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DRIVE UNIT FOR AIRCRAFT RUNNING GEAR WHEELS

The present invention is directed to a drive unit for an aircraft running gear and to
an aircraft running gear comprising a drive unit.

Conventionally, large commercial aircraft, also referred to as airplanes herein-
after, use their gas turbine engines to taxi on an airfield or maneuvering area of
an airport. As the gas turbine engines of airplanes are not designed to operate ef-
ficiently in a low power state, such as needed during the taxiing operation on the
ground, maneuvering of the aircraft on the ground consumes a lot of fuel. Increas-
ing fuel prices have made this fuel consumption during taxiing more and more
warrisome, Mareover, the fuel efficiency for the whole flight decreases due to the
large amount of fuel that has to be carried during the flight for taxiing at the des-
tination airport. Alternatively, special vehicles are used to drag or push airplanes
on an airfield. However, since such special vehicles are expensive themselves
and not available in large numbers at most airports, they are commonly only used
for short distances, such as the push-back operation from the gate. This again
leads to the gas turbine engines being used for most of the taxiing, which causes

above described disadvantages.

Alternative solutions for taxiing of aircraft have been suggested in the prior ar.
DE 10 2008 006 295 A1 discloses an electric motor mounted onto a running gear
leg of an aircraft. The electric motor comprises a motor shaft, which can be
moved axially between different positions in order 1o engage/disengage with the
wheel structure of the aircraft running gear and drive the wheel.

Although improvements could be achieved with such approaches, it has been
found that - especially for large commercial aircraft - these approaches did not
vield satisfying results in terms of durability / service life, when attempting to sup-
ply the necessary power to drive the aircraft without the help of the turbine en-
gines.,

Accordingly, the problem underlying the present invention is to provide a drive for
an aircraft running gear that allows for supplying the necessary power to taxi large



10

15

20

25

30

35

WO 2012/171389

CA 02833825 2015-11-20

PCT/EP2011/060172

commercial aircraft, such as common passenger aircraft, while having an in-
creased service life. |

This problem is solved by a drive unit as described herein.

The claimed drive unit for an aircraft running gear having at least a first wheel and
a second wheel on a common wheel axis, wherein the drive unit is drivingly
coupleable to at least one of the first and second wheels, is characterized in that
the drive unit (16) comprises at least one power output assembly for driving at
least one of the first and second wheels, with each of the at least one power out-
put assembly comprising a power transmission chain selectively engageable with
a sprocket element coupled to one of the first and second wheels. In particular,
the drive unit may be drivingly coupleable to exactly one of the first and second
wheels and may comprise exactly one power output assembly for driving the ex-
actly one of the first and second wheels, with the exactly one power output as-
sembly comprising a power transmission chain selectively engageable with a
sprocket element coupled to the exactly one of the first and second wheaels.

It Is also possible that the drive unit is drivingly coupleable to both the first and the
second wheel. In particular, according to a further embodiment, the drive unit is
drivingly coupleable to both the first and second wheels, wherein the drive unit
comprises a first and a second power output assembly for driving a respective
one of the first and second wheels, with each power output assembly comprising
a power transmission chain selectively engageable with a respective sprocket ele-
ment coupled to the respective wheel. Accordingly, it is explicitly disclosed that
the drive unit for an aircraft running gear having at least a first wheel and a
second wheel on a common wheel axis, wherein the drive unit is drivingly couple-
able to the first and second wheels, may be characterized in that the drive unit
comprises a first and a second power output assembly for driving a respective
one of the first and second wheels, with each power output assembly comprising
a power transmission chain selectively engageable with a respective sprocket ele-
ment coupled to the respective wheel.

Providing the drive unit in such a way that each power output assembly, in partic-
ular the one power output assembly present or each of a first and a second power
output assembly, comprises a power transmission chain selectively engageable
with a sprocket element of a respective wheel has a number of advantages. A
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power transmission chain has proven to be relatively insensitive to the highly ad-
verse operating conditions of a drive unit for an aircraft running gear, in contrast
to other transmissions like spur gears used in previous approaches for engage-
ment/disengagement. Aircraft running gears are exhibited to a plurality of adverse
influences, such as large temperature differentials, a large variety of climatic con-
ditions around the globe (such as for example very humid conditions), salt and
de-icing chemicals used for de-icing aircraft components and runways, etc. Many
of these influences are very aggressive in attacking the integrity of the aircraft
running gear components, leading to corrosion and other detrimental processes.
This is especially true because salt and chemicals may be stuck to the aircraft
running gear for hours during the whole flight, before they can be cleaned after
landing. E.g. spur gears that are tempered with by these aggressive influences
are prone to failing under the large loads in driving commercial aircraft. By em-
ploying a power transmission chain at the output stage of the drive unit, a highly
durable engagement/disengagement mechanism between the drive unit and the
wheels of the aircraft running gear is provided. The power transmission chain is
less sensitive to corrosion due to its structure. Moreover, even in the event of cor-
rosion taking place, the power transmission chain's functionality is less sensitive
to chemical processes on its surface and less susceptible to degradation of the
functionality, when the exact dimensions of the power transmission chain may not
be maintained due to the adverse effects. Accordingly, the power transmission
chain is more durable under the high forces transmitted by a drive unit of an air-
craft running gear when driving the aircraft.

The power transmission chain as a whole is selectively engageable with the
sprocket element of the wheel. Accordingly, when the power transmission chain is
in a position of disengagement from the sprocket element, no connection
between the drive unit and the first and second wheels is present, such that the
aircraft wheels can rotate independently from the drive unit. In this way, it s safely
ensured that the speed of the wheels can adjust to the speed of the aircraft
without resistance generated by the drive unit, for example when landing the air-
craft. In other words, the inventive, selectively engageable power transmission
chain is fundamentally different from a transmission chain running over a sprocket
of a drive unit and a sprocket of a wheel of the aircraft running gear, since such
an arrangement could not be completely disengaged and is therefore not select-

ively engageable in the sense of the invention.
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The term selectively engageable is understood in such a way that the power
transmission chain may be movable in operation between a position of engage-
ment with the sprocket element of the wheel and a position of disengagement
from the sprocket element of the wheel. In other words, the term selective en-
gagement refers to time-selective engagement, i.e. the power transmission chain
may be in engagement with the sprocket element at some points in time, whereas
disengagement between the power transmission chain and the sprocket element
may be present at other points in time. An actuator, such as an electric or hy-
draulic motor, may be provided for effecting such motion. A control unit may be
provided, which controls the actuator and is able to command at any point in time
It the power transmission chain is in said position of engagement or in said POSi-
tion of disengagement.

Providing the power transmission chain has the additional advantage that the ex-
tension of the power transmission chain allows for a spacial separation of the re-
mainder of the drive unit, in particular the power train thereof, and the sprocket
elements of the wheels. Consequently, the remainder of the drive unit may be po-
sitioned in the framework of the aircraft running gear with greater spacial freedom.
In this way, an overall highly space efficient arrangement of the aircraft running
gear, including the drive unit, may be achieved.

It is pointed out that the benefits achieved with power transfer via one or more
power transmission chains are applicable to cases where one power output as-
sembly is present, which is drivingly coupleable to one wheel, where two power
output assemblies are present, which are drivingly coupleable to two wheels, and
where even more than two power output assemblies are present, which are driv-
ingly coupleable to two or more wheels.

According to a further embodiment, each power output assembly comprises a first
sprocket wheel and a second sprocket wheel, with the power transmission chain
running endlessly over the first sprocket wheel and the second sprocket wheel. In
this way, a loop of the power transmission chain within the power output as-
sembly is established. A portion of said loop may then be brought into engage-
ment with the sprocket element of the respective wheel through an appropriate
motion of the power output assembly. In this way, the power transmission chain is
conveniently engageable with and disengageable from the sprocket element via
moving one or both of the first and second sprocket wheels.
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According to a further embodiment, the first sprocket wheel is drivingly coupled to
a power train of the drive unit. In this way, the first sprocket wheel drives the
power transmission chain, when the drive unit is in operation, which in turn drives
the sprocket element, when in engagement. The term power train is intended to
encompass each kind of drive or motor that may be suitable for driving the first
sprocket wheel. The wording is further intended to encompass both of the two al-
ternatives of one motor / drive and two motors / drives driving the two first sprock-
et wheels of the first and second power output assemblies. These alternatives will
be described in more detail below.

According to a further embodiment, the second sprocket wheel is an idler sprock-
et wheel. In other words, only the first sprocket wheel is in operation driven by the
power train of the drive unit. This allows for a highly flexible positioning of the
second sprocket wheel, as no drivingly coupling between the second sprocket
wheel and the power train of the drive unit has to be established. Alternatively,
both the first sprocket wheel and the second sprocket wheel may be drivingly
coupled to the power train of the drive unit. In this way, the required power trans-
mission capabilities between the power train and the power transmission chain
are split up between the two driven sprocket wheels, such that each of the first
and second sprocket wheel is only required to transmit a portion of the required
power - per power output assembly - from the power train to the power transmis-
sion chain. Therefore, the first sprocket wheel may be dimensioned for a lower
power transmission capacity, allowing a more compact and durable design.

According to a further embodiment, the power transmission chain is in engage-
ment with the first and second sprocket wheels on an inner side of the power
transmission chain. In this way, a basic loop of the power transmission chain
around the first and second sprocket wheels is established that is highly stable
under the loads present during operation. In particular, the first and second
sprocket wheels may be the only sprocket wheels in engagement with the inner
side of the power transmission chain. In a particular embodiment, the power
transmission chain does not exhibit any sort of twist, such that a particularly
smooth and stable running of the power transmission chain over the first and
second sprocket wheels during operation is achieved.
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According to a further embodiment, the power transmission chain is selectively
engageable with the sprocket element on an outer side of the power transmission
chain. In particular, the sprocket element may be the only sprocket element that is
engageable with the outer side of the power transmission chain. Accordingly, the
engagement of the power transmission chain with the sprocket element of the
wheel takes place at the side of the power transmission chain opposite the side
running over the first and second sprocket wheels. In particular, the loop around
the first and second sprocket wheels may be implemented with small first and
second sprocket wheels as compared to the sprocket element of the wheel, with
the portion of the loop between the first and second sprocket wheels providing an
extended engagement section for engagement with the sprocket element. Such
an extended engagement section allows for providing an extended area of power
transfer from the power transmission chain to the sprocket element, which allows
for transferring the required high forces. Moreover, the different sizes of the first
sprocket wheel and the sprocket element of the wheel provide for an output gear
ratio that reduces the torque requirements of the motor(s), such that more com-
pact motor(s) can be used.

