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Motor racing companies are set up to deliver 
results quickly, working with prototypes
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The link between racing and the 
defence industry is getting ever 
stronger, and in these pages we 
have aimed to highlight how the 

two industries have forged a tight, effective 
relationship. Motor racing companies are set 
up to deliver results quickly, working with 
prototypes and using the latest simulation 
technology in order to develop the cars faster. 
The results are measured every race weekend, 
by the stop watch. For the defence industry, 
the stakes are higher, and yet the processes are 
almost exactly the same. 

Reducing weight for the purpose of transport, 
improving fuel economy to either take less fuel, 
or go further, is a priority. Safety is another key 
feature, and by using the latest technology 
available in racing armed service personnel can 
benefit, too. Efficient design is another key area; 
while racing teams seek to make the cars efficient  
to make them faster, the military is looking to 
make them safer in the event of a bomb blast. 

In the British Touring Car Championship, 
injured service personnel have had an 
opportunity to take their training into a racing 
environment, and some consider racing to be a 
second career. But even the Support Our Paras 
team has found their programme evolving, with 
companies such as bf1 systems working to train 
up the personnel in, for example, wiring systems, 
with a view to employment in the future.

The racing world can benefit from the 
requirements of the military and for many 
engineers the chance to make safer, more 
efficient vehicles for those fighting is a tangible 
goal. The rapid development work that racing 
teams can undertake can save lives. Race teams 
may not be able to achieve the high volume 
production necessary to meet all the needs 
of the military, but they can provide effective 
solutions. Gemma Hatton, who is the data 
engineer for the SOPR team in the BTCC, and a 
student at the University of Cranfield as well as 
a long-time Racecar Engineering contributor, is 
ideally placed to explain the strong links between 
the racing and defence industries.

ANDREW COTTON

Editor, Racecar Engineering
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How to go hybrid
With the military plugging in to hybrid technology the defence industry 
will be taking a leaf out of F1’s book when it comes to designing systems
By GEMMA HATTON

Optimising performance, improving 
fuel efficiency and reducing costs 
are themes common to both 
motorsport and defence, albeit 

for slightly different reasons. Overall, both are 
trying to reduce their dependence on fossil 
fuels, but for motorsport it’s all about obtaining 
that greener image, whereas the military needs 
to achieve fuel security. 

By integrating hybrid powertrains into 

military vehicles, fuel consumption can be 
reduced by as much as 20 per cent. This means 
fewer fuel convoys, reducing the associated risks 
of transporting fuel through war zones. Vehicle 
performance is also improved with hybrid 
technology, as the flexibility of the engine and 
battery duo results in the engine being sized for 
steady state operation, whilst drawing power 
from the battery during peak power loads; 
overall increasing efficiency and downsizing 

the engine. This can equate to a 0-20mph 
acceleration gain of over three seconds when 
compared to conventional diesel powertrains, 
as was seen with the stillborn 70 tonne Ground 
Combat Vehicle (GCV), which included a Hybrid 
Electric Drive (HED) system. Additional benefits 
of silent drive, improved agility and regenerative 
braking are making hybrids even more difficult 
for the Army to ignore, despite the continual 
pressure of budget cuts.   

Figure 1: An example 
of the F1 engine model

http://www.racecar-engineering.com
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A 70 tonne armoured vehicle and a 700kg F1 car may not have 
much in common at first glance, but lessons learnt during 2014 
(above) when F1 implemented new technology could be utilised in 
projects similar to the stillborn Ground Combat Vehicle (top) 

But how do you go about designing a hybrid 
powertrain for a military vehicle? This scenario 
is not too distant from that of the 2014 F1 
powertrain saga, where the regulation changes 
were so drastic teams essentially had to start 
from scratch. To optimise their design, many of 
them called upon a company called Claytex and 
a software called Dymola.

