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(54) LANDING GEAR DRIVE SYSTEMS

(57) The present invention provides drive systems
for rotating one or more wheels (16) of an aircraft landing
gear (10) for the purposes of ground taxiing and/or
spin-up prior to landing. A first aspect provides a drive
system for rotating a wheel (16) of an aircraft landing
gear (10), the drive system including a motor (52) oper-
able to rotate a first drive pinion via a first drive path, and
a driven gear (20) adapted to be fixed to the wheel (16).
The drive system has a first configuration in which the
first drive pinion is capable of meshing with the driven
gear (20) to permit the motor (52) to drive the driven gear
(20) via the first drive path. One of the first drive pinion
and the driven gear (20) comprises a first sprocket (60)
and the other of the first drive pinion and the driven gear
comprises a series of rollers (36) arranged to form a ring,
each roller (36) being rotatable about a roller axis at a
fixed distance from an axis of rotation of the first drive
pinion or driven gear (20), respectively. Some embodi-
ments include a second drive pinion and the motor (52)
is operable to rotate the second drive pinion via a second
drive path. Such a drive system is switchable between
the first configuration and a second configuration in which
the second drive pinion is capable of meshing with the
driven gear (20) to permit the motor (52) to drive the driv-
en gear via the second drive path. One of the second
drive pinion and the driven gear (20) comprises a second
sprocket (62) and the other of the second drive pinion
and the driven gear (20) comprises the series of rollers
(36). The first drive path has a higher gearing ratio than

the second drive path.



EP 3 260 368 A1

2

5

10

15

20

25

30

35

40

45

50

55

Description

FIELD OF THE INVENTION

[0001] The present invention relates to drive systems
for rotating one or more wheels of an aircraft landing gear
for the purposes of ground taxiing and/or spin-up prior to
landing.

BACKGROUND OF THE INVENTION

[0002] Aircraft are required to ground taxi between lo-
cations on airfields. An example is taxiing between a run-
way and the location (e.g. terminal gate) at which the
aircraft’s passengers are to board or disembark. Typical-
ly, such taxiing is achieved by using the thrust from the
aircraft’s engines to propel the aircraft forwards so that
the landing gear wheels are caused to rotate. Since
ground taxi speeds are necessarily relatively low, the en-
gines must be run at a very low power. This means that
there is a relatively high fuel consumption as a result of
the poor propulsion efficiency at this low power. This
leads to an increased level of both atmospheric and noise
pollution locally around airports. Moreover, even when
the engines are run at low power it is generally necessary
to apply the wheel brakes to limit ground taxi speeds,
leading to a high degree of brake wear.
[0003] Reversing of a civil aircraft, e.g. away from a
terminal gate, using its main engines is not permitted.
When reversing is necessary, or in other situations where
ground taxiing via main engine thrust is not practicable,
tow trucks are used to manoeuvre aircraft around. This
process is laborious and costly.
[0004] There is therefore a need for a drive system to
power the wheels of an aircraft landing gear during
ground taxi operations. There is also a desire to use such
a drive system to pre-spin the wheels prior to landing, so
that the wheels are already spinning at, or near, their
initial landing speed on touch down. Such pre-landing
spin-up is perceived to reduce tyre wear on landing, and
reduce loads transmitted to the landing gear during land-
ing.
[0005] Several autonomous ground taxi systems for
both driving the wheels while the aircraft is on the ground
and spinning them up prior to landing have been pro-
posed in recent years. An example is disclosed in
US2006/0065779, which proposes a powered nose air-
craft wheel system in which a clutch is used to switch
between a mode in which the wheel can spin freely and
a mode in which the wheel can be driven by an electric
motor. The clutch can also operate to enable the motor
to pre-spin the wheel prior to landing.
[0006] Such prior art systems are typically limited to
nose landing gears because they take up too much space
to be able to be integrated into a main landing gear in
which much of the space around the wheels is taken up
by braking systems. However, nose landing gears only
support a small fraction of the vertical loads supported

by the landing gear as a whole during ground taxi oper-
ations (approximately 5% of the aircraft weight). There
may therefore be insufficient traction between a driven
nose landing gear wheel and the ground to enable reli-
able aircraft ground taxiing. This is a particular concern
when the aircraft centre of gravity is towards its aft limit
and when the ground surface is slippery.
[0007] A prior art arrangement which is not restricted
to nose landing gears is described in WO2011/023505.
The disclosed system uses an actuator to move a driven
toothed pinion gear in and out of driving engagement with
a toothed ring gear on the wheel. This system is limited
to ground taxi operations.

