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HYDRAULIC CIRCUIT FOR A ENERGY REGENERATIVE DRIVE SYSTEM

Technical Field
The present invention relates to hydraulic circuits used to deliver hydraulic fluid

under pressure to a motor/pump device to have the device act as a motor.

Background of the Invention

Described in specification of USA Patent 6712166 is a regenerative drive system
including a positive displacement pump/motor assembly that co-operates with an
accumulator to receive hydraulic fluid under pressure from the assembly when the
assembly is acting as a pump, and to deliver hydraulic fluid under pressure to the
assembly when the assembly is to act as a motor. The assembly is inserted in the drive
shaft of a vehicle. For example, under deceleration energy can be taken from the drive
shaft and stored in the accumulator. This energy can then be extracted with the assembly
operating as a motor so as to deliver energy to the drive shaft.

A disadvantage of the above discussed regenerative drive system is that when
hydraulic fluid under pressure is delivered to the pump/motor from the accumulator, the
apparatus ‘“jolts” the drive train of the vehicle. This causes undesirable noise and
vibration.

A further disadvantage of the above described system is that there is a delay
between selecting operation of the apparatus as a motor and when it actually commences
operation.

A still further disadvantage is that portion of the hydraulic circuit can be
subjected to excessive pressure if portions of the hydraulic circuit fail. In particular
failure can result in the uncontrolled release of hydraulic fluid from the accumulator to

the reservoir through one of the return lines.

Object of the Invention
It is the object of the present invention to overcome or substantially ameliorate at

least one of the above disadvantages.
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Summary of the Invention

There is disclosed herein a hydraulic circuit including:

an accumulator to store hydraulic fluid under pressure;

a hydraulic pump/motor apparatus that when driven is operable as a pump to
provide hydraulic fluid under pressure for delivery to the accumulator, while when
receiving hydraulic fluid under pressure from the accumulator is operable as a motor;

a primary valve device connecting the apparatus to said accumulator to provide
for the flow of the hydraulic fluid to said accumulator and operable to prevent flow from
said accumulator to said apparatus to thereby have said accumulator store the hydraulic
fluid under pressure; and

a control mechanism to control said device, said mechanism causing operation of
said device to regulate the rate of change of flow from said accumulator to said apparatus.

Preferably, said device includes a control valve connected to said accumulator
and said primary valve, the control valve being operable to deliver hydraulic fluid under
pressure from the accumulator to said primary valve to cause operation of said primary
valve to provide for the flow of hydraulic fluid from said accumulator to said apparatus.

Preferably, said circuit includes a tank to receive said hydraulic fluid, and a relief
valve operable to deliver hydraulic fluid to said tank when said accumulator reaches a
desired charged state.

Preferably, said circuit includes a pressure operated valve operatively associated
with said relief valve and said tanl%, and wherein upon a predetermined pressure being
applied to said pressure operated valve said pressure operated valve operates said relief
valve to drain hydraulic fluid to said tank.

Preferably, said primary valve and relief valve are included in a valve assembly,
said valve assembly including a valve chamber having a first, second and third port, and a
first movable valve member movable between an open position providing for
communication between said first and second ports and a closed position blocking flow
between the first and second ports, and a second movable valve member movable

between a closed position blocking communication between said first port and said third
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port, and an open position providing for the flow of hydraulic fluid from said first port to
said third port, with said first movable valve member providing portion of said primary
valve, and said second movable valve member providing portion of said relief valve.

Preferably, primary valve device includes a first valve and a second valve, the
first and second valves being arranged in parallel between sajd apparatus and said
accumulator.

Preferably, said primary valve device is maintained closed in respect of fluid
flow from said accumulator to said apparatus by control of hydraulic fluid under pressure
from said accumulator.

Preferably, said control device includes a valve operéble to vent said control
hydraulic fluid to tank at a controlled rate.

Preferably, said circuit includes a dump valve operable to drain said
accumulator.

