ME 106/227

Spring 2002

Assignment #5 - Vehicle Transient Response and Control

Due Tuesday, May 7

Purpose of Assignment #5


The purpose of this assignment is to give a bit more experience with the linear system model of vehicle handling and transient response.  We do this in a couple of interesting settings from a control perspective – steer-by-wire and rear wheel steering.  

Problem 1 – Steer-by-Wire


One of the appealing features of a steer-by-wire vehicle is that we can alter the response of the vehicle’s steer angle to driver steering wheel commands.  In theory, this should make it possible to generate a response that is much different than the open-loop response determined by the mechanical design of the system.  Assume that the controller for our steer-by-wire system is simply a state feedback control based around the yaw rate and sideslip angle.  In other words, we can make the steering system produce an angle given by
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where the driver command is given by d.  

(a) Show that if the gains are chosen so that 
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the controller is exactly equivalent to changing the front cornering stiffness to 
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This is probably easiest to see if you compare terms in the state-space version of the bicycle model.

(b) Now suppose that we want to do more than change one of the cornering stiffnesses.  Substitute this value of the steering angle into the dynamic equations we developed in class for the car and find the new transfer function from driver command to yaw rate (in other words, the dynamics as the driver feels them).  In other words, in terms of the physical parameters and the control gains, derive that:
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(c) Assume we have a vehicle with the same parameter set as last assignment: front and rear cornering stiffnesses of 75000 N/rad (per axle – this value accounts for both tires), a mass of 1600kg, a wheelbase of 2.73m and a moment of inertia of 3100 kgm2 and we place the cg to give a 60/40 front weight bias.  Suppose also that we would like to use the steer-by-wire system to give the same response as a vehicle with twice the cornering stiffness on both axles.  Calculate the values of K and Kr needed to place the poles of the controlled system at the same values as the poles of a system with twice the cornering stiffness when V=31.8 m/s (assume Kd =1).  

(d) Plot the yaw response of the original vehicle, the controlled vehicle and a vehicle with twice the cornering stiffness in a test similar to that for the TB value (a speed of 31.8 m/s with a step steer input).  Set the steering angle for all cases to be the angle that would produce a steady-state lateral acceleration of 0.4g for the vehicle with twice the cornering stiffness.  What differences do you see in the step responses?  What do you see if you use these same values at a speed of 20 m/s?

(e) Did the controlled vehicle give exactly the same response as the vehicle with twice the cornering stiffness?  If so, why?  If not, why not? 

Problem 2 – Rear Wheel Steering 


Derive the Transfer Function from steer angle to yaw rate for a vehicle with rear wheel steering.  Use all of the same notation as we have used in class with regards to cornering stiffness, cg location, mass, etc. just put the steering angle in the rear.  If the vehicle is understeering (based on our standard definition of weight distribution and cornering stiffnesses that we derived for the front wheel steered vehicle) is it still stable?  You may find your results aren’t exactly what you would expect….
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