SUMMARY OF THE INVENTION

[0008] A first aspect of the invention provides a drive
system for rotating a wheel of an aircraft landing gear,
the drive system including a motor operable to rotate a
first drive pinion via a first drive path, and a driven gear
adapted to be fixed to the wheel, wherein the drive system
has a first configuration in which the first drive pinion is
capable of meshing with (i.e. capable of driving engage-
ment with) the driven gear to permit the motor to drive
the driven gear via the first drive path, and wherein one
of the first drive pinion and the driven gear comprises a
first sprocket and the other of the first drive pinion and
the driven gear comprises a series of rollers arranged to
form a ring, each roller being rotatable about a roller axis
at a fixed distance from (and substantially parallel to) an
axis of rotation of the first drive pinion or driven gear,
respectively.
[0009] A key advantage of achieving the motor-wheel
connection via a sprocket and series of rollers arranged
in a ring is that such a mechanism is inherently robust
and tolerant of environmental contamination. Thus, it
may not be necessary to enclose the drive system within
a casing to prevent ingress of debris and other contam-
inants. In contrast, drive system arrangements employ-
ing meshing toothed gears, such as that disclosed in
WO2011/023505, must be suitably protected from con-
taminants, the required protective casing adding both
weight and expense, and making routine inspection dif-
ficult.
[0010] Another advantage of the sprocket-roller ar-
rangement is that it is more tolerant of wheel deformation
and misalignment between pinion and driven gear than
meshing toothed gear arrangements. Landing gear
wheels are subject to high loads and consequential de-
formation during ground taxiing, and a driven gear fixed
to the wheel will inevitably deform in response to such
wheel deformation. Meshing toothed gears are intolerant
of such deformation and a typical toothed rim gear may
need to be isolated from the wheel via bearings, a flexible
interface, or similar. In contrast, the sprocket and roller
arrangement of the present invention is able to tolerate
the deformation without such modification.
[0011] In some embodiments the series of rollers may
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be provided by a roller gear. Thus, each of the series of
rollers may be rotatable about a pin, the pins optionally
being supported by an annular support member, or be-
tween two annular support members. Such an arrange-
ment has the advantage of being lightweight and having
high structural strength. The main failure mode of the
rollers is via shear failure of the pins; by mounting each
roller directly on its respective pin, with no intermediate
sleeve, bush or other part, the diameter of the pin can be
maximised to maximise shear strength.
[0012] In other embodiments the series of rollers may
be provided by a roller chain (also known as an attach-
ment chain, or attachment roller chain) extending around
an outer circumference of a support member and being
fixed thereto. This arrangement may be less expensive
to implement than the roller gear arrangement discussed
above. Roller chains are typically utilised so that they
extend around one or more sprocket wheels so that the
chain is movable relative to those sprocket wheels. By
arranging the roller chain so that it is fixed to the support
member the roller chain is not required to flex (i.e. there
is no relative movement between neighbouring links) and
thus the chain is subject to less wear. This in turn leads
to a longer useful life of the chain and reduced mainte-
nance costs. Moreover, the roller chain is less likely to
become detached from the support member in the event
of a failure. However, a small risk of chain detachment
remains, making roller chain embodiments potentially
less preferred than roller gear embodiments. In roller
chain embodiments the first sprocket preferably compris-
es a pin gear sprocket.
[0013] The driven gear preferably has a larger diame-
ter than the drive pinion. This arrangement provides for
a torque-magnifying gear ratio and an efficient use of
space.
[0014] The first drive pinion preferably comprises the
first sprocket and the driven gear preferably comprises
the series of rollers. This arrangement serves to maxim-
ise the number of rollers, and therefore serves to mini-
mise the wear per roller and thus to prolong the life of
the driven gear. Moreover, this arrangement provides for
easier maintenance since it is likely that the sprocket will
succumb to wear more quickly than the series of rollers,
and the drive pinion is easier to replace than the driven
gear.
[0015] The drive system is preferably switchable be-
tween the first configuration and a third configuration in
which the first drive pinion is not capable of meshing with
the driven gear. Thus, the drive system can be employed
for ground taxiing when in the first configuration, and for
take-off, landing, or other operations in which free rota-
tion of the wheel is important, when in the third configu-
ration. Alternatively, a clutch may be provided between
the first drive pinion and the motor.
[0016] In some embodiments the drive system in-
cludes a second drive pinion and the motor is operable
to rotate the second drive pinion via a second drive path,
wherein the drive system is switchable between the first

