US 20100180586A1

a9 United States

a2y Patent Application Publication o) Pub. No.: US 2010/0180586 A1

Arbel et al. 43) Pub. Date: Jul. 22, 2010
(54) SELF-CONTAINED HYDRAULIC ACTUATOR 30) Foreign Application Priority Data
SYSTEM
Jul. 2,2007  (US) oo 11/772,251
(75) Inventors: Aviram Arbel, Hod Hasharon (IL);
Alexander Cohen, Kiryat Ono (IL) Publication Classification
Correspondence Address: (1) Int.ClL
DR. MARK M. FRIEDMAN FI5B 11/08 (2006.01)
C/O BILL POLKINGHORN - DISCOVERY DIS- 55y .S, CL ..ocooooooooor 60/476; 60/473
PATCH
9003 FLORIN WAY
UPPER MARLBORO, MD 20772 (US) (57) ABSTRACT
(73)  Assignee: ASHRADAN TECHNOLOGIES The hydraulic linear actuator system of the present invegtion
’ LTD., PETACH TIKVA (IL) includes a pump that is configured to rotate in a single direc-
» tion at a substantially constant velocity. Both the direction
. and flow rate of fluid through the system is controlled by
(21) Appl. No- 12/667,534 adjusting the positional relationship between the stator and
(22) PCT Filed: Jul. 2, 2008 the rotor of the pump. This positional relationship is adjust-
able between a forward flow state, a non-flow state and a
(86) PCT No.: PCT/IL08/00911 reverse flow state. The hydraulic linear actuator is responsive
to the flow of fluid through the system so as to be displaced in
§ 371 (c)(1), a first direction by the forward flow state of the pump and in
(2), (4) Date: Jan. 4, 2010 a second direction by the reverse flow state of the pump.

40

80

66




Patent Application Publication Jul. 22,2010 Sheet 1 of 9 US 2010/0180586 A1

7

RN

\

—
By R
[
1
1
i

12

0 FIG. 1




Patent Application Publication Jul. 22,2010 Sheet2 of 9 US 2010/0180586 A1

10 |~
\\ L ) i
/ 20

——
O o
Qo

—

12




SECTION A-A

FIG. 3



Patent Application Publication Jul. 22,2010 Sheet 4 of 9 US 2010/0180586 A1

SN

N
22 \\h
/|

34\

32 / o

28

38 | |

36

| 30 |
SECTIIN B-EB

FIG. 4




Patent Application Publication

Jul. 22,2010 Sheet 5 of 9

L

/
%
\\‘ i

SECTION B-B

30

US 2010/0180586 A1

FIG. S




Patent Application Publication Jul. 22,2010 Sheet 6 of 9 US 2010/0180586 A1

o
:JQ‘ L
[

20\ /\ ':

El
A

22

24

E_ \f _
EX

26

SECTION BB

FIG. 6



US 2010/0180586 A1

Jul. 22,2010 Sheet 7 of 9

Patent Application Publication




Patent Application Publication Jul. 22,2010 Sheet 8 of 9 US 2010/0180586 A1

{1 .

_____

D
il
L
46 \42
- res




US 2010/0180586 A1

Jul. 22,2010 Sheet 9 of 9

Patent Application Publication

Old

(o1 oigewzIfosg)

3
|

2o ojoN-dejg

¥ Uopdslid A Uonosg

et/

yeyg Iojol delg

{tonisod swon)

yoegpaad Lo)Sod

¥9

UDHEDILNLILIO: /] [BLISIXT

woJf vofsed

i 1eUTa T JOIpUE 228y
(jpo0102d uado

soepIe)U| [Buta)g

¥

BB

P

_Em:6<.

01Eniey

101enRY




US 2010/0180586 Al

SELF-CONTAINED HYDRAULIC ACTUATOR
SYSTEM

BACKGROUND OF THE INVENTION

[0001] The present invention relates to self-contained
actuator systems and, in particular, it concerns a self-con-
tained hydraulic linear actuator system having a pump, the
pumping assembly of which is adjustable so as to control the
speed and direction of the fluid flow through the system and a
linear actuator responsive to the fluid flow.

