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INTRODUCTION

* PARIS AIR SHOW AT LE BOURGET: RENAULT PRESENTS ITS INNOVATIVE NEW POWER UNIT DESIGNED TO THE
NEW TECHNICAL REGULATIONS TO BE USED IN THE FIA FORMULA ONE WORLD CHAMPIONSHIP FROM 2014

ONWARDS.

* THE NEW GENERATION POWER UNIT IS OFFICIALLY NAMED RENAULT ENERGY F1 REFLECTING SYNERGIES WITH
THE PIONEERING FUEL EFFICIENT ENERGY ENGINE RANGE USED IN RENAULT ROAD CARS.

® THE RACE-INTENT POWER UNIT REVEALED FOR THE FIRST TIME DEMONSTRATES A RADICAL LEAP IN FORMULA
ONE POWERTRAIN TECHNOLOGY, ACHIEVING GROUNDBREAKING FUEL EFFICIENCY FROM ITS DIRECT INJEC-
TION TURBOCHARGED ENGINE ALLIED TO CUTTING EDGE ENERGY RECOVERY SYSTEMS AND ELECTRIFICATION.

In 2014 Formula 1 will enter a new era. After three years of planning and
development, the most significant technical change to hit the sport in
more than two decades is introduced. Engine regulations form the major
part of the coming revolution, with the introduction of a new generation
of Power Units that combine a 1.6 litre V6 turbocharged engine with
energy recovery systems that will dramatically increase efficiency by
harvesting energy dissipated as heat in the exhaust or brakes.

The maximum power of the new Power Unit will exceed the output of
current V8 F1 engines however fuel efficiency will be radically improved.
With only 100kg permitted for the race, the new units will use 35% less
fuel than their predecessors.

“From 2014 we will bring engines to the fore and redress the balance in
F1. An engine is the heart of a car, from next year it returns to the heart
of our sport.”

Alain Prost, Renault ambassador and four-times Formula 1 World
Champion

For several years, Renault has used its racing know-how to develop fuel
efficient engines for road cars, notably its Energy range. The objectives
are clear: maintain or improve driving pleasure, vitality and acceleration
with downsized engines to achieve lower fuel consumption and CO,
emissions.

Renault has employed these principles in developing the F1 Power
Unit, creating a complete, and genuine, circular development process
between road and track.

For these reasons, Renault has named the F1 Power Unit series
‘Energy F1’; clearly illustrating that the F1 Power Unit shares the same
DNA as its road-going cousins.

“From next year, one of greatest challenges in F1 will be to maximize
energy efficiency and fuel economy while maintaining the power output
and performance expected of F1 cars. Renault has pioneered this
technology in its road car engine range with the Energy series. Naming
the Power Unit Energy F1 creates an unbroken range, from the
Clio through to our competition department.”

Jean-Michel Jalinier, President of Renault Sport F1




2014: WHAT ARE THE RULES?

e 1.6L direct injection Turbo V6.

e Unique pressure charging architecture: single turbine and
compressor (plus E-motor allowed).

e 5 Power Units per driver per season in 2014, reducing to 4 in
subsequent years.

Strong focus on improved vehicle fuel efficiency / reduced fuel
consumption :

e Fuel quantity for the race limited to 100 kg initially (-35% from now
- currently unlimited).

e Fuel mass flow rate limited to 100 kg/hr max - currently unlimited.

e Potent Energy Recovery Systems (ERS) are allowed




TALKING ABOUT A REVOLUTION....

RS27-2013 ENERGY F1-2014
Displacement 2.4 1.6l
Rev limit 18,000rpm 15,000rpm

Single turbocharger, unlimited boost pressure

Normally aspirated, pressure (typical maximum 3.5 bar abs due to fuel

Pressure charging charging is forbidden

flow limit)

Fuel flow limit Unlimited, but typically 170 kg/h 100 kg/h (-40%)
Permitted Fuel quantity per race Unlimited, but typically 160 kg 100 kg (-35%)
Configuration 90° V8 90° V6
Number of cylinders 8 6
Bore Max 98mm 80mm
Stroke Not regulated 53mm
Crank height Min 58mm 90mm
Number of valves 4 per cylinder, 32 4 per cylinder, 24
Exhausts Twin exhaust out!ets, Singlg exhaust outlet, .

one per bank of cylinders from turbine on car centre line
Fuel Indirect fuel injection Direct fuel injection
Number of Power Units permitted per 8 5

driver per year

ENERGY RECOVERY SYSTEMS

MGU-K rpm Unlimited (38,000rpm) Max 50,000rpm
MGU-K power Max 60kW Max 120kW
Energy recovered by MGU-K Max 0.4 MJ/lap Max 2MJ/lap
Energy released by MGU-K Max 0.4 MJ/lap Max 4 MJ/lap
MGU-H rpm - >100,000rpm
Energy recovered by MGU-H - Unlimited (> 2MJ/lap)

(3}



THE RENAULT ENERGY F1- 2014: NEW
TERMINOLOGY FOR A NEW ERA

“The next generation of F1 cars will be powered by a turbocharged
1.6-litre V6 internal combustion engine of around 600 bhp plus around
160 bhp of electrical propulsion from the energy recovery system,
meaning the term ‘engine’ will no longer fully describe a car’s source
of propulsive power. It is more relevant to refer to the complete system
as a ‘Power Unit.” Rob White, Deputy Managing Director (technical)

V6

V6 is shorthand for an internal combustion engine with its cylinders
arranged in two banks of 3 cylinders arranged in a ‘v’ configuration over
a common crankshaft. The Renault Energy F1 V6 has a displacement of
1.6 litres and will make around 600bhp, or more than 3 times the power
of a Clio RS.

TURBOCHARGER

A turbocharger uses an exhaust driven turbine to drive a compressor to
increase the density of the intake air consumed by the engine and so
make more power for a given displacement.

The residual heat energy contained in the exhaust gases after expansion
in the cylinders of the engine is converted to mechanical shaft power by
the exhaust turbine. The mechanical power from the turbine is used to
drive the compressor, and also the MGU-H (see below).

As the turbocharger speed must vary to match the requirement of
the engine, there may be a delay in torque response, often known as
turbo-lag. One of the great challenges of the new Power Unit is to
reduce this to near zero to match the instant torque delivery of the
current V8 engines.

WASTEGATE

A wastegate is often used in association with a turbocharger to control
the system. It is a control device that allows excess exhaust gas to
by-pass the turbine, to match the power produced by the turbine to that
needed by the compressor to supply the air required by the engine.

DIRECT FUEL INJECTION

With direct fuel injection (DI), fuel is sprayed directly into the combustion
chamber rather than into the inlet tract upstream of the inlet valves.
The fuel-air mixture is formed within the cylinder, so great precision is
required in metering and directing the fuel from the injector nozzle. This
is a key sub-system at the heart of the fuel efficiency and power delivery
of the Power Unit.

