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h which is a signi�cant point in a practical large scale
multi-agent system. It is important to note that in a
moving frame with limited communication, agents can-
not even recognize the forward direction. Every agent
monitors the relative position of its neighbors; network
con�guration in its neighborhood is the only information
available. Recognition of the forward direction depends
on the distance and relative position of neighbors. Ac-
cording to the method, if an agent can de�ne one of
its neighbors as a leader, it will then show directional

movements towards it. It means that the number of
other agents and their attraction cannot prevent it from
moving towards its leader. In order to prevent total dis-
connection, an additional algorithm prevents the agent
from getting too far away from its following members.
Note that every node does not necessarily show direc-
tional movement.

Key Words: Multi-agent, distributed control, passing
through obstacles, squeezing maneuver, directed graph.
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Abstract
In this paper, the softening behavior of polyacetal (POM)
under strain-controlled cyclic axial loading is studied.
All experimental tests were performed in four groups
with di�erent ratios of minimum to maximum strains by
a servo-hydraulic INSTRON 8802 machine, to a speci-
�ed number of cycles. The system was attached to a
computer for test control, as well as for data acquisi-
tion. For each selected loading cycle, the computer ac-
quired 100 data points per cycle, and those data can
be used for further analysis. In these tests, quantitative
parameters of mean stress, stress range, slope of stress-
strain hysteresis loops, dissipated strain energy density,
and elastic strain energy density amplitude have been
investigated. The mechanical properties of specimens
were determined according to simple ten sion and com-
pression tests. It is observed that there is di�erent be-
havior in compression and tension for polyacetal. Un-
der displacement control loading, softening behavior is
observed. The results showed that relaxation of mean
stress was negligible under cyclic loading with zero mean
strain, and due to positive mean strain, the rate of re-
laxation of mean stress increased. Minimum compressive
strain caused the stress range to be steady, and the rate
of stress range became zero. Dissipated strain energy
density and elastic strain energy density amplitudes have
been stabilized with an increasing number of cycles for
all types of loading. Also, dissipated strain energy den-
sity under tension-compression cyclic loading is higher
than that under tension cyclic loading. The hysteresis

loop slope is the gradient of the line that connects the
extreme points of the hysteresis loop together. At the
same ratio of minimum to maximum strain, the hys-
teresis loop slope is lower at any cycle for higher strain
amplitude and higher mean strain. Also, it is observed
that the maximum rate of hysteresis loop slope occurs
under symmetric displacement control loading, with the
ratio of minimum to maximum strain equal to -1.

Key Words: Polyacetal, softening behavior, cyclic axial
loading, dissipated strain energy.
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Abstract
In practice, agents of a multi-agent system usually access
local information. In a real world example, agents must
be able to move through obstacles while the connectivity
of the group is maintained. Moving through obstacles
needs network exibility, in which, in an undirected net-
work graph, unnecessary inter-agent connections must
be ignored; this needs consensus between agents. In or-
der to reach such a consensus, every agent needs infor-
mation regarding its neighbors, or, at least, the neigh-
bors of neighbors. Assuming a large scale multi-agent
system, the huge amount of information exchange in a
network is a serious problem. In this paper, an undi-
rected network graph is presented, which is capable of
switching to a directed graph, if needed. Nodes in this
graph can perform directional movements, while they
only use very local data. Hence, for moving through
narrow gates, the network shows considerable exibility.
Since, in this method, decisions are only made based
on every agent's local data, data tra�c will not occur,
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h Six di�erent types of MLPG method were introduced
on the basis of di�erent test functions. The MLPG1
is one of the most common meshless methods used to
solve di�erent types of engineering problem. In 2012,
a new uni�ed MLPG method was also introduced to
solve elastostatic problems. Using this new method, four
common types of MLPG can be approached, and may
unify the various kinds of MLPG.
In this paper, for the �rst time, the new uni�ed MLPG
method is used to analyze the FGM cracked plate. The
stress intensity factor of Mode I and Mode II is deter-
mined under the inuence of various non-homogeneity
ratios, crack lengths and material gradation angles.
In this method, both the moving least square (MLS) and
direct methods have been applied to estimate the shape
function and to impose the essential boundary condi-
tions. The enriched weight function method is used to
simulate the displacement and stress �eld around the
crack tip. Normalized stress intensity factors are cal-
culated using the path independent integral, J*, which
is formulated for the non-homogeneous material. The
FGM edge-cracked plate is considered here and analyzed
under uniform membrane and uniform �xed grip condi-
tions with the new MLPG method, and the results com-
pared with common MLPG1 and the exact solution.
With this new method, results show higher accuracy
compared to MLPG1. The present method may thus
be substituted for common MLPG approaches to solve
such problems.

