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(57) Abstract: An aircraft wing tip brake assembly (25) for braking rotation of a shaft (23, 100) has a casing (105) enclosing a first,
main brake (112) with two sets of brake plates (113, 115) mounted respectively with the shaft and the casing. Force can be applied
to actuate the main brake (112) by a ball ramp mechanism (120), a first plate (121) of which is connected with the main brake and a
second plate (123) of which is connected with a set of brake plates (131) in a secondary brake (130). The secondary brake (130) has
& asecond set of brake plates (133) mounted with the casing (105). A spring (141) in an electric actuator applies force to urge together
& the two sets of brake plates (131) and (133) in the secondary brake (130) and thereby apply the second brake to prevent rotation of
O he second plate (123) of the ball ramp mechanism (120). This, in turn, causes the first plate (121) to move towards the main brake
(112) thereby causing it to apply a breaking force between the shaft (10) and the casing (105). To release the brake assembly (25),
power is supplied to the actuator windings (150), which applies force against the spring (140) to release both the secondary brake

(130) and the main brake (112).
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BRAKES

This invention relates to brake assemblies of the kind including a casing and a first

brake coupled between a shaft and the casing.

The invention is more particularly, but not exclusively, concerned with wing tip

brakes.

An aircraft high lift system, such as including a flap or slat is often displaced by
mechanical actuators powered by rotation of a shaft extending along the length of the wing
and driven by a motor towards the aircraft body. The shaft system may be provided with a
brake towards the wing tip. The brake is applied to stop rotation of the shaft and hence
movement of the control surfaces if an anomaly is detected in the drive system, to protect
against asymmetry of the control surfaces in the drive systems on the two wings. The brake
may be hydraulically operated but this requires hydraulic piping and electrical control wiring
to extend along the length of the wing, which adds to the weight and cost. Electrically-
operated solenoid brakes may alternatively be used but those capable of stopping rotation of
the shaft are large and heavy. Electrically-operated brakes including a ball ramp mechanism
have been proposed. These can be lighter and smaller than conventional electrical brakes but,
as previously proposed, they need to be manually released after actuation. In an aircraft, this
would mean that, oﬁce operated, the brakes would be locked on and the control surfaces

could not be moved until the aircraft had landed.
It is an object of the present invention to provide an alternative brake.

According to one aspect of the présent invention there is provided a brake assembly of
the above-specified kind, characterised in that the assembly includes a ball ramp mechanism
having a first part coupled with the first brake, a second brake coupled to a second part of the
ball ramp mechanism, and an actuator operable to apply a force to the second brake such as to
slow movement of the second part of the ball ramp mechanism and thereby cause the first

part of the ball ramp mechanism to apply a force to the first brake so as to brake rotation of
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the shaft, and such that the braking force on the shaft releases when the actuator ceases

applying the force to the second brake.

The actuator is preferably electrical and may include an armature and electrical
windings. The actuator preferably includes a resilient member operable to apply the force to
the second brake. The actuator is preferably arranged to apply force to the second brake in the
absence of electrical power to the actuator. The first brake may include a plurality of brake
plates some of which are mounted with the casing and others of which are mounted with the
shaft, the ball ramp mechanism being operable to apply a force urging the brake plates
together and thereby apply a braking force to the shaft. The second brake may include a
plurality of brake plates some of which are 4mounted with the casing and others of which are
mounted with the ball ramp mechanism. The ball ramp mechanism preferably includes two
parallel, spaced plates with a plurality of arc shaped grooves on opposed faces, the grooves
being deepest towards a midpoint along their length and being shallower towards their ends,
the mechanism including a ball retained between respective grooves in the two plates. The

shaft may be coupled to a control surface of an aircraft wing.

According to another aspect of the present invention there is provided an aircraft
control surface mechanism including first and second shafts extending along a part of the
length of respective wings of an aircraft, a control surface coupled with each shaft, a drive for
rotating the shafts about their length to effect movement of the respective control surface, an
anomaly detector for sensing an anomaly in operation of the mechanism, and first and second
brake assemblies connected with respective ones of the first and second shafts, each brake
assembly including a casing and a first brake coupled between the respective shaft and the
casing, characterised in that the brake mechanism includes a ball ramp mechanism having a
first part coupled with the first brake, a second brake coupled to a second part of the ball
ramp mechanism, and an actuator operable in response to an output from the anomaly
detector to apply a force to the second brake such as to slow movement of the second part of
the ball ramp mechanism and thereby cause the first part of the ball ramp mechanism to apply
a force to the first brake so as to brake rotation of the shaft and thereby prevent further
displacement of the control surface, and such that the braking force on the shaft releases

when the actuator ceases applying the force to the second brake.
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An aircraft wing tip brake assembly according to the present invention will now be

described, by way of example, with reference to the accompanying drawings, in which:

Figure 1 is a simplified, plan view of an aircraft flap system including a brake

assembly on each wing;

Figure 2 is a sectional side elevation view through one half of a brake assembly;
and
Figure 3 illustrates a plate of the ball ramp mechanism.

