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Abstract

* A methodology based on evolutionary algorithms and stochastic structural
mechanics for the design of high-reliability naval multilayer composite structural
panels, is presented.

*Mechanical response of structural panels was modeled using the Multilayer
Classical Plate Theory and Finite Element Method.

«Sea wave loads were modeled as stochastic dynamic loads using the
Simulation Based Reliability Analysis approach.

*The structural reliability of the panel, as function of the composite ply’s fiber
direction, was considered as a design variable.

In order to maximize the structural reliability, an optimization methodology

based on stochastic algorithms, was proposed.
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Motivation

 The use of composite materials on structural naval applications has been

growing in the last decades = great effort on analysis and design
techniques.

e Large number of design variables and the complexity of the mechanical

behavior appears in composite structural design = projects much more
difficult and laborious.
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Composite materials

*Composite laminate plates are constituted by
bonded layers (in general: orthotropic layers)

*Coupled extensional-bending effects appears.

*Mechanical behavior of composite materials is
rather than straightforward.

*Naval structures are built using reinforced panels,
showing complex structural response.

°In general is not possible to model the entire
structure as a plate assembled system. In general
plate formulations and continuum mechanics models
must be used.
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Composite materials

 The orthotropic plate. The in-plane stress-strain relation in material coordinates in
a single orthotropic lamina are:
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Composite materials

* Fiber-reinforced composites are manufactured in form of thin sheets
(laminae or layers).

e The classical laminated plate theory (CLPT) is based on Kirchhoff-Love
plate theory (thin plate theory):

Straight lines perpendicular to the midplane before deformation remains
(1) straight, (2) inextensible and (3) normal to the midsurface after
deformation:

i.e. classical plate theory does not account for transverse deformation and

stress state.
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Composite materials

* Displacements and strains hypothesis of CLPT:
— The layers are bonded perfectly bonded together
— Material of each layer is linear elastic and orthotropic
— Each layer is of uniform thickness
— The strain are small

e First two assumptions of Kirchhoff hypothesis require that displacement to be
such that:

u (% y,zt)=u(xy,t)+zg(xy.t)
(X% ¥, z,t) =v(x y,t) + 2@ (% y,t)
(X y,z,t) =w(x,y,t)
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Composite materials

e Equations of motion (govern equations) can be expressed in terms of
displacement as:

e x-direction:

0 ou ou  ov D*W O*W
_X Au&""piz Ale[ay a +Bll[_ 8X2]+Blz[_ 6’y2]
O*W ou oV

-2
+B.I.6 8X0yJ [Aﬁ + A26 + ABG [ ay 8X]
O*W O*W O*W U O*w
— B B..| -2 =, — <+, —
| e ]+ 26[ ay? i 8x8y] 9 Xt

Universidad
‘ﬁ?’ Tecnologica
de Bollvar

AAAAAAAAAAAAAA




Pd E\)]EESTSQTENQ,E\S/FAE Cartagena de Indias, marzo de 2013

ENGINEERING CDNGREE‘E/

Composite materials

e y-direction:
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Composite materials

z-direction:
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Composite materials

For the uncoupled case, the transverse deflection w under applied
transverse force g is governed by:
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These equations are so complex! = In general, closed solutions does not
exist. But, numerical (approximates) solutions can be found:

— Finite difference method
— Finite element method
— Boundary element method
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Composite materials

e Tsai-Hill failure criteria is based on Hill’s failure
criteria for anisotropic materials, adapted to
failure analysis on composite materials.
Mathematically:

2 2 2
f — 0-11 — 0-110-22 + 0-22 + le > 1
X? XY Y &

— f:failure index

O;, O Y T;; : plane stress tensor
components.

— X, Yy S : Longitudinal strength, transversal
strength and shear strength, respectively.
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Computational FEM model

e The finite element formulation for CPLT is obtaind from weak form of
govern equations (virtual work principle) given by:
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Computational FEM model
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Computational FEM model

e Generic discretization of continuum problems.

e Treatments of complex geometries, loads and
boundary conditions.

e Flexibility for implementation of material models
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Computational FEM model

llustracian 3 Seccian simetrica del casco
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Optimization in engineering design

"The development of an accurate model of the system, in order to analyze
its response (internal and external) to its environment, and the use of an
optimization method to determine the characteristics of the system that best
achieve a specific objective, also fulfilling certain restrictions prescribed in
the features and response of system"

-O. Hughes
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Stochastic structural mechanics

*The presence of uncertainty in the analysis and design of naval composite
structures has always been recognized.

*Traditional approaches simplified the problem by considering the uncertain
parameters to be deterministic, and accounted for the uncertainties through the
use of empirical safety factors.

