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ELECTRIC BRAKE FOR AIRCRAFT

Field of the Invention
The invention herein described relates generally to an electric brake
particularly useful in aircraft, and more particularly to an electric brake actuator
assembly, components thereof, and associated methods of assembly and

operation.

Background of the Invention

Known in the prior art are aircraft wheel and brake assemblies including a
non-rotatable wheel support, a wheel mounted to the wheel support for rotation,
and a brake disk stack having front and rear axial ends and alternating rotor and
stator disks mounted with respect to the wheel support and wheel for relative axial
movement. Each rotor disk is coupled to the wheel for rotation therewith and
each stator disk is coupled to the wheel support against rotation. A back plate is
located at the rear end of the disk stack and a brake head is located at the front
end. The brake head houses a plurality of actuator rams that extend to compress
the brake disk stack against the back blate. Torque is taken out by the stator
disks through a static torque tube or the like.

Electrically actuated aircraft brakes of various configurations are known, as
exemplified by U.S. Patent Nos. 4,381,049, 4,432,440, 4,542,809 and 4,567,967.
The brake assemblies shown in these patents include electric motors which
respond to an electrical control signal to effect rotation of a ring gear member
which interacts through a plurality of balls to drive a linearly movable ram member
into contacting engagement with a brake disk stack to effect compression thereof
and braking of a wheel.

In U.S. Patent No. 4,596,316, another configuration of an electrically
actuated brake uses a roller screw drive wherein a ring gear member interacts
through a plurality of roller screws to drive a ram member into engagement with
the brake pressure plate to effect compression of the brake disk stack for braking
action. A plurality of electric motors and their associated pinions drive a ring gear
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into rotation and the plurality of roller screws effect linear axial movement of the
ram member.

In U.S. Patent No. 4,865,162, a further electrically actuated aircraft brake
employs a roller screw drive mechanism driven by an electric torque motor
through a gear drive associated with either the screw or the nut of the roller screw
drive mechanism. Rotation of the gear drive by the torque motor moves the other
one of the screw or nut into axial engagement with a brake disk stack to
compress the stack for braking. A plurality of the roller screw drive mechanisms
and respective gear drives and torque motors are mounted in a balanced
arrangement about the axis of the wheel to apply and release a brake pressure
force on the brake disk stack in response to an electrical control signal to the
torque motors.

The repair or maintenance of these previously known brakes including
torque motor driven rams heretofore has required significant disassembly of the
brake. The complex integrated nature of prior art designs normally require
substantial teardown of the assembly for maintenance, repair and/or overhaul of
the assembly even if minor repair or only replacement of a single faulty
component is required. Associated with extensive teardown is a lengthy
reassembly and retest procedure to verify flight worthiness. Also, a highly
integrated design and assembly with complex machining and assembly
procedures is costly to process and manufacture. Distribution and parts stocking
of individual components of such an assembly is similarly complex and inefficient
as cam be appreciated by those knowledgeable in this area. Consequently, an
aircraft, for example a commercial passenger aircraft, would most likely have to
be taken out of scheduled service until a faulty actuator could be serviced. This
results in lost revenue for the airline, scheduling adjustments, considerable
inconvenience for customers, etc.

U.S. Patent No. 6,095,293 discloses an electric brake and method
characterized by the use actuator modules each of which can be easily and
quickly replaced as a unit. This enables quick and easy replacement of the
actuator modules without requiring disassembly of the overall brake and wheel

assembly. Also, it is conceivable that a malfunctioning actuator module could be
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replaced on an aircraft and tested with a minimum of equipment preferably quickly
enough to allow the aircraft to remain in scheduled service and/or with a minimum
of downtime. In addition, periodic maintenance of the brake can be done quicker
and more efficiently by replacing the actuator modules with reconditioned and/or
new actuator modules.