configuration and a second configuration in which the
second drive pinion is capable of meshing with the driven
gear to permit the motor to drive the driven gear via the
second drive path, wherein one of the second drive pinion
and the driven gear comprises a second sprocket and
the other of the second drive pinion and the driven gear
comprises the series of rollers, and wherein the first drive
path has a higher gearing ratio than the second drive
path.
[0017] The higher gear ratio of the first drive path pro-
vides for a slower rotational speed of the wheel during
driving of the driven gear in the first configuration, where-
as the lower gear ratio of the second drive path provides
for a higher rotational speed of the wheel during driving
of the driven gear in the second configuration. Thus, such
embodiments enable the drive system to be used for low
speed, high torque ground taxiing operations when in the
first configuration and for high speed, low torque pre-
landing spin-up operations when in the second configu-
ration.
[0018] Preferably, the second drive pinion comprises
the second sprocket and the driven gear comprises the
series of rollers. This arrangement serves to maximise
the number of rollers, and therefore serves to minimise
the wear per roller and thus to prolong the life of the driven
gear. Moreover, this arrangement provides for easier
maintenance since it is likely that the sprocket will suc-
cumb to wear more quickly than the series of rollers, and
the drive pinion is easier to replace than the driven gear.
[0019] The drive system is preferably switchable be-
tween the first and second configurations and a third con-
figuration in which neither the first nor second drive pin-
ions are capable of meshing with the driven gear. Thus,
the drive system can be used for ground taxiing in the
first configuration, for pre-landing spin-up in the second
configuration, and for operations in which free rotation of
the wheel is necessary, such as take-off, in the third con-
figuration.
[0020] The present invention also provides an aircraft
landing gear having a wheel and a drive system accord-
ing to the first aspect, wherein the driven gear of the drive
system is fixed to the wheel.
[0021] A second aspect of the present invention pro-
vides a drive system for rotating a wheel of an aircraft
landing gear, including a motor, a first drive pinion rotat-
able by the motor via a first drive path, a second drive
pinion rotatable by the motor via a second drive path,
and a driven gear adapted to be fixed to the wheel, where-
in the drive system is switchable between: a first config-
uration in which the first drive pinion is capable of mesh-
ing with the driven gear to permit the motor to drive the
driven gear via the first drive path; and a second config-
uration in which the second drive pinion is capable of
meshing with the driven gear to permit the motor to drive
the driven gear via the second drive path, and wherein
the first drive path has a higher gearing ratio than the
second drive path.
[0022] This arrangement enables a single drive system
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to be used for both ground taxiing operations and pre-
landing spin-up operations. The higher gear ratio of the
first drive path enables the first configuration to provide
a low speed, high torque output suitable for ground tax-
iing, while the lower gear ratio of the second drive path
enables the second configuration to provide a high
speed, low torque output suitable for pre-landing spin-up
of the wheel.
[0023] Preferably, the drive system is switchable be-
tween the first and second configurations and a third con-
figuration in which neither the first drive pinion nor the
second drive pinion is capable of meshing with the driven
gear. Thus, the third configuration can be employed when
it is necessary for the wheel to be able to freely rotate,
e.g. during take-off.
[0024] To achieve the switching between the first and
second configurations, the first and second drive pinions
may be movable relative to the driven gear such that it
is not possible for the first and second pinions to both
mesh with the driven gear at the same time. To achieve
this arrangement, the drive system may be pivotable
about a pivot point between respective rotational axes of
the first and second drive pinions to switch between the
first and second configurations, and optionally the third
configuration.
[0025] The drive system may include a linear actuator
(or rotary actuator) arranged to move the drive system
between the first and second configurations, and option-
ally the third configuration. The linear actuator may be
position-controlled and/or torque-controlled. Torque (or
current) control may be used to ensure consistent en-
gagement between the first/second drive pinions and the
driven gear in the first and second configurations, while
position control may be used to ensure complete disen-
gagement between the drive pinions and the driven gear
in the third configuration.
[0026] The first drive pinion preferably comprises a first
sprocket, the second drive pinion preferably comprises
a second sprocket, and the driven gear preferably com-
prises a series of rollers arranged to form a ring, each
roller being rotatable about a roller axis at a fixed distance
from an axis of rotation of the driven gear.
[0027] An advantage of the sprocket-roller arrange-
ment is that it is more tolerant of wheel deformation than
meshing toothed gear arrangements. Landing gear
wheels are subject to high loads and consequential de-
formation during ground taxiing, and a driven gear fixed
to the wheel will inevitably deform in response to such
wheel deformation. Meshing toothed gears are intolerant
of such deformation and a typical toothed rim gear may
need to be isolated from the wheel via bearings, a flexible
interface, or similar. In contrast, the sprocket and roller
arrangement of the present invention is able to tolerate
the deformation without such modification. Providing the
sprocket as the drive pinion and the series of rollers as
the driven gear serves to maximise the number of rollers,
and therefore serves to minimise the wear per roller and
thus to prolong the life of the driven gear. Moreover, this

