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Abstract

In this paper, the optimization and increasing of
the stiffness of sgquareplate, numerical simulation
of laminate composite plate using genetic
agorithms with finite difference analyses, in
which applied to the design variables of the
objective functions of the stacking segquence are
studied. The plates have been evauated with
actual condition of problem such as distributed
load,under ssimply supported boundary condition
with different number of layers (5, 10, 20, 30, 50)
and different stiffness ratios (E1/E2) 5, 10, 20, 30,
50. The effects of fiber orientation, number of
layers and stiffness ratios on the deflection and
stress response of symmetric of classical
laminated composite plate subjected to uniformly
pressure load (flexura loading) are presented.
The maximum deflection and stress are the major
parameters that were taken into account in the
plate design. Then obtain the optimal suitable
stacking sequence orientation of composite plate
that gives a smal maximum deflection and
maximum stress of central point of the plate
which represent the main aim in this work. The
results were compared with ANSYS software
results and obtain a good agreement.

Keywords. composite laminate,genetic
algorithms,finite difference.

Introduction

Genetic agorithms are heuristic stochastic
methods that explore a reduced set of tentative
solutions, performing a guided search procedure
that evaluates few solutions, in several orders of
magnitude smaller than the whole search space. A
methodology is implemented to design
symmetrically laminate composite rectangular
plates with eight layers using genetic algorithms
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with the finite element method. The optimal
design variables of the objective functions are
four, fiber orientations,laminae thicknesses, load
distributions, and various combinations of
(clamped, simply supported and free), to
minimize weight and deflection (stiffness
maximization) of fiber reinforced structures, [1, 2,
3]. On the other hand the Tsai-Hill failure
criterion is taken as the fitness function to design
variables optimization of stacking sequence (ply
orientation angles) and laminate failure margines
of symmetric composite laminates subjected to
various loading and boundary conditions using
genetic algorithms with the finite element method
based on shear deformation theory to reduce the
number of the criteria. The results show that the
optimization via a genetic algorithm can find the
global optimal solution leading to a substantial
decrease in the failure index, [4, 5]. Moreover
several changes and improvements to the standard
genetic algorithms have been applied to design
optimization of stacking sequence of a stiffened
composite panel against buckling under a set of
shear and axial loads using nonlinear finite
element simulation to reduce weight, cost, and the
number of analyses required for the optimization,
[6, 7].A numerical free vibration response with
nine nodded quadrilateral isoparametric element
of rectangular plates with simply supported edge
conditions is used in the presence of eliptica
cutouts to design parameters like orientation of
the elipse with respect to the references axis,
aspect ratio of the cutout, orientation of plies,
thickness of plies and materia of the plies. The
results illustrated that genetic algorithms is
available tool for optimum design of laminated
composite  plates with  cutouts, [8].An
optimization procedure is proposed to determine
the optimal stacking sequence of laminated
composite rectangular graphite-epoxy plates for
critical buckling load maximization and flexural
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stiffness under several different loadings, such as
uniaxial compression, shear, biaxial compression,
and the combination of shear and biaxial loadings.
Also, agenetic agorithm finds the global solution
without requiring auxiliary derivatives of the
objective function, [9, 10, 11].In this work it can
be derived the analytical solution of general
orthotropic equation at the same time the
researchers do not studied it briefly and solve the
orthotropic equation using finite difference
method to design the stacking sequence
optimization of composite plate, which reduce the
maximum deflection and stress using genetic
agorithms.

Analytical Procedure

Consider aplate of atotal thickness (h) composed
of (N) orthotropic layers with the principal
material coordinates of kth lamina oriented at an
angle 6, to the laminate coordinate, x. the kth
layer is located between the points z = z, and z =
711N the thickness direction as shown in Fig. 1.
It can be used Kirchhoff hypothesis theory with
the aiding to classical laminate plate theory
(CLPT). For genera orthotropic material and
layers oriented arbitrarily with respect to the
laminate coordinates,the Hook’s law relations are,
[12]:

After smplification to obtain:
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The plate equation under flexural loading is:
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By using the central finite difference method
shown in Table (1) to evaluate the deflection in
eg. (5) a these mesh pivotal points (m, n)
illustrated in Fig. 2 as below, [13]:

Sequence Optimization Based on Deflection 138




0*w 1
(W)m,n = E (Wm+2,n — 4 Wmsin T 6
*Wmn — 4 Wm-1n
+ Wm_2n)