With reference first to Figure 1, the aircraft has two wings 1 and 2 extending laterally
from opposite sides of its body 3. Each wing supports two lift flaps 11 and 12, and 21 and 22
respectively on its trailing edge, which are extensible and deflectable to increase the lift
provided by the wings such as during take-off and landing. The flaps 11 and 12 on one wing
1 are coupled to a single shaft 13 extending along the major part of the length of the wing 1
parallel to and adjacent its trailing edge. The coupling between the shaft 13 and the flaps 11
and 12 includes gearing (not shown), which steps down multiple rotations of the shaft into an
angular displacement of the flaps. Similarly, the right wing 2 has a shaft 23 extending along
its length coupled to the flaps 21 and 22. The shafts 13 and 23 are rotated by a common drive
unit 14 mounted at the inboard end of the shafts adjacent the body 3. The drive unit 14 is

controlled by a control unit 30.

Mounted at the outer end of each shaft 13 and 23, towards the tip of each wing 1 and
2, there is a brake assembly 15, 25, which is also controlled by signals from the control unit
30. In particular, the control unit 30 supplies signals to actuate the brakes 15 and 25 when it
detects an anomaly in displacement of the flaps 11, 12, 21 and 22 or their associated
mechanism inconsistent with the displacement commanded, or when there is asymmetry
between operation of the flaps on the two wings. This locks the shafts 13 and 23 to prevent
further displacement of the flaps 11, 12, 21 and 22. Sensors 31 located adjacent the shafts 13
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and 23 or the flaps 11, 12, 21 and 22 supply signals to the control unit 30 for use in

identifying an anomaly.

With reference now to Figures 2 and 3 the construction and operation of the brake
assembly 25 will be described; the construction and operation of the other brake 15 is

identical.

The brake assembly 25 includes an inner, axial shaft 100 of tubular form and cut with
splines 101 on its outer surface at one end. These splines 101 are shaped to mate with similar
splines (not shown) in a recess at the wing tip end of the shaft 23 so that the two shafts 100
and 23 rotate together. The shaft 100 is supported at its right-hand end 102 by a bearing 103
mounted on a flange 104 fixed with the outer casing 105 of the assembly. The casing 105 is
generally cylindrical in shape and is formed of several parts held together by nuts and bolts.
The outer casing 105 is fixed to the structure of the wing 2 so that it cannot move relative to
the wing. A second bearing 106 supports the shaft 100 towards its opposite end, just to the
right of the splines 101. The second bearing 106 is fixed with a left-hand end flange 107 of
the casing 105.

The left-hand end of the casing 105 contains a main brake unit 112. This comprises a
number of brake plate rotors 113 mounted by splines 114 on the shaft 100 so that they rotate
with the shaft but can be displaced by a small distance axially along the shaft. Between each
rotor plate 113 extends a respective stator plate 115, which are mounted on longitudinally-
extending rods 116 fixed with the casing 105. The mounting prevents the stator plates 113
rotating but they can slide along the rods by a small distance. The brake plates 113 and 115
are contained at one end by a flange 117 fixed with the shaft 100 to the left of the plates. At
their opposite end, the plates 113 and 115 are contacted by a second flange 118, which is
slidable along the splines 114. A disc spring mechanism 119 towards the right-hand end of
the brake plates 113 and 115 holds them apart, so that no braking force is applied, until an

external force is applied to push them together.