According to a further embodiment, the endless power transmission chain defines
a loop and is selectively engageable with the sprocket element in a preset en-
gagement section of the loop. It is apparent that the power transmission chain
endlessly passes the preset engagement section, such that different sets of chain
links are repeatedly present in the preset engagement section. In a particular em-
bodiment, the engagement section is between the first and second sprocket
wheels.

According to a further embodiment, a guiding of the power transmission chain in
the engagement section is provided, the guiding preferably being adapted to a
shape of the sprocket element. In particular, a radius of the guiding may adapted
to the radius of the sprocket element. In this way, the engagement section may
be made use of very efficiently, as a close engagement along the engagement
section is achieved. In particular, the radius of the guiding in the engagement sec-
tion may be slightly greater than the radius of the sprocket element of the wheel.
such that a smooth transition between engaged portions of the power transmis-
sion chain and disengaged portions of the power transmission chain at the edges

of the engagement section is provided.
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Alternatively, the shape of the loop of the power transmission chain may adapt to
the sprocket element of the wheel without guiding, the adapting taking place
when coming into an engaged position. Such adaptation may be achieved by the
tension imposed on the power transmission chain by the first and second sprock-
et wheels in combination with the pressure exerted by the sprocket element of the
wheel when getting into contact with the power transmission chain. For maintain-
ing tension within the power transmission chain in the state of disengagement
between the power transmission chain and the sprocket element, the first and
second sprocket wheels may be displacable with respect to each other. An actu-
ator may be provided for effecting such displacement.

According to a further embodiment, the loop is convex with the exception of the
engagement section where the loop is concave. It is understood that the concave
portion of the loop does not necessarily correspond exactly to the engagement
section, as a transition region between the convex and concave portions of the
loop may extend beyond the engagement section. In particular, it is also possible
that the loop is concave substantially all the way between the first and second
sprocket wheels on the side of the engagement section.

According to a further embodiment, each of the at least one power output as-
sembly is in the form of an arm, with the power transmission chain being arranged
along the respective arm. The arm extends from the remainder of the drive unit. In
this way, the power transmission chain extends away from the remainder of the
drive unit, such that a selective engagement between the power transmission
chain and the sprocket element may be achieved without the remainder of the
drive unit and the sprocket element of the wheel and/or the wheel itself Interfering
with each other in an undesired manner. The extension of the arm away from the
remainder of the drive unit also creates an additional degree of freedom for pla-
cing the remainder of the drive unit, such that a particularly space-efficient ar-
rangement may be provided.

According to a further embodiment, the arm is rotatable around a rotation axis
fixed with respect to the remainder of the drive unit. In a particular embodiment,
the rotation axis substantially corresponds to an axis of the first sprocket wheel.
However, it is also possible that the rotation axis substantially corresponds to an
axis of the second sprocket wheel.
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According to a further embodiment, the arm is rotatable by means of a hydraulic
or electric actuator.

According to a further embodiment, each of the at least one power output as-
sembly comprises a pivoling cylinder for rotating the respective power output as-
sembly. The pivoting cylinder aliows for providing rotating capabilities, while hav-
ing low space requirements, being capable of transferring large forces/torques in
an aircraft running gear and being durable in the described operation scenarios.
According to a particular embodiment, an axis of the pivoting cylinder substan-
tially corresponds to a rotation axis of the respective power output assembly. It is
further possible that the axis of the pivoting cylinder may substantially correspond
to the axis of the first sprocket wheel. In this way, a compact design with particu-
larly low space requirements for the engagement/disengagement mechanism as
well as the power transmission at the output stage of the drive unit is achieved. In
a particular embodiment, the pivoting cylinder is a hydraulic actuator.

According to a further embodiment, the power transmission chain is one of a roller
chain, a sieeve type chain, and a Galle-chain.

According to a further embodiment, wherein each of the at least one power output
assembly comprises a plurality of power transmission chains running in paraliel or
wherein each of the at least one power output assembly comprises a multi-row
power transmission chain. The number of power transmission chains per power
assembly or the number of rows per muliti-row power transmission chain can be 2
or 3 or 4 or 5 or more. The term running in parallel means that respective two lat-
eral sides of the power transmission chains, i.e. the sides that are not in an en-
gagement with any sprocket component, are arranged adjacent each other. It can
also be said that the plurality of power transmission chains are arranged next to
each other. The term multi-row power transmission chain refers to a power trans-
mission chain that has multipie rows of engagement portions arranged adjacent
each other, with the lateral portions to the sides of these engagement portions
serving as lateral portions for two adjacent engagement portions. In other words,
a multi-row power transmission chain can be thought of an arrangement of mul-
tiple single-row power transmission chains next to each other, however, with only
one l|ateral side portion being present between two rows, said lateral side portion
supporting the engagement portions to both sides thereof, If multiple power trans-
mission chains or a multi-row power transmission chain are/is present per power
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output assembly, such power output assembly also comprises an according plur-
ality of first sprocket wheels and an according plurality of second sprocket wheels,
with each of the multiple power transmission chains / each of the rows of the
multi-row power transmission chain running over a respective one of the first
sprocket wheels and a respective one of the second sprocket wheels. Also, the
plurality of power transmission chains / the multiple rows of the multi-row power
transmission chain are selectively engageable with an according plurality of
sprocket elements coupled to the respective wheel. Each power transmission
chain / each row of the multi-row power transmission chain is selectively engage-
able with one of the plurality of sprocket elements. By providing such a plurality of
power transmission subsystems per power output assembly, with each power
transmission subsystem comprising one power transmission chain / one row of
the multi-row transmission chain, one first sprocket whee!, one second sprocket
wheel and one sprocket element coupled to one of the wheels of the aircraft run-
ning gear, the required power transmission capacity is split up between a plurality
of subsystems, such that each subsystem may be designed for a lower power
transmission capacity, making the design and production less complex and less
expensive. Alternatively, redundancy can be introduced in this way, ensuring safe
operation even in the case of a failure of one of the subsystems. It is explicitly
pointed out that all embodiments described herein can also be realized with each
power output assembly comprising exactly one single-row power transmission
chain,

According to a further embodiment, a direction of longitudinal extension of the
drive unit is in a plane orthogonal to the common wheel axis. In this way, the mo-
tor(s) of the drive unit is/are no longer confined to the distance between the two
wheels in its/their longitudinal direction. Without such a strict limit on the longitud-
inal extension of the motor(s), the speed and/or torque and/or speed torque
product achieved by the motor(s) can be increased as compared to the prior art.
Accordingly, more power for taxiing the aircraft can be generated by the motor(s).
It is pointed out that the direction of longitudinal extension of the drive unit refers
to the axis of the motor shaft of the motor comprised in the drive unit, which is
also referred to as the longitudinal extension of the motor. Accordingly, the orient-
ation of the motor allows for a more flexible length of the motor, such that im-
proved motor characteristics can be realized. The particular orientation of the
drive unit also allows for the distance between the first and the second wheel to

be chosen more flexibly. With the power output assemblies comprising power
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transmission chains, the distance between the first and second wheel may even
be reduced to the space required for moving only the two power transmission
chains into said intermediate space. A decreased distance between the first and
second wheel may result in the overall space requirements for the wheel arrange-
ment to be decreased, such that the whole aircraft running gear may be stowed in
a more space-efficient manner during the flight, Commonly, the direction of longit-
udinal extension of the drive unit corresponds to the direction of the largest geo-
metric extension of the drive unit, The term common wheel axis refers to the geo-
metrical axis running through the centers of the first and second wheels.

The plane orthogonal to the common wheel axis may be situated between the
first and second wheel. In this way, the space between the first and second
wheeils may be used much more efficiently than in the prior art. The drive unit
may be positioned substantially parallel to the running gear leg supporting the first
and second wheels, e.g. in front of the running gear leg. Accordingly, a iarge por-
tion of the drive unit lies within the space between the two wheels. The space
between the two wheels refers to the total room enclosed by the projection of the
circumference of the first wheel onto the circumference of the second wheel. This
space is largely unused in prior art arrangements, but has to be accounted for
when stowing the wheel arrangement during the flight. Accordingly, the invention
allows for providing a more powerful, possibly larger motor than the prior art, while
decreasing the space requirements through making it possible to reduce the dis-
tance between the wheels and to use the remaining space between the wheels
efficiently.

It is, however, explicitly pointed out that the direction of longitudinal extension of
the drive unit is not required to be in a plane orthogonal to the common wheel
axis. In particular, the direction of longitudinal extension of the drive unit may also
be in parallel with the common wheel axis. In such a case, it is possible that the
respective first sprocket wheels of the two power output assemblies are arranged
at opposite sides of the drive unit.

According to another embodiment, the first sprocket wheel of the first power out-
put assembly and the first sprocket wheel of the second power output assembly
are aligned on a common output stage axis, which is substantially orthogonal to
the direction of longitudinal extension of the drive unit. The common output stage
axis may be parallel to the common wheel axis. Such orientation allows for a con-
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venient selective engagement between the drive unit and the wheel structure.
The combination of the two first sprocket wheels and the two sprocket elements
of the first and second wheels also allows for establishing a gear ratio stage that
Is outside the drive unit. As the first sprocket wheels may have a small diameter
and the sprocket elements may have a large diameter, a reduction gear stage
having large transmission ratio can be achieved, which helps to produce sufficient
torque using a compact motor. Accordingly, this gear ratio stage is in addition to
all gear ratios that may be implemented within the drive unit, which helps in keep-
Ing the drive unit compact.