*w 1
(ay4)m,n - F (Wm,n+2 — 4 Wm,n+1 + 6%

Wmn — 4 Wim,n-1 + Wm,n—z)
o*w 1 A )
= * * —
0x2 ayz)m'“ (Ax2Ay?) [4 * Wi
* (Wm+1,n + Wm—l,n
T Wmn+1 T Wimn-1)

(

+ Wm+1,n+1 + Wm+1,n—1
+ Wm—l,n+1 + Wm—l,n—l]

o*tw
(Fay)m,n = I+ (achy) [Win+2n+1
~Wm42n-1— 2
* Wm+1,n+1 + 2% Wm+1,n—1
+ 2% Wm-1n+1 ~ 2
*Wm-1n-1 ~ Wm-2,n+1
+ Wm—Z,n—l]

*w
(aX ay3)m,n -

2+ (bxAy?) [Win+1,n+2
~Wm-1n+2 — 2
*Wmyint1 T 2% Wipognir
+ 2 Wm+1,n-1 — 2
*Wm-1n-1 ~ Wm+1,n-2
+ Wim—1n-2]

Dy
F (Wm+2,n —4x Wmt1n T 6 * Wm,n — 4

* Wm—l,n + Wm—z,n)

2*xHy
+ o [4*wm,n—2

* (Wm+1,n + Wm-1n

+ Wmn+1 + Wmn-1)

T Wn+ttn+1 T Wmtin-1
+Wnoine1 t Wm—l,n—l]

+ 2*—14 (Wm+2,n+1
~—Wm+42n-1— 2

* Wm+1,n+1 + 2 * Wm+1,n—1
+ 2 Wm-1n+1 — 2
*Wm-1n-1 — Wm-2n+1

+ Wm—Z,n—l)

3
+ Tt (Wm+1,n+2

~Wnm-1n+2 — 2
*Whiiner T 2% Wn_qns1
+ 2 Wm+1n-1 — 2

*Wm-1n-1 ~ Wm+1,n-2
+ Wm—l,n—Z)
y
+ g (Wm.n+2 —4*Wnnt1
+6*Wyp—4* Wy, g

+ Wm,n—Z) = Pom,n

For square plate Ax = Ay = A

And the central finite difference for distributed
Put the above expressionsin eg. (6) into eg. (5) to load is, [13]:
obtain:
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Fig. 2 Finite Difference Meshes Type, [13].

Fig. 1 Geometry of an N-Layered Laminate, [12].

Table (1) Schematic Representation of Central Differences, [13].
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The square plate with mesh points for simply
supported boundary conditions can be shown in

Fig. 3:
L S S
m_j s---ae3

Fig. 3 Numbering of Mesh-Points For Simply
Supported Square Plate (a* a).

By applying eqg. (7) on points (1, 2, 3, 4) in Fig. 3
it can be obtained:
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For point (4):
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Genetic  Algorithmsin ~ Composite

L aminates Optimization

Real composite material structures optimization
problems depends on a reliable structura
analysiss. Even for smple geometric
configurations, the determination of the
mechanical behavior is difficult in the case of
composite materials. It happens because of the
complex mechanisms like coupling between
extension, bending and torsion deformations,
depending on the stacking sequence. The
available closed mathematical formulations
introduce much simplification on the analysis or,
in many cases; they are not able to predict the
structural  behavior, mainly for complex
geometries. These make necessary to use
numerical methods that can predict satisfactorily
the structure response for a given design load
[14].

GAs is probabilistic optimization methods that
seek to mimic the biological reproduction and
natural selection process through random, but
structured, operations. The design variables are
coded as genes and grouped together on
chromosomes strings that represent an organism
(possible solution on the design space), what
alow GAs to manipulate discrete variables.
Instead of working with just one search point in
the design space, GA uses a population of designs
that, by reproduction operations, evolve through
successive generations. Many search points
dispersed in the design space prevent the GA to
get stuck in aloca optimum area, and avoiding a
premature convergence of the process. New
possible designs (organisms) are generated by
applying genetic operators on existing population
organisms (mimicking the natural genetic
mechanisms). The evolution of successive
generations towards the optimization objectivesis
achieved by using concept of survival of the
fittest (where fittest organisms have more chances
to reproduce and continue in the next generation)
what mimic the natural selection process. The
organism fitness is obtained directly from an
objective function that uses simple structure
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information. No gradient evaluation is necessary
to perform the search by GA [14]. Basic Genetic
Algorithm may be decomposed into the following
steps:

— Create a starting population. Usually a set of
random chromosomes are created.

— Repeat the following until some termination
criterion is met:

» Evaluate each chromosome using a fitness
function.

