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@ Rotary Actuator.

A rotary actuator includes a housing (10, 12} defining an
opening, an output shaft (15} extending through the opening,
a stator vane {45) and rotor vane (42) associated with the
output shaft (15) and opening to define a plurality of
actuation chambers (54...57) and an inner surface of the
hosing {10, 12) extending inwardly past a shoulder portion of
the output shaft (15} to seal directly against the shaft (15).
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Rotary Actuator

BACKGROUND OF THE INVENTION

The present invention relates generally to the field
of rotary.actuators and more particularly, to a vane type
rotary actuator with an improved means for sealing the pneumatic
actuation chambers.

In general, a rotary actuator causes the rotation
of an output drive shaft through a fixed arc at relatively
high, instantaneous torque and relatively low speed. A vane
type rotary actuator includes a housing defining an inner
chamber, a drive shaft extending through the inner chamber
and at least one stationary (stator) vane and one rotating
(rotor) vane defining a plurality of accuation chambers. A
single vane rotary actuator comprises a single stator vane
connected with the interior of the cylinder wall and a single
rotor vane connected with the rotating output shaft. By
selectively introducing pressurized pneumatic fluid into and
exhausting such fluid from the chambers defined between these
vanes, the output shaft is caused to rotate, thus permitting
it to drive any device where such rotational movement is desired.
A single vane rotary actuator, by its very nature, is limited
to a rotational arc of less than 360°.

A double vane rotary actuator, includes a pair of
stator vanes, a pair of rotor vanes and a pneumatic accuation
chamber between each of these vanes. With a double vane rotary
actuator, the torque which can be created with a given pressure
is significantly increased. The drawback to a double vane
rotary actuator as opposed to & single vane is that it is

limited to a rotational arc of less than 180°.
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One objective in the design and manufacture of all

[
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vane type rotary actuators is to provide an effective seal

for the accuation chambers so that air or other pneumatic
fluid leakage between such chambers can be minimized. One

area which has caused particular problems in the manufacture
of vane type rotary actuators is the area between the junction
of the output shaft, the rotor and stator vane seals and the
end cap. In presently existing rotary actuators, this sesal

is accomplished by an annular end cap seal member which is
positioned in an annular groove in the end cap to seal against
a portion of the output shaft as well as portions of the stator
and rotor vane seals. These end cap seals which have included
"O" ring, quad and various other types of seals have rounded
corners; thus, there is always a small annular opening between
actuation chambers through which leakage can occur. This
accordingly reduces the effié&ency of the actuator. The prior
designs also embody a structure in which a portion of the
rotor vane seal engages the end cap seal. This involves contact
between one seal member and another, which is normally a
rubber to rubber or elastomer to elastomer contact. Because

of this contact, the "break away" force, or the force needed
to start the vane moving, is quite high and the seal life

is quite short.

Accordingly, there is a need in the art for a vane
type rotary actuator with improved seal means so as to reduce
the "break away" force, increase the seal life and also prevent
leakage between the actuation chambers.

SUMMARY OF THE INVENTION

The present invention relates to a vane type rotary
actuator which overcomes the deficiencies in the prior art

by significantly improving the actuation chamber seals. In
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the preferred structure of the present invention, all rubber
to rubber and elastomer to elastomer contact has been eliminated.
This in turn leads to a significant reduction in the "break
away" force and a significantly longer seal life. Additionally,
the seal means of the present invention virtually eliminates
all leakage so that the chambers in the actuator are "bubble
tight”, thus increasing the efficiency of the actuator.

The specific structure of the rotary actuator of
the present invention eliminates the annular groove and corre-
sponding annular seal in the end caps which are cbmmon in
prior art devices. Instead, the improved structure of the
present invention causes a shoulder portion of the output
shaft to be sealed directly against an inner surface of the
end wall. To accommodsate this seal, the end cap is designed
with an inner surface which extends inwardly past a portion
of the output shaft so that a shoulder bortion of such shaft
will bear directly agesinst it in sealing relationship. In
the preferred embodiment, the inwardmost edge of this énngr
surface is cantilevered to give it limited flexibility. This
permits the inner surface to make contact with the shoulder
portion of the output shaft in a sealing relationship.

