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Estimation of Contact Forces and Road Profile using High Order Sliding Modes A. Rabhi1 , N. K. M’Sirdi2 , A. Naamane2 and B. Jaballah2 1



Laboratory of Modelization, Informations and systems University of Picardie Jule Verne, 33 rue Saint Leu 80039 Amiens Cedex 1 2



LSIS, CNRS UMR 6168. Dom. Univ. St Jrme, Av. Escadrille Normandie - Niemen 13397. Marseille Cedex 20. France Abstract: In this paper, we present an algorithm to estimate the contact forces and the road profile. Estimation of tires contact forces and road profile is based on use of High Order Sliding Modes. The estimation has been validated experimentally using a vehicle equipped with sensors. The experimental results show effectiveness and robustness of the proposed method. Keywords: Vehicle Dynamics, Sliding Modes Observers, Robust Nonlinear Observers, Road Profile and Tire Forces Estimation.
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Introduction



Vehicle dynamics depend largely, on the road profile and tire forces which are nonlinear functions of wheel slip and slip angles. They depend also on some factors such as tire wear, pressure, normal load and tire road interface properties. For the purpose of road serviceability, surveillance and road maintenance, several ”profilometers” have been developed. For instance, Spangler (1964) have proposed a method based on direct measurements of the road roughness. However, some drawbacks of this method and some limitations of its capabilities have been pointed out in Meau (1992). A profilometer is an instrument used to produce series of numbers related in a well-defined way to the true profile Spangler (1964). However, this instrument produces biased and corrupted measures. The Road and Bridges Central Laboratory in French (LCPC) has developed a Longitudinal Profile Analyzer (LPA) Vincent (1994). It is equipped with a laser sensor to measure the elevation of road profile. Other geometrical methods using many sensors (distance sensor, accelerometers...) were also developed Gillespie (1987). However, these methods depend directly on the sensors reliability and cost. It is worthwhile to mention that these methods do not take into consideration the dynamic behavior of the vehicle. In a previous work, M’Sirdi and al M’sirdi
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(1987), Imine (2003), Rabhi (2004) have presented an observer to estimate the road profile by means of sliding mode observers designed from a dynamic model of the vehicle. But in the considered method the vehicle rolling velocity is assumed to be constant and the steering angle is assumed zero. For estimation of the road profile, slope and inclination are also neglected. The main contribution here is to extend this observer to a more general situation. This paper is organized as follows. Section 2 deals with the vehicle description and model equations. The design of the second order sliding mode observer and estimations are presented in section 3. Some results about the states observation and road profile estimation by means of proposed method are presented in section 4. Finally, some remarks and perspectives are given in a concluding section.



Figure 1
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APL; Profile measurement tool developed by LCPC of Nantes



VEHICLE MODEL FOR ESTIMATION



In literature, many studies deal with vehicle modeling Kiencken (2000), Rabhi (2004), Ramirez (1997). The objective may be either comfort analysis, design or increase of safety and controllability of the car on the road. The system under consideration is composed by a car body, four suspensions and four wheels. The dynamic equations of the motion of the vehicle body are obtained by applying the fundamental principle of mechanics. The subscripts f and r refer to front and rear wheels respectively in what follows. The equations of motion are given as: .



.



mv x = mψvy +(F xf l +F xf r ). cos (δ f )−(F yf l +F yf r ). sin(δf ) + (F xrl +F xrr ) .



.



(1) mv y = −mψvx +(F xf l +F xf r ). sin(δf )+(F yf l +F yf r ). cos(δf ) + (F yrl +F yrr ) .



Jz ψ = r1 (F xf l +F xf r ) sin (δ f ) + r1 (F yf l +F yf r ) cos (δ f ) − r2 (F yrl +F yrr ) −pf (F xf l −F xf r ) cos (δ f ) + pf (F yf l −F yf r ) sin (δ f ) − pr (F xrl −F xrr )
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Nomenclature



Variable vx vy ψ˙ ωij Ci Fxi Fyij Jr Rω Ti r1,2 pf,r m δf Jz



Definition longitudinal velocity of the center of gravity lateral velocity of the center of gravity the yaw velocity wheel rotational velocities the motor couple applied at wheel i is the longitudinal force applied at wheel i lateral force applied at each wheel i inertia of the tire radius of the tire the braking couple applied at wheel i distance between gravity center and front (rear) axis is the front (rear) half gauge the total mass of the vehicle the front wheel steer angle (rear wheel δf = 0) yaw moment of inertia



The rotation motion of the wheels can be added. The wheel angular motion is given by: 1 (-Tfl -Rω Fxf l ) Jr 1 . ω f r = (-Tf r -Rω Fxf r ) Jr 1 . ω rl = (Crl -Trl -Rω Fxrl ) Jr 1 . ω rr = (Crr –Trr -Rω Fxrr ) Jr .



ωf l =



(2)



When considering the vertical displacement along the z axis (see Figure 2). The car body is assumed to be rigid. z, θ and φ represent the displacements of the vehicle body, roll angle, and pitch angle respectively. q ∈ 
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