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ABSTRACT

This paper proposes a RSM—based hybrid evolutionary algorithm (RHEA) which combines the merits

. of the popular programs such as genetic algorithm (GA), tabu search method and response surface

methodology (RSM). This algorithm, for improving the convergent speed that is thought to be the demerit
of genetic algorithm, uses response surface methodology and simplex method. The mutation of GA offers
random variety to finding the optimum solution. In this study, however, systematic variety can be
secured through the use of tabu list. Efficiency of this method has been proven by applying traditional
test functions and comparing the results to GA. It was also proved that the newly suggested algorithm is
very effective to find the global optimum solution to rmmmlze the weight for avoiding the resonance of
fresh water tank that is placed in the after body area of ship. According to the study, GA's convergent
speed in initial stages is improved by using RSM method. An optimized solution is calculated without the
evaluation of additional actual objective function. In a summary, it is concluded that RHEA is a very
powerful global optimization algorithm from the view point of convergent speed and global search ability.
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1. Introduction
Many dynamic analyses are focused on
finding the maximum response and avoiding the

in a given structure under all
1.2

resonance
excitation forces.

Usually, these features provide the basis of a
design limit and are thus employed to determine
the dynamic characteristics of a structure and
its weight. For this reason, weight minimization
for reducing the response and avoiding
resonance has always been a major concern to
vibration analysts. Many classic optimization
methods and commercial softwares have been
developed and most of them are very effective,
especially to solve the local optimum problems.
However they are not so good tools to find a
global optimum solution for the system. To
disadvantage, search

algorithms have been developed seeking for a

overcome this many
global optimum solution. One of the most
popular methods is the genetic algorithm
GA).® 4? The GA is an optimization algorithm
loosely
powerful and general global optimization method.

inspired by evolutionary and is a

It does not require the strict continuity of

classical search techniques, but it allows
non-linearity and discontinuity to appear in the
solution space. Due to the evolutionary
characteristics, the GA can handle all kinds of
objective functions and constraints defined on
discrete, continuous, or mixed search spaces.
However, the global access of the GA requires
a computationally - random search. So, the
convergent speed to the-exact solution is slow.
Furthermore, the coding of the chromosome for
a large dimensional problem will be very long,
in order to get a more accurate solution. This
results in a large search space and huge
memory requirements for the computation. To

overcome these demerits, many researchers

have studied to develop many hybrid genetic
algorithms which combine genetic algorithm with

®® These can save computation

other ones.
time and find the global solution as far as it
goes. However, new algorithms are required for
better accuracy and faster convergent speed to
get an. optimum solution in the complicated and
big structures like ships.
To seek for the

multi—peak function with high accuracy and high

optimum solution of
speed, a new hybrid evolutionary algorithm is
suggested in this study. This combines the
merits of the popular programs such as GA,
tabu search method, response surface
methodology (RSM) and simplex method. The
algorithm, for improving the convergent speed
that is thought to be the demerit of GA, uses
RSM and simplex method. The mutation of GA
offers random variety to finding the optimum
solution. However, systematic variety can be
secured through the use of tabu list of tabu
search method. Especially, in the initial stages,
GA's convergent speed can be improved by

'using RSM which is using the information on

the objective function acquired through GA
process and then making response surface
(approximate function) and optimizing this. The
optimum solution is calculated without the

evaluation of an additional actual objective
function, and the GA's convergent speed is
improved. Efficiency of this method has been
proven by applying traditional test functions and
comparing the results to GA. It was also proved
that the newly suggested algorithm is very
effective to find the global optimum solution to
minimize the weight change for avoiding the

resonance of fresh water tank that is placed in

the after body area of ship.

