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(57) ABSTRACT

Aircraft landing gear (100) provided with a bottom portion
(110) that is steerable by means of a steering actuator (1)
comprising a toothed wheel (70) that is secured to the
steerable bottom portion (110) and that co-operates with a
rack (20) that is movable in translation along an axial travel
axis (X) and that has ends (21a, 21b) connected to pistons
(30a, 305) mounted to slide in respective cylinders (10a,
105). Each connection between one of the pistons (30a, 305)
and the associated end of the rack (20) presents play (J) at
least axially, and possibly also angular play (E), and at least
one sealing gasket, referred to as an internal gasket (25),
between the rack (20) and a piston (30a, 305), the gasket
being arranged to oppose movements of the rack (20)
relative to the pistons (30a, 305).
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AIRCRAFT LANDING GEAR WITH
ORIENTABLE LOWER PART

[0001] The invention relates to the general field of aircraft
landing gear provided with a bottom portion that is steerable
by means of a steering actuator, the actuator comprising a
toothed wheel secured to the steerable bottom portion of the
landing gear, with the toothed wheel co-operating with a
rack that is movable in translation along an axial travel axis
in order, with the assistance of the rack, to drive turning of
the toothed wheel.

BACKGROUND OF THE INVENTION

[0002] Aircraft landing gear is known in which a bottom
portion possesses a steering actuator to enable the wheel(s)
carried by the landing gear to be steered. In general, the
landing gear has a shaft that can be turned relative to a
stationary portion of the landing gear that is connected to the
airframe of the aircraft. The turnable shaft is connected to
the wheel(s) of the landing gear and is secured to a toothed
wheel. Turning the toothed wheel enables the turnable shaft
to be steered together with the aircraft wheels to which it is
connected. The toothed wheel co-operates with a rack that is
guided in translation by pistons coupled to the ends of the
rack. For this purpose, each of the pistons is slidably
mounted in a cylinder that is associated therewith.

[0003] In summary, the wheel(s) of the landing gear is/are
steered under the control of a steering actuator having
pistons that guide a rack to move in translation, which rack
drives a toothed wheel secured to the turnable shaft that is
in turn connected to the wheel(s) of the landing gear.
[0004] By way of example, mention may be made of
patent document FR 2 568 218, which describes nose
landing gear provided with such a rack actuator.

[0005] It has been observed that the teeth of the toothed
wheel and/or the teeth of the rack suffer from premature
wear.

OBIJECT OF THE INVENTION

[0006] An object of the invention is to propose aircraft
landing gear provided with a steering actuator having a rack
and a toothed wheel driven to turn by said rack, the landing
gear making it possible, at least in certain conditions, to
minimize the wear of the teeth of the toothed wheel and/or
the teeth of the rack.

SUMMARY OF THE INVENTION

[0007] In order to achieve this object, the invention pro-
vides aircraft landing gear provided with a bottom portion
that is steerable by means of a steering actuator comprising
a toothed wheel that is secured to the steerable bottom
portion and that co-operates with a rack that is movable in
translation along an axial travel axis and that has ends
connected to pistons mounted to slide in respective cylin-
ders.

[0008] The landing gear of the invention is essentially
characterized in that each connection between one of the
pistons and the associated end of the rack presents play at
least axially and at least one sealing gasket between the rack
and a piston, the gasket being arranged to oppose move-
ments of the rack relative to the pistons.

[0009] Surprisingly, we have observed that the wear of the
teeth of the toothed wheel and of the teeth of the rack is due
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to the repeated impacts to which they are subjected each
time there is a change in the steering direction of the toothed
wheel. Still surprisingly, we have observed that these
impacts are due in part to functional play that exists between
the teeth of the rack and the teeth of the toothed wheel. This
functional play is also known as backlash and it is necessary,
e.g. in order to make the landing gear easier to assemble.
Unfortunately, during certain taxiing maneuvers of the air-
craft, the toothed wheel starts to oscillate about a position in
which it is held by the rack. On each oscillation there is thus
an impact between a tooth of the toothed wheel and a tooth
of the rack. On each impact between teeth, stress is gener-
ated at the roots of the teeth and wear occurs on the flanks
of the teeth.