*An alternative way to look at the problem is consider stochastic nature of the
variables involved in the problem, such as, strength, geometrical dimensions,
etc.

*In this case, on might measure the probability of failure to satisfy some
performance criterion and the corresponding term would be risk and/or failure

probability.
vy Universidad
@J Tecnologica
de Bolivar

AAAAAAAAAAAAAAA




rd III:\)IEESTSQTENIG;@XE Cartagena de Indias, marzo de 2013

ENGINEERING CDNGHESS/

Stochastic structural mechanics

solutions.3m.com

Stochastic properties in
composites
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Stochastic structural mechanics

Wave Loads Stochastic Analysis
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Stochastic structural mechanics

Cartagena de Indias, marzo de 2013
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Stochastic structural mechanics

eSeveral methods with various Probabilistic distribution functions
. for the problem

degrees of complexity have been
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Optimization methods

eDerivatives based methods:

*Conjugated gradient methods
sLinear and non-linear programming

«Stochastics (metahuristics) methods:
*Genetic algorithms

eDifferential evolution
eParticle swarm optimization
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Particle swarm optimization

* The formulation of the optimal structural design problem is built in terms of
numerical optimization. In these terms, the minimization problem can be
stated as follow:

Given a set of parameters x minimize a function f(x)
subjected to the restrictions g;(x) =0

» In this work objective function f(x) is given by P(F>Fperm) .i.e. minimum
probability of failure or maximum structural relibility.

« Only ply angles in laminate are considered as parameters design.
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Particle swarm optimization

» As presented by Parsopoulos and Vrahatis the objective function is
augmented with a “penalty” factor H(x), which contains the information from
the restriction:

F(x) = (x)+H(x)

H (x)= X 6(c (x))a, ()"

O (X) — max{gi (X)7O}

« The term gi(x) is known as the relative violation of the restriction. The task
of the functions ©(q;) and y(q;) is to control the input from the violation to the

penalty factor.
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Particle swarm optimization

The particle swarm optimization
method, introduced by Kennedy and
Eberhart (1995)

The technique was originally
conceived to simulate the behavior of PSS g -
bird flocks or fish shoals in their search www.goodenglish.org.sg
for food.

As the distance between each
individual and the food position is
modeled through a function, it was
quickly noticed that any function could
be minimized by the use of the
technigue.
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Particle swarm optimization

 The idea behind the method is the fact the individuals from the population
share certain information, which is, the best position that has been found so
far (in general terms, the best merit).

« Each individual uses this information beside the knowledge of its own best
found position to direct its search.

 If the position of an individual i in the search space is x;, the best position
found so far by the entire population is x9 and the best position found by the
individual is xP, the search rule is:

Vi = et +an (X - X )+ con (xP - X))

k+1 k+1

XI - XIJ IJ
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Particle swarm optimization

« The parameters w, ¢, and c, are known as the inertia, cognition and
confidence.

 The factor x is known as the constriction and its job is to prevent the swarm
from exploding by the unbound increment of the velocity.

e« The numbersr, and r, are randomly chosen from the interval.

 The search rule is applied iteratively until a convergence criterion is met, the
desired optimum is found or we run out of time.
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Optimization : Swam particle method: computational implementation
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Optimization : Swarm particle method, an example
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Swarm optimization: an application example: Reinforced steel naval panel

NS www.bunkerworld.com
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Swarm optimization: an application example: Naval panel optimization
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Swarm optimization: an application example: Naval panel optimization
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Swarm optimization: Computational Cost

W Universidad
yA Tecnologica
iy ,
" de Bolivar

CARTAGENA DE INDIA




Pd E\)lEESTgQTEN[GZ\S/ﬂi Cartagena de Indias, marzo de 2013

ENGINEERING CDNGHEE‘E/

Sea wave load modeling

* This pressure distribution can be obtained directly from experimental
data. In general, pressure distribution on the panel can be expressed
mathematically through a function of the type:

p(X, y,t) = P(t) X(X, y)

* In this work, function P(t) is taken as:
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Sea wave load modeling
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Proposed SBRA/SPOM design metodology

PDF for wave load (from experimental
data or from numerical models)
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Computational implementation
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*HP Proliant DL785G5, 32 processors, 256 GB RAM,
2 TB HD.

*+100 processors SPIDER (UTB)
*GRID COLOMBIA (RENATA)
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Computacion de Alto Desempeiio: HPCLAB

LINEAR DYNAMICANALYSIS
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Conclusions

A methodology for optimizing naval panels made of laminated composites using
genetic algorithms, stochastic mechanics and the finite element method, was
presented. Through minimizing the probabilistic failure criteria of the panel in
function of the direction of the fibers in the laminate, it is possible to find designs
with high resistance sea loads for a given system.
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Questions

Thank you!




