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ADAPTIVE LANDING GEAR ASSEMBLY FOR ROTARY WING AIRCRAFT

BACKGROUND

[0001] The embodiments herein relate to landing gear assemblies for aircraft and, more
particularly, to an active landing gear assembly for rotary wing aircraft.

[0002] Rotary wing aircraft may experience a condition known as ground resonance.
Ground resonance is an imbalance in the rotation of a rotor that causes an oscillation in phase
with the frequency of the rocking of the helicopter on its landing gear. Existing solutions
passively tune the dynamic response of the landing gear and/or undercarriage to move the
resonant {requencies out of the region of concern. Existing solutions may also provide flight
control law tuning in the flight control system to address ground resonance. Ground
resonance may be precipitated by a hard landing, an asymmetrical ground contact,
mechanical fatlure of a main rotor damper, or other causes.

[0003] Additionally, rotary wing aircraft experience challenges when landing on and
taking off from sloped surfaces. When touching down on a sloped surface, as the up-slope
landing gear touches down, this landing gear imparts a moment on the aircraft which must be
counteracted with a moment from the rotor system. If such a moment is not provided by the
rotor system, the rotoreraft will roll away from the slope and likely slide down the slope.
Existing solutions seek to allow safe landings and the aircraft to “stick” to the slope by
inputting rotor system moment o counteract the moment imparted by the landing gear on the

atrcraft as the aircraft touches down on the slope.

BRIEF DESCRIPTION

[0004] According to one embodiment, an adaptive landing gear assembly for a rotary
wing aircraft includes a controller; a first landing gear support having a first ground contact
element; and a second landing gear support having a second ground contact element; the
controller independently controlling the first landing gear support and the second landing
gear support.

[0005] In addition to one or more of the features described above, or as an alternative,
further embodiments may include a sensor to monitor at least one condition of the aircraft;
the controller independently controlling the first landing gear support and the second landing
gear support in response to the sensor.

[0006] In addition to one or more of the features described above, or as an alternative,

further embodiments may include wherein the sensor monitors oscillation in an airframe of
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the aircraft or rotor system; and the controller independently controls the first landing
gear support and the second landing gear support to dampen oscillation in the airframe or
rotor system or to actuate an airframe or rotor system response.

[0007] In addition to one or more of the features described above, or as an alternative,
further embodiments may include wherein the sensor monitors orientation of a ship deck; and
the controller independently controls the first landing gear support and the second landing
gear support in response to the orientation of a ship deck.

[0008] In addition to one or more of the features described above, or as an alternative,
further embodiments may include wherein the sensor monitors orientation of a sloped
surface; and the controller independently controls the first landing gear support and the
second landing gear support in response to the orientation of the sloped surface.

[0009] In addition to one or more of the features described above, or as an alternative,
further embodiments may include wherein the first landing gear support and the second
landing gear support include fluid, the controller independently controlling fluid in the first
landing gear support and fluid in the second landing gear support in response to the sensor.
[0010] In addition to one or more of the features described above, or as an alternative,
further embodiments may include the fluid is at least one of a liquid and a gas.

[0011] In addition to one or more of the features described above, or as an alternative,
further embodiments may include a first actuator to position the first landing gear support; a
first retention assembly to secure the first landing gear support in a position between fully up
and fully down.

[0012] In addition to one or more of the features described above, or as an alternative,
further embodiments may include a second actuator to position the second landing gear
support; a second retention assembly to secure the second landing gear support in a position
between fully up and fully down.

[0013] In addition to one or more of the features described above, or as an alternative,
further embodiments may include wherein the first retention assembly is part of the first
actuator.

[0014] In addition to one or more of the features described above, or as an alternative,
further embodiments may include wherein one or more of a ground contact member
extension stop and a ground contact member reaction stop is configured to relieve one or
more of tensile and compressive loads experienced by the first or second actuator due to
loads applied to the ground contact element when the landing gear support is in a position

between full up and full down.
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[0015] In addition to one or more of the features described above, or as an alternative,
further embodiments may include wherein the controller independently controls the first
landing gear support and the second landing gear support in response to a human command.
[0016] In addition to one or more of the features described above, or as an alternative,
further embodiments may include wherein the human command indicates landing on one or
more of a flat surface, a sloped surface, a moving surface, a pitching surface, a rolling
surface, and a surface attached to a ship.

[0017] In addition to one or more of the features described above, or as an alternative,
further embodiments may include wherein the first landing gear support includes a first fluid
chamber; the second landing gear support includes a second fluid chamber; and a hose fluidly
couples the first fluid chamber to the second fluid chamber.

