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ABSTRACT

A semi-levered landing gear for an aircraft includes a main shock absorber strut, a bogie
beam and an auxiliary actuator mechanism. The bogie beam extends fore and aft of an
airframe of the aircraft with forward and aft axles for respective forward and aft wheels,
and a main pivot between the forward and aft axle pivotally connected to the lower portion
of the main shock absorber strut. The auxiliary actuator mechanism includes a spring unit
pivotally connected at a lower end to an auxiliary pivot on the bogie forward of the main
pivot, and at an upper end to an anchor point offset from the pivot connection of the upper
portion to the aircraft fuselage. During stowing the strut and spring unit pivot together
about different pivot points, causing an effective lengthening of the spring unit that further

tilts the bogie beam into a more horizontal stowing position.
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Landing Gear

FIELD OF THE INVENTION

This invention relates to a semi-levered landing gear for an aircraft.

BACKGROUND
A semi-levered landing gear incorporates functionality which allows the length of the
landing gear to be increased for take-off and landing, thereby increasing the height of the

aircraft above the ranway and allowing greater aircraft rotation for a quicker take-off.

Typical landing gear comprises a main hydraulic shock absorber strut having an upper
portion adapted to be connected to the underside of the aircraft, and a lower portion
telescoping within the upper portion and pivotally connect to a multi-axle bogie. The
bogie comprises a bogie beam which extends fore and aft of the aircraft, with axles and
wheels mounted on the bogie beam fore and aft of a main pivot, by which the bogie beam
is connected to the lower portion of the main strut. An auxiliary actuator is connected
between the upper portion of the main strut and the front of the bogie beam to control the
angular position of the bogie beam during taxiing, take-off and landing. When taxiing, the
bogie beam is held substantially horizontal so that all the wheels contact the runway to
support the aircraft, and the auxiliary actuator provides a hydraulic damping function that
damps pivoting movements of the bogie as it engages bumps or dips in the runway. The
auxiliary actuator also provides a positioning function to position the bogie for take-off and
landing. During take-off, as uplift increases, the main strut extends and the auxiliary
actuator extends with it to a maximum length. At this maximuwm length, the front of the
bogie beam is restrained in height and the bogie beam tilts downwards at the rear as the
main strut continues to extend. The rear wheels therefore maintain contact with the
runway while the forward wheels lift off the ground, the length of the landing gear thereby
being effectively increased. On landing, a reverse process is performed with the bogie
beam tilted downwards towards the rear wheels so that they touch the runway first. As load
increases, the auxiliary actuator maintains the height of the front of the bogie position
relative to the main strut and the main strut is compressed until all wheels contact the

ground.
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It is also necessary to provide actuator means to stow landing gear after take-off and to
deploy the landing gear for landing. In order that the stowing operation can take place, the
bogie beam may need to be positioned in a more horizontal stowing position, and in one

example, this is achieved by operation of the main strut.

An object of the invention is to provide an improved semi-levered landing gear.

SUMMARY OF THE

According to one aspect of the invention, semi-levered landing gear for an aircraft

comprises: a main shock absorber strut with upper and lower telescoping portions, with the
upper portion pivotally connectable to an airframe of the aircraft; a bogie beam to extend
fore and aft of the airframe with at least one forward axle and one aft axle for respective
forward and aft wheels and a main pivot between the forward and aft axie pivotally
connected to the lower portion of the main shock absorber strut; and an auxiliary actuator
mechanism comprising a spring unit pivotally connected at a lower end to an auxiliary
pivot on the bogie forward of the main pivot, and at an upper end to an anchor point offset
from the pivot connection of the upper portion to the aircraft fuselage so that during
stowing both the strut and spring unit pivot together about different pivot points, which
causes an effective lengthening of the spring unit that further tilts the bogie beam into a

more horizontal stowing position.

