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ABSTRACT

The invention relates to a wheel brake for a vehicle, in particular for an
aircraft, the brake comprising a support (2) that receives at least one
electromechanical actuator (1) fitted with a pusher (8) facing friction elements (3)
and movable under drive from an electric motor (6) to apply a braking force
selectively against the friction elements. In accordance with the invention, the
actuator is non-reversible such that a reaction force applied on the pusher cannot
cause the electric motor to turn, and the actuator is associated with means (30, 31, 32,
33, 34) for selectively switching off an electric power supply to the electric motor,
which means allow power to be delivered to the actuator in normal circumstances,
and switch off said power if:

- the measured speed of rotation ( ® yes) of the electric motor drops below a
first predetermined threshold (S1); and

- the commanded speed of rotation (@ ) of the electric motor drops below a
second predetermined threshold (S).
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COMPLETE SPECIFICATION

INVENTION TITLE:

A METHOD OF MANAGING THE POWER SUPPLY TO A NON-
REVERSIBLE ACTUATOR FOR A VEHICLE WHEEL BRAKE

The following statement is a full description of this invention, including the best method of
performing it known to us:-
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A METHOD OF MANAGING THE POWER SUPPLY TO A NON-
REVERSIBLE ACTUATOR FOR A VEHICLE WHEEL BRAKE
The invention relates to a method of managing a non-reversible

electromechanical actuator for a brake of a vehicle, in particular of an aircraft.

BACKGROUND OF THE INVENTION

Aircraft wheel brakes are known that comprise a support receiving at least
one electromechanical actuator fitted with a pusher that is movable facing friction
elements in order to apply a braking force selectively thereto. In general, the
actuator is reversible and it is fitted with a blocking member for blocking the pusher
in position such that the pusher can be blocked while it is exerting a force on the
friction elements.

The blocking member serves to provide a parking function, which consists in
exerting a force on the friction elements when the aircraft is stationary and switched
off. For this purpose, at least one actuator is operated so that its pusher exerts a force
on the friction elements, the blocking member is activated to block the pusher in
position, and the power supply to the motor of the actuator is switched off. Tn
practice, the blocking member is a failsafe brake that releases the pusher when the
blocking member is powered, but that blocks the pusher when the blocking member
is no longer powered. The electrical power supply of the aircraft can then be
disconnected, the parking force being provided even though the motor of the actuator
and the blocking member are themselves no longer powered.

Under normal circumstances, even in the absence of braking, the actuator
member is powered, and as a result so that the actuator consumes electrical energy.

Nevertheless, other situations exist in which the blocking member can be
activated even though the aircraft is not electrically powered. Whereas under normal
circumstances the blocking member is powered so as to leave the pusher free to
move, it is possible when the aircraft is stationary and the pilot presses against the
brake pedals for quite a long time, for the motors of the actuators to heat up
needlessly. It is therefore known, in particular from French Patent 2 880 602, to
pass automatically into parking mode when activating the blocking member, i.e.
when switching off its power supply. The pusher of the actuator is then blocked in
position and the power supply to the motor of the pusher can then also be switched
off. Under such circumstances, the actuator no longer consumes energy, while
nevertheless maintaining a force on the friction elements.

04102/09,ve 17767 speci,2
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OBJECT OF THE INVENTION

The invention seeks to propose a novel electromechanical actuator brake
enabling the consumption of electrical energy to be reduced and enabling both the
complexity and the electrical energy consumption to be reduced compared with

existing actuators,

BRIEF SUMMARY OF THE INVENTION

The invention provides a wheel brake for a vehicle, in particular for an aircraft, the
brake including a support that receives at least one electromechanical actuator fitted
with a pusher facing friction elements and movable under drive from an electric
motor to apply a braking force selectively against the friction elements, wherein the
actuator is non-reversible such that a reaction force applied on the pusher cannot
cause the electric motor to turn, at least when the reaction force is below a given
limit force, and wherein the actuator is associated with means for selectively
switching off an electric power supply to the electric motor, which means allow
power to be delivered to the actuator in normal circumstances, and switch off said
power if a measured speed of rotation of the electric motor drops below a first
predetermined threshold and a commanded speed of rotation of the electric motor
drops below a second predetermined threshold.

Servo-controlling the actuator, whether in force or in position, generally
requires an internal speed feedback loop to be implemented. Advantage is therefore
taken of this loop to perform tests on the commanded speed, which is provided as an
input to the speed loop, and on the speed as measured by a rotary sensor, which is
also to be found in the motor and which serves to control the power supply of the
motor. The tests therefore apply to parameters that are internal to the servo-control
of the motor, and they can therefore be performed independently of the manner
(position or force) in which the actuator is servo-controlled.