[0018] In addition to one or more of the features described above, or as an alternative,
further embodiments may include one or more valves positioned in the hose or at the
interface between the hose and the first fluid chamber and second fluid chambers to control
fluid flow between first fluid chamber and the second fluid chamber; one or more of the
controller and a control panel controlling the one or more valves.

[0019] In addition to one or more of the features described above, or as an alternative,
further embodiments may include an actuator to position the first landing gear support in a
position between fully up and fully down.

[0020] In addition to one or more of the features described above, or as an alternative,
further embodiments may include wherein the actuator is electrically powered.

[0021] In addition to one or more of the features described above, or as an alternative,
further embodiments may include wherein the ground contact element is a skid.

[0022] In addition to one or more of the features described above, or as an alternative,
further embodiments may include wherein the first landing gear support and the second
landing gear support are part of or connected to one or more skid assemblies.

[0023] In addition to one or more of the features described above, or as an alternative,
further embodiments may include wherein the sensor monitors one or more of engine health,
aircraft vertical and horizontal velocities, rotor speed, aircraft gross weight, landing surface
orientation, landing surface motion, human command, or other available sensor data; and the
controller configured to determine that a landing is imminent in response to the sensor and
terminate active control of the landing gear assembly and one of (i) maintain a current

landing gear support state or (ii) control the first landing gear support and second landing
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gear support to establish one or more of a pre-defined stiffness and extension such that the
anticipated high landing loads may be absorbed by the first and second landing gear supports.
BRIEF DESCRIPTION OF THE DRAWINGS

[0024] The foregoing and other features and advantages of embodiments are apparent

from the following detailed description taken in conjunction with the accompanying drawings

in which:

[0025] FIG. 1 is a perspective view of a rotary-wing aircraft in an exemplary
embodiment;

[0026] FIG. 2 depicts an adaptive landing gear system for controlling ground resonance

in an exemplary embodiment;

[0027] FIG. 3 depicts an adaptive landing gear system for landing on a ship deck in an
exemplary embodiment;

[0028] FIG. 4 depicts an adaptive landing gear system for landing on a sloped surface in
an exemplary embodiment;

[0029] FIG. 5 depicts an adaptive landing gear system for landing on a sloped surface in
an exemplary embodiment;

[0030] FIG. 6A depicts an adaptive landing gear system for landing on a sloped surface
in an exemplary embodiment;

[0031] FIG. 6B depicts an actuator and landing gear support in an exemplary
embodiment in an extended state;

[0032] FIG. 6C depicts an actuator and landing gear support in an exemplary
embodiment in a retracted state;

[0033] FIG. 6D depicts an actuator and landing gear support in an exemplary
embodiment in an extended state;

[0034] FIG. 6E depicts an actuator and landing gear support in an exemplary embodiment
in a retracted state;

[0035] FIG. 7 depicts an adaptive landing gear actuator and retention assembly in an
exemplary embodiment;

[0036] FIG. 8A depicts an adaptive landing gear system for landing on a sloped surface
in an exemplary embodiment;

[0037] FIG. 8B depicts an actuator and landing gear support in an exemplary
embodiment;

[0038] FIG. 8C depicts an actuator and landing gear support in an exemplary

embodiment;
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[0039] FIG. 8D depicts an adaptive landing gear system for landing on a sloped surface
in an exemplary embodiment;

[0040] FIG. 9 depicts an adaptive landing gear system for landing on a sloped surface in
an exemplary embodiment; and

[0041] FIG. 10 depicts an adaptive landing gear system for landing on a sloped surface in

an exemplary embodiment.

DETAILED DESCRIPTION

[0042] Referring to FIG. 1, schematically illustrated is a rotary-wing aircraft 10 having a
main rotor system 12 in an exemplary embodiment. The aircraft 10 includes an airframe 14
having an extending tail 16 which mounts a tail rotor system 18, such as an anti-torque
system. The main rotor assembly 12 is driven through a main power transmission gearbox by
one or more engines. The aircraft 10 employs at least one landing gear assembly 20 during
landing and while performing land-based maneuvers on a ground surface. Although a
particular helicopter configuration is illustrated and described in the disclosed embodiment,
other configurations and/or machines, such as ground vehicles, jet aircraft, turbofan engines,
high speed compound rotary wing aircraft with supplemental translational thrust systems,
dual contra-rotating, coaxial rotor system aircraft, quad-copter, multi-rotor lifting bodies,
turbo-props, tilt-rotors and tilt-wing aircraft, and the like may also benefit from the
embodiments described herein. Aircraft 10 may be a piloted (e.g., a manned aircraft), an
unmanned aerial vehicle, optionally piloted vehicle, etc.