DESCRIPTION OF THE DRAWINGS

The invention will now be described by way of example with reference to the

accompanying drawings in which:

Figure 1 is a schematic drawing of a semi-levered landing gear for an aircraft according to
a first embodiment of the invention;

Figure 2 is a section through the auxiliary actuator in Figure 1;

Figure 3 is a schematic drawing of the auxiliary actuator of Figure 1 and shows the
hydraulic control circuit in more detail;

Figure 4 is a schematic drawing similar to Figure 3 with the auxiliary actuator in an

intermediate extended state;
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Figure 5 1s a schematic drawing similar to Figure 3 with the auxiliary actuator in a
maximum extended state;

Figure 6 is a section through an auxiliary actuator similar o that of Figure 2 except that a
hydraulic connection is made via the lower piston rod;

Figure 7 1s a section through an auxiliary actuator similar to that of Figure 6, but with
modified hydraulic control circuitry;

Figure 8 is a section through an auxiliary actuator similar to that of Figure 6, but with
modified hydraulic control circuitry to that of Figures 6 and 7;

Figure 9 is a section through an auxiliary actuator similar to that of Figure 6, but
incorporating a hydraulically operated mechanical lock for the floating piston;

Figure 10 is a section through an auxiliary actuator according to a second embodiment of
the invention with the actuator in an extended state;

Figure 11 is a section through the auxiliary actuator of Figure 10 in a partially retracted
state and shows the hydraulic control circuit in more detail;;

Fig
extended state;

re 12 is a section similar to Figure 11, but shows the auxiliary actuator of in a fully

Figure 13 is an auxiliary actuator mechanism to a third embodiment of the invention;
Figure 14 is a similar view to that of Figure 13 showing the auxiliary actuator mechanism
in the taxiing state;

Figure 15 is a similar view to that of Figure 13 showing the auxiliary actuator mechanism
in the fully retracted state;

Figure 16 is a similar view to that of Figure 13 showing the auxiliary actuator in the stowed
state;

Figure 17 shows the spring/damper and positioning units of the auxiliary actuator
mechanism of Figures 13 to 16 including the hydraulic control circuits;

Figure 18 is a schematic side view of an auxiliary actuator mechanism according to a
fourth embodiment of the invention in the take-off or landing state;

Figure 19 is a schematic side view similar to that of Figure 18 in a semi-stowed state,

Figure 20 is a schematic side view similar to that of Figure 18 in a fully stowed state;
Figure 21 is a side elevation of a semi-levered landing gear according to a fifth

embodiment of the invention shown in the take-off state; and
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Figure 22 is a side clevation of the landing gear of Figure 21 seen in a viewing direction
perpendicular to that in Figure 21, with the landing gear shown moving to the stowed
position.

DETAILED DESCRIPTION

The landing gear illustrated in Figure 1 comprises a main hydraulic shock absorber strut 1

comprising an upper portion 2 connectable to the underside of an aircraft at its upper end,
and a lower portion 3 which telescopes within the upper portion 2 during take-off and
landing. A bogie beam 4 extends fore and aft of the aircraft and is pivotally connected to
the bottom of the lower portion 3 by a main pivot 5 in the mid-region of the bogie beam 4.
Axles 6, 6' are mounted at each end of the bogie beam 4 and carry wheels 7, 7'. An
auxiliary actuator 9 is connected between the upper portion 2 of the main strut and the
forward section of the bogie beam 4 to control the angular position of the bogie beam
during taxiing, take-off and landing. The auxiliary actuator comprises an outer cylinder
casing 10 with a closed upper end carrying an upper connector 11 which is pivotally
connected at 12 to the upper end 2 of the main strut. A first piston rod 23 extends from the
lower end of the cylinder casing 10 and carries a lower connector 13 which is pivotally
connected at 14 to the front end of the bogie beam between the axle 6 and the main pivot 5.
A side stay 15 is connected between the upper portion 2 of the shock absorber strut and the
aircraft, and moves with the strut when the landing gear is moved to a stowed position in

the aircraft by a stowing actuator.

