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Motivation

• Transient is always the case in real world.

• Steady state cornering



• θ: yaw angle
• ϕ: roll angle
• δf: steering angle
• V: velocity
• Vf: velocity of  the front
• Vr: velocity of  the rear
• r: yaw velocity
• αf: front slip angle
• αr: rear slip angle
• Cαf: front cornering stiffness
• Cαr: rear cornering stiffness
• Jz: moment of  inertia about z-axis
• M: roll moment
• a: distance from CG to the front wheel
• b: distance from CG to the rear wheel
• hr: roll center height
• hu: unsprung mass height
• Fzi: inside tire normal force
• Fzo: outside tire normal force
• Fyi: inside tire lateral force
• Fyo: outside tire lateral force
• Frc: roll center force
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Cαrαr + Cαfαfcos(δf) = M𝑦     (1) 
 

bCαrαr - aCαfαfcos(δf) = Jz𝜃  (2) 
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Frc = Ms𝑦  (6) 
 

M – FrcRcosϕ - MsgRsinϕ + c𝜙 = Js𝜙  (7) 
 

M = kϕϕ (8) 
 

Assuming no roll of unsprung mass:  

(Fzo – Fzi)
t
2 - hc(Fyi + Fyo) – (hr - hu)Frc 

-M - c𝜙 = 0    (9) 

Fzo



Same Steer Angle Different Speed
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Same Speed Different Steer Angle
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Different Weight Distributions (a)
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Different Cornering Stiffness
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Tire Analysis
• Relaxation Length

• Single Point Contact Model

• Derivation

• Results

• Sideslip Angle

• Camber Angle



Effective Relaxation Length

• The distance the tire has to travel to yield 63.2% of  the steady-state force 

after a step input.

= 1 − 𝑒−1



Slip Velocities

Longitudinal Velocity of  

Wheel Center

Initial values for deflections

Side slip angle (α)

Camber angle (γ)

Contact point 

deflections

u, v
Deferential Equation

Transient slip quantities

α′ ,κ′,γ′

Procedure for analytical solution of  

transient slip quantities



Single Point Contact 

Patch Model



Derivation to find vα and vγ

1) 𝑉𝑠𝑦 = 𝑉_𝑥 𝛼

2)   𝑉𝑠𝑥 = (𝑉𝑥−𝜔𝑟𝑒)/(𝑉𝑥)





Results- Sideslip Angle
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Results- Camber Angle
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Conclusion and Questions