[0002] Self-contained hydraulic actuator systems having
closed hydraulic systems incorporating bi-directional pumps
are known in the art. Heretofore, these systems required bi-
directional motors to drive the pump. Therefore, the speed
and direction of pump rotation, and thus fluid flow through the
system, is the direct result of the movement of the motor
driving the pump. The motors best suited for this purpose are
electrical servomotors, which provide the ability to change
speed and direction quickly as required. This is particularly
relevant in the field of motion simulation.

[0003] There are a number of drawbacks associated with
the use of servomotors to drive bi-directional pumps. One
major drawback is that bi-directional servomotors are expen-
sive since they must be built to perform, and withstand the
rigors of, substantially instantaneous changes of speed and/or
direction numerous times during the performance of a task.
[0004] There is therefore a need for a self-contained
hydraulic linear actuator system having a pump, the pumping
assembly of which is adjustable so as to control the speed and
direction of the fluid flow through the system and a linear
actuator responsive to the fluid flow. It would be advanta-
geous if the system included a closed hydraulic system.

SUMMARY OF THE INVENTION

[0005] The present invention is a self-contained hydraulic
linear actuator system having a pump, the pumping assembly
of' which is adjustable so as to control the speed and direction
of the fluid flow through the system and a linear actuator
responsive to the fluid flow.

[0006] According to a further teaching of the present inven-
tion, a self-contained hydraulic actuator system comprising;
a) a drive motor configured to rotate at a substantially con-
stant velocity; b) a hydraulic pump driven by the drive motor;
¢) a hydraulic linear actuator in fluid communication with the
hydraulic pump so as to be actuated in a first direction by a
forward flow state and in a second direction by a reverse flow
state; d) a control system associated with the hydraulic pump,
the control system configured to control adjustment of the
hydraulic pump between the forward flow state, a non-flow
state and the reverse flow state, and the control system
includes a bi-directional motor such that a speed and direction
of'the adjustment is aftfected by the bi-directional motor; and
e) a positioning system configures to provide positional infor-
mation regarding the hydraulic linear actuator.

[0007] According to a further teaching of the present inven-
tion, the hydraulic pump includes a controllably variable
pumping assembly such that the adjustments includes a varia-
tion of the controllably variable pumping assembly.

[0008] According to a further teaching of the present inven-
tion, the hydraulic pump includes a stator and a rotor
deployed within the stator and the variation of the controlla-
bly variable pumping assembly includes adjusting the posi-
tional relationship between the stator and the rotor.
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[0009] According to a further teaching of the present inven-
tion, the hydraulic pump is a vane pump.

[0010] According to a further teaching of the present inven-
tion, the positioning system includes a position feedback
system configured to provide position information regarding
the hydraulic linear actuator.

[0011] According to a further teaching of the present inven-
tion, the position feedback system includes at least one of an
optical encoder and a linear potentiometer associated with the
actuator.

[0012] According to a further teaching of the present inven-
tion, the fluid communication between the hydraulic pump
and the actuator is via a closed hydraulic system.

[0013] According to a further teaching of the present inven-
tion, there is also provided: a) a fluid expansion reservoir; and
b) a valve configuration configured so as to maintain fluid
communication between the fluid expansion reservoir and a
downstream port of the hydraulic pump.

[0014] According to a further teaching of the present inven-
tion, the hydraulic pump is configured with first and second
ports, and the first and second ports alternately act as
upstream and downstream ports such that when the first port
acts as the upstream port the second port acts as the down-
stream port, and when the first port acts as the downstream
port the second port acts as the upstream port, therefore, the
valve configuration maintains the fluid communication
between the fluid expansion reservoir and one of the first and
second ports, dependent on which of the first and second ports
is acting as the downstream port.