MGU

A motor generator unit (MGU) is an electrical machine. When operating
as a motor, the MGU converts electrical energy to mechanical energy.
When it operates as a generator the MGU converts mechanical energy
to electrical. The 2014 Power Unit uses two MGUs; an MGU-H (H for Heat
— exhaust energy recovery) and MGU-K (K for Kinetic — Kinetic energy
recovery during braking).
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MGU-K

The MGU-K is connected to the crankshaft of the internal combustion
engine and is capable of recovering or providing power (limited to 120
kW or 160 bhp by the rules). Under braking, the MGU-K operates as a
generator to slow the car (reducing the heat dissipated in the brakes)
and so recovers some of the kinetic energy and converts it into
electricity. Under acceleration, the MGU-K is powered (from the Energy
Store and/or from the MGU-H) and acts as a motor to propel the car.

MGU-H

The MGU-H is connected to the turbocharger. Acting as a generator,
it absorbs power from the turbine shaft to recover heat energy from
the exhaust gases. The electrical energy can be either directed to the
MGU-K or to the battery for storage for later use. The MGU-H is also used
to control the speed of the turbocharger to match the air requirement of
the engine (eg to slow it down in place of a wastegate or to accelerate it
to compensate for turbo-lag.)

ERS

The Power Unit’s ERS (Energy Recovery System) uses the MGU-H and
MGU-K plus an Energy Store, plus some power and control electronics.
Heat and Kinetic Energy recovered can be consumed immediately if
required by the other MGU, or used to charge the Energy Store. The
stored energy can be used to propel the car by the MGU-K or to
accelerate the turbocharger by the MGU-H. Compared to 2013 KERS, the
ERS of the 2014 Power Unit will have twice the power (120 kW vs 60
kW) and a performance effect 10 times greater.
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COME ON FEEL THE NOISE...

Renault today released the first official sound recording of the Energy
F1-2014 Power Unit.

A simulated lap of Singapore demonstrates that engine noise will
remain an important ingredient of the F1 show with the new generation
Power Units.

“The sound of the engine is the sum of three principal components,
exhaust, intake and mechanical noise. On fired engines, exhaust noise
dominates, but the other two sources are not trivial and would be loud
if the exhaust noise was suppressed and contribute to the perceived
sound of the engines in the car.

“All three sources are still present on the V6. At the outset, there is more
energy in each combustion event but there are fewer cylinders turning
at lower speed and both intake and exhaust noise are attenuated by
the turbo. Overall, the sound pressure level (so the perceived volume) is
lower and the nature of the sound reflects the new architecture.

“The car will still accelerate and decelerate rapidly, with instant
gearshifts. The engines remain high rewving, ultra high output
competition engines. Fundamentally the engine noise will still be loud.
It will wake you from sleep, and circuit neighbours will still complain.
The engine noise is just a turbocharged noise rather than a normally
aspirated noise: you can just hear the turbo when the driver lifts off the
throttle and the engine speed drops.

;i_ts‘f':'}l};
'_:_tll*l’”.“_.

“I am sure some people will be nostalgic for the sound of engines from
previous eras, including the preceding V8, but the sound of the new
generation Power Units is just different. It’s like asking whether you like
Motorhead or AC/DC. Ultimately it is a matter of personal taste. Both in
concert are still pretty loud.”

Rob White, Deputy Managing Director (technical)




THE TIMELINE OF THE NEW ENGINE

KEY DATES

JANUARY 2012: After seven months of design and build, the first cylinder of the V6 is tested on the single-cylinder dyno in Viry. This
extremely accurate dyno enables micro analysis of the combustion event and fuel consumption in one cylinder,
facilitating iterative design enhancements that can ultimately be scaled up to all six cylinders without unnecessary
time or economic loss.

JUNE 2012: After six months’ testing on the single cylinder dyno, the first full V6 prototype is tested on the full dyno. Initial tests
focused on achieving reliability over short distances before increasing the number of kilometres completed. The first
power curve — or the complete range of operating speeds — was achieved at the end of August.

FEBRUARY 2013: The MGU-H and MGU-K energy recovery systems are assembled and tested on the dynos alongside the V6 internal
combustion engine. The technical regulations demand radically advanced and complex design solutions so the
design and manufacture stage lasted considerably longer than the design phase for the thermal engine.

JUNE 2013: The first race-intent Power Unit and Energy Recovery System is run on the dyno for the first time. Two years of
planning and preparation are reconciled, and the complete unit — more or less in its final stages — enters the final
stage of optimization before its eventual track test.

THE NEXT STEPS

EARLY JANUARY 2014: The Power Units will be installed into the partner teams ready for fire up and launch.

MID JANUARY 2014: The first 2014 chassis will hit the track.

MARCH 2014: First 2014 Grand Prix.
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THE INTEGRATION PROCESS & WORKING

WITH CLIENT TEAMS

“Exchanges between chassis and engine teams started at a very
early time, before the regulations were fully defined,” explains director of
programmes and customer support, Axel Plasse.

“We had very general discussions regarding the principles of the
regulations and how we could achieve our combined aims, or indeed
whether the aims were feasible. From Renault’s point of view it was
essential that the new regulations should include very aggressive fuel
consumption targets to reflect growing environmental concerns and
also provide a test bed for innovative solutions.

“The teams were however also concerned about the sporting show: F1
cars should still be the quickest competition cars in the world. The cars
should also not be too easy to drive, that is, engines should not be flat
out all the time — there should be a balance between wide open, partial
and off throttle that rewards driver skill. Everyone however recognized
the equal validity of the ‘green’ targets and the need to retain the
element of the ‘show’.

“How we could marry the two when they seem mutually exclusive
was one of the early challenges. At this point the chassis and engine
teams began to discuss power scheduling, or how sufficient power
would be supplied from the engine with the limitations imposed by the
regulations.

“We came up with a number of ideas to meet the required expectations.
The way the turbocharger and the wastegate are used, for example, how
we control the combustion events and engine mixes and the behaviour
of a direct injection engine versus a port injected engine.

“Once we had determined the basic principles, we moved to the design
phase of the project. This was mid 2011, and stretched into the
beginning of 2012. We established design reviews with our teams,

scheduled every other week. The meetings started with just a handful
of people, but as time went on more and more people from different
departments started attending, on both sides of the Channel. It underlines
the fact that the Power Unit and the brand new rules are a complete
new way of working and exceedingly complex; several different
departments in the engine and chassis teams were implicated, from
control systems to aero to cooling. In fact at times we had twice as many
people on the 2014 Power Unit as we did for the V8 reviews!

