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(54) STABILITY AND COMMAND AUGMENTATION SYSTEM FOR AN AIRCRAFT

(57) A stability and command augmentation system
(20) for controlling an aircraft (1), comprising: a first mem-
ber (19) moveable by a pilot input device (10, 11, 15) to
a first position defining a first input (xi); a second member
(22) moveable to a second position associated with a
second input (xd); and an adder device (21) configured
to add the first and second inputs (xi, xd) and supply an
output signal (xv) defining a command for an element to

be controlled (9, 14) of the aircraft (1); the stability and
command augmentation system (20) comprises: a cas-
ing (30), a first and a second piston (31, 32) integrally
movable with one another inside the casing (30) and op-
eratively connected to the second member (22); and con-
trol means (33) configured to exert a first force on the
first piston and a second force on the second piston (31,
32); the second force is independent of the first force.
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Description

[0001] The present invention relates to a stability and
command augmentation system for controlling an air-
craft.
[0002] Aircraft comprise, in a known manner, a plurality
of pilot-operable flight controls and a plurality of elements
to be controlled operatively connected to the flight con-
trols.
[0003] In particular, the aircraft is a helicopter or an
aeroplane with direct flight controls, i.e. with flight controls
mechanically or hydraulically connected directly to the
elements to be controlled.
[0004] If the aircraft is an aeroplane, the elements to
be controlled are the flight control surfaces.
[0005] Otherwise, known types of helicopters basically
comprise a fuselage, a main rotor positioned on the top
of the fuselage and rotating about its axis, and a tail rotor
located at the end of the fuselage.
[0006] In greater detail, the rotor, in turn, basically com-
prises a hub rotatable about the aforementioned axis and
equipped with a plurality of blades radially fastened in a
cantilever manner to the aforementioned hub, and a mast
connectable to a drive member and operatively connect-
ed to the hub to drive it in rotation.
[0007] The blades of the helicopter are hinged to the
hub by respective physical or elastomeric hinges, so as
to be free to rotate about one or more axes and so, im-
plement different rotor configurations.
[0008] In particular, the blades are hinged to the hub
so as to be able to rotate about respective longitudinal
axes and so vary the respective pitch angles and the
consequent lift generated.
[0009] In other words, the blades define the elements
to be controlled by the flight controls.
[0010] In order to adjust the pitch angles of the blades,
the helicopter comprises:

- a plurality of flight controls controllable by the pilot
to perform the various manoeuvres; and

- a plurality of mechanical connection chains inter-
posed between the flight controls and a plurality of
first actuators designed to control respective blades.

[0011] In greater detail, the helicopter comprises, with
reference to the main rotor:

- a first flight control, known as the "collective pitch";
and

- a second flight control, known as the "cyclic pitch".

[0012] In particular, the first flight control, known as the
collective pitch, enables collectively varying the pitch an-
gle of the blades, thereby causing an increase or de-
crease in the lift generated by the rotor.
[0013] Instead, the second flight control, known as the
cyclic pitch, enables cyclically varying the pitch angle of
the blades. In consequence, the blades produce variable

lift during their rotation about the axis, causing forward
or backward inclination of the rotor disc.
[0014] The blades of the tail rotor are instead control-
lable by a third flight control so as to collectively vary the
associated pitch angles and consequently the force they
exert on the helicopter.
[0015] In other words, these collective variations in
pitch angles enable controlling the helicopter’s yaw an-
gle.
[0016] Each first, second or third flight control gener-
ates a respective first input signal transmitted to the re-
spective first actuator. In particular, this first input signal
is substantially proportional to the position of the flight
control.
[0017] Helicopters also comprise, in a known manner,
for each element to be controlled:

- a Stability and Command Augmentation System,
known as a SCAS, which generates a second input
signal; and

- an adder device, which generates an output signal
defining the command acting on the respective first
actuator and equal to the sum of the first and second
input signals.

[0018] In this way, for each flight control, the second
input signal generated by the SCAS is superimposed on
the first input signal, with the purpose of stabilizing the
helicopter with respect to external disturbances.
[0019] According to a first known solution, the SCAS
comprises a plurality of first actuators inserted in respec-
tive connection chains and controlled by the flight control
system.
[0020] According to a further known solution, the SCAS
comprises, for each first actuator:

- a second and a third actuator arranged parallel with
and connected to a first lever;

- a second lever connected to the flight control so as
to transfer the first input signal; and

- a third lever defining the adder device and opera-
tively connected to the first and second levers, and
to the first actuator so as to transfer the output signal.