[0043] FIG. 2 depicts an aircraft including an adaptive landing gear assembly for
controlling ground resonance in an exemplary embodiment. The landing gear assembly 20
includes a first landing gear support 26 and a second landing gear support 27. The landing
gear supports 26/27 in FIG. 2 may be struts (e.g., oleo struts) that include one or more fluids
(e.g., oil, nitrogen) or may be electro-mechanical supports, as described herein. A first end of
each landing gear support is coupled to the aircraft frame 14. A second end of each landing
gear support 26/27 includes a ground contact member 28, which may be a wheel, skid, etc.
[0044] The landing gear assembly 20 of FIG. 2 is controlled by a controller 32 to dampen
ground resonance of airframe 14. Ground resonance is a known phenomenon in which
oscillations in the main rotor assembly 12 are conveyed to the airframe 14, which can damage
the aircraft. The system of FIG. 2 dampens motion of at least one of the airframe 14 and the
main rotor assembly 12. Sensors 30 are used to monitor at least one condition, including the

state of the airframe 14 or the main rotor assembly 12 (e.g., oscillations) and state of the
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landing gear assembly 20. Sensors 30 may include motion sensors (e.g., accelerometers and
gyros) to detect movement of the airframe in multiple dimensions. Sensors 30 also measure
status of the landing gear supports 26/27, including position of each landing gear support,
extension of each support, fluid pressure in each support (liquid or gas), weight on each
ground contact member 28, etc.

[0045] A controller 32 receives signals from the sensors 30 and controls the landing gear
assembly 20 to dampen ground resonance motion of airframe 14. A source of fluid 34 (e.g.,
liquid, gas, or both) is coupled to each landing gear support 26/27 through valves 36. Source
of fluid 34 may include one or more pumps to provide pressure (e.g., positive and/or
negative) to supply fluid to and from each landing gear support 26/27. Controller 32
monitors oscillations in the airframe 14 caused by ground resonance via sensors 30.
Controller 32 controls flow of fluid to/from the landing gear supports 26/27 to generate
force(s) on the airframe 14 to counteract and dampen the oscillations. Controller 32 may
control fluid traveling to/from the landing gear supports 26/27 using valves 36 (e.g., servo
valves) associated with each landing gear support 26/27. Supplying fluid (liquid or gas) to a
landing gear support 26/27 causes the support to extend (increase in length with additional
hydraulic liquid) or increase the spring rate (increase stiffness with additional gas) whereas
removing fluid from a support causes the support to retract (decrease in length by removing
hydraulic liquid) or reduce spring rate (decrease stiffness by removing gas). As such, the
spring rate and damping characteristics of the landing gear may be controlled by controlling
the flow of fluid to/from the landing gear supports 26/27 that subsequently creates force(s) on
the airframe 14 to dampen oscillations due to ground resonance. Additionally, while
hydraulic fluid is discussed here as affecting only the length and gas is discussed as affecting
only the stiffness, it is conceived that in alternate configurations and fluid service levels,
hydraulic fluid or gas may each control length and stiffness. Although valves 36 are shown
as external to the landing gear supports 26/27, control of extension and/or stiffness of the
landing gear supports 26/27 may be controlled by controllable orifice valves internal to each
landing gear support 26/27.

[0046] In another exemplary embodiment, the landing gear supports 26/27 are controlled
by controller 32 to generate a compensating force to rebalance the main rotor assembly 12 to
stop or reduce the ground resonance. In this embodiment, the landing gear supports 26/27 are
controlled to actuate a response in the airframe 14 to reduce or stop the ground resonance.
[0047] It is noted that in the wheels light condition with the shock struts extended and

incapable of providing their damping function, the controller 32 may control the fluid to
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retract the gear to a nominal set point not fully extended and then subsequently control fluid
in and out of the landing gear support 26/27 such that the landing gear supports extend and
retract with respect to this non-bottomed position. The flow of the fluid in and out of valves
36 while the landing gear supports 26/27 extend and retract may provide the desired damping
function with respect to ground resonance.

[0048] Alternately, as a light on wheels condition is established during takeoff and the
nitrogen charge approaches full extension of the shock strut portion of landing gear support
26/27 in accordance with conventional designs, hydraulic or nitrogen fluid may be removed
from the landing gear support 26/27 to soften the spring rate of the landing gear support
26/27 and allow the landing gear support 26/27 to stroke in a light on wheels condition, thus
allowing the landing gear support 26/27 to maintain its function as a damper in a wheels light
condition. Similarly, for landings, hydraulic or nitrogen fluid may be removed prior to
landing such that the landing gear are initially soft and thus provide damping in a light on
wheels condition, whereupon fluid is added and stiffness increased as more weight is
offloaded from the rotor onto the landing gear support 26/27. In this manner, the landing
gear supports 26/27 may provide their damping function over a wider range of weight on
wheels conditions.

