wo 2015/017031 A1 |1 I} 00T OO0

(43) International Publication Date

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

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

(10) International Publication Number

WO 2015/017031 A1

5 February 2015 (05.02.2015) WIPO I PCT
(51) International Patent Classification: (74) Agents: WOQO, Euclid et al.; The Boeing Company, P.O.
F16K 31/122 (2006.01) F16K 11/085 (2006.01) Box 2515, MC 110-SD54, Seal Beach, California 90740-
F16K 11/076 (2006.01) 1515 (US).
(21) International Application Number: (81) Designated States (uniess otherwise indicated, for every
PCT/US2014/042294 kind of national protection available). AE, AG, AL, AM,
. . AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
(22) International Filing Date: BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
13 June 2014 (13.06.2014) DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
(25) Filing Language: English HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,
KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME,
(26) Publication Language: English MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
(30) Priority Data: OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,
13/953,586 29 July 2013 (29.07.2013) US SC, SD, SE, 8G, SK, SL, SM, ST, SV, SY, TH, TJ, TM,
TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM,
(71) Applicant: THE BOEING COMPANY [US/US]; 100 ZW.
North Riverside Plaza, Chicago, Illinois 60606-2016 (US).
(84) Designated States (uniess otherwise indicated, for every
(72) Inventor: ARCE-GONZALEZ, Luis A.; 100 North kind of regional protection available): ARIPO (BW, GH,

Riverside Plaza, Chicago, Illinois 60606 (US).

GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FL FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,

[Continued on next page]

(54) Title: HYDRAULIC VALVE WITH HELICAL ACTUATOR

| 322
342 L | 344
348 306 7
322f\§ / %332;2
\vsoz
302 \X §/ 210
334 — 308 | —334
332
330 e
332'—:% % 334
334— 9 ¢ ™—328
|
338 ‘ \ 326
|
|
340
|
[
FIG. 3

(57) Abstract: A hydraulic spool valve includes a housing, a valve element
disposed within the housing, a first piston coupled to the valve element, and a
first biasing member. The housing includes a pair of first ports. The valve ele-
ment is selectively moveable within the housing between a first closed posi-
tion and a second open position allowing fluid communication between the
first ports. Hydraulic pressure against the first piston causes helical translation
of the piston in a first direction, and motion of the valve element in a first dir-
ection from the first position toward the second position. The first biasing
member is configured to bias the first piston and the valve element toward the
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HYDRAULIC VALVE WITH HELICAL ACTUATOR

BACKGROUND
Field of the Invention

The present invention relates generally to hydraulic valves. More particularly,
the present invention relates to a hydraulic spool valve having an internal helical
actuator.

Related Art

Spool valve manifolds are used to accomplish opening and closing of ports,
such as for directing hydraulic fluid to various hydraulic devices. These types of
manifolds are frequently used in aircraft, for example, to selectively direct hydraulic
fluid between actuators for ailerons, flaps, rudders and other flight surfaces, as well
as actuators for landing gear, thrust reversers, and other hydraulic devices.

Current spool valve manifolds tend to be relatively large and heavy. They are
typically long in order to accommodate a number of ports that are sequenced in-line
(e.g. neutral, open, & closed positions). This length and size gives them a fairly
large volume. These types of valves also tend to be heavy because they are often
machined from solid metals, such as titanium. The size, weight and volume of
typical hydraulic spool valve manifolds is a concern in the field of aviation and other
applications of these types of valves.

It is with respect to these and other considerations that the disclosure made

herein is presented.

SUMMARY

It has been recognized that it would be advantageous to develop a hydraulic
spool valve that can accommodate a number of ports and yet is relatively small and
lightweight.

It has also been recognized that it would be advantageous to have a hydraulic
spool valve that is self-actuated and yet is relatively simple and robust in operation.

In accordance with one embodiment thereof, the present disclosure provides

a hydraulic spool valve having a housing, a valve element disposed within the
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housing, a first piston coupled to the valve element, and a first biasing member. The
housing includes a pair of first ports. The valve element is selectively moveable
within the housing between a first closed position and a second open position
allowing fluid communication between the first ports. Hydraulic pressure against the
first piston causes helical translation of the piston in a first direction, and motion of
the valve element in a first direction from the first position toward the second
position. The first biasing member is configured to bias the first piston and the valve
element toward the first position.

In accordance with a more specific embodiment thereof, the valve includes a
pair of second ports in the housing, a second piston, and a second biasing member.
The valve element is selectively moveable between the first position, the second
position, and a third position allowing fluid communication between the second ports.
The second piston is coupled to the valve element and helically moveable within the
housing, hydraulic pressure against the second piston causing helical translation of
the second piston in the first direction, and axial rotation of the valve element in the
first direction toward the third position. The second biasing member is configured to
bias the second piston and the valve element toward the first position and away from
either the second or third positions, the first biasing member further configured to
bias the first piston and the valve element toward the first position and away from
either the second or third positions.

In accordance with another aspect thereof, the disclosure provides a
hydraulic manifold, having a cylindrical housing, a cylindrical valve element, rotatably
disposed within the housing, an actuator, including a first piston, disposed within the
housing, and a first spring. The housing includes a pair of first ports configured to
couple between a hydraulic source and a hydraulic device. The valve element has a
first position in which the first ports are closed, and a second position in which the
first ports are open and fluidly connected. The actuator is configured to rotate the
valve body to selectively open or close the ports, and the piston is mechanically
coupled to the valve element and helically moveable in a first direction against a first
cam surface of the housing in response to hydraulic pressure. The first spring is

configured to bias the piston and the valve element toward the first position, helical
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translation of the piston in the first direction causing at least axial rotation of the
valve element in the first direction.

In accordance with yet another aspect thereof, the disclosure provides a
method for converting a pilot pressure and a linear motion into a rotational motion
within a hydraulic helical valve assembly. The method includes providing hydraulic
pilot pressure to a cylinder having a first moveable piston therein, the first piston
being mechanically coupled to a moveable valve element. The method further
includes applying the pilot pressure to an outer surface of the first piston, causing
the first piston to helically translate in a first direction within the cylinder against a
first biasing member and thereby move the valve element, whereby linear pressure
against the first piston is converted into at least rotational motion of the valve
element in the first direction between a closed position and a first open position with
respect to at least a first pair of valve ports in the cylinder. The method further
includes continuing application of the pilot pressure until the valve element reaches
the first open position.

BRIEF DESCRIPTION OF THE DRAWINGS

Additional features and advantages of the invention will be apparent from the
detailed description which follows, taken in conjunction with the accompanying
drawings, which together illustrate, by way of example, features of the invention, and
wherein:

FIG. 1 is a schematic diagram of an aircraft having a hydraulic system that
includes a hydraulic spool valve;

FIG. 2 is a schematic diagram of a hydraulic system having a hydraulic
actuator device controlled by an embodiment of a dual mode hydraulic valve with a
helical actuator, in accordance with the present disclosure

FIG. 3 is a cross-sectional view of an embodiment of a single mode
(open/close) hydraulic valve with a helical actuator in accordance with the present
disclosure, with the valve in the closed position;

FIG. 4 is a perspective detail view of the helical sleeve of the valve of FIG. 3;
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FIG. 5 is a perspective detail view of the piston/valve element of the valve of
FIG. 3;

FIG. 6 is a cross-sectional view of the valve of FIG. 3, with the valve in the
open position;

FIG. 7 is a cross-sectional view of an embodiment of a dual mode
(open/close, close/open) hydraulic valve with a helical actuator in accordance with
the present disclosure, with the valve in the first mode;

FIG. 8 is a cross-sectional view of an embodiment of a two-piston, three-
mode hydraulic valve with a helical actuator in accordance with the present
disclosure;

FIG. 9 is an exploded perspective view of the dual-piston and three position
valve element of the valve of FIG. 8.

FIG. 10 is a detail view of the bottom of the upper piston of the dual-piston
valve embodiment of FIGs. 8 and 9;

FIG. 11 is an external perspective view of the valve of FIGs. 8-10 assembled
in its housing; and

FIGs. 12A-C are partial cross-sectional operational views of the dual-piston,
three-mode hydraulic valve of FIGs. 8-11.

