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Ideas in Motion Control for Machine Builders and Users

Hydraulic motion control puts Formula 1
performance on a whole new track

IN THIS ARTICLE
« 2014 F1 regulations mandate quieter, lower revving cars

« Traditional hydraulic technology plays an important new role in today’s F1
designs

*  Motorsport hydraulic motion control technology finds applications in
robotics and industry

Fans attending the US Grand Prix in Austin on November 2nd, 2014, witnessed a
completely new breed of Formula 1 car. Their first impression might have been
the unfamiliar sound of quieter lower-revving cars, which has caused much
controversy amongst ‘die-hard’ F1 fans.

While appearing superficially similar (apart from the oddly shaped energy-
absorbing crash structure at the front of the car), this year’s F1 cars are
dramatically different under the skin. This is due to evolving technical regulations
that encourage F1 designers to focus on new technologies that are more relevant
to road cars—including techniques to improve fuel efficiency.

The concept of a F1 car showcasing ‘green’ technology may seem contradictory.
However, the goal of extracting the maximum useful energy from each pound of
fuel is exactly the same for both road and race car engineers. Crucial to the new
F1 rules is the fixed allowance of 100 kg (221 Ib) of fuel with which the car must
complete the race, forcing the designers to make difficult compromises between
speed and range.

Updated regulations for 2014

Formula 1 cars have used hybrid technology for a few years now, but under the 2014
regulations, energy recovery and storage has taken on a much greater significance.
This year the power level of the electric part of the drive train has been increased to 120
kW (160 hp) and the rules permit it to be deployed for longer periods.
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Also the gasoline engine format is completely new: a small turbocharged V6 engine of
just 1.6 litres (98 cu in).

By US standards, the capacity of the engine may be small, but the power is dramatically
augmented by a sophisticated ‘compound’ turbocharger. This device is the underlying
cause of the new quieter ‘soundtrack’ accompanying the race. The turbine part of the
turbo captures exhaust energy of the engine which would otherwise be wasted as heat
and sound, and stores it as electrical energy. When extra power is required, the motor-
generator powers the compressor to allow an increased mass of fuel/air mixture to be
supplied to the engine. Since this approach allows the compressor to be driven
independently of the engine, turbo-lag is largely eliminated.

State-of-the-art hydraulics in F1

It may seem surprising that such a traditional technology as hydraulics, which has been
around for a couple of thousand years, plays such an important role in modern racing
cars. However, this is driven by the need for an increasing number of automated
actuation systems on the car to assist the driver. On a typical contemporary F1 car there
are around ten hydraulic actuators controlling various automated systems, shown in
Figure 1.
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Figure 1: Nine Moog hydraulic systems on each F1 car

The crucial advantage of hydraulics in motorsport applications is the ‘power density’ of
the technology; (i.e., the ability of very small light actuation devices to deliver extremely
high power levels).
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A good illustration of this ‘power dense’ technology the Moog E024 Series Miniature
Servo Valve, which is crucial in converting signals from the car’s Electronic Control Unit
(ECU ) into the hydraulic flow providing the motive force of the actuators. This tiny
device weighs just 92 g (3 0z) and can control up to 2.8 kW of hydraulic power from a
10 mA electrical signal.

Figure 2: Moog 24 Series Servo Valve illustrates degree of miniaturization required by F1

Around a decade ago, Moog engineers decided to develop a dedicated range of
miniature hydraulics components specifically for motorsport. These were derived from
their established technology used in aerospace flight control systems, but were even
smaller and lighter. Two examples used in contemporary Formula 1 cars are shown.
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Figure 3: Pictured left: Moog E085 actuator used on throttle and turbocharger.
Pictured right: Two ancillary Moog products — A hydraulic cylinder
and power steering valve weighing 65 g and 35 respectively.

Motorsport hydraulics in other industries

The miniature hydraulics technology developed for motorsport is generally smaller and
lighter than necessary even for niche aerospace applications such as fighter aircraft
controls. However there are a couple of engineering segments which have similar
requirements to Formula 1, namely autonomous robotics and oil & gas downhole
equipment.

Surprisingly the working environment in downhole oil & gas applications mirrors that of
motorsport very closely. Specifically, both feature high temperatures, high vibration,
limited space and the need for extremely high reliability. An example of an oil & gas
application of motorsport servovalves is the ‘Badger Explorer,” a self-propelled
burrowing exploration tool used for underground surveying.

Autonomous robots have to carry their sources of motive power and propulsion, so the
size, weight and efficiency of these components is paramount. This is particularly
important for humanoid and quadruped robots such as the Italian Institute of
Technology’s robot that utilizes motorsport control valves for leg actuation.
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Figure 4: Autonomous hydraulic robots have similar design requirements to F1.
Source: Istituto Italiano di Tecnologia www.iit.it

The future of hydraulics in motorsport

For a glimpse into the future of hydraulic technology in motorsport, let's examine some
examples of completely new systems on this year’s cars:

* Brake pressure limiting: Because the kinetic energy recovery system can generate
so much braking torque on the rear wheels, it's necessary to ‘back-off ‘ the
conventional brakes or a ‘lock-up’ will result. This functionality is generally achieved
with a Moog Servo Valve-based system using a similar approach to that on aircraft
that incorporates a back-up system to allow reversion to purely mechanical braking in
the event of a problem.

* Turbocharger waste-gate control: The requirement for the rapid opening of the
waste-gate led designers to adopt the hydraulic actuation similar to that previously
used in rally cars rather than conventional pneumatic systems.

* Hydraulic fluid being ‘stiffer’ and less compressible than pneumatics is able to react
more quickly to fast step commands in position and achieve much higher levels of
accuracy and repeatability.
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Looking to the future, motorsport regulators are shaping rules which will continue to
push the boundaries of energy efficiency and encourage ever more creative concepts
and unconventional technologies. Inevitably this will lead to requirements for an
increasing number of automated control systems on each race car and new challenges
for the design engineers.

The fans may not appreciate the new quieter F1 cars making their first appearance at
Austin, but they can be certain that both the racing and the pace of technological
development will be as fast and unpredictable as it always has been.
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