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Introduction

The aim of the investigation was to explore the potential for an accessible race series using a hydrogen powered
internal combustion engine. A low cost two seater competition car has been designed and is able to demonstrate
that performance and safety can be achieved.
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Objectives

 To design a chassis to include a hydrogen storage system and protect it in a side impact.
« Design of a storage system that safely contains and delivers the fuel to the engine.
« The optimisation of a spark ignition engine to run on hydrogen and quantify its performance.

Hydrogen Storage
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Conclusions

* Engine modifications resulted in a peak deliverable torque of 768.3 Nm at 4750 rom and peak power of 498.6 klJ
at 6500 rom. The quantification of the performance of a hydrogen internal combustion engine has been achieved.

* The storage system contains 6.69 kg of compressed hydrogen gas. The devices employed provide sufficient safety
and delivery to the engine.

* Material and joint tests were conducted and the representative FEA simulations replicated the results which
provided validation for the FEA process.

« A chassis including the hydrogen storage system was designed and successfully shows that the safety
requirements have been met.

* The study demonstrates that the performance and safety of a low cost 2 seater race car powered by a hydrogen
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» Tensile and peel tests of welded joints from
Radical RXC chassis.

* The joints did not fail in the welds, but did in
the heat affected zones around them.

* The failure behaviour was replicated in LS-
DYNA by modelling the heat affected zones
and using a contact definition without failure.

Substructure Impact Tests

* Drop tower test with substructures cut from
the Radical RXC.

* FEA simulations showed a better correlation
with the real material behaviour by not using
the material failure option in LS-DYNA.
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Acceleration during Side Impact
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Crash Simulation

(Side Impact / 55kph / deformable barrier)
« Stiff structure around the tanks
* Iterative optimisation process:

o Optimisation of the FEA modelling approach

o Chassis structural changes

o Addition of a basic impact structure
o Different materials: Aerocom 33 and original

steel used by Radical

wwuw.motorsport.cranfield.ac.uk

Supported buy: Qﬁ

7y Altair

School of Applied Sciences, Cranfield University, Cranfield, Bedfordshire, MK43 OAL

John Binks: j.m.binks@cranfield.ac.uk

Daniel Bridgman: d.r.bridgman@cranfield.ac.uk
Robert de Chazal: r.dechazal@cranfield.ac.uk
Xu Chen: x.chen@cranfield.ac.uk

Thorsten Lajewusski: t.k.lajewsski@cranfield.ac.uk
Alfonso Rodriguez: alfonso.rodriguez@cranfield.ac.uk
Pierre Salmon: p.g.salmon@cranfield.ac.uk

Sudeep Thangiah: s.thangiah@cranfield.ac.uk