Key Words: Uni�ed meshless local Petrov-Galerkin
(UMLPG), functionally graded material (FGM), mixed-mode
stress intensity factor.
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Abstract
Multidisciplinary design optimization (MDO), and its
application for optimizing engineering systems in the
form of design o�ces based on collaborative optimiza-
tion, is undertaken in this research. In recent decades,
the Multidisciplinary Design Optimization method has
been developed for complex systems as a new �eld of en-
gineering dealing with optimization methods and mod-
ern design. This methodology was �rst introduced in
1991, when Subisky wrote an inspiring article on multi-
disciplinary design optimization as a new design method
capable of meeting the needs of the designer. Thus, the
Subisky article can be seen as the starting point in appli-
cation of multidisciplinary design optimization to engi-
neering problems. and is still referred to in the majority
of scholarly articles, The variety of disciplines involved
in engineering design, especially in the aerospace indus-
try, along with intense competition in the international
marketplace, has forced designers to employ multidisci-
plinary design methods, and to give more attention to
optimization as an inevitable necessity in today's engi-
neering design. Multidisciplinary design optimization is
of vast scope, covering all design optimization methods,
sensitivity analysis, approximate concepts, data process-
ing and management methods, and strategies, address-
ing multiple disciplines and the interrelationships be-
tween them in an integrated design structure. One of the
various multidisciplinary optimization methods is the
collaborative optimization method. This is a multi-level
optimization method which �rst separates the problems
into two distinct levels, according to the disciplines in-
volved, and then solves them. This method solves an
engineering problem, called the optimum design of a
Speed Reducer gear unit, and provides a problem an-
alyzing method, a problem optimization procedure at
discipline level, and problem optimization at the system
level. Also, it is illustrated that this method is an appro-
priate technique for solving complicated problems with
large design space. These include problems introduced
in the aerospace industry in the form of design o�ces
and their division into related disciplines. The purpose
of this article is to elaborate on the method in question,
including the way it is used in the work cycle of design
o�ces, and demonstrate, via an actual problem solving
procedure, how it can be employed to solve complicated
engineering problems.

Key Words: Optimization, multidisciplinary design op-
timization, collaborative optimization.
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hthrough a generic packed bed involving adsorbent par-
ticles of constant surface pressure which is a subject for
further investigation.

Key Words: Lattice Boltzmann method, pressure bound-
ary condition, extrapolation, equilibrium distribution func-
tion, non-equilibrium distribution function.
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Abstract
Stroke is the third leading cause of death worldwide, af-
ter cancer and cardiac diseases. Not only it can lead to
death, but its secondary complications, such as paraly-
sis, dysarthria, and cognitive disorders, are critical for
the quality of life. It has been reported that more than
30 percent of stroke patients have trouble in walking,
even 6 months after recovery. In order to restore the
physical functionality of such patients, and in particu-
lar their capability for performing the activities of daily
living, very tough rehabilitation procedures are often re-
quired. Rehabilitation robots can facilitate these proce-
dures for both the patient and the physiotherapist.
The purpose of this research was to design a robot to fa-
cilitate the rehabilitation procedure of the ankle joint, in
order to improve the e�cacy of treatment, to lessen
the time duration of the physiotherapy and to re-
duce the exhaustion level of the physiotherapist. In the
design of the robot, two important ankle joint move-
ments were considered; plantarexion-dorsiexion and
eversion-inversion; also, the movement of the MTP joint
was incorporated. Di�erent mechanisms for performing
these movements were analyzed and compared and, �-
nally, the best was chosen as a cable driven mechanisms

via electrical motors. Two active and passive functional
modes, which have been suggested previously for reha-
bilitation robots, were de�ned as the working modes of
the robot.
After performing the detailed design of the robot, its
forward and inverse kinematics were analyzed. These
analyses were required for di�erent working modes of
the robot, such as performing exercises or evaluating
a patient. Simulation of the robot was conducted in
MATLAB software, to predict how the desired motions
would be performed in reality. In this simulation, both of
lower limbs, with their muscles and joints, were included
in the model. The results helped to predict the real
working behavior of the robot. It was concluded that the
robot has an acceptable level of e�cacy and safety for
being uses in di�erent rehabilitation modes, e.g., active,
and passive.

