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4.1 2DOF Bicycle Model

• Assumption of 2DOF Bicycle Model

1) Longitudinal speed is Constant (                   )

2) B d li l i ffi i l ll ( )

0,  0xa  
/ i 0 1  2) Body slip angle is sufficiently small. (                                             )

3) Left and right slip angles are identical. (                                               ) 

/ ,   sin 0,   cos 1y x f fv v    
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• yaw-axis Motion Dynamic Equation
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f y fv l   4.2 Linear Lateral Tire Model

f xv


• Linear Tire Slip Angle at Low Slip Angle
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4.2 Linear Lateral Tire Model 

• Linear Lateral Tire Force at Low Slip Angle
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4.3 State Equation of 2 DOF Bicycle Model

• Dynamic Equation of 2DOF Bicycle Model

• y-axis Motion Dynamic Equation
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4.3 State Equation of 2 DOF Bicycle Model

• Define state = [Body Side Slip Angle, Yaw Rate]

 
 

St t E ti f 2DOF Bi l M d l

x



  
 

• State Equation of 2DOF Bicycle Model
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4.3 State Equation of 2 DOF Bicycle Model
d Sid Sli l  T• state = [Body Side Slip Angle, Yaw Rate]  Tx   

• Lateral Speed: y xv v  

• Yaw Angle:

• X Position:

dt   

0 cos sinX X v v dt     os t o :

•Y Position:

0 cos sinx yX X v v dt  

0 sin cosx yY Y v v dt     
yv 

xv


 ,  ,  X Y 

8Global X coordinate





4.4 Consideration of road bank angle m g

( ) 2 2y y x yf y b nkr aF m a m v F F F             

• y-axis Motion Dynamic Equation

g

Where, sin( )         
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• yaw-axis Motion Dynamic Equation
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• State Equation considering of road bank angle
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4.5 Consideration of Crosswind disturbance

• Factors of Crosswind Disturbance

1) Ai d it1) Air density

2) Relative velocity of crosswind to vehicle

3) Vehicle frontal area

EP CWF

3) Vehicle frontal area 

4) Crosswind lateral force coefficient 

/ Crosswind yaw moment coefficient

1) Air density CG
CWM

xy

: 1.225          

under 1 atm, 20 degrees Celsius

3kgm
CG

yy
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4.5 Consideration of Crosswind disturbance

2)  Relative velocity of crosswind to vehicle

CWr xv vv 
 

2 22  
xv
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2 22 2 cos
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 
From cosine 2’nd law
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 
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4.5 Consideration of Crosswind disturbance

V

3) Vehicle frontal area

rV

Crosswind drag force acts on the vehicle in lateral direction

22.15m
x

y
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4.5 Consideration of Crosswind disturbance

4)  Crosswind lateral force coefficient / Crosswind yaw moment coefficient

Lateral force/yaw moment coefficient due to vehicle side shape
1 2

3 4

3

4

2

3

2
1

2
1

3 4

airflow side slip airflow side slip 
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4.5 Consideration of Crosswind disturbance

• Crosswind Lateral Force / Yaw Moment

21F C A
rv crosswind velocity relative to vehicle

density of air

2

2CW f rF C v A

2M C lAv
f

n

density of air
C lateral force coefficient

C yaw moment coefficient

 



, 2z CW n rM C lAv

 A front area of the vehicle
l wheel base


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4.5 Consideration of Crosswind disturbance

• Total Lateral Effects including Crosswind Disturbance acting on Bicycle Model



yfF

f
( ) 2 2y x f yr Cy WFF m v F F        

• y-axis Motion Dynamic Equation
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4.5 Consideration of Crosswind disturbance

• Modified State Equation of 2DOF Bicycle Model under crosswind disturbance
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4.6 Consideration of both road bank angle and Crosswind
i i i i

( ) 2 2 Cbany y x Wkyf yrF m FFa m v F F              
• y-axis Motion Dynamic Equation

Wh i ( )F Where,
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1
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
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
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yaw axis Motion Dynamic Equation

                                 
2 f r
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
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• yaw-axis Motion Dynamic Equation CG x
bankF

Where, 2
, 2z CW n rM C lAv



• State Equation considering of both road bank angle and cross wind
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5. Understeer/oversteer5. Understeer/oversteer
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5. Understeer/oversteer

• Lateral Force and Yaw Moment Balance

Dynamic Equation for steady state (             )0yv  

2 2
0 2 2
x yf yr

f yf r yr

m v F F
l F l F
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2 2
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f r f r

llF m v F m v
l l l l

       
 

 

▲ Lateral Tire Force for steady state

fl rl
▲ Lateral Tire Force for steady state

2 yfF 2 yrF

xm v   

19
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5. Understeer/oversteer
i l l S i i• Vertical Force Balance (No Suspension Dynamics)

2 2zf zrm g F F    

Dynamic Equation for steady state (             )0zv  

0 2 2
f
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    2 2f
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• Relation between Lateral and Vertical Tire Force for steady state

▲ Vertical Tire Force for steady state
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F F v
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
  



 Relation between Lateral and Vertical Tire Force for steady state  
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2F 2F
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l i f f d li l

5. Understeer/oversteer
• Relation of front and rear slip angles

y f y rv l v l 


    
• Linear Tire Slip Angle at Low Slip Angle

,    y f y r
f f r

x xv v
     

R l ti f f t d li l• Relation of front and rear slip angles
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            ( )
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   
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• Slip Angle for Steady State

F m vl   l
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▲ Linear Tire Model

▲ Lateral Tire Force for steady state
• Under Steer Coefficient Under Steer Coefficient
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Understeer/oversteer according to Vehicle Parameter
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Understeer/oversteer according to Vehicle Parameter
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O S hi l

5. Understeer/oversteer
• Over Steer Vehicle

- not desirable from a directional stability point of view

• Under Steer Vehicle

- It is considered desirable for a road vehicle to have a small degree of understeer
up to a certain level of lateral acceleration, such as 0.4g.
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