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Passive suspension system is used in most vehicles due to its low energy consumption and low cost in
most vehicles. Therefore, today enhancing the suspension system has become challenge for engineers.
The aim of this study is to present new method for Multi-Objective design of vehicle suspension based
on the use of asymmetrical dampers (Nonlinear). Hence, It is shown that using these types of dampers
with choice of two types of coefficient, one of which is in compression and the other in expansion will
lead to more optimal design compared to those in the literature. For this purpose, vehicle was
modeled using full model with eleven degrees of freedom under random road excitation, then, since the
tasks of suspension system are reduction of vertical acceleration exerted on passengers, reduction of
pitch acceleration of sprung mass, improving road holding and reduction of the change of four wheel
work space. Therefore, the problem is defined as Multi-Objective problem with conflicting objectives
which were formulated and solved by NSGA-II algorithm. The obtained results indicated that using
asymmetrical dampers leads to more efficient design compared to those methods with symmetrical
dampers.

Keywords:
Ride comfort
Road Holding
Work Space
Asymmetrical Damper
Multi-Objective

  

1 - 

  
 

 ] 1 .[
  

  
   .  

 .  
 

  
   

1 1 10 
 2631 ISO   
 ]2[.    

1- Root Mean Square Acceleration  

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
75

94
0.

13
94

.1
5.

6.
7.

3 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 m

m
e.

m
od

ar
es

.a
c.

ir
 o

n 
20

24
-0

4-
20

 ]
 

                             1 / 10

https://dorl.net/dor/20.1001.1.10275940.1394.15.6.7.3
https://mme.modares.ac.ir/article-15-217-en.html


    

     

  

410  1394156  

   
 -

  .
 

    
 

 . 

  ]3.[ 
 

 .
 

  .     

   
 

  . 
 .

 1   .
  

   
 . 

   
  ]4-6[ ]7 -10[ ]12 11[ 

  .   -
 .  

  
   

]11 8[ .   
  ]13 14[ .

]9 [ 
  

1 10 
  .

2    .
     

  .
  

  ]15-21[.   
      

  
 ]15 16[ .    

          

1- Zero prototyping 
2- Multi-Objective Optimization

       
 ] 17 -20.[ 
  ]21[  

  .

   ]22[ 
  

 .
  

  

 
  

 .   
 .

 3 )
  (  

 
) (   

 .

  .
 

   

2 -      
   

 .   
 . 

  .   
  
     ] 22.[ 

1    
   

 
11    2 

   
( , , , )trl trr tfl trfZ Z Z Z  ( )CGZ 

( ) ( )   
( , , , )lpr rpr lpf rpfZ Z Z Z .    

  
  1 1 2 2( , , , )RL RR RL RRZ Z Z Z .

  rl rr fl frK K K K K, , , , 3rl rr fl frb b b b b, , , , 3  
  1  

3- Pitch Acceleration  

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
75

94
0.

13
94

.1
5.

6.
7.

3 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 m

m
e.

m
od

ar
es

.a
c.

ir
 o

n 
20

24
-0

4-
20

 ]
 

                             2 / 10

https://dorl.net/dor/20.1001.1.10275940.1394.15.6.7.3
https://mme.modares.ac.ir/article-15-217-en.html


    

    

1394156  411  

    
  ) 1 (  

)1(  

1

2

3

4

1 4

1 3

2 4

2 3

CG

CG

CG

CG

rl CG

rr CG

fl CG

fr CG

z z a d
z z a c
z z b d
z z b c
z z L L
z z L L
z z L L

z z L L

 
   .

  (+) 
) - .  (  

 .       
 .

           
            .

 

 .
 

