)  Uୱ  =  ∑ ቂଵ
ଶ Eୱ୩ ׬ ׬ εୱୱଶ Aୱ୩୅౩ౡ

୐
଴ dxቃ୒౩୏ୀଵ   

       + ∑ ൤ଵ
ଶ Gୱ୩Jୱ୩ ׬ ଵ

ୖమ ቀபమ୵బ
ப୶ ப஘ቁଶ୐

଴ dx൨୒౩୏ୀଵ   
௦௞ܩ   , ௦௞ܬ , ௦௞ܣ , ௦௞ܧ , ௦ܰare torsional rigidity, polar 
moment of inertia, cross-section, elastic modulus, 
and the number of stringer, respectively. 

Potential energy due to external forces including 
internal and external axial pressure are stated as 
follows: 
Axial load [29]: 

(10) ேܸೌ = − ேೌ
ଶ ׬ ׬ ൤ቀడ௨బ

డ௫ ቁଶ + ቀడ௩బ
డ௫ ቁଶ +ଶగ

଴
௅

଴
ቀడ௪బ

డ௫ ቁଶቃ ܴଶ݀ݔ   ߠ݀
௔ܰis axial loading. 

Potential energy due toinner pressure [29]: 
(11) ௉ܸ = − ׬ ׬ ௉

ଶ ቄቂడమ௪బ
డ௫మ + ଴ቃݓ ଴ቅݓ ଶగߠ݀ ݔ݀

଴
௅

଴   
There fore, potential energy function could be written as 
follows: 

ߎ (12) = ఌܷ + ௥ܷ + ௦ܷ + ேܸ௔ + ௉ܸ  
Where ఌܷ is shell strain energy, ௥ܷ is strain 

energy of the rings, ௦ܷis strain energy of the stringers, 
ேܸ௔ is potential energy due to external forces and 
௉ܸis potential energy due toinner pressure. 

Using the principle of minimum potential 
energy and Ritz method (minimizing the energy 
function relative to the Ritz function’s coefficients), 
equilibrium equations can be obtainedas follows: 

ߎߜ (13) = 0   ⇒
ەۖ
۔
డ௽ۓۖ

డ஺ = 0
డ௽
డ஻ = 0
డ௽
డ஼ = 0

   

To determine buckling load of the shell, Eq.13 
can be rewritten as follows: 

(14) ൥
ଵଵߙ ଵଶߙ ଶଵߙଵଷߙ ଶଶߙ ଷଵߙଶଷߙ ଷଶߙ ଷଷߙ

൩ ൝ܥܤܣ
ൡ = 0  

For Eq. 14 to have an unequivocal answer, the 
determinant of equation 15 must be zeroed: 

(15) อ
ଵଵߙ ଵଶߙ ଶଵߙଵଷߙ ଶଶߙ ଷଵߙଶଷߙ ଷଶߙ ଷଷߙ

อ = 0  

The elements of the determinant are stated in 
Appendix (5).To calculate yield stresses, at first, 
the values of A, B and C are obtained by Eq. 
14,then, by replacing the revalues into Eq.s1 and 5, 
the displacement field will be achieved. After 
obtaining the displacements, by using Eq. 1, strains 
and curvature will be obtained. Employing Hooke’s 
relation for orthotropic materials, the stresses are 
obtained for each laminate as follows: 

(16) ൝
ఏ߬௫ఏߪ௫ߪ

ൡ = ቎
തܳଵଵ തܳଵଶ തܳଵ଺തܳଶଵ തܳଶଶ തܳଶ଺തܳ଺ଵ തܳ଺ଶ തܳ଺଺

቏
۔ە
ۓ

ቐ
௫ఏ଴ߝ௫଴ߝ

௫ఏ଴ߛ
ቑ + ݖ ൝

݇௫݇ఏ݇௫ఏ
ൡ
ۙۘ

ۗ   
Eq.16 can be used for any point of the shell. Strain 
equations are employed to calculate stress in rings and 
stringers as follows: 

௥ߪ (17) = ாೝ
ோ (డ௩బ

డఏ − ௭
ோ

డమ௪బ
డఏమ +   (଴ݓ

௦ߪ (18) = ௦(డ௨బܧ
డ௫ − ݖ డమ௪బ

డ௫మ )   
Analysis of Composite Cylindrical 

Shell Using ANSYS 
The modeling of composite cylindrical shell using 
ANSYS software is performed for validation of the 
the theoretical analysis. SHELL99 Linear Layered 
Structural Shell has been chosen. The boundary 
condition of simply supported is also selected as 
follows: 

(19) ௫ܰ = ௫ܯ = ݓ = ݒ = ݔ    ݐܽ          0 =   ܮ   ݎ݋   0
The shell structure is considered as a composite 

material with the following properties (Table1). 

