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FLUID PRESSURE OPERATED ROTARY
ACTUATORS
This application is a continuation-in-part application
of United States application Ser. No. 95,572 filed on or
about Dec. 7, 1970, and entitled “IMPROVEMENTS

IN OR RELATING TO FLUID PRESSURE -

OPERATED ROTARY ACTUATORS.”

This invention relates to fluid pressure operated ro-
tary actuators and, more specifically, to fluid pressure
rotary actuators in which the rectilinear movement of a
piston in a cylinder by the action of fluid pressure is
converted into totary movement of an output shaft.

It is the object of the invention to provide an im-
proved rotary actuator.

According to the present invention there is provided
a fluid pressure rotary actuator comprising a housing,
an output shaft rotatably mounted in said housing, a

2

Sealing devices 14 prevent leakage of fluid along the
shaft 13. A drum 15 is keyed to the output shaft 13 in-
side the casing 12 so as to constitute, in effect, a part of
said output shaft, and projecting ends of the shaft 13
are provided with keys 16, as shown in FIG. 2, or dre
splifted or otherwise formed to provide for the fixiiig
thereto of operating arms or other components for

- transmitting rotation of the shaft to an operated device

15

cylinder fixed to said housing with its axis tangential to .

a circle about the axis of said output shaft, two pistons
in said cylinder movable simultaneously in opposite
directions by fluid pressure acting in said cylinder, and
transmission  means for converting rectilinear move-
ment of said pistons into rotary movement of said out-
put shaft said transmission means comprising pivotally
connected link members forming a tension connection
between said pistons and adapted to make peripheral
embracing contact with the output shaft.

The assembly of pivotally connected link members
may comprise pivoted link chain, preferably leaf chain
as herein defined.

One of the pistons may be fixed to a piston rod ex-
tending through the other piston, the ends of the ten-
sion connection being connected one to said rod and
the other to said other piston.

A fixed partition may be provided in the cylinder
between the two pistons. At least one guide pulley is
provided over which the tension connection passes

between the output shaft and one of its end connec-.

tions and the pivoted link chain may be connected to
an anchorage member on the output shaft.

One form of fluid pressure rotary actuator according
to the invention will now be described, by way of exam-
ple, with reference to the accompanymg drawmgs in
which:

FIG. 1 is a longitudinal sectional elevation of the
form of actuator described;

-FIG. 2 is-a section on the line 2-2 of'F]G. 1

‘FIG. 3'is a section on the line 3-~3 of FIG. 1; -

FIG. 4 is a partial longitudinal section, corresponding
to part of FIG. 1, showing a modification;

FIG. 5 is a partial longjtudinal section similar to FlG
4, showing another modification; -

FIGS. 5a and 5b are further modifications shown in

longitudinal section and illustrating. in the respective.

views, pressure connections for moving the actuator in
opposite directions; and,

FIG. 6 is an isometric view showing an exemplary in-
stallation of the actuator. '

Referring to FIGS. 1 to 3 of the drawings, the actua-
tor comprises a cylinder 10 closed at one end by an end
plate 11 and open at its other end, a closed casing 12
being secured to the open end of the cylinder. The
closed casing 12, as shown in FIG. 2, provides bearings
for an output shaft 13 having its axis normal to the
cylinder axis and so positioned that the said cyhnder

axis is tangential to a circle about the output shaft axis.
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or devices.

The cylinder 10-is divided by a-transverse partmon
17 into two cylinder chambers 18 and 19, the chamber
18 opening into the casing 12 and the chamber 19
being closed by the end plate 11. A first piston 21 is
slidable in the chamber 18 and a second piston 22 is
slidable in the chamber 19, both pistons being provided
with fluidtight packing rings 23 engaging the cylinder
walls. The piston 22 is mounted on a rod 24 which
passes through a central Qpening in the partition 17 and
through a central opening in the piston 21, packing
means 25 and 26 being provided respectively in the
said openings. '

A flexible tension connection is provided between
the two pistons 21 and 22 by leaf chain consisting of
two lengths of chain one length 27 extending between
the piston 21 and an anchorage member 28 on the
drum 15 and the other length 29 extending between the
said anchorage member 28 and the end of the rod 24
remote from the piston 22, the length 29 passing over
an idler drum 31 rotatably mounted in the casing 12.

The term ‘leaf chain’ is to be understood as meaning
a chain comprising groups of flat side-by-side link
members, each two adjacent groups being connected
by a pivot pin and the link -members of one group ex-
tending between.adjacent link members of the next
group so that the connecting pivot pin passes through
holes in links of both groups. Each length of chain may,
as shown in FIGS. 2 and 3, consist of two separate
chains arranged side-by-side.