According to a further embodiment, the drive unit comprises a first motor drivingly
coupleable to the first wheel via a first gear structure and the first power output
assembly and a second motor drivingly coupleable to the second wheel via a
second gear structure and the second power assembly, wherein the first and
second motors are arranged in tandem along the direction of longitudinal exten-
sion of the drive unit. The arrangement in tandem refers to a one-behind-the-oth-
er arrangement in the direction of longitudinal extension of the drive unit. Provid-
Ing a respective motor for driving each of the two wheels allows for the drive unit
to be capable of driving the first and second wheels independently and to provide
a desired wheel speed difference when the aircraft is tuming a corner. For ex-
ample, the running gear leg may be turned by a steering motor in order for the air-
craft to steer to the right or to the left. The steering signal provided to the steering
motor may also be providéd to the first and second motors, such that these mo-
tors can drive the first and second wheel in accordance with the desired turning

radius. Accordingly, a turning of the airplane is made possible that reduces the

wear and tear of the tires and other components of the wheel arrangement. It is
also possible to cause the turning of the aircraft by driving the first and second
wheels at different speeds. The arrangement of the first and second motors in
tandem allows for a space efficient positioning of the two motors, with the provi-
sion of two motors only adding to the longitudinal extension of the drive unit, but
not to the lateral extension. Therefore, the provision of two motors does not have
an impact on the distance between the first and second wheels required to ac-
commodate the drive unit. Consequently, an improved driving of the first and
second wheels is achieved, while ensuring a space-efficient arrangement of the
whole aircraft running gear. Again, it is pointed out that this tandem arrangement
may be realized independently from the orientation of the longitudinal extension
of the drive unit.
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In the case of exactly one power output assembly being provided for driving ex-
actly one wheel, the two wheels, which are provided on the same geometrical
axis, may be mechanically separated in such a way that their wheel speeds can
differ. in this way, the turning of the aircraft can also be achieved in a manner that
reduces wear and tear of the tires and other components. In other words, the
wheel that Is not driven by the one power output assembly, is a passive element
and adjusts its wheel speed according to the operating conditions.

According to a further embodiment, the first motor in operation drives a first bevel
gear, with the first bevel gear being drivingly coupleable to the first wheel via the
first gear structure and the first power output assembly, and the second motor in
operation drives a second bevel gear, with the second bevel gear being drivingly
coupleable to the second wheel via the second gear structure and the second
power output assembly. The first and second bevel gears allow for a change of
the direction of the rotation axis of the components driven by the first and second
motors. Particularly, the rotation of the shafts of the first and second motors can
cause the rotation of other gear elements that are not aligned or parallel with the
motor shafts and are comprised in the first and second gear structures, respect-
ively. More particularly, a turning of the rotation axis of the driven components of
50° can be achieved. Accordingly, gear structure components whose rotation axis
is identical with or parallel to the common wheel axis can be driven via the first
and second bevel gears. This rotation can then be transmitted to the first and
second wheels in a convenient manner. The turning of the rotation axis of the
driven components may also be achieved by a combination of a face gear and a
spur gear. Such an arrangement may bhe alternatively provided in all places where
this application describes the usage of bevel gears.

According to a further embodiment, the first and second motors are arranged in a
coaxial manner. This arrangement allows for a highly efficient use of space, as
only one common axis of rotation is present in the drive unit, around which the
first and second motors are arranged. The lateral extension of the drive unit can
be kept to a minimum, because no two laterally offset motor shafts are required
for driving the wheels.

According to a further embodiment, the first motor has a first motor shaft and the
second motor has a second motor shaft, with the first motor shaft being hollow
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and being arranged around the second motor shaft. The arrangement of one hol-
low motor shaft around the other motor shaft ensures that the first and second
motors can be arranged in a coaxial manner, while complete independence of the
driving of the first and second wheels is achieved.

In a particular embodiment, the first and second motors are electric motors or hy-
draulic motors.

In a further embodiment, the first gear structure comprises a first gear element,
having a third bevel gear and a first gear element shaft, and the second gear
structure comprises a second gear element, having a fourth bevel gear and a
second gear element shaft, with one of the first and second gear element shafts
having a hollow portion and the other one of the first and second gear element
shafts being supported in the hollow portion. The rotation axes of the first and
second gear element shafts may be aligned. The supporting of one gear element
shaft within the other allows for a highly compact and stable arrangement of the
two independent power transmissions from the first motor to the first wheel and
from the second motor to the second wheel. The first bevel gear may be in en-
gagement with the third bevel gear, and the second bevel gear may be in en-
gagement with the fourth bevel gear. In this way, a first gear ratio stage is real-
ized. The gear ratio between the first and third bevel gears may be the same as
the gear ratio between the second and fourth bevel gears. The power generated
by the first and second motors is transmitted via two coaxial motor shafts to two
gear elements, which are aligned on a common axis, but are laterally displaced
with respect to each other. A compact power transmission is achieved that
provides - at its output - two laterally displaced gear elements with independent

speeds of rotation. With one gear element supported within the other, the lateral
dimension of the drive unit is kept to a minimum.

According to another embodiment, the drive unit comprises a motor and a differ-
ential gear, with the motor being drivingly coupleable to the first and second
wheels via the differential gear and the first and second power output assemblies.
The provision of the differential gear allows for a mechanical adjustment of the
wheel speeds when the aircraft is turning a corner. Accordingly, the two wheels
can be driven with one motor, while the differential gear ensures the reduction of
wear and tear on the tires and other wheel structure components by mechanically
adjusting the wheel speeds to a given turning radius. The differential gear may be
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an integrated differential gear, meaning that it is integrated into a gearbox. The
motor may comprise a bevel gear for engaging with the differential gear. In this
way, an efficient rotation of the power transmission axis from the direction of lon-
gitudinal extension of the drive unit to a direction parallel or coaxial with the com-
mon wheel axis is achieved. The differential gear may be coupleable to the first
and second wheels by first and second gear structures and the first and second
power output assemblies, respectively. Also, the differential gear may be a bevel
differential or planetary differential or ball differential or face gear differential. The
motor may be an electric motor or a hydraulic motor.

In a further embodiment, the first and second gear structures comprise a planet-
ary gear, respectively. The planetary gears allow for a reduction of the rotation
speeds and an according increase of the torques in a very compact manner. With
little space required, a gear ratio stage can be implemented in the drive unit via
the planetary gears. Together with the gear ratio stage associated with the bevel
gears and the gear ratio stage associated with the power output assemblies and
the sprocket elements of the wheels, three reduction stages may be realized in a
very compact manner. The bevel gear stage allows for a 90° change of the rota-
tion axis from the direction of the motor shaft(s) to a direction aligned with or par-
allel to the common wheel axis. In case such a 90° change of the rotation axis is
not required due to the orientation of the drive unit, the bevel gear stage may be
replaced by another suitable gear stage. The reduction stage at the drive unit out-
put allows for a convenient implementation of a simultaneous engagement of the
two power transmission chains of the drive unit with the sprocket elements
coupied to the first and second wheaels, respectively.

In a further embodiment, the drive unit comprises a mounting structure for being
mounted to the aircraft running gear and the entire drive unit with the exception of
the mounting structure is movable with respect thereto such that the power trans-
mission chain is selectively engageable with the sprocket element. In other words,
an engagement of the power transmission chain with the sprocket element is
achieved by moving the entire drive unit with respect to its mounting structure. in
a particular embodiment, the drive unit with the exception of the mounting struc-
ture is pivotally rotatable and/or laterally displacable with respect to the mounting
structure. In a further particular embodiment, the drive unit with the exception of

the mounting structure is movable by means of an electric or hydraulic actuator.
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The drive unit may aiso comprise an integrated free-wheel arrangement. A free-
wheel arrangement prevents a rotation of the wheels to be transmitted to the mo-
tor(s) of the drive unit, even when the drive unit is in an engaged position. Accord-
ingly, at one point in the power transmission path from the motor(s) to the power
output assemblies, a stage may be equipped with an overrunning clutch or the
like that prevents power transmission from a downstream element to an upstream
element, when looking at the normal operational power flow from the motor(s) to
the wheels. Such a free-wheel arrangement allows the airplane to keep on rolling,
should the motor(s) of the drive unit fail. The failed motor(s) cannot block the rota-
tion of the wheels. Also, for the process of engaging the drive unit with the
sprocket elements coupled to the first and second wheels, the free-wheel ar-
rangement ensures a synchronization of the sprocket element speeds with the
power transmission chain speeds, such that severe damage to the drive unit due
to an un-synchronized engagement attempt can be prevented during the enga-
ging operation. The free-wheel arrangement may be incorporated into any rotat-
ably fixed coupling present in the gear arrangement described. For example, the
coupling of the two first sprocket wheels with respect to the first and second gear
structures may have an integrated free-wheel arrangement. Alternatively, first and
second ring gears of the first and second planetary gears may have an integrated
free-wheel arrangement. The free-wheel arrangement may be realized mechanic-
ally. The free wheeling direction of the free-wheel arrangement may be reversible.

This allows for the advantages of the free-wheeling arrangement to be present
both when driving the aircraft forward and backwards with the drive unit.

In a further embodiment, the drive unit comprises a self-securing engagement/dis-
engagement mechanism. Such a self-securing engagement/disengagement

mechanism prevents an inadvertent engagement of the drive unit with the wheel
structure, which could result in unexpected behavior of the aircraft landing gear,

which is potentially highly dangerous, especially during take-off and landing. The

the self-securing engagement/disengagement mechanism may be operated in a
pneumatic, hydraulic or electric manner.

In a further embodiment, the drive unit comprises an engagement/disengagement
mechanism adapted to synchronize the rotating speed of the power transmission
chain of each of the at least one power output assembly with the respective
sprocket element by sensing the wheel speed and adjusting the motor speed. Ac-
cordingly, a synchronized angular velocity of the power transmission chains and
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the sprocket elements can be reached at the engagement section of the power
transmission chains, which allows for a precise engaging of these components,
such that the wear and tear of the components can be kept low. The drive unit
may comprise a control unit, which is in communication with a sensor measuring
the wheel speed and generates control commands for the motor of the drive unit.
In the case of two independent motors being provided for driving the first and
second wheels, two sensors may be provided for measuring the wheel speeds
and two control commands may be generated by the control unit to control the
two motors independently.