arrangement provides for easier maintenance since it is
likely that the sprocket will succumb to wear more quickly
than the series of rollers, and the drive pinion is easier
to replace than the driven gear.
[0028] In some embodiments the series of rollers may
be provided by a roller gear. Thus, each of the series of
rollers may be rotatable about a pin, the pins being rigidly
held between two annular support members. Such an
arrangement has the advantage of being lightweight and
having high structural strength. The main failure mode
of the rollers is via shear failure of the pins; by mounting
each roller directly on its respective pin, with no interme-
diate sleeve, bush or other part, the diameter of the pin
can be maximised to maximise shear strength.
[0029] The invention also provides an aircraft landing
gear having a wheel and a drive system according to the
second aspect, wherein the driven gear of the drive sys-
tem is fixed to the wheel.
[0030] Any of the desirable or optional features dis-
cussed herein in relation to the first and second aspects
of the invention can be applied to either aspect, either
individually or in any combination.

BRIEF DESCRIPTION OF THE DRAWINGS

[0031] Embodiments of the invention will now be de-
scribed with reference to the accompanying drawings, in
which:

Figure 1 shows an isometric view of a drive system
according to a first embodiment;

Figure 2 shows a plan view of the drive system of
Figure 1;

Figure 3 shows a side view of the drive system of
Figure 1;

Figure 4 shows an isometric view of selected com-
ponents of the drive system of Figure 1;

Figure 5 shows another isometric view of selected
components of the drive system of Figure 1;

Figure 6 shows a side view of selected components
of the drive system of Figure 1;

Figures 7A-C show side views of selected compo-
nents of the drive system of Figure 1 with an alter-
native driven gear, the drive system being shown in
a ground taxi configuration (A), neutral configuration
(C), and spin-up configuration (B);

Figures 8A & B show isometric views of alternative
driven gears of the drive system of Figure 1;

Figure 9 shows an isometric view of a drive system
according to a second embodiment, with some parts
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omitted for clarity;

Figure 10 shows an isometric view of the drive sys-
tem of Figure 9;

Figure 11 shows an isometric view of the drive sys-
tem of Figure 9;

Figure 12 shows a detail view of the drive system of
Figure 9;

Figure 13 shows a detail view of an alternative drive
pinion and driven gear suitable for the first and sec-
ond embodiments;

Figures 14A-C show isometric views of alternative
drive pinions for the drive systems of the first or sec-
ond embodiments;

Figures 15A-C show isometric views of alternative
driven gears for the drive systems of the first or sec-
ond embodiments; and

Figures 16A-C show schematic side views of an al-
ternative actuation system for the drive systems of
the first or second embodiments.

DETAILED DESCRIPTION OF EMBODIMENT(S)

