(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property
Organization
International Bureau

(43) International Publication Date
28 April 2005 (28.04.2005)

(10) International Publication Number

WO 2005/038269 A1l

(51) International Patent Classification’: F15B 15/12,
F16J 15/54
(21) International Application Number:
PCT/US2004/034132

(22) International Filing Date: 15 October 2004 (15.10.2004)

(25) Filing Language: English

(26) Publication Language: English

(30) Priority Data:
60/511,637
10/920,885

17 October 2003 (17.10.2003) US
18 August 2004 (18.08.2004) US

(71) Applicant (for all designated States except US): HONEY -
WELL INTERNATIONAL INC. [US/US]; 101 Colum-
bia Road, P.O. Box 2245, Morristown, NJ 07960 (US).

(72) Inventors; and

(75) Inventors/Applicants (for US only): PORTOLESE,
Larry, A. [US/US]; 12776 Vicki Lane, Granger IN 46530
(US). ROWAN, William, Scott [US/US]; 50945 Persim-
mon Hills Drive, South Bend, IN 46628 (US). FLUGA,
Gerry, E. [US/US]; 5205 West Shore Drive, Bremen, IN
46506 (US).

(74) Agents: HOIRIIS, David et al.; Honeywell International
Inc., 101 Columbia Road, P.O. Box 2245, Morristown, NJ
07960 (US).

(81) Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,
AT, AU, AZ, BA, BB, BG, BR, BW, BY, BZ, CA, CH, CN,
CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE, EG, ES, FI,
GB, GD, GE, GH, GM, HR, HU, ID, IL, IN, IS, JP, KE,
KG, KP, KR, KZ, LC, LK, LR, LS, LT, LU, LV, MA, MD,
MG, MK, MN, MW, MX, MZ, NA, NI, NO, NZ, OM, PG,
PH, PL, PT, RO, RU, SC, SD, SE, SG, SK, SL, SY, TJ, TM,
TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, YU, ZA, ZM,
ZW.

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
ZW), Burasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI,
FR, GB, GR, HU, IE, IT, LU, MC, NL, PL, PT, RO, SE, SI,
SK, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,
GW, ML, MR, NE, SN, TD, TG).

Published:
—  with international search report

[Continued on next page]

/E ; t 50 /25

(54) Title: ROTARY ACTUATOR WITH INTEGRATED SELECT HIGH PRESSURE VANE SEAL

20 > 7
g 5 5 El
40

30

57038269 A1 | IV VY0 A O 0

T
22(26)7 28(29)
2 23(27))

(57) Abstract: A rotary actuator includes one or more rotor vanes (40); an endplate (60); a corner seal (30) being positioned between
the rotor vanes (40) and the endplate (60); a vane seal (20); a high pressure chamber and a low pressure chamber; and a single channel

& (22) extending from a lower portion of a vane seal groove (25) to a common channel (28) beneath the vane seal (20), wherein the

& high pressure chamber is in fluid communication with the corner seal (30) via the single channel (22) and the common channel (28).
The common channel (28) may be formed in the rotor vane (40) or provided separately in a rotor vane flow sleeve (21) positioned
along an interior surface of the rotor vane (40). The single channel (22) is machined from the bottom of the vane seal groove (25) to
the area behind the corner seal (30). A second set of endplates (60), corner seal (30), single channel (26) and common channel (29)
may be provided at an axially opposite end of the rotor vane (40) from the first set channels in each rotor vane (40).



WO 2005/038269 A1 1IN} NDVYH0 T 0O 00 00000 A

—  before the expiration of the time limit for amending the Fortwo-letter codes and other abbreviations, refer to the "Guid-
claims and to be republished in the event of receipt of ance Notes on Codes and Abbreviations” appearing at the begin-
amendments ning of each regular issue of the PCT Gagzette.