(5) 
,ݔ)଴ݑ (ߠ =    (ߠ݊) ݏ݋ܿ (ݔߣ)ݏ݋ܿ ܣ
,ݔ)଴ݒ (ߠ = (ݔߣ)݊݅ݏ ܤ (ߠ݊)݊݅ݏ ߣ     = ௠గ

௅   
,ݔ)଴ݓ (ߠ =    (ߠ݊) ݏ݋ܿ (ݔߣ)݊݅ݏ ܥ
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Table 1. Mechanical properties of cylindrical shell 
Value Input parameters 

144   [mm] ܮ  
82.5 [mm] ܴ   

   ଵܧ  146݁9
  ଶܧ   10.8݁9
   ଵଶܩ   5.78݁9
   ଵଶߴ  0.29

0.04,0.06,0.14,0.26    [mm]  ℎ௜   
   ߠ  [݃݁݀ ]    42,40,86,25

The distances of the rings and stringers were 
considered equal. The ring and stringer are made of 
aluminum. The specification of rings and stringers  

Table 2. Mechanical properties of stiffeners 
Value  Input parameters 

2 ௥ܰ  
4  ௦ܰ  

1 ݉݉  ܾ௥ = ܾ௦   
2.5 ݉݉   ݀௥ = ݀௦  

Comparison of Analytical and 
Numerical Results 

Table 3. Comparative results for verification of 
analytical results (no stiffened) 

    m  n   [࢓/ࡺ]  ࢏࢘ࢉࡼ   [ࢇ࢖ࡹ]  ࢅ࣌
185.2  100031  1  5  Numerical  
196.1  107235  1  5  Analytical  

Table 3 contains the comparison of analytical 
and numerical results. 

As shown in Table 3, the numerical results 
extracted from ANSYS software approximately 
coincide with the analytical results with only 5 to 6 
percent error for the non-stiffened cylindrical shell. 
Table4 includes the same results as Table 3 for 
stiffened structure.  

Table 4. Comparative results for Verification of 
analytical results (Stiffened) 

As is listed in Table 4, the results of ANSYS 
software matches with an error of 5.9 to 7 percent 
in the analytical results of the stiffened cylinder. 
In the presented method, the order of the reported values 
is negligible considering the engineering works. In the 
case of stiffened shells, the above approach could be 
applicable. 
In order to analyze the shell stress and obtain the amount 
of yield stress, instead of the single pressure, a desired 
axial force in circumferential direction on the shell 
structure was applied, after obtaining the buckling load, 
the amount of yield stress for calculated buckling load 
can be determined 

The Effect of Some Parameters on 
Buckling Load 

With MATLAB software, the effect of the number of 
rings and stringers on buckling load were examined, 
the corresponding diagram is shown in Fig.2. 

From Fig. 2 it can be concluded that at small 
circumferential wave number (i.e n = 1,2) the 
influences of number of rings and stringers are 
insignificant. Also, at large number of 
circumferential waves,the buckling load increases 
with number of rings and stringers. The unstiffened 
shell has the lowest critical load in n=6 and m=1, 
and in ouranalytical procedure, buckling occurred in 
the same wave. Therefore, as the number of stringers 
increases, buckling will occur in a higher load. 

By passing from the half wave of 1 to 10, at 
first,the buckling loads are decreases and 
then,theywill increase. As shown in Appendix A, in 
the buckling equation, sinus is also involved, due to 
the periodic state of sinus function, the same 
situation has happened for buckling loads. The 
increase in the number of rings has a greater effect 
on buckling load in comparison with the increase in 
the number of stringers. 
The effects of Length to cylinder radius ratio arealso 
shown in Fig. 3. 

 
Figure 2. Effect of number of ring and stringer on 

buckling load. 

