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Description

TECHNICAL FIELD

[0001] The present invention relates to an electronic
flight control system for an aircraft capable of hovering,
in particular a helicopter equipped with a main rotor and
a tail rotor, to which the present invention refers purely
by way of example.

BACKGROUND ART

[0002] Helicopters are known comprising a main rotor
and a tail rotor connected to each other and rotated by
one or more engines.
[0003] When powered, the main and tail rotors operate
in substantially three ranges : a normal (steady) operat-
ing range, in which rotor speed (rpm) normally ranges
between 96% and 102% of a given nominal speed; a
lower operating range, in which rotor speed normally
ranges between 90% and 96%; and an upper operating
range, in which rotor speed normally ranges between
102% and 106%. These rotation speeds are obviously
only indicative, in that different helicopters have different
percentage operating ranges.
[0004] Automatic systems are known, as described,
for example, in WO 2008/48245, for reducing the noise
generated by helicopters, by reducing main and tail rotor
speed. The noise generated by the rotors increases rap-
idly alongside an increase in speed (rpm), and automatic
systems operate on the basis of parameters, such as
flight altitude and speed and air temperature, to assist
the pilot in adjusting rotor speed to achieve a desired
low-noise level.

OBJECT AND SUMMARY OF THE INVENTION

[0005] The Applicant has observed that, to ensure safe
flight, automatic electronic flight control systems have to
process a considerable amount of data. In given envi-
ronmental and/or flight attitude conditions, switching from
low to high rotor speed may result in loss of control of,
or damage to, the helicopter, and the reverse is also
equally critical. Reducing rotor speed in unsuitable flight
conditions may result in unrecoverable loss of control of
the helicopter. Operationwise, electronic flight control
systems are also fairly rigid, by simply automatically con-
trolling high to low or low to high speed switching of the
main and tail rotors on the basis of one or more types of
flight information, and are unsuitable for missions calling
for maximum automatic flight control even in critical con-
ditions. Such systems, in fact, are limited to simply dis-
abling automatic switching from high-noise (high-rotor-
speed) mode to low-noise (low-rotor-speed) mode, and
vice versa, unless certain conditions are complied with.
[0006] The scope for personalized missions and auto-
matic flight control in critical conditions is therefore fairly
limited, and mission profiles cannot be defined and au-

tomated both efficiently and safely.
[0007] The Applicant has therefore devised an elec-
tronic flight control system, which provides for automat-
ically controlling the speed of one or more rotors of an
aircraft safely, and in a highly flexible, mission-adaptable
manner.
[0008] It is an object of the present invention to provide
an electronic flight control system, for an aircraft capable
of hovering, designed to eliminate the aforementioned
drawbacks of the known art.
[0009] According to the present invention, there are
provided an electronic flight control system for an aircraft
capable of hovering; an aircraft equipped with such an
electronic flight control system; and software for an elec-
tronic flight control system for an aircraft capable of hov-
ering, as defined in the accompanying Claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010]

Figure 1 shows a block diagram of one embodiment
of a flight control system in accordance with the
present invention;
Figure 2 shows graphically the performance relation-
ship of different rotor speed control modes in accord-
ance with one embodiment of the present invention;
Figure 3 shows a state diagram illustrating transi-
tions between different flight control modes in ac-
cordance with one embodiment of the present inven-
tion;
Figure 4 shows a state diagram illustrating transi-
tions between different flight control modes in ac-
cordance with a further embodiment of the present
invention;
Figure 5 shows, in table form, a database containing
rotor speeds alongside variations in density altitude
and flying speed in an automatic low-noise flight con-
trol mode;
Figure 6 shows, in table form, a database containing
rotor speeds alongside variations in density altitude
and flying speed in an automatic high-performance
flight control mode;
Figure 7 shows a helicopter equipped with the Figure
1 flight control system.

DETAILED DESCRIPTION OF PREFERRED EMBOD-
IMENTS OF THE INVENTION

[0011] The present invention will be described in detail
with reference to the attached drawings, to enable an
expert to produce and use it.
[0012] Figure 1 shows a block diagram of a flight con-
trol system 1 in accordance with one embodiment of the
present invention. Flight control system 1 is installed on
a helicopter 100 (Figure 7) and, among other things, pro-
vides for controlling one or more- engines 101 of helicop-
ter 100, which in turn control the speed of a main rotor
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102 and a tail rotor 104 of helicopter 100.
[0013] Flight control system 1 comprises a pilot control
block 2, which forms an interface between the pilot (not
shown) and flight control system 1 as a whole, and allows
the pilot to activate a manual control mode by activating
a manual control block 4, or an automatic control mode
by activating an automatic control block 6.
[0014] Flight control system 1 comprises a known en-
gine control or FADEC (Full Authority Digital Engine Con-
trol) block 8, which normally comprises an EEC (Elec-
tronic Engine Controller) or an ECU (Engine Control
Unit). FADEC 8 controls all the performance aspects of
the engine 101 of helicopter 100, to which the flight con-
trol system 1 belongs. More specifically, performance of
engine 101 is controlled by means of an engine control
block 10 connected to FADEC 8 and which forms an in-
terface between FADEC 8 and engine 101.
[0015] When activated, manual control block 4 forms
a dialog interface to ensure the pilot-entered commands
are received correctly by FADEC 8, which accordingly
controls operation (speed, power, etc.) of the engines by
means of engine control block 10.
[0016] When manual control block 4 is activated, au-
tomatic control block 6 is disabled, and the pilot has full
control of helicopter 100.
[0017] When the pilot commands pilot control block 2
to activate automatic control block 6, manual control
block 4 is disabled, and FADEC 8 receives commands
generated automatically by a speed control block 12,
which comprises one or more memories 14 storing data
by which speed control block 12 identifies the commands
(typically relating to the desired speed of rotors 102, 104)
to be sent to FADEC 8. The data stored in memory/mem-
ories 14 may be organized in databases (e.g. as de-
scribed below with reference to Figures 5 and 6) stored
in memory/memories 14. Speed control block 12 is con-
nected to a flight parameter control block 16, in turn con-
nected to a number of sensors 17, which supply flight
parameter control block 16 with environment data (e.g.
altitude, ground distance, ambient temperature, atmos-
pheric pressure); data relative to the flying conditions of
helicopter 100 (e.g. performance, flying speed and direc-
tion, fuel flow); and data relative to the load and/or weight
condition of helicopter 100; or, furthermore, the exhaust
gas temperature.
[0018] More specifically, sensors 17 comprise an en-
vironment sensor block 18 for acquiring external data,
such as air temperature and/or atmospheric pressure
and/or weather conditions and/or wind force and direction
and/or pressure altitude (PA), etc.; a weight sensor 20
for measuring the weight of helicopter 100 (e.g. by meas-
uring the weight on the wheels or skids of helicopter 100
on the ground); an orientation sensor 22 (e.g. a GPS
receiver and/or gyrocompass) for indicating orientation
and heading; an altimeter 24 for determining the height
above ground level of the helicopter; one or more blade
rotation speed sensors 26 for determining the speed of
main rotor 102 and/or tail rotor 104; and one or more

