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1. Introduction

4.

The main objective was to implement torque
vectoring in the Bristol Electric Racing car to
improve the vehicle’s lateral dynamics hence,
reduce the lap times in the Formula Student
events.

2. Torque Vectoring
Torque vectoring is a stability control system
which improves the performance and stability of
a vehicle when cornering, due to the
redistribution of torque to each of the driven
wheels. This torque difference provides an extra
yaw moment on the vehicle, increasing its
cornering capability.

Figures 4-6: Scenario 1 results

Figure 2: Controller set up

A bicycle model was constructed and a MATLAB
script was written to tune the controller gains for
each velocity set point.
Figure 3: Bicycle model

The maximum torque output of the driven
wheels, Tmax,ij, was calculated based upon the
static and dynamic load transfers. Tyres were
selected to cause the car to understeer when
cornering. Therefore, the torque vectoring
torque, Tv, was added to the outer wheels and
taken away from the inner wheels to reduce the
yaw rate error.
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Figure 1: Left turn with torque vectoring

3. Controller Design
A proportional integral controller was tuned to
input the yaw rate error, 𝜓̇#$$%$ , and output the
yaw moment, Mz, required to be implemented by
the difference in rear wheel torques. The
reference yaw rate was that of a neutrally
steered vehicle.

The skidpad Formula Student event.

4. Simulation and Results
The vehicle was simulated in IPG’s CarMaker.
The vehicle was tested in the following driving
scenarios:
1. Constant steering angle of 5° and a constant
speed of 50km/hr.
2. Constant steering angle of 20° and a
constant speed of 50km/hr.
3. The autocross Formula Student event.

The yaw rate error was tracked well for a
steering angle of 5° at a speed of 50km/hr. When
the angle was increased, the yaw rate was not
tracked as effectively due to the increased lateral
weight shift limiting the maximum torque that
could be applied to the inner wheel.
Torque vectoring provided a 2.72s improvement
in the autocross event and a 1.30s
improvement in the skid pad event.

5. Conclusions
Torque vectoring has a substantial effect on the
cars performance, through improving the lap
times in both the autocross and skid pad events.
It would be beneficial to undergo further studies
to use linear programming when distributing the
torque. In addition to this, all wheel drive torque
vectoring would further improve the tracking of
the vehicles yaw rate.
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