“From that stage, one of the key areas we needed to investigate was
the packaging of the Power Unit. The current V8 is 95kg, 100kg if you
add the weight of the MGU. This increases to 120kg when you include
the ancillary parts, such as the radiators and other cooling devices. With
the 20714 Power Unit, the V6 turbocharged engine will be a minimum
of 145kg, plus 35kg for the battery. At 180kg, this is a 80% increase
over the current units, plus a further 20kg for the ancillaries such as the
intercooler and other radiators.”




“The Power Unit is therefore much more integrated and central to
design, for example the turbo overlaps the gearbox so it intrudes into the
space where there was a clutch or a suspension part. The energy store
is also much larger, which has an impact on chassis length, fuel volume
and radiator position, amongst other items.

“Since the first days of the turbo units in the 1970s, Renault’s philosophy
has always been to facilitate chassis integration, so at a very early stage
we had regular video chats, conference calls and site visits to our teams,
particularly Red Bull Racing, our development partners, to decide the
direction and key milestones so designs on chassis and engine could
be synchronized.

“A lot of topics ended up with question marks so Red Bull and Renault
had to jointly decide the best course of action together. This is where the
transparency with which we worked paid dividends. This is actually the
benefit of being an engine supplier rather than a team owner: we can
have access to a range of solutions and find a common path for each.

“We also worked closely with our other teams, which is a risk but also
an opportunity — everyone gets the benefit of the input as the greater the
overall improvement to the Power Unit, the greater performance gains.
If we differentiate between specs we have to design, validate and sign
off multiple specifications of engines rather than consolidating the best
ideas.

“We recognize that the teams are fighting each other so we need to
support their specific requirements. Our role is to arbitrate and that each
team gets the best possible service from Renault Sport F1. Since our
start in the sport, our overall objective has been to make sure that a
Renault powered car is the fastest car. This aim has always been part of
our DNA, and will give an even greater return on investment in 2014.”

WHAT CAN BE CHANGED BETWEEN TEAMS?

The external parameters of the Power Unit can be changed and
the choice will remain with the team. The exhausts and installa-
tion can be changed, so the hoses, hydraulics, air intakes and so
on can be adapted to allow optimal integration.




ENERGY MANAGEMENT

“There are two sources of energy to propel the car; fuel in the tank
and electrical energy in the energy store, or battery. The use of the two
types of energy needs an intelligent management, since the permissible
fuel consumption in the race is limited to 100kg and the battery needs
recharging to avoid it going flat,” technical director for new generation
Power Units, Naoki Tokunaga, explains.

“For 2014, the fuel flow is limited to 100 kg/hr, and the fuel quantity
for the race to 100kg. So if the car uses fuel at the maximum permitted
rate of 100 kg/hr, it can do so for only 1 hour. The car performance is
intended to be similar to 2013, so in fact the races will last more like
1hr 30min. Of course the circuit and car characteristics will not allow
the cars to run at maximum power all around the lap. On all circuits, it
is predicted that the natural fuel consumption for the race distance will
be close to the allowed 100kg, in some case just under, in some cases
just over. If just over, then it will be necessary to decide how to use the
available fuel.

“The F1 cars for 2014 may be categorised as a hybrid electric vehicle
(HEV), which combines a conventional internal combustion engine with
an electric propulsion system, rather than a full electric vehicle (EV). Like
road-going HEVs, the battery in the F1 cars is relatively small sized. The
relevant technical regulations mean that if the battery discharged the
maximum permitted energy around the lap, the battery would go flat
just after a couple of laps. In order to maintain “state of charge” (SOC)
of the battery, electrical energy management will be just as important
as fuel management.

“The energy management system ostensibly decides when and how
much fuel to take out of the tank and when and how much energy to
take out or put back in to the battery.

“The overall objective is to minimize the time going round a lap of
the circuit for a given energy budget. This might sound nothing like

road-relevant, but essentially, this is the same problem as the road cars:
minimizing fuel consumption for a given travel in a given time — the
input and output are just the other way around.

“The question then becomes where to deploy the energy in the lap. This
season, KERS is used only a few places in a lap. But from 2014 all of the
energy, from fuel and battery, is so precious that we will have to identify
where deployment of the energy will be beneficial over the whole
lap and saving will be least harmful for lap time — we call it “power
scheduling”. This will be decided jointly between the chassis teams’
vehicle dynamics departments and Renault Sport F1 in Viry-Chéatillon.

“Choosing the best split between the fuel-injected engine and electric
motor to get the power out of the Power Unit will come down to where
operation of these components is most efficient. But again, SOC
management presents a constraint to the usage of the electric
propulsion. And the optimum solution will vary vastly from circuit to
circuit, dependent on factors including percentage of wide open throttle,
cornering speeds and aerodynamic configuration of the car.

“There are quite a few components which will be directly or
indirectly controlled by the energy management system,; namely the
internal combustion engine, the turbo, the ERS-K, ERS-H, battery and
then the braking system. Each has their own requirement at any given
time, for example the operating temperature limit. There can also be
many different energy paths between those components. As a result, the
control algorithm can be quite complex to develop and manage.

“What is clear, however, is that at any given time, as much energy as
possible, which would otherwise be wasted, will be recovered and put
back into the car system. It would not be an over-estimation to state that
the F1 cars of next year are probably the most fuel and energy efficient
machines on the road.”
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KEY PERSONNEL

President & managing director:
Jean-Michel Jalinier

Program and customer support director:
Axel Plasse

Deputy managing director (technical):
Rob White

2014 Project Leader:
Pierre-Jean Tardy

Deputy managing director (business &
administration):
Yves Arbeille

Director of engineering:
Jean-Philippe Mercier

Technical director, new generation power
| units:
*% Naoki Tokunaga

Director of testing & development:
Jean-Pierre Menrath

Director of track operations:
Rémi Taffin
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ANNEX 1: THE STORY OF RENAULT’S

ENGINES IN F1

The world of Formula 1 greeted Renault’s debut in Grand Prix racing
with considerable scepticism. Back in 1977, the turbo engine was given
a tough time when it was first introduced. Smoke was sometimes seen
bellowing out the cars, as engines blew up. These reliability issues led
to some nicknaming the first Renault “the Yellow Teapot.”

But a couple of years later, those who had mocked the car were laughing
on the other side of their faces as the RS10 won the 1979 French Grand
Prix. Renault started winning consistently and their lead in turbo engines
was soon followed by other manufacturers. From 1983 onwards, it was
impossible to win a Formula 1 race without a turbo-powered car.

INNOVATION AS DRIVER

As the first turbo showed, one of the specific features of Renault’s
involvement in Formula 1 is that it has always been a leading player in
technological innovation. The introduction of the turbo engine led to a
genuine revolution that totally changed the face of Formula 1, and also
saw the introduction of new technologies such as the pneumatic valve
springs that enabled unprecedented engine speeds to be reached.