DETAILED DESCRIPTION

Reference will now be made to exemplary embodiments illustrated in the
drawings, and specific language will be used herein to describe the same. It will
nevertheless be understood that no limitation of the scope of the invention is thereby
intended. Alterations and further modifications of the inventive features illustrated
herein, and additional applications of the principles of the inventions as illustrated
herein, which would occur to one skilled in the relevant art and having possession of
this disclosure, are to be considered within the scope of the invention.

There are a wide variety of machines and devices that make use of hydraulic
valves and hydraulic manifolds. These include vehicles, such as automobiles,
aircraft and earth-moving equipment, as well as industrial machinery, for example.

An aircraft 100 is shown in FIG. 1 as an example of a machine that includes a
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hydraulic system 102. In this schematic diagram of the hydraulic system of the
aircraft, it can be seen that the aircraft includes a hydraulic reservoir 104, one or
more hydraulic pumps 106, and various hydraulic supply lines 108 that connect to a
plurality of hydraulic spool valves or manifolds 110. From these various hydraulic
manifolds, additional hydraulic lines 112 extend to a variety of hydraulic devices,
such as actuators for flight control surfaces (e.g. flap actuators 114, aileron actuators
116, rudder actuators 118, etc.), as well as to landing gear actuators 120 and the
aircraft engines 122 for controlling reverse thrust actuators, etc. Other types of
hydraulic devices can also be associated with the aircraft 100 and its hydraulic
system 102.

The hydraulic system 102 illustrated in FIG. 1 is only one type of hydraulic
system that uses hydraulic spool valves or manifolds 110. Other types of hydraulic
systems can also use similar hydraulic valves. For example, systems that pump
other liquids (such as fuel or water) between multiple locations can also use
hydraulic manifolds and valves like those shown in the aircraft 100 of FIG. 1.

As noted above, hydraulic spool valves that are used in hydraulic systems like
that shown in FIG. 1 can be large and heavy. Advantageously, as disclosed herein,
a hydraulic spool valve with an internal actuator has been developed that can be
smaller and lighter than some other valves that are used for similar purposes with a
valve manifold. Shown in FIG. 2 is a schematic diagram of a hydraulic system 200
having a hydraulic actuator device 202 that is controlled by an embodiment of a dual
mode hydraulic valve 204 with a helical actuator in accordance with the present
disclosure. This system includes a hydraulic spool valve, outlined at 204, which is
incorporated into a hydraulic manifold 206. The hydraulic manifold 206 includes an
input port 208 for a hydraulic pressure line, and an output port 210 for a hydraulic
return line. The input port 208 is in fluid communication with a hydraulic pressure
source, such as a hydraulic pump and reservoir (not shown). High pressure fluid
enters the manifold 206 through the input port 208, and lower pressure fluid returns
to the reservoir through the output port 210.

Inside the manifold 206, a pressure line 212 extends to a servo valve 214.

This servo valve 214 can be an electro-hydraulic servo valve (EHSV), a type of valve
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that is well known to those of skill in the art. This type of valve controls how
hydraulic fluid is ported to an actuator. Servo valves and servo-proportional valves
are operated by transforming a changing analogue or digital input signal (transmitted
by, e.g. electrical wiring, not shown) into movements in a hydraulic cylinder. Servo
valves can provide precise control of position, velocity, pressure and force with good
post movement damping characteristics.

This servo valve 214 selectively directs the high pressure hydraulic fluid to
one of three conduits 216, 218, 220. The hydraulic (pilot) pressure conduit 212 also
branches to a solenoid operated valve 222 that selectively provides pilot pressure to
the spool valve 204 in order to actuate that valve. The spool valve 204 in FIG. 2 is a
two-position, multi-port spool valve. This valve 204 includes a pilot port 224 and a
return port 226. In FIG. 2 the valve 204 is shown in the closed or non-actuated
position. The solenoid operated valve 222 is in the closed position, so that hydraulic
pressure is not directed to the pilot port 224, and the actuator 202 is in the retracted
(i.e. not extended) position. In this condition the higher pressure fluid from the high
pressure line 212 is directed toward the retraction port 228 of the actuator 202, and
fluid from both the solenoid operated valve 222 and the extension port 230 of the
actuator 202 is connected to the low pressure return line 232, which is fluidly
connected to the output port 210.

When the solenoid operated valve 222 opens, high pressure hydraulic fluid is
provided through the pilot port 224 to the spool valve 204, causing the spool valve to
open, allowing high pressure fluid to extend to the extension port 230 of the actuator
202, and allowing lower pressure fluid from the retraction port 228 of the actuator
202 to flow back to the return line 232. This causes the actuator 202 to extend.

Advantageously, the spool valve 204 shown in FIG. 2 is a helically actuated
spool valve that translates linear pressure against a piston into rotational movement
of the valve to open and close one or more ports. Shown in FIG. 3 is a cross-
sectional view of an embodiment of a single mode (open/close) hydraulic spool valve
300 with a helical actuator in accordance with the present disclosure. This valve 300
generally includes a housing or cylinder 302, which is mounted in a manifold 304 or

other supporting structure. A valve element 306 is moveably disposed within the
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housing 302, and a piston 308 is mechanically coupled to the proximal end 310 of
the valve element 306. In the embodiment of FIG. 3, the valve element 306 and
piston 308 are a single integral unit/valve body, as discussed in more detail below.

A biasing member 312, such as a coil spring, is positioned against the distal end 314
of the valve element 306 within a cap 316, which is also supported in the manifold
304 and connected to the housing 302. The distal end 318 of the spring 312 can be
positioned to bear against a thrust bearing 320, and one or more o-rings 322 can be
disposed in suitable channels 324 in the housing 302 and the cap 316, and/or in the
manifold 304, to provide a seal against leakage of hydraulic fluid.

A perspective view of the housing 302 of this valve 300 is shown in FIG. 4
and a perspective view of the valve element/piston 306/308 is shown in FIG. 5. The
valve element/piston 306/308 includes a piston head 326 at its proximal end 328,
and a distal end 314 that is positioned against the biasing spring 312. The valve
element/piston 306/308 also includes a pin 330, extending transversely through it.
This pin is configured to slide within a helical slot 332 in the housing 302, which
allows the valve element/piston 306/308 to helically twist when the piston head 326
is pushed by hydraulic pressure urging it to move linearly within the sleeve 302,
against the force of the biasing spring 312. The pin sliding in the helical slot can be
lubricated by the hydraulic fluid itself, or other lubrication methods can be used.

The helical slot 332 has edge surfaces 334 that provide a cam surface,
connected between the piston 308 and the housing 302, causing the helical motion
of the valve element/piston 306/308. The pin 330 and the slot 332 thus function as a
helical cam actuator, coupled between the piston 308 and an interior/inner wall of
the housing 302. The edge surfaces 334 of the slot 332 provide cam surfaces,
which are coupled between the piston 308 and the cylinder 302, the cam surfaces
causing axial rotation of the piston 308 as it linearly translates within the cylinder
302. These cam surfaces function much like intermeshing helical threads, and can
be configured in a variety of ways. For example, the embodiment shown in FIGs. 3-
5 includes two helical slots, one on each side of the housing 302, in which opposing
ends of the pin slide. However, it will be apparent that different numbers of slots can

be used, and these can be configured in a variety of ways. For example, a system
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in which the pin extends from only one side of the piston and fits into only one slot in
the housing can be used, as can configurations with three or more helical slots and
corresponding pins. On the other hand, a helical slot can be provided in the side of
the piston, with a fixed pin extending from the housing into the slot. The first and
second helical cam surfaces are coupled between an interior wall of the housing and
an outer surface of the piston, and

The angle 0 of the helical slot 332 relative to a long axis 336 of the housing
302 can be referred to as its pitch, and for a helix will always be more than 0° and
less than 90° (a pitch of 0° will be exactly perpendicular to the long axis of the
housing — and thus being a ring or cylinder, not a helix at all — and a pitch of 90° will
be a line parallel to the axis of the housing). The pitch of the helical slot 332 can
vary, depending on the desired degree of rotation of the valve element/piston
306/308 relative to a given linear translation, and the intended actuation force. In
general, the pitch can be selected to match the amount of angular rotation needed to
rotate the valve element in order to open and close the ports for a given linear
translation of the piston. It is believed to be desirable that the helical cam surfaces
have a relatively broad pitch, such as from about 40° to about 65°. This provides
several advantages. First it reduces friction in the actuator portion of the valve. That
is, a flatter angle of the helical cam surfaces relative to the axis of the piston reduces
the wedge forces that tend to resist the helical motion. A relatively broad pitch of the
helical cam surfaces also reduces the magnitude of angular rotation of the piston per
unit of linear motion of the piston. This helps to promote accuracy of operation of
the valve. As noted, a pitch of from about 40° to about 65° (measured relative to the
axis of the piston) is suitable, though it is believed that other pitch values outside this
range can also be used. In one particular embodiment, a helical pitch of 45° has
been used.

