Design and testing of a
suspension system for a torque
vectoring controlled vehicle
Summary:

Exisiting
Vehicle

The project involved designing, manufacturing, assembling and testing a suspension
system to try and improve the ride dynamics of the vehicle. An Inertial Measurement Unit (IMU) from a road
car was used to measure vertical acceleration, longitudinal acceleration and pitch during testing, which was carried
out on a 1/5 scale speed bump. Peak amplitudes of acceleration were reduced with the system installed indicating
improved dynamics, but issues with high unpsrung mass became apparent. Analysis into oscillation frequency over the bump
confirmed that suspension dynamics are significantly affected by the ratio of unsprung to sprung mass of the vehicle.
Suggestions for future investigations were detailed.

Design

Summary of objectives:
• Modular suspension design
• Minimise number of parts
• Easy to manufacture
• Easy to assemble
• Minimise modification of existing chassis
Macpherson strut and double wishbone systems were both
considered. Macpherson strut was preferred due to its simplicity
and ease of integration with the existing chassis.
Conceptual embodiment and detailed designs were achieved using
Autodesk Inventor. Design considerations included:
• Types of load on parts and stresses that would be experienced
• Intended motion of parts and their interaction with other
components or with the chassis
• Material to be used and the resulting component mass

Testing

Problems with the vehicle control software meant that the car was
only capable of stopping and starting, as opposed to Torque
Vectoring, and there was no speed control. A speed bump was
constructed and taped to the floor. The vehicle was positioned 2
metres from the bump to ensure constant velocity was reached by
the time of impact. 6 trials were repeated under 4 test conditions:
• Unmodified
• Rigid bars
• Standard suspension
• Stiff suspension
An IMU, connected to the computer via a long RJ45 cable,
recorded data at 0.01 second time intervals. Vertical acceleration,
longitudinal acceleration and pitch measurements were collected
for investigation.

Results

As expected, when the vehicle hit the bump the car immediately
slowed down, accelerated upwards, and pitched upwards. The
approach velocity was great enough to generate a small amount of
lift off of the speed bump, which was confirmed by analysis of
slow motion footage recorded during testing. Vertical (left) and
longitudinal (right) acceleration plots for each test condition are
shown below.

Processing

Data collation for all trials was carried out using Matlab. The
exact moment of impact with the bump was recorded. Trials were
then aggregated to show similarity and averages were computed.

Finite element analysis was conducted to check viability of
concepts (especially important for 3D printed parts.) All
components were designed with minimal lead-time and cost in
mind.

The vertical acceleration experienced upon landing was greater
than the initial impact, and peaked at approximately 20m/s2, or
just over 2g, for the rigid and unmodified cases followed by a brief
period of oscillation before the rear wheels travelled over the
bump. The accelerations were reduced with suspension installed,
but it became clear during oscillation frequency analysis that
unsprung mass (wheel, motor and tyre) was affecting the
suspension dynamics due to the high inertia.

Conclusion

Coilover units designed for 1/5 scale RC cars provided suspension
and damping.
Geometry of the system
required careful planning to
ensure adequate support of the
vehicle.
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The suspension design proved to be a successful addition to the
vehicle and should encourage further research into vehicle
dynamics. Having identified unpsrung mass as an issue, it is
recommended that motors are mounted to the chassis and
constant velocity joints are used to transmit power to the wheels.
The suspension dynamics would improve significantly and with
the Torque Vectoring capability of the car restored, there would
be many opportunities for further investigation.
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