   ࢅ࣌
   [ࢇ࢖ࡹ]

  ࢏࢘ࢉࡼ
    m  n   [࢓/ࡺ]

159.6  135041  5  13  Numerical  
171.7  143523  5  13  Analytical  
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Figure 3. Effect of ܮ ܴ⁄  on buckling load 

It can be found that bythe increase 
the mean radiusratio, the critical load of the 
stiffened cylindrical shell decreases; this trend is 
proportional to the ratio of thickness to radius, as 
the thickness of shell increases, the buckling occurs 
in higher loads. 
Particle Swarm Optimization 

PSO algorithm is inspired by the behavior of a group of 
birds, fish or insects in search of food or a certain way
Each particle expresses its position and speed using its 
memories and other particles, the basic steps in the PS
algorithm are as follows: 

1. Generate the population of primary particles with 
random position values and initial random velocity.

2. Determine the new velocity vector for each particle of 
the population using the best previous position of each 
particle up to that moment, the best position 
experienced in the total particle population, and also 
the velocity vector of each particle before each other.

3. Change and improve the current position of each 
particle using the velocity vector of the previous 
position of each particle. 

4. Repeat from step 2 until the desired stop criteriaThe vector of the velocity and position of each 
particle can be expressed by the following Equations:

௞ܸ௜ = ݓ ௞ܸିଵ௜ + ௜ ݐݏଵ൫ܾܲ݁ݎଵܥ − ܺ௞ିଵ௜ ൯  
௞ିଵ௚ݐݏܾ݁ܩଶ൫ݎଶܥ+ − ܺ௞ିଵ௜ ൯  
ܺ௞௜ = ܺ௞ିଵ௜ + ௞ܸ௜  

In these equations, i represents a particle, and the index 
k represents the number of repetitions, V represents the 
velocity, and X represents the position,
random numbers with uniform distribution in the 
interval {0, 1}. The coefficients ܥଵ and 
acceleration constants. W is the coefficient of 
inertia.ܾܲ݁ݐݏ ௜is the best experienced by the particle up 
to that moment, ݐݏܾ݁ܩ௞ିଵ௚  is the best experienced 
situation in the whole population that is repeated.
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(20) ൯

(21) 
represents a particle, and the index 

represents the number of repetitions, V represents the 
velocity, and X represents the position, and ݎଵand ݎଶare 
random numbers with uniform distribution in the 

and ܥଶ are particle 
is the coefficient of 

is the best experienced by the particle up 
he best experienced 

that is repeated. 

Formulation of optimization problem
This section describes formulation of the optimization of 
the ring-stringer composite stiffened cylindrical shell. 
The optimization problem involves minimization of the 
weight of the ring-stringer composite stiffened 
cylindrical shell. The constraints of the problem are 
buckling load and stress as well as the side constraints of 
the design variables. The design variables and 
constraints are shown in Tables 
the optimization problem can be written as:
 
Minimize an objective function   
Subject to constraint: ݃௝(ݔ) ൑ ݃଴(ݔ)        ݆ = 1, … , ݉
௅ݔ ൑ ௜ݔ ൑ ௎ݔ   ݅ = 1, … , ݊  
 ௅is upper limitation as defined in Tableݔ is variable parameter and ݔ
݃ଵ(ݔ) = ௖௥௜௧௜௖௔௟ܨ− ൑ ௨௟௧௜௠௔௧௘ܨ

Where ܨ௖௥௜௧௜௖௔௟ is buckling loadthat is derived 
by equation 20 and is a function of variable 
parameters. 
݃ଶ(ݔ) = ௬௜௘௟ௗߪ ൑   ௨௟௧௜௠௔௧௘ߪ

Where ߪ௬௜௘௟ௗ is maximum yield stress of 
structure that is derived by equation 
function of variable parameters.The most straight
forward technique to take constraints into account is 
the incorporation of penalty functions to the objective 
function. To get faster results and better control of the
optimization process, some scale factors of the 
function have to be introduced to minimize (f). The 
objective function would be as follows:
(ݔ)݂ = (ݔ)݂ + ݔܽܯ)ߙ ቊ݃௝(ݔ

݃଴(ݔ
Whereߙ ൐ 0. 