In another embodiment, the drive unit may comprise a sensing device for sensing
the relative positioning of sprocket teeth for targeted engaging of the power trans-
mission chain of each of the at least one power output assembly with the respect-
ive sprocket element. Using a direct measuring of the positions of sprocket teeth
allows for a highly accurate engaging of the components, as the variable that is
decisive for the wear and tear of the components, namely their relative position-
Ing, is directly available for the control of the motor(s) of the drive unit. The posi-
tion of the elements of the power transmission chains may be determined via a
separate sensor, such as an incremental encoder, a resoiver, or another position-
al sensor at the location of the power transmission chain. In case the motor is an
electric motor, it commonly comprises a positional sensor for determining the pos-
ition of the motor, whose output may be used for determining the position of the
power transmission chain, with the determination taking the gearbox gear ratio
into account. The position of the sprocket element may also be determined by a
positional sensor that may be integrated into the running gear leg. The aircraft
running gear may comprise an ABS braking system, in which case an output of a
positional sensor of the ABS braking system may be used for determining the po-
sition of the sprocket element. The positional sensor for determining the position
of the sprocket element may be mounted to the drive unit. The positional sensor
may be an optical or inductive sensor measuring the distance to a tooth of the
sprocket element or being triggered by the teeth of the sprocket element. The loc-
ation of spaces between teeth can be determined very accurately in this way.

According to another embodiment, an aircraft running gear comprises at least a
first wheel and a second wheel on a common wheel axis and a drive unit as de-
scribed in any of the embodiments above. The aircraft running gear may comprise
a first sprocket element, which is coupled to the first wheel, engageable to the
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power transmission chain of the first power output assembly of the drive unit, and
a second sprocket element, which is coupled to the second wheel, engageable to
the power transmission chain of the second power output assembly of the drive
unit.

The aircraft running gear may also have a running gear leg supporting the first
and second wheels, with the drive unit being mounted to the running gear leg, in
particular via a mounting structure. The wheels may be supported by the running
gear leg via a wheel shaft assembly. The attachment to the running gear leg al-
lows for a stable attachment of the drive unit to the aircraft running gear. The dir-

~ ection of longitudinal extension of the drive unit may be substantially parallel to

the running gear leg. This arrangement allows for using the space between the
first and second wheels for the positioning of the drive unit, such that an overall
space-efficient aircraft running gear is formed. Particularly, the stowing space for
the aircraft running gear during the flight is kept low. Also, the positioning of the
drive unit in parallel to the running gear leg ensures that only minimal additional
aerodynamic resistance is introduced by the drive unit.

In a further embodiment, the aircraft running gear is adapted to be used as a
nose running gear or a main running gear. Also, the first and second sprocket ele-
ments may be mounted on a respective rim of the first and second wheels. The

first and second rims are very suitable structures for mounting the first and
second wheel axis gears, as they are inherently stable structures that are adap-

ted to carry the weight of the whole aircraft and that are designed to withstand ex-
treme environmental conditions, during the flight as well as on the ground. The
first and second sprocket elements and/or the respective rims may be made of
light metal, such as aluminum or titanium.

The properties and features described with respect to an aircraft running gear
having a drive unit with two power output assemblies drivingly coupleable to the
first and second wheels are analogously applicable to an aircraft running gear
having a drive unit with exactly one power output assembly drivingly coupleable to
exactly one wheel.

The invention is described in more detail below with regard to the exemplary em-
bodiments shown in the accompanying Figures, in which:
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Fig. 1 shows a three-dimensional representation of an aircraft running gear ac-
cording to a first exemplary embodiment of the invention.

Fig. 2 shows a cross-sectional view through the aircraft running gear according
to the first exemplary embodiment of the invention.

Fig. 3 shows an enlarged portion of the cross-sectional view shown in Fig. 2.

Fig. 4 shows a further cross-sectional view through the aircraft running gear ac-
cording to the first exemplary embodiment of the invention.

Fig. 5a shows an enlarged portion of the cross-sectional view shown in Fig. 4.

Fig. 5b shows the enlarged portion shown in Fig. 5a, with the drive unit being in a
disengaged position,

Fig. 6 shows a cross-sectional view through an aircraft running gear according
to a second exemplary embodiment of the invention.

Figs. 7a and 7b show a three-dimensional representation of an aircraft running
gear according to a third exemplary embodiment of the invention, with Fig. 7a
showing a power transmission chain in a disengaged position and Fig. 7b show-
Ing the power transmission chain in an engaged position.

Figs. 8a and 8b show two cross-sectional views through the aircraft running gear
according to the third exemplary embodiment of the invention, the two cross-sec-

tional views corresponding to the two three-dimensional representations of Figs.
7a and 7b.

Fig. 9 shows an enlarged and more detailed portion of the three-dimensional rep-
resentation of Fig. 7.

Fig. 1 shows a three-dimensional representation of an aircraft running gear 2 ac-
cording to a first exemplary embodiment of the present invention. The aircraft run-
ning gear 2 comprises a first wheel 4 and a second wheel 6, which are connected
by a shaft assembly 12. The first and second wheels 4, 6 are aligned on a com-
mon wheel axis A in the geometrical sense. The first wheel 4 comprises a first rim



10

15

20

25

30

35

WO 2012/171589

CA 02833825 2013-10-21

PCT/EP2011/060172
19

32, which is provided with a first wheel axis gear 8. The the second wheel 6 com-
prises a second rim 34, which is provided with a second wheel axis gear 10. The
first and second wheel axis gears 8, 10 can be mounted onto the first and second
rims 32, 34 of the first and second wheels 4, 6 in any suitable manner that allows
for a rotatably fixed attachment between the rims and the wheel axis gears. The
rims and the wheel axis gears may also be made of one piece, respectively, i.e.
the first rim 32 and the first wheel axis gear 8 may be made of one piece and the
second rim 34 and the second wheel axis gear 10 may be made of one piece. In
these ways, a fixed coupling between the first and second wheel axis gears 8, 10
and the first and second wheels 4, 6 is achieved, such that the rotational motion
transmitted to the first and the second wheel axis gears 8, 10 is transmitted to the
first and second wheels 4, 6. The first and second wheel axis gears 8, 10 are cir-
cular external gears, with their teeth being arranged straight between and perpen-
dicular to the axial edges of the external gear.

The aircraft running gear 2 further comprises a running gear leg 14 running along
a leg axis D and a drive unit 16, which is attached to the running gear leg 14. The
drive unit 16 comprises a first motor 18 and a second motor 20, a gearbox 26, a
first output stage gear 22 and a second output stage gear 24. The first and
second motors 18, 20 are arranged along a common longitudinal axis C, also re-
ferred to as the direction of longitudinal extension of the drive unit 16. The first
and second output stage gears 22, 24 are arranged along a common output
stage axis B. The drive unit 16 is moveably mounted to the running gear leg 14,
so that the first and second output stage gears 22, 24 can be selectively brought
into engagement with the first and second wheel axis gears 8, 10. An engage-
ment operation brings the first and second output stage gears 22, 24 simultan-
eously into engagement with the first and second wheel axis gears 8, 10. The first
motor 18 is drivably coupled to the first output stage gear 22, and the second mo-
tor 20 is drivably coupled to the second output stage gear 24. In this way, the first
and second wheels 4, 6 can be driven with different speeds by the first and
second motor 18, 20, such that an aircraft that is equipped with the aircraft run-
ning gear 2 can easily turn corners in the airfield or maneuvering area of an air-
port. The gearbox 26 provides a gearbox gear ratio. Also, the output stage gears
22, 24 and the wheel axis gears 8, 10 provide an output gear ratio. The product of
the gearbox gear ratio and the output stage gear ratio allows for a driving of large
pianes with two comparably very small motors that can be placed in front of the
running gear leg 14 and extend into the space between the first and second
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wheels 4, 6. The gear ratios transform the high motor speeds of the first and
second motors 18, 20 into large amounts of torque required for driving the aircraft
during a taxiing operation.

In the exemplary embodiment shown in Fig. 1, the first and second motors 18, 20
are electric motors. However, the drive unit 16 can also be equipped with hydraul-
IC motors.

Fig. 2 is a cross-sectional view of the aircraft running gear 2 of Fig. 1. The cross-
sectional plane is parallel to the wheel axis in front of the running gear leg 14. The
output stage axis, on which the first and second output stage gears 22, 24 are
aligned, lies within the cross-sectional plane, such that the drive unit 16 is cut in
half along the longitudinal extension of the drive unit by the cross-sectional plane,
L.e. the cross-section of Fig. 2 shows the interior of the drive unit 16. As the air-
craft running gear 2 of Fig. 2 corresponds to the aircraft running gear of Fig. 1,
like reference numerals are used for like elements. Fig. 2 illustrates well that the
first and second wheel axis gears 8, 10 are mounted onto the first and second
rims 32, 34.

The second motor 20 comprises a second motor shaft 30 that extends through
the first motor 18. The first motor 18 comprises a first motor shaft 28 that is hollow
and is arranged around the second motor shaft 30. In the exemplary embodiment
shown in Fig. 2, the first motor shaft 28 extends along a small portion of the
second motor shaft 30, The first and second motor 18, 20 are arranged in a
coaxial manner, i.e. the center axes of the first motor shaft 28 and the second
motor shaft 30 are identical and identical to the axis C defining the longitudinal
extension of the first and second motors. Again, the term axis is used in its geo-
metrical meaning.

The first motor 18 and the second motor 20 are arranged in tandem, i.e. they are
arranged in a one behind the other relationship as seen from the gearbox or in an

one above the other relationship as seen in the cross-sectional plane of Fig. 2.
This viewing direction roughly corresponds to an observer's viewing direction
when positioned in front of the aircraft running gear 2 of an aircraft. The coaxial
arrangement of the first and second motors 18, 20 allows for the provision of two
motors that are co-extensive along the longitudinal extension of the drive unit 16.
In other words, the two motors extend substantially equally from their common
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axis in all directions orthogonal to the common axis, in particular in the lateral dir-
ection being defined as the direction of the common wheel axis.