The auxiliary actuator 9 comprises a two-stage telescopic hydraulic unit, as shown in
Figure 2, comprising the outer casing 10 with a closed upper end and an open lower end.
The two stages of the hydraulic unit comprise a second stage floating piston 16 which
slides within a bore 17 of the casing 10, and a first stage spring/damping piston 29 slidable
within the floating piston 16. The floating piston 16 has a piston head 18 that seals within
the bore 17 and co-operates with the closed upper end of the casing 10 to define a head
space 45, and a tubular rod portion 19 that extends from the piston head 18 through a gland
20 in the 6pen end of the casing 10 and defines an annular chamber 32. The
spring/damping piston 29 comprises a piston head 21 that seals within the bore 22 of the
rod portion 19, and a rod portion 23 that extends from the piston head 21 through a gland
24 in the open end of the rod portion 19. The rod portion 23 extends externally of the
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casing 10 and carries the lower connector 13 at it’s outer end. The piston head 21
incorporates flow restrictor apertures 46 that connect both sides of the piston head 21
within the bore 22 of the rod portion 19, and apertures 42 in the wall of the piston rod 19
near the piston head that connect the bore 22 permanently to the annular chamber 32.

The hydraulic control circuit of the auxiliary actuator is shown in simplified form in Figure
2 and comprises a hydraulic selector valve 30 that controls connection of a hydraulic

pressure supply 26 and hydraulic return 27 to the actuator. The pressure supply 26 is

connected via a non-return valve 26°, and a pressure relief valve 27° is provided in the
return connection on the piston rod side of the floating piston 16. The circuit is shown in
more detail in Figure 3. The hydraulic control circuit is housed in a manifold 25 mounted

on the outer surface of the casing 10. A hydraulic pressure supply 26 and a hydraulic

return 27 in the aircraft are connected to the manifold 25, the broken line 28 representing

the interface between the manifold and the aircrafi.

The hydraulic control circuit comprises an electrically operated, two position, three port

selector valve 30 which has two operating states: a Retract/Lock state for taxiing, take-off

and landing, and an Extend state for stowing of the landing gear after take-off. The
selector valve 30 is spring bias to the Retracts/Lock state as shown in Figure 3, this being
the fail-safe condition. In the Retract/Lock state, the selector valve 30 connects the
hydraulic return line 27 to an aperture 31 in the casing 10 which éommunicates with the
head space 45 of the floating piston 16. The annular chamber 32 surrounding the tubular
rod portion 19 of the floating piston 16 is permanently connected to the pressure supply 26
via an aperture 33 in casing 10 and the control circuit. Therefore, supply pressure in the
annular chamber 32 forces the floating piston 16 to the retracted position in which an end
stop 34 on the piston head 18 engages the closed end of the casing 10. A piloted check
valve 35 in the control circuit serves to lock hydraulic pressure in the annular chamber 32,

thus preventing extension of the floating piston 16 during taxiing, take-off and landing.

A uni-directional snubbing restrictor 36 is also provided in the control circuit, which is

connected to aperture 31 and a further aperture 37 in the casing 10, closely spaced axially

from the aperture 31, so as to be closed by the piston head 18 near the fully reacted
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position, thereby restricting fluid flow in the restrictor 36 and limiting the impact load of
the end stop 34 against the closed end of the casing 10.

During taxiing, the spring/damping piston 29 assumes an intermediate position within the
piston rod 19 of the floating piston 16 and moves axially to accommodate minor pivoting
movements of the bogie as it engages bumps or dips in the ranway. The flow of hydraulic
fluid through the restrictor apertures 46 in the piston head 21 controls a damping action.

End stops 43 on the piston head 21 co-operates with the adjacent face of the piston head 18
s0 as to define a retracted position for the spring/damping piston. In the extended position,
the opposite face of the piston head 21 engages the gland 24 that closes the open end of the
tubular rod portion 19.