Table 5. Design Variable Parameter
Upper 

limitation  
Design 

variable  Notation  
1.2 ℎ௜(݅ = ,ଵݔ  (1,2,3 ,ଶݔ   ଷݔ
10 ௥ܰ   ସݔ  
8  ܾ௥   ݔହ   
8 ݀௥  ݔ଺  

10 ௦ܰ  ݔ଻  
8  ܾ௦   ଼ݔ   
8 ݀௦   ݔଽ  

  ଵ଴ݔ  ௌ௧௜௙௙ߩ 6500
  ଵଵݔ  ଵଶߴ 0.35
݅)௜ߠ 90 = ,ଵଶݔ  (1,2,3 ,ଵଷݔ   ଵସݔ
  ଵହݔ 15

  ଵ଺ݔ  ଵଵܧ 450
  ଵ଻ݔ  ௌ௧௜௙௙ܧ 200
  ଵ଼ݔ  ௌ௧௜௙௙ߴ 0.3
  ଵଽݔ  ଶଶܧ 40
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of optimization problem 
This section describes formulation of the optimization of 

stringer composite stiffened cylindrical shell. 
problem involves minimization of the 

stringer composite stiffened 
cylindrical shell. The constraints of the problem are 
buckling load and stress as well as the side constraints of 
the design variables. The design variables and 

ts are shown in Tables 5 and 6. Formulation of 
the optimization problem can be written as: 
Minimize an objective function   ݂(ݔ) = ௧ܹ 

݉   

௅ is lower limitation and ݔ௎ 
is upper limitation as defined in Table 5. 

௨௟௧௜௠௔௧௘   
is buckling loadthat is derived 

 and is a function of variable 

is maximum yield stress of 
hat is derived by equation 22 and is a 

function of variable parameters.The most straight-
forward technique to take constraints into account is 
the incorporation of penalty functions to the objective 
function. To get faster results and better control of the 
optimization process, some scale factors of the 
function have to be introduced to minimize (f). The 
objective function would be as follows: 

ቊ (ݔ)
(ݔ) − 1,0ቋ 

Design Variable Parameter 
Unit  Lower 

limitation  
Upper 

limitation
[mm]  0.5 1.2
[mm]  1 10
[mm]  2  8
[mm] 2 8
[mm] 1 10
[mm]  2  8
[mm] 2 8

2000 6500  [ଷ݉/݃ܭ]
 0.15 0.35

[Deg] 0 90
15 2  [ܽܲܩ]
450 80  [ܽܲܩ]
200 50  [ܽܲܩ]
0.3 0.25   [ܽܲܩ]
40 10  [ܽܲܩ]
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Objective function 
As indicated in the previous section, the objective 
function is the minimization of the total weight of the 
ring-stringer composite stiffened cylindrical shell (
which can be expressed as follows: The objective function of this research is the 
mass, or the weight of the cylindrical shell. Total 
mass is a function of the mass of the shell, plus the 
mass of the mounted stiffeners. 

௧ܹ = ௦ܹ௛ + ௥ܹ + ௦ܹ   
௧ܹ Is the total weight and ௥ܹ and ௦ܹare the weight

the rings and stringers, respectively. 
The weight of the cylindrical shell is obtained from 
Eq.23: 

ௌܹ௛ = ∑ ௜ே௜ୀଵݓ = ேଶݎ)}ߩߨܮ݃ −   {(ଵଶݎ
௦ܹ௛ = ߩߨܮ݃ ଵ(0.165 + ଶݔ + (ଷݔ + ଵݔଶ(0ݔ + (ଷݔ + ଷ(0.165ݔ − ଵݔ −    [(ଶݔ
௦ܹ௛ = 0.165 . ଵݔ)ߩߨܮ݃ + ଶݔ +    (ଷݔ

Where ݎேis the radius of nth composite laminate. 
of laminates (see Fig. 4) areassumed in the test problem 
of this paper. Hence, there are:rଵ, ,ଶݎ  .ଷcomposite densityݎ

Figure 4. Cylindrical shell (3 laminates)
Rings weight(Fig. 1): 

௥ܹ = ௥ܸ . ௥ߩ = ߨ2 ൉ ௥ߩ ൉ ௥ܰ ൉ ቀܴ + ௛ାௗೝ
ଶ 

௥ܹ = .ߨ2 ௥ߩ . ௥ܰ . ቀௗ
ଶ + ௧ାௗೝ

ଶ ቁ . ܾ௥ . ݀௥  
௥ܹ =

.ߨ2 .ଵ଴ݔ .ସݔ ቀ0.0825 + ௫భା௫మା௫యା௫ల
ଶ ቁ .    ݔ

 N୰is the number of rings,  d୰is the height of the rib୰is the width of the rings, ρ୰is the density of the ri
and t is the thickness of the shell. 
Stringer’s weight isas follows: 