Key Words: Rehabilitation robots, ankle joint, gait
cycle, plantarexion-dorsiexion, eversion-inversion.
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Abstract
Functionally graded materials (FGMs) are a good solu-
tion for sharp interface problems between two dissim-
ilar materials. These materials contain a continuous,
or discontinuous, gradient in composition, which can
be designed to meet speci�c needs while providing the
best use of composite components. To solve FGM crack
problems, the use of computational methods, such as
FDM, FEM and MFree, is inevitable. The meshless lo-
cal Petrov-Galerkin (MLPG) method is a truly meshfree
method that has become of interest to many researchers
in recent years.
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Abstract
In this paper, a multi- linear cohesive zone model has
been proposed for simulation of mode I delamination in
laminated composites. This model considers the fracture
process zone (FPZ) e�ects in the simulation of initiation
and propagation of delamination. This model takes the
spring elements with variable spring constants, accord-
ing to the traction- separation curve of the specimen
along the crack growth, to show the residual strength
of the material in the FPZ. As a result of the existence
of several types of toughening mechanism with di�er-
ent strain energy release rates, it is required to present
a procedure which covers all the fracture process zone
toughening events. Therefore, in this model, unlike pre-
vious ones and commercial codes, all the possible soft-
ening behavior of the traction-separation curve is taken
into account. For simulation of toughening mechanisms
in the FPZ, a �nite element method has been chosen as
a numerical method. The material outside the FPZ has
been modeled with linear elastic behavior. Since the de-
lamination phenomenon takes place between the plies,
the crack propagation path is usually known in advance.
In order to �nd the induced loads and relative displace-
ments, a unit load is applied, and the corresponding
system of equations has been solved in a step by step
procedure. In order to simulate the multi-linearity of
the cohesive zone model, several springs have been con-
sidered in the crack path and the calculation followed
until the last spring in the FPZ shows the �nal break-
ing point of the traction-separation curve. At the end
of each step, the spring constants will be changed based
on the traction-separation curve of the specimen. The
results of simulation are presented in the form of load-
displacement curves that are in excellent agreement with
available experimental results, and correctly show the
softening behavior of the material after the failure initi-
ation.

Key Words: Delamination, virtual crack model, frac-
ture process zone, R-curve, toughening mechanism.
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Abstract
The Lattice Boltzmann model is an alternative kinetic
based method, capable of solving hydrodynamics for var-
ious systems. Major advantages of this model lend them-
selves to the fact that the solution for particle distribu-
tion functions is explicit, easy to implement, and natu-
ral to be parallelized. Because the method uses a reg-
ular Cartesian lattice in space, implementation of the
Dirichlet pressure boundary condition has always been a
challenge for curved entities in Lattice Boltzmann sim-
ulations. The di�culty comes from the fact that the
unknown boundary velocity cannot be determined on
curved surfaces using common assumptions in the pop-
ular Zou-He scheme. The lack of a certain solution for
ows having non-straight, constant pressure boundaries
encourages the need to develop exact boundary condi-
tions for such ows. In this paper, a method has been de-
veloped for imposing a pressure boundary condition for
curved entities in the Lattice Boltzmann method. The
proposed formulation is based on the so-called superpo-
sition interpolation scheme, where the unknown distri-
bution functions of the boundary are divided into equi-
librium and non-equilibrium parts. The equilibrium part
is calculated based on the known value for the bound-
ary density and the extrapolated value of the velocity.
The non-equilibrium part is determined employing the
bounce-back scheme. Finally, the unknown populations
are corrected in such a way that the desired pressure
is achieved on the surface. Fully developed ows in a
2-D channel and in a 2-D inclined channel with pres-
sure boundary conditions at inlet and outlet are used
to illustrate the accuracy of the scheme. The numerical
results for the benchmark ows prove the second order
accuracy of the proposed scheme. While the method is
preliminarily established for 2D problems, its extension
to 3D ows is quite straight forward and turns it into an
e�cient tool for simulating ows dealing with complex
constant pressure geometries. One important industrial
application of this new boundary condition is for ows
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hrespect to clearance. It is predicted that higher pressure
drop across the valve, and, to a lesser extent, the larger
nozzle outer diameter, will result in improved sensitiv-
ity, while optimum inner nozzle diameter and the design
point clearance are dependent on the level of drop in
valve pressure. So, along with more restrictive valves,
these two parameters should be chosen smaller, if higher
accuracies are to be met. Provisions are also made for
inlet pressure uctuations and the gas reservoir.
Experiments are conducted on a single path of the circuit
and also on a constant-ow nozzle. Nozzle pressure vs.
distance was recorded, showing the same trend as pre-
dicted by simulations. Experiments demonstrate that
sensitivity is improved at closer distances and with more
gas consumption rates. Magni�cation of 20mm per mi-
cron is achieved at a distance range of 50-100 microns.
Results were stable and repeatable. Feasibility of the
application of this low-ow device to working distance
adjustment in lithography was proven.