During take-off, tension is applied to the auxiliary actuator 9 as a consequence of the
loading applied to the bogie beam from the main shock absorber strut and the aft whegels in
contact with the ground. As a result, the spring/damping piston 29 extends fully to the
extended position shown in Figure 4, in which the auxiliary actuator 9 has a predetermined
intermediate length, and the lower connection point 14 at the front of the bogie beam 4 is
restrained in height and the bogie beam tilts downwards towards its rear end as the main
strut 1 continues to extend. The extended position is defined by engagement of the piston
head 21 with the gland 24 at the lower end of the piston rod 19. After take-off the
spring/damping piston 29 remains in the extended position because of the internal

hydraulic pressure.

Following take-off, the landing gear stowing sequence is initiated, and the selector valve
30 is energised and changes over to the Extend state as shown in Figure 5. The selector
valve 30 now connects the pressure supply 26 to the head space 45 of the casing 10 via the
apertures 31 and 37. The differential area of the piston head 18 causes a net force to
extend the floating piston 16 as shown in Figure 5. As the floating piston extends,
hydraulic fluid is recirculated from the annular chamber 32 to the head space 45 through
the piloted check valve 35, the piloted check valve 35 being opened by the output pressure
from the selector valve 30 when it switches to the Extend state. A unidirectional rate

restrictor 38 in the control circuit serves to control the speed with which the floating piston
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16 extends to suit the performance requirement for stowing the landing gear. As the
floating piston 16 extends, additional hydraulic fluid is drawn into the system from the
pressure supply, equivalent to the volume of the tubular piston rod 19 displaced from the
casing 10. The extended position of the floating piston 16 is determined by an end stop 41
with which the piston head 18 engages leaving the aperture 33 open, As the floating piston
16 extends, the hydraulic pressure within the annular chamber 32 serves as a spring to hold

the spring/damping piston 29 in the extended position in contact with the gland 24.

When the auxiliary actuator 9 is fully extended, as shown in Figure 5, it assumes a
maximum length and serves to tilt the bogie beam 4 about the main pivot 5 to a more
horizontal configuration necessary for the landing gear to be stowed in the aircraft. The

stowing actuator operates to move the landing gear to the stowed position.

The selector valve 30 may be energised continually during cruising of the aircraft, but 1t

could alternatively be periodically energised to recharge the actuator.

In preparing for landing, the landing gear is deployed and then the selector valve 30 is de-
energised and returns to the Retract/Lock state, in which it connects the head space 45 in
bore 17 to the return line 27, as shown in Figure 4. The floating piston 16 retracts as
hydraulic fluid is expelled to the return line 27. A rate restrictor can be provided to reduce
the rate of retraction of the floating piston. The uni-directional snubbing restrictor 36
serves to decelerate the floating piston 16 at the end of its retract operation. The uni-
directional snubbing restrictor 36 also serves to restrict recoil if a tension load separates the
piston head 18 from the end of the casing 10 after aircraft rotation during take-off.

It should be noted that if there is a loss of hydraulic power in the Retract/Lock state, the
hydraulic control circuit will lock pressure in the annular chamber 32 of the auxiliary
actuator 9 by means of the piloted check valve 35, and the landing gear will function more
or less normally during take-off and landing. Furthermore, a loss of electrical power in the
Retract/Lock state will not effect operation of the auxiliary actuator during take-off and

landing.
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In the event of a loss of hydraulic power in the Extend state, a low pressure relief valve 39
connected {o the lower end of the annular chamber 32 via an aperture 40 will maintain a
level of hydraulic pressure sufficient to maintain the bogie in the stowed position. A loss
of electrical power will have the same effect if the valve 30 is provided with a detent.
Therefore, in the event of the loss of either hydraulic pressure or electrical power, the
auxiliary actuator 9 will remain extended and the aircraft will land with the landing gear in

this state.