‘One big application for Dymola was the 
2014 powertrains, because it is an excellent  
tool for looking at multi-domain systems  
such as the mechanics, fluids, thermals and 
electricals and the interactions between them,’ 
says Mike Dempsey, managing director of 
Claytex. ‘That’s allowed the teams to not only 
figure out how to put the new powertrains 
together, but also how to package them to 
ensure the energy management, harvesting  
and deployment works effectively.’ 

Dymola is a modelling and simulation tool 
that utilises the Modelica open source and 
generic modelling language, which essentially 
models the dynamic behaviour of systems 
made up of various components. Unlike 
Computational Fluid Dynamics (CFD) and Finite 
Element Method (FEM) modelling, this type of 
model is described by differential, discrete and 
algebraic equations and not partial differential 
equations. These equations are used to build 
components defined from first principles. 
Physical connections are then implemented 
to combine these components together, 
making devices which are then used to create 

subsystems and, finally, a whole vehicle model. 
‘The starting point is to begin with a simple 
model so that you can size the components 
and determine how much power you want the 
engine and the electric motors to generate and 
deploy,’ explains Dempsey.

‘Obviously in F1 this is restricted by the 
regulations, but you need to identify the basic 
function of the system, and then Dymola 
allows you to include more detail to increase 
the fidelity so that you can gradually build up 
the model to get a more accurate picture of 
the system’s behaviour. For example, in F1 we 
started with the required motor output power 
on the crank which then defined the resultant 
thermal energy rejection which approximated 
the size of the heat exchanger. You can then 
start to bring all the subsystems together to 
ensure you get the desired overall cooling 
performance. This set-up can then be  
explored through different scenarios and  
race tracks, so you can start to identify the  
areas where you can push the limits and areas 
where you have to play it safe.’

Engine library
To generate the model architecture of  
the F1 car, commercial Modelica libraries can  
be used, such as those developed by Claytex. 
For example, the engine library is shown 
in Figure 1 and includes the intercooler, 
turbocharger and motor generators. A mean 
value model can then be run which simulates 

in real time while calculating the transient 
effects. This model type takes into account 
the temperatures and pressures of the airflow 
throughout the engine in addition to factors 
such as spark timing, to determine the output 
torque and exhaust gas temperature. 

The other type is a crank angle resolved 
engine model, which enables investigation  
into torque pulsations from firing events  
and also effects such as multiple injection  
and cylinder deactivation.

Each element of the model can be as 
complex or as simplistic as required, depending 
on whether the libraries are used, which allows 
the user to define further detail or use low 
fidelity models with larger assumptions. By 
adding libraries such as VDLMotorsports, which 
generates a full multi-body chassis model as 
shown in Figure 2, Dymola can be used to 
predict everything from powertrain efficiency to 
vehicle response to simulated manoeuvres.

Once the model is complete to the desired 
level of accuracy, a wide variety of simulations 
can be completed. For example, different 
coolant temperatures can be run to investigate 
the effect on battery performance; the internal 
resistance of the battery can be iterated to 
identify the effect on heat rejection, and the 
amount of MGU-K assist can also be changed 
to analyse the differences in heat release. The 
results can be displayed as a lap time trace, 
so the time lost or gained can be quickly 
determined from each iteration. In this way, the 

Figure 2: The full multi-body F1 model from the VDLMotorsports library

‘The starting point is a simple model, so you can size the components’ 
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‘An HED combat vehicle does not exist as yet, but we have all the 
components ready so we could implement it into a vehicle now’ 

The transmission for the Hybrid Electric Drive system, a clever piece of kit that could still fi nd itself in a fi ghting vehicle

model can be continually optimised until the 
performance targets are achieved.

‘We see defence as the next step, as that 
is now an industry which is progressing into 
hybridisation, and therefore will need to 
optimise thermal management and effi  ciencies,’ 
Dempsey says. ‘Our technologies can be easily 
transferred to any vehicle and ultimately military 
systems are just another type of vehicle.’ 