[0032] A first embodiment of the invention is shown in
Figs. 1 to 8. In the illustrated embodiment the landing
gear has two wheels, but the principles of the embodi-
ment may be applied to landing gear with four or more
wheels. The embodiment shows a main landing gear (i.
e. a landing gear attached to wing structure or fuselage
structure in the region of the wings), since the weight
supported by the main landing gear is considered to pro-
vide the best traction between the wheels and the ground
to enable reliable aircraft ground taxiing. However, the
drive system of the present invention may alternatively
be applied to a nose landing gear (i.e. a steerable landing
gear towards the nose of the aircraft).
[0033] The landing gear 10 includes a telescopic
shock-absorbing main leg 12, including an upper tele-
scopic part 12a (main fitting) and a lower telescopic part
12b (slider). The upper telescopic part 12a is attached
to the aircraft fuselage or wing (not shown) by its upper
end (not shown). The lower telescopic part 12b supports
an axle 14 carrying a pair of wheels 16, one on either
side of the main leg, (only one wheel 16 is shown in Figs.
1 and 2, for clarity. The wheels 16 are arranged to rotate
about the axle 14 to enable ground movement of the air-
craft, such as taxiing or landing.
[0034] Each wheel 16 comprises a tyre 17 supported
by a hub 18 (also known as a rim). A driven gear 20 is
attached to the hub 18 so as to be rotatable with the
wheel 16, the driven gear 20 comprising a roller gear 34
formed by two rigid annular rings 35 connected together

by a series of rollers 36 extending around the rings to
form a continuous track. The rollers 36 are each rotatable
about a pin (not shown) which extends between the an-
nular rings 35 to form a rigid connection between the
annular rings 35. One of the annular rings 35 comprises
a plurality of connection extension tabs 37 which provide
a rigid connection to the hub 18.
[0035] Figs. 7A-C and 8B illustrate an alternative ar-
rangement for the driven gear 20 in which a roller chain
30 extends around a rigid annular extension ring 21. The
extension ring 21 (or drum) is rigidly attached to the hub
18 via a plurality of extension tabs 22 so that it extends
from an outer circumference of the hub 18 towards the
leg 12. A roller chain 30 is fixed around the outer circum-
ference of the extension ring 21 so that it forms a contin-
uous track around the ring 21. Fig. 8A shows a detailed
view of the extension ring 21 and roller chain 30 (also
known as an attachment chain, or attachment roller
chain), in which it can be seen that the roller chain 30
comprises multiple interlinked chain elements 31, each
comprising a subassembly of two rollers 32 mounted on
parallel axes. Each roller 32 is rotatable about a bush
(not shown) which is itself mounted on a pin (not shown).
Each chain element 31 is pivotally mounted to its neigh-
bouring element by a pair of link elements 33 so that the
rollers 32 are arranged to form a continuous track, or
series, and each element 31 is thus designed to be able
to rotate relative to its neighbour. Of course, since the
roller chain 30 is fixed to the extension ring 21, the chain
elements 31 are prevented from pivoting relative to one
another.
[0036] The two possible arrangements for the driven
gear 20 have in common that the rollers 32, 36 are each
rotatable about a roller axis (not shown) which remains
at a fixed distance from the axis of rotation of the wheel
16 (which corresponds to the axis of rotation of the ex-
tension ring 21 or annular rings 35). The roller gear ar-
rangement of Fig. 8A may be preferred because it is pos-
sible to have a larger diameter pin for each roller 36 of
the roller gear 34 than for each roller 32 of the chain 30,
so that the shear strength of each roller-pin assembly
can be much higher in the roller gear 34 than in the chain
30. This is because there is no requirement for an addi-
tional bush between the pin and roller 36 of the roller gear
34, since the pin itself acts as a bush.
