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Description

[0001] The present invention relates to a braking sys-
tem for aircraft undercarriage.

[0002] As is known, during the operations of landing
of aircraft, the latter have to be braked in order to reduce
their speed and terminate the trip safely within the landing
strip. Braking of the aircraft occurs by the action of brakes
of an aerodynamic type and by the action of mechanical
brakes coupled to the wheels of the undercarriage of the
aircraft.

[0003] Currently, undercarriages of aircraft are provid-
ed with mechanical disk brakes, which are operated by
oil under pressure coming from a hydraulic circuit. In par-
ticular, the braking action is modulated manually by the
pilot by action on a brake pedal that acts on valves of the
hydraulic circuit.

[0004] As is known, disk brakes are subject to a rapid
wear on account of the high value of kinetic energy that
is to be dissipated during braking of the aircraft.

[0005] Disk brakes moreover reach very high temper-
atures, which can jeopardize the efficiency thereof and
drastically reduce their service life.

[0006] There have moreover been proposed braking
systems of an electrical type, which use reversible elec-
trical machines, directly coupled to the undercarriage,
whichare designed to provide a braking action of a "totally
electrical" type.

[0007] For example, the patent applications No. PCT
WO 2005/102839 and EP 1 867 567 describes an axial-
flux machine directly coupled to the wheels of an under-
carriage of an aircraft in order to provide a plurality of
functions, amongst which:

- prior to the landing phase the electric motor is sup-
plied so as to set the wheels of the undercarriage
in rotation and favour landing, moreover reducing
the wear of the tyres due to the effect of friction on
the landing strip;

- following upon contact of the wheels of the under-
carriage with the landing strip, the reversible electri-
cal machine behaves as a generator, producing en-
ergy andthus exerting a braking action-the electrical
energy is dissipated in resistors or is supplied to sec-
tions of the motor that provide a braking action op-
posite to the direction of rotation of the generator;

- part of the energy is stored in an on-board system
for being re-used subsequently; and

- following upon completion of the operations of land-
ing of the aircraft, the reversible electrical machine
can be supplied and used on the runway for moving
the aircraft in opposite directions.

[0008] The applicant of the patent application has
found how, notwithstanding the fact that the solution dis-
closed in the patent application No. PCT WO
2005/102839 referred to above can be acknowledged
absolute theoretical validity, it cannot be implemented on
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any commercial aircraftin operation. Infact, froman anal-
ysis of the dimensions of the rims of the wheels for aircraft
undercarriage and of the values of the torques necessary
to obtain safe braking (i.e., in the times and in the ways
required by current certification standards), it emerges
that at present the rims of the undercarriage wheels do
not enable in any way integral housing inside them of
machines capable of generating adequate braking tor-
ques in so far as the radial dimensions are limited by the
internal diameter of the rim of the wheels of the under-
carriage within which the reversible electrical machine is
to be integrally housed. EP 1 867 567 describes an air-
craft electric brake - generator.

[0009] The aim of the present invention is instead to
provide a braking system for the wheels of an undercar-
riage of an aircraft that will solve the problems referred
to above typical of known "totally electrical” braking sys-
tems. In particular, in order also to limit the weight and
overall dimensions of the machine, it is envisaged that
the coupling between the wheel of the undercarriage and
the axial-flux machine cannot be of the direct type but
must necessarily envisage the use of a reducer, for ex-
ample an epicyclic reducer, thus enabling the machine
to generate the torque necessary for braking.

[0010] The above aim is achieved by the present in-
vention in so far as it regards a braking system for an
aircraft according to claim 1.

[0011] The invention will now be illustrated with partic-
ular reference to the attached drawings, which represent
a preferred non-limiting example of embodiment thereof
and in which:

Figure 1is a schematicillustration of an aircraft using
the system of the present invention;

Figure 2 is a simplified electrical diagram of the sys-
tem according to the present invention; and
Figure 3 illustrates, at an enlarged scale, a mechan-
ical particular of an undercarriage.