[0049] Additionally, while an initial soft touchdown discussed above may be beneficial
for normal landings, doing so may reduce the shock absorption capability and other types of
landings (e.g., hard landing due to engine failure or high sink rate) may require increased
stiffness and full available stroke of the landing gear supports 26/27 in preparation of a hard
landing. For these cases, the controller would monitor sensors including pilot commanded
landing gear mode, engine health, aircraft vertical and horizontal velocities, rotor speed,
aircraft gross weight, landing surface orientation, landing surface motion, pilot command, or
other available sensor data, to determine if termination of adaptive control should be
executed. If the controller determines that active control should be terminated, the controller
may command one of several actions which include freezing the current landing gear
supports 26/27 extension and stiffness states or commanding the landing gear supports 26/27
to a pre-defined state which is appropriate for a hard landing by returning the landing gear
supports 26/27 to a pre-defined or fully serviced stiffness and extension state. It is
contemplated that the pre-defined stiffness and extension state may be defined in response to
sensor data received prior to touchdown and may be different for landing gear support 26
and landing gear support 27 in order to prepare the landing gear supports for a hard landing.

Optionally or additionally, the pre-defined stiffness or extension may be defined in response
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to sensor data prior to touchdown and the one or more landing gear supports 26/27 may have
different pre-defined stiffness or extension for embodiments with more than one landing gear
support.

[0050] FIG. 3 depicts an adaptive landing gear system for landing on a ship deck 43 in an
exemplary embodiment. In this embodiment, sensors 30 monitor at least one condition,
including detecting the orientation of ship deck 43, in real time. Sensors 30 may include
multiple distance sensors (e.g. distance sensors, optical sensors, ultrasonic sensors or the like)
which track a plane of ship deck 43 in real time with respect to the aircraft. Sensors 30 are
also used to monitor the state of the airframe 14 (e.g., orientation) and state of the landing
gear assembly 20. Sensors 30 may include motion sensors (e.g., accelerometers and gyros) to
detect movement of the airframe 14 in multiple dimensions. Sensors 30 also measure status
of the landing gear supports 26/27, including position of each support, extension of each
support, fluid pressure in each support (liquid or gas), weight on each ground contact member
28, elc.

[0051] Controller 32 receives signals from the sensors 30 and controls the landing gear
assembly 20 such that the inclination of the ground contact members 28 matches the
inclination of ship deck 43, along at least one axis. The matching between the inclination of
the ground contact members 28 and the inclination of ship deck 43 need not be exact, but
sufficient to improve stability in landing the aircraft on rolling deck 43.

[0052] A source of fluid 34 (e.g., liquid, gas, or both) is coupled to each landing gear
support 26/27 through valves 36. Source of fluid 34 may include one or more pumps to
provide pressure (e.g., positive and/or negative) to supply fluid to and from each landing gear
support 26/27. Controller 32 monitors an inclination of the deck 43 in real time. Controller
32 controls flow of fluid to/from the landing gear supports 26/27 in real time to extend or
retract landing gear supports 26/27 such that the inclination of the ground contact members
28 matches the inclination of ship deck 43. Controller 32 may control fluid traveling to/from
the landing gear supports 26/27 using valves 36 (e.g., servo valves) associated with each
landing gear support 26/27. Supplying fluid to a landing gear support 26/27 causes the
landing gear support to extend or increase in length whereas removing fluid from a landing
gear support causes the landing gear support to retract or decrease in length.

[0053] Controller 32 may also control the fluid to/from the landing gear supports 26/27 in
real time to soften or stiffen the landing gear supports 26/27. For instance fluid (hydraulic or
nitrogen) may be removed from the up-slope landing gear support 26 so as to soften the

spring force the gear would impart on the aircraft at a given stroke position, and fluid may be
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added to the down-slope landing gear support 27 such that the landing gear would impart a
harder spring force on the aircraft at a given stroke position relative to the up-slope landing
gear support 26. Such active control of the spring rate / force of the landing gear reduces the
rolling moment imparted by the deck the landing gear supports 26/27. Once the aircraft 10
lands on deck 43, the active control of the landing gear supports 26/27 may be terminated as
the aircraft is secured to the deck 43.

