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Abstract—A Swarm intelligence based design optimization of
stiffened Composite cylindrical shells under buckling pressure and
frequency constraints for under water applications is considered in
the present study. Swarm intelligence is based on the collective
intelligence of birds by means of indirect communication (P.S.0
Algorithm). Buckling pressure and free vibration natural frequency
of a stiffened composite shell depends on various parameters viz. rib
thickness, rib spacing, rib width, shell thickness, winding angles in
each layer and stacking sequence. The effect of above parameters on
the buckling pressure and frequency prior to optimizing the stiffened
composite shell is discussed in detail. Love-Kirchhoff equations and
Jone’s equations are used for computation of Natural Frequency and
buckling pressures of stiffened composite shells. It is observed that
for Carbon epoxy composite cylindrical shell the mass of the shell
has increased when frequency is added as a constraint. The increase
in mass is due to increase in number of ribs, which has caused the
bending stiffness to increase thus satisfying the frequency constraint
of minimum 520 Hz. It is also observed that the objective function has
not converged when the iterations are 100 and the converged value
was obtained only after 200 iterations indicating that it is always
preferable to increase the number of iterations till reasonable limit of
convergence is attained especially when the search space is large
and when the number of design variables and constraints are more. It
is observed from present study that for a Carbon epoxy shell when
the number of particles increased from 50 to 500 the global minimum
is obtained for few number of iterations indicating requirement of
large number of particles in the initial population especially when the
design space is large and the objective function is constrained.

1. INTRODUCTION

The use of fibrous composite materials has advanced
extensively not only in aerospace industry but also in
automobile, civil, Naval and other fields of engineering. The
long fiber composites are typically used in the form of prepegs
or by wet layup process followed by filament including
allowing designs to control or tailor the mechanical properties
by considering fiber orientation angles, stacking sequence and
individual layer thickness. These materials are used for
submersible and underwater weapon structures/weapon

platforms allowing low weight to displacement ratio and long
endurance with limited energy and maximum payload carrying
capability. Submarine explosive housings, Autonomous
Underwater Vehicles are currently being developed by
IFREMER (French Research Institute for exploitation of sea).

1.1 Particle Swarm Optimization:

Particle Swarm Optimization as a method of Optimization was
developed by Eberhart and James in 1995. They had simulated
the bird flock to generate the population in two-dimensional
space. Each particle in the flock keeps track of its position,
velocity, individual best position and global best position. If
particles current position is better than the individual best
position then the individual best position is replaced by current
position. Similarly if the particles current position is better
than the global best position then the global best position is
replaced by current position.

Design of cylindrical shell for minimization of mass

In under water applications, space vehicles, and aircrafts and
in other defensive applications weight becomes important
factor. So in these weight sensitive applications importance of
light weight materials such as aluminum alloy, Titanium alloy
and composite materials have become significant. Though the
metals have given excellent service for the construction of
shells in hydro space applications, the requirements for service
at greater depths has created considerable difficulties with
metal owing to problems of weight. A point is reached where
the shell becomes so thick that all buoyancy is lost and the pay
load is reducing to zero. Composite pressure vessels designed
for moderate to extreme depths, require minimization of
structural weight for increasing performance, speed and
operating range and hence more interest is being shown for the
weight minimization of composite structures.
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2. MASS MINIMIZATION OF OBJECTIVE
FUNCTION FOR THE STIFFENED COMPOSITE
CYLINDRICAL SHELL UNDER BUCKLING
PRESSURE AND FREQUENCY CONSTRAINTS:

A carbon epoxy composite shell is considered for mass
minimization under buckling pressure constraint of minimum
12.5 Mpa and also under combined constraints of buckling
pressure and frequency constraints, minimum 12.5 Mpa and
minimum 520 Hz respectively. Relevant material properties
and geometry properties and lower and upper bounds of
design variables namely, shell thickness, rib spacing, rib
widths are given as under;

Material properties Geometry
Material Carbon epoxy | Overall 1000 mm
Length
Young’s Modulus1 181 Gpa Mean Radius | 250 mm
Young’s Modulus2 10.340 Gpa Rib height 20 mm
Poisson’s Ratio 0.28
Density 1.6 gm/c.c
Design variables are
upper Lower bound
bound
Shell thickness, (t)mm 2 10
Rib spacing, (er) mm 80 120
Rib width, ( br) mm 10 30
No of layers 16
Angle [90 45 90 45 90 45 90 45 45 90 45 90
4590 45 90]

Layer thickness = shell thickness /number of layers;

Objective function: Minimization of total mass of the stiffened shell,
w

W=W1+ W2

W1 = Weight of the cylindrical shell portion

W2 = weight of total number of ribs

Constraints

1. General instability buckling pressure > 12.5MP
2. Frequency > 520 Hz

The objective function Vs Number of iterations and
corresponding optimal values are given at Figures 1, 2 and 3
and tables 1 and 2. To ensure that the shell should fail in
buckling mode only and not by failure by stresses in the
composite layers exceeding corresponding strengths , the
stresses along the fiber across the fiber and also the shear
stress are computed by classical laminate theory and are
given at table3.