[0021] In particular, the second input signal and the
output signal are substantially proportional to the position
of the first lever and of the third lever, respectively.
[0022] Furthermore, the second and the third actuator
of each SCAS are controlled by the flight control system.
[0023] Even though effective, SCASes of a known type
and described above are susceptible to improvement.
[0024] In particular, the second and third actuators ar-
ranged in parallel are controlled by a pair of mutually
independent valves and are moveable to a first and a
second position, respectively, in a mutually independent
manner.
[0025] Due to this configuration, the second input sig-
nal is substantially determined by the sum of the first and
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the second position of the second and the third actuator.
[0026] The so-called full authority of control of the as-
sociated first actuator, i.e. the condition in which the rel-
evant first actuator can be moved in the entire associated
field of movement, is reached for certain excursion values
of a first travel of the second actuator and a second travel
of the third actuator.
[0027] In the event of a failure that causes malfunc-
tioning, for example, of the second actuator and therefore
a substantially null value for the first travel, the excursion
of the second travel described by the third actuator must
necessarily be double the nominal one, to ensure the full
authority of control of the associated first actuator.
[0028] Furthermore, in the event of a hardover, i.e. a
failure that causes locking in the end of travel position,
for example, of the second actuator, the excursion of the
second travel must be such as to compensate the fact
that the second actuator cannot be moved in order to
preserve the full authority of control of the associated first
actuator.
[0029] With regard to this, the applicant has observed
that in the event of a hardover, the risk of the first lever
reaching the position of maximum extension for a few
fractions of a second still occurs.
[0030] The described configuration of the SCAS also
requires the presence of a considerable number of first,
second and third levers, which must be housed in a lim-
ited space, thereby generating production and mainte-
nance difficulties.
[0031] Furthermore, the flight control system is in a re-
mote position with respect to the SCAS.
[0032] The flight control system is programmed to con-
tinually compare variable desired significant values, in-
dicating the helicopter’s position and attitude, with the
effective values of the aforementioned significant varia-
bles, measured by opportune instruments, and is pro-
grammed to generate a consequent control signal for the
second and third actuators. This control signal deter-
mines the second input.
[0033] This solution is suboptimal, as it requires the
presence of numerous cables running between the flight
control system and the second and third actuators. More-
over, the inevitable interference generated in the helicop-
ter can alter the correct transmission of the control signal
to the second and third actuators.
[0034] Lastly, the SCAS comprises, for each first ac-
tuator, a pair of travel stops arranged in fixed positions,
which limit the maximum value of the second input signal
to a certain fraction, typically 10% of the maximum value
of the first input signal. In this way, the position of the first
actuator is predominantly determined by the command
given by the pilot on the operating lever, and consequent-
ly by the first input, and marginally by the command from
the second input determined by the first and second ac-
tuators of the SCAS.
[0035] Within the industry, there is a need to adapt the
range of maximum oscillation of the first signal to the
effectively controlled flight control, so as to optimize op-

eration of the helicopter.
[0036] EP-B-2947325 and EP-A-2913265 describe
stability and command augmentation systems for an air-
craft of a known type.
[0037] The object of the present invention is to provide
a stability and command augmentation system for con-
trolling an aircraft that allows overcoming at least one of
the aforementioned drawbacks and/or satisfying at least
one of the aforementioned needs associated with SCAS-
es of a known type in a simple and inexpensive manner.
[0038] The aforementioned object is achieved by the
present invention, in so far as it relates to a stability and
command augmentation system for an aircraft according
to claim 1.
[0039] The present invention also relates to an aircraft
according to claim 12.
[0040] Finally, the present invention relates to a stabi-
lization and command method according to claim 13.
[0041] For a better understanding of the present inven-
tion, a preferred embodiment is described hereinafter,
purely by way of a non-limitative example and with ref-
erence to the accompanying drawings, in which:

- Figure 1 is a perspective side view of a helicopter
comprising a stability and command augmentation
system for controlling an actuator for a flight control
made according to the present invention, with parts
removed for clarity;

- Figure 2 is a sectional view of some components of
the system in Figure 1; and

- Figure 3 is a functional diagram of the system in Fig-
ures 1 and 2.

[0042] Referring to Figure 1, reference numeral 1 in-
dicates a hover-capable aircraft, in particular a helicopter
basically comprising a fuselage 2, a main rotor 3 located
at the top of the fuselage 2 and rotating about an axis A,
and a tail rotor 4 located at one end of the fuselage 2 and
rotating about its own axis transversal to axis A.
[0043] In greater detail, the main rotor 3 comprises a
hub 5 with axis A and on which a plurality of blades 9 are
cantilever mounted and hinged, and which extend radi-
ally to axis A.
[0044] The blades 9 are hinged to the hub 5 such that
their orientation can be changed with respect to their axes
of extension, so as to adjust the respective pitch angles
with respect to the airflow.
[0045] More specifically, the helicopter 1 comprises:

- a pilot-operable flight control 10 known as the "col-
lective pitch" and operable to collectively vary the
pitch angles of the blades 9, thereby causing an in-
crease or decrease in the lift generated by the heli-
copter 1;

- a pilot-operable flight control 11 known as the "cyclic
pitch" and operable to cyclically vary the pitch angle
of the blades 9 according to the relative positions
with respect to axis A; and
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- a plurality of actuators 12, three in the case shown,
controlled by the flight controls 11 and operatively
connected to the blades 9 to adjust the respective
pitch angles, on the basis of the flight controls 10, 11.

[0046] The rotor 4 comprises a hub 13 with axis B and
on which a plurality of blades 14 are hinged in a cantilever
manner, and which extend radially to axis A.
[0047] The blades 14 are hinged on the hub 5 such
that their orientation with respect to the associated axes
of extension can be varied collectively, so as to adjust
the respective pitch angles with respect to the airflow.
[0048] The helicopter 1 also comprises:

- a pilot-operable flight control 15 for collectively var-
ying the pitch angles of the blades 14, thereby con-
trolling the yaw of the helicopter 1; and

- an actuator 16 controlled by the flight controls 15 and
operatively connected to the blades 14 to adjust the
respective pitch angles, on the basis of the flight con-
trol 15.