[0054] FIG. 4 depicts an adaptive landing gear system for landing on a sloped surface 53
(e.g., a hillside) in an exemplary embodiment. In FIG. 4, sensors 30 monitor at least one
condition, including the orientation of the sloped surface 53, in real time. Sensors 30 may
include multiple distance sensors (e.g. distance sensors, optical sensors, ultrasonic sensors or
the like) which track a plane of sloped surface 53 in real time with respect to the aircraft.
Sensors 30 are also used to monitor the state of the airframe 14 (e.g., orientation) and state of
the landing gear assembly 20. Sensors 30 may include motion sensors (e.g., accelerometers
and gyros) to detect movement of the airframe 14 in multiple dimensions. Sensors 30 also
measure status of the landing gear supports 26/27, including position of each support,
extension of each support, fluid pressure in each support (liquid or gas), weight on each
ground contact member 28, etc.

[0055] Controller 32 receives signals from the sensors 30 and controls the landing gear
assembly 20 such that the inclination of the ground contact members 28 matches the
inclination of sloped surface 53, along at least one axis. The matching between the
inclination of the ground contact members 28 and the inclination of sloped surface 53 need
not be exact, but sufficient to improve stability in landing the aircraft on sloped surface 53.
[0056] A source of fluid 34 (e.g., liquid, gas, or both) is coupled to each landing gear
support 26/27 through valves 36. Source of fluid 34 may include one or more pumps to
provide pressure (e.g., positive and/or negative) to supply fluid to and from each landing gear
support 26/27. Controller 32 may monitor an inclination of the sloped surface 53 in real time.
Controller 32 controls flow of fluid to/from the landing gear supports 26/27 in real time to
extend or retract landing gear supports 26/27 such that the inclination of the ground contact
members 28 matches the inclination of sloped surface 53. Controller 32 may control fluid
traveling to/from the landing gear supports 26/27 using valves 36 (e.g., servo valves)
associated with each landing gear support 26/27. Supplying fluid (e.g., hydraulic fluid) to a
landing gear support 26/27 causes the support to extend or increase in length whereas
removing fluid from a support causes the support to retract or decrease in length.

Additionally, supplying fluid (e.g., nitrogen gas) to a landing gear support 26/27 may stiffen



WO 2016/210265 PCT/US2016/039250

the spring force of the support whereas removing fluid from a support may soften the spring
force of the support.

[0057] In other embodiments, a pilot input 31 identifying a commanded inclination of the
ground contact members 28 is provided to controller 32. In this embodiment, sensors 30 do
not need to sense the inclination of the sloped surface 53. The pilot can command an
inclination of the ground contact members 28 based on visual inspection of the sloped surface
53 or based on instrument data (e.g., terrain data). The pilot input 31 may specify a direction
(e.g., port/ starboard or an aircraft heading) and an amount of inclination (e.g. 3 degrees).
The landing gear supports 26/27 are then extended, retracted, stiffened, or softened by
controller 32 as necessary to match the requirements of the inclination commanded from the
pilot input 31. In this exemplary embodiment, input 31 is describe as a pilot input 31 for ease
of description; however, in general, pilot input 31 is conceived to be a human input and may
be commanded by another crew member.

[0058] FIG. 5 depicts an adaptive landing gear system for landing on a sloped surface 53
in an exemplary embodiment. In FIG. 5, the landing gear supports 26/27 extend or retract in
a passive manner. Respective fluid chambers (e.g., liquid, gas or both) from each landing
gear support 26/27 are fluidly coupled to each other. Valves 36 (e.g., servo valves) and a
hose 37 may be used to fluidly couple fluid chambers between the landing gear supports
26/27. As the aircraft 10 touches down, landing gear support 26 contact sloped surface 53
first. This cause landing gear support 26 to be compressed and retract, driving fluid to
landing gear support 27. Fluid transferred to landing gear support 27 may cause landing gear
support 27 to extend away or from the airframe 14 or stiffen depending upon landing gear
support 26/27 configuration.

[0059] Controller 32 may be used to close valves 36 to prevent further fluid coupling
between the landing gear supports 26/27 once the aircraft has landed or pre-defined
maximum fluid transfer limit has been reached. The net result is the inclination of the ground
contact members 28 partially or completely matching the inclination of the sloped surface
and a reduction in the rotor hub moment required to maintain the aircraft on the slope during
transitions to/from the sloped surface. Controller 32 may be implemented as a digital
computer, analog computer, or the like. Alternately, controller 32 may be a control panel
wherein the pilot or a crew member may directly command the valve position electrically,
mechanically, hydraulically, electro-mechanically, or the like through any combination of

various switches, knobs, buttons, levers, handles, or other human interface devices.