2. Concept.of RSM—based Hybrid
Evolutionary Algorithm (RHEA)
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The main idea is to reduce the evaluation
number of the objective function by using RSM
which is one among the designed experiments to
reduce the repetitive number, since it is one of
the demerits of optimum design. The RHEA
consists of four main categories : GA for governing
the general algorithm;tabu—list for sSystematic
variety of solution; RSM for improving convergent
speed for getting a candidate solution; modified
simplex method for local search. Figure 1
represents the flowchart of the RHEA. The left
side of the flow chart shows global search
region that is similar to the flowchart of
standard  genetic
function assurance criterion (FAC), Sh (part
A), tabu—list (part B), and RSM (part O).
These parts offer candidate solutions, which

algorithm, excluding the

are considered as initial search points in the
local search region. The right side represents
the local search region. This part finds out the
optimum solution by the modified simplex
method, which use the final solution by results
of global search as initial search point.

Part A in Fig.1 shows the Sh region which
provides the well distributed points to make a
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Fig. 1 Flowchart of RHEA

response surface. Part B in Fig. 1 shows that
the tabu list 1s checked to have a diversity of
solution. The one individual which 1s selected
in GA's individuals after crossover is reviewed
to secure the diversity of solution. If diversity
of solution is secured, we select the individual
and if not, we repeat the crossover process.
That s, is selected when it is
located far away from the dense area. Part C

individual

in Fig.1 represents an RSM region. It is
largely divided by 3 parts. Firstly, considering
the boundary condition in the response surface
for optimization, the upper and lower values of
design variables can be considered in this
calculation process. However, the merits of
this method are diminished when addition
natural  frequency  are

it has to evaluate the

constraints  like

considered, because
objective function to get the results from
external calculations. To overcome this
problem, this study used Sh as training data
and inferred the satisfaction of constraint
condition using RBF (Radial Basis Function)
network.”” In this way, calculation of actual
problems could be avoided. Secondly, it makes
a response surface from Sh by using the least
square method (LSM). Finally, the optimum
solution of the response surface is calculated
by using tabu search method. To increase
optimization speed, gradient based algorithm
can be used. However, the solutions satisfying
constraint condition cannot be guaranteed since
the constraint condition is difficult to define
precisely. Also we adopt tabu search method
which has an excellent initial convergent speed,
because the implementation of the response
search for the

surface concept is to

approximate candidate solution.

3. Procedures of RSM—based Hybrid
Evolutionary Algorithm (RHEA)
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RSM—based hybrid evolutionary algorithm which has one global optimum with three local
(RHEA) is introduced as follows: optima ; and the second one is Rosenberk's
Step 1: Generate the initial chromosome vy

k=1, 2, -+ , pop_size) randomly g -14 ' - : .
with n elements. ?g sl jg:ATabulist
Step 2: Generate the initial solutions, and ; \ ::gi:mwmn o
estimate constraint and set up a é-l.s- ‘
parameter range. g
Step 3 : Evaluate the fitness of individuals. g
Step 4 : Evaluate the FAC, if it is satisfied, 5_13
go to step 12 otherwise go to step 5. E
Step5: Update Sh(a set of history) : Sh = §‘19 i
{Es, P)IXw ERY, FER}. where g | , , , ,
[¢] 200 400 600 800 1000

Xsh = [xi, xz, -, xi, o, 2], . Number of function evaluation

N is number of design variables (@) Four—peak function

Step 6 : Selection.

Step 7 : Crossover and check tabu list. g . =
—Ga
Step 8 : Construct response surface (RS) from _g_, - GA+Tabulist
Sh g 0251 —-—-GA+RSM
: E — — GA+RSM+Tabulist
N N N it ] 0zp
fn=ao+2anx z +ZZayx,xj 8
i=] i=1 i= l E 0.15
>
g
where %>@;>@; are coefficients calculated g ol T
=
by LSM. a
. o 0051 4
Step9: Train RBF network by Sh to %
construct the constraint conditions O of——=o om0 2000
approximately. Number of function evaluation
Step 10: Calculate the optimum design on (b) Rosenbrook function
the response surface by tabu S ' ] .
search method and generate one ‘{"; —GA
. . N GA+Tabulist
individual based on X'. 257 % —-— GA+RSM
Step 11 : Mutate and go to step 3. ' " GARSMI Tabulist

(3]

Step 12 : Search the optimum solutions by the
local concentration search (modified
simplex method) for best candidate.