The electric brake described in U.S. Patent No. 6,095,293 comprises a
brake disk stack, a brake head, and at least one actuator module mounted to the
brake head. The actuator module includes a module housing, a reciprocating
ram and a motive device, i.e, an electric motor, operatively connected to the
reciprocating ram for selectively moving the reciprocating ram into and out of
forceful engagement with the brake disk stack for applying and releasing braking
force. The actuator module is removable as a unit from one side of the brake
head and most preferably from the side of the brake head opposite the brake disk
stack. The ram includes a ram nut, and the electric motor is drivingly connected
to a lead screw, e.g. a ball screw, in threaded engagement with the ram nut
whereupon rotation of the lead screw effects linear movement of the nut toward
and away from the brake disk stack. The module housing includes a guideway
for guiding the ram nut, and the guideway and ram nut respectively have
polygonal cross-sections defined by plural outer side surfaces which rotationally
interfere with one another to restrain rotation of the ram nut relative to the
housing.

International Publication No. WO 01/20188 also discloses another electro-
mechanical actuator module including a housing, a linearly movable ram, a screw
for linearly moving the ram, a nut mounted for rotation in the housing and
operatively engaged with the screw such that rotation of the nut effects linear
movement of the screw for urging the ram into forceful engagement with the
brake disk stack, an electric motor for rotating the nut, and an anti-rotation device
for preventing rotation of the screw relative to the housing when the nut is rotated
to effect linear movement of the screw. This arrangement provides for greater
stroke than prior art actuators without sacrificing durability and performance. To
prevent foreign material from entering the housing at the screw, a bellows is used

to provide a seal with respect to the housing and screw.
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Summary of the Invention

The present invention provides a number of improvements over known
electric brakes. The several aspects of the invention are below summarized.

According to one aspect of the invention, an electric brake assembly and
method are characterized by a brake disk stack and an actuator assembly for
applying braking force to the brake disk stack, the actuator assembly including an
actuator mounting member, and at least one actuator module removably mounted
to the actuator mounting member, each actuator module including an electric
motor and a ram carried by a respective housing, the housing of each actuator
module having at least one mounting flange for abutting an axially outwardly
facing mounting surface on the actuator mounting member when in a first rotated
position within an aperture in the actuator mounting member, and the mounting
flange having a configuration for axial passage through the aperture when in a
second rotated position, thereby to facilitate easy disassembly of the actuator
module from the mounting member.

The invention also provides an actuator module including an electric motor
and a ram carried by a respective housing, the housing of each actuator module
having at least one mounting flange for abutting an axially outwardly facing
mounting surface on an actuator mounting member when in a first rotated
position within an aperture in thé actuator mounting member, and the mounting
flange having a configuration for axial passage through the aperture when in a
second rotated position, thereby to facilitate easy disassembly of the actuator
module from the mounting member.

According to another aspect of the invention, an electric brake assembly
and method are characterized by a brake disk stack having a center axis, and a
plurality electro-mechanical actuators for applying braking pressure to the brake
disk stack, the actuators being circumferentially arranged around the center axis
and each actuator including a housing, a linearly movable ram, a screw for
linearly moving the ram, a nut mounted for rotation in the housing and operatively
engaged with the screw such that rotation of the nut effects linear movement of
the screw for urging the ram into forceful engagement with the brake disk stack,

an electric motor for rotating the nut, and a sleeve telescoped over the ram nut

4



10

20

25

30

WO 2006/025905 PCT/US2005/019853

and movable with the screw, for preventing foreign material from entering the
actuator.

The invention also provides an actuator including a housing, a linearly
movable ram, a screw for linearly moving the ram, a nut mounted for rotation in
the housing and operatively engaged with the screw such that rotation of the nut
effects linear movement of the screw for urging the ram into forceful engagement
with a brake disk stack, an electric motor for rotating the nut, and a sleeve
telescoped over the ram nut and movable with the screw, for preventing foreign
material from entering the actuator.

The foregoing and other features of the invention are hereinafter fully
described and particularly pointed out in the claims, the following description and
the annexed drawings setting forth in detail one or more illustrative embodiments
of the invention, such being indicative, however, of but one or a few of the various

ways in which the principles of the invention may be employed.