[0012] Designated as a whole by 1 in Figure 1 is a
braking system for an aircraft 2 (for example, an aircraft
for regional transport - represented schematically) com-
prising a fuselage 3, two side wings 4, a front undercar-
riage 5 carried by the fuselage 3 and two lateral under-
carriages 7, each carried in the example of embodiment,
by a corresponding wing 4.

[0013] Each of the undercarriages 5, 7 comprises a
respective frame 8, a top terminal portion of which is cou-
pled to a corresponding load-bearing structure (not illus-
trated) of the aircraft 2, and an opposite bottom terminal
portion of which carries hinged, in the particular example
described, one or more pairs of wheels 10 hinged to the
frame 8 so as to turn about a corresponding hinge axis 11.
[0014] Eachwheel 10 (Figure 3) comprises a metalrim
12, which carries at least one tyre 13, in turn comprising
a tread 14 and two side walls 15.

[0015] In the particular example described, the under-
carriages 5 and 7 are of a retractable type and for this
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reason are associated to respective movement assem-
blies, in themselves known and not described in detail,
each designed to displace the corresponding undercar-
riage 5, 7 between a retracted resting position (not illus-
trated), in which the undercarriages 5, 7 are completely
housed in a seat of the fuselage 3 and, respectively, of
the wings 4, and an operative extracted position (illus-
trated in Figure 1), in which the undercarriages 5, 7 ex-
tend downwards from the fuselage 3 and from the wings
4.

[0016] An axial-flux reversible electrical machine 20 of
a known type (Figure 2) is coupled to the wheel 10 of an
undercarriage 5, 7 in such a way that the rotor of the
electrical machine 20 is set in rotation following upon the
angular movement of the wheel 10 of the undercarriage
5, 7 with the stator of the machine 20 fixed with respect
to the frame 8.

[0017] According to the invention, an epicyclic reducer
21 is set between the wheel 10 of the undercarriage and
the rotor of the reversible electrical machine 20; the ep-
icyclic reducer 21 provides a transmission ratio T in such
a way that the rotor turns at a velocity To with respect to
the velocity of rotation  of the wheel 10 (with Te > ©).

[0018] In greater detail, the epicyclic reducer 21 com-
prises:

- aring gear 22 fixed with respect to an end portion of
the rim 12 of the wheel 10;

- planetary gears or satellites 24 (three in the exam-
ple), which mesh on the ring gear 22 and are carried
by a planetary-bearing disk (not illustrated for rea-
sons of simplicity and fixed with respect to the frame
8); and

- a sun gear 25, which meshes with the planetary
gears or satellites 24 and is angularly fixed with re-
spect to the rotor of the reversible electrical machine
20.

[0019] In the example of embodiment illustrated, the
axial-flux reversible electrical machine 20 comprises a
first rotor 32a, a second rotor 32b, and a third rotor 32¢
carried by a tubular body 33 fixed with respect to the sun
gear 25 and mounted by interposition of bearings (not
illustrated) on a wheel-bearing shaft 34r of the frame 8.
[0020] Each rotor 32 (of a known type) is formed by a
plane metal wall shaped like an annulus provided with a
plurality of permanent magnets M angularly spaced apart
along a circular path. Typically, the permanent magnets
M, of a plane type, have a trapezoidal shape in plan view.
[0021] The axial-flux electrical machine 20 comprises
two stators 34a, 34b angularly fixed with respect to the
shaft 34r. Each stator 34 is set between two rotors 32 set
facing opposite faces of the stator 34.

[0022] Each stator 34 (of a known type) comprises a
toroidal core made of ferromagnetic material (not illus-
trated) provided in which is a plurality of slots that house
insulated electrical conductors wound around the toroidal
core to provide a first winding 36a, a second winding 36b,
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and a third winding 36¢, which have first terminals con-
nected to one another and second terminals connected
to a first electric line 37a, a second electric line 37b, and
a third electric line 37c (Figure 2), respectively.

[0023] Each electric line 37a, 37b, 37c communicates
with respective first terminals of a single three-phase
switch (for example, a static switch), designed to close/
open three contacts 38a, 38b, 38c; the three-phase
switch has second terminals connected, respectively, to
afirst terminal of a variable resistor 40a, 40b, 40c having
a second common connection terminal.

