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FLUID CYLINDER HAVING SELF-LOCKING
MEANS

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to fluid pressure oper-
ated actuators and particularly to a linear fluid cylinder
actuator having self-locking means.

2. Description of the Prior Art

Heretofore in the design of fluid systems, numerous
mechanisms have been employed to prevent the move-
ment of a piston within a fluid cylinder in the event of
a failure in the fluid system. One such system employs
complicated valving mechanisms and circuitry which
are adapted to prevent the exhausting of fluid from that
side of the piston which is opposing the external load.
Although such systems have functioned in an accept-
able manner, resistance to the movement of the piston,
and thus to the external load, in such systems dimin-
ishes with increasing use as the valves employed in the
systems tend to develop volumetric losses that may go
undetected and which eventually results in the move-
ment of the piston. In other situations when the system
failure is due to a faulty piston seal, that is, fluid leak-
age occurs directly between the opposite sides of the
piston within the fluid cylinder, most valve systems are
completely useless and the piston will be moved by the
load. In many applications this movement may result in
damage not only to the fluid cylinder and the equip-
ment being operated on, but may cause injury to the
operator of the fluid cylinder,. as for example when
such fluid cylinders are employed for use on a hoist.

Other mechanisms have been employed in combina-
tion with fluid cylinders in order to control the move-
ment of the piston within the fluid cylinder. One such
mechanism comprises a fluid cylinder having a recipro-
cably mounted piston with an actuating rod extending
from one end, while the other end of the piston has a
threaded bore adapted to receive a threaded rotating
member. The other end of the rotating member extends
externally of the fluid cylinder and is adapted to be en-
gaged by a suitable locking device to prevent relative
rotation between the member and the piston, When the
threaded member is restrained against rotation, the pis-
ton, which likewise is restrained from rotation, is inca-
pable of movement in an axial direction. Such prior art
systems have the same disadvantages as the aforemen-
tioned fluid systems in that they are dependent upon an
external locking means and an external source of
power to initiate and maintain restrainment in the
movement of the piston when an external load is ap-
plied to the piston.

SUMMARY OF THE INVENTION

The present invention, which will be described subse-
quently in greater detail, comprises a fluid cylinder
having a piston reciprocably mounted therein for axial
movement in response to fluid pressure actuation, the
piston having a threaded bore receiving a rotatably
mounted threaded member with the engaged surfaces
of the piston bore and threaded member being in a self-
locking relationship such that the piston is non-
reciprocal when subjected to fluid pressure unless said
threaded member is simultaneously rotated in said pis-
ton bore.
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It is therefore an object of the present invention to
provide a fluid cylinder having a piston adapted to be
selectively restrained from reciprocal movement at any
point in its stroke.

It is a further object of the present invention to pro-
vide a fluid cylinder having self-locking means for auto-
matically stopping the movement of the cylinder piston
in the event of a system failure, which locking means
is also adapted to function as a back-up system for driv-
ing said piston.

It is a further object of the present invention to pro-
vide a fluid cylinder having locking means which func-
tion without the need for an external source of power.

Other objects, advantages, and applications of the
present invention will become apparent to those skilled
in the art of fluid cylinders when the accompanying de-
scription of a preferred embodiment for practicing the
invention is read in conjunction with the accompanying
drawing.

BRIEF DESCRIPTION OF THE DRAWING

The description herein makes reference to the ac-
companying drawing wherein like reference numerals
refer to like parts throughout the several views, and in
which:

FIG. 1 is a longitudinal cross-sectional view of a fluid
cylinder incorporating the inventive principles of the
present invention;

FIG. 2 is a transverse cross-sectional view of the fluid
cylinder taken along line 2—2 of FIG. 1; and

FIG. 3 is a schematic circuit diagram of a fluid system
adapted to be used in conjunction with the present in-
vention.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

Referring to FIG. 1, a fluid cylinder 10 is illustrated
as comprising a tubular housing 12 enclosed at its op-
posite ends by end covers 14 and 16, each of which
have recesses 18 which receive the opposite ends of the
tubular housing 12. The end covers 14 and 16 are se-
cured to the tubular housing 12 by a plurality of elon-
gated bolts 19 which extend through the end covers 14
and 16 to engage nuts 20. Conventional O-rings 22 are
provided in annular recesses 24 at the juncture of the
end covers with the outer peripheral surface of the tu-
bular housing 12 to provide a suitable seal.