[0010] By having axial play between the piston and the
associated rack, with a sealing gasket arranged to oppose
movements of the rack relative to the piston, it is possible to
obtain friction on this or these gaskets. In other words, a
fraction of the energy that would normally be dissipated
during impacts between teeth is now dissipated by friction
on the internal sealing gasket. This energy dissipation makes
it possible to reduce the wear of the teeth of the toothed
wheel and of the rack.

[0011] In a particular embodiment of the invention, each
end of the rack is cylindrical in shape and is received in a
cylindrical bore of the piston that is associated therewith so
as to allow the rack to slide axially relative to each of the
pistons.

[0012] Inthis particular embodiment, each piston can slide
relative to the end of the rack carrying it along a sliding
stroke that is preferably limited to said backlash.

[0013] In combination with the above particular embodi-
ment, it is also possible to ensure that each of the connec-
tions between a piston and the rack presents a ball joint
arranged to allow the piston to swivel relative to the rack.
The term “swiveling” is used to mean that the swiveling
movement of the piston relative to the rack presents a swivel
angle about an axis of rotation that is perpendicular to the
axial travel axis.

[0014] In this particular embodiment, the system is
capable of accommodating geometrical defects that might
exist between the piston and the associated cylinder, thereby
facilitating sliding of the rack.

[0015] In combination with any of the above particular
embodiments, it is also possible to ensure that each piston
mounted to slide in a cylinder carries at least one external
sealing gasket for providing sealing between the piston and
the corresponding cylinder in which it slides.

[0016] In this particular embodiment, the system can
create axial friction force not only at the connection between
one end of the rack and the associated piston via the internal
sealing gasket, but also at the connection between the same
piston and the associated cylinder via the external sealing
gasket.

[0017] In combination with the above particular embodi-
ment, it is also possible to ensure that for each given piston,
the internal sealing gasket and the external sealing gasket
associated with the given piston are arranged so that during
axial movements of the rack relative to the given piston
along said axial travel direction, the internal sealing gasket
generates an internal axial friction force opposing the axial
movement of the rack relative to the given piston, and the
external sealing gasket generates an external axial friction
force opposing the movement of the given piston relative to
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the jacket in which it slides, the external axial friction force
associated with the given piston being strictly greater than
the internal axial friction force associated with the same
given piston.

[0018] In this particular embodiment, when the toothed
wheel pivots about its pivot axis, there is initially sliding of
the rack along the axial travel direction and sliding of the
rack in at least one of the pistons. Consequently, over a given
travel stroke equal to said backlash, the rack can move
without entraining the piston. The internal axial friction
force, which is a function of the pressure on either side of the
piston and which is associated with the movement of the
rack relative to the piston, serves to reduce some of the
impact energy between the teeth of the rack and the teeth of
the toothed wheel. This dissipation leads to a reduction in the
wear of the teeth.

[0019] In combination with the above particular embodi-
ment, it is also possible to ensure that each given piston
co-operates with the cylinder in which it slides to define a
hydraulic chamber, and that the internal and external sealing
gaskets associated with the given piston are arranged so that,
within the limit of a predetermined pressure range, and
regardless of the pressure applied in said hydraulic chamber
defined by the given piston, the external axial friction force
is always greater than the internal axial friction force, and
preferably the external axial friction force is at least twice
the internal friction force.

[0020] By means of this particular embodiment, it is
ensured that within the limit of a predetermined operating
pressure range for the chamber, which typically lies in the
range 0.5 megapascals (MPa) to 21 MPa, and regardless of
the pressure applied within the given chamber, the rack can
move over a predetermined travel stroke that is greater than
or equal to the assembly clearance (the abovementioned
backlash), within the piston that remains stationary in the
corresponding jacket.

BRIEF DESCRIPTION OF THE FIGURES

[0021] The invention can be better understood on reading
the following description of particular, non-limiting embodi-
ments, given with reference to the figures of the accompa-
nying drawings, in which:

[0022] FIG. 1is an overall view of aircraft landing gear of
the invention having a steering actuator for steering wheels
carried by the landing gear;

[0023] FIG. 2 shows the steering actuator of FIG. 1 seen
on a section plane in which there extends a travel axis of the
rack;

[0024] FIG. 3 is a section view of a first embodiment of the
assembly between one of the ends of the rack and one of the
pistons of the steering actuator of the invention; and
[0025] FIG. 4 is a section view of a second embodiment of
the assembly between one of the ends of the rack and one of
the pistons of the steering actuator of the invention.