The manifold 25, which incorporates the hydraulic control circuit, is preferably connected
to the outer casing 10 at it’s lower end so that there is a direct communication with the
aperture 33 connected to the annular chamber 32. Pressure and return pipelines then run
down the outside of the casing from the aircraft to the manifold. The snubbing valve
assembly 36 may be incorporated in the casing 10 so that there is a single outlet connection
36’ which 1s connected via an additional transfer pipe to the manifold. This configuration
protects the connection between the aperture 33 and the manifold and ensures that the
auxihary actuator 9 will continue to operate during take-off, even if pressure or retumn

pipes or the transfer pipe are severed.

In a variation of the invention, the hydraulic control circuit shown in Figures 2 to 5 is
adapted so that the selector valve 30 controls connection of the pressure supply 26 or return
source 27 to the annular space 32 on the piston rod side of the floating piston 16, the head
space 45 in the casing 10 is permanently connected to the return source 27. The auxiliary
actuator 9 then operates so as to assume the retracted state when the selector valve 30
connects pressure to the annular space 32, and assumed the extended state when the

selector valve 30 connects return to the annular space 32.

Another variation of the invention is shown in Figure 6 which is similar to that of Figure 1
to 5 except that the pressure supply connection to the bore 22 of the spring floating piston
16 is not made via an aperture 42 in the second piston rod 19, but instead is made via a
bore 23’ in the first piston rod 23 and an aperture 100 in the lower connector 13. A
pressure supply 26" is connected to the aperture 100 via a non-return valve 101, and a
pressure relief valve 102 is provided to allow for volume changes in the system. The

pressure supply 26°” can be independent of the pressure supply 26, and the pressure relief
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valve 102 can be set at a lower relief setting than the pressure relief valve 27° in the

connection to the aperture 33 in the outer casing 10.

Another variation similar to that of Figure 6 is shown in Figure 7, in which the non-return
valve 101, and pressure relief valve 102 arrangement is replaced by a solenoid operated
valve 103. This arrangement allows selection of different pressure to the piston rod 23

when the aircraft is on the ground.

Another varniation of the invention is shown in Figure 8, similar to that of Figure 1 to 5, in
which the selector valve 30 is replaced by a solenoid operated three position, four port
selector valve 104 which has a middle position in which it positively locks the pressure in
the auxiliary actuator 9 and has a Retract/Lock position on one side and an Extend position
on the other side. The selector valve 104 is incorporated in a servo-control system
including a feedback sensor responsive to the position of the bogie beam. The sensor may
comprise a switch mounted on the bogie beam to operate when a predetermined position is
reached and to cause the selector valve 104, to move to the middle position, the system
then operating as a “bang-bang” system, alternatively, a full servo-control system may be
provided in which the sensor comprises an LVDT or RVDT sensor producing a control

signal in a logic with a control output to the selector valve 104.

Another variation of the invention 1s shown in Figure 9, which is similar to that of Figure 1
to 5, but includes a mechanical lock 105 to hold the floating piston in the Retract/Lock
state as shown in Figure 9. The lock 105 in Figure 9 is a hydraulic plunger lock which is
mounted in the casing 10 to cooperate radially with the floating piston 16. The plunger
106 on one side of the lock 105 is exposed to hydraulic pressure at the head end 45 of the
piston 16, and the plunger on the other side of the lock is connected to the pressure supply
26 so that the pressure supply activates the lock when the selector valve 30 connects the .
head end of the piston 16 to the return 27, and the lock is deactivated when the selector
valve 30 connects the head end of the piston 16 to the pressure supply 26 by virtue of the
differential area of the plunger 106. The hydraulic connections can be rearranged to
connect the pressure supply 26 permanently to the head end and to use the selector valve
30 to switch either the pressure supply 26 or return 27 to the piston rod side 32 of the
floating piston 16, the lock 105 being deactivated provided the acting pressure both sides
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of the plunger 106 are equalised. In other embodiments of the invention, the lock 105

could be a claw lock or a segment lock instead of a plunger lock.