The fluid cylinder 10 has a piston 26 reciprocally
mounted within the tubular housing 12, the piston 26

dividing the interior of the tubular housing into an ex-

tending chamber 28 and a retracting chamber 3¢. The
piston 26 includes a suitable sealing means, such as an
O-ring 34, disposed in an annular recess 36 extending
around the outer periphery of the piston 26 for sliding
engagement with the inner surface of the tubular hous-
ing 12. The piston 26 is further provided with a hollow
actuating rod 38, enclosed at its outer end (not shown),
and which extends from one side of the piston 26
through a bore 40 in the end cover 14 for connection
at its outer end to a movable load (not shown). The ac-
tuating rod 38 is adapted to be reciprocated with the
piston 26 along the axis of the tubular housing 12 in a
manner to be described in greater detail hereinafter.
O-rings 42, disposed in annular recesses 44 formed in
the end cover bore 40, provide a suitable seal to pre-
vent the leakage of fluid from the retracting chamber
30. The actuating rod 38 has a threaded inner end 46
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which engages a centrally disposed threaded bore 48 in
piston 26 to provide a suitable attachment of the rod 38
to piston 26, however, other-attaching means, such as
a press-fit or welding, may be employed to attach the

rod 38 to the piston.
A portion of the interior 49 of the hollow actuating
rod 38 has a threaded surface 52 commencing from the

extending chamber end of the actuating rod 38 and ter- -

minating at the enclosed end of rod 38 or at some se-
lected distance therefrom. The threaded surface 52 of
the actuating rod 38 is engaged by a mating threaded
portion 55 of a rotatably mounted shaft 57. The shaft
57 has a length approximately equal to the length of the
tubular housing 12, while the threaded portion 55 ex-
tends substantially the full length of the shaft 57. The
interior 49 of the actuating rod 38 may be vented back
to the extending chamber 28 by any suitable means,
such as axial and radial bores 150 extending through
shaft 57.

The retracting chamber 30 is adapted to be selec-
tively connected to a source of fluid pressure or a fluid
reservoir through a passageway 56 and a fluid port 58,
both of which are located in the end cover 14, while the
extending chamber 28 is adapted to be selectively con-
nected to a source of pressure or a fluid reservoir
through a passageway 60 and a fluid port 62, both of
which are located in the end cover-16. Pressurization
of the retracting chamber 30 generates a force on the
piston 26 which tends to move the same rightwardly, as
viewed in FIG. 1, while fluid is exhausted from the ex-
tending chamber 28 and pressurization of the extend-
ing chamber 28 generates a force on the piston 26
which tends to move the same leftwardly, as viewed in
FIG. 1, while fluid is exhausted from the retracting
chamber 30. _ -

Still referring to FIG. 1, the fluid cylinder 10 is fur-
ther provided with an elongated rod 64 engaged at its
opposite ends within apertures 66 formed in the inte-
rior walls of the end covers 14 and 16, the rod 64 ex-
tending through an axial bore 68 in the piston 26. The
rod 64 permits the piston 26 to reciprocate in an axial
direction within the tubular housing 12, while restrain-
ing the piston 26 from rotation about the longitudinal
axis of the tubular 12, however, other means may be
employed, such as external means, to restrain the pis-
ton 26 from rotating. Suitable seals, such as O-rings 54,
are provided in the bore 68 to prevent fluid communi-
cation between the opposite side of the piston 26.

The end cover 16 is comprised of two sections, an
inner block 70 in which the passageway 60 and fluid
port 62 are located, and an outer block 72 in which a
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rotary actuator 74 is located. The inner wall of the

inner block 70 engages the outer end of the tubular
housing 12, while the inner wall of the outer block 72
engages the outer wall of the inner block 70 when the
elongated bolts 19 are secured by the nuts 20. Suitable
sealing means, such as an O-ring 76, disposed in an an-
nular recess 78 in the inner wall of the outer block 72,
forms a fluid seal between the juncture of the inner and
outer blocks.