Those of skill in the art will appreciate that the force required to move the
piston will decrease as the pitch of the helix increases. However, it will also be
apparent that the linear travel or lead travel of the valve element/piston 306/308 will

also increase for a given rotational configuration as the pitch increases. The linear
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travel of the piston relative to the pitch of the helix can be given by the following

expression:

L = (2nR)/tan © [1]

In which L is the lead travel, R is the radius of the piston 308, which is approximately
the same as (though slightly less than) the inner radius of the housing 302, and 0 is
the pitch angle of the helical slot 332.

The proximal end of the housing 302 includes a pilot pressure port 338,
adjacent to the piston head 326. The pilot pressure port 338 is configured to allow
high pressure hydraulic fluid from a pilot pressure line 340 to enter the housing 302.
The housing 302 also incudes a pair of hydraulic ports, including a first port 342 and
a second port 344. The first and second ports can communicate between any
desired hydraulic source and destination. For example, the first port 342 can be in
fluid communication with a high pressure hydraulic source (e.g. a pump), and the
second port 344 can be in fluid communication with a hydraulic device (e.g. a
hydraulic actuator). A hydraulic return line 346 is also fluidly connected to the cap
316, to allow the return of low pressure hydraulic fluid when the valve element/piston
306/308 extends.

As described above with respect to FIG. 2, the pilot pressure line 340 is
connected through a valve, such as a solenoid operated ball valve, that selectively
allows high pressure hydraulic fluid to flow to the pilot port 338. The valve element
306 includes a valve aperture 348 extending transversely through it. In the
embodiment of FIG. 3 the valve element 306 is a generally cylindrical body, and is
configured to move (e.g. rotate or helically translate) between a first closed position,
in which the hydraulic ports 342, 344 are blocked, and a second open position in
which the aperture 348 is aligned line with the hydraulic ports 342, 344, allowing fluid
communication between the hydraulic ports. The piston 308 is coupled to the valve
element 306, and hydraulic pressure against the head 326 of the piston 308 causes
helical translation of the valve element 306, thus causing the aperture 348 to line up
in this way, thus opening the valve 300.
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The view of FIG. 3 shows the valve 300 in a first or closed position, with the
piston 308 in its furthest retracted position, and the valve aperture 348 in a first
position, misaligned relative to the hydraulic ports 342, 344. The valve
element/piston 306/308 is biased toward this first position by the spring 312. To
open the valve 300, hydraulic fluid is introduced through the pilot port 338, putting
pressure against the head 326 of the piston 308. This pressure urges the piston 308
to move linearly within the housing 302 against the force of the spring 312.
However, the cam surfaces 334 of the helical slot 332 act upon the transverse pin
330, causing helical translation of the piston 308 in a first direction, and concomitant
motion (in this case helical translation) of the valve element 306 in the first direction
from the first position toward the second open position.

Shown in FIG. 6 is a cross-sectional view of the valve 300 of FIG. 3 with the
valve element 306 in the open position. In this position the piston 308 is in a
second, furthest extended position, and the valve element 306 is in a second
position, with the valve aperture 348 aligned with the hydraulic ports 342, 344. The
piston 308 and the biasing spring 312 thus operate together as an actuator, within
the housing 302, which rotates the valve element 306 to selectively open or close
the hydraulic ports 342, 344. Hydraulic pressure against the piston 308 causes the
piston 308 and the valve element 306 to helically translate as an integral unit within
the cylindrical housing 302 in the first direction, thereby causing at least axial
rotation of the valve element 306 in the first direction.

The valve 300 thus converts a pilot pressure and otherwise linear motion of
the piston 308 into rotational motion of the valve element 306 within the hydraulic
valve assembly 300. By providing hydraulic pilot pressure to the cylinder 302 and
applying the pilot pressure to an outer surface of the piston 308, the piston helically
translates in a first direction within the cylinder 302 against the biasing member 312
and thereby moves the valve element 306 from one position to another (e.g. from
the first position to the second position). Thus pressure against the piston 308 is
converted into at least rotational motion of the valve element 306 in the first
direction. Once pilot pressure is applied, the piston 308 begins to move and rotate

the valve element 306. Continued application of the pilot pressure causes the valve
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element 306 to reach the first open position. Removing the pilot pressure from the
piston 308 allows the valve element/piston 306/308 to return to the closed position
under force of the biasing spring 312.

As noted above, in the embodiment of FIGs. 3 and 6 the piston 308 and the
valve element 306 are integrally formed as a single, unitary/integral element/valve
body, and are thus configured to helically translate together within the housing 302.
In other embodiments, discussed below, the piston and the valve element can be
separate parts that are mechanically linked, so that the piston element helically
translates, but causes the valve element to only rotate. Whether the valve element
is configured only to rotate or to helically translate, its range of angular travel is fixed
by the ends of the helical slot 332, which provide a stop mechanism for limiting the
range of travel of the valve element/piston 306/308. When the piston 308 is in the
first position, the pin 330 is pressed against the first end 350 of the slot 332 under
the force of the spring 312. When the piston 308 is extended and the valve element
306 is rotated, the pin 330 stops against the second end 352 of the helical slot 332,
and the degree of rotation of the valve element 306 is thus determined by the
position of the second end 352 of the helical slot 332. This configuration of the
helical slot with end stops can be beneficial for manufacturing and assembly
purposes. For example, the pin and helix are provided on mating parts (the sleeve
302 and the piston 308) such that the piston is “clocked” relative to the sleeve, so
that the piston can only be put into the sleeve in one position.

The degree of angular rotation of the valve element 306 between the closed
and open positions of the valve can vary, and can be selected according to a variety
of factors. The degree of angular rotation of the valve element between respective
positions has reference to the angle of axial rotation of the valve element 308
between a position in which a given aperture is misaligned with a given set of ports,
and the next adjacent position in which it is aligned with those ports, and vice versa.
Angle a in FIG. 11 illustrates how the degree of angular rotation is measured, as that
term is used herein. Returning to FIGs. 3 and 6, it will be apparent that the
magnitude of rotation of the valve element 306 depends in part on the size or

diameter of the valve aperture 348, since in the closed position the aperture 348 is
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misaligned with the hydraulic ports 342, 344, and in the open position it is aligned
with them. A larger degree of rotation for the valve element 306 between these two
positions can provide a better seal when the valve is closed, while a smaller degree
of rotation between these positions can allow the valve to operate faster. Itis
believed that for suitable operation the first and second positions of the valve
element can be angularly separated by an angle a of about 20° to 30°, though other
angular separations can be used.

The valve element 306 of the embodiment shown in FIGs. 3 and 6 includes a
single aperture 348, which communicates between a single pair of hydraulic ports
342, 344 in the housing 302. Alternatively, the housing can include multiple pairs of
ports and the valve element can include multiple apertures which communicate
between them. For example, the valve 204 shown in FIG. 2 includes a housing 240
having four pairs of ports 242, 244, 246 and 248. This valve has multiple hydraulic
ports and first and second positions, with at least one of the first and second
positions allowing fluid communication between each of the pairs of ports. The valve
includes a valve element 250 that includes four apertures 252, 254, 256 and 258. In
the closed or first position, shown in FIG. 2, the first and fourth hydraulic ports 242,
248 are closed, while the second and third hydraulic ports 244, 246 are open. In this
position, servo valve 214 keeps the second hydraulic conduit 218 closed, while high
pressure hydraulic fluid is passed into the third conduit 220 and passes through the
second aperture 254 and the second hydraulic port 244 and thence to the retraction
port 228 of the actuator 202, thus keeping the actuator retracted.