A further feature of the present invention is the
provision of a lip seal to form both the stator and rotor
seals and means embodied in one of such seals to preclude
undesirable engagement between the lip edges of these seal
members during operation. In the preferred embodiment, this
stop member includes appropriate bumpers or raised portions
disposed on the faces of either the stator or rotor seals.

Accordingly, it is an object of the present invention
to provide an improved vane type rotary actuator which reduces

the "break away" force, increases the seal life and minimizes
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the "break away" force, increases the seal life and minimizes
leakage between the actuation chambers.

Another object of the present invention is to provide
a vane type rotary actuator having an improved seal means
which elimiates all rubber to rubber or elastomer to elastomer
contact.

A further object of the present invention is to
provide a vane type rotary actuator in which a shoulder portion
of the output shaft and portions of the end edges of the stator
and rotor vane seals all seal against the inner surface of
the end caps.

Another object of the present invention is to provide
a vane type rotary actuator having lip seals around the perimeter
of the stator and rotor vanes and improved means for limiting
interference between the lip portions of such seals.

These and other objects of the present invention
will become apparent with reference to the drawings, the descrip-
tion of the preferred embodiment, and the appended claims.

DESCRIPTION OF THE DRAWINGS

Figure 1 is a pictorial view of a rotary actuator
in accordance with the present invention.

Figure 2 is a pictoriél, broken apart view of the
rotary actuator of the present invention.

Figure 3 is a pictorial broken apart view of the
output shaft and assqciated rotor seals in accordance with
the present invention.

Figure 4 is a view, partially in section, as taken
along the section line 4-4 of Figure 1.

Figure 5 is a viéw, partially in section, as viewed

along the section line 5-5 of Figure 4.
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Figure 6 is a view, partially in section, as viewed
along the section line 6-6 of Figure 4.

Figure 7 is an elevational view, with portions broken
away, of the inside surface of one of the end caps.

Figure 8 is an elevational view of the outer surface
of one of the end caps.

Figure 9 is a view, partially in section, as viewed
along the section line 9-9 of Figure 8.

Figure 10 is a pictorial, split view of one of the
rotor seals.

Figure 11 is a pictorial, split view of one of the
stator seals.

Figure 12 is an elevational end view of the actuating
cylinder portion without the stator seals.

Figure 13 is an enlarged éectional view of a portion
of the end cap in accordance with the preferred embodiment
of the present invention.

Figure 14 is a view, partially in section, of one
of the end caps and a portion of the output shaft and rotor
vane seals showing an alternate embodiment in accordance with
the present invention.

Figure 15 is a view, partially in section, of a
further embodiment of the present invention.

DESCRIPTION OF THE PREFERRED EMBODIMENT

Figure 1 is a pictorial view of a rotary actuator
in accordance with the present invention. The actuator includes
a housing comprising a2 cylinder portion 10, a pair of end
caps 11 and 12 and an end portion 16 of the output shaft 14.
Figure 2 is a pictorial view of the rotary actuator of the
present invention which has been broken apart to show the

various internal components. As illustrated, the cylinder
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portion 10 is sandwiched between the end caps 11 and 12 and
includes a generally cylindrically shaped opening 24 extending
therethrough in its longitudinal direction. Disposed within

the cylindrical opening 24 are a pair of stator vanes comprising
a pair of stator seal assemblies 25 and 26. These seal assemblies
25 and 26 engage the inner cylindrical surface of the opening

24 and extend radially inwardly from diametrically opposed
positions toward the output shaft 14.

Each of the end caps 11 and 12 includes an annular
recessed groove 36 disposed near the outer edge of its inner
face. The groove 36 is adapted to receive a conventional "o“
ring 22 or other seal member to provide a sealing relationship
between the inner surface 38 of each of the end caps 11 and
12 and a respective end face of the cylinder portion 10. Each
of the end caps 11 and 12 is provided with a plurality of
openings 29 to accept corresponding threaded screws 30 or
other connection members to retain the end caps 11 and 12
in sealing relationship against the end faces of the cylinder
10. In the preferred embodiment, the cylinder portion 10 is
provided with a groove 28 of generally circular cross sectional
configuration along each of its corner edges. Each of the
grooves 28 is alighed with one of the openings 29 in the end
caps 11 and 12 to threadedly receive the screws 30. The grooves
28 can be provided with internal threads or they can be designed
to receive self tapping screws 30 of the type contemplated
by the preferred embodiment. The cylinder portion 10 is preferably
constructed of a light metal such as aluminum, although various
other materials including certain plastics can also be used.