-
th
T

—
T

4. Numerical Examples of Using Test

Object function value of best solution

05
Function
00 500 1000> =5 1500 2000
Three test functions were used to verify the Number of function evaluation
efficiency of the proposed hybrid algorithm: (C) Rastrigin function
the first one is the four—peak function”, Fig. 2 Convergent trend of objective function
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#M

function® which is known as banana function
and has just one global optimum; and the last

U9 which has one

one is the Rastrigin function
global minimum with 220 local minima.

Figure 2 represents the convergent trend of
objective function for each test function.
According to the results, GRSM (GA+RSM) and
GRSMT (GA+RSM+Tabu list) algorithms which
are based on RSM have faster .convergent
speed and more accurate solutions than GA,
which validated the efficiency of RSM on the
calculation. Also tabu list enables convergence
to solutions quickly on the multi—peak function
due to the systematic diversity of solution.
Table 1 shows the comparison of optimization
the stated three test
functions. The evaluation number means total

results  for above
evaluation number of the objective function used
in optimization procedure and it is directly
proportional to the total
According to the results, for all test functions,
RHEA can give better solutions than GA on

accuracy and convergent speed. For the Rastrigin

calculation time.

function, which is very useful to evaluate the
global search ability because there are many

Table 1 Comparison of optimization results

. Four—peak]| Banana | Rastrigin
Test function function | function | function
Exact solutions
f(x) 1.95 0 0
X3 0 1 0
X2 0 1 0
1.93, 1.64E-05 | 1.59E-04
Results | GA | 24E-3 |9.96E-011{1.41E-04
fx) 2.79E-3 | 9.96E-01 | 8.15E-04
x|
RU 1.93 0 » 0
X2 BA 2.74E-3 1 -3.10E-09
2.74E-3 1 -7.80E-10
GA 2353 1046 2109
No. of o
Evaluation
EA 459 419 514

local minima around the global minimum, RHEA
found global minimum with higher accuracy and
less elapsed time compared to GA. According
to these results, the proposed new hybrid
algorithm is a powerful global optimization
algorithm from the view of convergent speed
and global search ability.

5. Application of Optimum Design
to Fresh Water Tank of Ship

In the engine room and the after body area
of the ship, there are many tank structures in
contact with fresh water, sea water or oil
Also these possibly subject to the excessive
vibration during voyage because they are
arranged around the main excitation sources of
ship such as the main engine and propeller. If
problems occur, it takes a lot of cost, time and
effort to improve the situation because the
reinforcement work for emptying the fluid out
of the tanks, additional welding and special
painting and so on is required. It is therefore
very important to predict the precise vibration
characteristics of the tank structures at the
design stage. Optimum design needs to be
applied. Especially when the structﬁre is in
contact with fluid much analysis time is taken.
So, a new hybrid optimization algorithm is
required for getting a short analysis time and
this
design of a fresh water tank in an actual ship

accurate solution. In study, optimum
is carried out to verify the wvalidity of the
proposed optimization algorithm (RHEA) and

the results are compared to that of GA.

5.1 Vibration Analysis of Fresh Water Tank
It is difficult to predict the vibration response

of a local structure due to the complicated
transfer mechanism of excitation force and the
difficulty of the
Traditionally, the vibration analysis considering

assuming damping ratio.
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the design of avoiding resonance is conducted
to prevent the local vibration. -

In this study, the vibration analysis of the
fresh water tank :is carried out ‘using
NASTRAN which is a.

element program ‘and widely used . for  big

commercial . finite

structures like ships. Figure 3 shows the
model and arrangement of the fresh water
tank, Figure 4 shows the design variables and
boundary. condition. ¢f the fresh water tank.
Considering the precision of analysis and time
consuming modelling process, - the range of
modelling of fresh water tank is constrained to
one side of the tank. The boundary conditions
for the model are specified: the simple. supports
are used to the tank boundary area which is
connected to the other bulkhead and deck.