Brief Description of the Drawings

Fig. 1 is perspective rendering of an electric brake according to the
invention.

Fig. 2 is a perspective rendering of a brake mounting plate used in the
electric brake of Fig. 1.

Fig. 3 is a perspective view of an actuator module used in the electric
brake of Fig. 1.

Figs. 4A-4D are sequence views showing removal of an actuator module
from the brake mounting plate.

Fig. 5 is a perspective view, partly broken away in section, of the actuator
module.

Fig. 6 is a partial cross-sectional view of a ram section of the actuator

module.

Detailed Description of the Invention
Because the invention was conceived and developed for use in an aircraft

braking system, it will be herein described chiefly in this context. However, the
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principles of the invention in their broader aspects can be adapted to other types
of braking systems, such as in train brake systems.

Referring now in detail to the drawings and initially to Fig. 1, an electric
brake according to the present invention is generally indicated at 10. The brake
10 generally comprises a brake actuator assembly 11 and a heat sink in the form
of a brake disk stack 12. The brake disk stack 12 can be of a conventional or
other design including stationary brake elements and rotary brake elements that
are interleaved and surround a torque tube or equivalent (not shown). The
stationary and rotary brake elements usually are in the form of stator disks 15 and
rotor disks 16. The stator disks 15 typically are splined to a torque tube 17 and
the rotor disks 16 are splined to a wheel (not shown) interiorly of the wheel's rim.
As is conventional, the splined connection may be effected by a plurality of spline
or drive keys that are spaced around the circumference of the rim/torque tube to
permit axial movement of the rotor/stator disks while being held to the
wheel/torque tube against relative rotation.

The wheel (not shown) typically is supported for rotation on an axle (not
shown) by axially spaced apart bearings (not shown). The axle thus forms a
wheel mount and typically is attached to an aircraft landing gear strut or truck (not
shown). For further details, reference may be had to U.S. Patent No. 6,662,907,
which is hereby incorporated herein by reference in its entirety.

The brake actuator assembly 11 includes a brake head 18 that can also be
referred to as a brake housing or, in the present case, more particularly as a
brake mounting plate. The brake mounting plate has a central opening 19 for
mounting of the brake mounting plate on the landing gear axle or other wheel
support. For some applications the brake mounting plate can be formed integrally
with or fixedly secured (as by splines, bolts, etc.) to the axle or other wheel
support for direct transfer of braking torque to the axle or other wheel support. In
the illustrated embodiment, the brake mounting plate is supported on the axle for
limited rotational movement, and the brake mounting plate is provided with an
torque take-out arm 20. The torque take-out arm 20 extends radially and
functions as a torque transfer interface between the brake actuator assembly and

the landing gear axle/strut/truck structure. More particularly, the torque take-out
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arm 20 has an eye 23 the provides for connection to a brake rod that in turn is
connected to the landing gear axle/strut/truck structure, as in a conventional
manner, to provide for transfer of torque from the torque take-out arm to the
landing gear axle/strut/truck structure when braking force is being applied to the
disk brake stack 12 by the brake actuator assembly 11.

The disk stack 12 typically is located between a back pressure member
(not shown) and the brake mounting plate 18. The back pressure member can be
formed by a radial flange at the end of the torque tube opposite the brake
mounting plate, which radial flange engages the last brake disk at the outboard
end of the disk stack typically through the use of a plurality of circumferentially
spaced apart pucks. For further details, reference may be had to U.S. Patent No.
6,662,907.