[0049] The helicopter 1 also comprises, for each actu-
ator 12, 16 (Figure 3):

- a respective lever 19 operatively connected to one
or more respective flight controls 10, 11, 15;

- a respective stability and command augmentation
system 20, referred to hereinafter as the SCAS 20;
and

- a respective adder lever 21.

[0050] In the following description, reference will be
made to a single actuator 12 and the associated SCAS
20, as all the actuators 12 and SCASes 20 are identical.
[0051] In greater detail, the lever 19 takes a position
determined by the respective flight control 10, 11, 15 and
so transmits an input signal xd determined by the action
exerted by the pilot on the respective flight control 10,
11, 15.
[0052] The SCAS 20 comprises an output member 22,
which transmits an input signal xd.
[0053] The adder lever 21 is connected to the output
member 22 and to the lever 19, and provides an output
signal xv equal to the sum of the input signals xi and xd.
[0054] In particular, the adder lever 21 comprises:

- a segment 23 connected to the lever 19 at point G;
and

- a segment 24 connected to the output member 22
and to segment 23.

[0055] The adder lever 21 controls, as will become
clear in the following description, the position of the ac-
tuator 12, and therefore of the associated flight control
11, 15.
[0056] Due to this configuration, the input signal xd
generated by the SCAS 20 is added to the input signal

xi generated by the pilot via the flight controls 11, 15,
forming the output signal xv that enables stabilizing the
helicopter 1 with respect to external disturbances.
[0057] In the case shown, the lever 19 is hinged about
a moveable fulcrum C, the adder lever 21 is fixed to the
lever 19 at shared point D, and the output member 22 is
free to travel.
[0058] In particular, the SCAS 20 comprises:

- an actuator 26 configured to control the position of
the output member 22 and so determine input signal
xd; and

- a pair of control valves 27 controlled by the adder
lever 21 and designed to control the position of the
actuator 12, and, consequently, of the associated
flight control 11, 15.

[0059] Advantageously, the actuator 26 comprises:

- a casing 30;
- a pair of pistons 31, 32 integrally movable with one

another inside the casing 30 and operatively con-
nected to the output member 22; and

- control means 33 (only shown schematically in Fig-
ure 3) configured to exert a first force on the piston
31 and a second force on the piston 32; the first and
the second force being independent of each other.

[0060] Actuator 26 also comprises a rod 34 sliding in-
side the casing 30 and on which the pistons 31, 32 are
fixed.
[0061] In other words, the pistons 31, 32 and the rod
34 form a pair of moveable elements arranged in series
with respect to one another and respectively subjected
to the first force and the second force.
[0062] The rod 34 is integrally moveable with the output
member 22.
[0063] In the case shown, the rod 34 and the pistons
31, 32 are combined to create a single output member 22.
[0064] Referring to Figure 3, the casing 30 comprises
a pair of chambers 35, 36 inside which the pistons 31,
32 respectively slide.
[0065] Each chamber 35, 36 comprises respective
openings 37, 38; 39, 40 arranged on opposite sides of
the respective piston 31, 32.
[0066] Actuator 26 also comprises a limit unit 60 to limit
the travel of the rod 34 between two end positions. In
consequence, this limit unit 60 limits the travel range of
input xd generated by the SCAS 20.
[0067] In the case shown, the maximum travel range
of input xd is a portion, for example 10%, of the maximum
travel range of input xi.
[0068] Preferably, the limit unit 60 is configured so as
to make the maximum travel range of input xd adjustable,
according to the operating needs of the actuator 12, 16.
[0069] In greater detail, the limit unit 60 is carried by
actuator 26.
[0070] In the case shown, the limit unit 60 comprises
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(Figure 2):

- an internally threaded cylinder 61 having an axis or-
thogonal to the axis of the rod 34, through which the
rod 34 passes, and is arranged with play inside an
unloaded portion 63 of the rod 34; and

- a threaded head 62 screwed on the cylinder 61.

[0071] The cylinder 61 allows translation of the rod 34
for travel equal to the semidifference between the length
of the unloaded portion 63 and the diameter of the cylin-
der 61 measured parallel to the sliding direction of the
rod 34.
[0072] When it is necessary to adjust the maximum
travel range of input xd, it is sufficient to vary the diameter
of the cylinder 61 inserted in the unloaded portion 63, so
as to enable adjustment of the maximum travel of the rod
34.
[0073] Actuator 26 also comprises a pair of springs 65,
66, coil springs in the case shown, coaxial with the rod
34 and designed to elastically preload the rod 34 in a
desired centred position.
[0074] The control means 33 comprise, for each piston
31, 32 and the associated chamber 35, 36:

- an associated valve 41a, 41b that comprises a pair
of inlets 43, 44 and an outlet 45;

- an associated valve 42a, 42b that comprises a pair
of inlets 46, 47 and a pair of outlets 48, 49;

- a line 58 fluidically connected to an environment con-
taining oil under pressure and to the inlet 43 of the
associated valve 41a, 41b; and

- a line 59 fluidically connected to an environment at
a discharge pressure and to the inlet 44 of the asso-
ciated valve 41a, 41b and comprising a bypass 57
fluidically connected to the inlet 47 of the associated
valve 42a, 42b.