௦ܹ = ௦ܸ ൉ ௦ߩ = ௦ܰ ൉ ௦ߩ ൉ ܾ௦ ൉ ݀௦ ൉   ܮ
௦ܹ = .଻ݔ)0.144 .ଵ଴ݔ .଼ݔ   (ଽݔ

 Nୱ is the number of stringers,  dୱis the height of the 
stringers, bୱ is the width, andρୱ is the density of the stringers
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As indicated in the previous section, the objective 
of the total weight of the 

stringer composite stiffened cylindrical shell ( ௧ܹ), 
function of this research is the 

mass, or the weight of the cylindrical shell. Total 
the shell, plus the 

(22) 
are the weights of 
is obtained from 

(23)  (0.165 −

composite laminate. 3layers 
n the test problem 
ଷ,  ସ, and ρ is theݎ

 
 laminates). 

(24) 

ೝቁ ൉ ܾ௥ ൉ ݀௥ 

ቁ .ହݔ ଺ݔ
  

is the height of the rings, 
is the density of the rings 

(25) 
is the height of the 

is the density of the stringers.  

Finally, the objective function is as follows
௧ݓ = 0.165 . .ߩߨܮ݃ ଵݔ) + ଶݔ
.ߨ2 .ଵଽݔ .ସݔ ቀ0.0825 +
௫భା௫మା௫యା௫ల

ଶ ቁ . .ହݔ ଺ݔ + 0.144
Constant design parameters 

Table6. The design variables includes: properties of 
the composite material 
properties of the stiffener(ܧ௦௧௜௙௙ , ௦௧௜௙௙ߴ ,  ௦௧௜௙௙), number of ringsߩ
of stringer ௦ܰ, cross-section of rings 
section of stringers ܾ௦ ൉ ݀௦.
is presented in Table 5. 

Table 6. Constant Design Parameter
Input parameters 
Length of shell (L) 

Radius of shell 
Number of laminates  

Axial load( Na) 
Inner pressure (P)  

Yield Stress(ો)  
Design Constraints 
The design constraints of the test problem are buckling 
load and yield stress as shown in Table 
load is ୊ౙ౨౟౪౟ౙ౗ౢ

୊౫ౢ౪౟ౣ౗౪౛ ൒ 1, and no dimensional constraint 
buckling means that buckling load of stiffened 
cylindrical shell (Fୡ୰୧୲୧ୡୟ୪)  that is obtained with the 
developed MATLAB code, should be greater than the 
allowed load F୳୪୲୧୫ୟ୲ୣ, otherwise, the stiffened 
cylindrical shell will be buckled.
The Yield stress is ఙ೘ೌೣ

ఙೠ೗೟೔೘ೌ೟೐constraint Yield stress means that 
stiffened cylindrical shell (ߪ௠௔௫the developed MATLAB code
the allowable stress ߪ௨௟௧௜௠௔௧௘cylindrical shell will reach to yield point.

Table 7. Design constraints

ିி೘ೌೣ
ிೠ೗೟೔೘ೌ೟೐ − 1 ൑ 0   Buckling 

Constraint  
ఙ೘ೌೣ

ఙೠ೗೟೔೘ೌ೟೐ − 1 ൑ 0   Yield Stress 
Constraint  

Results
Fig. 5 shows the convergence diagram of weighting 
function to the number of generation based on genetic 
algorithms.  

P. Mohammadzadeh and E. Jafari

the objective function is as follows: 
(26) 

ଶ + (ଷݔ +

.଻ݔ)144 .ଵ଴ݔ .଼ݔ   (ଽݔ
Constant design parameters arepresented in 

The design variables includes: properties of 
the composite material (ܧଵଵ, ,ଶଶܧ ,ଵଶܩ  ,(ଵଶߴ

the stiffener’s material 
, number of rings ௥ܰ, number 

section of rings ܾ௥ ൉ ݀௥, cross-
. the range of limitation 

Constant Design Parameter 
Value 

144   [mm] 
82.5 [mm] 

3 
1.5e7  [N/m]  

20   [KPa]  
210   [MPa] 

The design constraints of the test problem are buckling 
load and yield stress as shown in Table 7.The buckling 

no dimensional constraint 
buckling means that buckling load of stiffened 

that is obtained with the 
developed MATLAB code, should be greater than the 

, otherwise, the stiffened 
cylindrical shell will be buckled. 