Pressure is applied to the other or inboard end of the disk stack 12 by the
ram 26 (Fig. 3) of one or more actuator modules 27 that are mounted to the brake
mounting plate 18. The actuator modules 27 preferably are mounted in a circular
arrangement around the center axis of the brake mounting plate 18, preferably
with the actuator rams 26 generally circumferentially equally spaced apart and/or
with the rams arranged in diametrically opposed pairs. The actuator modules 27
can be connected by any suitable means such as cables to a single interface
connector 30 to which a mating connector of a control cable (not shown) can be
detachably connected for connecting the brake 10 to a brake controller (not
shown) located elsewhere. The brake mounting plate serves as the platform for
mounting the actuator modules and for reacting actuation and torque loads from
the brake to an aircraft brake rod or other landing gear structure.

Preferably, the actuator modules 27 are identical and interchangeable, and
a representative one of the actuator modules is shown in Fig. 3. Each actuator
module has a housing 34 that has a radial mounting flange 36 for mounting to the
brake mounting plate 18. The mounting flange 36 has a non-circular peripheral
shape for providing a bayonet-like connection to the brake mounting plate. In the
illustrated embodiment the mounting flange as one or more, and preferably three,

radially extending arms or lobes 38. The three lobes have essentially the same
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shape and are circumferentially equally spaced apart, thereby giving the
mounting flange an overall triangular shape.

The mounting flange 36 is shaped to allow insertion into a respective
aperture 42 in the brake mounting plate 18. In the embodiment shown in Figure
2, each aperture 42 has a shape corresponding to the shape of the respective
mounting flange, i.e., a multi-lobe triangular shape. It will be appreciated,
however, that the illustrated shape is exemplary and the flange and aperture can
be otherwise shaped.

The mounting flange 36 is also located adjacent a rotation neck portion 46
of the actuator module housing 34. The rotation neck portion has a length at
least equal the thickness of the brake mounting plate 18 in the region thereof
bounding the respective aperture 42. This allows the mounting flange to be
inserted through the aperture and positioned on the outboard side of the brake
mounting plate. The rotation neck portion will then be disposed within the
aperture whereupon the actuator module can be rotated relative to the brake
mounting plate. Such rotation will cause the mounting flange to be rotated to a
position where it can engage the outboard side of the brake mounting plate and
be secured against rotation by one or more fastening devices. In the illustrated
embodiment, the fastening devices are bolts 48 that are threaded into holes 50 in
the brake mounting plate 18, there being three bolts and holes for each actuator.
As shown in Fig. 2, the brake mounting plate can be provided with recesses on its
outboard side for accommodating the mounting flanges of the actuator housings
such that the flanges do not project beyond the outboardmost surface of the
brake mounting plate. As used herein, the outboard side of the brake mounting
plate is the side nearest the brake disk stack.

As will be appreciated, braking load acting axially on each actuator module
will be passed from the actuator module to the brake mounting plate without
passing through the removable bolts 48 or other fastening device used to attach
the actuator module to the brake mounting plate. Accordingly, one or more
smaller and lighter fasteners can be used to effect attachment.

The foregoing arrangement also enables quick and easy swapping in and
out of the actuator modules which preferably are line replaceable units while the

8
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brake is inst~alled on the landing gear. Figs. 4A-4D illustrate removal of one of the
actuator modules. In Fig. 4A, the actuator module is shown attached to the brake
mounting plate in its normal operating position. In such position, the actuator
module is generally located with a cylindrical envelope defined by the brake
mounting plate. In Fig. 4B, the fasteners 48 have been removed to free the
actuator module for rotation. In Fig. 4C, the actuator module is rotated outwardly
to align the lobes of the mounting flange with the lobes of the aberture. In the
illustrated embodiment, the actuator module is rotated 60 degrees. Once the
lobes have been aligned, the actuator module can be moved away from the brake
mounting plate as shown in Fig. 4D, with the mounting flange passing freely
through the aperture. Installation is facilitated in a similar manner, except with
steps in reverse order.

As shown in Fig. 3, the housing 34 of each actuator module 27 can be
formed from several parts, and these parts can be associated with respective
parts or sections of the actuator module. Generally, the actuator module has a
ram drive section 55, a motor section 56 and a transmission section 57
connecting the ram drive section to the motor section. These sections can be
removable with respect to one another, as might be desired to facilitate assembly
and/or refurbishing the actuator module.