An output shaft 14 is centrally positioned within
the cylindrical opening 24 and extends through the cylinder

10. The output shaft includes a central portion 15 of an enlarged
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diameter and an end section 16 of lesser diameter extending

outwardly along the longitudinal axis from each end of the

central portion 15. A pair of shoulder portions 18 join the

central portion 15 with the end portions 16. Each of the shoulders

18 includes an annular surface which, in the preferred embodiment,
is disposed at generally right angles with respect to the
longitudinal axis of the shaft 14.

A pair of rotor vanes comprising a pair of rotor
seal assemblies 19 and 20 are mounted onto the central portion
15 of the output shaft 14 along its longitudinal axis and
on diametrically opposite sides. As illustrated best in Figures
3, 4, 6, and 10, each of the rotor vane seal assemblies is
comprised of a rigid mounting element 42 and an outer lip
seal member 44. The rigid mounting members 42 are secured
to the central portion 15 of the output shaft in a loagitudinal
slot 41 by any appropriate means such as cementing or by press
fitting the members 42 into their respective slots 41. Figure
10 is a picéorial, split view of the lip seal member 44, As
shown, the member 44 includes an inner, rectangularly shaped
opening 50 which fits over and is secured to the mounting
member 42. Disposed on the outer side surfaces of each of
the lip seal members 44 is a raised portion or bumper 21 which
is adapted for engagement with a side portion of the stator
seal. The bumper 21 functions to limit the rotational movement
of the output shaft 14 and thus the entire rotor so as to
preclude interference or undesirable contact between the lip
portions of the rotor seals 19 and 20 and the stator seals
25 and 26. The lip seal members 44 are connected to the mounting
member 42 and also to the central portion 15 by appropriate
adhesive or vulcanization means. When fully assembled, the

lip portions of each of the seal members 44 form a sealing



10

15

20

25

30

0169511

relationship with the inner surface of the cylindrical opening
24 and the inner surfaces of the end caps 11 and 12. Although
the lip seal member 44 can be constructed from a variety of
different materials, the preferred embodiment contemplates
the seal member 44 to be constructed of Buna N.

As illustrated in Figures 4, 5, 11 and 12, each

of the stator vane seal assemblies 25 and 26 is comprised

of an inner support member 45 integrally formed with the cylinder

10 and an outer lip seal member 46. The support portions 45
are diametrically opposed to each other and extend in a longi-
tudinal direction along an inner sutface of the cylindrical
opening 24. As illustrated in Figure 5, the ends of the support
member 45 do not extend all the way to the end face of the
cylinder 10, but are spaced inwardly therefrom to accommodate
the lip seal member 46. The structure of the lip seal member
46 is shown best in Figures 4 and 11. The lip seal member

46 includes a central groove 51 corresponding substantially
in shape and size to the cross sectional configuration of

the support member 45, thus permitting the member 46 to be
placed over and retained by the support 45. The seal 46 is
retained in this positioﬁ by the shaft 18. An appropriate
adhesive or other means may also be used. When so positioned,
the lip portions of the seal 46 form a sealing relationship’
with the inner surface of the opening 24, the central portion
15 of the shaft 14 and the inner end surfaces of the end caps

11 and 12.

