Transient Cornering

Peter Meyer
Alex Stapleton
Bolun Zhang
Jonghyuk Oh




Motivation
Tire Model
Entire Vehicle Model

Equations

Results and Analysis

Conclusion




Motivation

* Transient is always the case in real world.

* Steady state cornering




0: yaw angle

¢: roll angle

d¢ steering angle

V: velocity

V¢ velocity of the front

V,: velocity of the rear

r: yaw velocity

g front slip angle

o,: rear slip angle

C,¢ front cornering stiffness

C,,: rear cornering stiffness

J,: 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
h,: roll center height

h : unsprung mass height

F . inside tire normal force

F .: outside tire normal force

F ;: inside tire lateral force

F .: outside tire lateral force

E . roll center force

Corar + CafafCOS(df) = My (1)

bCortr - aCararcos(Sy) = J70 (2)

ar = tan! /7—3) (3)
af=5f—tan'1(a_3) (4)

Jz=0 9Mf’—§b )2 (5)
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Fre = Msy (6)

M - FreRcosg - MsgRsing + cp = Jsp (7)

M = ks (8)
Assuming no roll of unsprung mass:
(Fro = Fs) - et + Fyo) = (B - ) Fie
M-cp=0 (9)




Same Steer Angle Ditferent Speed
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Same Speed Different Steer Angle
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Ditterent Weight Distributions (a)
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Ditterent Cornering Stiffness
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Different

roll stifftness

. distribution
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Different
Roll Center

. Heights
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Roll Center Height Effect on Lateral Load Transfer
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FEttective Relaxation Length

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

. after a step input.

-tlt
F,=C,-a-(1-¢'"")

1-e"") =1-¢1




Procedure for analytical solution of

transient slip quantities
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Longitudinal Velocity of
Wheel Center \_

Initial values for deflections

Side slip angle ()

Slip Velocities Contact point

deflections
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Single Point Contact
PatCh MOd€1 wheel slip speed |, whes speed of rolling

(of point S attached to nm) spin axis

I e T > speed of

R W j/ . contact centre C

V|' —‘--‘-""'-\.F?X,y C e \’

; V' o V: Ve’ yheel plane

Tl S '\ 7
speed of S |

(attached to contact patch}
tyre singie contact pomi a0




Derivation to find »,and »
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t=t_1

alﬁha=h*sinit_1i

{gamma=h*sin(t_1)}

{"alpha=1 [deg]" "lateral slip angle"
kappa= 05 [] "longitudinal slip ratio; 1.05"}
gamma=h*sinit_1) "camber angle"

M _wheel=Yel_«*1+kappal}
{alpha_rad=alpha™conver({deg,rad)}

"stiffresses"

C_F_alpha=850*corwertM/ded, Mrad) "sideslip cornering stiffness"
C_F_kappa=1500000*conver(M/deg, MN/irad) "longitudinal slip stiffness"
C_F_gamma=3*convetMfdeg Nirad) "camber stiffness"

C_F_x=435000 [MN/m] "longitudinal tire stiffness"
C_F_yw=168500 [MN/m)] "lateral tire stiffness"

"slipwvelocities"

_sx=el_x%_wheel} "longitudinal welocity of contact patch; ACCELERATION; assume wheel welocity is 5% greater than actual wvelocit”
_sw=vel_x*alpha} "zideslip welocity of contact patch”
"relaxation lengths"

sigma_alpha=C_F_alpha/C_F_y "relaxation length for longitudinal slip"
"sigma_kappa=C_F_kappayC_F_x" "relaxation length for sideslp"
"outputs"

{"diff. eqgn for finding lateral deflection due ta sideslip"

W _alpha+(1/sigma_alphal™el_«*_alpha=\Yel_»x*alpha

w_alphasintegraliy’_alpha, 1.0,360)

alpha’=v_alpha/sigma_alpha “tranzient lateral slip angle"t

"diff. egn for finding lateral deflection due to camber angle"

W _gamma+(1/sigma_alpha*el " _gamma=(C_F_gamma/C_F_alphaj*/el_<*gamma
w_gamma=integral(v’_gamma, 1.0,360)
gamma’'=(C_F_alpha®s_gamma)/(C_F_gamma*sigma_alpha)"transient camber angle"




Results- Sideslip Angle

Sideslip Angle Versus Transient Sideslip Angle
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Lateral Deflection due to Sideslip Lateral Deflection due to Sideslip
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Results- Camber Angle

Camber Angle vs. Transient Camber Angle
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Lateral Deflection due to Camber Angle Lateral Deflection due to Camber Angle
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Conclusion and Questions
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