« Select pairs of chromosomes using some scheme
such as random selection or fitness
biasedmethods.

« Apply crossover on the pairs of chromosomes
selected and mutation on individuals.

+ Create a new population by replacing a portion
of the origind population with the
chromosomes‘produced’ in the previous step,
[15].

In this work a computer code written in
MATLAB following the basic genetic algorithm
operators (crossover) in rea coded. Table (2)
shows the values of some parameters need to be
use in GA operators. It can be convert the
caculation of deflection and stress for finite
difference eguation to the objective function in
stacking sequence and it can be found the
maximum and minimum values with aiding of
genetic agorithms program. In the genetic
agorithm program it be taken to the program the
upper and lower limits of stacking seguence
orientation between (-90 and 90) and the program
merged the sequence randomly and obtained the
suitable stacking sequence that gives a minimum
deflection and a minimum stress
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Table (2) Parameters used in different GA

operators
parameter value
Population size
100
Number of Elitism 2
Crossover probability P 0.95
Mutation probability Py 0.05

NumericalResults

It can be taken the best iteration ofstacking
sequence distributions  from the genetic
algorithms program of the design variables in the
objective functions of the stacking sequence.For
comparison a static analysis was carried out with
ANSYS Program software. The linear elastic
general orthotropic model is used to investigate
the maximum deflection and maximum stressof
central point of the plate. For this problem, the
(SHELL 99) element is used. This element is used
for the two-dimensiona modeling of shell
structure and is defined by eight nodes having six
degrees of freedom at each node: trandations in
the nodal x, y, and z directions and rotations
about the nodal x, y, and z axes.

Results

It can be applied the finite difference equations
and compared with ANSY S software to the plate
made from carbon fiber and epoxy matrix (high
modulus) for volume fraction(ve = 0.6) and
having the following specifications:

P, = 1000 —,a = 0.4 m,h = 0.004 m, E; =
100 E9 Pa.,Ez = E3, G12 = G13 = 0.5 * EZ’V12 =
G

vi2 = 0.25,[16], Gy = ——2——

13 [16], Gy3 (kuﬁ*(l—%)
Ez

V5 * Vgpg + Opp * (2 *Vp — Vip * E—),[17];but
1

showed a good agreement. If a body has one
plane of material properties isotropy, i.e. a plane
in which the properties are the same in al
directions at a point, then the material is said to be
transversely isotropic. The other mechanical
properties against stiffness ratio can be shown in
Table 3.

»V23 =
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Table 3 Mechanical Properties Against Stiffness Ratio.
E,/E; Gy, (GPa.) Gy3(GPa.) G,3(GPa.) Vi2 Vi3 V23
5 10 10 4.092 0.25 0.25 0.458
10 5 5 4.092 0.25 0.25 0.468
20 25 25 4.092 0.25 0.25 0.473
30 1.667 1.667 4.092 0.25 0.25 0.474
50 1 1 4.092 0.25 0.25 0.477
directions with keeping thickness constant. In this
(1) The effect of number of layers: problem it can be taken five symmetric layers
The number of layer (5, 10, 20, 30, 50) does not about z-axis.
affect much more on the value of central normal
deflection and central stressin (x, and y) (2) Theeffect of stiffnessratio (E; /E,):

Table 4 Verification Test of Deflection Variation with Stiffness Ratio (E, /E,).

E,/E; Deflection (m)

F.D.M ANSYS Error (%)

5 4516 E-4 4593 E-4 1.676 %

10 5.712 E-4 5.8 E-4 1517 %

20 6.577 E-4 6.68 E-4 1542 %

30 6.926 E-4 7.042 E-4 1.647 %

50 7.232 E-4 7.376 E-4 1.952 %
genetic agorithms. The centra deflection
Note: error = (ANSYS Values — F.D.M Value) / increases with the increasing of tiffness ratio
ANSY S Values. because the dtiffness of this material will be
Table 4 shows the variation of deflection vs. decreased. Results show a good agreement

stiffness ratio with the aiding of finite difference between the present F.D.M and ANSYS.

method and ANSY S software before using
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Table 5 Verification Test of Stressin (x, and y) Directions Varies with Stiffness Ratio (E, /E,).