In the position of FIG. 2, lower pressure hydraulic fluid flows from the servo
valve 214 into the first hydraulic conduit 216, which is in fluid communication with the
return port 226 in the cap of the valve 204, and with the low pressure return line 232,
which is fluidly connected to the output port 210 of the valve manifold 206. This
lower pressure fluid also passes through the third aperture 256 and the third
hydraulic port 246 to the extension port 230 of the actuator 202, but, being lower
pressure, is insufficient to extend the actuator 202. This connection allows fluid to
flow out of the extension port 230 of the actuator 202 during retraction of the

actuator. In this condition, the actuator 202 remains retracted.
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When the solenoid operated valve 222 opens, high pressure hydraulic fluid is
provided through the pilot port 224 and presses against a piston 260, which is
helically engaged with the housing 240 and thus helically translates the valve
element 250. When this happens, the servo valve 214 can be configured to
simultaneously open the second hydraulic conduit 218 and close the third hydraulic
conduit. The motion of the valve element 250 causes the first and fourth apertures
252 and 258 to align with the first and fourth hydraulic ports 242 and 248, thus
opening those ports and closing the others. In this condition high pressure hydraulic
fluid passes through the first port 242 to the extension port 230 of the actuator 202,
causing the actuator to extend. As before, the first hydraulic conduit 216, which
leads to the output port 210, is in fluid communication with the return port 226 in the
cap of the valve 204 and also passes through the fourth aperture 258, which allows
lower pressure fluid from the return port 226 and from the retraction port 228 of the
actuator 202 to flow back to the return line 232. Continuation of the pilot pressure in
this manner causes the actuator 202 to remain extended.

In many hydraulic control systems, an electro-hydraulic servo valve (EHSV),
like the servo valve 214 in FIG. 2, usually controls the direction of the high pressure
fluid, while a separate spool valve or mode valve, functionally like valve 204, only
serves to control ON and OFF. In this system, however, cross-port connections can
also be achieved via the valve 204 (which is a mode valve). This can be desirable
for applications where it is desired to remove the EHSV form the design, since this
valve 204 is relatively small and can include a number of ports with internal logic in a
reduced volume.

Other embodiments of valves having multiple pairs of ports can also be
configured in accordance with this disclosure. Shown in FIG. 7 is a cross-sectional
view of an embodiment of a dual mode (open/close, close/open) hydraulic valve 700
having a helical actuator in accordance with the present disclosure. This valve has
multiple hydraulic ports and first and second positions, with at least one of the first
and second positions allowing fluid communication between each of the pairs of
ports. This valve 700 is similar to that of FIG. 3, and generally includes a housing or

cylinder 702, which is mounted in a manifold 704 or other supporting structure. A
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valve element 706 is moveably disposed within the housing 702, and a piston 708 is
mechanically coupled to the proximal end 710 of the valve element 706. Like the
embodiment of FIG. 3, in the embodiment of FIG. 7, the valve element 706 and
piston 708 are a single integral unit/valve body. A spring or other biasing member
712 is positioned against the distal end 714 of the valve element 706 within a cap
716, which is also supported in the manifold 704 and connected to the housing 702.
The distal end 718 of the spring 712 can be positioned to bear against a thrust
bearing 720, and one or more o-rings 722 can be disposed in suitable channels 724
in the housing 702 and the cap 716, and/or in the manifold 704, to provide a seal
against leakage of hydraulic fluid.

The valve element/piston 706/708 includes a piston head 726 at its proximal
end 728, and a distal end 714 that is positioned against the biasing spring 712. The
valve element/piston 706/708 also includes a pin 730, extending transversely
through it. This pin is configured to slide within a helical slot 732 in the housing 702,
which allows the valve element/piston 706/708 to helically twist when the piston
head 726 is pushed by hydraulic pressure urging it to move linearly within the sleeve
702, against the force of the biasing spring 712, as discussed above. The helical
slot 732 has edges 734 that provide cam surfaces between the piston 708 and the
housing 702, the cam surfaces causing axial rotation of the piston 708 as it linearly
translates within the cylinder 702. The pitch or angle of the helical slot 732 relative
to a long axis 736 of the housing 702 can be as discussed above.

The proximal end of the housing 702 includes a pilot pressure port 738,
adjacent to the piston head 726, which allows high pressure hydraulic fluid from a
pilot pressure line 740 to enter the housing 702. The housing 702 also incudes two
pair of hydraulic ports, including a first pair of ports 742, 743 and a second pair of
ports 744, 745. The first and second pairs of ports can communicate between any
desired hydraulic source(s) and destination(s). For example, each pair of ports can
be in fluid communication between a high pressure hydraulic source (e.g. a hydraulic
pump, not shown) and a respective hydraulic device (e.g. a hydraulic actuator, not

shown). A hydraulic return line 746 is also fluidly connected to the cap 716, to allow
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the return of low pressure hydraulic fluid when the valve element/piston 706/708
extends.

As described above with respect to FIG. 3, the pilot pressure line 740 is
connected through a valve, such as a solenoid operated ball valve, that selectively
allows high pressure hydraulic fluid to flow to the pilot port 738. In the embodiment
of FIG. 7, the valve element 706 is a generally cylindrical body and includes a pair of
valve apertures 748, 749 extending transversely through it. In the view of FIG. 7, the
valve is aligned in a first position, with the piston 708 in its furthest retracted position,
and the first aperture 748 aligned with the first hydraulic ports 742, 743, thus
allowing fluid communication between the first hydraulic ports, and the second
aperture 349 misaligned with the second hydraulic ports, 744, 745, thus closing
those ports. The valve element/piston 706/708 is biased toward this first position by
the spring 712.

When hydraulic pressure is provided through the pilot port 738 and applied
against the head 726 of the piston 708, this causes helical translation of the integral
valve element/piston 706/708 from the first position (shown in FIG. 7) toward a
second position, causing the first aperture 748 to rotate out of alignment with the first
hydraulic ports 742, 743 (thereby closing those ports), and simultaneously causing
the second aperture 749 to rotate into alignment with the second hydraulic ports
744, 745 (thus opening those ports). The cam surfaces 734 of the helical slot 732
act upon the transverse pin 730, causing helical translation of the piston 708 in a first
direction, as discussed above, and concomitant motion (in this case helical
translation) of the valve element 706 in the first direction from the first position
toward the second position. As with the other embodiments discussed above, the
piston 708 and the biasing spring 712 operate together as an actuator, within the
housing 702, and function to rotate the valve element 706 to selectively open or
close the hydraulic ports 742-745.

As noted above, the valve embodiments of FIGs. 3 and 7 show valves in
which the piston and valve elements are integrally formed, and the integral unit
helically translates together within the housing. Alternatively, the piston and valve

elements can be separate structures, which mechanically contact each other. An
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embodiment of a valve 800 in which the piston and valve elements are separate is
shown in FIGs. 8-11. Additionally, a valve in accordance with the present disclosure
can have multiple pistons, and the valve element can have more than two positions.
The valve 800 shown in FIGs. 8-11 also includes these features.

Shown in FIGs. 8-12 are various views of an embodiment of a two-piston,
three-position hydraulic valve 800 having a helical actuator in accordance with the
present disclosure. FIG. 8 provides an external perspective view of the housing of
the assembled valve, FIG. 9 provides an exploded perspective view of the dual-
pistons 808a, b and three position valve element 806 of the valve 800, and FIG. 10
is a detail view of the bottom of the upper piston 808b of the dual-piston valve 800.
FIG. 11 provides an external perspective view of the housing of the assembled
valve, and FIGs. 12A-C provide cross-sectional operational views of the valve 800 in
each of its three operational positions or modes.

Viewing FIGs. 8 and 9, this valve 800 generally includes a housing or cylinder
802, which is mounted in a manifold 804 or other supporting structure. A three-
position valve element 806 is rotatably disposed within the housing 802. There are
two pistons, indicated generally at 808. The first piston 808a has a first piston head
826a and is positioned at the proximal end 810 of the valve element 806. The
second piston 808b has a second piston head 826b and is positioned at the distal
end 814 of the valve element 806. A first spring or other biasing member 812a is
disposed between the first piston 808a and the proximal end 810 of the valve
element 806, and a second spring 812b is positioned between the distal end distal
end 814 of the valve element 806 and the second piston 808b. The springs 812 are
located within a central hollow of each of the pistons 808 and the valve element 806,
respectively. The distal end of the second spring 812b can bear against a thrust
bearing 820 within the central hollow of the second piston 808b, allowing the second
spring 812b to axially rotate relative to the second piston 808b. A cap 816, which is
also supported in the manifold 804 and connected to the housing 802, surrounds
and encloses the head 826b of the second piston 808b.

