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We

are flying above the plain of Bologna, climb up,
reduce the power to 3200 rpm and then we pull the big
red knob on the instrument panel.
Nothing happens, but the fuel pressure indicator is falling
down to zero while the engine keeps running and the rpm
slowly decreases by 100.
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> 1 The little holes made on the cowl, due to
the higher dimensions of the injectors used
for this installation
> 2 The carburettor fuel system is still in
place, and is not modified
> 3 The left-side injectors
> 4 The Aeroequipe high pressure pipe,
feeding the injectors

Suddenly the engine runs smooth, telling us that the
transition from carburettors to injection is complete. The
entire process took about 50 seconds to complete: the
time needed to empty the float chambers of the
carburettors.
From now on we will fly with a full electronic injection
powered engine, running at best,
with the highest power available
for every rpm and altitude
conditions, a perfect fuel/air ratio
and a lower fuel consumption. The
risk of ice is null and there is no
need for an airbox (with its relative
power loss due to air heating).
The original carburettor fuel
system is still in place, ready to be
activated in case of need in less
than a second.
Mr. Stefano Gamberini is the
young and smart founder and
owner of Flygas, the Italian
company that offers today the first
electronic injection system that
can be installed on any Rotax
912/914 engine without any
change to the original carburettor
fuel system. The fuel system can
now be made fault-tolerant, just
like the ignition system already is.
Different opinions have been rising
about this idea: someone consider
it a brilliant idea and is enthusiastic
about it; someone consider it quite
disconcerting and is sceptical.
The only thing we could do to get
rid of any doubt was to make a real
fly test, and we did it.
The tests have been carried out in
Ozzano Emilia (Bologna), in the
airfield “Guglielmo Zamboni”, using
the P92 aircraft of the flight school:
the first plane which has been
equipped with the Flygas electronic
injection system.
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Injection: pros and cons
Many electronic fuel injection systems for Rotax engines
have been seen around in the recent past.
Some of them have also been tested on an airplane for a
few hours, but no one really came out to the market.
The benefits of an injection system are undeniable. The
engine runs always at its best, because the injection
system directly controls many parameters and rapidly
adjusts the air/fuel ratio, depending on rpm and altitude
conditions.
This means a smooth running engine and an optimized
air/fuel ratio for every single cylinder (with a carburettor
fuel system you set the optimal air/fuel ratio on the lean
cylinder, leaving the others rich).
Obviously the benefits of an electronic fuel injection
system do not depend on environmental conditions. The
engine is running at best in Winter as in Summer time.
On the other hand we have to consider two critical points.
The first one is that the injection system requires a high
pressure fuel pump (3 bar) to work: this may be a problem
in case of crash, because it increases the risk of fire. The
second one is that the only way to make it fail-safe is to
completely duplicate it (controllers, fuel pumps, injectors):
this doubles weight, complexity and costs of the solution.
For example the full-duplicate injection system solution
adopted on the 3-cylinder MAE engine has two injectors
for every cylinder, each working at 50% of the total
capacity. In case of failure of one controller, the other
automatically sets the remaining injectors to work at
100%, avoiding any power loss. This is a quite complex
and expensive solution that works well because it was
directly conceived during the engine design phase.
Finally, we have to consider that an electronic injection
system requires an electric power source to work, while a
carburettor system does not.
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> 1 The electric injection pump is fixed under
the big compensation pipe
> 2 The double cam that operates the
selection valves which change the fuel
system in use
> 3 On the exhaust manifold you see the “K”
probe for the EGT and the Lambda probe,
used during the injection control system
setup process
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Carburettors: pros and cons
The classic carburettor fuel system is
really simple. Actual carburettors are not
different from those built several years
ago. They have been widely tested and
they are secure. Adjusting the air/fuel ratio
is a simple task that can be performed
operating on few parts (the idle jet, the jet
needle, the high speed jet).
But the air/fuel setting of a carburettor can
only be set to fit for intermediate
environmental conditions and must be
made keeping in mind the parameters of
the lean cylinder. This setting is a
compromise and is not optimal for every
running condition.
The carburettors fuel system requires a
lower fuel pressure to work (0,3 – 0,4 bar).
In case of crash a low amount of fuel can
spread over the engine, and the risk of fire
is reduced.
On the other hand carburettors are subject
to the risk of ice at certain air temperature
and humidity conditions. To eliminate this
risk you generally warm the air at the inlet
manifold of the carburettors, using an
airbox with a heat exchanger and a temperature control device or by heating the manifold itself (electrically or
by using the engine cooling fluid). This eliminates the ice, but at the same time reduces the engine power.