The right-hand end flange 118 is engaged by a ball ramp mechanism 120. This
comprises a first plate 121 in contact with the flange 118 and slidable along the splines 114.
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The right-hand surface of the plate 121 has three grooves 122 of arc shape equally spaced
around the plate and with their centre of curvature at the centre of the plate. Each groove 122
is symmetrical about a radial line bisecting the groove and is deepest midway along its
length, becoming shallower towards each end. The mechanism 120 includes a second plate
123 having three grooves 124 on its left-hand surface, that is, the face opposed to the grooved
face of the first plate 121, the grooves being of the same form as those on the first plate

~ 121.The second plate 123 is provided at the left-hand end of a tubular sleeve 125, which is
supported at its right-hand end by a bearing 126 so that it is free to rotate about the axis of the
shaft 100 but cannot move axially relative to the shaft. The ball ramp mechanism 120 also
includes three spherical metal bearing balls 127 between the two plates 121 and 123 and
located in the grooves 122 and 124. The inclination of the two grooves 122 and 124 at their
ends are such that when the two plates 121 and 123 are rotated relative to one another the
trapped balls 127 ride up the slope of the grooves in the two plates causing the plates to
separate. The left-hand plate 121 is constrained to rotate with the shaft 100 whereas the right-
hand plate 123 is unconstrained and can rotate relative to the shaft but normally will be

rotated with the left-hand plate.

A secondary brake unit 130 is located to the right of the ball ramp mechanism 120.
This is similar to the main brake unit 112 but is only capable of applying a much smaller
braking force. The secondary brake unit 130 includes several brake rotor plates 131 mounted
on longitudinally-extending splines 132 around the external surface of the sleeve 125 so that
the plates rotate with the sleeve and can be moved a small distance along the length of the
sleeve. The stator brake plates 133 are mounted on the rods 116 fixed with the casing 105 so
that they cannot rotate but can be displaced a small distance axially. The right-hand end of
the stack of brake plates 131 and 133 is engaged by the left-hand end of a cylindrical, soft-
iron armature assembly 140, which is slidable axially of the brake assembly 25. The armature
assembly 140 is urged to the left by a helical spring 141 extending between an end flange 142
of the outer casing 105 and between a flange 143 towards the left-hand end of the armature.
The force applied by the spring 141, therefore, tends to apply a braking force between the two
sets of brake plates 131 and 133 in the secondary brake unit 130. The armature assembly 140
interacts electromagnetically with two electrical winding coils 150 fixed to the inside of the

casing 105 so that the combination of the armature and coils provides actuation means in the



WO 2005/015044 PCT/GB2004/003023

form of an electrical solenoid. The coils 150 and armature 140 form an actuator and are
arranged so that when power is applied to the coils it causes an axial force on the armature
acting against that of the spring 141, that is, tending to move the armature to the right. It can
be seen, therefore, that when power is applied to the windings 150 the secondary brake 130 is
off and when no power is applied, the secondary brake is on. Alternative forms of actuator

could be used.

In normal operation of the aircraft, the control unit 30 applies power to the windings
150 in each brake assembly 15 and 25 so that the secondary brake 130 is held off. This allows
the two plates 121 and 123 to rotate together and assume a configuration with minimum
separation between them. This in turn ensures that no force is applied against the action of the -
spring 119 in the main brake unit 112 so that plates 113 and 115 of this brake unit are free to
rotate relative to one another and no braking force is applied to the shaft 100. The shafts 13

and 23 are, therefore, free to rotate to displace the flaps 11, 12, 21 and 22 as commanded.

When an anomaly is detected, such as asymmetry between the displacement of the
flaps or shafts in opposite wings, the control unit 30 immediately terminates supply of power
to each brake assembly 15 and 25. The spring 141 is now free to displace the armature 140 to
the left, which applies a force pushing the stator and rotor brake plates 133 and 131 together.
This increases friction between the plates 133 and 131 and applies a braking force between
the casing 105 and the sleeve 125. The sleeve 125 and the plate 123, therefore, stop rotating.
The other plate 121 of the ball mechanism 120 continues to rotate through a small angle
causing the balls 127 to ride up the incline of the grooves 122 and 124 and force the two
plates apart. Since the right-hand plate 123 is fixed axially, all the displacement is produced
in the left-hand plate 121. Movement of this plate 121 is transferred to the flange 118 and
hence to the brake plates 113 and 115 of the main brake unit 112. The expansion and force
applied by the ball ramp mechanism 120 is sufficient fully to apply the main brake 112 and
prevent rotation of the shaft 100. This in turn brakes rotation of the shafts 13 and 23 so that
the flaps 11, 12, 21 and 22 are locked in position. The flaps 11, 12, 21 and 22 remain locked
as long as the brake assemblies 15 and 25 are on. When the flaps 11, 12, 21 and 22 need to be
released, the control unit 30 supplies power to each brake assembly 15 and 25 to energize the

coils 150 and pull the armature 140 against the action of the spring 141 to release the
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secondary brake unit 130. The right-hand plate 123 of the ball ramp 120 can now rotate to
allow the balls 127 to ride down the ramp of the grooves 122 and 124, aided by the spring
119, and thereby allow the left-hand plate 121 to move towards the other plate and release the
braking force applied by the main brake unit 112 so that the shaft 100 can rotate freely.