    .  
) 2 -9 (

 

3 1

3 1

Z Z

Z Z

pfl
spfl

pfl

b
F

b

  1

1

Z Z 0

Z Z 0
pfl

pfl )2(

3 2

3 2

Z Z

Z Z

pfr
spfr

pfr

b
F

b

  2

2

Z Z 0

Z Z 0
pfr

pfr )3(

3 3

3 3

Z Z

Z Z

prl
sprl

prl

b
F

b

  3

3

Z Z 0

Z Z 0
prl

prl )4(

3 4

3 4

Z Z

Z Z

prr
sprr

prr

b
F

b

  4

4

Z Z 0

Z Z 0
prr

prr )5(

Z Z

Z Z

fl fl tfl
sfl

fl fl tfl

b
F

b

  Z Z 0

Z Z 0
fl tfl

fl tfl )6(

Z Z

Z Z

fr fr tfr
sfr

fr fr tfr

b
F

b

  Z Z 0

Z Z 0
fr tfr

fr tfr )7(

Z Z

Z Z

rl rl trl
srl

rl rl trl

b
F

b

  Z Z 0
Z Z 0

rl trl

rl trl )8(

Z Z

Z Z

rr rr trr
srr

rr rr trr

b
F

b

  Z Z 0
Z Z 0

rr trr

rr trr )9(  
 2   

   ) 10 (

  
1 ]22[  

 )10(  

3 3

3 4

3 1

3 2

1 1b

fl fl fl tfl sfl

fr fr fr tfr sfr

rl rl rl trl srl

rr rr rr trr srr

pfl lpf spfl

pfr rpf spfr

prl lpr sprl

prr rpr sprr

tfl tfl tfl RL tfl trl RL

tfr

F K z z F

F K z z F

F K z z F

F K z z F

F K z z F

F K z z F

F K z z F

F K z z F

F K z z z z

F K 1 1

2 2

2 2

b

b

tfr trl RR tfr tfr RR

trl trl trl RL trl trl RL

trr trr trr RR trr trr RR

z z z z

F K z z b z z

F K z z z z

2 ) 1)  (10 ( 
  ) 11 (

 .4 
01/0 

)11(  

1

1

1

1

4

0

0

0

0

0

0

0
0

0

pfl pfl

pfr pfr

prl prl

prr prr

tfl tfl fl tfl

tfr tfr fr tfr

trl trl rl trl

trr trr rr trr

C C pfl pfr prl prr fl fr rl rr

X rl

m z F

m z F

m z F

m z F

m z F F

m z F F

m z F F
m z F F
m z F F F F F F F F

I L F 4 3 3

2 2 1

1

0

0

fl rr fr pfl prf pfr

prr

Y prl prr pfl pfr fl fr rl

rr

L F L F L F dF dF cF

cF

I bF bF aF aF L F L F L F

L F

3 -   
3-1-  

    
  

      
  ) 12 (]13 23[.

)12(  
2

2 2 2
2 v

v
  

  

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
75

94
0.

13
94

.1
5.

6.
7.

3 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 m

m
e.

m
od

ar
es

.a
c.

ir
 o

n 
20

24
-0

4-
20

 ]
 

                             3 / 10

https://dorl.net/dor/20.1001.1.10275940.1394.15.6.7.3
https://mme.modares.ac.ir/article-15-217-en.html


    

     

  

412  1394156  

  
2   

1 ] 12[  

xI xkgm2946

yI ykgm24140

cmkg2160

m1kg100

tfl tfrmm ,kg85

trl trrmm ,kg60

tfl tfrK K,N m/200000

trl trrK K,N m/200000

tfl tfrb b,N m/2500

trl trrb b,N m/2500

L1m/1 524

L2 m/1 156

L3m/1 45

L4m/1 45

am/0 234

bm/0 234

cm/0 375

dm/0 375

K 3Ns / mK 390000 120000

fl frK ,KNs / mfl frK ,K75000 100000

rl rrK ,KNs / mrl rrK ,K32000 70000

b3Ns / mb3400 900

fl frb b,Ns / mfl frb b,875 3000

rl rrb b,Ns / mrl rrb b,875 3000
  

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
75

94
0.

13
94

.1
5.

6.
7.

3 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 m

m
e.

m
od

ar
es

.a
c.

ir
 o

n 
20

24
-0

4-
20

 ]
 

                             4 / 10

https://dorl.net/dor/20.1001.1.10275940.1394.15.6.7.3
https://mme.modares.ac.ir/article-15-217-en.html


    

    

1394156  413  

m/s10 v 127/0 
2 

 2   .