[0037] A drive system 50 comprises a motor 52 which
rotates an input shaft 54 which itself rotates first 60 and
second 62 output sprockets via a gearbox 70. The first
60 and second 62 sprockets are each wheel-type sprock-
ets with radially-extending teeth which can interlock with
the rollers 32 of the roller chain 30 (or rollers 36 of roller
gear 34). Although the figures only show features of the
drive system 50 for driving one of the wheels 16, it is
intended that these features be mirrored for the other
wheel 16. That is, it is intended that one drive system 50
will be provided for each wheel 16. For a landing gear 10
with four or more wheels 16, a drive system 50 may be
provided for each of the wheels 16, or for only two of
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them. In embodiments in which only two of the wheels
16 are provided with drive systems 50, it may be neces-
sary to provide further motors (not shown) to achieve pre-
landing spin-up of the un-driven wheels, with ground tax-
iing being accomplished by the two drive systems 50. In
other embodiments it may be possible to have one motor
52 shared between two drive systems 50. That is, the
motor 52 may be arranged to rotate the input shaft 54 of
each drive system.
[0038] The drive system 50 is supported by a bracket
56 which is rigidly connected to the axle 14 of the landing
gear and pivotally connected to the motor 52 about a
pivot axis 57 which is generally located between respec-
tive rotational axes 61, 63 of the sprockets 60, 62 (see
Fig. 3). The drive system 50 may alternatively be mount-
ed on the upper telescopic part 12a (main fitting) or lower
telescopic part 12b (slider). A linear actuator 58, such as
a direct-drive roller-screw electro-mechanical linear ac-
tuator, extends between the bracket 56 (at an end nearest
the axle 14) and the motor 52. Thus, linear movement of
the actuator 58 is translated to rotational movement of
the drive system 50. Because of the location of the pivot
axis 57 between the axes 61, 63 of the sprockets 60, 62,
the drive system 50 can be rotated between a position
in which only the first sprocket 60 engages the roller chain
30 (Fig. 7A) and a position in which only the second
sprocket 62 engages the roller chain 30 (Fig. 7C). In a
position between these two extremes neither sprocket
60, 62 engages the roller chain 30 (Fig. 7B). This pivoting
arrangement ensures that it is not possible for both the
first sprocket 60 and second sprocket 62 to engage the
roller chain 30 at the same time.
[0039] The gearbox 70 comprises first 71, second 72,
and third 72 cooperating toothed gears. The first gear 71
is fixed to the input shaft 54 so that it rotates with that
shaft. The third gear 73 is connected to the first sprocket
60, and the second gear 72 interconnects the first 71 and
third 73 gears. Thus, the first, second and third gears
provide a first drive path between the input shaft 54 and
the first sprocket 60. In the illustrated embodiment the
gearing ratio of the second drive path is 40:1. The input
shaft 54 is directly connected to the second sprocket 62
to provide a second drive path which effectively bypasses
the gearbox. In the illustrated embodiment the gearing
ratio of the second drive path is 5:1, i.e. much lower than
that of the first drive path. Thus, the drive system 50 is
arranged to have three configurations: a low speed, high
torque taxiing configuration in which the motor 52 drives
the wheel 16 via the first drive path and first sprocket 60
(Fig. 7A); a high speed, low torque spin-up configuration
in which the motor 52 drives the wheel 16 via the second
drive path and second sprocket 62 (Fig. 7c); and a neutral
(disconnected) configuration in which neither the first
sprocket 60 nor the second sprocket 62 engages the roll-
er chain (Fig. 7B). The taxiing configuration is suitable
for accelerating the wheel 16 to speeds of 175rpm (equiv-
alent to 20 knots) during ground taxing, while the spin-
up configuration is suitable for accelerating the wheel 16