collective position sensors 28 for communicating any
power demand to the engines. The helicopter may, of
course, be equipped with other sensors.
[0019] Density altitude may also be derived in known
manner.
[0020] In one embodiment, weight sensor 20 is also
advantageously designed to indicate the actual in-flight
weight of helicopter 100, e.g. to indicate a reduction in
the in-flight weight of helicopter 100 due to fuel consump-
tion, or an increase in the weight of helicopter 100 caused
by loading people and/or freight onto helicopter 100 in
flight, e.g. using a winch (not shown). Accordingly, weight
sensor 20 is connected to a fuel level sensor (not shown),
from which it acquires a residual fuel level and relates or
converts the residual fuel level to the weight of fuel con-
sumed (or, under reckoning, it acquires the weight loss
due to fuel consumption). Weight sensor 20 is also con-
nected to a further weight sensor (not shown) connected
to the winch used to load people or freight onto helicopter
100, to acquire the weight of the people and/or freight
loaded. In the absence of a sensor connected to the
winch, the pilot may manually enter the weight, or esti-
mated weight, of people and/or freight loaded onto heli-
copter 100.
[0021] Flight parameter control block 16 is also con-
nected optionally to on-board instruments 38 (e.g. one
or more videos) to provide the pilot with a graphic display
of the data acquired by the above sensors.
[0022] Flight control system 1 also comprises a per-
formance block 40 for collecting data relative to the per-
formance (i.e. in-flight physical response) of the helicop-
ter, and which is connected to engine control block 10,
flight parameter control block 16, and by the latter to
speed control block 12. Speed control block 12 is also
connected to performance block 40 by an autopilot de-
vice 42 and a flight control block 44.
[0023] An increase in the speed of rotors 102, 104 by
speed control block 12 produces a change in the flying
direction and/or speed and/or altitude of helicopter 100.
When hovering, for example, autopilot device 42, flight
control block 44, and performance block 40 act synergi-
cally to maintain the flying direction and, if not changed
by the pilot, also speed or altitude. Being known, opera-
tion of performance block 40, autopilot device 42, and
flight control block 44 is not described in detail. Finally,
performance block 40 is connected to and supplied by
flight parameter control block 16 with helicopter perform-
ance information recorded and/or measured by sensors
17.
[0024] Flight control system 1 also comprises a first
and second control interface block 46, 48 connecting
speed control block 12 to FADEC 8. The first control in-
terface block 46 is supplied by FADEC 8 with information
about the current operating state of engine 101 (e.g. en-
gine speed, control speed of rotors 102, 104, etc.) and
supplies this information to speed control block 12. In
turn, speed control block 12, on the basis of information
from environment sensor block 18, weight sensor 20, ori-
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entation sensor 22, altimeter 24, blade rotation speed
sensors 26, collective position sensors 28, and first con-
trol interface block 46, and the helicopter performance
information from performance block 40, communicates
with FADEC 8 via second control interface block 48. More
specifically, speed control block 12 communicates with
FADEC 8 to set the rotation speed of main rotor 102 and
tail rotor 104. The FADEC 8, in turn, transmits the rotation
speed to engine control block 10 which, via engine 101,
rotates main rotor 102 and tail rotor 104 at the speed
demanded by speed control block 12.
[0025] More specifically, speed control block 12 is sup-
plied by flight parameter control block 16 with the infor-
mation acquired by sensors 17, and accordingly com-
mands second control interface block 48 to increase or
reduce the speed of rotors 102, 104. Speed control block
12 also supplies autopilot device 42 with the information
relative to the command to increase or reduce the speed
of rotors 102, 104, so that autopilot device 42, via flight
control block 44 and on the basis of the current helicopter
performance information from performance block 40,
controls the performance of helicopter 100 to keep the
flying direction unchanged. Before takeoff or in flight, the
pilot of helicopter 100 can select, by means of pilot control
block 2, the flight characteristics best suited to the intend-
ed mission profile. For example, the pilot may select a
flight that minimizes noise level and/or fuel consumption
at the expense of performance, or maximizes flying pow-
er and speed at the expense of noise level and fuel con-
sumption. Depending on the selection made by the pilot,
speed control block 12 automatically controls engine 101
accordingly (to increase or reduce the speed of main rotor
102 and/or tail rotor 104), thus relieving the pilot of the
responsibility of making critical decisions in terms of safe-
ty.
[0026] For example, by activating automatic control
block 6, the pilot may choose between two modes : one
mainly designed to privilege performance of helicopter
100 over low noise and/or fuel consumption, and the oth-
er designed to privilege low noise and fuel saving. High
performance normally corresponds to high speed of ro-
tors 102, 104 of helicopter 100, whereas minimum noise
and fuel saving are achieved by reducing the speed of
rotors 102, 104 compatibly with the environmental con-
ditions and current weight of helicopter 100 (depending
on the load at takeoff). Once the flight mode is selected,
flight control system 1 automatically adapts speed control
of main rotor 102 and tail rotor 104 to comply as closely
as possible with pilot demand.
[0027] This not only has advantages during normal in-
flight operation of helicopter 100, but also provides for
more effective emergency control. For example, in bad
weather conditions, the pilot is continually assisted by
flight control system 1 automatically adjusting the speed
of rotors 102, 104 (e.g. by increasing speed automatically
in bad weather conditions or at particularly high altitude),
thus improving safety.
[0028] Pilot control block 2 advantageously provides