The inner block 70 has a centrally disposed bore 80
that is axially aligned with the piston 26 and the actuat-
ing rod 38. The unthreaded portion of the shaft 57 ex-
tends through the bore 80 and is rotatably supported by
a radial-thrust bearing 82 which, in turn, is mounted in
a recess 84 in the outer wall of the inner block 70. The
bearing 82 is in abutment with shoulder 86 on the shaft
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57 to receive axial loads imposed in a leftwardly direc-
tion, as viewed in FIG. 1. An O-ring 88, disposed in an
annular recess 90 circumscribing the shaft 57, provides
a suitable seal to prevent leakage from the extending
chamber 28. Referring to both FIGS. 1 and 2, the shaft
57 is shown as having a radially enlarged section 92
with a pair of spline sections 94 that are adapted to en-
gage enlarged diametrically opposed slots 95 in a rotor
96 for rotation therewith about the axis of the shaft 57.
The end of the shaft 57 is rotatably supported by a sec-
ond radial-thrust bearing 98 which is disposed in a
blind recess 100 in the outer block 72. The bearing 98
is in abutment with.a shoulder 162 on the enlarged sec-
tion 92 and is adapted to receive axial loads transmitted
through the shaft 57, that is, those forces imposed in a
rightwardly direction, as viewed in FIG. 1.

The rotor 96 is adapted to rotate in a cup-shaped re-
cess 104 in the inner wall of the outer block 72 which
in conjunction with the adjacent wall of the inner block
70 forms a circular chamber 106 having tangentially
disposed fluid ports 108 and 110 (FIG. 2). Although
not shown, a small clearance is provided between the
opposite outer sides of the rotor 96 and their respective
opposing faces of the block 76 and 72. The rotor 96 has
a peripheral recess 112 which is divided into a plurality
of sub-chambers 113 by a plurality of vane members
114 carried by the walls defining the rotor recess 112.
The vane members 114 may be attached to the rotor 96
by any suitable means such as being integrally formed
with the rotor 96, as shown. Whenfluid under pressure
is admitted to each sub-chamber 113 through the fluid
port 108, the force of the fluid striking the vane mem-
bers 114 will cause the rotor 96 to freely rotate in a
clockwise direction, as viewed in FIG. 2, until the walls
116 of the rotor slots 95 will impact the spline sections
94. The continued flow of fluid against the vane mem-
bers 114, in addition to the momentum of the rotor 96,
will rotate the shaft 57. As the rotor 96 rotates in a
clockwise direction, the fluid is exhausted through the
fluid port 110. In the same manner, fluid under pres-
sure admitted to the sub-chambers 113 through the
fluid port 118 will cause. the rotor and thus shaft 57 to
rotate in a counterclockwise direction, as viewed in
FIG. 2, while fluid is exhausted through fluid port 108.

It should be noted that any axial loads which are
transmitted from the actuating rod 38 and the piston 26
are taken by the bearings 82 and 98 as the shoulders 86

-and 102 on the opposite sides of the enlarged section

92 are in an abutting force transmitting relationship
with the bearings and not with the rotor 96.. Thus, the
rotor 96 is not subjected to these axial loads.

The shaft §7 and actuating rod 38 each may be con-
structed of any suitable material depending upon the
desired application, while the mating threaded portions
52 and 54 of the actuating rod 38 and the shaft 57, re-
spectively, may be of any desired configuration. In the
preferred embodiment, the threaded portions 52 and
54 are illustrated as having a conventional Unified
Thread of a predetermined pressure angle A and a lead
angle B. In the present example of the invention, the
relationship between the threaded portion 55 of the
shaft 57 and the threaded portion 52 of the actuating
rod 38 is such that the two mating threaded portions
engage in a self-locking manner and thus there can be
no axial movement of the piston 26 within the tubular
housing 12 when pressure is acting on the piston 26 to
move the same as hereinbefore described, unless there
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is first relative rotational movemert between the piston
26 and the shaft 57. Since the piston 26 and the actuat-
ing rod 38 are restrained from rotating by the rod 64,
the shaft 57 must be rotated to permit axial movement
of the piston 26 and rod 38.

In the embodiment illustrated, a self-locking relation-
ship is achieved when the coefficient of friction be-
tween the engaged threaded portion 55 of the shaft 57
and the threaded portion 52 of the actuating rod 38 is
at least equal to or greater than the product of the co-
sine of the pressure angle A and the tangent of the lead
angle B, that is:

Coefficient of Friction (cos A) (Tan B)

When this relationship exists, the piston 26 will not
reciprocate within the tubular housing 12, irrespective
of how much pressure is admitted to either the extend-
ing or retracting chambers 28 and 30, until the shaft 57
is rotated relative to the actuating rod 38 and the piston
26.