One example of hybrid technology within 
the defence sector is the Hybrid Electric Drive 

(HED) concept that BAE Systems have been 
developing since 2001. This uses two engines 
coupled to generators, and two batteries and 
can be implemented in a Conventional Drive 
layout or a Series Electronic Drive layout. The 
latter has no mechanical connection between 
the engine and the transmission, off ering 
higher fl exibility within the control strategies. 
Therefore, a single engine can be utilised during 
idle to obtain high effi  ciency, while power is 
drawn from both engines and supplemented 

with the batteries to meet the high loads 
experienced during missions.

In August 2013 this powertrain concept 
completed a successful 2000 miles of testing 
as part of the Ground Combat Vehicle (GCV) 
programme but unfortunately, due to budget 
cuts, the project was scrapped. ‘When that 
development programme was dropped we had 
almost 10 years of experience with HED so we 
decided to take that and integrate it into civilian 
applications,’ explains Dan Lindell, platform 
manager for the GCV at BAE. ‘By doing this we 
have actually reduced the cost of the HED which 
is essential as we need to be cost competitive, 
so we are now ready to put the technology back 
into combat vehicles. Therefore, an HED combat 
vehicle does not exist as of yet, but we have 
all the components ready so we could actually 
implement it into a vehicle now.’ As always 
with defence the lead times are much longer 
than those found in motorsport, but Lindell 
predicted that we could see the fi rst prototypes 
emerging in approximately fi ve years, with the 
fi nal versions on the battlefi eld in 10 years or so.  

Lessons learnt
There is little doubt, then, that the trend in 
the military is to go hybrid and, if it wasn’t 
for budget cuts, this may have already been 
achieved. However, this emphasises the need 
for the military to call upon the motorsport 
industry, not only for their expertise on the 
technology and the techniques used to 
implement and optimise hybridisation, but also 
to understand the lessons learnt in racing. The 
military needs to reduce cost, improve effi  ciency 
and minimise lead times, and all those answers 
can be found in many a racing team.

The HED system carried out its 2000 miles of testing on the fully integrated Hotbuck mobility platform – the rig simulated the conditions of two military test tracks 

http://www.racecar-engineering.com


BUSINESS TALK – CHRIS AYLETT

The Valley of Death
Motorsport is well placed to bridge the gap between innovation and production

Motorsport Valley UK has become known 
throughout the world as the centre for 
motorsport technology, and rightly so. 

Ironically, the engineering world recognises that 
within the process of the journey of innovation 
there is a ‘Valley of Death’. This describes the 
period in product development when significant 
investment is required right at the time when the 
risk of failure is at its peak, and a reasonable return 
on investment seems most unlikely. 

Products and processes, often innovated 
initially in the academic world, need to find 
companies to take the gamble of crossing the 
Valley of Death and turn these into prototypes, 
which may or may not succeed, and then move 
forward into production.

Based on the maxim that ‘we race prototypes’, 
followed by a close study of Technology 
Readiness Levels (TRLs), an extremely popular 
way of describing the journey of technology 
development, there lies a truly unique capability 
of motorsport companies. Not only do 
motorsport companies regularly bridge 
the infamous Valley of Death, but they 
gain financial success from doing so.

Mind the gap
This has caught the attention of many 
engineering institutions and central 
government. The latter has poured 
resources and funding into schemes 
which encourage UK companies to 
increase innovation. These include 
R&D Tax Credits, Catapult Centres, 
the Advanced Propulsion Centre and 
Innovate UK, to name just a few. All aim 
to help bridge this difficult gap and so 
de-risk investment in innovation. 

A quick check on TRLs shows that 
TRL 4-7 is the section which best covers 
the work of motorsport companies, 
yet this is precisely where engineering 
communities are aware that the highest 
risk is taken and where courageous 
investment is most needed.