Preferably, said circuit includes a relief valve operable to deliver hydraulic fluid
to tank should hydraulic fluid under pressure being delivered to said primary valve device

exceed a predetermined pressure.

Brief Description of the Drawings

A preferred form of the present invention will now be described by way of
example with reference to the accompanying drawings wherein:

Figure 1 is a schematic hydraulic circuit for a regenerative drive system;

Figure 2 is a further illustration of the hydraulic circuit of Figure 1 highlighting
portions of the circuit used in a “propulsion” mode;

Figure 3 is an illustration of the hydraulic circuit of Figure 1 highlighting
portions of the circuit used in a “retard” mode;

Figure 4 is an illustration of the hydraulic circuit of Figure 1 highlighting
portions of the circuit used in a further “retard” mode: |

Figure 5 is an illustration of the hydraulic circuit of Figure 1 highlighting

portions of the circuit used in a “dump” mode;

3
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Figure 6 is an illustration of the hydraulic circuit of Figure 1 highlighting
portions of the circuit used in a “stand by” mode;

Figure 7 is a schematic sectioned side elevation of a valve assembly employed in
the circuit of Figure 1; and

Figure 8 is a further schematic hydraulic circuit for a regenerative drive system.

Detailed Description of the Preferred Embodiment

In the accompanying drawing there is schematically depicted a variable angle
swash pump/motor apparatus 10. Typically the apparatus 10 would co-operate with the
drive train of a motor vehicle to extract energy from the drive train when the vehicle is
de-accelerating, and to deliver energy to the drive train for the purposes of aiding in
propelling the vehicle. The apparatus 10 is part of a hydraulic circuit 11. The circuit 11
includes an accumulator 12 which stores hydraulic fluid under pressure. Connecting the
apparatus 10 with the accumulator 12 is a high pressure line 13. Within the high pressure
line 13 is a primary valve device in the form of primary valve 14 that provides for the
flow of hydraulic fluid under pressure from the apparatus 10 to the accumulator 12 when
the apparatus 10 is being driven, that is, when the apparatus 10 is acting as a pump. The
primary valve 14 acts to retain the hydraulic fluid under pressure in the accumulator 12.
However, the primary valve 14 is operable to provide for the flow of 'hydraulic fluid
under pressure from the reservoir 12 to the apparatus 10 so that the apparatus 10 acts as a
motor.

Operatively associated with the valve 14 is a control mechanism 15 that is a
hydraulic sub-circuit 16 that causes the valve 14 to open so that there is flow from the
accumulator 12 to the apparatus 10.

The hydraulic circuit 16 includes a control line 17 to which hydraulic fluid under
pressure is delivered to cause actuation of the valve 14 to provide for the flow of
hydraulic fluid from the accumulator 12 to the apparatus 10. In the line 17 is a one-way
valve (restrictor) 18, with the line 17 extending to a line 19 having a pressure operated

one-way valve 20. The line 19 extends to a control line 22 terminating at the valve 23.
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The valve 23 has an input that communicates with the line 13 so as to receive hydraulic
fluid under pressure therefrom. The valve 23 is operated by pressure in the line 22 and
has an output to deliver fluid to the line 24. The line 24 via a one-way valve 25
communicates with the apparatus 10, with the line 24 receiving fluid from the apparatus
10 when the apparatus 10 is acting as a motor. The line 22 has in it a one-way valve 67.
The valve 67 has a threshold pressure level of 20 bar before it will permit flow to the line
19.

The valve 23 communicates with the line 13 via a line 26. The line 26 is
provided with a valve 27 and a further valve 28. The line 26 extends to a boost pump
assembly 29 that provides hydraulic fluid under pressure to the line 24 for delivery to the
apparatus 10 when the apparatus 10 is acting as a pump. The pump boost assembly 29
addresses any issues in respect of the apparatus 10 cavitating. The valve 28 limits
pressure in the line 65 to 170 bar by venting excess pressure to line 64.

The pump assembly 29 includes a motor 30 that drives a pump 31. The pump 31
draws hydraulic fluid from a reservoir 32 and delivers hydraulic fluid under pressure to
the line 24, via a one way valve 68 extending to the apparatus 10.

