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(57) Abrege/Abstract:
A lockable actuator has lock segments that move into recesses inside a piston to enable the piston to move. The lock segments

may also move radially outwardly from the recesses In the piston to engage a bevel edge of a cylinder housing assembly to lock the
piston. Lock rams having ramps force the lock segments radially outwardly into engagement with the bevel edge of the cylinder
housing assembly.
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ABSTRACT
A lockable actuator has lock segments that move into recesses inside a
piston to enable the piston to move. The lock segments may also move radially
outwardly from the recesses in the piston to engage a bevel edge of a cylinder
housing assembly to lock the piston. Lock rams having ramps force the lock

segments radially outwardly into engagement with the bevel edge of the cylinder
housing assembly.
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DUAL LOCKING HYDRAULIC ACTUATOR FOR STRUCTURAL

BRACE

TECHNICAL FIELD

[0001] The present invention relates generally to structural braces incorporating

actuators and, in particular, to lockable braces for aircraft landing gear.

BACKGROUND

[0002] Retractable landing gear for aircraft include a main landing gear and a
nose landing gear. The main landing gear may include a side brace for locking the
locking gear. The nose landing gear may include a truss brace and a drag brace.

Each of these structural braces may employ a lockable hydraulic actuator.

[0003] In some landing gears, the hydraulic actuator that acts as the brace may
be locked and unlocked by sending an electrical signal to a switch that in turn
actuates a key to lock and unlock the actuator. Such a mechanism has been
deployed on the Gulfstream G-450 main landing gear. Other lockable actuator
designs are disclosed in U.S. Patent 6,832,540, U.S. Patent 6,059,228, U.S. Patent
5,063,828, U.S. Patent Application 2014/0374538 and U.S. Patent Application
2009/0091476.

[0004] An improved lockable actuator that is capable of locking in both extended

and retracted positions while also providing a lightweight, simple and reliable design
would be desirable for a structural brace in a landing gear.

SUMMARY

[0005] Disclosed in this specification is a dual locking hydraulic actuator for a

structural brace that may be used in a landing gear or any other mechanism, system
or apparatus having a hydraulic actuator. The dual locking hydraulic actuator has,
in general, a cylinder housing assembly, a stack tube and a piston that slides over
the stack tube along a main longitudinal axis. The actuator includes two slidable
lock rams that move axially to compress a same compression spring disposed

inside the actuator. Lock segments move orthogonally with respect to the main
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longitudinal axis from a sliding position which they are recessed in the piston and a

locked position in which they engage the cylinder housing assembly.

[0006] Accordingly, one inventive aspect of the present disclosure is a method of
locking a hydraulic actuator acting as a structural brace in a landing gear, the
method comprising exerting hydraulic pressure to displace a piston relative to a
locking ram and wherein displacement of the piston relative to the locking ram
causes lock segments to move radially outwardly from recesses in the piston to

engage a cylinder housing.

[0007] Another Inventive aspect of the present disclosure is a method of
unlocking a hydraulic actuator acting as a structural brace in a landing gear, the
method comprising exerting hydraulic pressure to displace lock segments locked
between a cylinder housing and a locking ram into a sliding position inside recesses

in a piston to thereby unlock the actuator.

[0008] This summary is provided to highlight certain significant inventive aspects
put I1s not intended to be an exhaustive or limiting definition of all inventive aspects
of the disclosure. Other inventive aspects may be disclosed in the detailed

description and drawings.

BRIEF DESCRIPTION OF THE DRAWINGS
[0009] Further features and advantages of the present technology will become
apparent from the following detailed description, taken in combination with the

appended drawings, in which:

[0010] Figure 1 is a cross-sectional view of one embodiment of the dual locking

hydraulic actuator in a retracted and locked position;

[0011] Figure 1A is a cross-sectional view taken through cross-section 1A-1A in
Figure 1;

[0012] Figure 2 Is cross-sectional view of the dual locking hydraulic actuator
showing a lock ram displaced along a stack tube due to hydraulic pressure which

then enables inner lock segments to recess into the piston, thereby enabling
actuator extension; and
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[0013] Figure 3 is a cross-sectional view of the dual locking hydraulic actuator in

an extended and locked position.