for selecting at least four operating modes : two manual
and two automatic. The two automatic modes comprise
a first high-performance automatic mode, and a second
low-performance automatic mode for minimizing noise,
fuel consumption, and pollutant emissions.
[0029] More specifically, the first automatic mode is
used to reduce fatigue stress and increase the flight en-
velope. The flight envelope is defined on the basis of the
basic performance of helicopter 100, in particular indi-
cated flying speed, whose calibration is known, but also
on the basis of environmental conditions, such as pres-
sure altitude and external air temperature.
[0030] The two manual modes comprise a first and
second manual mode.
[0031] In first manual mode, rotor speed, unless al-
tered by the pilot, is fixed at a percentage value of, say,
100% of the given nominal speed.
[0032] In second manual mode, rotor speed, again un-
less altered by the pilot, is fixed at a percentage value
of, say, 102%.
[0033] In this context, manual operating modes are in-
tended to mean operating modes in which, within the
whole flight envelope, the speeds of main and tail rotors
102, 104 are maintained constant (100% or 102%) by
FADEC 8, regardless of flight parameters (temperature,
flying speed, atmospheric pressure, helicopter weight,
pressure altitude, density altitude, etc.). The operating
range and torque range of engine 101 are controlled by
the pilot, who is expected to operate as defined in the
reference flight manual of helicopter 100, if the above
ranges are exceeded.
[0034] Automatic operating modes, on the other hand,
are intended to mean modes in which the speed of main
rotor 102 and tail rotor 104 is subject to control laws
(stored in memory 14 of speed control block 12) which,
throughout the flight, define the optimum speed on the
basis of the flight parameters from flight parameter block
16. When first or second automatic mode is activated,
the speed (revolutions per minute - rpm) of rotors 102,
104 varies, as opposed to being constant.
[0035] Depending on the mode (first or second auto-
matic mode) selected by the pilot, automatic control block
6 commands speed control block 12 to send FADEC 8
a rotor 102, 104 rpm value consistent with the mode se-
lected (roughly speaking, a high rotor rpm in first mode,
and a low rotor rpm in second mode).
[0036] Speed control block 12 transmits the required
rpm of rotors 102, 104 via second control interface block
48 to FADEC 8, which interprets the rpm request and
commands engine control block 10 accordingly to control
engine 101 to achieve the required speed of rotors 102,
104. For safety reasons, the pilot can always intervene
manually by activating manual control block 4 to override
automatic control block 6.
[0037] For safety reasons, first and second automatic
mode are preferably only activatable when helicopter 100
is on the ground (this can be determined, for example,
on the basis of the weight recorded by weight sensor 20),
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and if, after startup, motor 101 driving main rotor 102 and
tail rotor 104 operates within the normal envelope (100%
o 102%). The pilot, however, may still select any mode,
even in flight.
[0038] The Figure 2 diagram shows the relationship
between the first automatic mode, second automatic
mode, and manual modes in terms of performance and
rotor speed control limitations.
[0039] The high-performance first automatic mode for
achieving the maximum possible flight envelope is rep-
resented by area 50. The manual modes, which are sub-
ject to limitations, such as maximum take-off weight, are
represented jointly by area 52 contained entirely within
area 50.
[0040] The low-performance, low-consumption, low-
noise second automatic mode is represented by area 54
contained entirely within area 52. The second automatic
mode, in fact, has additional limitations with respect to
the manual modes, e.g. additional take-off weight limita-
tions, and maximum rotor and flying speed limitations.
[0041] Figure 3 shows a state diagram illustrating
switching between the two automatic modes and the two
manual modes defined above, in one embodiment of the
present invention. In the Figure 3 example, switching be-
tween states is governed by conditions designed to en-
sure maximum flying safety, which means not all the state
transitions, only transitions from low-performance states
to high-performance states are permitted. As stated, the
pilot, if necessary, may obviously override the automatic
flight control system and force switching from any one to
any other of the states in Figure 3.
[0042] Before starting engine 101, or at any rate before
takeoff, the pilot, depending on the planned mission, may
select any one of : first automatic mode (state A1), sec-
ond automatic mode (state A2), first manual mode (state
M1), and second manual mode (state M2). Once the
choice is made, helicopter 100 remains in state A1 or A2
or M1 or M2 after takeoff, pending a further command
from the pilot.
[0043] As stated, state A2 is limited in terms of maxi-
mum performance (here, intended to mean maximum
rpm of rotors 102, 104) to privilege low noise and con-
sumption, and any change in the speed of rotors 102,
104 is transparent to the pilot. More specifically, in the
case of steady straight horizontal flight, or when hovering,
an automatic change in the speed of rotors 102, 104
caused by environmental factors produces no change in
flying performance or direction, in that autopilot device
42 is activated and takes care of maintaining a stable
trajectory.
[0044] State A2 being a low-performance state, it can
always be exited to switch to another, higher-perform-
ance, automatic state, or to a manual state, without in-
curring any safety problems. Depending on pilot choice,
therefore, state A2 can switch to any one of states A1,
M1, M2.
[0045] In state A1, maximum performance (again in-
tended to mean maximum rpm of rotors 102, 104) is not