3   .
  ) 13( 

)13(  
22

v j v j
Tv H H

1 V JH  
1 V 22  

]13 .[
   ) 14(   

)14(  vzR R
d z t t t
dt

( )t     .
  ) 15( 

)15(  
(t )

0

e d
t

vt v
R Rz t z t e t

 )15 (           
  2    2 3   

 ]13[ .3   

   . 4 5 
   

  

  
3  ] 13[  

  
4    

1- Shaping Filter  
2- MATLAB SIMULIK

  
5    

2 ]13[  

( m)31024161832
  

 
  ) 16 ( 

)16(  
1 2L L

v

3-2- 

    

6      
  .  

  
)  5/0  (   .

  m102/0h= m03/3= 2t xv

  ) 17-20 (
]10[.

)17(
1

2.5sin( ) 0

0

t
RL

h t t
Z

)18(
2

2.5sin( ( ))

0

t
RL

h t t
Z

)19(  
1

2.5sin( ( 0.5)) 0.5 0.5

0

t
RR

h t t
Z

)20(
2

2.5sin( ( 0.5 )) 0.5 0.5

0

t
RR

h t t
Z

4 -  
   

  .  
 .  

0 1 2 3 4 5 6 7 8 9 10
-15

-10

-5

0

5

10

 

 
aaaaaaaaaaaaaaaaaaaa
bbbbbbbbbbbbbbbbbbbb

0 1 2 3 4 5 6 7 8 9 10
-12

-10

-8

-6

-4

-2

0

2

4

6

8

 

 
aaaaaaaaaaaaaaaaaaaa
bbbbbbbbbbbbbbbbbbbb

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
75

94
0.

13
94

.1
5.

6.
7.

3 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 m

m
e.

m
od

ar
es

.a
c.

ir
 o

n 
20

24
-0

4-
20

 ]
 

                             5 / 10

https://dorl.net/dor/20.1001.1.10275940.1394.15.6.7.3
https://mme.modares.ac.ir/article-15-217-en.html


    

     

  

414  1394156  

6   

  
  

      
 :  

  
   .

  
    ) 21 (

   

)21(  1 min pfl pfr prl prrf Z Z Z Z

  :  
    

  .
   

  ) 22 (   

)22(  2 minf

 :  
 

  .
  .

  
     ) 23 (

)23(  
3

max max
min

max max

fl tfl fr tfr

rl trl rr trr

Z Z Z Z
f

Z Z Z Z

  :  
  .

  .
   

  ) 24 ( 

)24(  4 min tfl tfr trl trrf Z Z Z Z

   ( ) 
  .     

             
     .   

    
   .

X 

       

5 -  
   

  . 
  .

 
  

 .
 4    

    
 . GA 

   ] 24 .[ 
(NSGA-II)  

 
]25 .[NSGA-II 

11 
     . 

  500 
7/0 05/0 200 

 .
NSGA-II 7    

6 - 
 
 . 

 NSGA-II  
 

 . 
 8 10  

  
  .8 10   ,C ,B ,A 

f ,f3 ,f ,f1  .,E 

  .  
  

 .

 1 
 .2 

    .  

1- Pareto Front 
2- Weighted Sum Method 

0 5 10 15 20 25
-1

-0.8

-0.6

-0.4

-0.2

0

0.2

0.4

0.6

0.8

1
Z(Y)

Y

h

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
75

94
0.

13
94

.1
5.

6.
7.

3 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 m

m
e.

m
od

ar
es

.a
c.

ir
 o

n 
20

24
-0

4-
20

 ]
 

                             6 / 10

https://dorl.net/dor/20.1001.1.10275940.1394.15.6.7.3
https://mme.modares.ac.ir/article-15-217-en.html


    

    

1394156  415  

  
 . 

  25/0 
   

  
7 NSGA-II  

8    

  
9      

  
10      

8 E F     
 f1     .

  
) 01/0  .  (

 .
  -

 . f1 f2 

F E  .
9 F E 

 .
 10 f4 

E F  .  
 .

F E  .
  -

 .  E F 
 . 