DETAILED DESCRIPTION OF THE
INVENTION

[0026] The invention relates to landing gear having a
bottom portion 110 that is steerable relative to a top portion
0 of the landing gear. The top portion 0 is for connecting to
the structure of the aircraft. The bottom portion 110 is
arranged to carry at least one steerable wheel of the aircraft.
The landing gear of the invention includes a steering actua-
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tor 1 that is arranged to control steering of the landing gear
relative to the top portion, this steering taking place about a
steering axis Y that can be seen in FIGS. 1 and 2.

[0027] With reference to FIG. 2, and in accordance with
the invention, the steering actuator 1 has a toothed wheel 70
secured to a turnable tube 120 forming part of the steerable
bottom portion 110. This toothed wheel 70 co-operates with
a rack 20 that is movable in translation along a travel axis X
and that has ends 21a and 215 that are connected to
respective pistons 30a and 305. The travel axis X extends in
a plane perpendicular to the steering axis Y. The actuator 1
has two cylinders 10a and 105, and each of the pistons 30a,
305 is slidably mounted in a respective one of the cylinders
104, 105 that is associated therewith. Each cylinder 10a, 105
presents an internal cylindrical surface 11 about an axis of
revolution parallel to the axial travel axis X. The cylinders
10a, 106 and the pistons 30q, 306 form two hydraulic
chambers 154, 155 defining a double-acting hydraulic actua-
tor enabling the rack 20 to be moved in one direction or the
other along the axial travel axis X. In order to control
movement of the rack 20 in a first axial travel direction along
the axis X, and consequently steer the bottom portion 110 so
as to pivot it in a first steering direction about the axis Y, it
suffices to cause the pressure in the chamber 154 to be higher
than the pressure in the chamber 155 with a pressure
difference that is greater than a predetermined minimum
threshold. In order to cause the rack to move in a second
axial travel direction opposite to the first axial travel direc-
tion, and consequently steer the bottom portion 110 so as to
pivot in a second steering direction opposite to the first
steering direction, it suffices to cause the pressure in the
chamber 155 to be greater than that in the chamber 15a with
a pressure difference that is greater than the predetermined
minimum threshold. Ideally, when one chamber is raised to
a higher pressure by using a circuit for feeding hydraulic
fluid under high pressure, it is ensured that the other one of
the chambers is connected to a return, i.e. it is connected to
a return circuit for low pressure hydraulic fluid.

[0028] Thus, in “normal” operation, the movement in
translation of the rack 20 is driven by the double-acting
hydraulic actuator. Thus, as soon as it is desired for the
turntable tube 120 to have a specific steering angle, the
hydraulic actuator moves the rack 20 along the travel axis X
to the desired position and, by means of its teeth 20' that
mesh with the teeth 70" of the toothed wheel 70, it drives the
turnable tube 120.

[0029] While the aircraft is taxiing, the turnable tube 120,
which is connected to the steerable wheel(s) of the aircraft,
is subjected to forces coming from the taxiing and that tend
in alternation to swivel the toothed wheel 70 back and forth
in the first steering direction and in the second steering
direction. Given the functional clearance (backlash) that
exists between the teeth 70" of the toothed wheel 70 and the
teeth 20' of the rack 20, the toothed wheel 70 can move
freely within the limit set by this functional clearance
relative to the rack, and this can happen even if the rack 20
is held strictly stationary.

[0030] Each free swiveling movement of the toothed
wheel 70 relative to the rack 20 is stopped when one of the
teeth 70" of the toothed wheel 70 comes into contact against
one of the teeth 20" of the rack. Each time the free swiveling
movement of the toothed wheel 70 is stopped, there is an
impact between the teeth 20', 70', which tends to subject the
teeth to wear. The connection between the pistons 30a, 305
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and the rack 20 proposed by the invention serves to reduce
the energy produced by at least some of the impacts between
the teeth of the rack 20 and the teeth of the toothed wheel 70,
and thus to reduce wear of the teeth 20", 70'. To do this, each
end 21a, 215 of the rack 20 is assembled to the correspond-
ing piston 30a, 306 via a connection that allows for:
[0031] firstly axial travel play along the axis X between
each piston 30a, 305 and the rack 20; and

[0032] secondly friction associated with each axial move-
ment between a piston 30a, 305 and the rack 20.