limited, and speed, response, and power are privileged
at the expense of low noise and consumption. Being A1
an automatic state, any change in the speed of rotors
102, 104 is transparent to the pilot; and autopilot device
42 is active throughout state A1, and maintains a stable
trajectory regardless of a change in the speed of rotors
102, 104.
[0046] State A1 being a maximum-flight-envelope
state, it cannot be exited, on account of the other states
A2, M1, M2 failing to ensure the same performance and,
hence, flight safety, guaranteed by state A1.
[0047] In first manual mode M1, the speed of rotors
102, 104 is set to a predetermined value, e.g. 100%, as
specified in the reference flight manual (RFM). At the
pilot’s discretion, however, the predetermined value can
be changed, and the pilot has full control of helicopter
100. Unless commanded by the pilot, the speed of rotors
102, 104 is not changed automatically alongside a
change in environmental conditions and/or the weight of
helicopter 100, and remains fixed at the predetermined
or pilot-set value.
[0048] In second manual mode M2, the speed of rotors
102, 104 is set to a predetermined value higher than that
of first manual mode M1, e.g. 102%, as specified in the
reference flight manual (RFM). Second manual mode M2
is suitable, for example, when taking off or landing in
confined spaces calling for intricate manoeuvring by the
pilot. In this case, too, the predetermined rotor speed can
be changed at the pilot’s discretion, and, unless com-
manded by the pilot, the speed of rotors 102, 104 remains
fixed.
[0049] State M1 can be switched by the pilot to state
A1 or M2. And state M2 can be exited by the pilot, but,
in the embodiment shown, can only be switched to state
A1, on account of the other states failing to ensure the
same, or superior, performance as state M2.
[0050] Figure 4 shows a state diagram similar to the
one in Figure 3, relative to a further embodiment of the
present invention, and in which the same states are in-
dicated using the same references, with no further de-
scription. Unlike the one in Figure 3, the Figure 4 state
diagram provides for two-way switching to and from any
of states A1, A2, M1, M2. Switching from a high-perform-
ance state (e.g. A1) to a low-performance state (e.g. A2),
however, is subject to one or more conditions, and only
if these conditions are met does flight control system 1
permit high- to low-performance state transitions. If even
only one of the conditions is not met, high- to low-per-
formance state switching is not authorized, and the high-
performance state is maintained.
[0051] More specifically, because it involves reducing
the speed of rotors 102, 104, switching from one of states
A1, M1, M2 to state A2 depends on the weight of heli-
copter 100 (recorded, as stated, by weight sensor 20 and
updated in flight on the basis of fuel consumption and
loads acquired or lost in flight), which must be below a
given predetermined threshold and evaluated in relation
to flying speed and altitude.

7 8 



EP 2 440 984 B1

6

5

10

15

20

25

30

35

40

45

50

55

[0052] Switching from high-performance state A1 to
state M1 or M2 is permitted unconditionally, if it does not
involve reducing the speed of rotors 102, 104. Converse-
ly, it is subject to evaluating the total weight of helicopter
100, as when switching from one of states A1, M1, M2
to state A2.
[0053] Being manual states, in which the pilot has full
control of helicopter 100, switching from state M2 to state
M1 may be permitted by simply-determining the pilot’s
actual intention to make the switch. Alternatively, or in
addition, the weight of helicopter 100 may also be
checked, and the switch permitted only if the weight is
below a predetermined threshold.
[0054] In a further embodiment (not shown), switching
from high-performance states to lower-performance
states is permitted regardless of specific conditions (e.g.
the weight of helicopter 100) being complied with, though
provision may advantageously be made for a pilot warn-
ing alerting the pilot to the fact that certain conditions are
not met, and leaving it up to the pilot to decide whether
or not to switch states.
[0055] The flight envelope permitted in states A1 and
A2 (first and second automatic mode) is divided into op-
erating zones, each of which, depending on the mode
selected, is associated with a given speed of rotors 102,
104.
[0056] The operating zones are stored, for example,
in a database in turn stored in memories 14 of speed
control block 12. For each automatic mode (states A1
and A2 in Figures 3 and 4), each storage location of the
respective database is unequivocally addressed on the
basis of the value assumed by one or more of the pa-
rameters considered, e.g. flying speed and altitude, and
evaluated jointly.
[0057] Figure 5 shows, in table form, a database con-
taining rotor speed values alongside variations in altitude,
here intended as density altitude, (vertical axis), and fly-
ing speed (horizontal axis). More specifically, the Figure
5 table relates to operation of rotors 102, 104 in second
automatic mode (state A2 in Figures 3 and 4) to privilege
low noise and minimum fuel consumption.
[0058] Each operating zone indicated by a flying speed
range and by a density altitude range (i.e. each box in
the table) corresponds to a given speed of rotors 102,
104.
[0059] As shown in Figure 5, at flying speeds between
a minimum value Tmin_s of, say, 0 km/h, and a first value
T1_s of, say, 93 km/h, and at density altitudes between
a minimum value Hmin_s of, say, roughly -2000 m, and a
first value H1_s of, say, roughly 5000 m, rotors 102, 104
are driven at 94% speed. Maintaining flying speed be-
tween Tmin_s and T1_s, but increasing density altitude
above first value H1_s (but still within a maximum permit-
ted altitude Hmax_s of, say, roughly 6000 m), rotors 102,
104 are driven at a higher speed of 106%. This is nec-
essary for safety reasons, in that, for a given control mar-
gin, the relatively low flying speed and the rarefied air at
high altitudes call for an increase in the speed of rotors

