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In articulated vehicle, the importance of adjustment or confinement of the side slip angle has not
yet been investigated. However, its proper dynamic behavior is of great significance. In this
research, based on planar model of articulated vehicle and adopting proper method, the
significance of this quantity is examined. In this article, after review of the literature, the
articulated vehicle model is clarified. The selected model is validated model of articulated
vehicle with 14 degrees of freedom that simulates the vehicle’s directional dynamics. In the
stability analysis, phase plane method based on the nonlinear model of articulated vehicle with
three degrees of freedom is used, which includes the major degrees of freedom in planar motion.
In this section, the traction phase plane is drawn via two variables, the side slip angle and the
rotational velocity of the articulated vehicle by terms of constant longitudinal velocity of the
vehicle as the critical condition and then stable and unstable zones are separated. Fuzzy estimator
systems have been based on the Takagi-Sugeno fuzzy model and offer stable range for the
articulated vehicle’s motion according to the results from the phase plane. Finally, the application
of phase plane in studying the stability ismagnified by designing two control systems based on the
stable range, in order to control the articulation angle and the side slip angle. Eventually, the
results are analyzed, and the method is tested based on the vehicle’s full model.
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1- Phase plane
2- Yaw angle 
3- State Plane

 
 .xtV      

   
42   2 

 .  
   ) 10)  (11 (  

ytV = )10(  

= + )11(  
 4   

  ) 12(   

= ytV )12(  

  ) 13)   (14( 
 :  

ytV =    )13(  
)14(  
 3

   
  

  3/050 
   5    .

     . 
   506070

8090   100  3/06/0 9/0 
   .   

  
4  3     

  
5 3/050 km/h   

Arc
hive

 of
 S

ID

www.SID.ir



    

       

  

128  139415 2  

3-1-
   

      
    .

 

)6.(  
     
-  .  
- 

 
    

 6  .  
1 :=-20 =0  

3-1 -1- -
  

  - 
 .7 

102030    
 .7  

   .
    

 .  
 .  

    -
 . 

)  3030- (

6 

  
7   3/0  

4-       
 

  .
   

 . 
    

  . 
   

 .  
  8  

 . 
 . 

   .
  

  –   
   

    
    . 

 . 
 

-   .

  
  

 
 

  .
  

   
30 

  
1  

  
    50607080 90 100    

  
8   

Arc
hive

 of
 S

ID

www.SID.ir



    

       

139415 2  129  

  3/06/09/0 .
) 0-30 (13 

   
 . 

   5  2 
3  ).
.( 1 4 

 .
 

5 . 
50  .  2 

 3  .
 :  

  

  .    

> 0 > 0
> 0 < 0  

 : 

< 0 < 0
< 0 > 0  

  
 .

9     

1  
3/0 km/h 70( =0:-30) -   

 

  
   

tr =-5,

=10

7-  12-  15-  17-  20-  22-  25-  27-  

tr =-10,

=4

10-  15-  17-  20-  22-  25-  27-  30-  

tr =-15,

=2.5

7-  12-  15-  17-  20-  22-  25-  27-  

tr =-20,

=1

7-  12-  15-  17-  20-  22-  25-  27-  

  

  
9  

5-     

5-1-          
               

        .     
     ]27-30[    .  

             
  -     .         

             . 
 10          .  
        ) 15(    .  

)15(    de  
   .

 .
 .

] 31 [

 . 
 .

  .   

5-2- 
  

     
 

 .  

10   
   

Arc
hive

 of
 S

ID

www.SID.ir



    

       

  

130  139415 2  

    
   

-     
 .  .  

 :   
  

  24   
 .    

   
 .    

     24 
   .

      
  13 

      
   

 .    
   

  13    
.

6 -  

6 -1-  
       

 6/0 km/h 70  
. 

 1116      

    
  

.