Key Words: Pneumatic sensor, lithography, at nozzle,
di�erential circuit.
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Abstract
In the subject of heat transfer enhancement, there has
been considerable interest in developing heat exchangers
that have high e�ciency, low cost, light weight, and the
smallest size possible. So, energy prices and environ-
mental considerations are being undertaken to support

attempts to create a better performance than that of
existing designs. The air side heat transfer coe�cient
is low, so, by enhancement of the boundary layer, it
must be increased. The role of inserts in internal forced
convection has been widely acknowledged as a passive
device in heat transfer enhancement. The study follows
the heat transfer enhancement caused by insersian of an
obstacle into a boundary layer inside a horizontal tube.
The ow of air is heated by electrical current. The pres-
ence of an obstacle was found to increase heat trans-
fer, sometimes without inducing turbulence, but also in-
creases pressure drop. The results demonstrate that the
model could be a useful tool for optimization of heat ex-
changer performance in the presence of obstacles. The
use of obstacle inserts leads to a considerable increase in
heat transfer and pressure drop over the smooth tube.
In this study, experimental and numerical heat transfer
coe�cients and friction in turbulent pipe ow were car-
ried out with di�erent obstacles. To evaluate the e�ect
of barriers, air as uid, with a Reynolds number range of
5000 to 20000, has been investigated. The mainstream
barrier was stimulated with four cones, discs, rings and
an O-ring to prevent cross, with the same (40%) barri-
ers for various steps. The results show that O-rings with
P/D=2 have the most e�ect on stimulation of the main
ow and the increase in heat transfer. It is also shown
that by increasing the Nusselt and friction factor aver-
age ratio, respectively, 2.6-3.2 and 20-22, that the over-
all enhancement e�ciency performance increased 16%
for Reynolds numbers above 12000; enhanced by stim-
ulation of the mainstream. The numerical results agree
well with experimental results"
Key Words: Heat transfer enhancement, convection
heat transfer, pressure drop, turbulence ow.
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Abstract
An articulated heavy vehicle, in typical form, consists
of two units that include a tractor and a semi-trailer.
The tractor unit is controlled by the driver, and the
trailer unit used to carry heavy freight is connected to
the tractor unit through a mechanical coupling point
called the �fth wheel. The commonly used performance
measure that reects the maneuverability capabilities of
the articulated vehicle is called o� tracking. It refers to
the phenomenon where the rear end of the trailer unit
does not closely follow the path of the tractor unit. It
is important to note that the poor path-following abil-
ity increases safety concerns for the surrounding vehicle
and destruction of road infrastructures. In this paper, a
new method is presented to eliminate o�-tracking, lead-
ing to the maneuverability improvement of the artic-
ulated heavy vehicle. A reference model generating a
desired articulation angle is derived based on geomet-
ric and kinematic analysis. The tracking of the desired
value ensures that the rear end of the semi-trailer unit
follows the path of the �fth wheel. The inputs to the
reference model are the yaw rate and the longitudinal
and lateral velocity of the tractor unit, while the out-
put is the desired articulation angle. A fuzzy controller
is designed to adjust the articulation angle. The pro-
posed controller makes the articulation angle follow the
desired value by active semi-trailer steering. Further-
more, a controller is designed to adjust the tractor yaw
rate through active steering of the tractor front wheels.
A fourteen-degree of freedom vehicle model is developed
in order to evaluate the proposed method. Computer
simulations, including di�erent maneuvers, show the sig-
ni�cant e�ects of the proposed method on improving the
maneuverability and stability of the articulated vehicle.
Furthermore, the sensitivity of the method against errors

in the input variables of the reference model is evalu-
ated. The sensitivity analysis revealed that the proposed
method is not so sensitive to errors in the variables. In
low speed turning, the large error in tractor yaw rate
has a major e�ect on system performance. However,
yaw rate can be accurately measured by a typical sen-
sor. Furthermore, the impact of di�erent sizes of time
increment on system performance is also evaluated.