Ei/E,
Normal Stress (o4y) Normal Stress (cyy)

F.D.M ANSYS Error (%) F.D.M ANSYS Error (%)
5 1.22 E6 1.31E6 6.87 % 5.14 E6 5.79 E6 11.22 %
10 7.65 E5 8.22 E5 6.93 % 6.27 E6 7.17 E6 12.55 %
20 4.36 E5 4.7E5 7.23% 7.07 E6 8.16 E6 13.35%
30 3.05E5 3.29E5 7.294 % 7.39 E6 8.55 E6 13.56 %
50 1.91E5 2.06 E5 7.281 % 7.66E6 8.9 E6 13.93 %

Table 5 shows the variation of stressin (x, and y)
directions vs. stiffness ratio with the aiding of
finite difference method and ANSYS software
before using genetic algorithms. The stress in the
x-direction decrease; but in the y-direction the
stress increase with the increasing of stiffness
ratio until reached the steady state value because
at plate middle point the moment value in the x-
direction has been decreased adversely to the

moment value in the y-direction. The error of
normal stress is very high when compared with
the error of deflection because the stress depends
upon the derivation of the deflection in numerical
solutions. In the design it can be taken the stress
in y-direction because it has a high value of stress.
Also results show acceptable agreement between
the FDM and ANSY S.

Table 6 Deflection, Stressin (x, and y) Directions, and Stacking Sequence Varies with Stiffness Ratio (E, /E)

Using Deflectionin a Fitness Function with theGenetic Algorithms Optimization.

/e Deflection Stress (oyx) Stress (oyy) Stacking Sequence
(m) Pa. Pa (Degree)
5 2.8457 E-4 4.2238 E6 4.1643 E6 -45.96,-45.14,-45.73
10 2.8461 E-4 4.2643 E6 4.1251 E6 -49.62,-45.19,-45.13
20 2.8459 E-4 4.1407 E6 4.2481E6 -44.94,-44.13,-45.48
30 2.8458 E-4 4.174 E6 4.2143 E6 -48.99,-45.05,-44.76
40 2.846 E-4 4.1699 E6 4.219 E6 -41.57,-45.81,-44.92
50 2.8454 E-4 4.1862 E6 4.2011 E6 -44.41,-45.41,-44.72

Table 6 shows the deflection, stressin (x, and y)
directions and stacking sequence varies with
stiffness ratio using deflection genetic algorithms
optimization. The deflection in Table 6 has been
decreased when it was compared with the
deflection in Table 4 for a suitable stacking
sequence orientation distribution. It can be
noticed that the value of deflection and stress in

(x, and y) directions remain constant with the
increasing of stiffness ratio when using deflection
genetic algorithms optimization because the
distribution of stacking sequence orientation
approximately still constant for each value of
stiffness ratio. Results show the maximum
reduction in central deflection when using genetic
algorithm was (60.65%) in
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Er_ 50 ad  minimum  reduction was sequence orientation is (-44.41,-45.41,-44.72) for

E; 5 % = 50 and that gives a maximum reduction in
(36.98%)with E—1 = 5. The optimum stacking central deflection.

2

Table 7 Deflection, Stressin (x, and y) Directions, and Stacking Sequence Varies with Stiffness Ratio (E; /
E;) Using Deflection and Stress (o) in a Fitness Function with the Genetic Algorithms Optimization.

/b Deflection Stress (o44) Pa. Stress (o) Pa Stacking Sequence
(m) (Degree)

5 3.6938 E-4 2.2793 E6 8.6035 E6 -36.91,-47.48,-80.08
10 3.939E-4 2.1659 E6 9.4 E6 -47.25,-46.98,-87.49
20 3.9917 E-4 2.1642 E6 9.5375 E6 -46.57,-49.05,-89.26
30 4.0055 E-4 2.1671 E6 9.5711 E6 -50.52,-48.79,-89.6
40 4.4868 E-4 2.3427 E6 1.0705 E7 -51.45,-51.6,-89.99
50 45278 E-4 2.3745 E6 1.0805 E7 77.59,80.18,89.23

Table 7 shows the deflection, stressin (x, and y)
directions, and stacking seguence varies with
stiffness ratio using deflection-stress (c44) genetic
agorithms optimization. Both deflection and
stress in y-direction increase gradually with the
increasing of stiffness ratio until reached the
steady state value when using the deflection-stress
(o4x) genetic agorithms optimization because
stacking sequence has been changed for each
value of dtiffness ratio; but the stress in x-
direction remain constant because the moment in
x-direction at middle point approximately still
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constant and that is mean the change in the
stacking sequence distributions for each value of
stiffness ratio  does not affect on the vaue of
stress in x-direction. Results show the maximum
reduction in central deflection when using genetic

algorithm was (37.39%) in:* = 50 and minimum
reduction was (18.206%) with E—::s. The
optimum stacking sequence orientation is (77.59,
80.18, 89.23) for E—::so and that gives a
maximum reduction in central deflection.
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Table 8 Deflection, Stressin (x, and y) Directions, and Stacking Sequence Varies with Stiffness Ratio (E; /E,)
Using Deflection and Stress () in a Fitness Function with the Genetic Algorithms Optimization.