[0014] It will be noted that throughout the appended drawings, like features are
identified by like reference numerals.

DETAILED DESCRIPTION

[0015] In general, the novel actuator is mechanically lockabie in either extended
or retracted positions. This actuator, which may be a hydraulic actuator, may be
used to provide a structural brace in the fully extended or fully retracted positions of
the actuator. This actuator can be used in aerospace applications such as landing
gear retraction/extension systems. For example, this lockable actuator may be used
as a side brace actuator for retracting and extending a main landing gear of an
aircraft. This actuator may be used in a drag brace actuator or any other type of
brace actuator. Alternatively, the lockable actuator may be used for actuation of

other fluidly powered systems or machines.

[0016] For the purposes of this specification, the term “inner” (or “proximal”)
describes features that are closer to the lug. The term “outer” (or “distal”) describes
features that are closer to the rod end.

[0017] Figure 1 shows a hydraulic actuator arrangement in the retracted and
locked position. The actuator comprises a piston 15, a piston rod 15a and a cylinder
housing assembly. The cylinder housing assembly is composed of an outer barrel
13, a cylinder housing 16 and an inner barrel 18 which are structurally joined
together to form the cylinder housing assembly. The locking method in the retracted
position is accomplished by inner lock segments 22 which are held in place by a
lock ram 9 during the retracted and locked condition. The lock ram 9 is maintained
In position by a compression spring 20 which drives the inner lock segments 22 into
a position against the beveled edge (or beveled interface) of the cylinder housing
16. In the retracted and locked position, the primary tension load path occurs from a
rod end 1 through the piston 15 to the inner lock segments 22 which transmit loads

across the beveled interface to the cylinder housing 16 and ultimately to a lug 23,

thereby completing the structural load path along the actuator axis. Compression
loads are reacted by a piston head of the piston 15 bottoming against a gland 19
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which is structurally connected to the inner barrel 18. The locked position sensor
hole 8 enables a sensing device to detect the presence of the inner lock segments
22 to indicate that the actuator is in the retracted and locked position. In the
retracted position, hydraulic pressure can be maintained on the annular area of the
piston 15 to provide additional locking of the actuator in addition to the mechanical
lock provided by the inner lock segments 22.

[0018] In the illustrated embodiment, as depicted by way of example in FIG. 1A,
there are four inner lock segments 22. However, in other embodiments, the number
of inner lock segments may be varied. In other words, a greater or less number of

inner lock segments operating in the same manner may be used to provide a

structural lock.

[0019] In order to extend the actuator, hydraulic pressure is applied through a
down port 29 near the sensor hole 8 to the areas around the inner lock segments
22. Pressuring the down port 29 causes the actuator to extend to brace the landing
gear when it has deployed downward from the aircraft. As hydraulic pressure
builds, the inner lock ram 9 will begin to slide in the direction of spring compression
along stack tube 6, thereby enabling the inner lock segments 22 to move towards
the center axis of the actuator. In other words, hydraulic pressure acts both axially
and radially to displace the lock segments and piston axially and then also to
displace the lock segments radially into the recesses of the piston. The terms
‘axially” and “radially” are defined relative to the center axis, i.e. main longitudinal
axis. The stack tube is aligned with this center axis, i.e. the main longitudinal axis of
the actuator. The motion of the inner lock segments 22 is caused by forcing the
bevel edge of the segments against the cylinder housing 16 and the piston 15. As
the lock segments drop into the fully recessed position, fluid pressure will act
against the piston head enabling the outward travel of the piston 15 thus causing the
actuator to extend. The piston 15 travels outwardly (i.e. distally) in response to

hydraulic pressure acting upon the piston head until the actuator is fully extended.

[0020] Figure 2 shows the lock ram 9 displaced along the stack tube 6 due to
hydraulic pressure which then enables the inner lock segments 22 to recess into the

recesses of the piston thereby extending the actuator. The recesses of the piston
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are radial slots or channels that are shaped and dimensioned to receive the inner

lock segments.