Referring to FIG. 3, there is illustrated a schematic
circuit diagram of a preferred hydraulic system 120
adapted for particular use with the present invention
and comprising a pump 122 adapted to draw fluid from
a reservoir 124 through a fluid filter 126 and a conduit
128. The pump 122 directs pressurized fluid through
conduits 130 and 132 to a pair of conventional solenoid
actuated directional control valves 134 and 136, re-
spectively. The control valve 134 is adapted to selec-
tively direct fluid under pressure to one of the fluid
ports 58 or 62 on the opposite sides of the fluid cylinder
10 through conduits 138 and 140, respectively, for se-
lectively pressurizing either the retracting chamber 30
or the extending chamber 28 to thereby cause recipro-
cation of the piston 26 as hereinbefore explained. An
exhaust conduit 142, connected to the valve 134, com-

=

municates the unpressurized chamber to the reservoir

124. At the same time the second control valve 136
may selectively direct fluid under pressure from pump
122 to one of the fluid ports 108 or 118 of the rotary
actuator 74 through conduits 144 or 146, while fluid
being discharged from the other port 108 or 110 of the
actuator 74 is exhausted through exhaust conduit 142.

In operation, when extension of the actuating rod 38
is desired, pressure fluid is directed through fluid port
62 to the extending chamber 28, while simultaneously
pressure fluid is directed to the fluid port 119 of the ro-
tary actuator 74 so as to rotate the shaft 57 ina coun-
terclockwise direction (as viewed in FIG. 2). In normal
operation, the rate at which the shaft 57 is rotated de-
termines the speed at which the piston 26 will traverse
within the tubular housing 12; however, it is the pres-
sure within chamber 28 acting on the piston 26 that de-
termines the force imparted to the load. Although, the
main purpose for rotating the shaft 57 is to permit axial
movement of the piston 26, the shaft 57 does provide
an additional force to aid in the movement of the piston
26. When it is desired to retract the piston 26, the posi-
tion of directional control valve 134 and 136 are re-
versed to direct pressure fluid through fluid port 58 to
the retracting chamber 30 and to the fluid port 108, re-
spectively, to exert a force on piston 26 to move the
same rightwardly as the rotary actuator 74 is rotated in
an opposite direction, that is, in a clockwise direction
as viewed in FIG. 2.

It will be noted that although the preferred embodi-
ment illustrates an impulse type rotary actuator 74 for
causing relative rotational movement between. the
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threaded portions 52 and 55 of the actuating rod 38
and the shaft 57 respectively, other actuators, such as
a gear motor, a helical spline or a piston-rack actuator,
may be employed to accomplish the same results.

It can also be seen that at any time during the move-
ment of the piston 26 with respect to the tubular hous-
ing 12 a cessation in the flow of the pressure fluid to the
rotary actuator 74 will immediately stop the movement
of the piston 26 as the piston cannot move due to the
locking relationship between the engaged mating
threaded portions 52 and 55. In addition to the capabil-
ity of stopping the piston 26 at any point along its path
of movement between an extended and a rétracted po-
sition, the need for a cushion, as is typical in such fluid
cylinders, is not required as the locking engaging be-
tween the piston 26 and the shaft 57 can function in
place of a cushion to prevent impact of the piston 26
with the end covers 14 and 16.

1t should also be noted that a cessation in the move-
ment of the piston 26 as produced by the non-rotation
of the shaft 57 prevents the piston 26 from moving irre-
spective of the amount of pressure generated in either
of the retracting or extending chambers and thus the
piston 26 can be restrained against axial movement
without any external source of power being applied to
the shaft 57. . )

In the event of a failure in the system 120, either be-
cause of a blow-out across the piston 26 between the
retracting and extending chambers or a failure in the
conduits connecting the chambers to the pump 122,
the piston 26 may be immediately stopped in position

- and the load restrained against further movement by
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closing communication between the rotary actuator 74
and the pump 122, and thus a safety mechanism is pro-
vided.

In the event of such a failure, it should be further
noted that the rotary actuator 74 can function to recip-
rocate the actuating rod 38 even though the retracting
and extending chambers are not functional, in that the

- rotary actuator 74 has the capacity to impart a recipro-
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cal movement to the actuating rod 38 through the en-
gagement of the threaded portions 52 and 55.

In the event of a system failure with respect to sup-
plying pressure fluid to the rotary actuator 74, such as
a failure of pump 122, the rotary actuator 74 will not
rotate and thus the piston 26 is restrained from axial
movement by the locking engagement between the
threaded surfaces 52 and 55. In this condition, the ex-
ternal load will be prevented from moving.