The motorsport supply chain continually 
enters the Valley of Death and emerges unscathed 
– and returns to do the journey again and again. 
Companies are commissioned to rapidly respond 
to a change in legislation, or competitive pressures, 
to innovate solutions and deliver prototypes. This 
journey, within TRL 4-7, is funded by sponsorship 
secured by the entertainment of motorsport. It is 
this cycle which has created the unique business 
model of motorsport.

 It is the value gained by the sponsor, from 
motorsport entertainment and ‘winning the 
race’, that finances our innovative engineering 

companies to enter the Valley of Death and to 
travel comfortably, and regularly, across the bridge. 
No other engineering community has the benefit 
of this business cycle.  

Motorsport suppliers never really emerge 
from the Valley of Death, their end product is a 
prototype (TRL 7) which upon delivery delivers 
immediate financial reward, both to the buyer and 
the seller, then the process starts all over again, 
sometimes just a weekend later.

It is this rapid and continuous vortex of 
innovation and the delivery of prototypes,  
well-funded by eager commercial sponsors, that  
is a valuable asset just waiting to be exploited  
by our UK industry.  

Make no mistake, the wider engineering 
community is eager to source this capability to 
deliver innovative engineering solutions fast.  
The agility, courage and light-footedness of the  
motorsport supply chain is very attractive to large 
organisations who simply cannot commit the 

funds and resources needed to support a specific 
department to handle such variable outputs which 
are, by their nature, difficult to identify and cost.

Once our business community fully recognises 
the asset of their capability, I am confident they 
will attract investment from many sources. Skills, 
developed in the cauldron of motorsport, have less 
fear of failure than others. Motorsport recognises 
that failure is often a necessary rite of passage for 
innovation and can bring unexpected rewards. 
Their engineering teams are constantly driven to 
compete, intellectually and practically, and their 
rewards are seen on track and on TV by millions.

The automotive, aerospace and defence 
industries are now positively encouraging the 
creation of rapid response innovative supply 
chains. Motorsport companies are already in the 
position to fill this gap and should move to do 
so. They can, immediately, offer their innovative 
capability to provide engineering solutions and 
charge a fair price for doing so.

Anyone who is interested in the Valley of 
Death in engineering should download the 
House of Commons Science and Technology 
Select Committee Report published in March 
2013. Although lengthy, it really highlights 
the outstanding opportunity waiting for the 
motorsport community.

Horizontal innovation
Some suggest that by encouraging companies 
to look in this direction, I will weaken the hard-
core motorsport industry but in my view, they 
are wrong. The very essence of motorsport 

engineering is that regulations and 
competition constantly challenge 
suppliers to deliver innovative solutions. 
This demand is relentless, and has, over 
many years, bred core skills in  
competitive engineers who will always 
seek to find a winning solution. They live 
for that challenge and it is motorsport 
which provides it. 

I want MIA members and others in 
motorsport to grab the chance and use 
their latent capability to earn greater 
return on investment from a more secure 
environment than that of motorsport, 
where ‘only winners survive’. 

Some have kindly said that the work 
of the MIA in this area is an exemplar of 
what is needed for the future in the UK 
as we encourage our members to exploit 
their capabilities in other sectors.  

The largest engineering institution 
in Europe – the IET – will be launching in 
November a partnership with the MIA, 
based on ‘Horizontal Innovation’, which 

aims to increase exploitation across sectors to 
benefit the entire technology community in the 
UK, Europe and beyond. MIA member companies 
are central to that programme and news of this will 
be released in early November.

One executive who understands this 
opportunity summarised it succinctly. ‘I now  
realise that my company lives and prospers in  
the Valley of Death, we fear no evil but reap 
substantial rewards!’ 

I would be interested to hear your views, so 
please contact me at www.the-mia.com, as 
your opinion really matters.

No other engineering community 
has the benefit of this cycle

Entertainment drives sponsorship which then drives innovation in motorsport 

X
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