[0024] Thevalue ofresistance R(f) provided by the var-
iable resistor 40a, 40b, 40c is modifiable on the basis of
acommand signal setfrom a control block 43 under man-
ual action of the pilot, who can act on a brake pedal (not
illustrated).

[0025] In this a way, by closing each contact 38a, 38b,
38c closing of the first, second, and third windings 36a,
36b, 36¢ on a respective variable resistor 40a, 40b, 40c
is obtained.

[0026] Each first terminal of the static three-phase
switch is connected to one end of an electric line 44a,
44b, 44c, which communicates with a device 46 (of a
known type), in which electrical charge can be accumu-
lated through an AC-DC converter 47.

[0027] Switching of the three-phase switch and oper-
ation of the converter 47 and of the device 46 is controlled
by an electronic unit 50 that carries out braking of the
aircraft 2 with modalities that will be clarified hereinafter.
[0028] Also present on the aircraft 2 is a three-phase
electrical network 55 supplied by a current generator 57
operated by cne of the engines and/or by an auxiliary
turbine 59 (APU). The same generator 57 is also coupled
with an AC-AC converter 47, which interfaces with the
on-board three-phase electrical network 55.

[0029] The electronic unit 50 controls, with the modal-
ities that will be clarified hereinafter, communication of
the three-phase electrical network 55 with the electrical
lines 37a, 37b, 37¢ through the section of AC-AC con-
version of electrical power according to techniques of a
known type that will not be described in further detail.
[0030] The electronic unit 50 moreover communicates
with the block 43 for implementation of the manual brak-
ing command by means of a pedal.

[0031] Inuse, during landing of the aircraft 2, following
upon contact between the undercarriages 5, 7 and the
runway, the wheels 10 are setin rapid rotation. The pres-
ence of an epicyclic converter with transmission ratio T
means that the rotors 32a, 32b, 32¢ move at a velocity
Tw higher than the velocity of rotation o of the wheel.
[0032] Inthisway, the rotors turn at a high velocity and
consequently high electromotive forces are induced on
the windings 36a, 36b, 36c in so far as the axial-flux re-
versible electrical machine 20 behaves as a currentgen-
erator.

[0033] The electronic unit 50 then governs closing of
the contacts 38a, 38b, 38cin such away that the induced
currents generated by the current generator 20 close on
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the resistors 40a, 40b, 40c, where the electrical energy
is converted into heat by the Joule effect.

[0034] The induced currents have a direction that op-
poses the cause that has generated them, i.e., the move-
ment of the rotors 32a, 32b, 32¢ within the magnetic field
of the stator 34.

[0035] Consequently, a braking effect is produced,
which slows down the movement of the rotor 32 and
hence of the wheel 10 given the same braking power.
[0036] The braking effect is all the more intense the
higher the velocity of the rotor 34 with respect to the stator
34; the presence of an epicyclic converter ensuresreach-
ing of a velocity of the rotor 32 that guarantees a high
braking effect.

[0037] Forthis principle of operation, the braking action
is maximum at the moment of contact of the aircraft 2
with the landing strip and decreases with the reduction
of the speed of the aircraft 2.

[0038] Furthermore, by means of the control block 43
the pilot can madify the value of resistance R (f) and
hence the value of the current that is dissipated by the
resistors and modulates the braking force as a function
of the velocity of the wheel 10. In other words, the degree
of the braking action is given by the value of torque that
is imposed by the armature current of the machine (in-
duced on the windings of the stator elements 36a, 36b,
36¢) and is determined by the value of the three- phase
resistance R (f) due to the action of the pilot on the brake
pedal.

[0039] In this way, unlike the majority of mechanical
brakes that function by exploiting forces of friction, the
principle of operation of the braking system of the present
invention does not envisage parts subject to wear.
[0040] For each pair of wheels 10 the system in ques-
tion subsequently enables actuation of an intrinsic anti-
skid control (ASK) (of the ABS type) capable of modulat-
ing the braking action following upon a non-uniform de-
celeration of the wheels 10. In particular, in the case of
blocking of awheel 10 due, for example, to skidding phe-
nomena, the system automatically blocks its braking ac-
tioninsofarasitnolongerreceives energy for developing
the opposing resisting torque.