[0075] Each valve 41a, 41b is selectively moveable:

- to a respective first position (shown in Figure 3),
where it fluidically connects inlet 43 and outlet 45
and discharges inlet 44; and

- to a respective second position, where it discharges
inlet 43 and fluidically connects inlet 44 with outlet 45.

[0076] Each valve 42a, 42b is selectively moveable:

- to a respective first position, where it fluidically con-
nects inlets 46, 47 with outlets 48, 49, respectively,
and therefore with openings 37, 38; or

- to a respective second position, where it fluidically
connects inlets 46, 47 with outlets 49, 48, respec-
tively, and therefore with openings 37, 38; or

- to a third respective position (shown in Figure 3),
where the inlets 46, 47 and outlets 49, 48 are fluid-
ically connected to a discharge line.

[0077] The control means 33 also comprise:

- a control unit 51 (shown schematically in Figure 3)
and programmed to control the valves 41a, 41b; 42a,
42b associated with piston 31; and

- a control unit 52 (shown schematically in Figure 3)
and programmed to control the valves 41a, 41b; 42a,
42b associated with piston 32; and

- a backup control unit 53 to use in the event of failure
of one of the control units 51, 52.

[0078] The control units 51, 52, 53 are electrically con-
nected via respective digital buses 54 to a flight control
system 55 of the helicopter 1.
[0079] In greater detail, the flight control system 55 is
programmed to determine a desired travel value for the
rod 34 on the basis of measured values of certain signif-
icant characteristics of the position and attitude of the
helicopter 1 and corresponding desired values for these
characteristics, in order to stabilize the helicopter 1.
[0080] The flight control system 55 is also programmed
to transmit this desired value to the control units 51, 52,
53 via the digital buses 54.
[0081] The control units 51, 52, 53 are programmed to:

- calculate, on the basis of this desired value, oppor-
tune control rules for the valves 41a, 41b; 42a, 42b;
and

- transmit a feedback signal to the flight control system
55. In this way, the control means 33 adjust the first
and the second values of force acting on pistons 31
and 32, respectively, in a mutually independent man-
ner.

[0082] The helicopter 1 also comprises a lever 80 (Fig-
ures 2 and 3) operatively connected to the adder lever
21 at its section F, sliding parallel to a direction E, and
designed to command the control valves 27.
[0083] More specifically, the lever 80 comprises a pair
of arms 81 arranged on respective opposite sides of sec-
tion F.
[0084] Referring to Figure 3, each control valve 27
comprises:

- a pair of inlets 88, 89 fluidically connected to the out-
lets 47, 48 of a respective valve 42a, 42b; and

- a pair of outlets 90, 91.

[0085] Each control valve 27 is movable by the respec-
tive arm of the lever 80 between:

- a first neutral position (shown in Figure 3), where the
inlets 88, 89 are discharged;

- a second position, where inlets 88, 89 are fluidically
connected to outlets 90, 91, respectively; and

- a third position, wherein inlets 88, 89 are fluidically
connected to outlets 91, 90, respectively.
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[0086] More specifically, the control valves 27 are nor-
mally arranged in the respective first neutral positions,
are moved by the associated arms 81 of the lever 80 to
the respective second positions or third positions follow-
ing operation of the control lever 19 and return to the
respective first positions once the actuator 12 has
reached the desired position.
[0087] Referring to Figure 2, each control valve 27
comprises:

- a casing 86 defining the inlets 88, 89 and outlets 90,
91; and

- a piston 87 sealingly sliding inside the casing 86 and
connected to a respective arm 81 of the lever 80.

[0088] The casing 86 and the piston 87 of each control
valve 27 in turn define:

- a chamber 92, into which the associated inlet 88 and
outlet 90 face; and

- a chamber 93, into which the associated inlet 89 and
outlet 91 face.

[0089] The actuator 12 comprises:

- a casing 95; and
- a piston 96, in turn comprising a rod 97 and a pair

of ridges 98, 99 protruding from the rod 97 and seal-
ingly sliding inside the casing 95.

[0090] The casing 95 and the ridge 98 define a pair of
chambers 100, 101 arranged at respective opposite ends
of the ridge 98 and provided with respective inlets 102,
103 fluidically connected to respective outlets 90, 91 of
one of the control valves 27. The casing 95 and the ridge
99 define a pair of chambers 104, 105 arranged at re-
spective opposite ends of the ridge 99 and provided with
respective inlets 106, 107 fluidically connected to respec-
tive outlets 90, 91 of the other control valve 27.
[0091] In this way, the control valves 27 control the
position of the rod 97 of the actuator 12 on the basis of
the position of lever 80 and, in consequence, of the adder
lever 21.
[0092] Finally, the rod 97 comprises a feedback lever
110 connected to the respective lever 19.
[0093] In greater detail, the feedback lever 110 is con-
nected to an axial end 111 of the rod 97 positioned ex-
ternally to the casing 95.
[0094] The feedback lever 110 is also connected to
lever 19 at fulcrum C, so as to cause, following translation
of the rod 97, the translation of the adder lever 21 and of
point D so that lever 80 is returned to the respective neu-
tral position.
[0095] Operation of the helicopter 1 is described with
reference to just actuator 12, just the corresponding lever
19, adder lever 21 and output member 22, and just the
corresponding SCAS 20.
[0096] Furthermore, operation of the helicopter 1 is de-