By means of these two tests, it is ensured firstly that no movement is required
of the pusher and secondly that the pusher is indeed stationary, whereupon the power
supply to the actuator is switched off such that the pusher remains blocked in

position because of the non-reversibility of the actuator.
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In the event of an order being issued to move the pusher, a speed of rotation
is required of the motor such that the commanded speed signal rises back above the
associated threshold. The conditions for switching off the power supply are no
longer satisfied and the power supply to the electric motor of the actuator is then

reestablished. In a variant, it can be decided to select conditions for switching the
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power supply back on that are different from the conditions for switching the power
supply off. In particular, the controlled speed threshold beyond which the power
supply is switched back on need not be identical to the threshold used for switching
the power supply off.

BRIEF DESCRIPTION OF THE DRAWING

The invention can be better understood with reference to the sole figure,
which is a diagram of the servo-control of an electromechanical brake actuator
including power supply management of the invention.

DETAILED DESCRIPTION OF THE INVENTION

Figure 1 shows an electromechanical actuator 1 mounted on a support 2 that
extends facing friction elements 3, here a stack of disks comprising rotor disks that
rotate with the wheel to be braked and disposed in alternation with stator disks that
do not rotate with the wheel to be braked. The actuator 1 comprises a body 5 in
which an electric motor 6 is located for the purpose of acting (either via gearing as
shown, or else directly) to drive the rotary portion of a screw-and-nut connection 7 in
which the non-rotary portion is movable linearly and forms a pusher 8 adapted to
press selectively against the stack of disks 3 in response to a brake order.

According to the invention, the actuator is of the non-reversible type, i.e. a
torque generated by the electric motor 6 drives the pusher 8 in linear movement, but
a reaction force exerted by the disks 3 on the pusher 8 cannot cause the pusher 8 to
move linearly nor can it cause the electric motor 6 to rotate. To make the actuator
non-reversible, it is possible to use an non-reversible electric motor 6, e.g. a high-
torque piezoelectric motor. It is also possible to achieve such non-reversibility by
using a non-reversible transmission between the electric motor 6 and the pusher 8,
e.g. a transmission via a roller screw of small pitch.

Advantageously, a transmission is used in which the efficiency in the reverse
direction is small, but nevertheless not zero, in association with a motor that is
reversible. Thus, the pusher is blocked for reaction forces that do not exceed a given
limit force, but it reverses for reaction forces that are equal to or greater than said
limit force. The actuator then behaves like a force limiter when it is not powered,
being non-reversible up to the limit force, and reversible beyond.

The electric motor 6 is powered by a converter 10 that receives electricity
from the power network of the aircraft and that modulates the electrical power
delivered to the electric motor 6 as a function of command 11 generated in response
10 a position setpoint X . More precisely, the position setpoint X is delivered to the

04/02/09,va 17767 speci,d
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positive input of a comparator 20 having a negative input that receives an estimated
position signal Xeg¢. The output from the comparator 20 is a position error € 4 that is
delivered to a first controller 21, possibly including, in conventional manner a
proportional integral differential (PID) stage, filter members, saturation members, ... .
The output from the first controller 21 is a rotary speed setpoint @ for the electric
motor 6, also referred to as the commanded speed of rotation.

The commanded speed of rotation @ is delivered to a positive input of a
comparator 23 having its negative input receiving a measured speed of rotation
signal @ meg coming from a rotation sensor 24 disposed on the electric motor 6 to
measure the speed of rotation thereof directly. It should be observed that the
estimated position signal Xegt is generated in this example by an integrator 25 on the
basis of the measured speed of rotation ©meg. The output from the comparator 23 is
a rotary speed error £, that is delivered to a second controller 26 that generates the
command 11 for application to the converter 10.

According to the invention, the converter 10 is powered via a controlled
switch 30 that is normally closed so as to power the converter 10, but that is opened
under the following conditions. The command 31 for the controlled switch 30 is
applied to an AND gate 32 having the following two inputs:

- the output from a first comparator 33 that compares the measured speed of
rotation e 0f the electric motor 6 with a first threshold Sy, this output being
equal to | if the measured speed of rotation is less than the first threshold S; and

- the output from a second comparator 34 that compares the commanded
speed of rotation @ of the electric motor 6 with a second threshold Sy, this output
being equal to 1 if the commanded speed of rotation is less than the second threshold
So.