Fig. 3 is an enlarged version of the gearbox portion shown in the center of Fig. 2.
Fig. 3 shows the first motor shaft 28 of the first motor 18 as well as the end por-
tion of the second motor shaft 30 of the second motor 20. The first motor shaft 28
comprises a first bevel gear 38 at its end portion. The second motor shaft 30 com-
prises a second bevel gear 40 at its end portion. The gearbox 26 further com-
prises a first gear element 42 and a second gear element 44, The first gear ele-
ment 42 comprises a third bevel gear 54, which is in engagement with the first
bevel gear 38. The second gear element 44 comprises a fourth bevel gear 56,
which is in engagement with the second bevel gear 40. The first gear element 42
further comprises a first gear element shaft 66, and the second gear element 44
comprises a second gear element shaft 68. The first gear element shaft 66 and
the second gear element shaft 68 are aligned along a common axis. In the exem-
plary embodiment of Fig. 3, this axis of the first and second gear element shafts
66, 68 coincides with the output stage axis, on which the first and second output
stage gears 22, 24 are aligned. The first and second gear element shafts respect-
ively extend from a center portion of the gearbox 26 towards the first and second
output stage gears 22, 24 arranged on the lateral ends of the gearbox 26, which
can be best seen in Fig. 2. Through the first to fourth bevel gears, the rotation of
the first and second motor shafts 28, 30 causes the rotation of the first and
second gear elements 42, 44, In this manner, the rotation axis of the first and
second gear elements 42, 44 is orthogonal to the rotation axis of the first and
second motor shafts 28, 30. It is pointed out that the arrangement of the first and
third bevel gears 38, 54 as well as the arrangements of the second and fourth

bevel gears 40, 56 could be replaced by respective arrangements of a face gear
and a spur gear.

The portion of the first gear element shaft 66 towards the center portion of the
gearbox 26 is hollow. The portion of the second gear element shaft 68 towards
the center portion of the gearbox 26 is supported within the first gear element
shaft 66. This supporting of the second gear element shaft 68 within the first gear
element shaft 66 allows for an accurate and stable alignment of the first and
second gear element shafts 66, 68 and also of the first and second gear elements
42, 44 as a whole. The second gear element shaft 68 is supported within the first
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gear element shaft 66 by a first combined axial and radial bearing 70 and a radial
beanng 72.

The gearbox 26 further comprises a first planetary gear 46 and a second planet-
ary gear 48. It also comprises a third gear element 62 and a fourth gear element
64. The first planetary gear 46 couples the first gear element 42 to the third gear
element 62, and the second planetary gear 48 couples the second gear element

44 to the fourth gear element 64.

The gearbox 26 comprises a first internal gearSO, which serves as the ring gear
for the first planetary gear 46. The first gear element 42 comprises a first external
gear portion 58, which serves as the sun gear of the first planetary gear 46. The
third gear element 62 comprises a first plurality of planet gears 74. The first plural-
ity of planet gears 74 are in engagement with the first internal gear 50 and the
first external gear portion 58. In this way, the first external gear portion 58, the
first plurality of planet gears 74 and the first internal gear 50 form the first planet-
ary gear 46,

The gearbox 26 further comprises a second internal gear 52, which serves as the
ring gear for the second planetary gear 48. The second gear element 44 com-
prises a second external gear portion 60, which serves as the sun gear of the
second planetary gear 48. The fourth gear element 64 comprises a second plural-
ity of planet gears 76. The second plurality of planet gears 76 are in engagement
with the second internal gear 52 and the second external gear portion 60. In this
way, the second external gear portion 60, the second plurality of planet gears 76
and the second internal gear 52 form the second planetary gear 48.

The outer portion of the first gear element shaft 66, i.e. the portion of the first gear
element shaft 66 towards the first output stage gear 22, is supported within a re-
cess of the third gear element 62 via a second combined axial and radial bearing
78. In this way, a stable alignment between the first gear element 42 and the third
gear element 62 is achieved, which allows for a reliable functioning of the first
planetary gear 46. The outer portion of the second gear element shaft 68, i.e. the
portion of the second gear element shaft 68 towards the second output stage
gear 24, is supported within a recess of the fourth gear element 64 via a third

combined axial and radial bearing 80. In this way, a stable alignment between the
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- second gear element 44 and the fourth gear element 64 is achieved, which allows

for a reliable functioning of the second planetary gear 48.

The third gear element 62 is supported against the housing of the gearbox 26 via
a fourth combined axial and radial bearing 82. Equally, the fourth gear element 64
is supported against the housing of the gearbox 26 via a fifth combined axial and
radial bearing 84. The first output stage gear 22 is mounted to the third gear ele-
ment 62, and the second output stage gear 24 is mounted to the fourth gear ele-
ment 64. This mounting can be done in any suitable way that allows for a rotat-
ably fixed connection between the third and fourth gear elements 62 and 64 and
the first and second output stage gears 22, 24.

By supporting the first and second gear elements 42, 44 with respect to each oth-
er and by supporting the third and fourth gear elements 62, 62 with respect to the
first and second gear elements 42, 44 and with respect to the housing of the
gearbox 26, an alignment of the first through fourth gear elements 42, 44, 62, 64
is realized, which allows for a compact and stable gear structure for transmission
of the rotational energy from the first and second motor shafts 28, 30 to the first
and second output stage gears 22, 24. The described gear structure also allows
for an independent drivable coupling of the first motor shaft 28 to the first output
stage gear 22 and the second motor shaft 30 to the second output stage gear 24
in an extremely compact manner, This allows for placing the drive unit 16 in the
highly space-critical environment of an aircraft running gear.

With regard to Figures 2 and 3, the overall gear ratio that is achieved by the ex-
emplary gear structure is discussed. The described system comprises three re-
duction stages. The first reduction stage takes place between the first and second
bevel gears 38, 40 and the third and fourth bevel gears 54, 56, respectively. The
second reduction stage is realized by the first and second planetary gears 46, 48,
respectively. The third reduction stage takes place between the first and second
output stage gears 22, 24 and the first and second wheel axis gears 8, 10, re-
spectively. The first and second reduction stages are embedded into the gearbox
26, whereas the third reduction stage is realized outside the gearbox through the
engagement of the gearbox output stage with the gears associated with the first
and second wheels 4, 6.
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The selective driving of the first and second wheels 4, 6 by the drive unit 16 is
achieved by selective engagement between the drive unit and the first and
second wheel axis gears 8, 10. A mechanism of selective engagement is referred
to as a mechanism that allows for engagement and disengagement of two ele-
ments, particularly of two gears. The point of engagement/disengagement, i.e. the
point of selective engagement, lies behind the gearbox 26 in terms of the trans-
mission direction of rotational energy. In other words, the first and second motor
shafts 28, 30 are always in engagement with the gear arrangement within the
gearbox 26, i.e. with the gear arrangement of the first and second reduction
stages. The selective driving between the drive unit 16 and the first and second
wheels 4, 6 is achieved via selective engagement on the output side of the drive
untt.

In the exemplary embodiment described, the first reduction stage has a gear ratio
of between 1.5 and 2.5. The second reduction stage has a gear ratio of between
3 and 4. The third reduction stage has a gear ratio of between 3.5 and 4.5. in this
way, it is possible to drive an aircraft with a maximum take-off weight between
70,000 kg and 80,000 kg needing a torque of between 10,000 and 18,000 Nm at
the nose wheel for taxiing by a single drive unit having a maximum torque of
between 500 Nm and 600 Nm and a maximum speed of between 6,000 and
8,000 revolutions/min. It is explicitly stated that these numbers are of illustrative
nature and are a mere example of the overall design of the drive unit and the air-
craft running gear.

The drive unit allows for faxiing an aircraft without the help of the main turbines.
These are used for starting, landing and flying the aircraft and can be switched off
during the manoceuvring on the airfield in the presence of the drive unit described
above. The power for operating the drive unit may be provided by an auxiliary
power unit commonly present in modern aircrafts. The auxiliary power unit is a
gas turbine engine smaller than the main turbines. It is commonly run before take-
off for supplying the airplane with electrical energy, for example for operating the
cabin air conditioning, the passenger entertainment systems and other airplane
appliances. The auxiliary power unit can be adapted to provide electrical energy
and/or hydraulic pressure for a hydraulic motor. Alternatively, there can be a sep-
arate power source for the drive unit, for example a fuel cell or a rechargeable

battery.



10

15

20

25

30

WO 2012/171589

CA 02833825 2013-10-21

PCT/EP2011/060172

Fig. 4 is a further cross-sectional view of the aircraft running gear 2 depicted in
Figs. 1 and 2. The cross-sectional plane is orthogonal to the wheel axis and cuts
the wheel axis and the running gear leg at substantially their center portions. The
cross-sectional plane of Fig. 4 is marked in Fig. 2, with the viewing direction indic-
ated by arrows X-X. Fig. 4 shows that the direction of longitudinal extension of the
drive unit lies within a plane orthogonal to the common wheel axis A.

Fig. 4 shows the drive unit 16 in an engaged position with the first and second
wheel axis gears 8, 10. More particularly, the first and second output stage gears
22, 24 are in engagement with the first and second wheel axis gears 8, 10, such
that the first and second motors 18, 20 are driveably coupled to the first and
second wheels 4, 6, respectively. The longitudinal extension of the drive unit 16 is
substantially parallel to the running gear leg 14 in the engaged position.