[0021] As the piston travels towards the fully extended position, the stack tube 6
and the cylinder housing assembly (which is composed of the outer barrel 13, the
cylinder housing 16 and the inner barrel 18) act as a guide to axially constrain the

sliding motion of the piston 15.

[0022] Figure 3 shows the actuator in the extended and locked position. The
locking action occurs as the piston 15 extends under hydraulic pressure. During this
extending motion, the outer lock segments 7 engage the ramps of outer lock ram 4.
These angled ramps apply an outward pressure on the outer lock segments 7 to
cause the outer lock segments to protrude beyond the diameter of the piston 15.
Once the fully extended position is reached, the annular area of the piston 15 will
bottom out on gland 10. When this condition occurs and, as fluid pressure is then
reduced, the outer lock segments 7 are driven outwardly by the ramps of the outer
lock ram 4. This causes the outer lock segments 7 to engage the bevel edge of the
cylinder housing assembly 16. In the extended and locked position, the primary
compression load path of the actuator occurs from the rod end 1 to the piston 15 to
the outer lock segments 7 which transmit loads across the beveled interface to the
cylinder housing assembly 16 and ultimately to the lug 23 thereby completing the
structural load path along the actuator axis. Tension loads are reacted by the piston
head of the piston 15 bottoming against gland 10 which is structurally connected to
the outer barrel 13. The locked position sensor hole 5 enables a sensing device to
detect the presence of the outer lock segments 7 to indicate that the actuator is in
the retracted and locked position. In the extended position, hydraulic pressure can
be maintained on the bore area of the piston 15 to provide additional locking of the

actuator in addition to the mechanical lock provided by the outer lock segments 7.

[0023] In the embodiment illustrated by way of example in Figures 1 to 3, there
are four outer lock segments 7. However, the number of outer lock segments may
be varied. In other words, a greater or lesser number of outer lock segments
operating in the same manner may be used to provide the structural lock. A
symmetrical arrangement of lock segments provides the most even distribution of
locking forces to lock the piston in place.
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[0024] The outer and inner lock rams 4, 9 act as driving mechanisms for the
outer and inner lock segments 7, 22, respectively. The two lock rams are axially
articulating along stack tube 6 which is constantly loaded by the compression spring
20. In both extension and retraction locking, the outer and inner lock rams 4, 9 are
driven by the lock segments 7, 22 which cause a reaction in the compression
direction of spring 20. The components for the locking rams are held together by
nuts 12, 21 which fasten components 4, 9, 20, 24 along the stack tube 6. In this
manner, the inner lock ram 9 is a sliding component capable of sliding along the
stack tube 6. The outer lock ram 4 is secured to the stack tube 6 so that the outer
lock ram 4 and stack tube 6 move upwardly'together. This upward motion causes
the lock piston 24 to compress the spring 20. In other words, the inner lock ram
slides over the stack tube to compress the spring whereas the outer lock ram is
coupled to the stack tube. The lock piston 24 acts as a housing to retain the spring
20 and provides constant load to the stack tube 6 and the inner lock ram 9. The
lock piston 24 is mechanically coupled by the stack tube to the outer lock ram 4 so
that when the outer lock ram moves toward the rod end, the lock piston 24 also
moves in that same direction to thereby compress the spring 20. Thus, the same
(single) spring 20 is compressed by axially opposite motions of the inner and outer
lock rams. |n other words, the spring 20 is compressed either when the outer ram

moves upwardly (i.e. toward the rod end) or when the inner ram moves downwardly

(l.e. toward the lug end).