Thus, the controlled switch is open only if both:

- the measured speed of rotation is less than the first threshold S1; and

+ the commanded speed of rotation is less than the second threshold S».

Under such conditions, the converter 10, and thus the electric motor 6 are no
longer powered, such that the electromechanical actuator 1 is blocked because it is
non-reversible. These conditions correspond to a situation in which no movement of
the pusher is being commanded, and no movement of the pusher is taking place.

This interruption of power supply gives rise to a significant saving in energy,
since the actuator is no longer powered unless it is required to act. Furthermore, the
actuator does not include any specific blocking member, so there is no need to
consume any electricity in order to keep the pusher free to move under drive from the
motor.

04/02/09,va 17767 spesi,$




04 Feb 2009

2009200418

20

25

30

35

-6-

The tests that lead to the power supply being interrupted are performed in this
example on the basis of the parameters of the internal speed loop. In practice, the
motors intended for such an application include a speed-of-rotation sensor, such that
the information concerning measured speed of rotation is already available.
Furthermore, the speed of rotation of the motor is usually servo-controlled and is
thus involved in an internal control loop, if only to control the acceleration and the
deceleration of the pusher, or its speed of approach when it docks against the disks,
such that the commanded speed signal is also available.

It is thus very easy to manage the power supply to the actuator in accordance
with the invention with an existing actuator, regardless of whether it is servo-
controlled in position or in force.

In known manner, the two comparators 33, 34 may be associated with
confirming circuits having respective outputs that switch to 1 only if the output from
the associated comparator remains at 1 for a determined length of time, e.g. a few
seconds. In a variant, a confirming circuit could be located between the AND gate
32 and the controlled switch 30. This makes it possible to avoid switching off the
power supply in the event of movement of the pusher being commanded soon (i.e. in
a length of time shorter than the confirmation time) after a situation has been
detected in accordance with the invention that would lead to the power supply being
switched off. This disposition avoids pointlessly fatiguing the electronic power
components making up the controlled switch 30.

In practice, the thresholds S and S; used are advantageously selected to be
as low as possible, given the level of noise polluting the controlled and measured
speed signals. Naturally, provision could be made to filter those signals in order to
remove noise therefrom.

The invention is not limited to the embodiments described above, but on the
contrary covers any variant using equivalent means to reproduce the essential
characteristics of the invention as specified above.

In particular, although it is stated herein that the power supply is switched off
or on by means of a power switch placed on the power supply line to the electric
motor and upstream therefrom, other means could be provided for selectively
switching off power, such as for example a command that selectively forces the
switches of an inverter powering the electric motor into the open position.

Throughout this specification and the claims which follow, unless the context

requires otherwise, the word "comprisc", and variations such as "comprises" and

"comprising", will be understood to imply the inclusion of a stated integer or step or

04/02/09,va 17767 speci6
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group of integers or steps but not the exclusion of any other integer or step or group

of integers or steps.

The reference to any prior art in this specification is not, and should not be
taken as, an acknowledgment or any form or suggestion that the prior art forms part ‘

of the common general knowledge in Australia.
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The claims defining the invention are as follows:

1.

A wheel brake for a vehicle, in particular for an aircraft, the brake including a
support that receives at least one electromechanical actuator fitted with a pusher
facing friction elements and movable under drive from an electric motor to apply
a braking force selectively against the friction elements, wherein the actuator is
non-reversible such that a reaction force applied on the pusher cannot cause the
electric motor to turn, at least when the reaction force is below a given limit
force, and wherein the actuator is associated with means for selectively switching
off an electric power supply to the electric motor, which means allow power to be
delivered to the actuator in normal circumstances, and switch off said power if:

a measured speed of rotation of the electric motor drops below a first
predetermined threshold; and

a commanded speed of rotation of the electric motor drops below a second

predetermined threshold.

A method of managing an electrical power supply to a non-reversible
electromechanical actuator for a wheel brake of a vehicle, in particular an
aircraft, the electromechanical actuator being fitted with a pusher facing friction
elements and movable under drive from an electric motor to apply a braking
force selectively to the friction elements, the method including the step of
switching off the electrical power supply to the actuator if:

a measured speed of rotation of the motor drops below a first predetermined
threshold; and

a commanded speed of r_otation of the motor drops below a second predetermined
threshold.

A wheel brake substantially as hereinbefore described with reference to the

accompanying drawing.
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