 
11     

512 ( 

12      
1220 (  

  

13      
2030( 

  

14      
5-12- (  

Arc
hive

 of
 S

ID

www.SID.ir



    

       

139415 2  131  

  
15     

)12- 20- (  

16      
20-30- (  

6 -2-  
      

 
     

 .  

6/080km/h  = 17 
  .  

  
17 6/0- =80km/h

-=  

    
 (90 

  .  
   .  = 40 = 12 

 18 
19      

  20 21  
 .  

 
18    

  
19   =80km/h 

20  80 
  

Arc
hive

 of
 S

ID

www.SID.ir



    

       

  

132  139415 2  

 
21   80 

 
6 -3 -2   

 17  (

    .

     .  = 40 =

15  17  .
22 23      .  

  
22      

  
23   80km/h  

  24 25 
  .

7-         
  

 .  
 

 
  .

   
 .

 . 

      
   
. 

  
 

 

24 
80  

  
25 80 

  

Arc
hive

 of
 S

ID

www.SID.ir



    

       

139415 2  133  

  
  

   .  
         

  
  

  
   

 . 
  

 .  
     

   .
     

 
   

8 -    
)(tVxt )m/s(  
)(tVyt    )m/s(  

fsL  )m(

rtL  )m(

rsL  )m(

tsL  )m(  

wtL)m(  

ftL
  

)m(  

wtT    )m(

wsT   )m(  

tm  )kg(  

sm  )kg(  

ztI  

zsI    

xiF           

yiF          

tr             

sr      
         

ytsa          

fyF           

                  

                

t                  

                  
 

9- 

2    

20679 . ² ztI

238898 . ² zsI

65/5 fsL

11/1 ftL

58/2 rtL

047/2 rsL

31/1 tsL
96/1 wtL

6525 tm

33221 sm

04/2 wtT

2 wsT

10- 
[1] GR.Larocque, Feasibility study of system safety monitor for

hazardous material trucking, SAE Technical paper No. 852357, 1985
[2] R.S.Sharp, M.A.Alonso Fernandez, Car-caravan snaking, part2,: Active

caravan braking ,journal of mechanical engineering science ,vol
216,2002

[3] M.El-Cindy, An Overview of performance measure for heavy
commercial vehicles in North America, International journal of vehicle
design vol 16 119,

[4] P.Fancher,D.Winkler, Directional Performance Issues In Evaluation
And Design Of Articulated Heavy Vehicles journal of Vehicle system
Dynamics Vol.45,pp.607-647,2007

[5] I.Schmid, Engineering approach to truck and tractor stability, SAE
paper 670006,1976.

[6] H.Troger and K.Zeman, nonlinear analysis of the generic types loss
of stability of the steady state motion of tractor-semitrailer, Vehicle
Syste Dynamcs,Vol.13,pp.161-172,1984.

[7] D.A. Crolla, and F.D. Hales, The lateral stabili of tractor and trailer
combinations journal of Terramechanis Vol 16,1979.

[8] E.C. Mikulcik, Stability criteria for automobile trailer combination,
Vehicle System Dynamics,Vol 9,1980

[9] R.D. Ervin and C. Mallikarjunarao, study of the yaw stability of tractor
semitrailer combinations, Vehicle System Dynamics, International
Journal of Vehicle Mechanics and Mobility Vol10,Issue 2-3,1981

[10] F.Vik, liner study of the transient and steady turning behavior of
articulated buses, International Journal of Vehicle design,Vol ,pp.171-
196,1984.

[11] R. W.Radlinski, Braking performance of heavy U.S vehicles, SAE paper
870492,1987.