102, 104 to sustain helicopter 100 in flight. As shown in
Figure 5, at higher flying speeds between first value T1_s
and a second value T2_s of, say, 200 km/h, and at the
same density altitude as before, rotors 102, 104 can be
driven at lower speed. That is, at flying speeds between
T1_s and T2_s, and at a density altitude between Hmin_s
and H1_s, rotors 102, 104 are driven at 92% speed; and,
maintaining flying speed within the above range, and in-
creasing density altitude to between first value H1_s and
maximum value Hmax_s, rotors 102, 104 are driven at
95% speed.
[0060] An increase in flying speed above T2_s calls for
a corresponding increase in the speed of rotors 102. 104.
At low density altitudes between minimum value Hmin_s
and an intermediate value H2_s of, say, 2800m, and at
flying speeds between second value T2_s and a third val-
ue T3_s of, say, 260 km/h, rotors 102, 104 are driven at
96% speed. At the same density altitude, but at higher
flying speeds up to a maximum value Tmax_s of, say, 310
km/h, rotors 102, 104 are driven at 100% speed. At high
flying speeds (above second value T2_s) and high density
altitudes (above intermediate value H2_s), rotors 102, 104
are driven at maximum speed - 106% in the example
described.
[0061] Noise and fuel consumption can thus be mini-
mized at low flying speeds and altitude, while at the same
time guaranteeing safety and power (when needed) to
reach high flying speeds and altitude.
[0062] As shown in Figure 5 and the above description,
the change in the speed of rotors 102, 104 alongside
changes in density altitude and/or flying speed is made
discretely, in predetermined steps, as opposed to con-
tinuously.
[0063] Obviously, switching from one speed of rotors
102, 104 to another includes a transition stage, in which
speed increases or decreases gradually to the target val-
ue in a stair-step profile, and in which the size of the steps
ranges between 1% and 10% of the start and target
speed range.
[0064] In one embodiment of the present invention, a
change in the speed of rotors 102, 104 may be command-
ed on the basis of parameters in addition to flying speed
and density altitude, and also on the basis of environ-
mental conditions.
[0065] In another embodiment of the present invention,
a change in the speed of rotors 102, 104 may be com-
manded on the basis of parameters other than flying
speed and density altitude, and more specifically on the
basis of one, two or more flight quantities indicating air-
craft flying speed, density altitude, pressure altitude, air-
craft weight, height above ground level, orientation, flying
direction, air temperature, atmospheric pressure, weath-
er conditions, and wind force and direction.
[0066] In one embodiment of the present invention, in
addition to or instead of one or more of the above-listed
parameters, a change in the speed of rotors 102, 104 is
advantageously commanded on the basis of an automat-
ically recorded or pilot-entered change in the in-flight
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weight of helicopter 100 (weight loss through fuel con-
sumption, or weight increase of people or freight winched
on board in flight).
[0067] The Figure 5 table is obviously purely indicative,
and may comprise more or fewer operating zones.
[0068] As in Figure 5, Figure 6 shows, in table form,
another database containing speed values of rotors 102,
104 alongside variations in altitude, here intended as
density altitude, (vertical axis), and flying speed (horizon-
tal axis). More specifically, the Figure 6 table relates to
operation of rotors 102, 104 in high-performance first au-
tomatic mode (state A1 in Figures 3 and 4).
[0069] In this case, too, each operating zone indicated
by a flying speed range and by a density altitude range
(i.e. each box in the table) corresponds to a given speed
of rotors 102, 104.
[0070] At flying speeds between a minimum value
Tmin_p of, say, 0 km/h, and a first value T1_p of, say, 93
km/h, and at density altitudes between a minimum value
Hmin_p of, say, roughly -2000 m, and a first value H1_p
of, say, 5000 m, rotors 102, 104 are driven at 102%
speed. Maintaining flying speed between Tmin_p and
T1_p, but increasing density altitude above first value H1_p
(but still within a maximum permitted altitude Hmax_p of,
say, 6000 m), rotors 102, 104 are driven at a higher speed
of 106%. At higher flying speeds between first value T1_p
and a second value T2_p of, say, 200 km/h, and at the
same density altitude as before, rotors 102, 104 can be
driven at lower speed. That is, at flying speeds between
T1_p and T2_p, and at a density altitude between Hmin_p
and H1_p, rotors 102, 104 are driven at 96% speed; and,
maintaining flying speed within the above range, and in-
creasing density altitude to between first value H1_p and
maximum value Hmax_p, rotors 102, 104 are driven at
100% speed.
[0071] An increase in flying speed above T2_p calls for
a corresponding increase in rotor speed. At flying speeds
between second value T2_p and a third value T3_p of, say,
260 km/h, rotors 102, 104 are driven at 100% speed up
to first density altitude value H1_p, and at 102% speed
above first density altitude value H1_p.
[0072] At higher flying speeds, rotors 102, 104 are driv-
en at 102% speed at low density altitudes between min-
imum value Hmin_p and an intermediate value H2_p of,
say, 2800 m, and at flying speeds between third value
T3_p and a maximum value Tmax_p of, say, 325 km/h. At
flying speeds within the same range, but at higher density
altitudes between H2_p and H1_p, rotors 102, 104 are driv-
en at 104% speed. At even higher density altitudes be-
tween H1_p and maximum value Hmax_p, rotors 102, 104
are driven at maximum speed, which is of 106% in the
example described.
[0073] As in Figure 5, the Figure 6 table may comprise
more or fewer operating zones, and a change in the
speed of rotors 102, 104 may be commanded on the
basis of parameters in addition to flying speed and den-
sity altitude, and also on the basis of environmental con-
ditions. For example, a change in the speed of rotors