The anchorage 'member 28 comprises a block set
into a recess formed in the periphery of the drum 15
and secured to the drum 15 by a‘bolt 30. Each of the
said block 28, a head 32 carried by the rod 24, and an
internal lug 33 on the piston 21 is provided with slots to
receive end link members of the chain which are
pivotally secured thereto by pins 34. The section, FIG.
3, is taken through the axis of the pivot pin 34 connect-
ing the chain length 29 to the head 32 on the rod 24,
and shows the ‘portions of the said head between the
slots therein and between which the ends of the chain
links lie. The axes of the outputshaft 13 and idler drum
31, are'so positioned with respect to the cylinder axis, -
and the radii of the drum 15 and the idler drum 31 are
so selected, that thie portion of chain between the idler
drum31 and the rod 24 is aligned with the said rod, and
the portion of chain between the drum 15 and the chain
anchorage on the -piston 21 is parallel to the cylinder
axis.

A port 35 is provnded in the casing 12, and a.port 36
in the partition 17 is connected to the cylinder chamber
19 between the said partition 17 and the piston 22, the
said ports 35 and 36, when the actuator is incorporated
in a fluid pressure system, being connected by suitable
conduits to a selector valve (not shown) arranged to
connect either one of said ports to a source of fluid
pressure -and the other to a drain. Thus by connecting
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the port 35 to the pressure source the piston 21 can be
urged towards the partition 17, pulling the piston 22 in
the opposite direction towards the partition, and by
connecting the port 36 to the pressure source the
piston 22 can be urged away from the partition 17,
pulling the piston 21 in the opposite direction away
from the partition 17, the output shaft being rotated in
one direction or the other by the chain, the direction
depending on which port is connected to the pressure
source.

In a modified arrangement (FIGS. Sa, 5b) according
to the invention the partition in the cylinder may be
omitted (see FIGS. 5a and 5b). When this modified
form of actuator is incorporated in a fluid pressure
system, the port 3§ is connected by a suitable main
conduit to a source of fluid pressure, and the space
between the two pistons is connected by a suitable con-
duit to a selector valve, the selector valve being ar-
ranged to connect the space between the two pistons
22, 23 either to the source of fluid pressure (FIG. 5b)
through a branch conduit connected to said main con-
duit, or to drain (FIG. 5a). Thus, to operate the actua-
tor in one direction, the selector valve 48 is operated to
connect the space between the two pistons 22, 23 to
the source of fluid pressure, whereas to operate the ac-
tuator in the other direction the selector valve 48 is
operated to connect the space between the two pistons
to drain. During operation of the actuator in said one
direction, the liquid loading on the piston 21 is
balanced whereas there is a difference between the
liquid pressure acting on the two sides of the piston 22.
The liquid loading on the piston 22 urges the piston 22
towards the end plate 11. Consequent movement of the
piston 22 towards the end plate 11 drags the piston 21
away from the end plate 11. Such movement of the
piston 21 away from the end plate 11 forces liquid from
within the casing 12 through the port 35, the said main
conduit and the said branch conduit to augment liquid
supplied directly to the said space by the source of fluid
pressure through the said main conduit and the said
branch conduit. :

A further port 37 in the partition 17, opening into the
cylinder chamber 18 between the piston 21 and the
partition, and a port 38 in the end plate 11, may be con-

-nected either to the atmosphere or to a reservoir con-
taining oil at substantially atmospheric pressure, so that
air or oil can move freely into and out of the spaces to
which said ports are connected. The connection of the
said spaces to an oil reservoir provides lubrication and
reduces the danger of corrosion of the cylinder walls.

If it is not convenient to arrange the drum on the out-
put shaft so that the chain length extending to the
piston in the adjacent end of the cylinder is led off that
drum in a line parallel to the cylinder axis, a further
idler drum 39, similar to the drum 31, may be provided
as shown in FIG. 4 to deflect the chain into the desired
alignment, the other chain length also engaging the
idler drum 39 between the drum and the idler drum 31.

In the embodiments of the invention so far described,
the drum 15 mounted on the output shaft 13 is concen-
tric with the said output shaft, so that a constant torque
is exerted throughout the range of operation of the ac-
tuator.