The braking force that stops rotation of the shaft 100 is applied solely by the main
braking unit 112 and the casing 105. The axial load generated by the ball ramp mechanism
120 is contained within the braking unit 112 and the shaft 102 and does not influence the
braking unit 130. This ensures that there is no risk of self-generated forces jamming the ball
ramp mechanism 120. This arrangement enables the brake assembly to be released

electrically, remotely without the need for manual unlocking.

The assembly of the present invention can be relatively compact and of low weight

whilst still providing sufficient force rapidly to brake movement of the control surfaces.

It will be appreciated that the assembly is not confined to use in aircraft but could be
used for braking other rotating mechanisms. The brake assembly could readily be arranged to

be normally off and be turned on when power is supplied to it.
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CLAIMS

A brake assembly including a casing (105) and a first brake (112) coupled between a
shaft (100) and the casing, characterised in that the assembly includes a ball ramp
mechanism (120) having a first part (121) coupled with the first brake (112), a second
brake (130) coupled to a second part (123) of the ball ramp mechanism, and an
actuator (140, 141, 150) operable to apply a force to the second brake (130) such as to
slow movement of the second part (123) of the ball ramp mechanism (120) and
thereby cause the first part (121) of the ball ramp mechanism to apply a force to the
first brake (112) so as to brake rotation of the shaft (100), and such that the braking
force on the shaft releases when the actuator (140, 141, 150) ceases applying the force
to the second brake (130).

A brake assembly according to Claim 1, characterised in that the actuator (140, 141,
150) is electrical.

A brake assembly according to Claim 2, characterised in that the actuator includes an

armature (140) and electrical windings (150).

A brake assembly according to any one of the preceding claims, characterised in that
the actuator includes a resilient member (141) operable to apply the force to the
second brake (130).

A brake assembly according to any one of the preceding claims, characterised in that
the actuator (140, 141, 150) is arranged to apply force to the second brake (130) in the

absence of electrical power to the actuator.

A brake assembly according to any one of the preceding claims, characterised in that
the first brake (112) includes a plurality of brake plates some of which (115) are
mounted with the casing (105) and others of which (113) are mounted with the shaft
(100), and that the ball ramp mechanism (120) is operable to apply a force urging the
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brake plates (113 and 115) together and thereby apply a braking force to the shaft
(100).

A brake assembly according to any one of the preceding claims, characterised in that
the second brake (130) includes a plurality of brake plates (131, 133) some of which
are mounted with the casing (105) and others of which are mounted with the ball

ramp mechanism (120).

A brake assembly according to any one of the preceding claims, characterised in that
the ball ramp mechanism (120) includes two parallel, spaced plates (121, 123) with a
plurality of arc shaped grooves (122, 124) on opposed faces, that the grooves are
deepest towards a midpoint along their length and are shallower towards their ends,
and that the mechanism includes a ball (127) retained between respective grooves in

the two plates.

A brake assembly according to any one of the preceding claims, characterised in that
the shaft (100) is coupled to a control surface (11, 12, 21, 22) of an aircraft wing (1,
2).

An aircraft control surface mechanism including first and second shafts (13 and 23)
extending along a part of the length of respective wings (1, 2) of an aircraft, a control
surface (11, 12 and 21, 22) coupled with each shaft, a drive (14) for rotating the shafts
about their length to effect movement of the respective control surface, an anomaly
detector (30, 31) for sensing an anomaly in operation of the mechanism, and first and
second brake assemblies (15, 25) connected with respective ones of the first and
second shafts (13 and 23), each brake assembly including a casing (105) and a first
brake (112) coupled between the respective shaft and the casing, characterised in that
the brake mechanism (15, 25) includes a ball ramp mechanism (120) having a first
part (121) coupled with the first brake (112), a second brake (130) coupled to a
second part (123) of the ball ramp mechanism, and an actuator (140, 141, 150)
operable in response to an output from the anomaly detector (30, 31) to apply a force

to the second brake (130) such as to slow movement of the second part (123) of the
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ball ramp mechanism (120) and thereby cause the first part (121) of the ball ramp
mechanism to apply a force to the first brake (112) so as to brake rotation of the shaft
(100, 13, 23) and thereby prevent further displacement of the control surface (11, 12,
21, 22), and such that the braking force on the shaft releases when the actuator ceases
applying the force to the second brake.
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