[0041] The amount of electrical power not used for
braking is transferred, through the electrical lines 44a,
44b, 44c and the converter AC/DC 47, into the device 46
where the electrical charges accumulate in an accumu-
lation system of a super-capacitive type.

[0042] When the velocity of rotation of the wheel 10
drops below a first threshold value such that the amount
of the induced electromotive force, notwithstanding the
presence of the epicyclic converter 21, would in turn de-
termine an insufficient braking, the electronic unit50 gov-
erns a gradual reduction of the value of resistance (up
to short-circuiting) so as to keep the currents in the stator
windings high. When the velocity of the wheel drops be-
low a value such that the braking action by induction be-
comes negligible, the electronic unit 50 governs transfer
of charge from the device 46, which releases the accu-
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mulated charge.

[0043] When the velocity of rotation of the wheel 10
drops below a second threshold value lower than the first,
the on-board electrical network 55 intervenes. In partic-
ular, the electronic unit 50 is able to detect the angular
velocity of the wheel 10 (i.e., of the rotor disks 34a, 3b,
34c) and simultaneously its instantaneous derivative
(amount of deceleration) by governing, through the con-
verter 47, the on-board electrical network 55 to impose
upon the machine an appropriate armature current such
as to maintain the opposing braking torque required by
the pilot through the action on the brake pedal.

[0044] In this case, by using the on-board electrical
network 55, the electrical machine 20 supplies further
braking power.

[0045] Consequently, in this way, the definitive arrest
of the aircraft 2 can be obtained in a "totally electrical"
way, without using any brake of a mechanical type to
enable definitive arrest of the means.

[0046] The aircraft 2 can be provided with a parking
brake with mechanical blocking (by means of a pawl-and-
ratchet mechanism of a known type, not illustrated) ac-
tivated and de-activated electrically.

[0047] The electronic unit 50 can also be configured in
such a way that the on-board electrical network 55 will
supply through the converter 57 the electrical machine
20 with a current having a direction such as to obtain
rotation of the reversible electrical machine and displace-
ment of the aircraft 2 on the runway.

[0048] The reversibility of the machine 20 determines
in fact the possibility of using the system 1 described also
for the operations of taxiing and towing of the aircraft 2
on the runway. In this case, the power for supply of the
system, necessary to obtain the static torque useful for
movement of the aircraft, is detected directly by the on-
board electrical network 55 without the need to turn on
the main engines but by exploiting, for example, the gen-
erator 59 (APU) (already in itself operative during the
step of loading on the ground).

[0049] During the taxiing step, there is subsequently
envisaged a further control of a differential type capable
of processing the information received from the front
steering wheels (angle and direction of rotation) so as to
change the velocity of rotation of each pair of wheels
following upon non-rectilinear paths.

[0050] In the braking system described above, where
the reversible electrical machines are of a three-phase
type, there exists a direct proportionality between the op-
posing braking torque and the radius r of the wheel 10
(arm of the torque) that is of a cubic type, i.e., C=fr3).
[0051] However, since the radius of the wheel 10 is a
fixed quantity and the quantities involved are of a suffi-
ciently high value, an increase of the braking torque can
be obtained using an electrical machine of a "six- phase"
type (not illustrated) .

[0052] On this hypothesis, the increase of the number
of phases (corresponding to a reduction of the polar pitch
of the machine) determines an increase in the induced
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counter-electramotive force (i.e., of the resistant torque
acting on the wheel 10) given the same size and velocity
of rotation of the rotor 24 (and hence of intensity of the
current induced on each single phase).