In some applications of the actuator, for example, to
hinged hatch covers on ships, the maximum torque
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4

required is very high, and a concentric drum capable of
providing such torque may be inconveniently large.
The maximum torque is, howevet, required only during
the initial stages of movement in one direction, a lesser
torque being sufficient during the later stages of move-
ment in that direction and during movement in the op-
posite direction. The required high torque at ‘the
required stage of operation can be obtained by using an
eccentric drum on the output shaft 13 so arranged that,
when the actuator is in the extreme position from
which it moves to effect movement of the operated
device in the said one direction, the chain is led off the
said drum at the point of its periphery which is furthest
from the output shaft axis.

FIG. § of the drawings shows an embodiment of the
invention in which such an eccentric drum is used, the
drum being shown at 47 and the output shaft on which
it is eccentrically mounted at 48. The chain lengthis
providing the flexible tension connection to the pistons,
which pistons are not shown in the drawing, are shown
at 49 and 51 and are anchored to the drum 47 by means
of an anchorage member 52 similar to that shown in
FIG. 1, the said anchorage member being positioned at
a point on the drum periphery adjacent its position of
minimum distance from the shaft axis. Two idler drums
§3 and 54 are provided over which the chain lengths 49
and 51 pass respectively to bring the portions of the
said chain lengths adjacent their ends which are at-
tached to the pistons into parallelism with the direction
of piston movement.

Assuming that the maximum torque is required dur-
ing initial stages of clockwise movement of the output
shaft 48, FIG. 5 shows the drum 47 in full lines in the
position which it occupies at the commencement of
that movement, and in cham dotted lines in its other ex-
treme position.

Sprocket chain may be used instead of leaf chain,
and need not be anchored to the drum.15 on the output
shaft 16, the said drum being provided with teeth en-
gaged by the sprocket chain. When a leaf chain is used
the angle of rotation of the output shaft is limited to
about :180° no such limitation being necessary when
sprocket chain is used but, since a leaf chain of given
dimensions has a breaking load considerably greater
than that of a sprocket chain of the same dimensions,
an actuator for producing a given effort, using leaf
chain, can be considerably smaller than an actuator for
producing the same effort using sprocket chain. The
drum may be replaced by an integral enlargement of
the output shaft.

Fluid lockmg means of known type may be pr0v1ded
to trap fluid in-at least one of the chambers in the
cylinder so as to hold the output shaft of the actuator
against rotation except when a drive is being applied
thereto.

FIG. 6 shows, by way of example, an application of
an actuator according to the invention. The actuator
cylinder 10 is mounted in a fixed framework 41, a panel
42, required to be moved pivotally between a piston in
the same plane as a fixed surface 43 carried by the
framework and a position at an angle thereto, carrying
hinge brackets 44 which are mounted on the actuator
output shaft 16. Conduits 45 connect the port 35 and
36 of the actuator to a selector valve 46 which is in turn
connected to a source of fluid pressure and a dram

I claim:
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1. A fluid pressure rotary actuator comprising a
housing, an output shaft rotatably mounted in said
housing, a cylinder secured to said housing and
disposed with its axis tangential to a circle about the
axis of said output shaft, first and second pistons
mounted for slidable movement within said cylinder for
simultaneous actuation in opposite directions by fluid
pressure within said cylinder, a piston rod secured at
one end to said first piston and passing through an aper-
ture in said second piston so that its other end projects
on the opposite side of said second piston to said first
piston, and transmission means for converting
rectilinear movement of said pistons into rotary move-
ment of said output shaft, said transmission means
comprising pivotally connected link members forming
a tension communication between said projected end
of the piston rod and said second piston, a peripheral
surface on said output shaft with which said transmis-
sion means make peripheral embracing contact, and at
least one guide pulley over which the said transmission
means passes between the output shaft and one of the
transmission means end connections.

2. A fluid pressure rotary actuator according to claim
1, wherein the assembly of pivotally connected link
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members comprises pivoted link chain.

3. A fluid pressure rotary actuator according to claim
2, wherein the pivoted link chain is leaf chain.

4. A fluid pressure actuator according to claim 1,
wherein a fixed partition is provided in the cylinder
between the two pistons.

5. A fluid pressure actudtor according to claim 3,
wherein the pivoted link chain is connected to an
anchorage member on the output shaft.

6. A fluid pressure actuator according to claim 5,
whereiri the pivoted link chain comprises two separate

. portions each connected at one end to the anchorage

member and at the other end to one of the pistons.

7. The fluid pressure actuator according to claim 1,
including a selector valve for connecting the space
between the two pistons to a source of fluid pressure or
to drain and means for reversing the power actuation
by communicating fluid pressure to an opposite side of
the piston which is actuated in a direction effecting
forcible tensioning of said link members and simultane-
ously connecting the space between said pistons to
drain.