10

15

20

25

WO 2005/038269 PCT/US2004/034132

ROTARY ACTUATOR WITH INTEGRATED SELECT HIGH PRESSURE VANE SEAL

STATEMENT REGARDING FEDERALLY SPONSORED RESEARCH
[0001] The present invention was made with Government
support under Contract No. NOOO19-02-C-3003 awarded by the United

States Navy. The Government has certain rights in this invention.

CROSS-REFERENCE TO RELATED APPLICATIONS

[0002] This nonprovisional application claims priority under 35
U.S.C. 8 119 on U.S. Provisional Paent No. 60/511,637, entitled
“INTEGRATED SELECT HIGH PRESSURE VALVE” and filed on October
17, 2003, the entirety of which is hereby incorporated by reference.

TECHNICAL FIELD AND INDUSTRIAL APPLICABILITY OF THE INVENTION

[0003] The present invention is generally directed to the field
of rotary vane actuators, and more particularly to vane sealing for rotary
\

vane actuators.

DESCRIPTION OF THE BACKGROUND ART
[0004] United States Patent Nos. 2,798,462 {Ludwig et al.);
3,053,236 (Self et al.); 3,155,013 (Rumsey); 3,195,421 (Rumsey et al.);
3,232,185 (Kummerman); and 3,583,838 (Stauber), the entirety of each

of which are hereby incorporated by reference, describe a variety of
control devices, actuators and sealing systems for a range of fluid motors
and/or pumps.

[0005] Self et al. describe an oscillatory actuator seal system
for an actuator assembly of the background art. As seen in FIGs. 1-3 of
Self et al., a rotor shaft (element 8) having a péir of diametrically opposed
rotor vanes {elements 9 and 10) is provided centrally between a pair of
branch rotor shaft vane chambers within a generally rectangularly shaped
actuator housing {element 6). The rotor vanes (element 9 and 10)
separate the pair of fluid chambers into opposed compartments, i.e., a
first vane (element 9) divides a first chamber into a first pair of

compartments (elements 11 and 12) and a second vane (element 10)
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divides a second chamber into a second pair of compartments (elements
13 and 14).

[0006] In Self et al., a pressurized control fluid is admitted
into the first pair of compartments (elements 11 and 12) through control
passages and into the second pair of compartments (elements 13 and 14)
through passages (elements 30, 31) extending through the center of the
rotor. By varying the pressure conditions in the control passages to
create a pressure differential across the first set of vane compartments
{elements 11 and 12), the vane (element 9) will be moved toward the
region of low pressure. As a result of the movement of the vanes
(elements 9 and 10), the rotor shaft (element 8) will oscillate through a
controlled and finite angular range that permits the rotor shaft to be
connected to a control member, e.g., such as a flight control device.
Accordingly, the vaned rotor shaft (elements 9 and 10) serves as a
servoactuator for controlling a member through an angular range. Seal
members (elements 32 and 33) are provided operatively engaging grooves
on opposed sides of the rotor and the surrounding housing {(element 6) in
order to prevent leakage of control fluid from a high pressure
compartment to a low pressure compartment. In addition, the leading
edge of each vane (elements 9 and 10) is provided with a seal (elements
36 and 37, respectively) engaging the surrounding housing (element 6)
and positioned within a groove formed on the leading edge of the vanes
(elements 9 and 10).

[0007] The present invention is directed at overcoming
shortcomings identified by the present inventors with rotary vane
actuators of the aforementioned type, i.e., including actuators having one

or more rotor vanes and forming two or more pressurized compartments.

SUMMARY OF THE PRESENT INVENTION

[0008] The present invention overcomes several shortcomings
associated with the background art and achieves other advantages not

realized by the background art. The present invention is intended to
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alleviate one or more of the following problems and shortcomings of the
background art specifically identified by the inventors with respect to the
background art.

[0009] The present invention, in part, is a recognition that it
will be advantageous to utilize high pressure within a rotary actuator to
energize a corner seal between the rotor vanes and an end plate of a
rotary actuator. The seal blocks the leak path from high pressure on one
side of the rotary vanes to lower pressure on the opposite sides thereof.
[0010] The present invention, in part, is a recognition that the
above-described seal can be maintained in a sealing contact with a
moving vane if the pressure from a chamber with the higher pressure is
selectively channeled behind the seal.