  

  
8 10 3   .     

3   
  .  

0 100 200 300 400 500 600 700

50

100

150

200

250

300

350

400

A

B

C

D

E
F

0 100 200 300 400 500 600 700

20

30

40

50

60

70

A

B

C

D

EF

0 100 200 300 400 500 600 700

350

400

450

500

550

A

B

C

D

E
F

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
75

94
0.

13
94

.1
5.

6.
7.

3 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 m

m
e.

m
od

ar
es

.a
c.

ir
 o

n 
20

24
-0

4-
20

 ]
 

                             7 / 10

https://dorl.net/dor/20.1001.1.10275940.1394.15.6.7.3
https://mme.modares.ac.ir/article-15-217-en.html


    

     

  

416  1394156  

  .  
 

 . 
4   

 11 14 
  .

 
  

 . 11 14  
  

    .15  
 
  .  

3   
  AB  C  D  E  F  

(N/m)pK90000  90000  90000  90000  99011  90784  
(Ns/m)pC400  900  900  400  721  428  
(Ns/m)pC400  900  900  400  721  406  
, (N/m)fl frK75000  75000  75000  100000  89085  79806  

, (Ns/m)fl frC875  875  875  3000  2894  2860  

, (Ns/m)fl frC875  875  875  3000  2894  3000  
, (N/m)rl rrK32000  32000  32000  40882  62841  36268  

, (Ns/m)rl rrC875  875  875  1085  1603  875  

, (Ns/m)rl rrC  875  875  875  1927  1603  1011  
2(m/s )X6/67  7/469  1/721  1/721  9/441  8/304  

2(deg/s )3/83  9/30  1/127  9/393  5/143  2/127  
.S(cm)W24/41  12/59  75/29  78/18  19/29  69/28  

. (m/s)V W2/472  2/553  6/325  6/415  8/358  0/343  

4    

02/31% 8/304  9/441  X 2(m/s )

35/11% 2/127  5/143  2(deg/s )

71/1% 69/28  19/29  .SW (cm)

40/4% 0/343  8/358  .V W (m/s)
  

  
11   

  
12   

  
13   

  
14   

  
15   

0 1 2 3 4 5 6 7 8 9 10
-0.4

-0.3

-0.2

-0.1

0

0.1

0.2

0.3

 

 
Asymmetrical
Symmetrical

0 1 2 3 4 5 6 7 8 9 10
-0.4

-0.3

-0.2

-0.1

0

0.1

0.2

0.3

 

 
Asymmetrical
Symmetrical

 (s)

 
 

(m
/s

2 )

0 1 2 3 4 5 6 7 8 9 10
-0.4

-0.3

-0.2

-0.1

0

0.1

0.2

0.3

 

 
Asymmetrical
Symmetrical

0 1 2 3 4 5 6 7 8 9 10
-0.4

-0.3

-0.2

-0.1

0

0.1

0.2

0.3

 

 
Asymmetrical
Symmetrical

0 1 2 3 4 5 6 7 8 9 10
-1.5

-1

-0.5

0

0.5

1

1.5

 

 
Asymmetrical
Symmetrical

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
75

94
0.

13
94

.1
5.

6.
7.

3 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 m

m
e.

m
od

ar
es

.a
c.

ir
 o

n 
20

24
-0

4-
20

 ]
 

                             8 / 10

https://dorl.net/dor/20.1001.1.10275940.1394.15.6.7.3
https://mme.modares.ac.ir/article-15-217-en.html


    

    

1394156  417  

 
   .

  
 

 16 19    .  
   .  

  
16   

  
17   

  
18   

  
19   

20   

21   

 16 19 
  

   
 20 23    

 . 
  .  