In another embodiment of the invention, an auxiliary actuator 49, illustrated in Figure 10,
replaces the auxiliary actuator 9 shown in Figure 1. The auxiliary actuator 49 is similar to
that of Figure 2 in that it comprises a two-stage, telescopic hydraulic unit with an outer
casing 50, a second stage piston 56 which slides within a bore 57 in the casing 50, and a
first stage spring/damping piston 59 slidable coaxially with the second pistori 56. The
second piston 56 has a piston head 58 that seals with the bore 57 and a tubular piston rod
60 which extends from the piston head 58 through a gland 61 in the upper end of the casing
50 and carries a connector 62 at its outer end externally of the casing 50. The first stage
spring/damping actuator 59 comprises a sleeve 63 on which said tubular piston rod 60
shides and seals coaxially, and a first piston head 64 slidable within the sleeve 63 and
having a first piston rod 65 that extends from the first piston head 64 through a gland 66 in
the lower end of the casing 50. The gland 66 supports both the first piston rod 65 and the
lower end of the sleeve 63. The lower end of the first piston rod 65 carries a lower

connector 67 at its outer end externally of the casing 50.

The auxiliary actuator 49 in Figure 10 is therefore a two-stage actuator with piston rods at
both ends, the piston rod 65 of the first stage extending downwards and the piston rod 60 of

the second stage extending upwards.

A hydraulic control circuit similar to that illustrated in Figure 3 may be used in the
embodiment of Figure 10, but the hydraulic connections to the auxiliary actuator 49 need
to be adapted to suit the double piston rod configuration. The permanent connection to the
pressure supply 26 is connected via an aperture 68 in the upper end of the casing 50 to the
annuiar chamber 09 surrounding the tubular piston rod 60, and the switchable
pressure/return connection from the selector valve 30 is connected via an aperture 70 in the
casing 50 to a head space 73 between the piston head 58 and the gland 66. Internal
aperture 71 in the tubular piston rod 60 serve to connect the outer annular chamber 69 to
the head space 73 within the sleeve 63, and flow restrictor apertures 74 in the first piston
head 64 allow hydraulic fluid to flow from one side of the head to the other to produce a

damping action. The details of the hydraulic control circuit are shown in Figure 11 and 12,
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in which the same reference numbers are used from Figures 3 to 6 for equivalent hydraulic
components. The hydraulic control circuit is similar, but one is a mirror image of the

other.

It will be appreciated that the modifications to the hydraulic control circuit shown in Figure
6 to 9 can each be applied to the embodiment of Figures 10 to 12 in a similar manner as

shown applied to the embodiment of Figures 1 to 5.

It will be appreciated that the auxiliary actuator as illustrated in Figures 1 to 12 could
equally well be installed in the landing gear assembly of Figure 1 in an inverted
configuration with the upper connector 11 or 62 connected at 14 to the front of the bogie,

and with the lower connector 13 or 67 connected at 12 to the upper end 2 of the main strut,

When the selector valve 30 connects the head space 90 to the return source 27, the second
stage floating piston 56 and piston rod 60 are retracted, as shown in Figures 10 and 11 and
end stops 75 on the piston head 58 engage the gland 66. The first piston 59 can then
operate to provide a damping function during taxiing, or can extend to the extended
position shown in Figure 12 during take-off, the extended position being defined by end
stops 76 which engage the gland 66. After take-off, the selector valve 30 is switched to the
Extend state to connect pressure 26 to the head space 73, and the differential area of the
floating piston 56 will cause it to extend to the extended position shown in Figure 12 in
which end stops 77 engage the gland 61. In this maximum extended position, the bogie is
positioned for stowing. The operation of the piloted check valve 35, the unidirectional
snubbing restrictor 36 and the uni-directional rate restrictor 38 are all the same as described

in relation to the embodiment of Figures 2 to 5.