[0015] According to a further teaching of the present inven-
tion, the fluid expansion reservoir is not vented.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] The invention is herein described, by way of
example only, with reference to the accompanying drawings,
wherein:

[0017] FIG.1is aside elevation of a preferred embodiment
of a self-contained hydraulic linear actuator system con-
structed and operative according to the teachings of the
present invention;

[0018] FIG. 2 is a top elevation of the embodiment of FIG.
1;
[0019] FIG. 3 is a cross-sectional view of the embodiment

of FIG. 1 taken along line A-A, showing the stator adjusted
toward the left side of the pump housing;

[0020] FIG. 4 is cross-sectional view of the embodiment of
FIG. 1 taken along line B-B, showing the stator adjusted
toward the left side of the pump housing;

[0021] FIG. 5is cross-sectional view of the embodiment of
FIG. 1 taken along line B-B, showing the stator adjusted
toward the right side of the pump housing;

[0022] FIG. 6 is cross-sectional view of the embodiment of
FIG. 1 taken along line B-B, showing the stator adjusted to the
neutral position;

[0023] FIG. 7 is a schematic of a preferred hydraulic circuit
constructed and operative according to the teachings of the
present invention, showing the shuttle valve deployed in a
fluid supply state;

[0024] FIG. 8 is a schematic of a preferred hydraulic circuit
constructed and operative according to the teachings of the
present invention, showing the shuttle valve deployed in a
fluid reception state; and
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[0025] FIG.9isablock diagram of a preferred embodiment
of a control system for the linear actuator constructed and
operative according to the teachings of the present invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0026] The present invention is a self-contained hydraulic
linear actuator system having a pump, the pumping assembly
of' which is adjustable so as to control the speed and direction
of the fluid flow through the system and a linear actuator
responsive to the fluid flow. The principles and operation of a
self-contained hydraulic linear actuator system according to
the present invention may be better understood with reference
to the drawings and the accompanying description.

[0027] By way ofintroduction, the hydraulic linear actuator
system of the present invention includes a pump that is con-
figured to rotate in a single direction at a substantially con-
stant velocity. Therefore, the drive motor that drives the pump
can be a single direction constant velocity motor such as is
known in the art, rather than a bi-directional variable speed
servomotor. This gives the hydraulic linear actuator system of
the present invention a substantial cost advantage over sys-
tems that employ a more expensive bi-directional variable
speed servomotor.

[0028] Both the direction and flow rate of fluid through the
system is controlled by adjusting the configuration of the
pump, which is adjustable between a forward flow state, a
neutral non-flow state and a reverse flow state. The hydraulic
linear actuator is responsive to the flow of fluid through the
system so as to be displaced in a first direction by the forward
flow state of the pump and in a second direction by the reverse
flow state of the pump.

[0029] It should be noted that the use of the terms “clock-
wise,” “counter-clockwise,” “left” and “right”, are used
herein with reference to direction as seen in the drawings.
[0030] Referring now to the drawings, FIGS. 1 and 2 illus-
trate side and top elevations, respectively, of the exterior of a
preferred embodiment of the hydraulic linear actuator system
2 of the present invention. Seen here are the drive motor 4, the
stepper motor housing 6 that houses the stepper motor that
affects adjustment of the configuration of the pump, as will be
discussed below, the linear actuator 8, and the pump 20.
Attached to the pump 20 is the fluid expansion reservoir 40,
which will be discussed below.

[0031] The drive motor is preferably an AC electric motor.
However, it should be noted that substantially any drive
device such as, but not limited to, DC electric motors, and
internal combustion engines, may be used to drive the pump.
[0032] The linear actuator 8 may be a hydraulic cylinder
and piston actuator, as is illustrated herein, in which the
actuator cylinder 10 is rigidly attached to the pump 20 via the
actuator attachment extension 12 of the pump 20 that is con-
figured with fluid passageways which provide fluid commu-
nication between the pump 20 and the actuator cylinder 10. It
will be appreciated that the actuator 8 need not be attached to
the pump 20 and that fluid communication may be provided
by substantially any method known in the art such as, but not
limited to, hoses, tubes, pipes, and any other suitable fluid
conduit. It will also be appreciated that substantially any
hydraulically driven device may be associated with the pump
20 of the present invention.