Subsequently, Renault has managed to adapt perfectly to the changing
technical regulations. Once the turbo era was over, following two years
away from track racing, Renault returned as engine partner with a brand
new architecture — a V10 — which remains one of F1’s most famous
and successful engines in the sport. Using this unit, the Williams and
Benetton teams dominated F1 between 1992 and 1997.

Renault pulled off yet another audacious technical coup on its return
to the sport as a constructor in 2001. Armed with a commando spirit
and the talents of a rising star, Fernando Alonso, this new Renault team
ended the stranglehold of Ferrari and Schumacher, before the V8 RS27
opened up the way for a new driving force to enter the fray in Formula 1:
Red Bull Racing, which has won three consecutive Constructors’ and
Drivers’ world titles to date.

RECORD BREAKERS

Renault engines have already claimed several records. No other engine
partner has won so many Grand Prix in a single season. Similarly, no
engine partner has claimed so many consecutive pole positions or
secured as many front row lock-outs. Last season alone, Renault
engines set a new record by scoring a total of 839 points over the course
of the year. An achievement never seen before in the history of F1.

Since entering their first Grand Prix, Renault-powered cars have won
11 Constructors’ world championships. Only Ferrari has a better record,
with sixteen titles, but the Scuderia has been racing in F1 continuously
since the world championship was first set up in 1950. If we look at the
period from 1977 to the present day, Ferrari-powered cars only have
one more title...

RENAULT ENGINES IN F1: A SUCCESS STORY!

The records

e Number of race wins in a single season: 16 (with Williams in 1992)

e Number of consecutive pole positions: 24 (between the 1992
French GP and the 1993 Japanese GP).

e Number of front row lock-outs: 103 (compared with 79 for
Ford-Cosworth and 70 for Ferrari).

e Number of consecutive front row positions: 39 (between the 1995
[talian GP and the 1997 European GP).

¢ 11 Constructors’ titles

¢ 10 Drivers’ titles

¢ 155 race wins

¢ 205 pole positions

¢ 156 fastest race laps

e Number of points scored: 5541.5

¢ 50 one-two finishes

1977 » 1986
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ANNEX 2: ENERGY ENGINES: RENAULT’S
TECHNOLOGICAL EXCELLENCE...
IN F1 AND IN THE STREET

The privileged ties that have been forged between Renault’s facilities in
Viry-Chétillon, where its F1 powerplants are designed and developed,
and Rueil Malmaison, the company’s nerve-centre in the realm of
series production engines, foster valuable dialogue and a high number
of synergies. Renault’s production engines enable its customers to
benefit from a level of powertrain excellence that has been honed in the
exacting world of motorsport.

The new Power Unit will be known as the Renault Energy F1 2014, a
name which refers to the brand’s latest-generation production engines.
On the race track and in the street alike, the Energy moniker covers
three fundamental qualities, namely reliability, performance and low fuel
consumption.

This shared lineage is the fruit of the carry over and pooling of
cutting-edge technology and savoir-faire between the brand’s Formula 1
activities and production engine design processes.

The synergies cover numerous areas, including technology:

¢ Downsizing and turbocharging. Renault stood out as the pioneer
in this field when it started to race in F1 back in 1977. Today, all the

powerplants which form the brand’s Energy range are turbocharged
with a view to reconciling the performance and fuel efficiency of its
current smaller and lighter engines. Similarly, the Renault Energy F1
2014 is a V6 turbo.

Direct fuel injection also stems from the two-way dialogue between
Viry and Rueil in their respective bids to optimise energy efficiency,
a parameter with which both activities centres are permanently
obsessed as they seek to minimise fuel consumption. The latter has
been cut by 40 percent in the case of the Renault Energy F1 2014
and is down 25 percent in the case of Renault’s Energy production
engines.

The Energy range benefits from Renault Sport F1’s expertise in
friction-reducing technologies:

- DLC (Diamond Like Carbon) coating of cam followers,

- Pressure Vapour Deposit (PVD) treatment of piston rings,

- UFLEX oil control ring technology, which has been used in F1
for more than a decade. The form of the ‘U’ permits the piston
ring to adapt to the exact profile of the cylinder wall to obtain the
best compromise between efficiency (oil scraped off the lining to
minimise consumption) and friction.
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In addition to sharing technologies, the pooling of systems and
skills ensures real bonds

Savoir-faire and sizing tools are pooled to optimise both road-going and
F1 engines:

e Renault Sport F1’s experience of high-performance engines proved
beneficial when it came to designing the cooling system for Renault’s
road-going turbocharged engines. An example is the transverse water
flow system employed by Energy engines.

e Validation processes based on a thorough understanding of engine
physics are also one of Renault’s key assets. Ensuring reliability at
each race is vital to success in F1, while the durability of the brand’s
Energy powerplant range is recognised in quality surveys.

Last but not least, talent sharing with a view to pooling advanced skills is
a vital ingredient when it comes to promoting fruitful, two-way dialogue
and fostering the spirit of innovation.

e Philippe Coblence, who was behind the architecture of the Energy
dCi 130, and Jean-Philippe Mercier, who was behind the Energy TCe
blocks, are both former managers of Renault Sport F1’s engineering
office and fathers of the V10, then V8 powerplants which were
successful in F1 in the 1990s and 2000s. They brought their personal
savoir-faire and exacting approach to their respective road-engine
projects. Like around 30 other Renault engineers, Jean-Philippe
Mercier recently joined the Renault Energy 2014 team

¢ Dialogue covers the new challenges that both worlds face. The talents
and skills required to develop Renault’s range of electric motors have
consequently been tapped to contribute to the challenges associated
with the electrical aspects of the Renault Energy F1 2014.
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ANNEX 3: RENAULT’S FIRST TURBO ERA
FROM YELLOW TEAPOT TO WORLD

CHAMPION ELECT

Renault’s first turbocharged F1 adventure lasted for 10 memorable
seasons from 1977 to 1986, but its legacy has endured for much longer.

It was the experience gained with the 1.5-litre V6 that helped to develop
Renault Sport into the organization that has won 10 Drivers’ and 11
Constructors’ World Championships since 1992, and which is currently
preparing a very different turbocharged F1 powertrain for 2014.

In 1976 Renault Sport was founded. By then the company had already
taken the momentous decision to develop an F1 version of the V6,
which it had raced in sportscars. There had long been provision in the
rules to run a turbocharged 1.5-litre engine, but no one had ever taken
advantage of the option, and attempted to compete with the
established 8 and 12-cylinder 3-litre normally aspirated engines.
Renault’s engineers believed that a turbo could not just compete but
ultimately outperform the opposition.