The manifold 25 incorporating the hydraulic control circuit is preferably mounted on the
outer casing 50 at the top of the auxiliary actuator so as to interface directly with the
aperture 68, and there is then only one transfer pipe to connect the manifold to the aperture
70 at the lower end of the casing 50.

In another embodiment of the invention, the two-stage telescopic hydraulic actuator 9 in

Figure 1 is replaced by an actuator mechanism incorporating a spring/damping unit and a
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bogie positioning unit as separate units operating in tandem. As illustrated in Figure 13,

the positioning unit comprises a hydraulic actuator 90 connected between connection point

14 on the bogie beam 4 and a swinging link 91 pivotally connected to the upper portion 2

of the main strut | at a pivot point 93. The spring/damping unit comprises a hydraulic

spring damper 94 connected between the swinging link 91 and the upper portion of the

main strut 1 at a pivot point 95 above the pivot point 93. The swinging link 91 comprises a
lever arm 92 which is connected to the pivot 93 at one end and is connected at its other end
to the upper end of the positioning actuator 90 at a pivot 96. The spring/damper 94 is

connected at its lower end to an intermediate point 97 of the lever arm 92. Furthermore,

the swinging link 91 comprises respective abutment arms 98, 99 which extend downwards

from each end of the lever arm 92 and are joined at their lower ends. The abutment arm 98
is designed to abut the upper portion 2 of the main strut, as shown in Figure 13, during
take-off and landing. Tension in the positioning actuator 90 creates a turning moment on

the swinging link 91 which forces the abutment arm 98 against the strut 1. The positioning

actuator 90 is shown in its retracted state, and the bogie beam 4 tilts downwards about the

pivot 14 at the lower end of the positioning actuator.

During taxiing, the bogie beam 4 assumes a more horizontal position, as shown in Figure

14, and a compression force applied to the positioning actuator 90 causes it to pivot the
swinging link 91 upwardly to separate the abutment arm 98 from the strut 1. The
spring/damper 94 then retracts to accommodate the upwards movement of the swinging
hink 91. As the bogie beam pivots when taxiing on an undulating runway, the positioning
actuator 90 and swinging link 91 pivot together and the spring/damper 94 contracts or

~ extends to dampen these movements.

Under extreme circumstances, the landing gear can assume the position shown in Figure 15
in which the positioning actuator 90 has moved upwards enough to pivot the swinging link

90 to cause the abutment arm 99 to abut the outer casing of the positioning actuator 90.

After take-off, the positioning actuator 90 is extended as shown in Figure 16, which serves

to tilt the bogie beam to a more horizontal position for stowing of the landing gear in the

aircraft.
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The positioning actuator 90 and spring/damper 94 are both illustrated in Figure 17 together
with the associated hydraulic controls comprising a selector valve 30 with inputs connected
to supply pressure 26 and return 27, and an output connection 107 to the head end of the
positioning actuator 90; and a connection 108 from the pressure supply 26 to the piston rod
end of the positioning actuator 90. A non-return valve 109 and pressure relief valve 110
allow return fluid flow. The detailed control circuit will be similar to that shown in Figure
3 and is similarly incorporated in a manifold connected to the outer casing of the

positioning actuator 90.

In yet another embodiment of the invention, the auxiliary actuator comprises a hydraulic

spring damper and a mechanical linkage connected to the upper end portion 2 of the main

strut 1 and the side stay 15 such that movement of the side stay as the landing gear moves

to the stowed position will pivot the bogie beam 4 to the stowing position. As shown in
Figure 18, the spring/damper 80 is connected between the pivot point 14 on the bogie beam
4 and the outer end of a radius link 81 which is pivotally connected to the upper portion 2

at 82. A lower linkage 83 is connected at its upper end to an intermediate point 84 on the

radius link 81 and at iis lower end to a pivot point 85 on the upper portion 2 of the strut
below the pivot point 82. The lower linkage 83 consists of two shorter links 86, 87
connected end to end so that there is a central pivotal connection 88. The lower link 87 is
connected by a control link 89 to the side stay 15 so that stowing movement of the side stay
will control the position of the link 87, and thereby the radius link 81, the spring damper 80
and the bogie beam 4.