The proximal end of the housing 802 includes a first pilot pressure port 838a,

adjacent to the first piston head 826a, which allows high pressure hydraulic fluid
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from a first pilot pressure line 840a to enter the housing 802 to impinge against the
head 826a of the first piston 808a. The cap 816 (or the distal end of the housing
802) includes a second pilot pressure port 838b, adjacent to the second piston head
826b, which allows high pressure hydraulic fluid from a second pilot pressure line
840b to impinge against the second piston head 826b. The pilot pressure lines 840
are connected through one or more valves (not shown), which selectively allow high
pressure hydraulic fluid to flow to the respective pilot port 838. First and second
hydraulic return lines 846a, b can be provided in the housing 302 between each
piston and the valve element, respectively, to allow the escape of hydraulic fluid from
between these structures when a respective piston moves relative to the valve
element. One or more o-rings 822 can be disposed in suitable channels 824 in the
housing 802 and the cap 816, and/or in the manifold 804, to provide a seal against
leakage of hydraulic fluid, in the manner discussed with respect to the other
embodiments disclosed herein.

Like the embodiments discussed above, each piston 808 includes a pin,
indicated at 830a, b, extending transversely through it, which is positioned to slide
within a respective helical slot 832a, b, in the housing 802. These slots 832a, b are
shown more clearly in the external view of FIG. 11. This configuration allows the
respective piston 808a, b to helically twist when the respective piston head 826a, b
is pushed by hydraulic pressure urging it to move linearly within the sleeve 802,
against the force of the respective biasing spring 812a, b, as discussed above.
Each helical slot 832a, b has edges 834 that provide cam surfaces between the
respective piston 808a, b and the housing 802, the cam surfaces causing axial
rotation of the piston 808a, b as it linearly translates within the cylinder 802. As
shown in FIG. 11, the helical slots 832a, b twist in opposite directions, and each
have a different angular extent, as will be discussed in more detail below. The pitch
or angle of the helical slots 832a, b relative to a long axis 836 of the housing 802 can
be as discussed above.

Unlike the embodiments discussed above, each piston 808a, b includes a
shoulder 880a, b, with a tab 882a, b extending from the shoulder toward the valve

element 806. The valve element 806 includes a pair of shoulders 884a, b on its
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proximal and distal ends, respectively, which each have a tab 886a, b extending
therefrom toward the respective piston 808a, b. Each tab 886a, b of the valve
element 806 includes longitudinal mating surfaces 890a, b that are substantially
coplanar and aligned with the central axis 836 of the valve 800. The tab 882a of the
first piston 808a also includes a pair of longitudinal mating surfaces 888a, and the
tab 882b of the second piston 808b includes a pair of longitudinal mating surfaces
888b and 889. The mating surfaces 888a of the first piston tab 882a are
substantially coplanar and aligned with the central axis 836 of the valve 800, and are
disposed in sliding abutment with the corresponding first mating surfaces 890a of the
first valve element tab 886a throughout the entire range of helical translation of both
pistons 808.

However, the mating surfaces 888b and 889 of the second piston 808b are
not coplanar, but are angularly offset, and are configured to be in sliding contact with
the corresponding longitudinal mating surfaces 890b of the valve element 806 at
different times during operation of the valve 800. This configuration is shown in FIG.
10, where it can be seen that the second mating surface 889 of the second piston
808b is angularly offset relative to the first mating surface 888b by an angle having a
magnitude of B - a. This offset angle is related to the angular extent of the
oppositely oriented helical slots 832a, b in the housing 802, shown in FIG. 11. As
shown in FIG. 11, the first helical slot 832a defines an angular extent 3. The second
helical slot 832b defines an angular extent a, which is smaller than . The angular
offset of the second mating surface 889 of the second piston 808b relative to an
otherwise coplanar arrangement is the difference between these two angles, or p -
Q.

With this configuration, helical translation of either of the pistons 808 (the
respective translations being in opposite directions) will cause axial rotation of the
valve element 806 in one direction, but to a different extent, depending on which
piston is translated, as described below. The mating surfaces 888/890 transmit
rotational motion from the respective pistons 808 to the valve element 806, while the
axial sliding motion of the respective mating surfaces 888a/890b will prevent either

piston 808 from transmitting axial translation to the valve element 806.
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In the embodiment of FIG. 8 the housing 802 incudes three pair of hydraulic
ports, 842, 843 and 844, and the valve element includes three corresponding valve
apertures 848, 849, 850 extending transversely through it. As discussed above,
these pairs of hydraulic ports 842, 843 and 844 can communicate between any
desired hydraulic source(s) and destination(s). Advantageously, the valve element
806 is moveable between three positions. In the views of FIG. 8 and FIG. 12A, the
valve is aligned in a first or neutral position, with the first and second pistons 808a, b
located in their furthest retracted positions (i.e. furthest away from the valve element
806), and the first aperture 848 aligned with the first pair of hydraulic ports 842, thus
allowing fluid communication between the first hydraulic ports 842. In this first
position, the second and third apertures 849, 850 are misaligned with the second
and third hydraulic ports 843, 844, thus closing those ports. It is to be noted that in
this first position, the mating surfaces 888a of the first piston tab 882a are disposed
in sliding contact with the corresponding first mating surfaces 890a of the first valve
element tab 886a. At the same time, the first mating surface 888b of the second
piston tab 882b is disposed in sliding contact with the corresponding first mating
surface 888b of the second valve element tab 886b, while the angularly offset
mating surface 889 of the second piston 808b is not in contact with the
corresponding mating surface 888b of the second valve element tab 886b, but is
angularly offset, as described above.

When hydraulic pressure is provided through the second pilot port 838b and
applied against the head 826b of the second piston 808b, this causes helical
translation of the second piston 808b toward the valve element 806, against the
force of the second spring 812b. The cam surfaces 834 of the second helical slot
832b act upon the second transverse pin 830b, causing helical translation of the
piston 808 in a first direction. Because of this motion, the first mating surface 888b
of the second piston 808b transmits rotational motion of the second piston 808b to
the valve element 806 through the second mating surface 890b of the valve element
806, while the mating surfaces 888b, 890a themselves linearly slide past each other,

so that the valve element 806 experiences little or no linear travel.
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With continued application of the pilot pressure through the second pilot port
838D, the valve element 806 will rotate through an angle a until the second pin 830b
reaches the end of the second helical slot 832b (FIG. 10), at which point the valve
element 806 will have reached the second position, which is shown in FIG. 12B.
Through this motion, the valve element 806 rotates in a first direction from its first
position to the second position, wherein the first aperture 848 is rotated out of
alignment with the first hydraulic port 842, thus closing this port, and the third
aperture 850 is simultaneously rotated into alignment with the third hydraulic port
844, thereby opening this port. The second aperture 849 also rotates as the valve
element 806 rotates, but it too remains misaligned with the second hydraulic port
844, keeping this port closed.

It is to be noted that during rotation of the valve 800 from the first position to
the second, the first piston 808a also rotates through angle a, in the same direction,
because the mating surfaces 888a of the first piston tab 882a are disposed in sliding
contact with the corresponding first mating surfaces 890a of the first valve element
tab 886a. Thus, rotation of the second piston 808b is transmitted through the valve
element 806 to the first piston 808a. By this motion the first piston 808a will also
helically translate (and draw upward in the views of FIG. 8 and 12), since the first
pins 830a are slidingly disposed in the first slot 832a. Thus the first spring 812a will
also be compressed, and the first pin 830a will move to some midpoint location
within the first helical slot 832a, as shown in FIG. 12B. However, since rotational
force upon the valve element 806 originates from the second piston 808b, the first
mating surface 888b of the second piston tab 882b will remain in contact with the
corresponding first mating surface 888b of the second valve element tab 886b, while
the angularly offset mating surface 889 of the second piston 808b will remain
angularly offset and not in contact with the valve element 806.