102, 104 may be commanded on the basis of parameters
other than flying speed and density altitude, and more
specifically on the basis of one, two or more flight quan-
tities indicating aircraft flying speed, density altitude,
pressure altitude, aircraft weight, height above ground
level, orientation, flying direction, air temperature, atmos-
pheric pressure, weather conditions, and wind force and
direction, or on the basis of a change in weight of heli-
copter 100 recorded in flight or entered by the pilot.
[0074] As shown in Figure 6 and stated with reference
to Figure 5, the change in the speed of rotors 102, 104
alongside changes in density altitude and/or flying speed
is made discretely, in predetermined steps, as opposed
to continuously. Obviously, in this case, too, switching
from one speed of rotors 102, 104 to another includes a
transition stage, in which speed increases or decreases
gradually to the target value in a stair-step profile, and in
which the size of the steps ranges between 1% and 10%
of the start and target speed range.
[0075] With reference to both Figures 5 and 6, flight
parameters and environmental condition information are
preferably acquired at fixed, predetermined time inter-
vals. For safety reasons, automatic switching from one
operating zone to another (the operating zones shown
in Figures 5 and 6) is subject to congruency checks, such
as determining density altitude, ground distance, tem-
perature, flying speed, current speed of rotors 102, 104,
and, on the basis of the acquired information and param-
eters, the target speed of rotors 102, 104, and continu-
ance of density altitude and flying speed conditions for a
given period of time.
[0076] The outcome of the above recordings must be
evaluated in relation to appropriate tolerance ranges and
time-change gradients, to prevent the automatic system
from kicking in at unstable, transient flight stages.
[0077] Switching from one operating zone to another
(i.e. from one rotor speed to another, as shown in tables
5 and 6) occurs gradually in predetermined steps, e.g.
by adjusting rotor speed by 61% per second for speed
changes up to 5%, and by 62% per second for speed
changes of over 5%. Given a start speed and target
speed of rotors 102, 104, the speed of rotors 102, 104
only remains between the start and target speeds for as
long as it takes to increase or reduce the speed of rotors
102, 104.
[0078] In the event of rapid disengagement of rotor
speed from engine speed (as when entering autorota-
tion), stable rotor control must be ensured, to enable it
to adapt to changes in speed caused by external condi-
tions, even at zero power (idle flight). Figure 7 shows a
helicopter 100 comprising a main rotor 102 and a tail
rotor 104 driven by respective motors or the same motor
(only one motor 101 is shown in Figure 7); and a flight
control system 1 as described and illustrated in Figures
1-6.
[0079] Alternatively, helicopter 100 in Figure 7 may be
a single-rotor type.
[0080] The advantages of the present invention will be
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clear from the foregoing description.
[0081] In particular, the system according to the inven-
tion combines versatility and adaptability. Versatility in
the sense that the pilot can select the overall capabilities
of the aircraft best suited to the mission profile; and adapt-
ability in the sense that, once one of the automatic flight
modes is selected, the aircraft automatically adapts rotor
speed to current environmental conditions, thus relieving
the pilot from having to constantly monitor rotor speed
as a function of environmental parameters, especially in
critical flying conditions, thus greatly enhancing flying
safety.

Claims

1. An electronic flight control system (1) for an aircraft
(100) capable of hovering and comprising at least
one rotor (102; 104); the flight control system (1) be-
ing configured to operate in :

- a manual flight control mode, in which the flight
control system (1) controls rotor speed in re-
sponse to direct commands from the pilot; and
- at least two automatic flight control modes cor-
responding to respective flight modes of the air-
craft, and in which the flight control system (1)
controls rotor speed automatically on the basis
of flight conditions;
the flight control system (1) being characterized
by also being configured to :
- memorize, for each of said automatic flight con-
trol modes, a respective flight table relating dif-
ferent speed values of said rotor to different val-
ues of at least one flight quantity; and
- automatically control rotor speed in said auto-
matic flight control modes on the basis of the
respective flight tables.

2. The flight control system (1) as claimed in Claim 1,
wherein the values of said at least one flight quantity
in each flight table are divided into ranges, each as-
sociated with a corresponding rotor speed value.

3. A flight control system (1) as claimed in Claim 1 or
2, and also configured to control switching between
different rotor speed values in the same automatic
flight control mode automatically and in stair-step
profiles.

4. A flight control system (1) as claimed in Claim 3,
wherein the size of the steps in the stair-step profiles
ranges between 1% and 10% of the range spanned
by the values between which switching is performed.