 
    

7 -  
  

      

0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5
0

0.01

0.02

0.03

0.04

0.05

0.06

0.07

 

 
Asymmetrical
Symmetrical

0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5
0

0.01

0.02

0.03

0.04

0.05

0.06

0.07

0.08

0.09

 

 

Asymmetrical
Symmetrical

0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5
0

0.01

0.02

0.03

0.04

0.05

0.06

 

 

Asymmetrical
Symmetrical

0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5
0

0.02

0.04

0.06

0.08

0.1

0.12

0.14

 

 
Asymmetrical
Symmetrical

0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5
-0.8

-0.6

-0.4

-0.2

0

0.2

0.4

0.6

0.8

 

 
Asymmetrical
Symmetrical

0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5
-0.8

-0.6

-0.4

-0.2

0

0.2

0.4

0.6

0.8

 

 
Asymmetrical
Symmetrical

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
75

94
0.

13
94

.1
5.

6.
7.

3 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 m

m
e.

m
od

ar
es

.a
c.

ir
 o

n 
20

24
-0

4-
20

 ]
 

                             9 / 10

https://dorl.net/dor/20.1001.1.10275940.1394.15.6.7.3
https://mme.modares.ac.ir/article-15-217-en.html


    

     

  

418  1394156  

22   

23   

   
 . 

 
   . 

NSGA-II  .

 .
   

 .3 

02/31 %
35/11 % 71/1 %

 40/4 % .

 .

  

8 - 
[1] H. B. Yu, N. A. Yu, Application of Genetic Algorithms to Vehicle Suspension

Design, The Pennsylvania State University, University park PA 16802, pp
1-9, 2004. 

[2] Inernational Standard Organization Mechanical vibration and shock. ISO

2631, 1985(E), pp. 481-495, 1990.
[3] T. D. Gillespie Fundamentals of Vehicle Dynamics Society of Automotive

Engineers, Inc, pp. 309-332, 2003.
[4] Ö. Gündo du, Optimal seat and suspension design for quarter car with

driver model using genetic algorithms, International Journal of Industrial
Ergonomics Vol. 37, No. 4, pp. 327-332, 2007.

[5] L. Sun, X. Cai, J. Yang, Genetic algorithm-based optimum vehicle
suspension design using minimum dynamic pavement load as design
criterion Journal of Sound and Vibration Vol. 301, No. 1–2, pp. 18-27,
2007.

[6] S. Badran, A. Salah, W. Abbas, O. B. Abouelatta, Design of Optimal Linear
Suspension for Quarter Car with Human Model using Genetic Algorithms.
The Research Bulletin of Jordan ACM Vol. 2, pp. 42-51, 2012.

[7] V. Goga, M. ik, Optimization of Vehicle Suspension Parameters with
use of Evolutionary Computation, Procedia Engineering Vol. 48, No. 0, pp.
174-179, 2012.

[8] J. A. Tamboli, S. G. Joshi, OPTIMUM DESIGN OF PASSIVE SUSPENSION
SYSTEM OF VEHICLE SUBJECTED TO ACTUAL RANDOM ROAD
EXCITATIONS, Journal of Sound and Vibration Vol. 219, No. 2, pp. 193-
205, 1999.

[9] M. Mirzaei, R. Hassannejad, Application of Genetic Algorithms to
Optimum Design of Elasto-Damping Elements of Half-Car Model Under
Random Road Excitations, Journal of Multi-body Dynamics Vol. 221, pp.
515-526, 2007.

[10] A. E. Baumal, J. J. McPhee, P. H. Calamai, Application of genetic
algorithms to the design optimization of an active vehicle suspension
system, Computer Methods in Applied Mechanics and Engineering Vol.
163, No. 1–4, pp. 87-94, 1998.

[11] J. Marzbanrad, M. Mohammadi, S. Mostaani, Optimization of Passive
Vehicle Suspension System for Ride Comfort Enhancement with
Different Speeds Based on Design of Experiment Method (DOE) Method,
Journal of Mechanical Engineering Research Vol. 5(3), pp. 50-59, 2013.

[12] A. I. Shirahatti, P. S. S. Prasad, P. A. Panzade, M. M. Kulkarni, Optimal
Design of Passenger Car Suspension for Ride and Road Holding, J. Braz.
Soc. Mech. Sci. Eng Vol. 30, No. 1678-5878, pp. 66-76, 2008. 

[13] F. Tyan, Y. F. Hong, S.H. Tu, W. S. Jeng, Generation of Random Road
Profiles. CSME pp. 1373-1378, 2004.