Key Words: Articulated vehicle, o� tracking, desired
articulation angle,vehicle dynamics, semi trailer steering.
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Abstract
A distance sensing apparatus for use in autofocus sys-
tems of laser lithography is developed. A nozzle is placed
a small distance away from the photo-resist and the in-
side gas pressure is used as a measure of clearance. A
di�erential circuit is chosen which consists of a measure-
ment path of gas and a bleed line, which is used as a ref-
erence. The ow pattern of the main part, i.e. the noz-
zle, is explored via computational uid dynamics, and
it is shown that pressure loss in the cylindrical space
between the nozzle and the sheet dominates. Moreover,
available empirical correlation is shown to be valid, even
in the presence of an objective lens inside the nozzle.
The governing equations of all components of the circuit,
including the nozzle and the valves, are solved simultane-
ously, to yield operating pressures and owrates. This
provides a mathematical design tool that helps exam-
ine the inuence of design parameters, particularly on
accuracy and �nding optimum values. Sensitivity is es-
timated by the derivative of di�erential pressure, with
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hlearning rules are some features that play key roles in
the quality of neural network training and generalizabil-
ity, in order to model nonlinear systems. Furthermore,
this paper seeks to particularly focus on applying evolu-
tionary methods to optimize the parameters of recurrent
neural networks, in order to improve the identi�cation
and modeling of aircraft nonlinear dynamics. The pro-
posed method in this study is to apply MGA. In original
genetic algorithms, genetic operators are regular seeded
selection, elitism, random selection, crossover, and mu-
tation, and the appropriate �tness function is the in-
versed mean squared error between the network output
and target. In MGA, a new operator called mutation 2
is used. This operator randomly nulli�es some weights
and rules them out with a very small probability. More-
over, a penalty on non-zero weights (C) must be included
in the �tness function to encourage the algorithm to
reach a structure with a minimum number of connec-
tions. MGA improves generalization through zeroing un-
necessary weights (or connections). MGA can addition-
ally be used to simultaneously train and optimize three
di�erent types of recurrent neural network. To further
validate this study, the reported results were compared
with the recorded experimentally obtained data from a
fourth-generation �ghter aircraft. In conclusion, the re-
sults of training with the two methods applied in this
study (modi�ed and original genetic algorithms) clearly
show that the simultaneous optimization of network ar-
chitecture improves neural network generalization. This,
of course, imposes a cost of longer computation time and
an increased number of required generations to reach the
desired mean squared error for in-sample data. Thus,
the optimal network has better performance in the iden-
ti�cation and modeling of aircraft nonlinear dynamics.

Key Words: Aircraft nonlinear dynamics, system iden-
ti�cation, neural networks, optimization algorithm.
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Abstract
The process of upscaling is an active area of research,
due to the advances made in geostatistical techniques,
which allows reservoir properties, such as absolute per-
meability, to be described by more and more �ne models.
However, these detailed reservoir models cannot be used
directly for numerical simulation because they require
high amounts of time and memory storage capacity. As
a consequence, it is necessary to coarsen detailed geo-
logical models to a scale more appropriate for reservoir
simulation. The �rst step in upscaling is the upgrid-
ding of the original geological model. Once upgridding is
completed, the reservoir properties are reassigned to the
simulation grid using various property upscaling meth-
ods. An important issue in upscaling is that the upscaled
model must maintain the essential heterogeneity details
of the original geological model. Moreover, the ow char-
acteristics of the upscaled and geological models must be
the same.
In this study, a new and simple method for the upscal-
ing of absolute permeability geological models is pre-
sented. This method, based on quadtree decomposition,
upscales the geological model such that the grids of the
upscaled model are unstructured. In other words, in the
regions of the geological model where permeability vari-
ation is high, the grids of the upscaled model remain
small, but, in regions where permeability is almost uni-
form, the grids of the upscaled model become large. So,
this method reduces the total number of grids, and re-
sults in large savings of the time and memory required
for ow simulations in the reservoir. The grids of the
upscaled model have di�erent sizes and each grid may
be adjacent to several grids with several arrangements.
Simulation of ow through such complex upscaled mod-
els is very hard. To solve this problem, we present a
new method, in which, each side of all grids reduces the
number of neighbors to a maximum of 2, and facilitates
discretization of the ow equations.

Key Words: Upscaling, unstructured grids, quadtree
decomposition, ow simulation.
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h rudder forces and moments relative to time consump-
tion for boat simulation is negligible. The only problem
when using this method is the accuracy of the rudder
forces. The accuracy of equations used for rudder force
calculations in the current research is investigated and
the certainty of precision is gained.