The mounting of the drive unit 16 to the running gear leg 14 is described in more
detail. The drive unit 16 comprises a mounting arm 88. The running gear leg 14
comprises a supporting portion 86 for mounting the drive unit 16. The supporting
portion 86 and the mounting arm 88 are connected in a manner that allows for a
rotation of the drive unit 16 with regard to the running gear leg 14. in other words,
a pivot connection is established between the supporting portion 86 and the
mounting arm 88. In the exemplary embodiment of Fig. 4, the mounting arm 88 is
provided with a hole for receiving a mounting bolt, screw, rod, or the like. The
supporting portion 86 has a recess for receiving the mounting arm 88 of the drive
unit, with a plate being provided at each outer side of the recess of the supporting
portion, one of which heing shown in the cross-sectional view of Fig. 4. The two
plates of the supporting portion 86 comprise a hole, which is aligned with the hole
provided in the mounting arm 88, such that the bolt, screw, rod, or the like men-
tioned above,.Is positioned in a way extending through the hole provided in the
mounting arm 88 and the holes provided in the supporting portion 86. In this way,
the supporting portion 86 and the mounting arm 88 are connected, with the center
axis of the bolt, screw, rod, or the like being the pivoting axis for the rotation of the
drive unit 16 with respect to the running gear leg 14.

Fig. 5a is an enlarged version of the mounting arrangement between the drive
unit 16 and the running gear leg 14 shown in Fig. 4. Fig. 5b shows the enlarged
version of the mounting arrangement of Fig. 5a, with the drive unit 16 being in a
disengaged position with respect to the first and second wheel axis gears 8, 10.
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The drive unit 16 comprises an engagement/disengagement mechanism 90. The
drive unit further comprises an engagement control arm 94, to which the engage-
ment/disengagement mechanism 90 is coupled, for example by a bolt, screw, rod,
or the like. The engagement/disengagement mechanism 90 comprises a bell
crank having an actuator 92 and a connection element 96. The actuator 92 and
the connection element 86 are connected in a way that aliows rotation with re-
spect to each other, for example by a bolt, screw, rod, or the like. The connection
element 96 is the portion of the engagement/disengagement mechanism 90 that
is connected to the engagement control arm 94, The actuator 92 is fixed to the
supporting portton 86 at its one end. lts other end comprises the connection to
the connection element 96. The actuator 92 has a variable length in its longitudin-
al extension between the one end fixed to the supporting portion 86 and the other
end connected to the connection element 96. Varying the length of the actuator
92 resuits in the connection between the actuator 92 and the connection element
36 to be displaced along a bottom piane 98 of the recess of the supporting por-
tion 86 provided for receiving the mounting arm 88 of the drive unit 16. This res-
ults in an according motion of the connection element 96, the engagement contro!
arm 94 and the drive unit 16. The actuator 92 may be an electric, hydraulic or
pneumatic actuator. The operation of the actuator 92 results in a change of the
length of the actuator 92, which may be achieved by providing a piston slidingly
positioned in the actuator 92. |

In Fig. 5a, the drive unit 16 is shown in a position of engagement with the first and
second wheei axis gears. In the engagement position, the length of the actuator
92 iIs minimal. The connection element 96 is drawn towards the running gear leg

14, which in turn pulls the engagement control arm 94 towards the running gear
leg 14. This in turn pulls the lower portion of the drive unit 16, i.e. the part of the

drive unit 16 below the mounting arm 88, towards the running gear leg 16. This
results in the first and second output stage gears engaging with the first and
second wheel axis gears.

In Fig. 5b, the drive unit 16 is shown in a position of disengagement with respect
to the first and second wheel axis gears. As compared to Fig. 5a, the actuator 92
1S extended in length. This results in the connection between the actuator 92 and
the connection element 96 to be moved away from the running gear leg 14 and
down the bottom plane 98 of the recess of the supporting portion 86, as com-
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pared to the positioning of Fig. 5a. The connection element 96 is also in a posi-
tion further removed from the running gear leg 14, which results in the engage-
ment control arm 94 of the drive unit to be further away from the running gear leg
14 as well, such that the drive unit 16 is disengaged with respect to the first and
second wheel axis gears. Accordingly, the length of the actuator 92 determines if
a state of engagement or disengagement is present. Accordingly, the drive unit
16 can be engaged/disengaged by varying the length of the actuator 92.

The actuator 92 and the connection element 96 form a bell crank, which allows
for the engagement/disengagement mechanism 90 to be self-securing, which will
be discussed as follows. In the disengagement position, shown in Fig. Sb, the ori-
entation of the connection element 96 is substantially perpendicular to the bottom
plane 98. The weight of the drive unit 16 is partially supported by the mounting
arm 88 and partially by the connection element 96. Through the connection ele-
ment 96, a force normal to the bottom plane 98 is exerted onto the supporting
portion 86. With the force being normal to the bottom plane 98, no force for mov-
ing the connection between the actuator 92 and the connection element 96 along
the bottom plane 98 is caused by the drive unit's weight in the disengagement po-
sition. Thus, in the disengagement position, no force needs to be provided by the
actuator to keep the drive unit 16 disengaged. Accordingly, should the actuator
fail while the drive unit is disengaged, there is no danger of the drive unit 16 inad-
vertently engaging with the first and second wheel axis gears. An active operation
by the actuator 92 is required to bring the drive unit 16 and the wheel structure
into engagement. Hence, no damage can be caused to the drive unit 16 or the
wheel structure through an unwanted engagement, for example during the land-
ing of the aircraft, when the wheels rotate at high speeds due to the airplane's

landing speed. Also, it is ensured that the drive unit 16 is no safety hazard, as an
unwanted engagement during take-off or landing could have severe con-

sequences. Therefore, the engagement/disengagement mechanism 90 is con-
sidered self-securing.

Fig. 6 shows a portion of an aircraft running gear 2 in accordance with a second
embodiment of the invention. To a large extent, the second embodiment of Fig. 6
corresponds to the first embodiment shown in Figs. 1 through 5, such that like
elements are denoted with like reference numerals. A description of like elements
if omitted for brevity. However, the drive unit 16 of the second embodiment of the
aircraft running gear 2 shown in Fig. 6 is designed partially differently. The drive
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unit 16 of Fig. 6 only has one motor 120. The motor 120 comprises a motor shaft
130, which comprises a bevel gear 140. The bevel gear 140 is in engagement
with a bevel gear 152 of a differential gear 150. The differential gear 150 is
coupled to the third and fourth gear elements, as described with respect to Fig. 3,
via first and second planetary gears 46, 48, respectively, as also described with
respect to Fig. 3. The differential gear 150 comprises a first shaft portion 166 and
a second shaft portion 168. The first shaft portion 166 is supported within the re-
cess of the third gear element 62, described with respect to Fig. 3. The second
shaft portion 168 is supported within the recess of the fourth gear element 64, de-
scribed with respect to Fig. 3. Through the supporting of the first and second shaft
portions 166, 168 within the third and fourth gear elements 62, 64, a stable align-
ment between the differential gear 150 and the third and fourth gear elements 62,
64 1s achieved.

The differential gear 150 allows for the third and fourth gear elements 62, 64 to
be rotated at different speeds. This in turn allows for a rotation of the first and
second output stage gears 62, 64 as well as the first and second wheels 4, 6 at
different speeds as well. The differential gear has the innate property that it ad-
justs the relative speeds of its two outputs, i.e. of the first and second differential
gear shafts 166, 168, according to the resistance experienced at the outputs. This
aliows for the outer wheel to be driven faster than the inner wheel during a turning
maneuver. Accordingly, when the airplane, whose running gear is equipped with
the drive unit 16 of Fig. 6, turns on an airfield, the differential gear 150 ensures
that the first and second wheels rotate with their respective speeds according to
the desired turning radius. Accordingly, the low wear and tear of the tires and the
whole wheel structure that can be achieved through the provision of two motors,

as described with reference to the first embodiment (Figs. 1 through 5), can also
be achieved by providing the differential gear 150. However, the motor 120 has to

provide twice as much power as each of the first and second motors 18, 20 of the
first embodiment to achieve the same driving capability for the first and second
wheels 4, 6.

Fig. 7 shows a portion of an aircraft running gear 2 in accordance with a third em-
bodiment of the invention. To a large extent, the third embodiment of Fig. 7 cor-
responds to the first and second embodiments shown in Figs. 1 through 6, such
that like elements are denoted with like reference numerals. In particular, the first
and second motors 18 and 20 as well as the gearbox 26 may be identical to the
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respective elements described with respect to the first embodiment. Also, these
elements may be replaced by the alternative motor and gearbox arrangement as
described with respect to the second embodiment. A description of these ele-
ments and other like elements is omitted for brevity. However, the aircraft running
gear 2 of the third embodiment Fig. 7 is designed partially differently from the pre-
vious embodiments.

The viewing direction of Fig. 7a is similar to the viewing direction of Fig. 1.
However, for better intelligibility, the first wheel 4 and the associated first rim 32
as well as the second wheel 6 are not shown. As is apparent, these elements are
present in the aircraft running gear 2 in the operating state. Also, the shaft as-
sembly 12 is configured slightly differently from the first and second embodi-
ments. However, such shaft assembly may have any suitable construction and is
not essential to the present invention.

The main differences between the aircraft running gear 2 of the first embodiment
and the aircraft running gear 2 of the third embodiment are as follows: the first
and second output stage gears 22 and 24 of the first embodiment are replaced
with first and second power output assemblies 122 and 124, respectively. Also,
the first and second wheel axis gears 8 and 10 are replaced with first and second
sprocket elements 108 and 110, respectively.

Each of the first and second sprocket elements 108 and 110 is a ring-like struc-
ture having on its outer side two adjacent rows of sprocket teeth arranged along
the perimeter of the respective sprocket element. Each of the first and second
sprocket elements 108 and 110 is fixedly coupled to the rim of the respectively

associated wheel 2 or 4. As described above with the first embodiment, each one
of the sprocket elements 108 and 110 can either be coupled rigidly to the respect-

ive rim in a suitable manner or can be manufactured as one piece together with

the respective rim. In any case, it is ensured that a turning of the sprocket ele-
ments leads to a turning of the associated wheels. it is also possible that the
sprocket elements are not ring-like structures, but disk-like structures.

Each of the first and second power output assemblies 122 and 124 is an arm-like
structure that is coupled to the gearbox 26 at one of its ends. For each of the first
and second power output assemblies 122 and 124, a two-row power transmission
chain runs endlessly along the arm-like structure. In particular, the two-row power
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transmission chain runs endlessly over two first sprocket wheels at said one end
of the arm-like structure and over two second sprocket wheels at the other end of
the arm-like structure, as will be described in greater detail with respect to Fig. 8.
The first sprocket wheels are drivingly coupled to the gearbox 26.

