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In this paper, control system is designed to reduce roll angle which consequently leads into
increasing vehicle roll threshold during high lateral accelerations. Accordingly, the two same
rotation-electric actuators are mounted on front and rear suspension system anti-roll bars. This
control system turns by applying an opposite couple that is acted upon the chassis, as time
varying, reduce the lateral acceleration as it possible and improves lateral stability and roll
threshold during extreme maneuvers. In order to find out the effects of the performance of this
active system on vehicle stability, firstly based on nonlinear eight degrees of freedom model of
the lateral dynamics of the vehicle and by taking Steering angle as an input, the kinematic
parameters and finally roll threshold that is defined lateral load transfer, is estimated. Then, the
optimized second order control theory with three degrees of freedom of the vehicle model is used
to design the controller. Finally, with the aid of comprehensive model of the vehicle, the lateral
dynamics of the vehicle as well as the effects of the controller during path of standard Fish hook
maneuver are investigated.
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1- Anti Roll Bar 
2- Active Anti Roll Bar (AARB)
3- Electronic Stability Program(ESP) 
4- Road Input Control 
5- Sprung Mass
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6-Tractor Semi-Trailer 
7- Under Steering 
8- Over Steering 

www.sid.ir


www.SID.ir

Arc
hive

 of
 S

ID

    

     

139314 10  87  

  
3 

) 1)  (4 (
] 12[  

1   .

)1(  = ( ) =

)2(  = ( + ) + =

)3(  =

)4(  =

  ax ay r  
u v 

hs 
ms m I  .

FxFyMz Mx 
 

) 5)  (9 ( 
)5(  = + + +

)6(  = + + +

)7(  

= + +

+
2

+ +

)8(  = ( + ) + ( )

)9(  
= cos sin
= sin + sin

a b 
T  Fxwi Fywi 

i   .K C 
 2 3   

 )Ks(   )KARB (
)Cs (   

)10)  (11(  .

)10(  

= +

=
2

+ | +
2

+ |

)11(  =
2

+
2

   
i ) 12 ( 
)12(  = = , = = 0

1- Matlab/Simulink
2- Roll Stiffness
3- Roll Damping Coefficient

2-2-   
  
 . 

4 ]13[  
) 13(  

)13(  , = f( , , , )

  )13 ( ) (
))  ()   (Fzi .  (

 ) 14 -17 (
:

)14(  

=
2 2

+

+

)15(  

=
2 2

+
+

)16(  

=
2

+
2

+

+

)17(  

=
2

+
2

+
+

L hcg 
  

2-3-   
 

 
  .

  .
4   

y 
z x) 18-20 (

 
   

  

   
4   

4- Magic Formula (Pacejka)

www.sid.ir


www.SID.ir

Arc
hive

 of
 S

ID

    

      

  

88  139314 10  

)18(  = cos +

)19(  = cos

)20(  = sin

) 20 (M 
 .

  
) 21 ( 

)21(  
= 2 = 2
= 2 = 2 ( )

C f C r  .
Vf Vr 

    
) 22 (

)22(  

=
+

=

3 - 
    

   

 ) 23 (  
)23(  = + +

  )  24 (
  .

 
)24(  = [ ]

)  18)   (20)   (23(
) 25 ( 

=

2 +

2

2

2 +

= 1
2 +

2

= , =

= = = = = = = 0

=
2 2

0
2

)25(  = 0 0 0
1

)  .26 ( 

] 14.[  

)26(  =
+

=
2

FZL  FZR 
  .  )26 (

LLT  
  .  .

  LLT  

  .
LLT 

   
) ) 27 ((

   
)27(  = = +

) 28 (   

U R Q X 
Xd  ( )   

  
K ) 29 (

) 28 (  
)29(  ( ) = ( )

) 30 (  
)30(  =

P   
1 ) 31 (

)31(  + + = 0

) des(
 .  

 )  20 (
 ) 32 (

  

)32(  =

 
)   .33 (

   

)33(  

=

=
1 ( )

 R Q 
  .

 ) 34 35:((  

1- Matrix Riccati Equation 

)28(  = [ + ( ) ( )]

www.sid.ir


www.SID.ir

Arc
hive

 of
 S

ID

    

     

139314 10  89  

)34(  

=

1
0 0 0

1
0

1
0

0 0 0
1

)35(  = [1/ ]

 

 ( )   

4 - 

  .

  .   

 
   

.
1  

 .5 
 

]15.[  

    ( )   ) 
 (1 

    
  .

 90110 120 
 581012 15   

  

  
5 ] 16[  

1- Fish Hook Maneuver
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