[0033] In a preferred embodiment described herein, the
pump 20 illustrated is a rotary vane pump configured with a
controllably variable pumping assembly. It should be noted,
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however, that the principles of the present invention may be
applied to equal advantage to piston pumps as well. As seen in
FIGS. 3-6 the variable pumping assembly, which is deployed
within the pump housing 22, includes a displaceable stator 24
and a rotor 26 with a plurality of vanes 28 deployed within the
stator 24. The stator 24 is configured so as to pivot about the
pivot shaft 30, while the rotor 26 rotates in a static position.
Therefore, the positional relationship between the stator 24
and the rotor 26 may be adjusted. As the positional relation-
ship between the stator 24 and the rotor 26 is adjusted, the
position of the working pump volume 32 within the stator 24
is varied, as is illustrated clearly in FIGS. 4-6. This also varies
the positional relationship of the working pump volume 32 to
the inlet/outlet ports 34 and 36. The ports 34 and 36 are
referred to herein as inlet/outlet ports because their role
changes with the direction of fluid flow through the pump.
With regard to the discussion herein, the rotor is considered to
be rotating in a clockwise direction (see arrow 38).

[0034] InFIG. 4, the stator 24 is displaced to the far left and
the majority of the working pump volume 32 is to the left of
the rotor 26. Therefore, fluid is drawn into the working pump
volume 32 during an expansion stroke, through inlet/outlet
port 36, which is now acting as the inlet port. As pump comes
to an exhaust stroke the fluid is forced out of the working
pump volume 32 through inlet/outlet port 34, which is now
acting as the outlet port.

[0035] In FIG. 5, the stator 24 is substantially centrally
deployed and the working pump volume 32 is substantially
evenly distributed around the rotor 26. Therefore, there are
neither expansion nor exhaust strokes and substantially no
fluid is drawn in, or forced out, of the working pump volume
32 through either of the inlet/outlet ports 34 and 36. In this
“neutral” position, a non-flow state is achieved within the
hydraulic system.

[0036] In FIG. 6, the stator 24 is displaced to the far right
and the majority of the working pump volume 32 is to the
right of the rotor 26. Therefore, fluid is drawn into the work-
ing pump volume 32 during an expansion stroke, through
inlet/outlet port 34, which is now acting as the inlet port. As
pump comes to an exhaust stroke the fluid is forced out of the
working pump volume 32 through inlet/outlet port 36, which
is now acting as the outlet port.

[0037] Thusly configured, the speed and direction of fluid
flow through the pump 20, and therefore through the system,
is controlled by adjusting the positional relationship between
the stator 24 and the rotor 26. Due to the location of the
inlet/outlet ports, when the stator 24 is positioned in a central,
“neutral” position (FIG. 5), a non-flow state is achieved
within the hydraulic system. As the stator 24 is displaced
away from the neutral position in a first direction, for example
to the left (FIG. 4), a forward flow state is achieved. As the
stator 24 is displaced away from the neutral- position in a
second direction, for example to the right (FIG. 6), a reverse
flow state is achieved. It will be appreciated that the further
away from the neutral position the stator is displaced, the
more fluid will be moved though the pump 20. The amount of
fluid moving through the pump atfects the speed and distance
of actuator displacement. It will be understood that direction
of rotor rotation, and which direction of fluid flow is consid-
ered to forward and reverse flow states are considered to be
design considerations, and examples used herein are not to be
considered as limitations.

[0038] Adjustment ofthe position of stator 24 is affected by
a bi-directional stepper motor (not shown here) that is housed
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within the stepper motor housing 6 and controlled by a control
system that includes the position controller 64. The stepper
motor drives spur 60, which interacts with spur gear section
62 that extends from the stator 24. Configured thus, speed and
direction of rotation of the stepper motor affects the speed and
direction of stator 24 displacement. As illustrated herein,
rotation of the stepper motor in a clockwise direction will
displace the stator 24 to the left and counter-clockwise rota-
tion will displace the stator 24 to the right. It will be appreci-
ated that while the preferred embodiment of the present
invention described herein refers to the use of a stepper motor
to adjust the position of stator 24, this is not intended as a
limitation to the scope of the present invention. Therefore,
variant embodiments in which adjustment of the position of
stator 24 is directly affected by another drive device such as,
but not limited to, a bi-directional motor, or a unidirectional
motor in conjunction with a direction changeable gear train.