[0033] Thus, a fraction of the energy from impacts
between teeth is dissipated by friction between the pistons
304a, 305 and the rack 20.

[0034] In order to provide such friction during sliding
between a piston 30a, 305 and the corresponding end 21a,
216 of the rack 20, each connection between a piston and the
rack includes an internal gasket 25 serving firstly to provide
sealing between the piston and the end of the rack that
carries it, and serving secondly to generate internal friction
between the piston and the rack.

[0035] With reference to FIGS. 2 and 3, the ends 21a, 215
of the rack 20 are cylindrical in shape and they are received
in respective cylindrical bores 31a, 315 in the pistons 30q,
304 s0 as to allow the rack 20 to slide axially relative to each
of the pistons 30a, 305 along the axial travel axis X.
Nevertheless, this axial sliding is of stroke that is limited, on
one side of the piston by abutment type contacts between a
plane surface 32 of the piston 30a and a plane surface 22 of
the rack 20, and on the other side of the piston 30a by
contact of the same type between a plane surface 23 of the
piston 30a and a plane surface 93 of a fastener assembly 90
fastened to the rack. These abutments 22 and 23 of the piston
shown in FIGS. 3, and 22', 23' of the piston shown in FIG.
4, are spaced apart so as to allow maximum sliding play J
equal to the clearance between the teeth 20' of the rack 20
and the teeth 70' of the toothed wheel 70. The play J
represents the maximum axial stroke of the piston 30a
relative to the corresponding end 21a of the rack 20. The
abutments 93 and 93' of the fastener assemblies 90, visible
in FIGS. 3 and 4, are designed to enable the pistons 30a and
305 to be connected to the rack so as to form a rack-and-
piston assembly. It should be observed that each jacket 10a,
105 presents an internal axial abutment limiting axial move-
ment of the assembly of the rack with the pistons 30a and
305 in the jacket. These axial abutments that are internal to
the jacket are arranged so that in the event of contact
between an axial abutment and a piston 30a, 305 of the
assembly of the rack and the pistons, this axial abutment
bears against the piston so as to force it to engage on the
corresponding end 214, 215 of the rack 20. Thus, the pistons
are not subjected to large tear-off forces, thereby preserving
the fastener assemblies 90. Between each piston 30a, 305
and the internal cylindrical surface 11 of the associated
cylinder 10a, 104, there is a sealing gasket, referred to as an
“outer” sealing gasket 35 that serves to seal the chamber
15a. Naturally, this outer sealing gasket 35 generates an
axial friction force that is external to the piston due to the
contact between the gasket 35 and the internal cylindrical
surface 11 of the associated cylinder 10a, 105.

[0036] In the same manner, between each end 21a, 215 of
the rack 20 and the cylindrical bore 31a, 315 in the associ-
ated piston 30a, 305, there is an internal sealing gasket 25
that provides sealing for the connection between each of the
ends 21a, 215 of the rack 20 and the associated pistons 30q,
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3054. Naturally, this internal sealing gasket 25 also generates
an axial friction force that is internal due to the contact
between the internal gasket 25 and the surface of the
cylindrical bore 31 in the piston 30.

[0037] The internal and external gaskets 25, 35 associated
with each given piston 30a, 305, are arranged so that the
internal friction forces are always less than the external
friction forces. It is as a result of this difference between the
internal and external friction forces that, on movement of the
rack, and within the limit set by clearance between the teeth,
the piston can remain stationary relative to the cylinder 10a,
105 in which it is located while the rack 20 is sliding in the
piston. Since the internal diameters are smaller than the
external diameters, the internal friction forces are smaller
than the external friction forces and the rack can thus slide
relative to the piston in order to limit the energy from
impacts between the teeth 20, 70", and thereby limit wear of
these teeth.