[12] G.Georgiou, Badarlis, A. and Natsiavas, S., Modeling and ride dynamics
of flexible. multibody model of an urban bus. Proc. IMechE, Part K:
journal of Multi-body Dynamics, 2008

[13] K.H.Moon, S.H.Lee, S.Chang., J.K.Mok, and T.W.Park, Method for control
of steering angles for articulated vehicles using virtual rigid
axles.International Journal of Automot. Technol., 2009

[14] S. H.Lee, T. .Park, K. .Moon, S. H.Choi, and K. J. Jun, The articulated
vehicle dynamic analysis using the AWS (All Wheel Steering) ECU
(Electronic Control Unit) test journal of Mech. Sci. Technol., 2009

[15] M.El-Gindy, N.Mrad, and X.Tong, Sensitivity of rearward amplification
control of truck/full trailer to tyre cornering stiffness variations. Proc.
IMechE, Part D: Journal of Automobile Engineering, 2001

[16] R. .Sharp, and M. A. A. Fernandez, Car-caravan snaking Part 2 active
caravan braking, Proc. IMechE, Part C: Journal of Mech. Engineering Sci.,
2002

[17] H.B. Pacejka. Tyre and vehicle dynamics Butterworth Heimann, 2006
second edition.

[18] R. Andrzejewski and J. Awrejcewicz. Nonlinear dynamics of wheeled
vehicle Springer, 2005

[19] J.R. Ellis. Vehicle Handling Dynamics Page Bros, 1994
[20] A. Hac, D. Fulk, and H. Chen. Stability and control considerations of

vehicle-trailer combination.SAE Technical Paper Series (2008-01-1228),
2008

Arc
hive

 of
 S

ID

www.SID.ir



    

       

  

134  139415 2  

[21] M. F.J. van de Molengraft-Luijten ,I. J.M. Besselink, R. M.A.F. Verschuren
H. Nijmeijer Analysis of the lateral dynamic behaviour of articulated

commercial vehicles, Vehicle System Dynamics: International Journal of
Vehicle Mechanics and Mobility,Volume 50 Supplement 1 2012

[22] S.H.Tabatabaei Oreh, R.Kazemi and S.Azadi, sliding-mode controller
for directional control of articulated heavy vehicles, Proceedings of the
Institution of Mechanical Engineers, Part D: Journal of Automobile
Engineering vol. 228,February 2014

[23] S.Inagaki, I.Kshiro, and M.Yamamoto Analysis on vehicle stability in
critical cornering using phase-plane method. AVEC '94 pp. 287-292,
1994.

[24] S.H.Tabatabaei Oreh, R.Kazemi and S.Azadi, new desired articulation
angle for directional control of articulated vehicles, Proceedings of the
Institution of Mechanical Engineers, Part K: Journal of Multi-body
Dynamics published online May,2012

[25] H.Dugoff, C. Fancher, and L.Segel, An analysis of tire traction properties
and their influence on vehicle dynamic performance. SAE technical
paper 700377, 1970.

[26] P.Fancher,S. Malikarjunarao, And Niosonger, .L. Simulation of the
directional response charasteristics of tractor-semitrailer vehicle, Final
technical report, Highway safety research institute, The University of
Michigan,1979

[27] B.Jujnovich, Active steering of articulated vehicles, PhD thesis,
Engineering Department of Cambridge University, UK, 2005.

[28] B.Jujnovich, Implementation of active rear steering of tractor semi
trailer, Proc. 10th Inter. Symposium on Heavy Vehicle Transport
Technology, Paris, 2008

[29] C.A.Feletcher, et. Al., Trailer steering, an Australian Research
Perspective and Application for by-Wire Control, Proceedings 9th
International Symposium on Heavy Vehicle Weights and
Dimensions,2006.

[30] R.Krishna and H.S.Tsao, Effect of multi axle steering on off tracking and
dynamic lateral response of articulated tractor-trailer combinations,
International Journal of heavy vehicle System, Vol.14, No.4, 2007.

[31] C.Cheng ,R.Roebuck and Cebon, High-speed optimal steering of
tractor-semi-trailer. Veh. Syst. Dyn. 49(4), 561-593, 2011

  

Arc
hive

 of
 S

ID

www.SID.ir