5. A flight control system (1) as claimed in any one of
the foregoing Claims, and wherein said automatic
flight control modes are such that the aircraft flies in:

- a low-noise and/or low-fuel-consumption flight
mode; and
- a high-performance flight mode.

6. A flight control system (1) as claimed in Claim 5,
wherein said high-performance flight mode is such
as to maximize the flight envelope.

7. A flight control system (1) as claimed in any one of
the foregoing Claims, wherein said flight table relates
different speed values of said rotor to different values
of at least two different flight quantities; and the val-
ues of the at least two different flight quantities in
each flight table are divided into areas, each asso-
ciated with a corresponding rotor speed value.

8. A flight control system (1) as claimed in Claim 7,
wherein said at least two different flight quantities
are selected from quantities indicating aircraft flying
speed, density altitude, pressure altitude, height
above ground level, aircraft weight, orientation, flying
direction, air temperature, atmospheric pressure,
weather conditions, and wind force and direction.

9. A flight control system (1) as claimed in any one of
the foregoing Claims, and also configured to auto-
matically control switching between the two automat-
ic flight control modes in response to pilot command.

10. A flight control system (1) as claimed in Claim 9, and
also configured to enable or disable switching be-
tween the two automatic flight control modes on the
basis of the in-flight weight of the aircraft.

11. Software loadable onto an electronic flight control
system (1) for an aircraft (100) capable of hovering
and comprising a main rotor (102) and a tail rotor
(104); the software being designed so that, when
executed, the electronic flight control system (1) is
configured as claimed in any one of the foregoing
Claims.

12. An aircraft (100) capable of hovering, and comprising
at least one rotor (102; 104), and an electronic flight
control system (1) as claimed in any one of Claims
1 to 10.

Patentansprüche

1. Elektronisches Flugsteuersystem (1) für ein Luftfahr-
zeug (100), das schweben kann und mindestens ei-
nen Rotor (102, 104) umfasst; wobei das Flugsteu-
ersystem (1) dazu konfiguriert ist, in den folgenden
Modi zu arbeiten:

- einem manuellen Flugsteuermodus, in dem
das Flugsteuersystem (1) die Rotordrehzahl als
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Antwort auf direkte Befehle von dem Piloten
steuert; und
- mindestens zwei automatische Flugsteuermo-
di, die den jeweiligen Flugmodi des Luftfahr-
zeugs entsprechen und in denen das Flugsteu-
ersystem (1) die Rotordrehzahl automatisch auf
der Basis der Flugbedingungen steuert;
dadurch gekennzeichnet, dass das Flugsteu-
ersystem (1) zudem dazu konfiguriert ist:
- für jeden der automatischen Flugsteuermodi
eine entsprechende Flugtabelle zu speichern,
die die verschiedenen Drehzahlwerte des Ro-
tors den verschiedenen Werten von mindestens
einer Fluggröße zuordnet; und
- die Rotordrehzahl in den automatischen Flug-
steuermodi auf der Basis der jeweiligen Flugta-
bellen automatisch zu steuern.

2. Flugsteuersystem (1) nach Anspruch 1, wobei die
Werte der mindestens einen Fluggröße in jeder Flug-
tabelle in Bereiche aufgeteilt sind, von denen jeder
einem entsprechenden Rotordrehzahlwert zugeord-
net ist.

3. Flugsteuersystem (1) nach Anspruch 1 oder 2, das
zudem dazu konfiguriert ist, ein Umschalten zwi-
schen verschiedenen Rotordrehzahlwerten in dem
gleichen automatischen Flugsteuermodus automa-
tisch und in Treppenstufenprofilen zu steuern.

4. Flugsteuersystem (1) nach Anspruch 3, wobei sich
die Höhe der Stufen in den Treppenstufenprofilen
zwischen 1 % und 10 % des Bereichs, der durch die
Werte überspannt wird, zwischen denen ein Um-
schalten ausgeführt wird, bewegt.

5. Flugsteuersystem (1) nach einem der vorhergehen-
den Ansprüche, wobei die automatischen Flugsteu-
ermodi so beschaffen sind, dass das Luftfahrzeug
in den folgenden Modi fliegt:

- einem geräuscharmen und/oder einem kraft-
stoffsparenden Flugmodus; und
- einem Hochleistungs-Flugmodus.

6. Flugsteuersystem (1) nach Anspruch 5, wobei der
Hochleistungs-Flugmodus so beschaffen ist, dass
er die Flugbereichsgrenze maximiert.

7. Flugsteuersystem (1) nach einem der vorhergehen-
den Ansprüche, wobei die Flugtabelle verschiedene
Drehzahlwerte des Rotors verschiedenen Werten
der mindestens zwei verschiedenen Fluggrößen zu-
ordnet; und wobei die mindestens zwei verschiede-
nen Fluggrößen in jeder Flugtabelle in Bereiche un-
terteilt sind, von denen jeder einem entsprechenden
Rotordrehzahlwert zugeordnet ist.

8. Flugsteuersystem (1) nach Anspruch 7, wobei die
mindestens zwei Fluggrößen aus Größen gewählt
werden, die eine Luftfahrzeugfluggeschwindigkeit,
eine Dichtehöhe, eine Druckhöhe, eine Höhe über
dem Bodenniveau, ein Luftfahrzeuggewicht, eine
Orientierung, eine Flugrichtung, eine Lufttempera-
tur, einen atmosphärischen Druck, Wetterbedingun-
gen und eine Windstärke und Windrichtung anzei-
gen.