൑ 1, and no dimensional 
constraint Yield stress means that the maximum stress of 

௠௔௫)  that is obtained with 
the developed MATLAB code, should be smaller than 

௨௟௧௜௠௔௧௘, otherwise, the stiffened 
l shell will reach to yield point. 

Design constraints 

௨௟௧௜௠௔௧௘ܨ =1.5݁7   
  ௠௔௫is calculated by code in matlabܨ

௨௟௧௜௠௔௧௘ߪ =210݁6   
  ௠௔௫ is calculated by code in matlߪ

Results 
shows the convergence diagram of weighting 

function to the number of generation based on genetic 
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Due to the large difference between the scale 
of variable parameters (as mentioned some of them 
are on the scale of millimeters and some on the 
Giga scale), the range of all variables was set 
between {1, 11} and then, after obtaining the final 
answer of 17.776, the final values of all variable 
parameters that are between 1 and 11, were 
returned by Eq.26 to the initial scale. 
  For example, if the range of variables are between L 
and U and the obtained value from the optimization 
procedure is S, the final value of the parameter can be 
obtained as follows: 

ݔ (27) = (ܷ − (ܮ
10 ∗ (ܵ − 1) +  ܮ

After making this scale conversion for all 
parameters, the final and optimized values of the 
variables are obtained.By obtaining variables, the 
amount of shell weight that is the objectivefunction 
in its original range can be calculated; after this 
stage, the objective function 4.132 is obtained. The 
optimum value of the particle swarm algorithm (see 
Fig. 6) is also performed with the same scale 
variation as was mentioned before. Finally, the 
final weighting function was achieved as 
4.1280,which weighed 13.2% relative to the initial 
shell weighing 4.78. 

After optimizing both the genetic algorithm 
and the particle swarm, the optimized weight 
decreased by 13.1% compared to the initial weight, 
while it has not reached critical loads and has not 
reached the yield stress (Table 8). 

 
Figure 5. Convergence of weight to iteration (Genetic 

Algorithm)  
Table 8. Result of optimization 

Yield Stress 
[Mpa] 

Critical Load 
[N/m]  Error  Results 

[kg]  Algorithim  
206  13054403    3.128  PSO  

207.3  14067323  0.12  3.132  GA  

 
Figure 6. Convergence of weight to iteration (PSO 

Algorithm) 
Final values of parameters arelistedinTable 9. 

 
Table 9. Final value of variable parameters 

Unit    Design 
variable  Notation  

[mm]  0.69,0.53,0.78 ℎ௜(݅ ,ଵݔ  (1,2,3= ,ଶݔ   ଷݔ
  3  ௥ܰ   ݔସ  

[mm] 4.1 ܾ௥  ݔହ   
[mm] 5.8 ݀௥  ݔ଺  

  4  ௦ܰ   ݔ଻  
[mm] 2.1 ܾ௦  ଼ݔ   
[mm] 4.7 ݀௦  ݔଽ  

  ଵ଴ݔ  ௌ௧௜௙௙ߩ 2604  [ଷ݉/݃ܭ]
  ଵଵݔ  ଵଶߴ 0.29 

[Deg]  35,42,38 ߠ௜(݅ = ,ଵଶݔ  (1,2,3 ,ଵଷݔ   ଵସݔ
  ଵହݔ 5.9  [ܽܲܩ]
  ଵ଺ݔ 432  [ܽܲܩ]
  ଵ଻ݔ  ௌ௧௜௙௙ܧ 182   [ܽܲܩ]

  ଵ଼ݔ  ௌ௧௜௙௙ߴ 0.29  
  ଵଽݔ  ଶଶܧ 15  [ܽܲܩ]