[0038] This difference between the external axial friction
force and the internal axial friction force to which each given
piston is subjected is due mainly to the nature of the gaskets
and to the fact that the diameter of the external annular
sealing gasket 35 is greater than the diameter of the internal
annular sealing gasket 25. It should be added that the
actuator is arranged in such a manner that regardless of the
pressure applied within the chamber 154, 155, the external
axial friction forces are always greater than the internal axial
friction forces.

[0039] This difference between the two axial friction
forces enables the rack 20 to move along the axial travel axis
X before at least one of the pistons 30a, 305 and thus to
move in translation independently of and inside one or both
of said pistons 30q, 3056. Thus, when the toothed wheel 70
drives the rack 20, the rack moves along the axial travel axis
X and at least one of its ends 21a, 215 slides inside at least
one cylindrical bore 31a, 316 of a piston 30a, 305. The
internal axial friction force caused by the internal sealing
gasket 25 during this axial movement then dissipates a
fraction of the energy that would normally be dissipated
during impacts between different teeth. This controlled
dissipation of energy serves to reduce the wear of the teeth
of the toothed wheel and of the rack by reducing the harmful
effect of backlash in this particular mode of operation.
[0040] With reference to FIGS. 2 and 4, there can be seen
an alternative embodiment of the connection between the
piston 30a, 305 and the corresponding end 21a, 215 of the
rack relative to which the piston 30a, 305 is mounted to slide
along the axial travel direction X. This embodiment repro-
duces all of the characteristics of the embodiment described
with reference to FIG. 3, but it further includes means for
enabling each piston 30a, 305 not only to slide relative to the
rack 20 along the axial travel direction X, but also to swivel
relative to the end of the rack to which the piston is
assembled. Each piston can swivel relative to the rack
through a swivel angle that is greater than one degree of
angle about at least one swivel axis perpendicular to the
axial travel axis X. Such swiveling may be achieved by the
presence of a ball joint 80a, 805, or “ball part”, at each end
of the rack and forming part of the connection between the
end 21a of the rack 20 and the corresponding piston 30a.
The rack has a toothed zone extending between two annular
plane surfaces 22' of the rack. Each end of the rack 20
penetrates through a complementary recess formed in the
corresponding ball joint 80a, 805. This ball joint 80a, 805
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presents an annular plane surface 82 that comes into abut-
ment against the corresponding annular plane surface 22' of
the rack. Thus, each annular plane surface 22' opposes
movement of the ball joint 80a, 8056 towards the toothed
zone of the rack. Each ball part 80a, 805 presents a spherical
surface 83 that co-operates with a complementary spherical
surface 33 formed on the corresponding piston 30. The
spherical surface 83 of the ball joint is preferably concave
towards the piston against which it comes to bear so as to
encourage centering of the piston 30a against the ball joint
80a. Each bore in a piston enabling the rack 20 to pass
through the piston presents a truncated cone with the base of
the truncated cone pointing towards the ball joint 80a
against which the piston comes to bear. Thus, the portion of
the piston 30a that moves the most during swiveling is the
portion of the piston 30q that is closest to the ball joint 80a
and closest to the toothed zone of the rack. The fact that the
portion of the piston that moves most during swiveling is the
portion closest to the spherical surface 83 of the ball joint
804 makes it possible to take up the largest thrust forces of
the piston against the ball joint 80a, which is itself in
abutment against the annular plane surface 22'. This swiv-
eling serves in particular to accommodate geometrical
defects, such as a lack of axial alignment, that might exist
between the piston 30a, 305 and the associated cylinder 10a,
104, thereby facilitating sliding of the rack 20 and of the
pistons 30a, 305 relative to the cylinders 10a, 104.

[0041] This swiveling can easily be understood with ref-
erence to the swivel angle E visible in FIG. 4 that represents
an angular stroke for the piston 30aq relative to the rack 20.
It should be observed that in the embodiment shown in FIG.
4, with the piston 30a sliding and swiveling relative to the
rack 20, as in the embodiment shown in FIG. 3 with the
piston 30a only sliding relative to the rack 20, the connec-
tion between the piston 30a and the corresponding end 21a
of the rack is always symmetrical to the connection between
the other piston 305 of the device and the other end 215 of
the rack 20.