[0011] The present invention, in part, is a recognition that a
seal accomplishing one or more of the above-described features should be
relatively easy to machine in order to reduce production time while
reducing costs.

[0012] The present invention, in part, provides a rotary
actuator comprising an actuator housing; at least one rotor vane
operatively engaged with a rotatable actuator shaft within the actuator
housing; an endplate being secured at a first end of the housing and in
relative operative contact with the at least one rotor vane; a corner seal
being positioned between the at least one rotor vane and the endplate for
operatively sealing a space formed between the at least one rotor vane
and the endplate; a vane seal being positioned between the at least one
vane and the corner seal; a high pressure chamber; and a single channel
extending from a lower portion of the vane seal to a common channel
beneath the vane, wherein the high pressure chamber is in fluid
communication with the corner seal via the single channel and the
common channel.

[0013] The present invention, in part, provides a rotary

actuator comprising at least one rotor vane engaged with a rotor shaft
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and positioned within a housing; at least one first endplate enclosing a
first end of the at least one rotor vane within the housing; at least one
second endplate e nclosing a second end of the at least one rotor vane
within the housing; a first corner seal and a second corner seal being
operatively positioned between each of the first and second ends of the at
least one rotor vane and the first and second endplates; at least one high
pressure chamber and at least one low pressure chamber formed on
opposite sides of the at least one rotor vane; and a vane seal operatively
movable within a wvane seal groove formed along a periphery of the at
least one rotor vane, the vane seal being movable between a first sealing
position and a second sealing position, wherein the first sealing position
operatively and selectively isolates the at least one high pressure chamber
from the at least one low pressure chamber and energizes the corner seal
with fluid from the at least one high pressure chamber in a sealing

engagement with the at least one endplate.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] The present invention will become more fully
understood from the detailed description given hereinafter and the
accompanying drawings that are given by way of illustration only, and
thus do not limit the present invention.

[0015] FIG. 1 is partial, sectional view of a rotary vane
actuator according to an embodiment of the present invention;

[0016] FIG. 2 is a side, sectional view of a vane seal for a
rotary vane actuator according to an embodiment of the present
invention;

[0017] - FIG. 3 is a partial sectional view taken along the axial
centerline of the vane seal shown in FIG. 2; and

[0018] FIG. 4 is an enlarged, partial sectional view of the

upper portion of the vane seal shown in FIG. 2.
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0019] The present invention will now be described in detail
with reference to the accompanying drawings. FIG. 1 is partial sectional
view of a rotary vane actuator according to an embodiment of the present
invention. FIG. 2 is a side, sectional view of a vane seal for a rotary vane
actuator according to an embodiment of the present invention. FIG. 3 is a
partial sectional view taken along the axial centerline of the vane seal
shown in FIG. 2. FIG. 4 is an enlarged, partial sectional view of the upper
portion of the vane seal shown in FIG. 2.

[0020] The inventors of the present invention have
determined that there are numerous shortcomings with the methods and
apparatus of the background art relating to the aforementioned control
devices, actuators and sealing systems. As described in greater detail
hereinabove, U.S. Patent No. 3,053,236 (Self et al.) describes vane seals
but does not select the highest pressure available in any chamber
(elements 11-14 of Self et al.) to energize a seal area or for any other
purpose.