Claims

1. Abraking system for an aircraft (2), the breaking sys-
tem being provided with undercarriage (7), an axial-
flux reversible electrical machine (20) associated to
at least one wheel of the undercarriage and set in
rotation by the rotation of the wheel, there being pro-
vided current-dissipator means (40a, 40b, 40c) that
can be connected (38a, 38b, 38c) to the windings
(364, 36b, 36¢) of said axial-flux reversible electrical
machine (20) during rotation of said wheel (10) in
the landing phase for dissipating in the current-dis-
sipator means (40a, 40b, 40c) the induced currents
generated by the machine (20), which behaves as
current generator (20), and producing a braking ef-
fect that slows down the movement of said wheel
(10), wherein
said braking system comprises an epicyclic reducer
(21) set between the wheel (10) of the undercarriage
and the rotor (32) of said reversible electrical ma-
chine (20); said epicyclic reducer (21) providing a
transmission ratio T in such a way that the rotor (32)
will turn at a velocity Te with respect to the velocity
of rotation w of the wheel (10) characterized in that
said epicyclic reducer (21) comprises:

- aring gear (22) angularly fixed with respect to
the wheel (10);

- a plurality of planetary gears or satellites (24),
which mesh on the ring gear (22); and

- a sun gear (25), which meshes with the plan-
etary gears or satellites (24) and is angularly
fixed with respect to the rotor of the reversible
electrical machine (20).

2. The system according to Claim 1, wherein the axial-
flux reversible electrical machine (20) comprises at
least one stator (34a, 34b) facing the rotor and an-
gularly fixed with respect to a portion of said under-
carriage (5, 7).

3. Thesystem according to Claim 2, wherein the stator
(34) of the axial-flux reversible electrical machine
(20) is fixed with respect to the frame (8).

4. The system according to Claim 1, wherein said cur-
rent dissipators (30a, 30b, 30c) comprise resistor
means.

5. The system according to Claim 4, wherein said re-
sistor means have a resistance R(f) that varies ac-
cording to a command (43) in order to modulate the
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10.

1.

12.

braking action.

The system according to any one of the preceding
claims, wherein it is provided with an accumulation
device (46) in which electrical charge can be accu-
mulated and which can be connected (44a, 44b, 44c¢)
to said axial-flux reversible electrical machine (20)
for storing the charge not dissipated in said current-
dissipator means (40a, 40b, 40c).

The system according to Claim 6, wherein control
means (50) are provided, designed to make the
transfer of charge from said accumulation device
(46) to said axial-flux reversible electrical machine
(20), thus supplying further power for braking.

The system according to Claim 6, wherein said con-
trol means (50) are so designed as to govern, when
the velocity of rotation of the wheel drops below a
first threshold value such that the braking action by
induction becomes negligible, a transfer charge from
said accumulation device (46) which releases the
accumulated charge.

The system according to Claim 6, wherein said con-
trol means (50) are so designed to govern the trans-
fer of electrical energy from an electrical network of
the aircraft (55) to said axial-flux reversible electrical
machine (20), thus supplying further power for brak-

ing.

The system according to Claim 6, wherein said con-
trol means (50) are so designed to govern the trans-
fer of electrical energy from the electrical network of
the aircraft (55) to said reversible electrical machine
to impose upon the machine an appropriate arma-
ture current such as to maintain the opposing braking
torque as required when the velocity of rotation of
the wheel drops below a second threshold value low-
er than the first.

The system according to any one of Claims 7 to 10,
wherein said control means (50), following upon
completion of the braking operations, are configured
for issuing a command for a flow of current from the
on-board electrical network (55) to the electrical ma-
chine (20) with a direction such as to obtain rotation
of the reversible electrical machine and generation
of a torque that brings about displacement of the
aircraft (2) on the runway.

The system according to any one of the preceding
claims, wherein the axial-flux reversible electrical
machine (20) is of a three-phase type and comprises
a first winding (36a), a second winding (36b), and a
third winding (36c¢), which have first terminals con-
nected to one another and second terminals con-
nected, respectively, to a first electric line (37a), a
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second electric line (37b), and a third electric line
(37¢) that can be connected (38a, 38b, 38c) to said
current-dissipator means (40a, 40b, 40c), respec-
tively.

The system according to any one of Claims 1 to 12,
wherein the axial-flux reversible electrical machine
(20) is of a six-phase type.

Patentanspriiche

1.

3.