The air/fuel ratio is fixed, and cannot be modified during the fly to compensate the different environmental
conditions that change depending on the altitude of the aircraft. At cruising altitude the engine doesn’t run at
best, with reduced power and a higher fuel consumption.
Furthermore, if the throttle control wires of the two carburettors at each side of the engine are not perfectly
aligned, the engine starts vibrating, due to the little difference between the throttle valve openings. This
annoying effect frequently happens at cruising speed and to avoid this the only thing you can do is to
carefully adjust the throttle control wires until the problem disappears.
> 4 The red knob
with the switches
that control the
electric injection
pump and the
injection control
system
> 5 In the back, the
cranking probe
which constantly
reads the drive shaft
position
> 6 The two inlet
manifolds and,
between them, the
device with the
selection valves with
the little storage tank
at the bottom
> 7 All the
components of the
transformation kit
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The FLYGAS electronic injection system
The system we are going to test was formerly shown as a proof-of-concept in 2008. This system is very
innovative. It can be installed on a Rotax engine with the original carburettor fuel system still in place, without
modifying it and keeping it ready to be used at any time.
The injectors are placed into two specially crafted inlet manifolds, that replace the original ones, and a
patented electromechanical device automatically switches from carburettors to injectors.
Let’s see how.
A red knob is placed on the instrument
panel. When the knob is in the idle
position (towards the panel), the
carburettor fuel system is working. To
start the engine you only have to
completely push the knob towards the
panel. The engine is always started in
the carburettors configuration. Tha
change from carburettors to injectors
must be done with the engine already
running, either on ground or during
flight.
To change from carburettors to injectors
you have to pull the red knob towards
you. This acts the switches that control
the electric injection pump and the
injection control system. At the same
time a mechanic linkage closes the fuel
supply to the carburettors, opens the fuel supply to the injectors and fills a little fuel storage tank.
The fuel still remaining in the float bowl of the carburettors rapidly exhausts, while the injection control system
continuously monitors rpm and MAP values and keeps rpm steady at 3200 until the float bowl of the
carburettors become almost completely empty (a little stopper under the floats prevents them to reach the
bottom, speeding up the replenishment of the bowls during the change back from injection to carburettors).
When the change process is complete a green tell-tale on the instrument panel turns on, telling us that from
now on the electronic injection fuel system is working.
To change back from injectors to carburettors you use the same red knob, pulling it towards the panel. This
closes the fuel supply to the injectors, de-activates the electric pump and the electronic injection control
system and opens back the fuel supply to the carburettors.
The change is very quick, because when the fuel supply to the carburettors opens, the fuel contained in the
little storage tank rapidly fills the bowls of the carburettors, even when the engine is running at idle speed.
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You can fly all the time with the injection system and choose to
change back to carburettors only during landing (just like we did
during our test). The fuel system pressure is lower in this
configuration and the risk of fuel spread in case of crash is
reduced.
The big compensation pipe that connects the two inlet manifolds,
with the MAP probe installed on it has been designed to make
the carburettor fuel system run smooth, even in extreme
conditions (e.g. when one inlet manifold breaks or cracks).
Another interesting characteristic of this system is that it makes
available an emergency fuel supply that can be immediately and
safely used by the pilot. All you need to do for this to work is to
set the fuel socket of the injection system a little bit higher than
the carburettor’s one on the fuel tank or, on the other hand,
connect the fuel socket for the carburettor system to a collector
tank.
In case of fuel run-out you can push the red knob completely,
switch the fuel system from injection to carburettors, and you will
immediately have an extra fuel quantity available.
The total weight of the “Safe Fly” kit is about 3 kg.
The version used for this test flight uses a kind of injectors fit for
“open-air” installations, just like in gyroplanes. The kind of
injectors fit for “close-case” installations are slightly smaller, and
they don’t require any hole on the aircraft cowl.

> 1 The test flight was carried out at “Guglielmo Zamboni” airfield of Ozzano (Bologna – Italy)
> 2 The P92 at takeoff, with the carburettor fuel system working
> 3 During the flight we pull the red knob. After 50 seconds the green tell-tale turns on, telling us that the
change process is complete
> 4 As soon as the change process starts, the carburettor fuel pressure indicator goes down to zero
> 5 Flying with the injection fuel system: the two EGT show almost identical values
> 6 Gently climbing, we prepare to switch to carburettors
> 7 The red knob is completely pushed. In a few seconds the green tell-tale light of the electronic
injection system will turn off
> 8 In less than a second the carburettor fuel pressure indicator turns back to its normal value
> 9 Flying with the carburettor fuel system: the two EGT show a noticeable difference between their
values
www.aviazionesportiva.it
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Test-flying the system
We used the Rotax 912 80 hp powered P92 of the flight school of Ozzano airfield to test the FLYGAS
electronic injection system.