9. Flugsteuersystem (1) nach einem der vorhergehen-
den Ansprüche, das zudem dazu konfiguriert ist, ein
Umschalten zwischen zwei automatischen Flug-
steuermodi als Antwort auf einen Pilotenbefehl au-
tomatisch zu steuern.

10. Flugsteuersystem (1) nach Anspruch 9, das zudem
dazu konfiguriert ist, ein Umschalten zwischen den
zwei automatischen Flugsteuermodi auf der Basis
des Fluggewichts des Luftfahrzeugs zu aktivieren
oder zu deaktivieren.

11. Software, die in ein elektronisches Flugsteuersys-
tem (1) für ein Luftfahrzeug (100), das schweben
kann und einen Hauptrotor (102) und einen Heckro-
tor (104) umfasst, geladen werden kann; wobei die
Software so gestaltet ist, dass, wenn sie ausgeführt
wird, das elektronische Flugsteuersystem (1) gemäß
einem der vorhergehenden Ansprüche konfiguriert
ist.

12. Luftfahrzeug (100), das schweben kann und mindes-
tens einen Rotor (102, 104) und ein elektronisches
Flugsteuersystem (1) nach einem der Ansprüche 1
bis 10 umfasst.

Revendications

1. Système de commande de vol électronique (1) pour
un aéronef (100) susceptible d’effectuer un vol sta-
tionnaire et comprenant au moins un rotor (102 ;
104) ; le système de commande de vol (1) étant con-
figuré de façon à fonctionner dans :

- un mode de commande de vol manuel, dans
lequel le système de commande de vol (1) com-
mande une vitesse de rotor en réponse à des
ordres directs du pilote ; et
- au moins deux modes de commande de vol
automatiques correspondant à des modes de
vol respectifs de l’aéronef, et dans lesquels le
système de commande de vol (1) commande
automatiquement une vitesse de rotor en fonc-
tion de conditions de vol ;
le système de commande de vol (1) étant ca-
ractérisé en ce qu’il est également configuré
de façon à :
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- mémoriser, pour chacun desdits modes de
commande de vol automatiques, une table de
vol respective associant différentes valeurs de
vitesse dudit rotor à différentes valeurs d’au
moins une quantité de vol ; et
- commander automatiquement une vitesse de
rotor dans lesdits modes de commande de vol
automatiques en fonction des tables de vol res-
pectives.

2. Système de commande de vol (1) selon la revendi-
cation 1, dans lequel les valeurs desdites quantités
de vol au nombre d’au moins une dans chaque table
de vol sont divisées en plages, chacune associée à
une valeur de vitesse de rotor correspondante.

3. Système de commande de vol (1) selon la revendi-
cation 1 ou 2, et également configuré de façon à
commander une commutation entre différentes va-
leurs de vitesse de rotor dans le même mode de
commande automatique, automatiquement et par
des profils en marches d’escalier.

4. Système de commande de vol (1) selon la revendi-
cation 3, dans lequel la taille des marches dans les
profils en marches d’escalier est comprise entre 1%
et 10% de la plage parcourue par les valeurs entre
lesquelles la commutation est effectuée.

5. Système de commande de vol (1) selon l’une quel-
conque des revendications précédentes, et dans le-
quel lesdits modes de commande de vol automati-
ques sont tels que l’aéronef vole dans :

- un mode de vol à faible bruit et/ou à faible con-
sommation de carburant ; et
- un mode de vol à hautes performances.

6. Système de commande de vol (1) selon la revendi-
cation 5, dans lequel ledit mode de vol à hautes per-
formances est tel qu’il maximise l’enveloppe de vol.

7. Système de commande de vol (1) selon l’une quel-
conque des revendications précédentes, dans le-
quel ladite table de vol associe différentes valeurs
de vitesse dudit rotor à différentes valeurs d’au
moins deux quantités de vol différentes ; et les va-
leurs des quantités de vol différentes au nombre d’au
moins deux dans chaque table de vol sont divisées
en zones, chacune associée à une valeur de vitesse
de rotor correspondante.

8. Système de commande de vol (1) selon la revendi-
cation 7, dans lequel lesdites quantités de vol diffé-
rentes au nombre d’au moins deux sont sélection-
nées parmi des quantités indiquant une vitesse de
vol d’aéronef, une altitude de densité, une altitude
de pression, une hauteur au-dessus du niveau du

sol, un poids d’aéronef, une orientation, une direction
de vol, une température d’air, une pression atmos-
phérique, des conditions météorologiques, et une
force et une direction de vent.

9. Système de commande de vol (1) selon l’une quel-
conque des revendications précédentes, et égale-
ment configuré de façon à commander automatique-
ment une commutation entre les deux modes de
commande automatiques en réponse à un ordre du
pilote.

10. Système de commande de vol (1) selon la revendi-
cation 9, et également configuré de façon à valider
ou à invalider une commutation entre les deux mo-
des de commande de vol automatiques en fonction
du poids en vol de l’aéronef.

11. Logiciel pouvant être chargé dans un système de
commande de vol électronique (1) pour un aéronef
(100) susceptible d’effectuer un vol stationnaire et
comprenant un rotor principal (102) et un rotor de
queue (104) ; le logiciel étant conçu de telle sorte
que, lorsqu’il est exécuté, le système de commande
de vol électronique (1) est configuré selon l’une quel-
conque des revendications précédentes.

12. Aéronef (100) susceptible d’effectuer un vol station-
naire, et comprenant au moins un rotor (102 ; 104),
et un système de commande de vol électronique (1)
selon l’une quelconque des revendications 1 à 10.
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