10
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[0060] FIG. 6A depicts an adaptive landing gear system for landing on a sloped surface
53 (e.g., a hillside) in an exemplary embodiment. In FIG. 6A, the landing gear supports
66/67 are mechanically extended or retracted by actuators 62 (e.g., electric motors or
hydraulic) analogous to actuators used to move landing gear between a “gear extended” and a
“gear retracted” position, rather than hydraulics which may extend the landing gear supports
26/27 themselves as shown in FIG. 2, FIG. 3, and FIG. 4. Landing gear supports 66/67 are
part of a mechanical assembly that is used to raise or lower the landing gear assembly 20. In
conventional landing gear, the supports are either fully raised or fully lowered, and do not
assume intermediate positions. The landing gear supports 66/67 can be partially extended
from airframe 14, to accommodate landing on sloped surface 53.

[0061] In FIG. 6A, sensors 30 monitor at least one condition, including the orientation of
the sloped surface 53, in real time. Sensors 30 may include multiple distance sensors (e.g.
distance sensors, optical sensors, ultrasonic sensors or the like) which track a plane of sloped
surface 53 in real time. Sensors 30 are also used to monitor the state of the airframe 14 (e.g.,
orientation) and state of the landing gear assembly 20. Sensors 30 may include motion
sensors (e.g., accelerometers) to detect movement of the airframe 14 in multiple dimensions.
Sensors 30 also measure status of the landing gear supports 66/67, including position of each
support, extension of each support under compression, weight on each ground contact
member 28, etc.

[0062] Controller 32 receives signals from the sensors 30 and controls the landing gear
assembly 20 such that the inclination of the ground contact members 28 matches the
inclination of sloped surface 53, along at least one axis. The matching between the
inclination of the ground contact members 28 and the inclination of sloped surface 53 need
not be exact, but sufficient to improve stability in landing the aircraft on sloped surface 53.
[0063] Controller 32 may monitor an inclination of the sloped surface 53 in real time.
Controller 32 controls actuators 62 in real time to extend or retract landing gear supports
66/67 such that the inclination of the ground contact members 28 matches the inclination of
sloped surface 53.

[0064] In other embodiments, a pilot input 31 identifying a commanded inclination of the
ground contact members 28 is provided to controller 32. In this embodiment, sensors 30 do
not need to sense the inclination of the sloped surface 53. The pilot can command an
inclination of the ground contact members 28 based on visual inspection of the sloped surface
53 or based on instrument data (e.g., terrain data). The pilot input 31 may specify a direction

(e.g., port/ starboard or an aircraft heading) and an amount of inclination (e.g. 3 degrees).

11
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The landing gear supports 66/67 are then extended or retracted by controller 32 as necessary
to match the commanded inclination from the pilot input 31.

[0065] FIG. 6B depicts mounting of an actuator 62 and a support 67 in an exemplary
embodiment. Actuator 62 is connected to the airframe 14 at an actuator-airframe pivot 120.
Actuator 62 is connected to the support 67 at an actuator-support pivot 122. Support 67 is
connected to the airframe 14 at a support-airframe pivot 124. FIG. 6B shows the actuator 62
fully retracted, resulting in a full extension of support 67. FIG. 6C shows the actuator 62
fully extended, resulting in a full retraction of support 67. When support 67 is in the fully
extended state, a ground contact member extension stop 126 may be used at the top of
support 67 to alleviate compression loads on actuator 62. The ground contact member
extension stop 126 is located as needed for the particular landing gear design.

[0066] In FIG. 6B and FIG. 6C, actuator 62 will be in tension in a partially retracted state
when a vertical load is applied to ground contact member 28 when the aircraft touches down
and the support 67 receives a rotating moment about support-airframe pivot 124. When in
the partially retracted state, this tension may be relieved by a movable ground contact
member retraction stop 127. While FIG. 6B and FIG. 6C do not depict the movable nature of
the ground contact member reaction stop 127, it is contemplated that one or more movable or
deployable ground contact member retraction stops 127 may be employed to assist in
providing structural integrity at various partial retraction states and act as a retention
assembly to counteract the rotating moment applied to support 67 as a vertical load is applied
to ground contact member 28 while the support 67 is in a partially retracted state.

[0067] Actuator 62 may be configured to provide damping when in a partially retracted
state as the vertical damping of support 67 will be diminished as support 67 is retracted. This
may be performed by integrating a shock strut mechanism within the actuator 62 in series
with a locking mechanism, or may be performed by actively pumping fluid in and out of the
retract actuator 62 to provide a damping function.

[0068] FIG. 6D and FIG. 6E show landing gear in another embodiment. FIGs. 6D and
6E are similar to FIG. 6B and FIG. 6C, except for the location of the pivots 120, 122 and 124.
FIG. 6D shows the actuator 62 fully extended, resulting in a full extension of support 67.
FIG. 6E shows the actuator 62 fully retracted, resulting in a full retraction of support 67.
Actuator 62 would accept compressive loads while in a partially retracted state during
landing.