[0039] The speed and rotational direction of the stepper
motor is controlled by the position controller 64 as illustrated
in FIG. 9. In this embodiment of the present invention, when
the position controller receives a command to bring the
hydraulic linear actuator 8 to a desired position, the current
position of the hydraulic linear actuator 8 is determined based
on feedback from the feedback system that includes the opti-
cal encoder 70, which is associated with the hydraulic linear
actuator 8. It should be noted that feedback regarding the
position of the hydraulic linear actuator 8 may be supplied by
a linear potentiometer in instead of, or in addition to, the
optical encoder. Based on the current position of the hydraulic
linear actuator 8 and the speed at which the change of position
is to be affected, the rotational direction and number of steps
the stepper motor 66 must take, and the rate at which the step
must be taken is determined. The pulse generator included in
the stepper motor driver 68 then delivers the appropriate
pulses, at the appropriate rate, thereby causing the stepper
motor 66 to turn the necessary amount in order to bring the
stator 24 to the required position to affect the desired position
of'the hydraulic linear actuator 8. It will be appreciated that in
embodiments of the present invention which have remote
actuators, that is, actuators that are not directly attached to the
pump 20, the control system may be configured with COM
ports to provide external connection access to the control
system.

[0040] It is noteworthy that, unlike systems of prior art that
utilize stepper motors and track position bases on the number
and direction of step taken, the present invention uses the
features of the stepper motor 66 solely for the purpose of
controlling the direction and amount of stator 24 displace-
ment and the speed at which the displacement occurs. The
position of the hydraulic linear actuator 8 is monitored by a
positioning system that includes the encoder 66 which pro-
vides position feedback to the position controller 64. This
provides a more accurate indication of the true position of the
hydraulic linear actuator 8, since the rotation of the stepper
motor 66 is not directly related to the displacement of the
hydraulic linear actuator 8. Rather, rotation of the stepper
motor 66 is directly related to the position of the stator 24
which in turn affect displacement of the hydraulic linear
actuator 8.

[0041] It will be appreciated that the use of a hydraulic
cylinder and piston actuator in a closed hydraulic system
present the problem of the volume differential between the
two sides of the piston since the one side includes the actuator
rod 14 (FIGS. 1 and 2). One way to solve this problem is the
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inclusion of a fluid expansion reservoir 40 and a valve 42 to
control the flow of fluid into and out of the fluid expansion
reservoir 40. Another solution could include configuring the
hydraulic linear actuator 8 with two actuator rods 14, one
extending to each side of the piston, thereby effectively elimi-
nating the volume differential between the two sides.

[0042] As described above, the direction of fluid flow
through the hydraulic pump of the present invention is con-
trolled by displacement of the stator 24. Therefore, as illus-
trated in the schematic views of FIGS. 7 and 8, the inlet and
outlet ports of the pump 20 alternately act as upstream and
downstream ports such that when the first port 44 acts as the
upstream port the second port 46 acts as the downstream port,
and when the first port 44 acts as the downstream port the
second port 46 acts as the upstream port. Therefore, the valve
42, preferably a shuttle valve as illustrated herein, maintains
fluid communication between the fluid expansion reservoir
40 and which ever of the first 44 and second 46 ports is acting
as the downstream port at the time. That is, the valve 42 is
configured to respond to a pressure differential within the
hydraulic system and maintains fluid communication
between the fluid expansion reservoir 40 and the low-pressure
side of the pump 20. It should be noted the while the valve 42
is preferably a shuttle valve, the use of any suitable valve
configuration is within the scope of the present invention.
[0043] FIG. 7 illustrates the fluid flow during an expansion
stroke of the hydraulic linear actuator 8. As mentioned above,
the amount of fluid displaced from the cylinder on this side of
the piston is insufficient to fill the hydraulic volume of the
cylinder on the other side of the piston. Therefore, the shuttle
valve 42 is positioned to allow fluid to flow from the fluid
expansion reservoir 40 into the main flow stream 48 of the
hydraulic circuit, on the downstream side of the pump 20. In
this case, port 44 is acting as the downstream port.