“It was a very special decision to build the turbo,” recalls Bernard
Dudot, who headed the technical programme. “We were a group of
young engineers at Viry-Chatillon, all very enthusiastic but having a rare
understanding of the future. We were so enthusiastic that we convinced
the President of Renault, Bernard Hanon, that we should do F1. It was
a really crazy idea at the time. Fortunately he was very enthusiastic as
well, particularly about the benefit of ‘la compétition’ and F1.”

Renault’s management still had to be convinced that the turbo was
definitely the way to go, and that the company was also capable of
building the entire car, rather than joining forces with an existing team.

“We started and tested two types of engine on the dyno,” says Dudot.
“In the end it was do the turbo or nothing. We had no other way - it was
the turbo or no F1! We had to do demonstrations before everyone. The
costs were paid by Elf, and together we started the journey. No one had
any experience of F1 at the time.”

The F1 engine was developed in parallel with the sportscar programme
as Renault chased its target of victory at Le Mans. It was a huge
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challenge. The engine department had to create a V6 that could be
packaged efficiently in a single-seater, while a separate team of
engineers worked on the chassis.

Jean-Pierre Jabouille gave the prototype F1 car is first run at the
Michelin test track at Clermont-Ferrand on March 23 1976. It was just
the start of a long journey as the team prepared to enter the sport.

“We needed to have the right level of power to fight the atmospheric
engines,” says Dudot. “But on the turbo we had the lag of a couple of
seconds, and we never knew what to expect on the different types of
track. The main problem was assembling the engine and packaging in
the small car. It was heavy as well, and the weight balance was not ideal
— that was one of our greatest problems at the start.

“The experience of the V6 turbos, which took up a lot of space in the car,
confirmed my impression that engine-chassis integration is absolutely
key. Everything has to be put in place so the engine becomes an
accessory to the chassis, in terms of exhausts, collectors, thermal
conduction, air circuits, radiators, centre of gravity and so on.”

In July 1977 the new Renault team appeared in public for the first time
when Jabouille took part in the British GP. He retired from the race, and
also failed to finish on his three other starts that year, but all the time the
team was learning.

That education process continued through 1978. Reliability was always
a challenge, but in October’s US GP Jabouille brought the car home
fourth to score the first points for Renault and any turbocharged engine.

“I have to say that we took some time to achieve the right level of
reliability,” says Dudot. “At first we needed to put the suppliers at
the right level of service, for example the guys supplying the pistons,
valves and so on. We needed to improve quality control. Progressively
we achieved it, and over the years we were more reliable, and able to
challenge a lot more.

“The problem was that to have good level of power, we needed to have
a very good level of boost, even with the turbocharger. The temperature
was an issue as well. Unfortunately it was not just us that had no
experience of F1, it was our suppliers as well. We had no experience on
the loads, or what was needed in F1. We had very often some problems
with the pistons, hence the nickname of the ‘smoking teapot’!”

The quest for reliability went hand-in-hand with the pursuit of
performance, and gradually Renault achieved both targets.

“One of the key advantages we had was the opportunity to achieve
the same level of performance and power as the normally aspirated
engines, but then to go beyond them. However, to do so we needed to
improve the reliability. Each time we improved we lost a little reliability,
so finding the right balance was the key.”

A move to a twin-turbo set-up for the 1979 Monaco GP was one of the
big breakthroughs. The team had finally begun to conquer the critical



problem of turbo lag, and Jabouille duly scored the marque’s historical
first win on home ground in Dijon, having started from pole. Meanwhile
the engineers continued to experiment.

“For Zeltweg we made some huge changes to the radiators,” Dudot
recalls. “Normally the compressor has to compress air, but we needed
to cool it before it could go into the engine. At the time we only had an air
intercooler, but it was difficult to manage the right level of temperature
for this. So we changed it with water, and after that made it air and water
S0 we had two stages of cooling. That made it a lot more effective.

“When we realized that we needed to have a very low level of cooling
for qualifying we used ice for the first time. But it was not dry ice, it was
literally water ice. We got it from local fisherman — but then the car and
all the garage stank of fish the whole weekend!”

In the early eighties Renault became a consistent challenger, not just
for race wins, but also for the World Championship. Meanwhile one-
by-one other teams followed the turbo route, in effect acknowledging
that Renault had got its sums right. In 1983 the company became a
supplier for the first time, joining forces with Lotus. Having a second
team with its own chassis helped to speed up the development process.

“Every year we needed to have a new engine,” says Dudot. “Everything
was different — the turbo, intercooler, boost control, injection: everything
was very different and to a certain extent, very unsophisticated.

“Injection was completely mechanical and the quantity of fuel was
not controlled, so we had to carry around a lot of fuel. We changed to
electronic injection, the first from Renault, in 1984. Over this time, we
learnt to be pioneering, and how to access new technology.”

In 1985 there was another landmark when Ayrton Senna and Lotus gave
Renault its first customer win. At the end of that year the Renault factory
team ceased operation, but the company remained in the sport as
a supplier to Lotus, Ligier and Tyrrell. Indeed in 1986 the entire field
used turbo engines, and power figures were boosted to way beyond
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1,000bhp, a figure even the Renault engineers could not have foreseen
just a few years earlier.

However, a new challenge was on the horizon. The FIA had decided that
turbos were simply now too powerful and thus had to go, and a new
formula for 3.5-litre normally aspirated engines was drawn up. Turbos
were to be gradually reined in and phased out over the 1987 and '88
seasons, before being outlawed completely by 1989.

The skills and knowledge that the Renault engineers developed in the
turbo era were the foundation of the success Renault has achieved since
the first normally aspirated engine appeared in a Williams in 1989. And
now the company has gone full circle as the turbo returns to F1 in 2014,
albeit in a more complex powertrain package.

It's a challenge to which Dudot can relate: “The new turbo is very
impressive, and for an engineer it is incredible. It is very complicated,
probably the most complicated ever. It does mean that we learn a lot
about fuel consumption for road cars as the target is so aggressive.”

-



THE TURBO JOURNEY, YEAR BY YEAR

1977

Jean-Pierre Jabouille gives the RSO1 its race debut at the British GP,
starting 21st before retiring. He also takes part in the Dutch, Italian and
US GPs, qualifying as high as 10th in Zandvoort.

1978

Up to June Renault concentrates on preparations for Le Mans, where
Didier Pironi and Jean-Pierre Jaussaud score a memorable victory.
Target achieved, the focus now turns fully to F1. The team misses the
first two Grands Prix of the year, but thereafter Jabouille runs a full
season with the RS01. He qualifies an encouraging third in both Austria
and Italy, and scores the marque’s first points with fourth place in the
USA.