The structure of the end caps 11 and 12 is illustrated

best in Figures 1, 7, 8, 9 and 13. As described above, each
of the end caps 11 and 12 includes a plurality of openings
29 to facilitate connection of the end caps to the cylinder

portion 10. Each of the end caps 11 and 12 is also provided
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.n a pair of openings or ports 39 and 40 on the inner surface

“wswe

38 (Figures 2 and 7) which are in communication with the interior
of the pneumatic actuation chambers when the actuator is
assembled. As illustrated best in Figure 7, each of these
ports 39 and 40 is directly connected by passages 48 and 49,
respectively, to a supply and exhaust port 34. As shown in
Figures 2, 9 and 13, the inner surface 38 of each of the end
caps 11 and 12 extends inwardly toward the shaft 14 to a centrally
positioned circular opening 33. The portion of this inner
surface 38 adjacent to the opening 33 forms the inner side
surface of an annular portion 32 in each of the end caps 11
and 12. This annular portion 32 extends radially inwardly
from the main body portion of the end cap and is defined at
its innermost edge by the opening 33. The inner surface of
this annular portion 32 forms a sealing surface for engagement
by the shoulder 18 of the shaft 14.

Each of the end caps also includes a counterbore
31 into which a bearing member 35 is seated. In the preferred
embodiment, the counterbore 31 extends inwardly to the annular

portion 32 and has a diameter of D, (Figure 13). The diameter

3
D3 is preferably greater than the diameter of the central
portion 15 of the shaft to allow the portion 32 to flex slightly
when engaged by the shoulder portion 18 of the shaft. The
bearing 35 is press fit into the bore 31 and includes a central
opening to rotatably support the end portion 16 of the output

or drive shaft 14. The dimension D2 shown in Figure 13 defines
the radial dimension of the annular portion 32, while the
dimension D1 defines the longitudinal dimension of the portion
32.

To provide the benefits of the present invention,

the innermost edge of the annular portion 32 (defined by the
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opening 33) has a diameter slightly larger than the diameter
of the end portion 16 of the shaft 14, but a diameter less
than the diameter of the central portion 15. This allows the
end portions 16 to rotate freely within the openings 33 and
the shoulder portion 18 of the output shaft to engage the
inner surface of the portion 32 in a sealing relationship
when the unit is assembled. This relationship is illustrated
best in Figures 5 and 6.

In the preferred embodiment, the length of the central
portion 15 of the shaft 14 is slightly longer than the length
of the cylinder portion 30. Thus, when the end caps 11 and
12 are connected with the cylinder portion 30, the inwardly
extending annular portions 32 will be squeezed against the
shoulder portion 18, thus forming a sealing relationship between
the shoulder 18 and the portion 32. In the preferred embodiment,
the cylinder 30 is approximately 44.73 mm, whereas the
central portion 15 is approximately 0.125 mn longer. Because
of this difference in length, the annular portions 32 are
slightly flexed as the end caps 11 and 12 are secured to the
cylinder‘poftion 30. Thus, the annular portions 32 must be
capable of accommodating this flexing. Although the annular
portion 32 can have various dimensional configurations, the
preferred embodiment contemplates a structure in which the
longitudinal dimension D1 of the portion 32 is less than the
radial dimension D2. The portion 32 should also be constructed
of a material which permits the above flexing. Although various
metals and other materials will function satisfactorily, the
preferred embodiment contemplates the end caps to be constructed
of a hard plastic such as bylon.

When fully éssembled, the shaft 14 with its rotor

seal assemblies 19 and 20 is inserted into the cylindrical
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opening 24 in the cylinder portion 10. The "O" rings 22, 22
are then inserted in the corresponding grooves 36 on the inside
surface of the end plates 11 and 12 and the end plates are
secured to the end faces of the cylinder portion 10 by the
screws 30. As the screws are tightened, the inner surface
of the annular portion 32 (Figures 9 and 13) is biased against
the shoulder portions 18 of the shaft 14 in a sealing relation-
ship. The end portions 16 of the shaft are rotatably supported
by the bearing members 35.