/e Deflection Stress (o44) Pa Stress (oy,y) Pa. Stacking Sequence
(m) (Degree)
5 3.6269 E-4 8.3646 E6 2.3258 E6 -46.8,-44.23,-12.63
10 3.9126 E-4 9.3236 E6 2.1716 E6 -46.31,-42.62,-4.02
20 3.966 E-4 9.4725 E6 2.1635 E6 -43.37,-43.82,-1.65
30 3.9767 E-4 9.4995 E6 2.1633 E6 -42.71,-43.35,-1.12
40 3.9804 E-4 9.5077 E6 2.1646 E6 -46.32,-44.18,-0.9
50 3.9867 E-4 9.5231 E6 2.1646 E6 -38.61,-43.54,-0.6

Table 8 shows the deflection, stressin (x, and y)
directions, and stacking segquence varies with
stiffness ratio using deflection-stress () genetic
algorithms optimization. Both stresses in (x, and
y) directions increase gradualy with the
increasing of siffness ratio until reached the
steady state value when using the deflection-stress
(oyy) genetic algorithms optimization because
stacking sequence has been changed for each
value of stiffness ratio; but the deflection remains

constant for each value of stiffness ratio. Results
show the maximum reduction in central deflection
when using genetic algorithm was (44.87%) in
% =50 and minimum reduction was (19.68%)
2

with %= 5. The optimum stacking sequence
2
orientation is (-38.61, -43.54, -0.6) for = = 50
2

and that gives a maximum reduction in central
deflection.

Table 9 Deflection, Stressin (x, and y) Directions, and Stacking Sequence Varies with Stiffness Ratio (E; /E,)
Using Deflection-Stress (o, )-Stress (6, ) Genetic Algorithms Optimization.

/e Deflection Stress (o4y) Pa Stress (o) Pa Stacking Sequence
(m) (Degree)

5 2.8463 E-4 4.1285 E6 4.2613 E6 -45.3,-45.082,-46.69
10 2.8465 E-4 4.099 E6 4.2916 E9 -47.223,-45.87,-46.06
20 4.3417 E-4 2.2651 E6 1.0325 E7 52.46,60.86,-90
30 4.5147 E-4 2.3642 E6 1.078E7 -79.87,82.98,88.51
40 4.5218E-4 2.367 E6 1.0785E7 -86.61,81.34,87.93
50 4.5356 E-4 2.3825 E6 1.08 E7 -90,82.43,86.95
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Table 9 shows the deflection, stressin (x, and y)
directions, and stacking sequence varies with
stiffness ratio using deflection-stress (o, )-stress
(oyy) genetic algorithms optimization. Both
deflection and stress in y-direction increase
gradually with the increasing of stiffness ratio
until reached the steady state value when using
the deflection-stress (oyy)-stress (o,,) genetic
agorithms  optimization because  stacking
sequence has been changed for each vaue of
stiffness ratio; but the stress in x-direction
decrease because the moment in x-direction at
middle point approximately decrease. Results
show the maximum reduction in central deflection
when using genetic algorithm was (37.28%) in

=1 =50 and minimum was (36.97%) with = =
2 2

5.The optimum stacking sequence orientation is (-

90, 82.43, 86.95) for = =50 and that gives a
2

maximum reduction in central deflection.

Conclusions

1- The central normal deflection increases
with the increasing of stiffness ratio for
keeping the high modulus as constant.

2- The reduction percentages in centra
normal deflection due to using a genetic
agorithms program are (60.655%,
37.392%, 44.874%, 37.284%) for
deflection,  deflection-stress (o),
deflection-stress (o), and deflection-
stress  (oy)-stress (o)  genetic
agorithms optimization respectively of a
suitable stacking sequence.

3- The reduction percentages in centra
stress in y-direction due to using a
genetic  algorithms  program  are
(45.155%, 71.741%) for deflection, and
deflection-stress (c,,) genetic algorithms
optimization respectively of a suitable
stacking sequence.

The best optimization are the deflection and
deflection-stress (o) genetic algorithms
optimization because they give a good reduction
in acentral normal deflection and central stressin
y-direction.
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