[0042] As mentioned above, each connection and/or
assembly between a piston 30a, 306 and the corresponding
end 21a, 215 of the rack 20 presents axial play J enabling
axial sliding movement to take place between the piston and
the corresponding end of the rack along an axial travel axis
X of the rack. In each of the embodiments of FIGS. 3 and
4, to ensure that the landing gear 100 presents wear that is
substantially identical on either side of each tooth 20' of the
rack 20 and substantially identical on either side of each
tooth 70' of the toothed wheel 70, it is ensured that the play
J that exists between the end 21a of the rack 20 and the
corresponding piston 30a is substantially identical to the
play J that exists between the other end 215 of the rack 20
and the corresponding piston 305. This play I is selected so
as to be equal to or greater than the assembly clearance or
backlash between the teeth 20', 70'. Thus, whatever the
direction of sliding of the rack 20 relative to the cylinders
10a, 105, there is always at least one of the pistons 30a, 305
that is capable of generating a friction force between the
piston and the rack. This braking reduces the intensity of
impacts between the teeth 20' of the rack and the teeth 70'
of the toothed wheel. Because of this reduction in the
impacts between teeth 20', 70', it is found that the invention
makes it possible to reduce the wear of the teeth on the rack
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and on the toothed wheel that results, while the aircraft is
taxiing, from repeated changes in the direction of rotation of
the toothed wheel 70.

[0043] In the embodiment of FIG. 4, in addition to the
axial play J, the presence of swiveling play through a swivel
angle E serves to generate friction by swiveling during
movement of the rack. This swiveling play, also helps reduce
the wear on the teeth, although to a smaller extent than the
axial play.

1-6. (canceled)

7. An aircraft landing gear (100) provided with a bottom
portion (110) that is steerable by means of a steering actuator
(1) comprising a toothed wheel (70) that is secured to the
steerable bottom portion (110) and that co-operates with a
rack (20) that is movable in translation along an axial travel
axis (X) and that has ends (21a, 21b) connected to pistons
(30a, 305) mounted to slide in respective cylinders (10a,
105), the landing gear being characterized in that each
connection between one of the pistons (30a, 305) and the
associated end of the rack (20) presents play (J) at least
axially and at least one sealing gasket, referred to as an
internal gasket (25), between the rack (20) and a piston (304,
305), the gasket being arranged to oppose movements of the
rack (20) relative to the pistons (30a, 305), wherein each end
(21a, 21b) of the rack (20) is cylindrical in shape and is
received in a cylindrical bore (31a) of the piston (30qa, 305)
that is associated therewith so as to allow the rack (20) to
slide axially relative to each of the pistons (30a, 305) and
wherein each of the connections between a piston (30a, 305)
and the rack (20) presents a ball joint (80a, 805) arranged to
allow the piston (30qa, 305) to swivel relative to the rack
(20).

8. The aircraft landing gear (100) according to claim 7 ,
wherein each piston (30a, 306) mounted to slide in a
cylinder (10a, 10b) carries at least one external sealing
gasket (35) for providing sealing between the piston (30q,
304) and the corresponding cylinder (10a, 105) in which it
slides.

9. The aircraft landing gear (100) according to claim 8,
wherein, for each given piston, the internal sealing gasket
(25) and the external sealing gasket (35) associated with the
given piston are arranged so that during axial movements of
the rack (20) relative to the given piston along said axial
travel direction (X), the internal sealing gasket (25) gener-
ates an internal axial friction force opposing the axial
movement of the rack (20) relative to the given piston, and
the external sealing gasket (35) generates an external axial
friction force opposing the movement of the given piston
relative to the cylinder (10q, 105) in which it slides, the
external axial friction force associated with the given piston
(30a, 305) being strictly greater than the internal axial
friction force associated with the same given piston (30q,
305).

10. The aircraft landing gear (100) according to claim 9,
wherein each given piston (30a, 305) co-operates with the
cylinder (10a, 106) in which it slides to define a hydraulic
chamber (154, 15b), and the internal and external sealing
gaskets (25, 35) associated with the given piston (30a, 3056)
are arranged so that, within the limit of a predetermined
pressure range, and regardless of the pressure applied in said
hydraulic chamber (15a, 155) defined by the given piston
(30a, 305), the external axial friction force is always greater
than the internal axial friction force.
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