[0025] Actuator retraction will occur from the down and locked position and is

initiated by applying hydraulic pressure to the up port 28 located near the sensor
hole 5. As the hydraulic pressure builds, the outer lock ram 4 will retract thereby

causing the stack tube 6 to compress the spring 20 through the lock piston 24.
Simultaneously when the lock ram 4 slides out of position, the outer lock segments
7/ are forced by the bevel of the cylinder housing 16 and the piston 15 to drop into
the recessed position of the piston 15 to allow the retraction motion to occur. In
other words, the hydraulic pressure exerts axial and radial loads on the segments to
first drive the segments axially and then drive them both axially and radially into the

recesses as the piston moves away from the ramps of the lock ram.
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[0026] As the actuator piston 15 reaches the fully retracted position, bottoming of
the piston head of the piston 15 will occur against gland 19. As hydraulic pressure
IS reduced, the inner lock ram 9 will drive the inner lock segments 22 against the

bevel edge of the cylinder housing 16, resulting in the mechanical lock.

[0027] Jamming fasteners 11, 14, 17 are provided to fasten (i.e. structurally lock)
the components together.

[0028] A ground lock mechanism 26, 27 Is used to prevent inadvertent retraction
of the actuator which may cause a safety issue. A similar design may be used to

prevent inadvertent extension of the actuator when in the retracted position.

[0029] An additional position sensor 25 is provided for monitoring the lock piston
to confirm that the lock rams 4, 9 are fully engaged with the lock segments 7, 22.

[0030] From the foregoing, it is apparent that the lockable actuator is
characterized by a cylinder housing assembly, a stack tube disposed within the
cylinder housing in which the stack tube defines a longitudinal axis and a piston
slidable along the stack tube in response to hydraulic pressure exerted on the
piston. The piston includes recesses (or slots) into which lock segments move to
disengage or unlock the actuator. The actuator includes a compression spring
aligned with the axis for exerting a load on the stack tube. In the retracted position,
the locking action is accomplished using an inner lock ram slidable along the stack
tube and a plurality of inner lock segments movable orthogonally (i.e. radially) to the
axis between (i) a locking position in which the inner lock segments engage a bevel
edge of the cylinder housing assembly to lock the actuator when the actuator is
retracted and (il) a sliding position in which the inner lock segments are recessed
into first recesses in the piston. Locking in the extended position is accomplished
using an outer lock ram slidable along the stack tube and a plurality of outer lock
segments movable orthogonally (i.e. radially) to the axis between (1) a locking
position in which the outer lock segments engage an outer bevel edge of the
cylinder housing assembly to lock the actuator when the actuator is extended and
() a sliding position in which the outer lock segments are recessed into second
recesses In the piston. From the illustrations it can be seen that the inner lock ram

and the outer lock ram of the illustrated embodiment have ramps angled to
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substantially match angled surfaces of the inner and outer lock segments, i.e. the
radially inwardly facing beveled surfaces. In addition, it is noted that the lock
segments have radially outwardly facing beveled surfaces in the illustrated
embodiment which are designed to engage the beveled edge of the cylinder
housing. This simple yet elegant design utilizes only a single compression spring.

The design enables locking of the actuator in both the retracted and extended
positions.

[0031] Although the lockable actuator is primarily designed as a structural brace
for use in a landing gear, this lockable actuator may be used in other braces or
Indeed In any other suitable application, even outside of aerospace, where it is
desired to lock an actuator in either the extended or retracted position. For
example, this may be usable in automotive engineering, in robotics, to name only a

couple potential areas of utility.

[0032] Although the embodiment described above refers to a hydraulic actuator,
it will be appreciated that the inventive concepts may be applied to a pneumatic
actuator. Thus, the lockable actuator disclosed herein may also be a pneumatic

actuator or a hydraulic actuator. A fluid pressure (hydraulic or pneumatic) may be

used to power the actuator.

[0033] It is to be understood that the singular forms “a”, “an” and “the” include
plural referents unless the context clearly dictates otherwise. Thus, for example,
reference to “a device” includes reference to one or more of such devices, i.e. that
there is at least one device. The terms “comprising”, “having”, “including” and
‘containing” are to be construed as open-ended terms (i.e., meaning “including, but
not limited to,”) unless otherwise noted. All methods described herein can be
performed in any suitable order uniess otherwise indicated herein or otherwise
clearly contradicted by context. The use of examples or exemplary language (e.g.,

‘'such as’) is Intended merely to better illustrate or describe embodiments of the
invention and is not intended to limit the scope of the invention unless otherwise

claimed.