3.1.1 Carbon epoxy shell under buckling pressure
constraint:

Graph for Variation of Objective function under buckling
pressure constraint , Mass in Kgs
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Table 1

Material Name Carbon epoxy

Iterations 100
No of particles 40
Rib Width, br, mm 10.09
Rib Spacing, er, mm 99.6
Thickness, t, mm 49
Obijective value, kgs 12.7
Overall Buckling pressure,Mpa  26.7

Objective and Constraint values for Carbon epoxy shell under
buckling Pressure constraint

3.1.2 Carbon epoxy shell under buckling pressure
constraint, Frequency constraints
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Objective function values for 40 particles 200 iterations

Table 2
Material Name Carbon epoxy
Iterations 100 200
No of particles 40 40
Rib Width, br, mm 10.6 12.2
Rib Spacing, er, mm 815 100.6

Thickness, t, mm 8.5 6.5

Objective value, kgs 21.6 16.6
Overall Buckling pressure,Mpa 29.5 33.7
Frequency, Hz 525.2 533.9

Objective and Constraint values for Carbon epoxy shell
under buckling pressure and frequency constraint

It is observed from the above figures 1 to 3 that the mass of
the shell has increased by 5 Kgs approx when frequency is
added in addition to buckling pressure constraint. The
decrease in mass is due to reduction in number of ribs from 12
to 10. Further it is also observed that the converged objective
function is obtained after 200 iterations (mass has decreased
from 21.6 to 16.6 Kgs for 100 and 200 iterations respectively)
indicating that it is always preferable to increase the number
of iterations till reasonable limit of convergence is attained
especially when the search space is large and when the
number of design variables and constraints are more.

3.1.3 Stress in carbon Epoxy shell at 12.5 Mpa external
pressures

3125000 3125000
SigL, Mpa ;_111280) i-lféom
SigT, Mpa (325 46) E-72446)
TouL T, Mpa :128) fgg)

Table 3
Material Name Carbon/Epoxy
Pressure, Mpa 12.5
Angle 90 45
Nx, N/m 1562500 1562500
Ny, N/m _ _

Stress values for Carbon/Epoxy

(Values in brackets indicate corresponding longitudinal
compressive strength, Transverse compressive strength and

Shear strength values)

It is observed that all the stresses are below their
corresponding strength values and the Tsai Hill and Tsai Wu
factor are found to be less than one indicating safe design with
respect to stresses in both 90 and 45 degree layers.

3.2 Effect of Variation of Objective Function with initial
population for carbon epoxy composite shell under
buckling pressure and frequency constraint:

The global best position in the PSO algorithm is computed
initially with a population normally equal to the population
being used subsequently for further iterations. The smaller the
distance between the initial global best position and global
optimum, the faster the solution for global optimum is reached
as there is no need to search the total search space of each
variable. Three initial populations of 50, 150, 500 particles are
considered to study the effect of g best on objective function
and the same is shown in fig. 4.

Variation of objective Function with initial Gbest For Carbon epoxy
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Output:

Forr (Weight) =9.4 kgs  Rib Width = 29.3mm
Buckling pressure= 25.0 Mpa Rib Spacing = 85.8 mm
Frequency = 569.7 Hz Thickness = 3.7 mm

It is observed from the Fig. 4, that the global optimum is 9.4
kgs for maximum population of 500 particles while it is 10.2
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and 9.9 kgs for 50 and 150 particles indicating need for large
number of iterations to be carried out when smaller numbers
of particles are used for initial population. Hence it is
preferable to use large number of particles for initial gbest
position computation for faster computation of global
minimum when the design space is large and the objective
function is considered rather than resorting larger number of
iterations with smaller number of initial number of particles
for initial gbest position.

3. CONCLUSIONS

A Swarm intelligence based design optimization of stiffened
Composite cylindrical shells for Naval applications is
considered. Following observations are made

e It is observed from the Carbon epoxy composite
cylindrical shell that the mass of the shell has increased
when frequency is added as a constraint. The increase in
mass is due to increase in rib width from 10.09 mm to
12.2 mm nand increase in shell thickness from 4.9 to 6.5
mm , which has caused the bending stiffness to increase
thus satisfying the frequency constraint of minimum 520
Hz.

It is observed that the global optimum is 9.4 kgs for maximum
population of 500 particles while it is 10.2 and 9.9 kgs for 50
and 150 particles indicating need for large number of
iterations to be carried out when smaller numbers of particles
are used for initial population. Hence it is preferable to use
large number of particles for initial gbest position computation
for faster computation of global minimum when the design
space is large and the objective function is constrained rather
than resorting to larger number of iterations with smaller
number of initial number of particles for initial gbest position.

e The Particle Swarm optimization algorithm proved to be
an efficient algorithm for optimization problem as
observed in present study.
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