Bremssystem fir ein Flugzeug (2), wobei das
Bremssystem mit einem Fahrwerk (7), einer umkehr-
baren elektrischen Axialstrdomungsmaschine (20),
die mit zumindest einem Rad des Fahrwerks ver-
bunden ist, und durch die Drehung des Rades in
Rotation versetzt wird, versehen ist, und dort Strom-
verteilermittel (40a, 40b, 40c) vorgesehen sind, die
mitdenWindungen (36a, 36b, 36¢)der umkehrbaren
elektrischen Axialstrémungsmaschine (20) wahrend
der Rotation des Rades (10) in der Landephase ver-
bunden (38a, 38b, 38c) sein kdnnen, zum Verteilen
derinduzierten Stréme, die durch die Maschine (20),
welche sich als ein Stromgenerator (20) verhalt, er-
zeugt werden, in den Stromverteilermitteln (40a,
40b, 40c), und Erzeugen einer Bremswirkung, wel-
che die Bewegung des Rades (10) verlangsamt, wo-
bei

das Bremssystem ein epizyklisches Reduzierstiick
(21) aufweist, das zwischen dem Rad (10) des Fahr-
werks und dem Rotor (32) der umkehrbaren elekiri-
schen Maschine (20) eingesetzt ist; und das epizy-
klische Reduzierstiick (21) ein Ubertragungsverhalt-
nis T derart bereitstellt, dass der Rotor (32) sich mit
einer Geschwindigkeit To in Bezug auf die Rotati-
onsgeschwindigkeit o des Rades (10) wenden wird,
dadurch gekennzeichnet,

dass das epizyklische Reduzierstiick (21) aufweist:

- einen Zahnkranz (22), der in Bezug auf das
Rad (10) abgewinkelt befestigt ist;

-eine Mehrzahlvon Planetengetrieben oder Sa-
telliten (24), welche auf dem Zahnkranz (22) in
Eingriff sind; und

- ein Sonnenrad (25), das mit den Planetenge-
trieben oder Satelliten (24) in Eingriff ist und in
Bezug auf den Rotor der umkehrbaren elektri-
schen Maschine (20) abgewinkelt befestigt ist.

System nach Anspruch 1,

wobei die umkehrbare elektrische Axialstrémungs-
maschine (20) zumindest einen Stator (34a, 34b)
aufweist, der dem Rotor gegentberliegt und in Be-
zug auf einen Abschnitt des Fahrwerks (5, 7) abge-
winkelt befestigt ist.

System nach Anspruch 2,
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10.

10

waobei der Stator (34) der umkehrbaren elektrischen
Axialstromungsmaschine (20) in Bezug auf den
Rahmen feststehend ist.

System nach Anspruch 1,
wobei die Stromverteiler (30a, 30b, 30c) Wider-
standsmittel aufweisen.

System nach Anspruch 4,

wobei die Widerstandsmittel einen Widerstand R(f)
aufweisen, der entsprechend einem Befehl (43) va-
riiert, um den Bremsvorgang zu modulieren.

System nach einem der vorstehenden Anspriiche,

wobei es mit einer Aufspeichervorrichtung (46) ver-
sehen ist, in der elekirische Ladung aufgespeichert
werden kann und welche mit der umkehrbaren elek-
trischen Axialstrémungsmaschine (20) verbunden
(444, 44b, 44c) sein kann, um nicht verteilte Ladung
in den Stromverteilermitteln (40a, 40b, 40c) zu spei-
chern.

System nach Anspruch 6,

wobei Steuermittel (50) vorgesehen sind, die gestal-
tet sind, um die Ubertragung von Ladung von der
Aufspeichervorrichtung (46) zu der umkehrbaren
elektrischen Axialstrémungsmaschine (20) zu be-
wirken, und somit weitere Leistung zum Bremsen zu
liefern.

System nach Anspruch 6,

wobei die Steuermittel (50) so gestaltet sind, um,
wenn die Rotationsgeschwindigkeit des Rades un-
terhalb eines ersten Grenzwertes fallt, so dass der
Bremsvorgang durch Induktion vernachlassigbar
wird, eine Ladungsiibertragung von der Aufspei-
chervorrichtung (46) zu leiten, welche die aufgespei-
cherte Ladung freisetzt.

