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Estimation of Slip Velocity and Adhesion Force for Appropriate Slip Velocity Control
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Abstract

It is necessary to consider the characteristic of adhesive coefficient versus slip velocity in order to realize an optimal

traction drive but it is very difficult to grasp both parameters in real-time operation. This paper proposes an effective way

to realize this by estimating the precise axle velocity and adhesion force by using multirate sampling observers and each

car’s body velocity by using disturbance observers based on the signals from the speed sensors installed in the front- and the

rear-end cars. Various simulations verify the effectiveness of this method.
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Fig.1. Adhesive coefficient vs. slip velocity
Table 1. Description of each observer
Multirate sampling Disturbance
observer observer
Estimating Axle velocity, Body velocity
objectives adhesion force
Order 4 6
Input Motor torque or Estimated adhesion
current force
Signal for error PG pulse T-car velocity
correction)
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Fig.2. Model of analysis
Table 2 List of symbols
Symbol Description values
b Damping constant 20000 N/m/s
Foi Adhesion force
Fa Driving force
ig iy d- and g- axis current
F Motor  shaft’s equivalent 15 kgm®
moment of inertia
k Spring constant 500000 N/m
My Equivalent mass of front cars
My Mass of M-car 20000 kg
M, Equivalent mass of rear cars
My Mass of T-car 17000 kg
R, Gear ratio 531
r Wheel radius 430 mm
T, Interval between the pulses
T; DSP sampling time 0.2 ms
T, Disturbance
T Motor torque
Body velocity
vy Slip velocity
Car position
Rotor angle
Rotor speed
n=0 | 2 N
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Fig.3. Pulses from PG
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Fig.4. Block diagram of multirate sampling observer
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Fig.5. Free-body diagram of a motor shaft
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Fig.7. Comparison of speed estimation for axle 1 of car 2
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Fig.9. Slip velocity of axle 1 of car 2
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Fig.11. Slip velocity of axle 1 of car 5
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Fig.8. Estimated adhesion force of axle 1 of car 2
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Fig.10. Slip velocity of axle 1 of car 3
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Fig.12. Estimated locus of adhesive coefficient vs slip velocity of axle 1 of car 2
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