scribed starting from the configuration shown in Figure
2, where lever 80 keeps the control valves 27 in the re-
spective first neutral positions. In this configuration, pis-
ton 96 and therefore the blades 9, 14 are arranged in a
first operating position.
[0097] In greater detail, the pilot acts on the flight con-
trol 10, 11, 15, causing a rotation of lever 19 about fulcrum
C by an angle associated with the command given by
the pilot and generating input signal xi.
[0098] The flight control system 55 generates a desired
translation value for the output member 22 and the rod
34 (for example towards the right, referring to Figures 2
and 3), and the corresponding second input signal xd.
These desired translation values and input signals are
determined based on a comparison between measured
values of certain significant characteristics of the position
and attitude of the helicopter 1 and corresponding de-
sired values for these characteristics.
[0099] These desired translation values are transmit-
ted by the flight control system 55 to the control units 51,
52 of the SCAS 20 by respective digital buses 54.
[0100] The control units 51, 52 of the SCAS 20 control
the valves 41a 41b; 42a, 42b respectively associated with
the pistons 31, 32 of the actuator 26, thereby causing the
movement of the rod 34 and the output member 22.
[0101] More specifically, the oil under pressure circu-
lating in line 58 determines the first and the second force
on the respective pistons 31, 32, placing the rod 34 in
the position associated with the second input signal xd.
[0102] It is important to stress that the pistons 31, 32
mechanically arranged in series are identical, as are the
translations of the pistons 31, 32 and the rod 34.
[0103] The limit unit 60 limits the travel of the rod 34
between two end positions, limiting the travel range of
input signal xd to an opportune fraction of input signal xi.
[0104] It is important to stress that the travel range of
input signal xd, and consequently the distance between
the aforementioned two end positions, is adjustable ac-
cording to the operating needs of the actuator 12.
[0105] The adder lever 21 is translated by a distance
equal to the sum of lever 19 and the output member 22,
resulting in an output signal xv equal to the sum of the
input signals xi and xd.
[0106] In this way, the command given by the pilot via
the flight controls 10, 11, 15 is added to the input signal
xd generated by the SCAS 20, so as to stabilize the be-
haviour of the helicopter 1 with respect to external dis-
turbances.
[0107] The output signal xv is transmitted by the adder
lever 21 to the actuator 12 via lever 80 and the control
valves 27.
[0108] More specifically, the translation of the adder
levers 21 causes translation of the arms 81 of lever 80
parallel to direction E, for example towards the right, re-
ferring to Figures 2 and 3.
[0109] This translation causes each control valve 27
to move from the corresponding first neutral position to
the respective second position or third position.
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[0110] More specifically, the translation of the arms 81
causes translation of the pistons 87 of the control valves
27, thereby varying the pressure inside the chambers
101 of the actuator 12 and, consequently, moving the
piston 96 connected to the blades 9, 14 from the first
operating position to the second operating position.
[0111] The feedback lever 110 translates together with
the rod 97 of piston 96 and causes translation of fulcrum
C and consequently of point D and section F, the adder
levers 21 and the arms 81, so as to return the control
valves 27 to the respective first neutral positions again
and keep the actuator 12 in the second operating posi-
tion.
[0112] From examination of the SCAS 20 and the
method according to the present invention, the advan-
tages that can be obtained therewith are evident.
[0113] In particular, the SCAS 20 comprises a pair of
pistons 31, 32 integrally movable with one another inside
the casing 30 and operatively connected to the movable
member 22, and control means 33 configured to exert
the first and the second mutually different forces on the
pistons 31, 32.
[0114] In other words, the pistons 31, 32 are mechan-
ically arranged in series and describe the same transla-
tion travel.
[0115] Due to this, it is possible to maintain full authority
of the actuator 12, 16 even by acting just on the pistons
31, 32.
[0116] In greater detail, in the event of failure of one of
the valves 42a, 42b - and therefore the substantial im-
possibility of moving the associated piston 31, 32 - it is
sufficient that the control means 33 intervene by isolating
the failed valve by operating the respective valve 41a,
41b, and then controlling the still-active valve 42a, 42b
to move the rod 34 - and therefore the actuator 12, 16 -
to any position.
[0117] In other words, in the event of failure of one of
the valves 42a, 42b, it is not necessary to increase the
travel of the piston 31, 32 controlled by the other one of
the valves 42a, 42b in order to maintain complete author-
ity over the actuator 12.
[0118] In this way, with particular reference to the har-
dover condition of one of the pistons 31, 32, the risk that
complete authority over the actuators 12 cannot be
achieved, even if only for a few fractions of a second, is
mitigated.
[0119] Due to the fact that the pistons 31, 32 are me-
chanically arranged in series instead of in parallel, it is
possible to reduce the number of levers required by the
SCAS 20, simplifying the manufacture and maintenance
of the latter. This is particularly advantageous when con-
sidering the fact that the space available for these levers
is very limited.
[0120] In addition, the control units 51, 52 are carried
on the SCAS 20 and are programmed to:

- determine opportune control rules for the valves 41a,
41b; 42a, 42b; and

- transmit the feedback signal to the flight control sys-
tem 55.