In general, the design for avoiding local

T

Fig. 3 Model and Arrangement of: fresh water tank

St S§2 S3 S4 S5 S6 87 Top

s1 Stiffener 1

$2 Stiffenet 2

83 Stiffener 3

s4 Stiffener 4

S5 Stiffener 5

86 Stiffener 6

5800 mm

s7 Stiffener 7

2670 mm

P2 - b 58 Stringer 1

P1 Plate 1
Bottom

P2 Plate 2

FRS ' : FRI13
] 6400 mm ]

| |
Fig. 4 Design variables and boundary conditions of
fresh water tank
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structure resonance in ships requires that the
natural frequency of the structure must be two
times higher than the blade passing frequency
of the propeller under the maximum rpm of the
In this study, design target
is set as above 14.02Hz which
and twice blade

main engine.
frequency
considers safety margins
passing frequency of the propeller (12.13Hz).
Figure 5 shows the first three modes and
natural frequencies of the fresh water tank by
NASTRAN. These

occurred on the  fresh water tank during

three modes frequently

voyage. Especially, the 1st-mode (8.60Hz) isa

N
<L >
ST { %
= D2 Z
<323 TN ,,%0/ SN

(¢) 3rd mode (19.17 Hz)
Fig. 5 Mode shapes of fresh water tank
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stiffener (stringer) mode which generates a
strong vibration and much effect on the
this model, the 1st
frequency of the structure is also within the

structure. In natural
resonance region where twice blade passing
frequency of propeller is 12.13 Hz. Therefore,
the natural frequency of structure is needed to
be increased up to the target frequency under
the condition that the tank is fully filled. The
natural frequency of structure which is in
contact with fluid can be changed according to
the water line of the tank. So, in order to
design a safe structure, the three modes of the

fresh water tank are concerned in this study.

5.2 Optimum Design of Fresh Water Tank

Design’ variables : The main vibration modes
on the fresh water tank are stiffener modes in
transverse direction. One of the most important
factors is the stiffness of stiffeners. In this
study, the stiffener size and plate thickness of
fresh water tank in Fig. 4 are defined as
design variables in Eq. (2).

x = {5152 S3 54 S556S7S8P1P2 (@

where S and P mean stiffener size and plate
thickness, respectively.

Constraints : The web length of stiffener Lw
is restricted as two categories like Eqgs. (3)
and (4) according to the shipyard's practice.

150 < Lw < 450 mm for stiffeners (S1-S7) (3)

500 £ Lw < 1000 mm for stringer (S8) @

The basic concept of local vibration design is
also the minimization of the response at each
point. However, it is difficult to evaluate how
much the excitation force influences on local
structure. So, in this study, natural frequency
of the structure is restricted as Eq. (5) which
considers a safety margin of twice blade
passing frequency of the propeller.

rok

wn > 14.02 Hz ®

Objective function: The objective function
combines linearly the weight of fresh water
tank with natural frequency of structure like
Eq. (6). The objective is to get an economic
and sound structure to reduce the weight of
stiffener and to increase the natural frequency.