[0034] While one or more embodiments have been provided in the present

disclosure, it should be understood that the disclosed systems and methods might
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be embodied in many other specific forms without departing from the scope of the
present disclosure. The present disclosure is to be considered as illustrative and not
restrictive, and the intention is not to be limited to the details given herein. For
example, the various elements or components may be combined or integrated In

another system or certain features may be omitted, or not implemented.

[0035] In addition, techniques, systems, subsystems, and methods described
and illustrated in the various embodiments as discrete or separate may be
combined or integrated with other systems, modules, techniques, or methods
without departing from the scope of the present disclosure. Other items shown or
discussed as coupled or connected with each other may be indirectly coupled or
connected through an interface, part, device, or intermediate component whether
mechanically or otherwise. Other examples of changes, substitutions, and
alterations are ascertainable by one skilled in the art and could be made without

departing from the scope disclosed herein.

[0036]) The embodiments of the invention described above are intended to be
exemplary only. As will be appreciated by those of ordinary skill in the art, to whom
this specification is addressed, many obvious variations, modifications, and
refinements can be made to the embodiments presented herein without departing
from the inventive concept(s) disclosed herein. The scope of the exclusive right
sought by the applicant(s) is therefore intended to be limited solely by the appended

claims.



CLAIMS:
1. A lockable actuator comprising:

a cylinder housing assembly having an up port and a down port spaced

longitudinally from the up port;

a stack tube disposed within the cylinder housing, the stack tube defining a
longitudinal axis and movable within the cylinder housing, wherein the stack tube

extends longitudinally from the up port to the down port;

a piston slidable along the stack tube in response to fluid pressure exerted on the

piston, the piston comprising recesses;
a compression spring aligned with the axis for exerting a load on the stack tube;
a slidable inner lock ram;

a plurality of inner lock segments movable orthogonally to the axis between (i) a
locking position in which the inner lock segments engage a bevel edge of the cylinder
housing assembly to lock the actuator when the actuator is retracted such that the inner
lock segments are aligned with the down port and (ii) a sliding position in which the

Inner lock segments are recessed into first recesses in the piston:

a slidable outer lock ram secured to the stack tube and movable with the stack

tube; and

a plurality of outer lock segments movable orthogonally to the axis between (i) a
locking position in which the outer lock segments engage an outer bevel edge of the
cylinder housing assembly to lock the actuator when the actuator is extended such that

the outer lock segments are aligned with the up port and (ii) a sliding position in which

the outer lock segments are recessed into second recesses in the piston

10
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wherein the inner lock ram and the outer lock ram have ramps angled to
substantially match angled surfaces of the inner and outer lock segments.

2. The actuator of claim 1 wherein the fluid pressure forces the piston inwardly
against an inner gland and wherein, when the pressure is then diminished, the spring
forces the inner lock ram outwardly to drive the inner lock segments orthogonally

against the bevel edge of the cylinder housing assembly to lock the actuator in the

retracted position.

3. The actuator of claim 1 wherein the fluid pressure forces the piston outwardly
against an outer gland thereby forcing the outer lock segments against the ramps of the

lock ram to protrude orthogonally into engagement with the bevel edge of the cylinder

housing assembly to lock the actuator in the extended position.

4. The actuator of claim 1 further comprising a locked position sensor hole aligned
with the up port.

5. The actuator of claim 1 further comprising a locked position sensor hole aligned
with the down port.

6. The actuator of claim 1 wherein the cylinder housing assembly comprises a
cylinder housing, an inner barrel surrounding an inner portion of the cylinder portion and
an outer barrel surrounding an outer portion of the cylinder housing, wherein the inner

barrel comprises the inner bevel edge and the outer barrel comprises the outer bevel
edge.

/. The actuator of claim 1 further comprising a lock piston acting as a housing to

retain the compression spring.

8. The actuator of claim 7 further comprising a position sensor for monitoring the

lock piston to confirm that the inner and outer lock rams are fully engaged with the inner
and outer lock segments.

11
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