Referring now to Figs. 5 and 6, the illustrated representative actuator
module 27 preferably includes an electric motor 80, a multi-stage reduction gear
train 81, and a ball screw assembly 82. The motor 80, gearing 81 and ball screw
assembly 82 are all carried in the module housing 34 and are removable as a
single unit. Suitable bearings are provided for the various rotating components.
An electrical connector 84 is provided on the housing for interfacing the motor
with control circuitry.

The ball screw assembly 82 includes a ball nut 90 having a gear 92 in
mesh with the output end of gearing 81. The ball screw assembly further includes
a ball screw 94 that moves linearly upon rotation of the ball nut, an anti-rotation
guide member 96 extending into the hollow interior of the ball screw, and a ram
sleeve 98 that is telescoped over an axially outer portion of the ball nut. The ball

screw and ball nut have respective spiral grooves/threads and associated balls for
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converting rotary motion to linear motion. Also, other rotary to linear motion
conversion devices may by employed, if desired, with the linear moving member
coinciding with the ball screw and functioning at its outboard end as the actuator
ram. In the illustrated ball screw assembly, the interior bore of the screw and the
anti-rotation guide have corresponding non-circular, e.g. polygonal, cross-sections
which rotationally interfere with one another to restrain rotation of the screw
relative to the housing.

The ball screw assembly translates the rotary motion from the gear train to
the linear motion at the actuator output. Mechanical stops can be provided to
limit the stroke of the translating screw, and a stop can be used as an absolute
position indicator for calibrating the actuator stroke position.

The translating ball screw functions as the actuator ram and contacts the
carbon brake disc stack through an insulator. The screw can be made of Inconel
for thermal considerations. By simply changing the ball screw assembly the
stroke length can easily be modified to allow the actuator to operate on many
different aircraft brake assemblies with different stroke lengths.

The ram sleeve 98, which can be attached to the end of the ball screw,
provides a sealing enclosure and can also function as an insulating interface with
the brake disk stack. A dynamic seal/scraper 100 is used to seal the ram sleeve
to the housing to prevent fluid from entering the actuator, and an inner
seal/scraper 101 can be provided to seal between the screw and the ram nut.
The sleeve telescopically slides on a cylindrical end portion of the ram nut with a
sliding fit in the housing. The sleeve has a length sufficient to cover the length of
the screw that will project from the housing at full extension, while still remaining
coextensive with the ran nut.

The outer end of the sleeve is closed and can be configured to provide a
convenient means to attach an insulating pad 71 to the end of the ram, which pad
provides the interface to the brake disk pressure plate and inhibits heat transfer
into the actuator module.

As will be appreciated, rotation of the motor 31 in one direction will effect
extension of the screw/ram for engaging and squeezing the brake disk stack,

whereas rotation in the opposite direction will effect retraction of the ram, as for
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releasing braking force. In any given position of the ram, the gear train can be
locked by the bi-stable holding brake if the gearing or motor is so-equipped. This
is desirable, for example, to retain the ram in an extended position applying
braking force to the brake disk stack when the plane is parked, thereby to keep
the brake engaged to prevent movement of the aircraft. Although other types of
braking devices can be used to maintain the actuators in a brake-engaged
condition, preferably the holding brake is a bi-stable device that will latch and hold
in either on or off positions, even when no power is being applied to the brake.
However, when pulsed the device can be switched between its on and off
positions.

Although the invention has been shown and described with respect to a
certain preferred embodiment or embodiments, it is obvious that equivalent
alterations and modifications will occur to others skilled in the art upon the reading
and understanding of this specification and the annexed drawings. In particular
regard to the various functions performed by the above described integers
(components, assemblies, devices, compositions, etc.), the terms (including a
reference to a "means") used to describe such integers are intended to
correspond, unless otherwise indicated, to any integer which performs the
specified function of the described integer (i.e., that is functionally equivalent),
even though not structurally equivalent to the disclosed structure which performs
the function in the herein illustrated exemplary embodiment or embodiments of
the invention. In addition, while a particular feature of the invention may have
been described above with respect to only one of several illustrated
embodiments, such feature may be combined with one or more other features of
the other embodiments, as may be desired and advantageous for any given or
particular application.