When hydraulic pressure is released from the second pilot port 838b the
biasing force of both springs 812 will cause helical translation of the both pistons 808
back to their first positions, respectively, thus reversing the motion of the valve
element 806 back to its first position, with the first aperture 848 aligned with the first
pair of hydraulic ports 842, and the second and third hydraulic ports 843, 844 closed.
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When hydraulic pressure is provided through the first pilot port 838a and
applied against the head 826a of the first piston 808a, this causes helical translation
of the first piston 808a toward the valve element 806, against the force of the first
spring 812a. The cam surfaces 834 of the first helical slot 832a act upon the first
transverse pin 830a, causing helical translation of the first piston 808a in the first
direction. The first piston 808a helically translates in the first direction because while
the first helical slot 832a is oriented opposite to the second helical slot 832b, the
hydraulic pressure against the first piston head 826a is in the opposite direction
relative to the hydraulic pressure against the second piston 808b. Because of this
helical motion of the first piston 808a, the mating surfaces 888a of the first piston
808a transmit rotational motion of the first piston to the valve element 806 through
the first mating surfaces 890a of the valve element 806, while the mating surfaces
888a/890a themselves linearly slide past each other, so that the valve element 806
experiences little or no linear travel.

With continued application of the pilot pressure through the first pilot port
838a, the valve element 806 will reach the third position, as shown in FIG. 12C.
Through this motion, the valve element 806 rotates through angle 3 in the first
direction from the first position, past the second position, to a third position, wherein
the first aperture 848 is rotated out of alignment with the first hydraulic port 842, thus
closing this port, and the second aperture 849 is simultaneously rotated into
alignment with the second hydraulic port 843, thereby opening this port. Again,
during this motion the third aperture 850 also rotates as the valve element 806
rotates, but it only momentarily aligns with its respective ports, and moves past this
point of alignment to again become misaligned with the third hydraulic port 844,
keeping this port closed. In this way, linear motion of the first piston 808a is
converted into rotational motion of the valve element 806 in the first direction
between the first position and the third position. When hydraulic pressure is
released from the first pilot port 838a the biasing force of both springs 812 causes
helical translation of both pistons 808 back to their first positions, thus reversing the
motion of the valve element 806 back again to its first position.
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During rotation of the valve 800 from the first position to the third position,
driven by the first piston 808a, the second piston 808b will initially remain
motionless. Because of the offset mating surface 889, the second tab 886b of the
valve element 806 will be able to rotate through an angle equal to this offset (a
distance of B — q, as discussed above) before the corresponding mating surface
890b contacts the mating surface 889. During this motion, the first mating surface
888b of the second piston will come out of contact with the corresponding mating
surface 890b of the valve element. Since the valve element 806 and second piston
808b are rotating with respect to each other during this motion, the second spring
812b can rotate with the valve element, rotating against the thrust bearing 820 in the
second piston.

Once the intermediate point is reached, with the mating surface 890b of the
valve element 806 contacting the offset mating surface 889, continued motion of the
first piston 808a through angle B will be transmitted through the valve element 806 to
the second piston, causing the second piston 808b to helically translate through
angle a in the same direction, the second pins 830b sliding in the second slot 832b.
When the pins 830a of the first piston 808a reach the distal end of the first helical
slot 830a, the second pins 830b of the second piston 808b will reach the distal end
of the second slot 832b, as shown in FIG. 12C. Thus, rotation of the first piston
808a is transmitted through the valve element 806 to the second piston 808D,
causing the second piston 808b to helically translate (and draw downward in the
views of FIG. 8 and 12), thus again compressing both the first and second springs
812a, b.

With this configuration the valve element 806 is selectively rotatable between
the first position, shown in FIGs. 8 and 12A, and second and third positions, shown
in FIGs. 12B and C, thus selectively allowing fluid communication between the
multiple ports. The pistons 808a, b and the biasing springs 812a, b operate together
as a pair of actuators within the housing 802, and function to selectively rotate the
valve element 806 to selectively open or close the hydraulic ports 842-844. Both
pistons 808 move when the valve shifts from the first position to either the second or

third position. The difference depends upon which piston is provided with active pilot
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pressure, and the magnitude of the movement (as governed by the helical slots
832). The helical slots 832 are wound in opposite directions, so that when the first
or lower piston 808a rotates and travels upward in its slot 832a, the second piston
808b is forced to rotate and travel downward in its slot 832b, and vice versa. Same
principle applies when the upper piston is energized. However, since one slot 832a
defines an angle  which is longer than the other slot 832b, which defines angle a,
different magnitudes of angular rotation are achieved. The angular offset (having
magnitude B — a) of the mating surface 889 of the second piston 808b
accommodates this differential angle and prevents mechanical opposition by the
respective pistons.

When it is desired to actuate the valve 800 shown in FIG. 8 from the first or
neutral position to either the second or third position, hydraulic pressure is provided
to the desired pilot port 838a or b, and simultaneously released from (or reduced to)
the opposing pilot port 838a or b and from the first and second hydraulic return lines
846a, b in order to allow the escape of hydraulic fluid, so that competing pressures
do not obstruct motion of the pistons 808. For example, when the first piston 808a is
actuated, hydraulic pressure is released from the second pilot port 838b and the
hydraulic return lines 846a, b, while at the same time taking care not to produce a
situation in which hydraulic pressure could prevent the second piston 808b from
moving. Likewise, when the second piston 808b is actuated, hydraulic pressure is
released or reduced from the first pilot port 838a and the hydraulic return lines 846a,
b, while again taking care not to produce a pressure situation that would obstruct
motion of the first piston.

The valve disclosed herein thus provides several desirable features and
functions. It provides a driving element (a piston) inside a sleeve, which receives
pilot pressure on one side, with a helical cam feature interconnected between the
sleeve and the driving element. The cam feature has a relatively large pitch to
match the amount of rotation/angle desired to rotate the valve element in order to
open and close ports for a given linear translation of the driven element. The piston
follows a helical translation once the piston head is pressurized, which will push the

piston against the compression spring. The driven element (valve element) contains
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one or more passages that can connect a plurality of ports, providing a form of built-
in operational logic for the valve. The spring spring-loads the piston toward a first
position, or in the case of a two piston embodiment, biases both pistons toward a
first or neutral position. Depending upon the configuration of the valve element, this
spring-loading can assure that the hydraulic ports are normally closed, and only
open as pressure is applied. Spring-loading can also ensure that the assembly stays
together.

Advantageously, the configuration shown herein provides a self-actuated
valve, such that no separate or detached actuator is needed. Instead, the valve and
the mechanism for actuating it are both inside the same sleeve. This valve can help
provide weight and space savings in systems that use it, such as aircraft. For
example, it is believed that this helical valve assembly can be 30% to 50% shorter
than current spool valves that are used for similar function. This valve configuration
can also enable a cost reduction because it is smaller than some other valves used
for similar purposes, and thus uses less materials and likely involves less time and
labor for fabrication. This can be especially desirable where high cost materials
such as titanium are used.

Further, the disclosure comprises embodiments according to the following

clauses:

1. A hydraulic spool valve, comprising:

a housing, having a pair of first ports;

a valve element, selectively moveable within the housing between a first
closed position and a second open position allowing fluid communication between
the first ports;

a first piston, coupled to the valve element, hydraulic pressure against the first
piston causing helical translation of the piston in a first direction, and motion of the
valve element in a first direction from the first position toward the second position;
and

a first biasing member, configured to bias the first piston and the valve

element toward the first position.
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2. A valve in accordance with clause 1, wherein the valve element
comprises a generally cylindrical body, having an aperture extending transversely
therethrough, the aperture configured to be misaligned with the first ports when the
valve element is in the first position, and to be substantially aligned with the first

ports when the valve element is in the second position.

3. A valve in accordance with clause 1, wherein the valve element and
the first piston comprise a single integral valve body, hydraulic pressure against the
first piston causing helical translation of the integral valve body between the first and
second positions.

4. A valve in accordance with clause 1, further comprising a helical cam
actuator, coupled between the first piston and an interior wall of the housing.

5. A valve in accordance with clause 4, wherein the helical cam actuator
comprises a helical slot in an inner wall of the housing, and a pin, fixed to the first

piston and extending into the slot, the pin being slidable within the slot.

0. A valve in accordance with clause 5, wherein the helical slot has a
pitch of from about 40° to about 65°.

7. A valve in accordance with clause 1, wherein the valve element is
configured for at least axial rotation, and the first and second positions of the valve
element are angularly separated by about 20° to 30°.