The first and second power output assemblies 122 and 124 are respectively rotat-
able around the output stage axis of the gearbox 26, as defined as output stage
axis B with regard to the first embodiment and shown in Fig. 1. In Fig. 7a, it is
shown how the directions of longitudinal extension of the arm-like structures of
Figs. 7a and 7b are in parallel with the longitudinal extension of the drive unit 16.
The power transmission chains of the first and second power output assemblies
122 and 124 are not in engagement with the first and second sprocket elements
108 and 110, respectively. Accordingly, the power transmission chains are in a
position of disengagement from the first and second sprocket elements 108 and
110.

In contrast thereto, Fig. 7b shows an instance wherein the power transmission
chain of the first power output assembly 122 is in engagement with the first
sprocket element 108. Said engagement is effected by means of rotating the first
power output assembly 122 around the output stage axis of the gearbox 26. in
other words, the direction of longitudinal extension of the first power output as-
sembly 122 is rotated with respect to the direction of longitudinal extension of the
drive unit 16. The directions of longitudinal extension of the first power output as-
sembly 122 and the drive unit 16 are no longer parallel to each other, but are still

located in parallel planes.

Fig. 7b shows only the first power output assembly 122 to be in a position of en-
gagement with the first sprocket element 108. The second power output as-
sembly 124 is shown to be in a position of disengagement from the second

sprocket element 110. Under normal operating conditions, it will typically be the
case that either both power output assemblies 122 and 124 are in a state of en-

gagement or both power output assemblies 122 and 124 are in a state of disen-
gagement. However, for a better illustration of the different operating positions,
the first and second power output assemblies 122 and 124 are shown in different
positions in Fig. 7Db.
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The operation of the aircraft running gear 2 according to the third embodiment is
described as follows. When the aircraft having the aircraft running gear 2 does
not need the drive unit 16 to drive the aircraft, such as during dragging or pushing
of the aircraft by a special vehicle or during take-off or landing, the first and
second power output assemblies 122 and 124 are in the positions of disengage-
ment shown in Fig. 7a. The two wheels (not shown) can rotate independently
from the drive unit 16. When driving the aircraft via the aircraft running gear 2 is
desired, such as during taxiing, the two power output assemblies 122 and 124 are
rotated to be in the position of engagement, as shown with respect to the first
power output assembly 122 in Fig. 7b. The power transmission chains of the
power output assemblies 122 and 124 are driven by the first and second motors

18 and 20 via the gearbox 26, such that the power transmission chains transfer
the driving power to the first and second sprocket elements 108 and 110 and thus
to the first and second wheels (not shown).

It Is pointed out that each of the first and second power output assemblies 122
and 124 could be designed to comprise other power transmission chains than the
shown two-row power transmission chains. In particular, there could be provided
Tor2or3or4or5 or more individual, i.e. single-row, power transmission chains
per power output assembly. it is also possible that a multi-row power transmission
chain with 3 or 4 or 5 or more adjacent rows is provided per power output as-
sembly. The first and second sprocket elements 108 and 110 would then have a
corresponding number of adjacent rows of sprocket teeth for being selectively en-
gageable to the respective power transmission chain(s). Also, the power output
assemblies would have a corresponding number of adjacent first sprocket wheels
and second sprocket wheels.

Figs. 8a and 8b show the aircraft running gear 2 according to the third embodi-
ment from its right side (in the drawing plane of Fig. 7), with the operating condi-

tions of Figs. 8a and 8b corresponding to the respective operating conditions of
Figs. 7a and 7b. As the first wheel 4 and the first rim 32 are again omitted for bet-

ter illustration, the view of Fig. 8 corresponds to a cross section through the air-
craft running gear 2 on the inside of the first wheel 4. In contrast to Fig. 7, Fig. 8
shows the second wheel! 6.

The first power output assembly 122, which is depicted in Fig. 8, is described in
more detail. Due to the viewing direction, only the side face of the power trans-
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mission chain 136 can be seen. Of course, as described above, two or more
power transmission chains and/or power transmission chains having two or more
rows may be present per power output assembly.

The power output assembly 122 comprises a first sprocket wheel 132 and a
second sprocket wheel 134. A power transmission chain 136 is arranged between
the first and second sprocket wheels 132 and 134. In particular, the power trans-
mission chain 136 runs around the first and second sprocket wheels 132 and 134
in an endless manner. The first and second sprocket wheels 132 and 134 are po-
sitioned substantially at the ends of the first power output assembly 122, which
has an arm-like shape. The arm has a substantially linear direction of extension.

The power transmission chain 136 forms a loop around the first and second
sprocket wheels 132 and 134. The loop comprises two legs in between the first
and second sprocket wheels 132 and 134. A first leg faces the first sprocket ele-
ment 108, while the second leg faces away from the first sprocket element 108.
The second leg is substantially straight between the first and second sprocket
wheels 132 and 134. The first leg has a concave shape, with the concave shape
having a radius that is slightly larger than the radius of the first sprocket elements
108. The first leg of the power transmission chain 136 is kept in the described
shape by a chain guiding structure, which forces the power transmission chain to
maintain the concave shape, even when the first power output assembly is in a
disengaged position, as shown in Fig. 8a. In Fig. 8b, it is shown that the concave
shape of the first leg allows for an extended engagement section of the loop of
the power transmission chain 136, such that the driving forces may be transferred
from the power transmission chain 136 onto the first sprocket element 108 over a

plurality of sprocket teeth and chain elements. In this way, a distributed force
transfer is achieved, giving the arrangement high performance and strong durabil-

ity.

It Is emphasized that all aspects described with respect to the first or second
power output assembly equally apply to the other one of the first and second
power output assemblies.

It is pointed out that each combination of a power output assembly, as described,
and a sprocket element, as described, also provides an output gear ratio, as de-
scribed above with respect to the first embodiment with regard to the output stage
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gear and the wheel axis gear. The output gear ratio of the third embodiment is
defined as the radius of the sprocket element 108 divided by the radius of the first
sprocket wheel 132. Above described considerations are therefore equally applic-
able to the third embodiment.

According to an alternative embodiment, the first and second motors 18 and 20
and the gearbox 26 may be replaced with another motor-gearbox-assembly,
whose direction of longitudinal extension is either identical with or parallel to the
axis through the first sprocket wheels of the first and second power output assem-
blies 122 and 124, one of which being shown with reference numeral 132 in Fig.
8. Also in this embodiment, the power may be transferred from the drive unit to-
wards the wheels in an efficient and durable manner via the first and second
power output assemblies 122 and 124 having respective power transmission
chains.

Fig. 9 shows an enlarged and more detailed section of the aircraft running gear
according to the third embodiment as shown in Figs. 7 and 8. It shows a pivoting
cylinder arranged between the gearbox 26 and the first sprocket wheel 132. The
pivoting cylinder 190 on the one hand effects the rotation of the first power output
assembly 122, For this purpose, the pivoting cylinder comprises a fixed part 192,
which is fixedly coupled to the gearbox 26, and a rotatable part 194, which is axi-
ally coupled to the fixed part 192, but can rotate with respect to the fixed parnt 192.
Both of the fixed part 192 and the rotatable part 194 comprise four fins having a
distance of 90° from each other, respectively. The fins restrict the relative motion
of the rotatable part 194 with respect to the fixed part 192 to close to 90°. Altern-
atively, other numbers of fins, such as six fins for both the fixed part and the rotat-
able pant, and other angle restrictions, such as a restriction to close to 60°, may
also be used. The oil pressure within the pivoting cylinder 190 determines the ro-
tation of the rotatable part 194, such that a desired degree of rotation may be
achieved by controlling said oil pressure. The rotatable part is fixedly coupled to
the arm-like structure of the first power output assembly 122 via suitable gears or
any other suitable connection. On the other hand, the pivoting cylinder allows for
the transfer of the driving power from the gearbox 26 to the first sprocket wheel
132. For this purpose, the driving connection between the gearbox 26 and the
first sprocket wheel extends through the pivoting cylinder 190. in this way, a very
compact rotating mechanism for rotating the power output assemblies is provided.
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It is however pointed out that other suitable rotating mechanisms may be used as
well.

All embodiments described may also be embodied with one power output as-
sembly or one output stage gear only. In this case, only one motor is required,
and no differential has to be provided. In this case, only one of the two wheels is
driven by the drive unit. The other wheel is provided in such a way that its rotation
speed may differ from the rotation speed of the driven wheel. In case of the third
embodiment, the drive unit would for example have the first power output as-
sembly 122 as the only power output assembly. Also, the first sprocket element
108 would be the only sprocket element of the aircraft running gear. In this way,
the drive unit could drive the first wheel 4, with the second wheel 6 adapting to
the driving of the first wheel 4 as a passive component. All variations described
above are equally applicable to such an embodiment.
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Claims:

1. Drive unit (16) for an aircraft running gear (2) having at least a first wheel (4) and a
second wheel (6) on a common wheel axis (A), wherein the drive unit (16) is drivingly
coupleable to at least one of the first and second wheels (4, 6),

characterized in that the drive unit (16) comprises:

at least one power output assembly (122, 124) for driving at least one of the first and
second wheels (4, 6), with each of the at least one power output assembly (122, 124)
comprising a power transmission chain (136) selectively engageable with a sprocket element
(108, 110) coupled to one of the first and second wheels (4, 6), with the power transmission
chain (136) being movable in operation of the drive unit between a position of engagement with

the sprocket element and a position of disengagement with the sprocket element.

2. Drive unit (16) according to claim 1, wherein the drive unit (16) is drivingly coupleable to
both the first and second wheels (4, 6), wherein the drive unit (16) comprises a first and a
second power output assembly (122, 124) for driving a respective one of the first and second
wheels (4, 6), with each power output assembly (122, 124) comprising a power transmission
chain (136) selectively engageable with a respective sprocket element (108, 110) coupled to the

respective wheel (4, 6).