A restriction device 71 and one-way valve 72 provide the restricted flow of fluid
from the pump 31 to the motor 30 to inhibit cavitation of the motor 30.

The line 24 between the valve 23 and valve 25 is also connected to the tank 32
via a heat exchanger assembly 34 that includes motor driven fans 35. A filter 36 is
downstream of the assembly 34. The filter 36 has operatively associated with it a one-
way pressure relief valve 37. The assembly 34 also includes a one-way pressure release
valve 38.

The tank 32 is provided with a breather pipe 39.

Extending from a position between the valve 14 and the accumulator 12 is a line
40 that includes a restriction 41 and a valve 42. The valve 42 communicates with a line
43 that connects with the line 24 and extends to the heat exchanger assembly 34. The

valve 42 is electrically operated.
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Also communicating with the line 13 between the valve 14 and accumulator 12

is a further line 44 that includes a restriction 45 and a valve 46. The valve 46 is
connected to the line 17.

The line 19 extends to a valve 47 that communicates with a return line 48
extending to the tank 32. The valve 47 is electrically operated.

Associated with the apparatus 10 is a clutch assembly not illustrated. The clutch
assembly is operated by a control mechanism 49 integrated with the circuit 11. The
mechanism 49 includes an actuator 50 including a cylinder 51 having a piston 52. Qne
end of the cylinder 51 communicates with a line 53 via a restriction 54. Hydraulic fluid
under pressure from the cylinder 51 is delivered to the line 53 so as to activate the clutch
of the apparatus 10. To cause this fluid flow air under pressure is delivered to the
chamber 55 via a pneumatic valve 56. The valve 56 receives air under pressure through a
line 57. A vent line 58 also extends from the valve 56. When air under pressure is
delivered to the chamber 55 by operation of the valve 56, the piston 52 moves to reduce
the volume of the chamber 59 so fluid is forced through the line 53 to activate the cluich.
When the chamber 55 is communicating with the vent line 58, the piston 52 is returned by
means of the spring 60 so that fluid is drawn into the chamber 59 to again activate the
clutch. The chamber 59 is “topped-up” with hydraulic fluid via the line 48.

A pressure relief valve 62 is provided in the line 19. The valve 62 essentially
governs operation of the safety valve 23. If pressure in the line 22 is excessive fluid is
drained to the line 64 so as to cause operation of the valve 23 to drain fluid to the line 24.

The following is a description of the various operating phases of the above
described circuit 11.

The valve 46 is operable to connect the accumulator 12 to the valve 14 and to
drain line 115 to tank 32.

PROPULSION

Effectively energy stored in the accumulator 12 is delivered to the apparatus 10
so that the apparatus 10 acts as a motor and at least aids in driving, for example, the
vehicle or piece of machinery having the apparatus 10.

6
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Hydraulic fluid under pressure is delivered from the accumulator 12 to the valve
14. The valve 14 is opened by the delivery thereto of hydraulic fluid under pressure
through the line 17. The line 17 receives this hydraulic fluid under pressure via operation
of the valve 46. The valve 46 is electrically operated and would be connected to a control
panel incorporating a computer. When the valve 46 is operated to connect lines 44 and
61, the hydraulic fluid under pressure flows through the one-way valve 18 to the valve 14
to open the valve 14. Hydraulic fluid under pressure is then delivered to the line 13 from
the accumulator 12. This hydraulic fluid from the line 13 then operates the apparatus 10.

When the hydraulic fluid under pressure is delivered to the line 61, this pressure
closes the valve 20. At this time the valve 47 is also closed.

Operatively associated with the line 13 is the valve 23. The valve 23 operates as
a safety valve and relieves pressure in the line 13 should it become excessive. This relief
pressure is determined by the valve 62 as the valves 20 and 47 are closed. The valve 62 is
set at 355 bar. Accordingly if pressure in the line 22 raises above 355 bar, the valve 62
will vent to the line 64 and cause operation of the valve 23 so as to vent excess pressure to
the line 43 extending to the tank 32.

