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Development of Tire Lateral Force Monitoring Systems Using Nonlinear Observers
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ABSTRACT

Longitudinal and lateral forces acting on tires are known to be closely related to the tract-
ability, braking characteristics, handling stability and maneuverability of ground vehicles. In
this paper, in order to develop tire force monitoring systems, a monitoring model is proposed
utilizing not only the vehicle dynamics but also the roll motion. Based on the monitoring
model, three monitoring systems are developed to estimate the tire force acting on each tire.
Two monitoring systems are designed utilizing the conventional estimation techniques such as
SMO (Sliding Mode Observer) and EKF (Extended Kalman Filter). An additional monitoring
system is designed based on a new SKFMEC (Scaled Kalman Filter with Model Error
Compensator) technique which is developed to improve the performance of EKF method. Tire
force estimation performance of the three monitoring systems is compared in the Matlab
simulations where true tire force data is generated from a 14 DOF vehicle model with the
combined-slip Magic Formula tire model.  The real-time estimation performance is also
evaluated in the HILS steering simulator which was built in our Lab. Simulation results show
that the SKFMEC method gives the best performance when the driving and road conditions are
perturbed.
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Nomenclature ¢gr ¢ Front roll damping
a. : Longitudinal acceleration ¢4 : Rear roll damping
a, : Lateral acceleration e : Distance of vehicle c.g. above roll axis

Fyi : Longitudinal tire force from i-th tire
Fyy . Average lateral force of the front wheel
* 39, FEAFR AYHTFATL F, : Lateral tire force from i-th tire

xx 319 FSqstw 7 AFER F,, : Average lateral force of the rear wheel
F;r . Static vertical force of the front wheel
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AER - sldr
F,; : Vertical tire force from i-th tire ms : Sprung mass
F.. : Static vertical force of the rear wheel p : Roll rate
h . Height of front vehicle c.g. r : Yaw rate
hy: Height of front roll center rw : Rolling radius of the tire
h, . Height of rear roll center T : Drive torque
L, : Wheel moment of inertia tr @ Y-distance from c.g. to front tire
I.  : Vehicle moment of inertia about x-axis t» : Y-distance from c.g. to rear tire
I, : Vehicle moment of inertia about z-axis vy : Longitudinal velocity
kg : Front roll stiffness v, @ Lateral velocity
ks . Rear roll stiffness & . Steer angle of the front wheel
[ : Distance from c.g. to front axle & 1 Averaged lateral force / Roll angle
I, : Distance from c.g. to rear axle ¢ : Roll angle
m . Vehicle mass @ : Wheel rotational speed
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Fig. 1 Tire lateral force monitoring system
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2.2 SMO (Sliding Mode Observer)

SMOE &g Pl Hdg 7120z 3
o AAE B27124 FAES RUQA BHE

A3, old] e olS%e MAste el
Y oleldt SMO: ZAES mtelule] Wl
7Zolst u|MEg AAdo® LA ALY 7 9
t}, SMOE o]&3te] Elojo] FHS FA}]
A8 A% AR A (DS A5 e
Zo] Mg

0= F(%, D — kysgn(3)

0,= fo (%, ) — kysgn(5y)

r=f1(%, D — kysgn(ys)

EEACH))

(10)

b= 15 (%, D) — ksysgn(5y)



uAdy #E71E ol4¥ A1 golo] Ay PAA LY shd

j}y/z fG(J/C\, H— kﬁlsgn(;l) - ksgsgn(;z)
— kgysgn(y3) — kgysen(yy)

Fo = f1(Z, D~ kysgn(3) — knsgn(3,)
— kyysgn(ys) — kyysgn(yy)

A7V A A HEE vy, vy, 1, 8, D, By, FurolH,
28 WFE v, vy, 1, pE 7PESIAT BAH

B kyE AR A (100 225E Fyst Fy,
& FAsta A ®)F 4 (9)F o] &3t 4utH

2.3 EKF (Extended Kalman Filter)
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