In addition, the invention is considered to reside in all workable
combinations of features herein disclosed, whether initially claimed in combination

or not and whether or not disclosed in the same embodiment.
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CLAIMS

1. An actuator for an electric brake, comprising a housing (34), a
linearly movable ram (26), a screw (94) for linearly moving the ram, a nut (90)
mounted for rotation in the housing and operatively engaged with the screw such
that rotation of the nut effects linear movement of the screw for urging the ram
into forceful engagement with a brake disk stack (12), an electric motor (80) for
rotating the nut, and a sleeve (98) telescoped over the ram nut and movable with

the screw, for preventing foreign material from entering the actuator.

2. An actuator according to claim 1, wherein sleeve (98) is attached to

an end of the screw (94).

3. An actuator according to claim 1 or claim 2, wherein a dynamic seal
(100) is used to seal the sleeve (98) to the housing (34) to prevent foreign
material from entering the actuator.

4. An actuator according to claim 3, wherein an inner seal (101) is

provided to seal between the screw (94) and the nut (90).

5. An actuator according to any preceding claim, wherein the sleeve
(98) telescopically slides on a cylindrical end portion of the nut with a sliding fit in

the housing.

6. An actuator according to any preceding claim, wherein the sleeve
(98) has a length sufficient to cover the length of the screw that will project from

the housing at full extension, while still remaining coextensive with the nut.

7. An actuator according to any preceding claim, wherein the outer end
of the sleeve (98) is closed and is configured to provide for attachment of an
insulating pad (71) to the end of the ram, which pad inhibits heat transfer into the

actuator module.
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8. An actuator according to any preceding claim, wherein the screw is

a ball screw and the nut is a ball nut of a ball screw assembly (82)

9. An electric brake assembly, comprising a brake disk stack (12)
having a center axis, and at least one actuator (27) according to any preceding

claim for applying braking pressure to the brake disk stack.

10.  An electric brake assembly according to claim 9, wherein a plurality

of the actuators (27) are circumferentially arranged around the center axis.

11.  An electric brake assembly according to any preceding claim,
comprising an actuator mounting member (18) to which the actuator or actuators
are mounted, the housing of each actuator module having at least one mounting
flange (36) for abutting an axially outwardly facing mounting surface on the
actuator mounting member when in a first rotated position within an aperture (42)
in the actuator mounting member, and the mounting flange having a configuration
for axial passage through the aperture when in a second rotated position, thereby

to facilitate easy disassembly of the actuator module from the mounting member.

12.  An electric brake assembly comprising a brake disk stack (12) and
an actuator assembly (11) for applying braking force to the brake disk stack, the
actuator assembly including an actuator mounting member (18), and at least one
actuator module (27) removably mounted to the actuator mounting member, each
actuator module including an electric motor (80) and a ram (26) carried by a
respective housing (34), the housing of each actuator module having at least one
mounting flange (36) for abutting an axially outwardly facing mounting surface on
the actuator mounting member when in a first rotated position within an aperture
(42) in the actuator mounting member, and the mounting flange having a
configuration for axial passage through the aperture when in a second rotated
position, thereby to facilitate easy disassembly of the actuator module from the

mounting member.
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13.  An actuator module including an electric motor (80) and a ram (26)
carried by a respective housing (34), the housing of each actuator module having
at least one mounting flange (36) for abutting an axially outwardly facing mounting
surface on an actuator mounting member (18) when in a first rotated position
within an aperture (42) in the actuator mounting member, and the mounting
flange having a configuration for axial passage through the aperture when in a
second rotated position, thereby to facilitate easy disassembly of the actuator

module from the mounting member.
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