As shown in Figure 18, the landing gear is deployed for take-off or landing, and the two
short links 86, 87 are locked in a straight or slightly over centre position in which
abutments 97 on each, engage. The spring damper 80 then holds the leading end of the
bogie beam 4 in a raised position with the bogie beam tilting downwards towards the rear

wheel.

Figure 19 is a schematic drawings showing the landing gear in an intermediate position

after the side stay 15 has begun to move in stowing the landing gear. The strut 1 has been

omitted for clarity but its centerline is shown. The control link 89 has now pivoted the

lower link 87 so that the two short links 86, 87 start to close together. This effective

eata Arrebeatotansanannsnss
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shortening of the links 86, 87 pivots the radius arm 81 downwards together with the spring
damper 80.

Figure 20 shows yet a later state of the landing gear as the side stay 15 continues to stow
the landing gear. The two links 86, 87 have been closed to a maximum extent and the
radius link 81 has been rotated downwards to a maximum extent. The bogie beam 4 now
assumes a more horizontal orientation suitable to be received in a stowage bay in the

aircraft,

The advantages of the auxiliary actuator illustrated in Figures 18 to 20 is that it is a simple
mechanical arrangement and is not affected by hydraulic or electrical failures. This
arrangement is also compact and stable. The spring damper 80 comprises a similar unit to

unit 94 shown in Figure 17.

Another embodiment of the invention is illustrated in Figure 21 in which a spring damper
111 in connected between the pivot point 14 at the front end of the bogie beam and a pivot
point 112 on the airframe spaced from the pivot point 113 of the main strut 1. The spring
damper 111 is similar to the spring damper 94 shown in Figure 17. The spring damper 111
is fully extended for take-off and landing. Afier take-off, the main strut 1 is pivoted by the
stowing actuator about the pivot point 113. The spring damper 111 also pivots about its
pivot point 112, but because the pivot point 112 is offset in the stowing direction from the
pivot point 113, as shown in Figure 22, the lower end of the strut 1 and lower end of the
spring damper 111 move in different arcs, which causes an effective lengthening of the
spring damper 111, and further tilting of the bogie beam 4 to a more horizontal stowing

position, as shown in Figure 22.
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Claims

1. A semi-levered landing gear for an aircraft comprising:

a main shock absorber strut with upper and lower telescoping portions, with
the upper portion pivotally connectable to an airframe of the aircraft;

a bogie beam to extend fore and aft of the airframe with at least one forward
axle and one aft axle for respective forward and aft wheels and a main pivot between the
forward and aft axle pivotally connected to the lower portion of the main shock absorber
strut; and

an auxiliary actuator mechanism comprising a spring unit pivotally
connected at a lower end to an auxiliary pivot on the bogie forward of the main pivot, and
at an upper end to an anchor point offset from the pivot connection of the upper portion to
the aircraft fuselage so that during stowing both the strut and spring unit pivot together
about different pivot points, which causes an effective lengthening of the spring unit that

further tilts the bogie beam into a more horizontal stowing position.

2. A semi-levered landing gear according to claim 1 wherein the spring unit is a
hydraulic unit.
3. A semi-levered landing gear according to claim 1 or 2 wherein the spring unit is

connected to a hydraulic pressure supply and derives its resilience from flow of hydraulic
fluid.

4. A semi-levered landing gear according to any one of claims 1 to 3 wherein the

spring unit is also a damping unit.

5. A semi-levered landing gear according to any one of claims 1 to 4, wherein the

anchor point is laterally offset from the pivot connection.
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