The return line 24 from the apparatus 10 also delivers the hydraulic fluid to the
line 43. Hydraulic fluid passing through the line 43 is cooled by the heat exchanger
assembly 34 prior to the delivery to the tank 32.

The one-way valve 18 also acts as a restriction and provides for build up of
hydraulic fluid under pressure in the line 61 to close the valve 20.

As the valves 20 and 47 are closed, pressure in the line 22 is governed by the
valve 62.

The valve 27 is also closed and like the valves 42 and 47 is electrically operated.

RETARD

When the accumulator 12 is to be charged, that is when the apparatus 10 is
operating as a pump so as to retard operation of the associated vehicle or piece of
machinery, fluid under pressure is delivered to the line 13 by the apparatus 10. This fluid
under pressure passes through the valve 14 for delivery to the accumulator 12. In this

7
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arrangement part of the hydraulic fluid under pressure in the line 13 is delivered to the
motor 30 that drives the pump 31 to deliver fluid to the line 24 to be used by the apparatus
10, now acting as a pump. The pump 31 communicates with the tank 32 via a line 69.
The motor 30 exhausts to the tank 32 via a line 70.

The motor 30 receives hydraulic fluid from the line 65. Hydraulic fluid is
delivered to the line 65 upon operation of the valve 27. Again the valve 27 is electrically
operated and will be controlled in a similar manner to the valves 42, 46 and 47.

Flow in the line 65 is governed by the valve 28. In this embodiment, the valve
28 is set at 170 bar. When there is a pressure drop across the valve 28 of 170 bar, the
valve 28 allows flow to line 65 and therefore operates the motor 30.

In this mode of operation, the valve 47 is closed as is the valve 20. Accordingly
the valve 62 governs the pressure at which the valve 23 will relieve pressure in the line
13. Should the pressure exceed 355 bar, then the valve 62 will allow flow to the line 64
thereby causing operation of the valve 23 to vent excess pressure to the line 24. This will
generally occur when the accumulator 12 is fully charged.

In respect of the valve 23 it should be appreciated that it provides for flow to the
line 22 at all times. However that flow is restricted.

When the accumulator 12 is fully charged, pressure in the line 13 builds to the
extent that pressure in the line 22 triggers the valve 62. This causes the valve 23 to open
and deliver the excess fluid to the line 24. This hydraulic fluid is vented to the tank 32
via the line 43.

The valve 145 enables fluid to be drawn into line 140 during operation of the
valve 14.

When suction in the line 24 is detected as too high, valve 27 is opened to deliver
fluid to line 65. Motor 30 is then operated to drive pump 31.

DUMP

When the vehicle or piece of machinery is to be idle, the reservoir 12 needs to be
relieved in respect of pressure. This is achieved by dumping the pressure from the

accumulator 12 to the tank 32.
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This dumping of the pressure from the accumulator 12 is achieved by operation
of the valve 42. When the valve 42 is electrically operated so as to be opened, the fluid in
the reservoir 12 is drained to the tank 32 via the line 43.

STAND BY

The circuit 11 also has a “standby” configuration.

The standby configuration is employed when for example, the vehicle is being
operated so as not to be accelerating or de-accelerating but with the apparatus 10 acting as
apump. That is, the vehicle is in a steady state.

In the standby mode, the valve 47 is opened, with the valve 20 open as there is
no pressure in line 61 to open valve 20. Also in the standby mode, the valve 27 can be
actuated so as to enable operation of the motor 30 as previously described.

In the standby mode the valves 42 and 46 are closed.

With the valve 47 open and pressure in the line 22 above 20 bar, hydraulic fluid
flows through the valve 67, valve 20 and valve 47 to be delivered to the tank 32. This
flow operates the valve 23 so that hydraulic fluid is delivered from the line 26 via the
valve 23 to the line 24 wherefrom it is delivered to the line 43 extending to the tank 32.
Accordingly the apparatus 10 can be operated at maximum pump output without raising
pressure excessively in the circuit 11.