It can thus be seen that the present invention has pro-
vided a new and improved fluid cylinder which is sim-

' ple in its construction; which functions as a safety lock

60

65

in the event of a pressure failure without the need of an
external power source, and is adapted to function as a
back-up system to provide a driving force for the fluid
cylinder.
What is claimed is as follows: »
1. A fluid pressure operated actuator comprising:
a tubular housing having an internal bor enclosed at
its opposite ends; o
piston means axially reciprocally disposed in bore tu-
bular housing bore and dividing said bore into two
pressure chambers;
means for communicating pressure fluid to one of
said pressure chambers while exhausting the other
of said pressure chambers to move said piston
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means in one direction in said tubular housing
bore; . ’

an actuating rod carried by said piston means and ex-
tending from one side of said piston means through
one enclosed end of said tubular housing;

a member extending from the opposite side of said
piston means and rotatably supported in the other
enclosed end of said tubular housing, said member
having a threaded portion engaging a mating
threaded portion of the actuating rod carried by
said piston means, the engaging threaded portion
carried by said piston means and the threaded por-
tion of said member being in a self-locking relation-
ship such that said piston means is axially movable
only when said one pressure chamber is communi-
cated to said pressure fluid and said member is ro-
tated relative to said piston means;

non-locking means for rotating said member relative
to said piston means, said non-locking means being
carried by said other enclosed end of said tubular
housing; and

means coupling said non-locking means to said mem-
ber such that said non-locking means and said
member are rotatable together after a limited
amount of independent rotational movement of
said non-locking means relative to said. member;

said non-locking means for rotating said member rel-
ative to said piston means comprising a rotor car-
ried by said member, an enclosed chamber formed
in said other enclosed end of said tubular housing,
said rotor hving a plurality ‘of radially extending
vane members which divide said last mentioned en-
closed chamber into a plurality of subchambers;
and a pair of ports, one of which is adapted to di-
rect pressure fluid into said subchambers against
said vane members to cause rotation of said rotor
and thus said member in one angular direction, the
other said ports being adapted to exhaust fluid
from said subchambers.

2. The fluid pressure operated actuator defined in
claim 1 further comprising means for preventing rela-
tive rotation between said piston means and said tubu-
lar housing. :

3. The fluid pressure operated actuator defined in
claim 1 wherein said threaded portion carried by said
piston means comprises a bore extending along the lon-
gitudinal axis of said actuating rod and opening to said
opposite side of said piston means, a portion of said
bore being threaded a selected distance, said rotatably
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supported member being in axial alignment with said
last-mentioned. bore and engaged therein.

4. The fluid pressure operated actuator defined in
claim 3 wherein the product of the cosine of the pres-
sure angle of the member and the tangent of the lead
angle of the member is equal to or greater than the co-
efficient of friction of said engaged threaded portions.

5. The fluid pressure operated actuator defined in
claim 1 wherein said coupling means comprises:

a circular section formed on said member, said circu-
lar section having at least one radially extending
motion transmitting portion, said rotor having a
circular bore receiving said circular section such
that said rotor is angularly slidable about said cir-
cular section, said rotor having a recessed portion
opening to said rotor circular bore, said recessed
portion receiving said motion transmitting portion,
said recessed portion being so sized with respect to
said motion transmitting portion to permit said
rotor to rotate about said circular section a limited
angular distance prior to engagement of a wall of
said recessed portion with said motion transmitting
portion as said rotor is rotated when one of said
pair of ports is communicated to said fluid pres-
sure, said member being rotated by said rotor only
after said engagement between said motion trans-
mitting portion and said wall of said recessed por-
tion.

6. The fluid pressure operated actuator defined in

claim 1 further comprising a source of fluid pressure;
first directional control valve means adapted to con-
nect said source of fluid pressure to said pressure
chamber to cause said piston means to move in said

one direction; and :

second directional control valve means operabie si-
multaneously upon.actuation of said first direc-
tional control valve means to communicate said
source of fluid pressure to said one of said pair of
ports to rotate said rotor and thus rotate said mem-
ber in a direction which corresponds to said one di-
rection of reciprocal movement -of said. piston
means. :

7. The fluid pressure operated actuator defined in
claim 1 when the product of the cosine of the pressure
angle of said member and the tangent of the lead angle
of said member is equal to or greater than the coeffi-

cient of friction of said engaged threaded portions.
* ok * * * '