[0021] U.S. Patent No. 2,798,462 (Ludgwig et al.) describes
a vane motor design that does not define any select high pressure feature
or similar porting that would direct the highest pressure in any chamber to
a seal area or provide the high pressure for any other purpose during the
operation of the device. U.S. Patent No. 3,155,013 (Rumsey) describes
a technique to relieve high pressures resulting from a surge to a low
pressure chamber, but does not suggest using the pressure under the seal
as a select high pressure feature. Similarly, U.S. Patent No. 3,195,421
(Rumsey et al.) describes the sealing of vane corners, but does not
suggest any pressure selection channels or the use of selected high
pressure regions to energize the seals. U.S. Patent No. 3,232,185 to
Kummerman describes a vane sealing system, but does not use selected
high pressure for the energization of a seal or the pressure beneath a seal

as a pressure source. U.S. Patent No. 3,583,838 (Stauber) appears to
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describe a method of seal energization and sealing. However, the
energization of the seal(s) of Stauber is from an external source and/or
does not utilize a high pressure source or sources.

[0022] As seen in FIG. 1, a rotary actuator of the present -
invention is shown having a vane seal 20 operatively fitted within a vane
seal groove 25, a corner spring seal 30, a rotor vane(s) 40, a housing 50
and an end plate 80. The present inventors have determined that rotary
actuators may utilize high pressure to energize a corner seal 30 region
extending between a corner edge of respective rotor vanes 40 and the
end plate 60. The corner seal, e.g., a spring seal 30 in the preferred
embodiment shown in FIG. 1, blocks a potential leak path from high
pressure on one side of the vane 40 to a lower pressure region on the
opposite side, e.g., similar to a pressure differential occurring between the
first pair of compartments (elements 11 and 12) surrounding the first
vane (element 9) of the Self et al. reference described hereinabove.
However, in the present invention, the corner seal 30 is maintained in
contact with the moving vane 40 by selective high pressure, e.g., high
pressure from a relatively high pressure chamber that is channeled behind
the seal.

[0023] In unidirectional actuators, the load on the actuator is
predominately unidirectional so that the same chamber is always higher
than the opposite and dedicated low pressure chamber. Accordingly, a
simple channel is drilled from a high pressure source operatively
connected to the high pressure chamber to the area behind the corner
seal 30. However, the present inventors have determined that if the load
reverses in an actuator that is not unidirectional, e.g., there are no
dedicated high and low pressure chambers, the load on the actuator
reverses which causes the high pressure chamber to switch or alternate
between the two chambers. Accordingly, the present inventors have
determined how to selectively apply high pressure in a rotary vane

actuator to a corner seal 30.
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[0024] FIG. 1 shows only one side of a rotor vane 40 having
a first channel 22 and a second channel 23 communicating with a high
pressure chamber and a common channel 28 extending normal to a
rotational axis of the rotor vane 40. One of skill in the art will appreciate
that a second set of channels including another first channel 26, another
second channel 27 and another common channel 29 (parenthetically
labeled in FIG. 1, but not shown) can be provided at opposite ends of the
rotor vane 40, e.g., on the left side of the vane shown in FIG. 1. A
complete rotor vane showing first and second sets of channels 22, 23
and 26, 27, respectively is shown in FIGs. 2 and 4. The channels 22, 23
and 28 permit high pressure fluid to pressurize or energize the corner seal
30 against the end plate 60 to seal the corner region of the vane 40.
Specifically, a first chamber and a second chamber may alternate
between being high and low pressure chambers, respectively as the rotary
actuator is energized and flows in a first and second direction.

[0025] The present inventors have determined that a shuttle
valve of the related art can be positioned between the two chambers of
alternating and relatively high and low pressures. The shuttle valve can
be moved to allow the higher pressure to be routed to a third channel that
feeds the area behind the corner seal 30. However, this would require
the addition of a relatively expensive shuttle valve and the machining of
multiple channels and precision machining of a bore in steel to receive and
retain the shuttle valve.

[0026] Accordingly, in a preferred embodiment shown in FIG.
1, a single first channel 22 is utilized that is machined from the bottom of
a vane seal groove 25 that extends to an area behind the corner seal 30.
By the natural operation of the vane seal 20, the area under the seal 20 is
always the higher pressure of the two adjacent chambers, e.g., a pair of
channels 22, 23 and 26, 27 in the vane seal are shown in FIGs. 2 and 4
that extend to two adjacent chambers of the rotary vaned actuator.