CLUTCH

Hydraulic fluid under pressure from the circuit 11 is employed by the clutch
assembly 49. When the apparatus 10 is to be disconnected, air under pressure is delivered
to the chamber 55 causing hydraulic fluid to flow along the line 53 to cause actuation of
the clutch to disconnect the apparatus 10 so that it is no longer operative.

In respect of the abovementioned hydraulic circuit 11, operation of the valve 14
substantially ameliorates the problems associated with “jolting” (shock loading) of the
hydraulic circuit 11 and drive train of the vehicle. That is, there is greater control of the

rate of change of flow from the accumulator 12 to the apparatus 10.
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The above described hydraulic circuit 11 has the further advantage of the safety

valve 23, The valve 23, by being governed by the valve 62, controls the pressure in the
line 13. |

The abovementioned circuit 11 has the further advantage of being able to react
quicker. Operation of the valve 14 ameliorates problems associated with delay in
operation of the apparatus 10 by using pressure from the accumulator 12 to operate the
valve 14,

YALVE ASSEMBLY

In Figure 7 there is schematically depicted in sectioned side elevation a valve
assembly 143. The assembly 143 incorporates valves 14, 23, 62 and 67. The valve
assembly 143 is adapted to provide for the delivery of fluid under pressure to the
accumulator 12 while allowing fluid under pressure from the accumulator 12 to pass to
the apparatus 10. However in particular when delivering hydraulic fluid under pressure
from the accumulator 12 to the apparatus 10, the valve assembly 143 by including the
valve 14 is configured to control the flow from the accumulator 12 so that there is no
surge delivered to the remainder of the circuit 11.

By incorporating the valve 23, the valve assembly 143 provides for the venting
of hydraulic fluid to the tank 32.

The valve assembly 143 includes a port 111 that is connected to the accumulator
12 by means of hydraulic line 114. The port 112 is attached to the line 13 while the port
113 is attached to the line 22 extending to the valve 62. A further port 116 also vents to
the tank 32 via the line 115. The port 112 acts as an input for the valve 23 while the port
113 acts as an output for the valve 23.

The valve assembly 143 has a central chamber 142 including a first sub chamber
118 having a movable valve member 119, and a second sub chamber 117 having a
movable valve member 120.

The chamber 118 is stepped so as to have a first portion 121 of smaller diameter
than a second portion 122, with the valve member 119 being stepped so as to have a first
piston portion 123, and a second portion 124 of larger diameter than the portion 123.

10



10

15

20

25

WO 2007/035997 PCT/AU2006/001426

Seals 125 are provided to sealingly connect the valve member 119 with the walls of the
chamber 118. A spring 126 urges the valve member 119 in the direction of the arrow
127. At one end of the piston 119 there is provided a seal 128 that engages a seat 129.

The chamber 142 has surrounding it a sleeve 130 that includes an annular cavity
131 communicating with radially extending apertures 132 that intern communicate with
the port 112. The port 112 extends to the sub chamber 117 while the port 111 extends to
the sub chamber 118.

Slidably mounted in the sleeve 130 is the valve member 120. The valve member
120 is urged in the direction of the arrow 133 by a spring 134. The movable valve
member 120 has a seal 135 that engages a seat 136, with the port 113 communicating
with the sub chamber 117,

One end of the chamber 117 is provided with the valve 67 and pressure relief
valve 62 that communicates with the port 116.

In the above discussed valve assembly 143, the spring 126 is relatively weak.
For example, the movable valve mémber 119 may be moved to displace the seal 128 from
the seat 129 upon pressure in the sub chamber 117 reaching 3 bar. The spring 134 is also
relatively weak, with the movable valve member 120 moving the seal 135 from the seat
136 when there is pressure differential across the movable valve member 120 of about 3
bar. The pressure relief valve 137 is operated when pressure in the chamber 142 exceeds
355 bar. In that respect it should be appreciated there is a passage 138 extending through
the movable valve member 120 so that the pressure relief valve 67 is subjected to the
pressure within the chamber 142.