System nach Anspruch 6,

wobei die Steuermittel (50) derart gestaltet sind, um
die Ubertragung von elektrischer Energie von einem
elektrischen Netzwerk des Flugzeugs (55) zu der
umkehrbaren elektrischen Axialstrémungsmaschi-
ne (20) zu leiten, und somit weitere Leistung zum
Bremsen zu liefern.

System nach Anspruch 6,

wobei die Steuermittel (50) so gestaltet sind, um die
Ubertragung von elektrischer Energie von dem elek-
trischen Netzwerk des Flugzeugs (55) zu der um-
kehrbaren elektrischen Maschine zu leiten, um der
Maschine einen geeigneten Ankerstrom aufzuerle-
gen, um das entgegengesetzte Bremsdrehmoment
beizubehalten, das benétigt wird, wenn die Rotati-
onsgeschwindigkeit des Rades unterhalb eines
zweiten Grenzwertes fallt, der niedriger als der erste
ist.



11.

12.

13.

11 EP 2 377 758 B1 12

System nach einem der Anspriiche 7 bis 10,

wobei die Steuermittel (50), nachfolgend dem Ab-
schluss der Bremsvorgange, angeordnet sind, um
einen Befehl fur einen Stromfluss von dem bordei-
genen elektrischen Netzwerk (55) zu der elektri-
schen Maschine (20) mit einer Richtung zu erteilen,
um eine Rotation der umkehrbaren elektrischen Ma-
schine und eine Erzeugung eines Drehmoments zu
erhalten, welche eine Versetzung des Flugzeugs (2)
auf der Landebahn bewirkt.

System nach einem der vorstehenden Anspriiche,

wobei die umkehrbare elektrische Axialstrémungs-
maschine (20) vom 3-Phasen-Typ ist, und eine erste
Windung (36a), eine zweite Windung (36b) und eine
dritte Windung (36¢) aufweist, welche erste An-
schlisse, die miteinander verbunden sind, und zwei-
te Anschlisse, die entsprechend mit einer ersten
elektrischen Leitung (37a), einer zweiten elektri-
schen Leitung (37b) und einer dritten elektrischen
Leitung (37c) verbunden sind, aufweisen, welche mit
den Stromverteilermitteln (40a, 40b, 40c) verbunden
(38a, 38b, 38c) werden kdnnen.

System nach einem der Anspriiche 1 bis 12,
wobei die umkehrbare elektrische Axialstréomungs-
maschine (20) vom 6-Phasen-Typ ist.

Revendications

Systéme de freinage pour un aéronef (2) , le systéme
de freinage étant pourvu d’un train d'atterrissage (7)
, etd’une machine électrique réversible de flux axial
(20) associée a au moins une roue du train d'atter-
rissage et mise en rotation par la rotation de la roue,
et étant fournis des moyens de dissipation de cou-
rant(40a, 40b, 40c) qui peuvent étre reliés (38a, 38b,
38c) aux enroulements (36a, 36b, 36¢) de ladite ma-
chine électrique réversible de flux axial (20) au cours
de la rotation de ladite roue (10) dans la phase d’at-
terrissage pour dissiper dans les moyens de dissi-
pation de courant(40a, 40b, 40c) les courants induits
génerés par la machine (20), qui se comporte com-
me un génerateur de courant (20) , et produire un
effet de freinage qui ralentit le mouvement de ladite
roue (10), dans lequel

ledit systéeme de freinage comprend un réducteur
épicyclaidal (21) placé entre la roue (10) du train
d’atterrissage et le rotor (32) de ladite machine élec-
trique réversible (20) ; ledit réducteur épicycloidal
(21) présentant un rapport de transmission T de
sorte que le rotor (32) tourne a une vitesse To par
rapport a la vitesse de rotation o de la roue (10),
caractérisé en ce que ledit réducteur épicycloidal
(21) comprend :

- une couronne (22) fixe angulairement par rap-
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port a la roue (10) ;

- une pluralité d’engrenages planétaires ou sa-
tellites (24), qui s’engrénent sur la couronne
(22) ; et

- un engrenage solaire (25) qui s’engréne avec
les engrenages planétaires ou satellites (24) et
est fixe angulairement par rapport au rotor de la
machine électrique réversible (20).