Minimize f(x) = a(g’/—') + ﬂ(ﬁ) ®)

0 @y

where, W1 and Wy mean current and original
weight of stiffeners and plates, respectively. @;
and @,
frequency, respectively. @ and B are
weighting factors (@ =0.5, 8 =0.5).

mean target and current natural

5.3 Optimization Results and Discussion
The optimum design was carried out to get

an optimal size of stiffener and plate thickness
on the fresh water tank to maintain the
anti—vibration design of it. Table 2 shows the
results of the design variables before and after
optimization. It shows that the stringer S8 is
increased by 72 % and the others by 4.0~52
%. This indicates that the most
reasonable modification method is to increase

result

the stringer which has an effect on the
decreasing the span of the vertical stiffeners.
In this case, however, the plate thickness does
not have any effect on the natural frequency of
the structure. Table 3 shows the variation of
natural frequency and weight of structure
before and after optimization. According to the
results, the 1st natural frequency increased by
163 % from 8.6 Hz to 14.02Hz, and the safety
margin with twice passing frequency of the
propeller correspondingly changed from —29.1
% to 11.56 %. Therefore, the structure is free
from resonance. Moreover, the weights of
stiffeners which are applied to the design

IRASTUSSHI=28/A 16 d Al 65, 2006\d/671
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Table 2 Comparison of original and optimal design
variable -

s?a?faitg)?e Original }- G:pt@l;;ﬁA - Remark
S1 200 214 207 4.00 %
S2 200 320 223 12.00 %
S3 200 253 285 43.00 %
S4 200 325 283 42.00 %
S5 200 328 303 52.00 %
S6 200 277 251 26.00 %
S7 200 281 - 230 15.00 %
S8 550 893 947 | 72.00%
P1 11 10.7 10.3 | -6.36%
P2 11 10.6 10 |-9.90%

Table 3 Comparison of results

ltem | Original | Optimum | Remarks
Natural
o | 860Hz | 14021 | 163%
Weight | 4883kg | 4652kg | —4.73%

Table 4 Comparison of optimization resuits

. Objective | - No. of
Item Weight function | evaluation .
GA 5001 kg 0.5547 1846
RHEA 4652 kg 0.5167 1638
066 :
—— GA
0647 —0- RHEA [
o] |
=
= 060
=
< 058
2
S 056 i :
& ' ' H
Y 5 ; i
© 054 D : :
P i ;
052 \4 )
0% —
0 500 1000 1500 2000
Numnber of function evaluation

Fig. 5 Convergence of objective function

variables also decreased in spite of higher
summary, the local
vibration problems which require avoidance of

natural frequency. In
structure resonance through the movement of
natural frequency without additional weight has
been successfully solved by the proposed
optimization method. Table4 and Fig.5 show
the comparison of optimization results between
GA and RHEA. The evaluation number means a
total evaluation number of the objective function
used in the optimization procedure and it is
directly proportional to the total calculation time.
According to the results, RHEA can give better
solutions than GA on accuracy and convergent
speed. These results lead us to draw the
that the
algorithm is a more powerful global optimization

conclusion proposed new hybrid
algorithm from the view of convergent speed
and global search ability.

6. Conclusions

This paper introduces RSM-—based hybrid
evolutionary algorithm, as a new kind of a
hybrid optimization algorithm that combines the
merits of the popular programs such as genetic
algorithm, tabu search method and response
methodology. This
improving the convergent speed that is thought

surface algorithm, for
to be the demerit of genetic algorithm, uses
response surface methodology and simplex
method. The mutation of GA offers random
variety to finding the optimum solution. In this
study, however, mutation offers systematic
variety to finding the optimum solution through
the use of tabu list. Especially, in the initial
stages, GA's speed
improved by using RSM which is using the
information on the objective function acquired
through GA process and then making response
surface (approximate function) and optimizing

this. The optimum solution is calculated without

convergent can be

672/t 2 BTSN =EH/A 16 A A6 &, 20064
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the evaluation of an additional actual objective
function, and the GA's convergent speed is
improved. Efficiency of this method has been
proven by applying traditional test functions
and comparing the results to GA. It was also
proved that the newly suggeSted algorithm is
very effective to find the global optimum
solution to minimize the weight for avoiding
the resonance of fresh water tank that is
placed in the after body area of ship.

Finally it is concluded that the proposed new
hybrid algorithm (RHEA) is a very powerful
global optimization algorithm from the. view
point of convergent speed and global search
ability.
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