1979

The team runs a second car for the first time as Rene Arnoux joins
Jabouille. The latter earns Renault’s first pole position in South Africa
with the RS01, before the new RS10 ground effect car is introduced. In
July Jabouille scores a historic first victory from pole on home ground
in Dijon, and later takes further poles at Hockenheim and Monza.
Meanwhile Arnoux earns two poles and finishes on the podium three
times.

1980

The team is a consistent frontrunner throughout the season. Arnoux
scores his first Grand Prix wins in Brazil and South Africa and also
secures three pole positions, while Jabouille triumphs in Austria and
earns two poles. Renault finishes fourth in the World Championship.

1981

Alain Prost replaces Jabouille and immediately makes an impression.
He wins the French, Italian and Dutch GPs and takes two poles with the
RE30, while Arnoux secures four poles, but fails to win a race. Renault
moves up to third in the World Championship.

1982

Prost and Arnoux continue to spur each other on. Both men win twice
with the RE30B, and they also take five pole positions apiece. Renault
again secures third in the World Championship.

1983
Arnoux is replaced by Eddie Cheever. Prost has a great season and
challenges for the title, winning four races and taking three poles with
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the RE40. However he just misses out at the final race in South Africa,
while Renault also finishes second in the constructors’ table. Meanwhile
Renault signs a deal for Lotus to become its first customer team, with
Nigel Mansell and Elio de Angelis driving. The Briton earns the best
result of the year for the new partnership when he secures third in the
European GP at Brands Hatch, while de Angelis starts from pole in the
same event.

1984

It’s all change at Renault as Patrick Tambay and Derek Warwick join the
works team. Both men record podium finishes and score one fastest
lap apiece with the RE50, while Tambay takes pole in France. However,
there are no wins as Renault finishes fifth in the World Championship.
De Angelis earns Lotus pole in Brazil, while Mansell repeats the feat at
the new Dallas event. Meanwhile Ligier joins Lotus as a Renault partner.

1985

Renault has a difficult final year as a works team, although Tambay
does at least make the podium twice. Meanwhile Ayrton Senna joins
Lotus and scores sensational wins in Portugal and Belgium as well while
taking seven pole positions. De Angelis adds another win for Lotus at
Imola, and also takes a pole in Canada. Jacques Laffite logs a fastest lap
for Ligier at Brands Hatch and finishes on the podium three times, while
Tyrrell becomes Renault’s third partner team.

1986

With no works team competing Lotus flies the flag for Renault in fine
style. Senna wins in Jerez and Detroit, but shows his real pace with
eight pole positions. Laffite claims two podium finishes for Ligier, while
Martin Brundle takes fourth for Tyrrell in Australia on what is the final
appearance for the Renault turbo engine.
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RENAULT V6 TURBO STATISTICS 1977-86

OVERALL STATISTICS PARTICIPATION BY TEAMS
TOTAL RACE STARTS (ALL TEAMS) 482 RENAULT 1977-85
WINS 20 LOTUS-RENAULT 1983-86
POLES 50 TYRRELL-RENAULT 1985-86
FASTEST LAPS 23 LIGIER-RENAULT 1984-86
WINS BY DRIVER WINS BY TEAM
ALAIN PROST 9 RENAULT 15
RENE ARNOUX 4 LOTUS-RENAULT 5
AYRTON SENNA 4
JEAN-PIERRE JABOUILLE 2 POLES BY TEAM
ELIO DE ANGELIS 1 RENAULT 31
LOTUS-RENAULT 19
POLES BY DRIVER
AYRTON SENNA 15 FASTEST LAPS BY TEAM
RENE ARNOUX 14 RENAULT 18
ALAIN PROST 10 LOTUS-RENAULT 4
JEAN-PIERRE JABOUILLE 6 LIGIER-RENAULT 1
ELIO DE ANGELIS 3
PATRICK TAMBAY 1 STARTS BY DRIVER
NIGEL MANSELL 1 RENE ARNOUX 74
ELIO DE ANGELIS 47
FASTEST LAPS BY DRIVER ALAIN PROST 46
RENE ARNOUX 8 JEAN-PIERRE JABOUILLE 45
ALAIN PROST 8 AYRTON SENNA 31
AYRTON SENNA 3 DEREK WARWICK 31
NIGEL MANSELL 1 PATRICK TAMBAY 30
PATRICK TAMBAY 1 ANDREA DE CESARIS 27
DEREK WARWICK 1 MARTIN BRUNDLE 24
JACQUES LAFFITE 1 NIGEL MANSELL 23
JACQUES LAFFITE 23
PHILIPPE STREIFF 22
FRANCOIS HESNAULT 16
EDDIE CHEEVER 15
JOHNNY DUMFRIES 15
PHILIPPE ALLIOT 7
STEFAN BELLOF 3
IVAN CAPELLI 3
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FIVE TURBO MEMORABLE MOMENTS

The first pole position: South Africa 1979

Less than two years after the team’s debut at Silverstone Renault
secured its maiden pole position at the 1979 South African GP. At
Kyalami the high altitude favoured the turbocharged V6, which
suffered less of a power loss than its normally aspirated rivals.
Jean-Pierre Jabouille duly took the top spot, ahead of local hero Jody
Scheckter. However he lost his performance advantage when the race
started in tricky wet conditions, and after leading the first lap Jabouille
ultimately retired from the race.
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Renault showed that the Kyalami pole was no fluke as the 1979 season
unfolded Jabouille and team mate Rene Arnoux regularly challenged for
the top spots in qualifying. Initially results proved hard to come by, as
the team continued to hone reliability. However, on a glorious weekend
on home ground in Dijon everything finally came together. After securing
pole position Jabouille scored the first victory for the Renault team and
for the pioneering turbo engine, while behind him Arnoux took third after
a famous late battle with Gilles Villeneuve.

Alain Prost’s first victory: France 1981

Having won the European F3 title with Renault power in 1979 Alain Prost
had a difficult first F1 season with McLaren the following year, although
he showed his potential by scoring points with an uncompetitive car. He
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was an obvious choice to join Renault for 1981, and he instantly became
a frontrunner and victory contender. After earning his first podium in
Argentina he marked himself out as a future champion by winning his
home race at Dijon, an event stopped on lap 58 after heavy rain, and
later resumed for the remaining 22 laps. Team mate Arnoux backed him
up in fourth.

Alain Prost’s title challenge: the 1983 season

Prost finished fifth in the championship in his first year, and subsequently
moved up to fourth in 1982 as he continued to log wins. Then as now
to sustain a proper title challenge it was necessary to finish and score
points as regularly as possible. In 1983 everything began to come
together, and the title battle developed into a fight between the
Frenchman and Brabham’s Nelson Piquet. Prost won in France, Belgium,
Britain and Austria, and crucially logged a string of solid podium finishes.
He went into the final race two points ahead of Piquet in the points, with
Arnoux also still in mathematical contention. Unfortunately Prost retired
from the race and Piquet took the title at the last hurdle, but it had been
a brave effort.