[0121] In this way, it is possible to reduce the cabling
between the flight control system 55 and the SCASes
20, and reduce the risk that the inevitable interference
generated in the helicopter 1 can alter the correct trans-
mission of the signals with respect to solutions of a known
type and described in the introductory part of this descrip-
tion.
[0122] The helicopter 1 also comprises a plurality of
limit devices 60, which enable adjusting the maximum
travel range of the second input xd according to the op-
erating characteristics of the respective actuators 12, so
as to optimize operation of the helicopter 1.
[0123] Finally, it is clear that modifications and variants
can be made regarding the SCAS 20 without departing
from the protective scope defined in the claims.
[0124] Likewise, the helicopter 1 could be an aeroplane
with direct flight controls 10, 11, 15, i.e. that are connect-
ed directly to the flight surfaces, in a mechanical or hy-
draulic manner.

Claims

1. A stability and command augmentation system (20)
for an aircraft (1), comprising:

- a first member (19) moveable by a pilot input
device (10, 11, 15) to a first position defining a
first input (xi);
- a second member (22) moveable to a second
position associated with a second input (xd); and
- an adder device (21) configured to add said
first and second inputs (xi, xd), and supply an
output signal (xv) defining a command for an
element to be controlled (9, 14) of said aircraft
(1);

characterized in that it comprises:

- a casing (30);
- a first and a second piston (31, 32) integrally
movable with one another inside said casing
(30) and operatively connected to said second
member (22); and
- control means (33) configured to exert a first
force on said first piston and a second force on
said second piston (31, 32);

said second force being, in use, independent of said
first force.

2. The system according to claim 1, characterized in
that said control means (33) comprise:

- a first valve (42a) configured to exert said first

11 12 
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force on said first piston (31); and
- at least a second valve (42b) configured to ex-
ert said second force on said second piston (32).

3. The system according to claim 2, characterized in
that said casing (30) defines a first chamber (35)
and a second chamber (36) inside of which said first
and second pistons (31, 32) sealingly slide, respec-
tively;
said first valve (42a) being selectively controllable to
create a first differential pressure value in first por-
tions of said first chamber (35) arranged at respec-
tive opposite ends of said first piston (31);
said second valve (42b) being selectively controlla-
ble to create a second differential pressure value in
second portions of said second chamber (36) ar-
ranged at respective opposite ends of said second
piston (32).

4. The system according to claim 3, characterized in
that it comprises a rod (34) sliding inside said casing
(30), on which said first and second pistons (31, 32)
are fixed and integrally movable with said second
member (22).

5. The system according to any of the preceding claims,
characterized in that said control means (33) are
electronically connectable to a flight control system
(55) to receive a command associated with said sec-
ond input signal (xi) and are programmed to move
said second member (22) on the basis of said com-
mand.

6. The system according to claim 5, characterized in
that it comprises a digital bus (54) designed to trans-
mit said command to said control means (33).

7. The system according to claim 5 or 6, when depend-
ent on any of claims 2 to 4, characterized in that
said control means (33) comprise a first control unit
(51) programmed to control said first valve (42a) and
a second control unit (52) programmed to control
said second valve (42b).

8. The system according to claim 7, characterized in
that said control means (33) comprise a third backup
control unit (53).

9. The system according to any of the preceding claims,
characterized in that it comprises an adjustable lim-
it device (60) for the travel of said second member
(22) between a first and a second stop position;
at least one of said first and second stop positions
being selectively adjustable.

10. The system according to claim 9, characterized in
that said limit device (60) is carried on said casing
(31).

11. An aircraft comprising:

- at least one pilot-operable flight control (10, 11,
15);
- at least one element to be controlled (9, 14);
- at least one actuator (12, 16) operatively con-
nected to said element to be controlled (9, 14)
and said at least one flight control (10, 11, 15);
- a flight control system (55); and
- at least one stability and command augmenta-
tion system (20) according to any of the preced-
ing claims.

12. An aircraft (1) comprising:

- at least one pilot-operable flight control (10, 11,
15);
- at least one element to be controlled (9, 14);
- at least one actuator (12, 16) operatively con-
nected to said element to be controlled (9, 14)
and said at least one flight control (10, 11, 15);
- a flight control system (55); and
- at least one stability and command augmenta-
tion system (20); said stability and command
augmentation system (20) in turn comprising:

- a first member (19) moveable by said pilot
input device to a first position defining a first
input (xi);
- a second member (22) moveable to a sec-
ond position associated with a second input
(xd);
- control means (33) configured to move
said second member (22) to said second
position; and
- an adder device (21) configured to add
said first and second inputs (xi, xd), and sup-
ply an output signal (xv) defining a com-
mand for an element to be controlled (9, 14)
of said aircraft (1); and

characterized in that said control means (33)
are electronically connectable to said flight con-
trol system (55) to receive a command associ-
ated with said second input signal (xd) and are
programmed to move said second member (22)
on the basis of said command.

characterized in that it comprises the further steps
of:

iv) moving, by control means (33), a first and a
second piston (31, 32) operatively connected to
said second member (22) inside a casing (30);
and
v) exerting a first force on said first piston (31)
and a second force on said second piston (32);
said second force being independent of said first

13 14 



EP 3 467 608 A1

9

5

10

15

20

25

30

35

40

45

50

55

force.