3. Drive unit (16) according to claim 1 or 2, wherein each power output assembly (122,
124) comprises a first sprocket wheel (132) and a second sprocket wheel (134), with the power
transmission chain (136) running endlessly over the first sprocket wheel (132) and the second

sprocket wheel (134).

4, Drive unit (16) according to claim 3, wherein the first sprocket wheel (132) is drivingly

coupled to a power train of the drive unit (16).

\

5. Drive unit (16) according to claim 4, wherein the second sprocket wheel (134) is an idler

sprocket wheel.

6. Drive unit (16) according to claim 4, wherein both the first sprocket wheel (132) and the

second sprocket wheel (134) are drivingly coupled to the power train of the drive unit (16).

35
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/. Drive unit (16) according to any one of claims 3 to 6, wherein the power transmission
chain (136) is in engagement with the first and second sprocket wheels (132, 134) on an inner

side of the power transmission chain (136).

8. Drive unit (16) according to any one of claims 1 to 7, wherein the power transmission
chain (136) is selectively engageable with the sprocket element (108) on an outer side of the

power transmission chain (136).

9. Drive unit (16) according to any one of claims 1 to 8, wherein the endless power
transmission chain (136) defines a loop and is selectively engageable with the sprocket element

(108) in a pre-set engagement section of the loop.

10. Drive unit (16) according to claim 9, wherein the engagement section is between the first

and second sprocket wheels (132, 134).

11. Drive unit (16) according to claim 9 or 10, wherein a guiding of the power transmission
chain (136) in the engagement section is provided, the guiding preferably being adapted to a

shape of the sprocket element.

12. Drive unit (16) according to any one of claims 9 to 11, wherein the loop is convex with

the exception of the engagement section where the loop Is concave.

13. Drive unit (16) according to any one of claims 1 to 12, wherein each of the at least one
power output assembly (122, 124) is in the form of an arm, with the power transmission chain

(136) being arranged along the respective arm.

14, Drive unit (16) according to claim 13, wherein the arm is rotatable around a rotation axis

fixed with respect to the remainder of the drive unit (16).

15. Drive unit (16) according to any one of claims 3 to 7,
wherein each of the at least one power output assembly (122, 124) is in the form of an

arm, with the power transmission chain (136) being arranged along the respective arm,

36
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wherein the arm is rotatable around a rotation axis fixed with respect to the remainder of

the drive unit (16), and
wherein the rotation axis substantially corresponds to an axis of the first sprocket wheel

(132).

16. Drive unit (16) according to any one of claims 13 to 15, wherein the arm Is rotatable by

means of a hydraulic or electric actuator.

17. Drive unit (16) according to any one of claims 1 to 16, wherein each of the at least one
power output assembly (122, 124) comprises a pivoting cylinder for rotating the respective

power output assembly.

18. Drive unit (16) according to claim 17, wherein an axis of the pivoting cylinder

substantially corresponds 1o a rotation axis of the respective power output assembly (122, 124).

19. Drive unit (16) according to claim 17 or 18, wherein the pivoting cylinder is a hydraulic
actuator.
20. Drive unit (16) according to any one of claims 1 to 19, wherein the power transmission

chain (136) is one of a roller chain, a sleeve type chain, and Galle-chain.

21. Drive unit (16) according to any one of claims 1 to 20, wherein each one of the at least

one power output assembly (122, 124) comprises a plurality of power transmission chains
running in parallel or wherein each one of the at least one power output assembly (122, 124)

comprises a multi-row power transmission chain.

22. Drive unit (16) according to any one of claims 1 to 21, wherein a direction of longitudinal

extension (C) of the drive unit (16) is in a plane orthogonal to the common wheel axis (A).

23. Drive unit (16) according to claim 2,
wherein each power output assembly (122, 124) comprises a first sprocket wheel (132)
and a second sprocket wheel (134), with the power transmission chain (136) running endlessly

over the first sprocket wheel (132) and the second sprocket wheel (134), and
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wherein the first sprocket wheel (132) of the first power output assembly (122) and the
first sprocket wheel of the second power output assembly (124) are aligned on a common
output stage axis, which is substantially orthogonal to the direction of longitudinal extension (C)
of the drive unit (16).

24, Drive unit (16) according to claim 2, comprising:

a first motor (18) drivingly coupleable to the first wheel (4) via a first gear structure and
the first power output assembly (122), and

a second motor (20) drivingly coupleable to the second wheel (6) via a second gear
structure and the second power output assembly (124),

wherein the first and second motors (18, 20) are arranged in tandem along the direction

of longitudinal extension (C) of the drive unit (16).

25. Drive unit (16) according to claim 24, wherein:

the first motor (18) in operation drives a first bevel gear (38), with the first bevel gear (38)
being drivingly coupleable to the first wheel (4) via the first gear structure and the first power
output assembly (122), and

the second motor (20) in operation drives a second bevel gear (40), with the second
bevel gear (40) being drivingly coupleable to the second wheel (6) via the second gear structure

and the second power output assembly (124).

20. Drive unit (16) according to claim 24 or 25, wherein the first and second motors (18, 20)

are arranged in a coaxial manner.

27. Drive unit (16) according to any one of claims 24 to 26, wherein the first motor (18) has a
first motor shaft (28) and the second motor (20) has a second motor shaft (30), with the first

motor shaft (28) being hollow and being arranged around the second motor shatft (30).

28. Drive unit (16) according to any one of claims 24 to 27, wherein the first and second

motors (18, 20) are electric motors or hydraulic motors.
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29. Drive unit (16) according to any one of claims 24 to 28, wherein

the first gear structure comprises a first gear element (42) having a third bevel gear (54)
and a first gear element shaft (66) and

the second gear structure comprises a second gear element (44) having a fourth bevel
gear (56) and a second gear element shaft (68),

with one of the first and second gear element shatis (66, 68) having a hollow portion and
the other one of the first and second gear element shafts (66, 68) being supported in the holiow

portion.

30. Drive unit (16) according to claim 2, comprising:
a motor (120) and a differential gear (150), with the motor (120) being drivingly
coupleable to the first and second wheels (4, 6) via the differential gear (150) and the first and

second power output assemblies (122, 124).

31, Drive unit (16) according to claim 30, wherein the motor (120) comprises a bevel gear

(140) for engaging with the differential gear (150).

32. Drive unit (16) according to claim 30 or 31, wherein the differential gear (150) is
coupleable to the first and second wheels (4, 6) by first and second gear structures and the first

and second power output assemblies (122, 124), respectively.

33. Drive unit (16) according to any one of claims 30 to 32, wherein the differential gear

(150) is a bevel differential or planetary differential or ball differential or face gear differential.

34. Drive unit (16) according to any one of claims 30 to 33, wherein the motor (120) is an

electric motor or a hydraulic motor.

35. Drive unit (16) according to any one of claims 24 to 29 and 32, wherein the first and

second gear structures comprise a planetary gear (46, 48), respectively.

36. Drive unit (16) according to any one of claims 1 to 35, wherein the drive unit comprises a

mounting structure for being mounted to the aircraft running gear and the entire drive unit (16)
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with the exception of the mounting structure is movable with respect thereto such that the power

transmission chain (136) is selectively engageable with the sprocket element (108).

37. Drive unit (16) according to claim 36, wherein the drive unit (16) with the exception of the
mounting structure is pivotally rotatable and/or laterally displacable with respect to the mounting

structure.

38. Drive unit (16) according to claim 36 or 37, wherein the drive unit (16) with the exception

of the mounting structure is movable by means of an electric or hydraulic actuator.

39. Drive unit (16) according to any one of claims 1 to 23, comprising an integrated free-
wheel arrangement for preventing a rotation of the first and second wheels (4, 6) to be

transmitted to a motor of the drive unit (16).

40. Drive unit (16) according to claim 39, wherein a free wheeling direction of the free-wheel

arrangement is reversible.

41. Drive unit (16) according to any one of claims 1 to 40, comprising a self-securing
engagement/disengagement mechanism for preventing an inadvertent engagement of the drive
unit (16) with the first and second wheels (4, 6).

42. Drive unit (16) according to claim 41, wherein the self-securing

engagement/disengagement mechanism is operated in a pneumatic, hydraulic or electric

manner.

43. Drive unit (16) according to any one of claims 1 to 42, comprising an
engagement/disengagement mechanism adapted to synchronize the rotating speed of the
power transmission chain (136) of each of the at least one power output assembly (122, 124)
with the respective sprocket element (108, 110) by sensing the wheel speed and adjusting the
motor speed.

44.  Drive unit according to claim 43, comprising a sensing device for sensing the relative

positioning of sprocket teeth for targeted engaging of the power transmission chain of each of
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the at least one power output assembly (122, 124) with the respective sprocket element (108,
110).

45.  Aircraft running gear (2), comprising:
at least a first wheel (4) and a second wheel (6) on a common wheel axis (A), and

a drive unit (16) according to any one of claims 1 to 44.

46. Alrcraft running gear (2) according to claim 45, comprising:

a first sprocket element (108), which is coupled to the first wheel (4), engageable to the
power transmission chain (108) of the first power output assembly (122) of the drive unit (16),
and

a second sprocket element (110), which is coupled to the second wheel (6), engageable
to the power transmission chain of the second power output assembly (124) of the drive unit
(16).

47 . Alircraft running gear (2) according to claim 45 or 46, having a running gear leg (14)
supporting the first and second wheels (4, 6), with the drive unit (16) being mounted to the

running gear leg (14).

48. Aircraft running gear (2) according to claim 47, wherein the direction of longitudinal

extension of the drive unit (16) is substantially parallel to the running gear leg (14).

49. Aircraft running gear (2) according to any one of claims 45 to 48 adapted to be used as a

nose running gear or a main running gear.

50. Alrcraft running gear (2) according to claim 46, wherein the first and second sprocket

elements (108, 110) are mounted on a respective rim of the first and second wheels (4, 6).

51. Aircraft running gear (2) according to claim 50, wherein the first and second sprocket
elements (108, 110) and/or the respective rims are made of light metal, such as aluminum or

titanium.
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