Ayrton Senna’s first victory and first partner victory: Portugal 1985

TO G e

Renault became a customer engine supplier for the first time when it
linked up with Lotus in 1983. Elio de Angelis and Nigel Mansell both
showed the potential of the package, but it was the arrival of Ayrton
Senna in 1985 that saw Lotus move up a gear. Having impressed during
his rookie season with Toleman Senna was very much in the spotlight as
he joined a more competitive team, and the Brazilian didn’t disappoint.
In only his second race in Portugal he beat the atrocious wet conditions
as well as all his rivals to score his maiden victory. It was also the first
in a line of Renault partner Grand Prix wins that continues to this day.



ANNEX 4: Q&A WITH
JEAN-PIERRE MENRATH
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Q&A WITH JEAN-PIERRE
MENRATH

“The turbo was both a radical change and =

a revelation.” % ' .
What did people in the paddocks think about you as pioneers of
the turbo engine?

People didn’t really believe in us. From a technical point of view,
it was more of a challenge than anyone ever imagined. At the end
of the 1970s and the start of the 1980s, the technology was in its
infancy and we made changes at every GP. We were confident that
we’d make it to the end of the race, but we were miles from actually
winning. But that didn’t matter: we believed in what we were doing.
We could see we were making progress and that, sooner or later,
our efforts were going to pay dividends. People started looking at
us differently when we won our first race, the French Grand Prix.
It was both a radical change and a revelation: suddenly, the turbo-
powered cars posed a real threat. It made others realise that they
had to start thinking about abandoning normally-aspirated engines
and switching to turbo.

What were the characteristics and the challenges of the turbo
engine, at that time?

The most recurrent challenge we had was to do with lag. The drivers
absolutely had to change their driving style. And, of course, the heat
dissipation of the turbo engines was the most restrictive aspect in
terms of designing a fast race car. The radiators had to be bigger,
which made the turbo engines more difficult to fit into single-
seaters than the normally-aspirated engines. Other than that, the
other major issue was power. Generating an extra 500bhp of power
output with a 1,500cc engine was a real achievement at the time.
We were obliged to produce more power than the leading normally-
aspirated engines of the time made by Cosworth, in order to
compensate for the shortcomings of the turbo engines, and so
reliability was the most testing aspect at the start. But you have
to bear in mind that we went from 520/530bhp in 1979 to over
1,000bhp in the space of five years! At the end of 1986, we even had
a test engine that was capable of developing up to 1,200bhp thanks
to the use of new turbochargers, with a new design. At the outset,

they were intended to be used at altitude and in the end, at sea level,
they produced exceptional performances. Unfortunately, the engine
only lasted three laps!

What memories do you have of that era?

| have some excellent memories. The technical development was
fabulous. There was a lot more tuning work. From a purely
professional perspective, it was fascinating. As a test or race
engineer, you really enjoyed working on this project. Developing
a turbo engine involves spending a lot of time on the track: the
proportion of development time on a track is much higher than with a
normally-aspirated engine. For a normally-aspirated engine, the lines
and pipes have to be neat, the flow of liquids must be optimum, etc.
With a turbo engine, it just has to work! It was a question of trial
and error. | remember there was one time when we were at altitude
in Kyalami. There is less air, so the engine wouldn’t start. We just
couldn’t find the right settings to fire the engine. We had to heat
it for two or three hours before we managed to get it to start. We
came across difficulties with things that were as basic as starting
the engine!

Having said all this, | still feel a sense of failure as we never won the
world championship. The turbo experience nonetheless enabled us
to start again afterwards, with better foundations for what followed
ana, ultimately, to succeed. | have some very good memories of that
period, and the fact that we had developed this new technology in a
world like F1.

How would you compare the engine from the 1980s and the
2014 engine?

The major difference, of course, and the major technological
development on the new engine, is in the electronics. We started
developing a turbocharged engine with distributors and igniters,
which are no longer in use today. The fuel injection system had no
electronics. And in terms of design, the modern simulation tools didn’t
exist back then, nor did all the computer systems and software used
to design the engines more effectively and track their performance
more accurately. There was no telemetry, no data acquisition. For the
record, the driver could alter the booster pressure. Our “telltale” was
a dial with a needle that was stuck pointing up. So, at the end of the
day, the level of monitoring was somewhat limited.

Nowadays, engine technology is a lot more effective. We're very
close to the complex systems used in aerospace.



ANNEX 5: Q&A WITH ALAIN PROST
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Q&A WITH ALAIN PROST

“2014 is a return to an era when the driver
will need to be strategic and very calcula-
ting in how he used his racing car.”

What was the first turbo era like for the
drivers?

If you go back to the start of the 1980s, it was all about response
time: there was a lag of two to three seconds. We saw turbo engines
develop every year, there were improvements between the first turbo
engines in 1977 and those at the end, but throughout the period, the
driving style was very different. You had to find the right moment to
accelerate — and anticipate when the power would come through.
Getting the timing right depended on a lot of factors: the type of
corner, speed, grip, the type of tyres, how worn they were and how
much the turbo had been used. For the drivers, there were corners
where you definitely had to brake a bit earlier, so you could
accelerate earlier, and therefore be able to have the required power at
the right moment. That's why there could be such big gaps between
the cars, as well as drivers becoming tired towards the end of the
race. Your brain had to process things differently.

Will the use of turbocharged engines be different next year?
When you look at the extent to which cars in general, and
especially F1 cars, have developed from a technological point of view,
there is no doubt that the turbocharged engines of the future will be
very different. This is especially true because part of the power is
generated electrically. We don’t have precise information about the
response times as yet, but it will be very short compared with what
we experienced in the 1980s.

Will the drivers have to adapt their approach next year?

Probably, yes. First of all, there will be a tiny lag, in terms of response
time. | imagine it’'ll probably be very small next year, but the drivers
will nonetheless have to get used to it. But it’s not just a question of
the turbocharger: the interaction between the combustion engine and
the electric motors will also be very complex. The combustion engine
generates around 600bhp and the electric motors around 160bhp,
so power management will be much more of an issue than with the
normally-aspirated engines used currently. The engines, and all the

resulting energy use strategies, will be utilised by the engineers and
the drivers in a variety of ways. In fact, it’s a return to an era when the
driver will need to be strategic and very calculating in how he used
his racing car. Being quick will no longer be enough on its own; you’ll
need to be quick and sensitive.

Will engines become more significant again in 2014?