to rotational speeds of 1400rpm (equivalent to 160 knots
ground speed) prior to touch down on landing.
[0040] The motor 52, gearbox 70 and first and second
sprockets 60, 62 are encased within a housing to protect
the components therein from environmental contamina-
tion by debris etc which may cause malfunction.
[0041] In the taxing configuration the linear actuator 58
(which may be back-drivable) may be torque controlled
(or current controlled) to apply a substantially constant
load between the first sprocket 60 and the drive gear 20,
thereby allowing for some deformation of the various
component parts of the drive system 50 while at the same
time preventing unwanted separation. The linear actua-
tor 58 may be similarly controlled in the spin-up config-
uration, although separation loads will be lower during
spin-up than during ground taxiing so this should be re-
flected in the control logic. In the neutral configuration
the linear actuator 58 may be position controlled to
achieve the neutral position whereby neither sprocket is
engaged with the drive gear 20. An electromechanical
brake (not shown), or other similar locking device, may
be integrated within the actuator 58 to lock the actuator
in the neutral configuration.
[0042] A second embodiment of the invention is shown
in Figs. 9 to 12. This embodiment is similar to the first
embodiment (like parts being labelled with the same ref-
erence numerals for convenience), with the only differ-
ence being in the drive system 50. That is, the second
embodiment includes only a first sprocket 60 and no sec-
ond sprocket 62. Thus, there is only one sprocket 60 able
to mesh with the drive gear 20 to drive the wheel 16, and
only one drive path between the motor 52 and the first
sprocket 60. In the drawings the drive gear 20 is shown
as a roller gear 34 as described above in relation to Fig.
8A, but the chain 30 and extension ring 21 arrangement
of Fig. 8B would be a suitable alternative.
[0043] The actuator 58 is arranged to rotate the drive
system 50 between a position in which the first sprocket
60 engages the roller chain 30 (as shown in Figs. 9 to
12) and a position in which the first sprocket 60 is not
able to engage the roller chain 30. In this way, the drive
system 50 has two possible configurations: a low speed,
high torque taxiing configuration in which the motor 52
drives the wheel 16 via the first drive path and first sprock-
et 60; and a neutral (disconnected) configuration in which
neither the first sprocket 60 nor the second sprocket 62
engages the roller chain.
[0044] Thus, the drive system 50 of the first embodi-
ment is suitable for only ground taxiing operations (or
could be modified to be suitable for only pre-landing spin-
up operations), while the drive system of the second em-
bodiment is suitable for both ground taxiing and pre-land-
ing spin-up operations.
[0045] In both the first and second embodiments one
or each of the first sprocket 60 and second sprocket 62
can be replaced with a spur gear (not shown) or other
type of toothed gear, and the driven gear 20 can be re-
placed with a ring gear (not shown) or other type of
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toothed gear. Such an arrangement is illustrated in Fig.
13, which shows a first spur gear 24 in place of the first
sprocket 60 and a second spur gear 25 in place of the
second sprocket 62. The first 24 and second 25 spur
gears meshing with a ring gear 26 which is fixed to the
wheel (not shown) via a flexible interface 27 to provide
the driven gear 20. The flexible interface 27 serves to
isolate the ring gear 26 from wheel deformation loads.
The toothed gears 24, 25, 26 can be arranged to mesh
together to achieve the taxiing and/or spin-up configura-
tions in the same way as previously described with re-
spect to the first and second embodiments.
[0046] In both the first and second embodiments one
or each of the first sprocket 60 and the second sprocket
62 can be replaced with a roller gear similar to that illus-
trated in Fig. 8b, or a roller chain fixed around a drum
similar to that illustrated in Fig. 8a. Such an arrangement
is illustrated in Figs. 14A & B, which show an embodiment
in which the first sprocket (first drive pinion) is replaced
by a roller chain (attachment chain) fixed around a drum,
and Fig. 14C, which shows an alternative example of a
roller gear suitable as a first drive pinion. In such alter-
native embodiments the drive gear 20 comprises a
sprocket of the type illustrated in the figures for the first
and second sprockets, as shown in Fig. 14A. That is, the
principle of achieving drive via meshing between a
sprocket and roller gear/roller chain can be applied when
the driven gear comprises the sprocket and the drive pin-
ion comprises the roller gear/roller chain, and vice versa.
[0047] In both the first and second embodiments each
of the first and second sprockets 60, 62 may comprise
multiple co-axial sprockets, each sprocket being ar-
ranged to mesh with one of multiple co-axial rings of roll-
ers comprised in the driven gear 20 in order to increase
the load rating of the assembly. For example, in the first
embodiment the first and second sprockets 60, 62 may
each comprise a pair of co-axial sprockets and the driven
gear 20 may comprise a corresponding pair of chains 30,
whereby a respective one of the pair of co-axial sprockets
is arranged to mesh with a respective one of the chains
30.
[0048] In both the first and second embodiments the
roller gear may be constructed in any of a plurality of
different ways, including those illustrated in Figs. 15A, B
& C. Thus, the roller gear may include rollers 36 which
are each rotatable about a pin which is fixed at only one
end to a rigid annular ring 35 (Fig. 15A). Alternatively,
each pin may be fixed at each end to one of a pair of rigid
annular rings 35 (Figs. 15B & 15C). The connection ex-
tension tabs 37 shown in Figs. 15A and 15B may be
replaced with a continuous extension rim 37A as shown
in Fig. 15C, in order to improve the stiffness of the roller
gear.
[0049] Figs. 16A-C illustrate an alternative arrange-
ment to the assembly provided by the linear actuator 58
and pivoting bracket 56, described above. In this alter-
native arrangement the first 60 and second 62 sprockets
are both mounted on a common mounting plate 51 which