In its fully assembled condition, a plurality of
actuation chambers are formed within the cylinder portion
10 between the various stator and rotor vanes. These chambers
54, 55, 56 and 57 are illustrated best in Figure 4. During
operation of the rotary actuator, pressurized pneumatic fluid
such as air is alternately supplied to and exhausted from
these chambers through the ports 39 and 40 and corresponding
supply and exhaust openings 34. When pressurized pneumatic
fluid is introduced into the chambers 55 and 57 through the
ports 39 and 40 and the opening 34 in the end cap 12, the
shaft 14 will be caused to rotate in a counterclockwise direction
as viewed in Figure 4. When the shaft reaches the end of its
counterclockwise rotational movement as defined by engagement
between the bumpers 21 and the side surfaces of the stator .
seal 46, appropriate valving will cause the fluid in the chambers
55 and 57 to be exhausted through the ports 39 and 40 and
the opening 34 in the end cap 12. At thé same time pressurized
fluid will be introduced into corresponding ports 39 and 40
and openings 34 in the end cap 11. It should be noted that
the opening 34 and the ports 39 and 40 in the end cap 11 are
in communication with the actuation chambers 54 and 56. The

supply of pressure to these chambers will cause the shaft
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14 to rotate in a clockwise direct{on.
As illustrated best in Figures 5 and 6, both the
éide edges of the rotor and stator seal members, reference
numerals 44 and 46, respectively, and the shoulder portion
18 of the shaft 14 are in sealing engagement with the inside
surface 38 of the end caps 11 and 12. Also, the inner edge
of the stator seal members 46 (Figure S5) and the innermost
portion of the side edges of the rotor seal members 44 are
in sealing relationship with the central poftion 15 of the
shaft. This combined seal relationship results in the elimination
of any rubber to rubber contact and significantly reduces
any leakage between the various actuation chambers, thereby
increasing the efficiency of the actuator.
It is contemplated that various modifications and
alternate embodiments can be designed which are different
from the preferred embodiment described above, but nevertheless,
still incorporate the novel features of the present invention.
For example, Figure 14 illustrates one such alternate embodiment.
In Figure 14, the end cap assembly includes an end cap support
member 60 and an adjacent end cap seal plate 61. In this embodi-
ment, a groove is ‘formed in the end surface of the cylinder
10 and an "O" ring 64 is positioned therein to seal against
the inside surface of the plate 61. The plate 61 extends inwardly
past the center bore 31. This forms an inwardly extending
annular portion 65 for sealing relationship with the central
portion 15 of the output shaft. The shaft is rotatably supported
at each of its ends 16 by an appropriate bearing 35.
An alternate structure is also contemplated which
has no separate end caps or cylinder portion, but which includes
actuation chambers having a cross sectional configuration

of a semi-circle, a semi-elipse or some other configuration
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such as that illustrated in Figurefls. In this embodiment,
an "o" ring 71 is disposed between a pair of housing sections
66 and 68. The output shaft includes a central portion 15
and a pair of end portions 16. A pair of rotor seals 69 and
supports 70 are connected with the central portion of the
shaft 15 and are configured to conform with the inner surface
of the housing sections 66 and 68. The inner surface defined
by the sections 66 and 68 is symmetrical and includes an inner
annular portion 32 for sealing engagement with the central
portion 15 of the output shaft.

Accordingly, it is intended that the scope of the
present invention be dictated by the appended claims rather

than by the description of the preferred embodiment.
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1. A rotary actuator comprising:

a housing (10...12) havigé a generally cylindrical opening
(24) formed therein, said opening (24) being defined on its
sides by an inner cylindrical surface and on its ends by a
pair of spaced, generally parallel end surfaces (38), each
of said end surfaces (38) extending inwardly to a center
opening (33); |

a centrally disposed shaft (14) extending through said
cylindrical opening, said shaft (14) having a central portion.
(15) disposed within said cylindrical opening (24) and a
pair of end portions (16) extending outwardly from the ends
of said central portion (15) along the longitudinal axis of
said shaft (14) and through said center openings (33), at
least the ends of said central portion (15) having a diameter
greater than the diameter of said end portions (16) and
greater than the diameter of said center opening (33) énd
said end portions (16) having a diameter less than the
diameter of said center opening (33), said shaft (14) further
including a pair of shoulder portions (18) disposed between
said central portioﬁ (15) and said end portions (16) for
sealing engagement with a portion of said inner end
surfaces adjacent to said center opening (33):;

a first vane member (25, 26) connected with said inner

cylindrical surface and having first seal means (46) for
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sealing engagement with said end surfaces (38) and said
central portion (15) of said shaft (14);
a second vane member (19, 20) connected with said central
portion (15) of said shaft (14) and having second seal
means (44) for sealing engagement with said end surfaces
(38) and said inner cylindrical surface;
a pair of actuation chambers (54...57) defined between
said first and second vane members (25, 26; 19, 20); and
means (34, 39, 40, 48, 49) for introducing pressurized
fluid into and exhausting pressurized fluid from said

actuation chambers (54...57).