Key Words: Rudder, lift, drag, pitch angle.
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Abstract
In this paper, the objective is to optimize the control
parameters of a parallel hybrid electric vehicle equipped
with continuously variable transmissions (CVT) in SC03
driving cycle. At �rst, the impacts of using CVT in-
stead of manual transmission on the fuel consumption
(FC) of the vehicle are investigated, quantitatively. It is
shown that by using CVT, the rotational speed of the
engine is not limited by vehicle speed. Hence, the en-
gine rpm can be determined to achieve minimum FC.
Then, an algorithm is introduced to calculate the FC of
the vehicle equipped with CVT, and the speed ratio of
CVT is speci�ed to minimize the vehicle FC. The model
accuracy is investigated by comparing its results with
manufacturer documents. An algorithm which is on the
basis of a baseline static control strategy (BSC), is in-
troduced to control the parallel hybrid electric vehicles.
In this algorithm, the engine is the primary power gen-
erator, and the electric motor in conjunction with the
battery, acts as an auxiliary power supply. By utiliza-
tion of the introduced control algorithm, the FC of a
vehicle equipped with a �ve-speed manual transmission
is about 30% lower, compared to non-hybrid version of

the vehicle. Finally, a multi-objective optimization is ac-
complished to minimize both FC and the battery capac-
ity. To multi-objective optimize the control algorithm,
a method similar to PSI was exploited. In this method,
at each step, an upper bound for the battery capacity is
de�ned as a constraint, and FC as the objective function
is minimized. By gradually increasing the upper bound
of the battery capacity and running the algorithm, the
battery capacity of the optimized system and the vehicle
FC, versus the upper bound of the battery capacity, is
obtained. It is found that by using the optimized control
algorithm, the FC of the vehicle equipped with CVT in
the SC03 driving cycle is 35% lower, compared to the
application of a �ve-speed manual transmission, and no
optimized control algorithm.

Key Words: Parallel hybrid vehicle, power transmis-
sion, continuously variable transmission, control algorithm,
driving cycle, multi-objective optimization.

SIMULTANEOUS OPTIMIZATION OF
RECURRENT NEURAL NETWORK
TO IMPROVE IDENTIFICATION
AND MODELING OF AIRCRAFT
NONLINEAR DYNAMICS
A. Roudbari(corresponding author)
alirezaroudbari@ae.sharif.edu
F.Sagha�
sagha�@sharif.edu
Dept. of Aerospace Engineering
Sharif University of Technolgy

Sharif Mechanical Engineering Journal
Volume 31, Issue 1, Page 23-34, Original Article

c Sharif University of Technology

� Received 13 March 2013; received in revised form 11 December
2013; accepted 29 January 2014.

Abstract
In this paper, using the modi�ed genetic algorithm
(MGA) as an optimization method and combining it
with neural networks, the nonlinear dynamics of a highly
maneuverable aircraft has been modeled. Generaliza-
tion has long been considered a dilemma in dynamic sys-
tem identi�cation, especially for dynamic systems with
various possible inputs, like aerospace vehicles. There-
fore, the focus of this paper is to obtain methods for
improving generalization of neural network based air-
craft models that are going to be used in aircraft simu-
lators. Weighted connections, network architecture, and
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Abstract
Maneuvering capability is one of the most important as-
pects of a ship. The rudder is often used for maneu-
vering, and its dimensions, type and location must be
designed correctly. In the �rst steps of design, similar
boats can be used, but, in the �nal steps of design, exact

dimensions must be assigned. A method for achieving
this is a model test, which is precise but very costly.
The use of numerical simulations, such as CFD, is an-
other method. Its precision is high and it is not costly,
but it does, however, have weaknesses in complicated
geometries. Rudder simulation using meshing is a time
consuming and more complex procedure. Consequently,
we use meshing only for the hull, but rudder forces are
added by experimental and numerical equations. Soft-
ware created and developed by the CFD group of Sharif
University of Technology Marine Laboratory, NUMELS,
is used to solve the uid domain. It is based on the �nite
volume method. After the solution process, cell veloc-
ity, body orientation and body linear velocity are used
to compute rudder lift and drag. Finally, rudder forces
and moments are added to the pressure, viscous forces
and moments. After a six degree of freedom equation
solution, angular and linear accelerations are achieved,
and after computation of angular and linear velocities
and body motions and orientations, simulation for the
current time step �nishes. This method of boat and
rudder simulation is fast. Compared to simulation of
boats without rudders, speed loss in the solution does
not exist, because time consumption for computation of
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