Conclusion 
In this research,optimization of buckling load forring/ 
stringer stiffened cylindrical laminated composite shells 
subjected to axial compression was considered. The 
maximum strength to weight ratio of these structures 
was assumed. Evolution algorithms are employeddue to 
discrete design variables and also the need for global 
searches.In this study, PSO algorithm has been utilized 
in addition to the genetic algorithm.The constraints 
wereassumed as buckling load and the yield 
stress.Governing equations for composite stiffened 
cylindrical shell using the principle of minimum energy 
were written relative to the Ritz coefficients.For 
kinematic relations of the Love Kirchhoff 
approximation, stiffeners are considered as separate 
elements;then, the conjugation relationship between the 
stiffeners and the shell was applied. Shell loading is 
assumed to be internal and axial force and the boundary 
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conditions were simply supported. Related constraints 
wereconsidered in m separatedMATLAB files and are 
called in each replication and checked by an algorithm 
in whichthe direction of the objective function in the 
region was acceptable. After optimizing both the genetic 
algorithm and the particle swarm, the optimized weight 
decreased by 13.1% compared to the initial weight, 
while it didnot reach critical buckling loads and didnot 
reach the yieldstress.Also, the final values of 
optimization by each genetic and particle accumulation 
werevery close, but the particle swarm 
approachwasmuch faster than the genetic method. 

Appendix 
ଵଵߙ = ଶߨܮ ቄ− ௔ܴܰߣଶ − ஺లల௡మ

ோ − ଶߣଵଵܴܣ + ஻లల௡మ
ோ + ஽లల௡మ

ସோయ ቅ  
ଵଶߙ = ߣଶߨ݊ܮ ቄܣଵଶ + ଺଺ܣ + ஻భమ

ோ + ஻లల
ோ − ଷ஽లల

ସோమ ቅ  
ଵଷߙ =
ߣଶߨܮ ቄܣଵଶ + ଶߣଵଵܴܤ + ஻భమ௡మ

ோ + ଶ஻లల௡మ
ோ − ஽లల௡మ

ோమ ቅ + ଵ
ଶ ௦ܰߨܮ ଷܣଷݖଷ(ܧ௦ +

௔ܰ)   ߙଶଵ =   ଵଶߙ
ଶଶߙ = ଶߨܮ ቄ− ௔ܴܰߣଶ − ஽మమ௡మ

ோయ − ଶ஻మమ௡మ
ோమ − ஺మమ௡మ

ோ −   
ଶߣ଺଺ܤ4  − ଶߣ଺଺ܴܣ − ସ஽లలఒమ

ோ ቅ − ଶ௡మగమ஺ೝாೝ
ோ ∑ ݊݅ݏ) ௞)ଶேೝ௞ୀଵݔߣ −

ଵ
ଶ ௦ܰߨܮ ௦ଶܣ௦ ௔ܰ  
ଶଷߙ = ଶߨ݊ܮ ቄ− ஺మమ

ோ − ଶߣଵଶܤ − ஻మమ௡మ
ோమ − ଶߣ଺଺ܤ2 − ஻మమ

ோమ    
 
 − ஽మమ௡మ

ோయ − ஽భమఒమ
ோ − ସ஽లలఒమ

ோ ቅ − ଶ௡మగమ஺ೝாೝ
ோ ∑ ݊݅ݏ) ௞)ଶேೝ௞ୀଵݔߣ   

− ேೞ௅௡గ஺ೞ௭ೞఒమேೌ
ଶோ − ଶேయగమ஺ೝ௭ೝாೝ

ோమ ∑ ݊݅ݏ) ௞)ଶேೝ௞ୀଵݔߣ   
ଷଵߙ = ଷଶߙ  ଵଷߙ =   ଶଷߙ
ଷଷߙ = ଶߨܮ ቄ− ௔ܰߣଶܴ − ଶߣଵଶܤ2 − ஽మమ

ோయ − ଶ஽మమ௡మ
ோయ − ஽మమ௡ర

ோయ −  ଶ஻మమ
ோమ − ஺మమ

ோ −
ଶ஽భమఒమ

ோ   
 − ଶ஽భమఒమ௡మ

ோ − ସ஽లలఒమ௡మ
ோ −   ସቅߣଵଵܴܦ

− ቄଶ௡రగమூ೚ೝாೝ
ோయ + ଶగమ஺ೝாೝ

ோ ቅ ∑ ݊݅ݏ) ߣ ௞)ଶேೝ௞ୀଵ   
− ଶ௡మగమఒమீೝ௃ೝ

ோ ∑ (cos ௞)ଶேೝ௞ୀଵݔߣ − ଵ
ଶ ܮ ௦ܰߣߨସܫ௢௥(ܧ௦ + ௔ܰ)  

− ସ௡మగమ஺ೝாೝ௭ೝ
ோమ ∑ ݊݅ݏ) ௞)ଶேೝ௞ୀଵݔߣ − ௉௅గ൫௡మିଵ൯

ସ   
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