[0069] Each landing gear support 66/67 may utilize a retention assembly to secure the
landing gear support 66/67 in an intermediate position between the typical fully up and fully
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down positions and fulfills the function of actuator 62 described in FIGs. 6A-6E. FIG. 7
illustrates an exemplary retention assembly 100 for holding the landing gear supports 66/67
in multiple secured positions between the fully up and fully down positions. The retention
assembly 100 includes a lock actuator 102 that controls one or more pins 104. The pins 104
engage openings 106 (e.g., holes, detents) in a rack 108 that moves with movement of the
actuator 62. Rack 108 is connected to an actuator arm 63 through a link 110. Actuator arm
63 moves a landing gear support 66/67 away from or towards airframe 14.

[0070] Lock actuator 102 may include springs that bias the pins 104 away from the rack
108. Lock actuator 102 may include a solenoid that extends the pins 104 towards the rack
108 to engage openings 106.  During landing, the actuator 62 drives arm 63 to the proper
position to extend/retract a landing gear support 66/67 to the proper location to accommodate
the sloped surface 53. Once actuator 62 has driven actuator arm 63 to the proper location, the
lock actuator 102 can be controlled to drive pins 104 into engagement with openings 106 in
rack 108. Force on the landing gear supports 66/67 is now applied to the retention assembly
100, rather than actuator 62. It is noted that alternate embodiments of retention assembly 100
may integrate the lock actuator 102, pins 104, openings 106, and rack 108, into the actuator
62 or alternately provide an actuator 62 of sufficient strength such that it may transmit the
entirety of the retention loads transmitted through retention assembly 100 which may be
heavier, but would allow more variation in selection of extension lengths. FIG. 7 depicts an
exemplary retention assembly 100 and embodiments are not limited to the retention assembly
of FIG. 7.

[0071] FIGs. 8A-8C depict landing gear supports 66/67 mechanically extended or
retracted by actuators 62 in an exemplary embodiment. The actuators 62 are arranged more
vertically than those in Figures 6B-6E. Components similar those in FIGs. 6B-6E are labeled
with similar reference numerals. As noted above, actuators 62 may be configured to provide
damping and may be used in conjunction with a retention assembly.

[0072] FIG. 8D depicts landing gear supports 66/67 mechanically extended or retracted
by actuators 62 in another exemplary embodiment. In FIG. 8D the supports 66/67 are
coupled to the aircraft frame 14 by four bar linkages 130. As noted above, actuators 62 may
be configured to provide damping and may be used in conjunction with a retention assembly.
In FIG. 8D, the ground contact members 28 may be extended and retracted while keeping the
supports 66/67 in a primarily vertical orientation. As such, the supports 66/67 may maintain
their full damping function without additional damping being provided by the retract actuator

62 load path. Alternate four bar linkage embodiments may have less symmetric linkage
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lengths, allow rotation of supports 66/67 through extension and retraction, and may relocate
the actuator-airframe pivot 120 to a location between four bar linkages 130 depending upon
aircraft type. FIG. 8 depicts an exemplary four bar linkage embodiment and embodiments are
not limited to the embodiment depicted in FIG 8.

[0073] FIG 9 depicts an embodiment in which the supports 66/67 are in the form of a
unitary bar, similar to a skid. Supports 66/67 are extended and retracted (in an inverse
manner) by actuator 62. That is, as support 67 is extended, support 66 is retracted, and vice
versa. Supports 66/67 travel along actuator 62, which may be electrical, hydraulic,
pneumatic, etc. Actuator 62 may be configured to provide damping and may be used in
conjunction with a retention assembly, as described herein. The actuator 62, and
consequently support 66 and support 67, may be primarily oriented along the longitudinal
axis, lateral axis, a combination of the longitudinal and lateral axis, or along any other axis of
airframe 14 as appropriate for aircraft type.

[0074] FIG. 10 depicts an embodiment in which the supports 66/67 are in the skids, but
not unitary as shown in FIG. 9. Each support 66/67 may move independently of the other, in
response to actuators 62. Actuators 62 may be located fore and aft, left or right, or obliquely
with respect to each other on airframe 14. Additionally, actuators and supports may be
primarily aligned with any axis of airframe 14 as appropriate for aircraft type. Supports
66/67 travel along actuators 62, which may be electrical, hydraulic, pneumatic, etc.
Actuators 62 may be configured to provide damping and may be used in conjunction with a
retention assembly, as described herein.