Accordingly, the vane seal 20 is pushed to the low pressure side of the
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vane seal groove 25 by the high pressure in the opposite chamber to a
first sealing position shown in FIG. 1. This action of the vane seal 20
permits the high pressure to enter the area under the vane seal 20. The
first channel 22 then routes the high pressure to the corner seal via a
common channel 28 and the second channel 23. The first and second
channels 22, 23 are shown as diverging away from each other and the
common channel 28 with respect to each other in a preferred embodiment
shown in FIGs. 1, 2 and 4. The common channels 28, 29 are provided in
a separate flow sleeve 21 that may be a separate element integrally fitted
with the rotary vane 40 or may be formed out of the same piece of
material. However, the preferred flow sleeve 21 shown as a separate,
integral piece is shown in FIG. 1 as this facilitates greater ease in
machining the various channels 22, 23, 28.

[0027] The first channel 22 extends from an outside
peripheral edge of the vane seal 20 at the vane seal groove 25 and
extending toward said common channel 28. The second channel 23 is
drilled or bored through a single wall at an angle extending away from the
common channel 28 and the first channel 22, and toward a rear portion
of said corner seal 30. The common channels 28, 29 extend
circumferentially and radially around the interior of the rotor vane(s) 40 to
provide a continuous passage in communication with the respective first
and second channels.

[0028] When the rotary actuator reverses direction, the vane
seal 20 moves to the opposite side of the groove to a second sealing
position and again the higher pressure is ported under the vane seal 20.
Thus, the vane seal acts as the aforementioned shuttle valve without the
need for any additional components or precision steel machining. As seen
in FIGs. 2 and 4, a rotor vane 40 having a first pair of high pressure select
channels 22, 23 and a second pair of high pressure select channels 26,

27 in communication with a second common channel 29 (not shown in
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FIGs. 2 and 4) is provided that operatively engages corner, spring seals
30 along a pair of end surfaces of the vane seal 20 thereof.

[0029] The rotary actuator shown in FIG. 1 may include a
single rotor vane 40 or more than one rotor vane. By the natural
operation of the vane seal 20, the area under the seal 20 is always the
higher pressure of the two adjacent chambers. Due to tolerances the
vane seal 20 is pushed to the low pressure side of the groove 25 by the
high pressure region of the opposite, high pressure chamber. The
common channel 28 then routes the high pressure fluid from beneath the
vane seal 20 to the corner seal 30. When the rotary actuator reverses
direction, the vane seal 20 moves to the opposite side of the vane seal
groove 25 and again the higher pressure is ported under the vane seal 20.
[0030] The vane seal 20 acts as a shuttle valve without the
need for any additional components or precision machining. As seen in
FIGs. 2 and FIG. 4, a second pair of first and second channels 26, 27 also
extends from a lower portion of the vane seal groove 25 of the vane seal
20 to the common channel 28 beneath the vane seal 20, wherein the low
pressure chamber is in fluid communication with the corner seal 30 via
the second channel 27 and the second common channel 29. As seen in
FIGs. 2 and FIG. 3, the second channel 23 extends in a direction opposed
to and diverging away from the first single channel 22 to accommodate
reversals of the actuator and automatic porting of the respective high
pressure chamber to the corner seal 30. The two common channels 28,
29 are formed to be substantially normal to a longitudinal axis of the vane
seal groove 25 and extend radially and circumferentially around a flow
sleeve 21 of the rotor vane 40 that is shown in greater detail in FIG. 1.
As seen in FIG. 1, the common channels 28, 29 may be further sealed

with the use of O-rings or other sealing members.
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WHAT IS CLAIMED IS:

1. A rotary actuator comprising:
an actuator housing (50); .
at least one rotor vane {40) operatively engaged with a rotatable
5  actuator shaft within said actuator housing (50);
an endplate (60) being secured at a first end of said housing (50)
and in relative operative contact with said at least one rotor vane (40);
a corner seal (30) being positioned between the at least one rotor
vane (40) and the endplate (60) for operatively sealing a space formed
10 between the at least one rotor vane (40) and the endplate (60);
a vane seal (20) being positioned between the at least one vane
(40) and the corner seal (30);
a high pressure chamber; and
a single channel (22) extending from a lower portion of the vane
15  seal (20) to a common channel (28) beneath said vane (40), wherein said
high pressure chamber is in fluid communication with the corner seal (30)

via the single channel (22) and the common channel (28).