[0044] FIG. 8 illustrates the fluid flow during a retraction
stroke of the hydraulic linear actuator 8. Here, the amount of
fluid displaced from the cylinder is more than is required to
fill the hydraulic volume of the cylinder on the other side of
the piston. Therefore, the shuttle valve 42 is positioned to
allow fluid to flow from the main, flow stream 48 of the
hydraulic circuit into the fluid expansion reservoir 40, on the
downstream side of the pump 20. In this case, port 46 is acting
as the downstream port.

[0045] TItwill be appreciated that in a preferred embodiment
of the present invention, the fluid expansion reservoir 40 is
closed, that is, not vented, thereby maintaining the hydraulic
system as a closed system. Optionally, the fluid expansion
reservoir 40 may be pressurized, preferably to a pressure of 2
atmospheres.

[0046] Another optional feature of the present invention is
the deployment of a flywheel 80 associated with the drive
motor 4 as is known in the art when using a device that rotates
in a single direction at a substantially constant velocity. This
provides the system of the present invention a distinct energy
usage advantage over systems using bi-directional drive
motors in which a flywheel would be counter productive.
[0047] TItwill be appreciated that the above descriptions are
intended only to serve as examples and that many other
embodiments are possible within the spirit and the scope of
the present invention.

1-10. (canceled)
11. A self-contained hydraulic actuator system compris-
ing;
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(a) a drive motor;

(b) a hydraulic pump driven by said drive motor;

(c) ahydraulic linear actuator in fluid communication with
said hydraulic pump so as to be actuated in a first direc-
tion by a forward flow state and in a second direction by
a reverse flow state; and

(d) a control system associated with said hydraulic pump,
said control system configured to control adjustment of
said hydraulic pump between said forward flow state, a
non-flow state and said reverse flow state, and said con-
trol system includes a bi-directional motor such that a
speed and direction of said adjustment is affected by said
bi-directional motor.

12. The self-contained hydraulic actuator system of claim
11, wherein said hydraulic pump includes a controllably vari-
able pumping assembly such that said adjustments includes a
variation of said controllably variable pumping assembly.

13. The self-contained hydraulic actuator system of claim
11, wherein said hydraulic pump includes a stator and a rotor
deployed within said stator and said variation of said control-
lably variable pumping assembly includes adjusting a posi-
tional relationship between said stator and said rotor.

14. The self-contained hydraulic actuator system of claim
12, wherein said hydraulic pump is a vane pump.

15. The self-contained hydraulic actuator system of claim
11, further including a positioning system having a position
feedback system configured to provide position information
regarding said hydraulic linear actuator.
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16. The self-contained hydraulic actuator system of claim
15, wherein said position feedback system includes at least
one of an optical encoder and a linear potentiometer associ-
ated with said actuator.

17. The self-contained hydraulic actuator system of claim
11, wherein said fluid communication between said hydraulic
pump and said actuator is via a closed hydraulic system.

18. The self-contained hydraulic actuator system of claim
16, further including:

(e) a fluid expansion reservoir; and

(1) a valve configuration configured so as to maintain fluid

communication between said fluid expansion reservoir
and a downstream port of said hydraulic pump.

19. The hydraulic actuator system of claim 17, wherein
said hydraulic pump is configured with first and second ports,
and said first and second ports alternately act as upstream and
downstream ports such that when said first port acts as said
upstream port said second port acts as said downstream port,
and when said first port acts as said downstream port said
second port acts as said upstream port, therefore, said valve
configuration maintains said fluid communication between
said fluid expansion reservoir and one of said first and second
ports, dependent on which of said first and second ports is
acting as said downstream port.

20. The hydraulic actuator system of claim 17, wherein
said fluid expansion reservoir is not vented.
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