[14] R. Hongbin, C. Sizhong, and W. Zhicheng, Model of excitation of random
road profile in time domain for vehicle with four wheels, in
Mechatronic Science Electric Engineering and Computer (MEC) IEEE:
Jilin, pp. 2332 2335, 2011. 

[15] M. N. Khajavi, B. Notghi, G. Paygane, Multi Objective Optimization
Approach to Optimize Vehicle Ride and Handling Characteristics. World
Academy of Science, Engineering and Technology Vol. 4 pp. 502-506,
2010.

[16] B. J. Han, X. N. Gang, C. Y. Wan, W. L, S. C. Zhi, Multi-objective
optimization design of passive suspension parameters based on
collusion cooperation game theory, in World Congress on Intelligent
Control and Automation, IEEE: Jinan, china pp. 118 125, 2010.

[17] A. Jamali, H. Shams, M. Fasihozaman, Pareto multi-objective optimum
design of vehicle-suspension system under random road excitations.
Journal of Multi-body Dynamics pp. 1-12, 2014. 

[18] N. Nariman-Zadeh, M. Salehpour, A. Jamali, E. Haghgoo, Pareto
optimization of five-degree of freedom vehicle vibration model using
multi-objective uniform-diversity genetic algorithm (MUGA).
Engineering Applications of Artificial Intelligence 23(4), pp. 543-551,
2010. 

[19] M. H. Shojaeefard, A. Khalkhali, P. Safarpour Erfani, Multi-Objective
Suspension Optimization of 5-DOF Vehicle Vibration Model Excited by
Random Road Profile, Advanced Design and Manufacturing Technology
Vol, 7, No. 1, pp. 1-7, 2014.

[20] M. Sharifi, B. Shahriari, Pareto Optimization of Vehicle Suspension
Vibrationfor Nonlinear Half-car Model Using Multi-objective Genetic
Algorithm. Research Journal of Recent Sciences Vol. 1(8)(2277-2502), pp.
17-22, 2012.

[21] M. J. Mahmoodabadi, A. A. Safaie, A. Bagheri, N. Nariman-zadeh, novel
combination of Particle Swarm Optimization and Genetic Algorithm for
Pareto optimal design of five-degree of freedom vehicle vibration
model, Applied Soft Computing Vol. 13(5), pp. 2577-2591, 2013.

[22] M. Silveira, B. R. Pontes Jr, J. M. Balthazar, Use of nonlinear asymmetrical
shock absorber to improve comfort on passenger vehicles. Journal of
Sound and Vibration Vol. 333(7): pp. 2114-2129, 2014.

[23] A. Giua, M. Melas, C. Seatzu, G. Usai, Design of predictive semiactive
suspension system. Vehicle system dynamics Vol. 41 pp. 277-300. 2004. 

[24] K. Deb, A. Pratap, S. Agarwal, T. Meyarivan Fast and Elitist
Multiobjective Genetic Algorithm: NSGA-II. IEEE Transactions On
Evolutionary Computation Vol. 6, pp. 182-197, 2002. 

[25] N. Srinivas and K. Deb, Multiobjective Optimization Using Nondominated
Sorting in Genetic Algorithms. Journal of Evolutionary Computation, Vol.
2 pp. 221-248, 1994. 

0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5
-0.8

-0.6

-0.4

-0.2

0

0.2

0.4

0.6

0.8

1

 

 
Asymmetrical
Symmetrical

0 0.5 1 1.5 2 2.5 3 3.5 4 4.5 5
-0.6

-0.4

-0.2

0

0.2

0.4

0.6

0.8

 

 
Asymmetrical
Symmetrical

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
75

94
0.

13
94

.1
5.

6.
7.

3 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 m

m
e.

m
od

ar
es

.a
c.

ir
 o

n 
20

24
-0

4-
20

 ]
 

Powered by TCPDF (www.tcpdf.org)

                            10 / 10

https://dorl.net/dor/20.1001.1.10275940.1394.15.6.7.3
https://mme.modares.ac.ir/article-15-217-en.html
http://www.tcpdf.org