[0075] While a limited number of embodiments have been described, it should be readily
understood that the disclosure is not limited to such disclosed embodiments. Rather, the
disclosure can be modified to incorporate any number of variations, alterations, substitutions
or equivalent arrangements not heretofore described, but which are commensurate with the
spirit and scope of the disclosure. Additionally, while various embodiments have been
described, it is to be understood that aspects of the disclosure may include only some of the
described embodiments. Accordingly, the disclosure is not to be seen as limited by the

foregoing description, but is only limited by the scope of the appended claims.
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CLAIMS:
What is claimed is:
1. An adaptive landing gear assembly for a rotary wing aircraft, the adaptive landing gear
assembly comprising:
a controller;
a first landing gear support having a first ground contact element; and
a second landing gear support having a second ground contact element;
the controller independently controlling the first landing gear support and the second landing
gear support.
2. The adaptive landing gear assembly of claim 1, further comprising:
a sensor to monitor at least one condition of the aircraft;
the controller independently controlling the first landing gear support and the second landing
gear support in response to the sensor.
3. The adaptive landing gear assembly of claim 2, wherein:
the sensor monitors oscillation in an airframe of the aircraft or rotor system; and
the controller independently controls the first landing gear support and the second
landing gear support to dampen oscillation in the airframe or rotor system or to actuate an
airframe or rotor system response.
4. The adaptive landing gear assembly of claim 2, wherein:
the sensor monitors orientation of a ship deck; and
the controller independently controls the first landing gear support and the second
landing gear support in response to the orientation of a ship deck.
5. The adaptive landing gear assembly of claim 2, wherein:
the sensor monitors orientation of a sloped surface; and
the controller independently controls the first landing gear support and the second
landing gear support in response to the orientation of the sloped surface.
6. The adaptive landing gear assembly of any one of claims 1-5, wherein:
the first landing gear support and the second landing gear support include fluid, the controller
independently controlling fluid in the first landing gear support and fluid in the second
landing gear support in response to the sensor.
7. The adaptive landing gear assembly of claim 6, wherein:

the fluid is at least one of a liquid and a gas.
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8. The adaptive landing gear assembly of any one of claims 1-7, further comprising:

a first actuator to position the first landing gear support;

a first retention assembly to secure the first landing gear support in a position
between fully up and fully down.
9. The adaptive landing gear assembly of claim 8, further comprising:

a second actuator to position the second landing gear support;

a second retention assembly to secure the second landing gear support in a
position between fully up and fully down.
10. The adaptive landing gear assembly of claim 8, wherein:
the first retention assembly is part of the first actuator.
11. The adaptive landing gear assembly of claim 8 or claim 9, wherein:

one or more of a ground contact member extension stop and a ground contact
member reaction stop is configured to relieve one or more of tensile and compressive loads
experienced by the first or second actuator due to loads applied to the ground contact element
when the landing gear support is in a position between full up and full down.
12. The adaptive landing gear assembly of any one of claims 1-11, wherein:

the controller independently controls the first landing gear support and the second
landing gear support in response to a human command.
13. The adaptive landing gear assembly of claim 12, wherein:

the human command indicates landing on one or more of a flat surface, a sloped
surface, a moving surface, a pitching surface, a rolling surface, and a surface attached to a
ship.
14. The adaptive landing gear assembly of claim 1, wherein:
the first landing gear support includes a first fluid chamber;
the second landing gear support includes a second fluid chamber; and
a hose fluidly couples the first fluid chamber to the second fluid chamber.
15. The adaptive landing gear assembly of claim 14, further comprising:

one or more valves positioned in the hose or at the interface between the hose and
the first fluid chamber and second fluid chambers to control fluid flow between first fluid
chamber and the second fluid chamber;
one or more of the controller and control panel controlling the one or more valves.
16. The adaptive landing gear assembly of claim 1 or 2, further comprising:

an actuator to position the first landing gear support in a position between fully up

and fully down.
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17. The adaptive landing gear assembly of claim 16, wherein:

the actuator is electrically powered.
18. The adaptive landing gear assembly of claim 1 or 2, wherein:

the ground contact element is a skid.
19. The adaptive landing gear assembly of claim 18, wherein:

the first landing gear support and the second landing gear support are part of or
connected to one or more skid assemblies.
20. The adaptive landing gear assembly of any one of claims 2, 4, 5, 16, 17, 18, and 19,
wherein:

the sensor monitors one or more of engine health, aircraft vertical and horizontal
velocities, rotor speed, aircraft gross weight, landing surface orientation, landing surface
motion, human command, or other available sensor data; and

the controller configured to determine that a landing is imminent in response to
the sensor and terminate active control of the landing gear assembly and one of (i) maintain a
current landing gear support state or (ii) control the first landing gear support and second
landing gear support to establish one or more of a pre-defined stiffness and extension such
that the anticipated landing loads may be absorbed by the first and second landing gear

supports.
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