13. A stabilization and command method of an aircraft
(1), comprising the steps of:

i) operating a flight control (10, 11, 15) to move
a first member (2) to a first position defining a
first input (xi);
ii) moving a second member (22) to a second
position associated with a second input (xd); and
iii) adding said first and second inputs to gener-
ate an output (xv) defining a command for an
element to be controlled (9, 14) of said aircraft
(1);

14. The method according to claim 13, characterized
in that it comprises the steps of:

vi) electronically connecting said control means
(33) to a flight control system (55) to receive a
command associated with said second input sig-
nal (xi); and
vii) moving said second member (22) on the ba-
sis of said command.

Amended claims in accordance with Rule 137(2)
EPC.

1. A stability and command augmentation system
(20) for an aircraft (1), comprising:

- a first member (19) moveable by a pilot input
device (10, 11, 15) to a first position defining a
first input (xi);
- a second member (22) moveable to a second
position associated with a second input (xd); and
- an adder device (21) configured to add said
first and second inputs (xi, xd), and supply an
output signal (xv) defining a command for an
element to be controlled (9, 14) of said aircraft
(1);
- a casing (30);
- a first and a second piston (31, 32) integrally
movable with one another inside said casing
(30) and operatively connected to said second
member (22); and
- control means (33) configured to exert a first
force on said first piston and a second force on
said second piston (31, 32) ;

said second force being, in use, independent of said
first force;
characterized in that it comprises an adjustable lim-
it device (60) for the travel of said second member
(22) between a first and a second stop position;
at least one of said first and second stop positions
being selectively adjustable.

2. The system according to claim 1, characterized
in that
said control means (33) comprise:

- a first valve (42a) configured to exert said first
force on said first piston (31); and
- at least a second valve (42b) configured to ex-
ert said second force on said second piston (32).

3. The system according to claim 2, characterized
in that
said casing (30) defines a first chamber (35) and a
second chamber (36) inside of which said first and
second pistons (31, 32) sealingly slide, respectively;
said first valve (42a) being selectively controllable to
create a first differential pressure value in first por-
tions of said first chamber (35) arranged at respec-
tive opposite ends of said first piston (31);
said second valve (42b) being selectively controlla-
ble to create a second differential pressure value in
second portions of said second chamber (36) ar-
ranged at respective opposite ends of said second
piston (32).

4. The system according to claim 3, characterized
in that it comprises a rod (34) sliding inside said
casing (30), on which said first and second pistons
(31, 32) are fixed and integrally movable with said
second member (22).

5. The system according to any of the preceding
claims, characterized in that said control means
(33) are electronically connectable to a flight control
system (55) to receive a command associated with
said second input signal (xi) and are programmed to
move said second member (22) on the basis of said
command.

6. The system according to claim 5, characterized
in that it comprises a digital bus (54) designed to
transmit said command to said control means (33).

7. The system according to claim 5 or 6, when de-
pendent on any of claims 2 to 4, characterized in
that said control means (33) comprise a first control
unit (51) programmed to control said first valve (42a)
and a second control unit (52) programmed to control
said second valve (42b).

8. The system according to claim 7, characterized
in that
said control means (33) comprise a third backup con-
trol unit (53) .

9. The system according to claim 8, characterized
in that
said limit device (60) is carried on said casing (31).
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10. An aircraft comprising:

- at least one pilot-operable flight control (10, 11,
15);
- at least one element to be controlled (9, 14);
- at least one actuator (12, 16) operatively con-
nected to said element to be controlled (9, 14)
and said at least one flight control (10, 11, 15);
- a flight control system (55); and
- at least one stability and command augmenta-
tion system (20) according to any of the preced-
ing claims.

11. A stabilization and command method of an air-
craft (1), comprising the steps of:

i) operating a flight control (10, 11, 15) to move
a first member (2) to a first position defining a
first input (xi);
ii) moving a second member (22) to a second
position associated with a second input (xd); and
iii) adding said first and second inputs to gener-
ate an output (xv) defining a command for an
element to be controlled (9, 14) of said aircraft
(1);
iv) moving, by control means (33), a first and a
second piston (31, 32) operatively connected to
said second member (22) inside a casing (30);
and
v) exerting a first force on said first piston (31)
and a second force on said second piston (32);
said second force being independent of said first
force;
vi) limiting the travel of said second member (22)
between a first and a second stop position;

characterized in that it comprises the further steps
of:

vii) selectively adjusting at least one of at least
one of said first and second stop positions.

12. The method according to claim 11, character-
ized in that it comprises the steps of:

viii) electronically connecting said control means
(33) to a flight control system (55) to receive a
command associated with said second input sig-
nal (xi); and
ix) moving said second member (22) on the ba-
sis of said command.