8. A valve in accordance with clause 1, wherein the housing includes
multiple pairs of ports, at least one of the first and second positions allowing fluid
communication between each of the pairs of ports.

9. A valve in accordance with clause 1, further comprising:
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a pair of second ports in the housing, the valve element being selectively
moveable between the first position, the second position, and a third position
allowing fluid communication between the second ports;

a second piston, coupled to the valve element and helically moveable within
the housing, hydraulic pressure against the second piston causing helical translation
of the second piston in the first direction, and axial rotation of the valve element in
the first direction toward the third position; and

a second biasing member, configured to bias the second piston and the valve
element toward the first position and away from either the second or third positions,
the first biasing member further configured to bias the first piston and the valve

element toward the first position and away from either the second or third positions.

10. A valve in accordance with clause 9, further comprising a first pilot
pressure conduit, configured to supply hydraulic fluid for providing hydraulic
pressure against the first piston, and a second pilot pressure conduit, configured for

providing hydraulic pressure against the second piston.

11. A hydraulic manifold, comprising:

a cylindrical housing, having a pair of first ports configured to couple between
a hydraulic source and a hydraulic device;

a cylindrical valve element, rotatably disposed within the housing, having a
first position in which the first ports are closed, and a second position in which the
first ports are open and fluidly connected,;

an actuator, disposed within the housing, configured to rotate the valve body
to selectively open or close the ports, the actuator including

a first piston, mechanically coupled to the valve element and helically
moveable in a first direction against a first cam surface of the housing in
response to hydraulic pressure; and

a first spring, configured to bias the piston and the valve element
toward the first position, helical translation of the piston in the first direction

causing at least axial rotation of the valve element in the first direction.

26



10

15

20

25

30

WO 2015/017031 PCT/US2014/042294

12. A hydraulic manifold in accordance with clause 11, wherein the cam
surface has a pitch of from about 40° to about 65° and the first and second positions

of the valve element are angularly separated by about 20° to 30°.

13. A hydraulic manifold in accordance with clause 11, wherein the
housing includes multiple pairs of ports, at least one of the first and second positions

allowing fluid communication between each of the pairs of ports.

14. A hydraulic manifold in accordance with clause 11, further comprising:

a pair of second ports in the housing, the valve element being selectively
rotatable between the first position, the second position, and a third position allowing
fluid communication between the second ports;

a second piston, coupled to the valve element and helically moveable in the
first direction against a second cam surface of the housing, hydraulic pressure
against the second piston causing helical translation of the second piston in the first
direction and axial rotation of the valve element in the first direction toward the third
position; and

a second biasing member, configured to bias the second piston and the valve
element toward the first position and away from either the second or third positions,
the first biasing member further configured to bias the first piston and the valve

element toward the first position and away from either the second or third positions.

15. A hydraulic manifold in accordance with clause 11, wherein the valve

element and the first piston comprise a single integral valve body.

16. A method for converting a pilot pressure and a linear motion into a
rotational motion within a hydraulic helical valve assembly, comprising:
providing hydraulic pilot pressure to a cylinder having a first moveable piston

therein, the first piston being mechanically coupled to a moveable valve element;
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applying the pilot pressure to an outer surface of the first piston, causing the
first piston to helically translate in a first direction within the cylinder against a first
biasing member and thereby move the valve element, whereby linear pressure
against the first piston is converted into at least rotational motion of the valve
element in the first direction between a closed position and a first open position with
respect to at least a first pair of valve ports in the cylinder; and

continuing application of the pilot pressure until the valve element reaches the

first open position.

17. A method in accordance with clause 16, further comprising:
removing the pilot pressure from the outer surface of the first piston; and
allowing the first piston and the valve element to return to the closed position

under force of the first biasing member.

18. A method in accordance with clause 16, wherein causing the first
piston to helically translate within the cylinder comprises engaging the piston with
the cylinder via a first cam surface, coupled between the first piston and the cylinder,
the cam surface causing axial rotation of the first piston as it linearly translates within
the cylinder.

19. A method in accordance with clause 16, further comprising:

removing the pilot pressure from the outer surface of the first piston;

applying hydraulic pilot pressure to an outer surface of a second piston,
moveably disposed in the cylinder and mechanically coupled to the valve element,
causing the second piston to helically translate in the first direction within the
cylinder against a second biasing member, whereby linear motion of the second
piston is converted into rotational motion of the valve element in the first direction
between the closed position and a second open position with respect to at least a
second pair of valve ports in the cylinder; and

continuing application of the pilot pressure until the valve element reaches the
second open position.
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20. A method in accordance with clause 16, wherein causing the first
piston to helically translate within the cylinder against the first biasing member
further comprises causing the first piston and the valve element to helically translate
as an integral unit within the cylinder.

It is to be understood that the above-referenced arrangements are illustrative
of the application of the principles of the present invention. It will be apparent to
those of ordinary skill in the art that numerous modifications can be made without

departing from the principles and concepts of the invention as set forth in the claims.
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CLAIMS
What is claimed is:

1. A hydraulic spool valve (300), comprising:

a housing (302), having a pair of first ports (342, 344);

a valve element (300), selectively moveable within the housing between a first
closed position and a second open position allowing fluid communication between
the first ports;

a first piston (308), coupled to the valve element, hydraulic pressure against
the first piston causing helical translation of the piston in a first direction, and motion
of the valve element in a first direction from the first position toward the second
position; and

a first biasing member (312), configured to bias the first piston and the valve

element toward the first position.

2. A valve (300) in accordance with claim 1, wherein the valve element
(306) comprises a generally cylindrical body, having an aperture (348) extending
transversely therethrough, the aperture configured to be misaligned with the first
ports (342, 344) when the valve element is in the first position, and to be
substantially aligned with the first ports when the valve element is in the second

position.

3. A valve (300) in accordance with any preceding claim, wherein the
valve element (306) and the first piston (308) comprise a single integral valve body,
hydraulic pressure against the first piston causing helical translation of the integral

valve body between the first and second positions.
4. A valve (300) in accordance with any preceding claim, further

comprising a helical cam actuator, coupled between the first piston (308) and an

interior wall of the housing (302).
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5. A valve (300) in accordance with claim 4, wherein the helical cam
actuator comprises a helical slot (332) in an inner wall of the housing (302), and a
pin (330), fixed to the first piston (308) and extending into the slot, the pin being

slidable within the slot.

0. A valve (300) in accordance with claim 5, wherein the helical slot (332)

has a pitch of from about 40° to about 65°.

7. A valve (300) in accordance with any preceding claim, wherein the
valve element (306) is configured for at least axial rotation, and the first and second

positions of the valve element are angularly separated by about 20° to 30°.

8. A valve (300) in accordance with any preceding claim, wherein the
housing (302) includes multiple pairs of ports, at least one of the first and second

positions allowing fluid communication between each of the pairs of ports.

9. A valve (800) in accordance with any preceding claim, further
comprising:

a pair of second ports in the housing (802), the valve element (806) being
selectively moveable between the first position, the second position, and a third
position allowing fluid communication between the second ports;

a second piston (808b), coupled to the valve element and helically moveable
within the housing, hydraulic pressure against the second piston causing helical
translation of the second piston in the first direction, and axial rotation of the valve
element in the first direction toward the third position; and

a second biasing member (812b), configured to bias the second piston and
the valve element toward the first position and away from either the second or third
positions, the first biasing member (812a) further configured to bias the first piston
(808a) and the valve element toward the first position and away from either the

second or third positions.
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10. A valve (800) in accordance with claim 9, further comprising a first pilot
pressure conduit (840a), configured to supply hydraulic fluid for providing hydraulic
pressure against the first piston (808a), and a second pilot pressure conduit (840b),

configured for providing hydraulic pressure against the second piston (808b).

11. A method for converting a pilot pressure and a linear motion into a
rotational motion within a hydraulic helical valve assembly (300), comprising:

providing hydraulic pilot pressure to a cylinder (302) having a first moveable
piston (308) therein, the first piston being mechanically coupled to a moveable valve
element (3006);

applying the pilot pressure to an outer surface of the first piston, causing the
first piston to helically translate in a first direction within the cylinder against a first
biasing member (312) and thereby move the valve element, whereby linear pressure
against the first piston is converted into at least rotational motion of the valve
element in the first direction between a closed position and a first open position with
respect to at least a first pair of valve ports (342, 344) in the cylinder; and

continuing application of the pilot pressure until the valve element reaches the

first open position.