The
only
visible
differences are the red
knob on the instrument
panel and the holes on
the aircraft cowl, due to
the kind of injectors
used.
Opening the cowl you
see the inlet manifolds
joined
by
the
compensation pipe, the
injectors and the electric
pump temporarily fixed
on the compensation
pipe.
The pipes and the
connecting blocks used
for the injection fuel
system
are
highpressure
Aeroequipe
aeronautical
devices.
The switching device with the fuel valves and the little storage tank is fixed on the firewall fitting and is
operated via a double cam by the knob on the instrument panel.
The electronic control system is placed on the left side of the cockpit, behind the firewall fitting.
Over the instrument panel we also find a digital measuring instrument that shows injection parameters, rpm,
and EGT values. The Lambda probe was installed only for fine-tuning and setup purposes.
The entire system can be easily visually-checked. No relevant change can be seen on the original carburettor
fuel system.
We start the engine by turning the breakers on and simply pushing the red knob on the instrument panel.
We wait for the engine to reach its operating condition and then take off with the carburettors. We will change
to injection during the flight.
We climb up, stabilize and verify the engine’s parameters.
Then we set the engine speed to 3200 rpm and pull the red knob completely.
The rpm decreases a little, while the fuel pressure indicator immediately goes down to zero (the first time you
see it, it really scares you !) but the engine keeps running without any problem.
After some time the engine starts running smoother. This tells us that the electronic injection system is now
working, even if the green tell-tale light turns on only a few seconds later: the time taken by the electronic
control system to verify that all parameters are ok.
Flying with the injection fuel system is very nice: the engine runs smooth, without any problem at every
speed. The two EGT values (formerly quite different each other) are now almost identical, telling us that the
air/fuel ratio on each cylinder is now optimized.
The MAP value is lower, telling us that also the combustion process is now optimized.
The carburettor fuel pressure indicator keeps reading zero, but this value has no sense when you fly with the
injection fuel system, so we don’t look at it any more….
Before landing we change back to carburettors.
We completely push the red knob. In about half a second the carburettor fuel pressure indicator turns back in
the green zone and the engine turns back to run with the carburettors without any problem.
The filling of the carburettor bowls is quite immediate and the optimal calculation of the fuel contained in the
little storage tank that fills the bowls doesn’t significantly increase the fuel pressure inside them, during the
filling process.
We land and taxi to the parking area and then we change back to injectors in about 50 seconds.
We set the engine at idle power for a few seconds and then we change again to carburettors.
The change happens quickly without any problem even with the engine idle. Stefano Gamberini and
Graziano Maiani did a very good job in the system setup
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The last test is quite
incredible. The goal of this
test is to verify the correct
sizing of the compensating
pipe.
We lock the aircraft wheels,
start the engine with the
carburettors fuel system on
and increase the speed up to
4000 rpm. Then we manually
close
the
right
side
carburettor.
The
only
appreciable effect is a loss in
speed, while the engine still
keeps running with only one
carburettor working, without
any appreciable malfunction.

Conclusions
The “Safe Fly” electronic injection system worked perfectly either on ground and during our test fly.
Transitions from carburettors to injection and vice versa are very smooth.
A redundant fuel system is a new development in the Rotax engine arena. It is a brilliant idea and the
technical solutions used to realize it are very innovative.
The “all-in-one” activation knob is very simple to operate.
The pros of an electronic injection fuel system are undeniable. The engine works at its best and fuel
consumption seem to be reduced, even if we have to wait for the end of the long-term test, before telling
more about efficiency and consumptions.
Reliability doesn’t seem to be a problem because the kit is made up with a few wide tested components and
because no modification has been made to the original Rotax carburettor fuel system.
The
compensation
pipe
connecting the two inlet
manifolds makes the engine
run smoother also when
carburettors are used.
The adoption of this system
remains a pilot’s personal
choice,
even
if
the
undeniable advantages of an
electronic
injection
fuel
system may in the near
future drive some aircraft
builder to directly offer it to
customers, as an option.
This choice is offered to the
end user at a price of 3.600
Euros (VAT not included).
This price seems to be
adequate to the quality of the
components used and of the
system itself.
> 1 The carburettor system is used only during takeoff and landing.
> 2. Running with the carburettor fuel system: the right-side carburettor intake is completely closed. The
engine speed slows down but the engine doesn’t stop due to the compensating pipe between the two inlet
manifolds.
> 3 Graziano Maiani and Stefano Gamberini, standing near the first “Fly Safe” equipped Rotax engine
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