1. A stability and command augmentation system
(20) for an aircraft (1), comprising:

- a first member (19) moveable by a pilot input
device (10, 11, 15) to a first position defining a
first input (xi);

- a second member (22) moveable to a second
position associated with a second input (xd); and
- an adder device (21) configured to add said
first and second inputs (xi, xd), and supply an
output signal (xv) defining a command for an
element to be controlled (9, 14) of said aircraft
(1);
- a casing (30);
- a first and a second piston (31, 32) integrally
movable with one another inside said casing
(30) and operatively connected to said second
member (22); and
- control means (33) configured to exert a first
force on said first piston and a second force on
said second piston (31, 32) ;

said second force being, in use, independent of said
first force;
said system (20) further comprising:

- a first valve (42a) configured to exert said first
force on said first piston (31); and
- at least a second valve (42b) configured to ex-
ert said second force on said second piston (32);

said casing (30) defining a first chamber (35) and a
second chamber (36) inside of which said first and
second pistons (31, 32) sealingly slide, respectively;
said first valve (42a) being selectively controllable to
create a first differential pressure value in first por-
tions of said first chamber (35) arranged at respec-
tive opposite ends of said first piston (31);
said second valve (42b) being selectively controlla-
ble to create a second differential pressure value in
second portions of said second chamber (36) ar-
ranged at respective opposite ends of said second
piston (32);
said system (20) further comprising a rod (34) sliding
inside
said casing (30), on which said first and second pis-
tons (31, 32) are fixed and integrally movable with
said second member (22) ;
characterized in that it comprises an adjustable lim-
it device (60) for the travel of said second member
(22) between a first and a second stop position;
at least one of said first and second stop positions
being selectively adjustable;
said adjustable limit device (60) comprising:

- an internally threaded cylinder (61) having an
axis orthogonal to the axis of said rod (34),
through which said rod (34) passes, and is ar-
ranged with play inside an unloaded portion (63)
of said rod (34); and
- a threaded head (62) screwed on said cylinder
(61).

2. The system according to claim 1, characterized
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in that
said control means (33) are electronically connect-
able to a flight control system (55) to receive a com-
mand associated with said second input signal (xi)
and are programmed to move said second member
(22) on the basis of said command.

3. The system according to claim 2, characterized
in that it comprises a digital bus (54) designed to
transmit said command to said control means (33).

4. The system according to claim 2 or 3, character-
ized in that said control means (33) comprise a first
control unit (51) programmed to control said first
valve (42a) and a second control unit (52) pro-
grammed to control said second valve (42b) .

5. The system according to claim 4, characterized
in that
said control means (33) comprise a third backup con-
trol unit (53) .

6. The system according to claim 5, characterized
in that
said limit device (60) is carried on said casing (31).

7. An aircraft comprising:

- at least one pilot-operable flight control (10, 11,
15);
- at least one element to be controlled (9, 14);
- at least one actuator (12, 16) operatively con-
nected to said element to be controlled (9, 14)
and said at least one flight control (10, 11, 15);
- a flight control system (55); and
- at least one stability and command augmenta-
tion system (20) according to any of the preced-
ing claims.

8. A stabilization and command method of an aircraft
(1), comprising the steps of:

i) operating a flight control (10, 11, 15) to move
a first member (2) to a first position defining a
first input (xi);
ii) moving a second member (22) to a second
position associated with a second input (xd); and
iii) adding said first and second inputs to gener-
ate an output (xv) defining a command for an
element to be controlled (9, 14) of said aircraft
(1);
iv) moving, by control means (33), a first and a
second piston (31, 32) operatively connected to
said second member (22) inside a casing (30);
v) exerting a first force on said first piston (31)
and a second force on said second piston (32);
said second force being independent of said first
force;

vi) exerting said firt force on said first piston (31)
by menas of a first valve (42a); and
vii) exerting said second force on said second
piston (32) by means of a second valve (42b);

said casing (30) defining a first chamber (35) and a
second chamber (36) inside of which said first and
second pistons (31, 32) sealingly slide, respectively;
said method further comprising the steps of:

viii) selectively controlling said first valve (42a)
to create a first differential pressure value in first
portions of said first chamber (35) arranged at
respective opposite ends of said first piston (31);
ix) selectively controlling said second valve
(42b) to create a second differential pressure
value in second portions of said second cham-
ber (36) arranged at respective opposite ends
of said second piston (32);

said system (20) further comprising a rod (34) sliding
inside said casing (30), on which said first and sec-
ond pistons (31, 32) are fixed and integrally movable
with said second member (22) ;
said method further comprising the steps of:

x) limiting the travel of said second member (22)
between a first and a second stop position;

characterized in that it comprises the further steps
of:

xi) selectively adjusting at least one of at least
one of said first and second stop positions;

said adjustable limit device (60) comprising:

- an internally threaded cylinder (61) having an
axis orthogonal to the axis of said rod (34),
through which said rod (34) passes, and is ar-
ranged with play inside an unloaded portion (63)
of said rod (34); and
- a threaded head (62) screwed on said cylinder
(61).

9. The method according to claim 8, characterized
in that it comprises the steps of:

xii) electronically connecting said control means
(33) to a flight control system (55) to receive a
command associated with said second input sig-
nal (xi); and
xiii) moving said second member (22) on the ba-
sis of said command.
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