12. A method in accordance with claim 11, further comprising:

removing the pilot pressure from the outer surface of the first piston (308);
and

allowing the first piston and the valve element (306) to return to the closed
position under force of the first biasing member (312).

13. A method in accordance with any of claims 11 to 12, wherein causing
the first piston (308) to helically translate within the cylinder (302) comprises
engaging the piston with the cylinder via a first cam surface, coupled between the
first piston and the cylinder, the cam surface causing axial rotation of the first piston

as it linearly translates within the cylinder.
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14. A method in accordance with any of claims 11 to 13, further
comprising:

removing the pilot pressure from the outer surface of the first piston (808a);

applying hydraulic pilot pressure to an outer surface of a second piston
(808b), moveably disposed in the cylinder (802) and mechanically coupled to the
valve element (806), causing the second piston to helically translate in the first
direction within the cylinder against a second biasing member (812b), whereby linear
motion of the second piston is converted into rotational motion of the valve element
in the first direction between the closed position and a second open position with
respect to at least a second pair of valve ports in the cylinder; and

continuing application of the pilot pressure until the valve element reaches the

second open position.

15. A method in accordance with any of claims 11 to 14, wherein causing
the first piston (808a) to helically translate within the cylinder (802) against the first
biasing member (812a) further comprises causing the first piston and the valve

element (806) to helically translate as an integral unit within the cylinder.

33



WO 2015/017031 PCT/US2014/042294

1/9

100

/

116
108/112

110 120 122 QS

FIG. 1



WO 2015/017031 PCT/US2014/042294
2/9
200
214
222
216
218 212 = 206
220 [ J
240 242
244
204. 226 Y 24 246 208
IR N s v A s 1| ;) s 212 {_K
: %’j i % 248! [ -
| M4l ! —
| Q22222 \ L1 260
252-L NT-----"" ?\\ § 250:‘\& T
254 : §ax | oy
|
|
L j —
— \-232 '—*y
I 210
228 J_I 230
I
I,I_ou r|:|-r

FIG. 2



WO 2015/017031

322—
324 —

3/9

322
342

322\%

302 — |

334 —

PCT/US2014/042294

72

),
308

348
/ 322
/ N sz
(]

330——

332—

)=

334—

\




WO 2015/017031 PCT/US2014/042294

4/9
336\ 306/308
314 30
302 >(_\ﬁ</3oa5
()
o 3421344 .

| \ /' | L 348 ”r’ ] \’
N @ﬁ N - s
| P

| | _-r
324/w 3

134 i 0 < : L] ~-352
B | |
332 | i

| | 334
350—|~_i ' I
' i

FIG. 4 FIG. 5



WO 2015/017031 PCT/US2014/042294

5/9

/06 \/ 344
3:;2\ / %v
332~W///////////////////////@ 3%
33— & 328
&% 326 \§4

338




WO 2015/017031 PCT/US2014/042294

6/9

700 730 / 720
e Gy

:704

714 722

S S %\/716
712 L N / i
; © | o=
S S \
S S 746
N S

! ~—724

724~ NN 724
722} // %inz
/ 702
748
/.

743— |

724
BN N
710

/(708 N\—734

gl ——
Sk x N 726

738//

— 742

736—

\
J
|

1740

FIG. 7



WO 2015/017031

7/9

PCT/US2014/042294

836
- 816
804
| 826b 822
820 838b
s . DN\
832h X7 840b
33 4\— v/ /K //S{//// A~—830b
802— Ny | =2 %~808b
NZ N7 77
846b\ s-{ o
— s o §§——812b
822 2;1_ 5§ 814
824§ - 844
844 /42337/ ,
806 /1850 %:342
842 —_ |%8 7
843— ;///x//
| .

o] oA,
812a— 70—
808a‘§%® N 834
830a—7/////// /7177 dp—~—832a

N LA 834

838a 826a
| —840a
FIG. 8

836~ 826b
10 ﬁ<
|_/
_830b
Qete
. _|—so08b
880b | 839
888b | || ?
886b 882b 10
890b \\\J
__884b
4
L850
(1. -[—806
\”:9‘\\-848
____L__\l
1--849
888a
| 880a
g0ga—{~
830a
|
826a




WO 2015/017031 PCT/US2014/042294

8/9
808b
888b
830b
+
830b pa
889
FIG. 10
808b/826b

i}

-_/
830b 834

e

832b |
/— 802
844 834 l
844
\\ //v
e 3
842 842
y
) —
843 843
) ol

834 - 832a

830a —| 834

FIG. 11



WO 2015/017031

9/9

P
83\0" -832b l _-832b
L /
808b-\ B ov/ 808b\ /\-\</
802— 1/ N 802~ 1 | O 48300
888b—\é 889 888b\% . T 280
890b—KA ] 806 A 890
844~ /844 844~ 844
& i____0 T 3 g . T 3
842~ 850-~ 842 842~ 850~ 842
& I T3 & U T3
843~ | 848" 843 843~ [/] 848 843
- O 3 e a___-0 3
849 849--
890a_/%§£ T T——4—890a
/_
888a— — 888a—1{% . -
808a—Y 4~ Q//‘i % ~832a 808a—y | ¢ f@
/
835a 830a
FIG. 12A FIG. 12B
_-832b
/
808b—_| avd
802— T | k48300
8880 —
*M - %——890b/889
844 ] 5
- Y 3
842~ 850~ 842
- a5 3
843~ [/ 8487 843
g | " 3
849--
—_-%\—888a/890a
808aJ%* T /,ﬁé—ssoa
-l =¥7)” ~832a

PCT/US2014/042294

FIG. 12C




INTERNATIONAL SEARCH REPORT

International application No

PCT/US2014/042294

A. CLASSIFICATION OF SUBJECT MATTER

INV. F16K31/122 F16K11/076
ADD.

F16K11/085

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

F16K F15B

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

EPO-Internal, WPI Data

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

27 February 1968 (1968-02-27)
figure 3

X DE 23 44 722 Al (TOKICO LTD)
28 March 1974 (1974-03-28)
figures 1-8

9 February 1995 (1995-02-09)
abstract; figures 1-10

24 May 1978 (1978-05-24)
figures 1,2

X US 3 370 827 A (STEHLIN THEODORE A) 1-15

1-15

A WO 95/04207 Al (EDELL IRA C [US]) 1-15

A DE 26 52 228 Al (SCHREIBER RALPH E) 1-15

D Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents :

"A" document defining the general state of the art which is not considered
to be of particular relevance

"E" earlier application or patent but published on or after the international
filing date

"L" document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

"O" document referring to an oral disclosure, use, exhibition or other
means

"P" document published prior to the international filing date but later than
the priority date claimed

"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

"X" document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

"Y" document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

"&" document member of the same patent family

Date of the actual completion of the international search

30 September 2014

Date of mailing of the international search report

13/10/2014

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

Bilo, Eric

Form PCT/ISA/210 (second sheet) (April 2005)




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/US2014/042294
Patent document Publication Patent family Publication
cited in search report date member(s) date
US 3370827 A 27-02-1968  NONE
DE 2344722 Al 28-03-1974 DE 2344722 Al 28-03-1974
GB 1439499 A 16-06-1976
US 3869928 A 11-03-1975
WO 9504207 Al 09-02-1995 AU 691825 B2 28-05-1998
CA 2168758 Al 09-02-1995
EP 0712461 Al 22-05-1996
JP HO9500948 A 28-01-1997
US 5467684 A 21-11-1995
US 5592866 A 14-01-1997
US 5806404 A 15-09-1998
WO 9504207 Al 09-02-1995
DE 2652228 Al 24-05-1978  NONE

Form PCT/ISA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - description
	Page 31 - description
	Page 32 - claims
	Page 33 - claims
	Page 34 - claims
	Page 35 - claims
	Page 36 - drawings
	Page 37 - drawings
	Page 38 - drawings
	Page 39 - drawings
	Page 40 - drawings
	Page 41 - drawings
	Page 42 - drawings
	Page 43 - drawings
	Page 44 - drawings
	Page 45 - wo-search-report
	Page 46 - wo-search-report