As soon as you freeze engine development, the chassis and
aerodynamics become more important again. In 2014, the situation
will be rebalanced. There’ll be a very interesting technical side to
the sport, where greater emphasis will be again placed on engines.
Whoever manages to get the various parts to gel most effectively
will benefit the most and innovation will stem from good working
relationships between the chassis and engine departments. And
then the engines, and all the resulting energy use strategies, will be
utilised by the engineers and the drivers in a variety of ways. In short,
there will be new strategies that will increase the importance of the
engines. On paper, it sounds perfect!

Are we about to see the start of a new era in F1?

Yes, I think so. Many people watching F1 are disappointed with the
racing and the fact there are restrictions this year, even if they are
Subjective, and the engines are all more or less the same. In the
1980s, you have to say that the turbo engine years generated interest
in F1: everyone was interested in this new technical challenge. It
was also a bit of an emotional journey, insofar as huge developments
were expected at each race.

Many people are worried about the noise of the new turbo en-
gines... what about you?

| know that it's an argument against them for some people, but | don’t
think it makes sense. You need noise, of course, but there’ll be plenty
of it. It’s true that we have had V8s, V10s and V12 engines which have
made a terrific racket; you could even tell the engine just from the
noise it made, without having to turn around. Personally speaking, |
really like the noise of the turbo engines — they’re not diesel engines,
that’s for sure! There will always be people who say that it was better
before, but the noise levels should be perfectly acceptable!



ANNEX 6: RENAULT AND AERONAUTICGS:

A LONG STORY

Aeronautics is part of Renault’s history. From 1907, Renault designed
and built aircraft engines in its plant in Billancourt for almost 40
years. And, most of all, there are numerous correlations between
aeronautics and the world of Formula 1 motor racing. The engineers
at Renault Sport F1 look to the aeronautics industry for inspiration and
a source of advanced know-how. Finally, Renault’s entire engineering
department benefits from this knowledge so that the Brand’s customers
can find some of this technical excellence in their new car when it rolls
off the assembly line.

Aeronautics and Formula 1: two centres of excellence

These two high-tech sectors strive to achieve the same standards of
excellence in terms of quality, reliability and performance. They use the
same materials and call on the same suppliers:

e lightweight and ultra-rigid carbon monocoques first appeared in
Formula 1 in the 1980s,

e both sectors use the same lightweight carbon and titanium
composites and high-characteristic aluminum and steels,

e the grease and lubricants used in F1 have some properties in
common with the products used in jumbo jets.

A full 60% of Renault Sport F1’s suppliers also work for the
aeronautics industry. Mecachrome, a leading player on the aeronautics
market, is Renault Sport F1’s main supplier. Mecachrome has been
machining certain key parts and assembling Renault’s F1 engines for
more than 30 years.

The challenges facing the two sectors are similar, right from the design
phase: reducing weight, fine-tuning the aerodynamics and ground
effects and controlling vibratory phenomena are all crucially
important considerations. It comes as no surprise that most of the
designers working in F1 today were trained in aviation schools,

including Adrian Newey, the chief technical officer at Red Bull Racing.
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The aeronautics industry and F1 both manufacture single parts one by

one, as opposed to mass production, and use sophisticated production
techniques, such as billet machining or lost wax casting for finer parts.

Renault designed and built aircraft engines for almost 40 years

Between 1907 and 1945, Renault manufactured thousands of aircraft
engines in its factory in Billancourt. Louis Renault decided to start
building aircraft engines because, at the time, Paris, and in particular
the area around Boulogne-Billancourt, was the cradle of the worldwide
aviation industry, but also because he was naturally interested in all
mechanical innovations.

In 1907, Renault released a 50 hp lightweight V8 engine that was
snapped up by several aircraft manufacturers. They included the Farman
brothers, who used the V8 powerplant to win the famous Michelin Cup,
in which the competitors tried to cover the longest possible distance on
a closed circuit. In 1910, Maurice Tabuteau won the trophy by flying 582
kilometres in 7 hours and 48 minutes at the helm of a Farman-Renault.
In September 1914, Farman-Renault aircraft were called on to observe
the movements of German troops on the ground, helping to win a crucial
victory in the Battle of the Marne, along with the famous taxis, many of
which were also made by Renault.

In 1917, Renault released the 12 FE, a 300 hp V12 engine, which
also enjoyed a long and illustrious career. Several thousand 12 FE
engines were made, in particular to equip the Breguet XIV military
reconnaissance aircraft. Once the armistice had been signed, the
surplus military engines were put to other uses, including by the
Aéropostale, which carried mail from Toulouse to Dakar, Senegal.

In the 1930s, Renault benefited from the growth in tourist aviation
and flying clubs. The company started making inverted engines and
produced the Bengali, of which the 6-cylinder version was installed in
the Caudron Simoun and the Caudron Goéland, both used by the French
air mail service (the Air Bleu airline), which operated some 10 lines out
of Paris.
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With the take-over of Caudron in 1933, Renault cornered the perfect
market for its own aircraft engines.

Caudron-Renault produced a number of particularly aerodynamic planes
for air races, including the Beaumont, Gordon-Bennett, Deutsch de la
Meurthe and Michelin (endurance) trophies. These high-speed aircraft
scored many famous victories in these prestigious competitions.

In 1933, a 170 hp version of the Bengali engine, installed in a Caudron
C-362 flown by Delmotte, set a new international speed record of 333
kph for light aircraft over a distance of 100 km. On August 10, Héléne
Boucher, set a new international speed record on aerodromes of 428
kph, which she then beat on the very next day, with a speed of 445
kph. On Christmas Day, Delmotte broke the 500 kph barrier onboard
a Caudron C-460 with a 330 hp Renault engine, becoming the fastest
terrestrial aircraft in France.

But the Second World War put an end to all these projects. The
aeronautics department was nationalized as part of two other
companies: the engines went to Snecma, while the aircraft were
taken over by SNCAN. Snecma continued to manufacture the engines
developed by Renault.

In 1997, Renault Sport founded the subsidiary SMA (Société de
Motorisations Aéronautiques) with Socata and took up a new challenge
on the back of its expert know-how in the world of F1: to build a
low-cost engine for light aircraft. After one year of research, Renault
Sport came up with a 200 kg turbocharged diesel engine, the Morane
Renault. This genuinely innovative powerplant ran on Jet A1 kerosene,
which is closer to diesel than to gasoline and much cheaper than the
AVGAS fuel generally used in light aircraft. But diesel engines are heavy
and large. It took all the talent of the engineers at Renault Sport to
devise a lightweight and compact engine that can easily be fitted under
the hood of a light aircraft. Rather than calling on new technologies,
they opted to make clever use of existing solutions, such as lightweight
aluminum alloy, they did away with 50% of the parts and used the
lubricating oil as a coolant.

The 230 hp Morane Renault engine was certified by the Federal Aviation
Administration on July 8, 2002.
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