The movable valve member 119 is provided with a passage 144 that
communicates via a passage 145 with the port 111. This provides for the delivery of
hydraulic fluid under pressure from the reservoir to the rear chamber 146 to urge the
piston 119 to close the seat 129 when pressure in the port 112 is less than the port 111,
When pressure in the port 112 is greater than the port 111 the piston 119 is moved to open

the seat 129.

11
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The valve assembly 143 includes a further port 139 that communicates with the
line 140.

In operation of the above valve assembly 143, during “retard” pressure delivered
to the line 13 causes hydraulic fluid under pressure to enter the port 112 and causes
movement of the movable valve member 120 to move the seal 124 away from the seat
129. Hydraulic fluid under pressure is then delivered to the port 111 and therefore the
line 142 leading to the accumulator 12. This will continue until the accumulator 12 is
essentially charged. During this phase of operation, the movable valve member 120
maintains the seal 125 in contact with the seat 136 as there is essentially no pressure drop
across the movable valve member 120. However once the accumulator 12 is fully
charged and pressure rises to 355 bar in the chamber 142, the valve 137 is operated to
vent hydraulic fluid to tank 32. This causes a pressure drop across the movable valve
member 120 and movement of the valve member 120 so that the seal 135 moves away
from the seat 136. Accordingly hydraulic fluid is bled to tank 32 through the port 113
and line 115.

During the “dump” phase the movable valve members 119 and 120 remain
seated effectively closing the ports 111 and 113.

When “propulsion” is initiated, the valve assembly 143 is operated to deliver
hydraulic fluid under pressure from the accumulator 12 to the port 139 via the line 140.
However due to restrictions 45 and 18, flow to the sub chamber 118 is relatively slow and
therefore movement of the valve member 119 is relatively slow, that is the seal 128 is
moved slowly away from the seat 129 thereby eliminating or at least substantially
reducing any shock loading of the circuit 11. In the “propulsion” mode the valve 67
remains closed and therefore the valve member 120 maintains the seal 135 against the
seat 136.

In the accompanying drawings Figure 7 shows the valve assembly 143 in the
“propulsion” mode of operation with hydraulic fluid going from the line 114 to the line 13
through the ports 111 and 112, as well as in the “retard” mode of operation with hydraulic

fluid being delivered to the accumulator 12 by passing from the port 112 to the port 111.
12
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In Figure 8, the valve assembly 143 is shown in a configuration in which hydraulic fluid
under pressure is being vented to the tank 32 by having hydraulic fluid pass from the port
112 to the port 113.

The primary valve 14 is provided by the valve body 144 of the assembly 143 and
the movable valve member 119 while the valve 23 is provided by the body 144 and the
movable valve member 120.

The valve 145, as previously mentioned, allows fluid to be drawn into line 140
and then line 139 to provide for rapid movement of valve member 119 in the direction
opposite to arrow 127.

In Figure 8 there is schematically depicted an hydraulic circuit 200. The circuit
200 is an alternative to the circuit 11 of the previous embodiment. In this embodiment the
circuit 200 communicates with the variable angle swash pump/motor apparatus 10 via the
line 201, while the line 202 communicates with the tank 32.

In this embodiment, the primary valve device includes a first check valve 204
and a second check valve 205. The valves 204 and 205 are arranged in series so that
hydraulic fluid under pressure delivered to them from the line 201 is delivered to the line
206 extending to the accumulator 12.

When the reservoir 12 is approaching or is at full capacity, the apparatus 10 is
operated so as to produce minimum flow, by adjusting the angle of the swash plate.