Systéme selon larevendication 1, dans lequel la ma-
chine électrique réversible de flux axial (20) com-
prend au moins un stator (34a, 34b) faisant face au
rotor et fixe angulairement par rapport a une portion
dudit train d’atterrissage (5, 7).

Systéme selon larevendication 2, dans lequel le sta-
tor (34) de la machine électrique réversible de flux
axial (20) est fixe par rapport au chassis (8).

Systéme selon larevendication 1, dans lequel lesdits
dissipateurs de courant (30a, 30b, 30c) compren-
nent des moyens resistifs.

Systéme selon larevendication 4, dans lequel lesdits
moyens résistifs ont une résistance R(f) qui varie en
fonction d’'une commande (4 3) afin de moduler I'ac-
tion de freinage.

Systéme selon 'une quelconque des revendications
précédentes, comprenant un dispositif d’'accumula-
tion (46) dans lequel une charge électrique peut étre
accumulée et qui peut étre connecté (44a, 44b, 44c)
a ladite machine électrique réversible de flux axial
(20) pour stocker la charge nondissipée dans lesdits
moyens de dissipation de courant (40a, 40b, 40c).

Systéme selon la revendication 6, comprenant un
moyen de commande (50) congu pour assurer le
transfert de charge dudit dispositif d’accumulation
(46) a ladite machine électrique réversible de flux
axial (20), fournissant ainsi plus de puissance pour
le freinage.

Systéme selon la revendication 8, dans lequel ledit
moyen de commande (50) est congu de maniére a
réguler, lorsque la vitesse de rotation de la roue de-
vient inférieure a une premiére valeur de seuil pour
laguelle I'action de freinage par induction devient né-
gligeable, une charge de transfert dudit dispositif
d’accumulation (46) qui libére la charge accumulée.

Systéme selon la revendication 6, dans lequel ledit
moyen de commande (50) est congu de maniére a
réguler le transfert d’énergie électrique d’un réseau
électrique de I'aéronef (55) a ladite machine électri-
que réversible de flux axial (20), fournissant ainsi
plus de puissance pour le freinage.



10.

11.

12.

13.

13 EP 2 377 758 B1

Systéeme selon la revendication 6, dans lequel ledit
moyen de commande (50) est congu de maniére a
réguler le transfert d’énergie électrique du réseau
électrique de I'aéronef (55) a ladite machine électri-
que réversible pour imposer a la machine un courant
induit approprié afin de maintenir le couple de frei-
nage opposé requis lorsque la vitesse de rotation
de laroue devient inférieure a une deuxiéme valeur
de seuil inférieure a la premiére.

Systéme selon I'une quelconque des revendications
7 a 10, dans lequel ledit moyen de commande (50),
alafindes opérations de freinage, est configuré pour
commander I'établissement d’un flux de courant du
réseau électrique embarqué (55) vers la machine
électrique (20) avec une direction permettant d’ob-
tenir une rotation de la machine électrique réversible
et une génération d’un couple entrainant un dépla-
cement de 'aéronef (2) sur la piste.

Systéme selon I'une quelconque des revendications
précédentes, dans lequel la machine électrique ré-
versible de flux axial (20) est de type triphasé et com-
prend un premier enroulement (36a), un deuxieme
enroulement (36b) et un troisieme enroulement
(36¢), quiontdes premiéres bornes reliées les unes
aux autres et des deuxiemes bornes reliées respec-
tivement a une premiére ligne électrique (37a), une
deuxiéme ligne électrique (37b) et une troisieme li-
gne électrique (37c) qui peuvent étre reliées (38a,
38b, 38c¢) respectivement aux dits moyens de dissi-
pation de courant (40a, 40b, 40c).

Systéme selon I'une quelconque des revendications
1412, dans lequel la machine électrique réversible
de flux axial (20) est de type a six phases.
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FIG. 3
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