2. The actuator of claim 1, wherein said housing (10...12)
includes a pair of spaced end caps (11, 12) embodying said

end surfaces (38) and said center opening (33).

3. The actuator of claim 2, wherein each of said end caps
(11, 12) includes an outer surface generally parallel to its
end surface (38) and a counterbore (31) extending inwardly
from said outer surface toward said end surface (38) on an
axis which is common with the axis of said center opening
(33), said counterbore (31) having a diameter (D3) greater
than the diameter of the ends of said central portion (15)

of said shaft (14).
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4. The actuator of claim 2 or 3, wherein said hoﬁsing
(10...12) includes a tubular section (10) disposed between
said end caps (11, 12), said tubular section (10) having

a length less than the length of said central portion (15)
so as to create a sealing force between said shoulder
portions (18) and said end surfaces (38) when said rotary

actuator is assembled.

5. The actuator of any of claims 2 to 4, wherein said end
caps (11, 12) are constructed of a synthetic, plastic

material, preferably nylon.

6. The actuator of any of claims 1 to 5, wherein each of
said shoulder portions (18) includes a generally annular
surface extending between said central portion (15) and
its respective end portion (16) for sealing engagement
with that portion of the end surface (38) adjacent to said

center opening (33).

7. A rotary actuator comprising:

a housing (10...12) having a chamber formed therein, said

chamber (24) being defined by an inner surface;

a pair of shaft openings (33) on diametrically opposite

ends of said chamber (24);
a shaft (14) having a central portion (15) disposed

within said chamber (24), a pair of end portions (16)
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extending outwardly from said central portion (15) and
through said shaft openings (33) and a shoulder portion (18)
joining each of said end portions (16) with said central
portion (15), at least the ends of said central portion (15)
having a diameter greater than the diameter of said shaft
openings (33) and said end portions (16), each of said
shoulder portions (18) including a generally annular surface
extending between said central portion (15) and its
respective end portion (16) for sealing engagement with that
portion of said inner surface adjacent to said shaft openings
(33);

a first vane (25, 26) connected with said inner surface
and having first seal means (46) for sealing engagement with
said central portion (15) of said shaft (14);

a second vane (19, 20) connected with said central portion
(15) of said shaft (14) and having second seal means (44)
for sealing engagement with said inner surface;

at least a pair of actuation chambers (54...57) defined
between said first and second vane members (25, 26; 19, 20); and

means (34, 39, 40, 48, 49) for selectively introducing
pressurized -fluid into and exhausting pressurized fluid from

said actuation chambers (54...57).

8. The actuator of claim 7, wherein said chamber (24) is
symmetrical and includes an axis of symmetry and wherein

said shaft openings (33) are concentric with said axis of

symmetry.
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9. The actuator of claim 8, wherein said housing includes
a couhterbore (31) spaced outwardly from each of said shaft
openings (33) and being concentric with said axis of
symmetry, said counterbore (31) having a diameter (D3)
greater than the diameter of the ends of said central

portion (15) of said shaft (14).

10. The actuator of any of claims 7 to 9, wherein said
housing (10...12) is constructed of a synthetic plastic

material, preferably nylon.

11. The actuator of claim 3 or 9, including a bearing (35)
disposed in said counterbore (31) of each of said end caps
(11, 12) for rotatably supporting said end portions (16)

of said shaft (14).

12. The actuator of any of claims 1 to 11, wherein said

first and second seal means (46, 44) are lip seal means.

13. The actuator of claim 12, wherein at least one (44) of
said first and second seal means (46, 44) includes a
raised portion (21) to prevent interference between the

edges of said first and second lip seal means.
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