When the apparatus 10 is to operate as a motor (that is when it is receiving
hydraulic fluid under pressure from the accumulator 12) the valves 204 and 205 are
opened by operation of a valve 207. The valves 204 and 205 are configured so that they
are maintained in the closed position by hydraulic fluid under pressure from the line 206.
As can be seen control lines 208 extend from the valve 207, with the valve 207 receiving
hydraulic fluid under pressure from the line 206 through the control line 209. When the
valve 207 connects the lines 208 and 209, hydraulic fluid under pressure from the
accumulator 12 maintains the valves 204 and 205 closed. However when the valve 207 is
operated so as to connect the lines 208 to the line 202 extending to the tank 32, this
pressure relief allows the valves 204 and 205 to open thereby providing for flow from the

13
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accumulator 12 to the apparatus 10. The valve 207 is electrically operated and
communicates with line 202 via a resistance valve 210. Preferably the resistance valve
210 is adjustable and can thérefore be manipulated to determine the rate of flow passing
from the line 208 to the line 202. By limiting the flow rate from the line 208 to the line
202, the valves 204 and 205 open at a desired rate so that the apparatus 10 (acting as a
motor) starts at a controlled rate. Preferably the valve 205 is opened later than the valve
204 when flow is initiated from the accumulator 12 to the apparatus 10.

A dump valve 211 is operable to drain the accumulator 12.

A safety valve 212 is provided to vent pressure in the line 201 to tank via the line

202 should the pressure in the line 201 exceed a predetermined pressure.
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CLAIMS:

L. A hydraulic circuit including:

an accumulator to store hydraulic fluid under pressure;

a hydraulic pump/motor apparatus that when driven is operable as a pump to
provide hydraulic fluid under pressure for delivery to the accumulator, while when
receiving hydraulic fluid under pressure from the accumulator is operable as a motor;

a primary valve device connecting the apparatus to said accumulator to provide
for the flow of the hydraulic fluid to said accumulator and operable to prevent flow from
said accumulator to said apparatus to thereby have said accumulator store the hydraulic
fluid under pressure; and

a control mechanism to control said device, said mechanism causing operation of
said device to regulate the rate of change of flow from said accumulator to said apparatus.

2. The circuit of claim 1, wherein said device includes a control valve
connected to said accumulator and said primary valve, the control valve being operable to
deliver hydraulic fluid under pressure from the accumulator to said primary valve to cause
operation of said primary valve to provide for the flow of hydraulic fluid from said
accumulator to said apparatus.

3. The circuit of claim 1 or 2, further including a tank to receive said
hydraulic fluid, and a relief valve operable to deliver hydraulic fluid to said tank when
said accumulator reaches a desired charged state.

4. The circuit of claim 3, further including a pressure operated valve
operatively associated with said relief valve and said tank, and wherein upon a
predetermined pressure being applied to said pressure operated valve said pressure
operated valve operates said relief valve to drain hydraulic fluid to said tank.

5. The circuit of claim 3 or 4, wherein said primary valve and relief valve
are included in a valve assembly, said valve assembly including a valve chamber having a
first, second and third port, and a first movable valve member movable between an open
position providing for communication between said first and second ports and a closed
position blocking flow between the first and second ports, and a second movable valve

15
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member movable between a closed position blocking communication between said first
port and said third port, and an open position providing for the flow of hydraulic fluid
from said first port to said third port, with said first movable valve member providing
portion of said primary valve, and said second movable valve member providing portion
of said relief valve.

6. The circuit of claim 1, wherein said primary valve device includes a
first valve and a second valve, the first and second valves being arranged in parallel
between said apparatus and said accumulator.

7. The circuit of claim 1 or 6, wherein said primary valve device is
maintained closed in respect of fluid flow from said accumulator to said apparatus by
control of hydraulic fluid under pressure from said accumulator.

8. The circuit of claim 1, 6 or 7, wherein said control device includes a
valve operable to vent said control hydraulic fluid to tank at a controlled rate.

9. The circuit of any one of claims 1, 6, 7 or 8, further including a dump
valve operable to drain said accumulator.

10. The circuit of any one of claims 1, or 6 to 9, further including a relief
valve operable to deliver hydraulic fluid to tank should hydraulic fluid under pressure

being delivered to said primary valve device exceed a predetermined pressure.

16
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