2. The rotary actuator according to claim 1, further comprising a
vane seal groove (25) connecting said lower portion of said vane seal (20)
20  to said single channel (22) and said vane seal (20) is capable of moving

between a first sealing position and a second sealing position within said

vane seal groove (25).

3. The rotary actuator according to claim 2, further comprising a

second channel (23) extending from said common channel (28) to said

25  corner seal (30), wherein said high pressure chamber is vented to said
corner seal (30) through said single channel (22), subsequently through

said common channel (28) and subsequently through said second channel
(23).
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4. The rotary actuator according to claim 3, wherein said second
channel (23) diverges away from said common channel (28) and said first

channel (22) and toward said corner seal {30).

5. The rotary actuator according to claim 3, wherein a portion of
said vane seal groove (25) is formed substantially normal to a longitudinal
axis of said vane seal {20) and said common channel (28) is formed

substantially normal to said vane seal groove (25).

6. The rotary actuator according to claim 1, wherein said corner
seal (30) is a spring seal and said common channel (28) is formed in a
flow sleeve (21) positioned along an interior surface of the rotor vane
(40).

7. A rotary actuator comprising:

at least one rotor vane (40) engaged with a rotor shaft and
positioned within a housing (50};

at least one first endplate (60) enclosing a first end of said at least
one rotor vane (40) within said housing (50);

at least one second endplate (60) enclosing a second end of said at
least one rotor vane (40) within said housing (50);

a first corner seal (30) and a second corner seal (30) being
operatively positioned between each of said first and second ends of said
at least one rotor vane (40) and the first and second endplates (60);

at least one high pressure chamber and at least one low pressure
chamber formed on opposite sides of said at least one rotor vane {40);
and

a vane seal (20) operatively movable within a vane seal groove (25)
formed along a periphery of the at least one rotor vane (40), said vane
seal (20) being movable between a first sealing position and a second
sealing position, wherein said first sealing position operatively and
selectively isolates said at least one high pressure chamber from said at

least one low pressure chamber and energizes said corner seal {(30) with
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fluid from said at least one high pressure chamber in a sealing

engagement with said at least one endplate (60).

8. The rotary actuator according to claim 7, further comprising:

a first set of channels (22, 23, 28) at said first end of said at least

one rotor vane (40), said first set of channels including

a first common channel (28);

a single channel (22) extending from a lower portion of the
vane seal groove (25) to the first common channel (28) formed
beneath said vane seal (20), wherein said at least one high pressure
chamber is in fluid communication with the first corner seal (30) via
the single channel (22) and the first common channel {28) in the
first sealing position of said vane seal (20); and

a second channel (23) extending from the first common
channel (22) to said first corner seal (30), said first channel (22)
and said secoﬁd channel (23) being in fluid communication via said

first common channel (28).

9. The rotary actuator according to claim 8, further comprising a

second set of channels (26, 27, 29) at said second end of said at least
one rotor vane (40), wherein said second end of said at least one rotor

vane (40) is axially opposite to said first end, said second set of channels
(26, 27, 29) including

a second common channel (29);

a second single channel (26) extending from a lower portion
of the vane seal groove (25) to the second common channel (29)
formed beneath said vane seal ({20), wherein said at least one high
pressure chamber is in fluid communication with the second corner
seal (30) via the second single channel (26) and the second
common channel {29) in the first sealing position of said vane seal
(20); and

another second channel (27) extending from the second

common channel {29) to said second corner seal (30).
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