is connected to the landing gear leg 12 by a pair of piv-
otable arms 53. The arms 53 may be pivotably connected
to either the upper telescopic part 12a (main fitting) or
the lower telescopic part 12b (slider) of the landing gear
10. The ’parallelogram’ arrangement of the arms 53 en-
ables the mounting plate 51 to be translated relative to
the driven gear 20 without being subject to any rotation.
Thus, the first 60 and second 62 sprockets can be moved
between the taxiing configuration (Fig. 16A), the neutral
configuration (Fig. 16B), and the spin-up configuration
(Fig. 16C).
[0050] Although the invention has been described
above with reference to one or more preferred embodi-
ments, it will be appreciated that various changes or mod-
ifications may be made without departing from the scope
of the invention as defined in the appended claims.

Claims

1. A drive system for rotating a wheel of an aircraft land-
ing gear, the drive system including a motor operable
to rotate a first drive pinion via a first drive path, and
a driven gear adapted to be fixed to the wheel, where-
in the drive system has a first configuration in which
the first drive pinion is capable of meshing with the
driven gear to permit the motor to drive the driven
gear via the first drive path, and wherein one of the
first drive pinion and the driven gear comprises a first
sprocket and the other of the first drive pinion and
the driven gear comprises a series of rollers ar-
ranged to form a ring, each roller being rotatable
about a roller axis at a fixed distance from an axis of
rotation of the first drive pinion or driven gear, re-
spectively.

2. A drive system according to claim 1, wherein each
of the series of rollers is rotatable about a pin, the
pins each being fixed at at least one end to an annular
support member.

3. A drive system according to claim 1 or claim 2,
wherein the first drive pinion comprises the first
sprocket and the driven gear comprises the series
of rollers.

4. A drive system according to any of claims 1 to 3,
wherein the drive system is switchable between the
first configuration and a third configuration in which
the first drive pinion is not capable of meshing with
the driven gear.

5. A drive system according to any of claims 1 to 4,
including a second drive pinion, the motor being op-
erable to rotate the second drive pinion via a second
drive path, wherein the drive system is switchable
between the first configuration and a second config-
uration in which the second drive pinion is capable
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of meshing with the driven gear to permit the motor
to drive the driven gear via the second drive path,
wherein one of the second drive pinion and the driven
gear comprises a second sprocket and the other of
the second drive pinion and the driven gear compris-
es the series of rollers, and wherein the first drive
path has a higher gearing ratio than the second drive
path.

6. A drive system according to claim 5, wherein the
second drive pinion comprises the second sprocket
and the driven gear comprises the series of rollers.

7. A drive system according to claim 5 or claim 6,
wherein the drive system is switchable between the
first and second configurations and a third configu-
ration in which neither the first nor second drive pin-
ions are capable of meshing with the driven gear.

8. A drive system for rotating a wheel of an aircraft land-
ing gear, including a motor, a first drive pinion rotat-
able by the motor via a first drive path, a second drive
pinion rotatable by the motor via a second drive path,
and a driven gear adapted to be fixed to the wheel,
wherein the drive system is switchable between: a
first configuration in which the first drive pinion is
capable of meshing with the driven gear to permit
the motor to drive the driven gear via the first drive
path; and a second configuration in which the second
drive pinion is capable of meshing with the driven
gear to permit the motor to drive the driven gear via
the second drive path, and wherein the first drive
path has a higher gearing ratio than the second drive
path.

9. A drive system according to claim 8, wherein the
drive system is switchable between the first and sec-
ond configurations and a third configuration in which
neither the first drive pinion nor the second drive pin-
ion is capable of meshing with the driven gear.

10. A drive system according to claim 8 or claim 9,
wherein the first and second drive pinions are mov-
able relative to the driven gear such that it is not
possible for the first and second pinions to both mesh
with the driven gear at the same time.

11. A drive system according to any of claims 8 to 10,
including an actuator arranged to move the drive sys-
tem between the first and second configurations.

12. A drive system according to any of claims 8 to 11,
wherein the first drive pinion comprises a first sprock-
et, the second drive pinion comprises a second
sprocket, and the driven gear comprises a series of
rollers arranged to form a ring, each roller being ro-
tatable about a roller axis at a fixed distance from an
axis of rotation of the driven gear.

13. A drive system according to claim 12, wherein each
of the series of rollers is rotatable about a pin, the
pins each being fixed at one end to an annular sup-
port member.

14. A drive system according to any preceding claim,
wherein the drive system is supported by a bracket
which is rigidly connected to an axle, main fitting or
slider part of a landing gear.

15. An aircraft landing gear having a wheel and a drive
system according to any preceding claim, wherein
the driven gear of the drive system is fixed to the
wheel.
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