06/109079 A1 IR 0 O O OO0

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

(19) World Intellectual Property Organization
International Bureau

(43) International Publication Date
19 October 2006 (19.10.2006)

;ﬂ[.h A 0000 OO0 O

(10) International Publication Number

WO 2006/109079 Al

(51) International Patent Classification:
F04B 49/06 (2006.01) FOIB 1/06 (2006.01)
F04B 1/06 (2006.01)

(21) International Application Number:
PCT/GB2006/001366

(22) International Filing Date: 13 April 2006 (13.04.2006)

(25) Filing Language: English

(26) Publication Language: English
(30) Priority Data:
0507662.5 15 April 2005 (15.04.2005) GB
(71) Applicant (for all designated States except US):
ARTEMIS INTELLIGENT POWER LIMITED
[GB/GB]; Sanderson Building, Mayfield Road, Edinburgh

EH9 3JL (GB).

(72) Inventors; and

(75) Inventors/Applicants (for US only): CALDWELL,
Niall, James [GB/GB]; 2F2 5 Balcarres Street, Edinburgh
EH10 5JB (GB). RAMPEN, William, Hugh, Salvin
[GB/GB]; 1 Merchiston Crescent, Edinburgh EH10 5AN
(GB).

(74) Agent: HANSON, William, Bennett; Bromhead John-
son, 19 Buckingham Street, London WC2N 6EF (GB).

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

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARTPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, 7ZM,
ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI,
FR, GB, GR, HU, IE, IS, IT, LT, LU, LV, MC, NL, PL, PT,
RO, SE, SI, SK, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA,
GN, GQ, GW, ML, MR, NE, SN, TD, TG).

Published:
with international search report

For two-letter codes and other abbreviations, refer to the "Guid-
ance Notes on Codes and Abbreviations" appearing at the begin-
ning of each regular issue of the PCT Gazette.

(54) Title: FLUID-WORKING MACHINES

& (57) Abstract: A fluid-working machine comprises at least one primary working chamber such as a cylinder (4) of cyclically
changing volume and primary valves (7) to control the connection of the at least one chamber to low (10)- and high (9)-pressure
O manifolds. The machine has at least one secondary working chamber (5) of cyclically changing volume and a secondary valve (12,
21) for placing the secondary chamber in communication with the primary chamber (4) in an active state of the secondary chamber
(5) and for isolating it therefrom in an idling state of the secondary chamber.



WO 2006/109079 PCT/GB2006/001366

FLUID-WORKING MACHINES

[0001] This invention relates. to a fluid driven motor and/or a fluid-driving
pump (the motor or pump is called a “fluid-working machine” in this
specification) having working chambers of cyclically changing volume and valve
means to control the connection of each chamber to low- and high-pressure

manifolds. The invention also relates to a method of operating the machine.

[0002].fl;he invention has particular reference to non-compressible fluids, but its
use with gases is not ruled out. It has particular reference to machines where the
at least one working chamber comprises a cylinder in which a piston is"arranged
to reciprocate, but its use with at least one chamber delimited by a flexible

diaphragm or a rotary piston is not ruled out.

[0003]WO 91/05163 describes a fluid-working machine having a plurality of
cylinders. Electromagnetically actuatable face-seating poppet valves are used to

select a different number of cylinders in order to vary the output power.

[0004] When fluid-working machines are used in combination to form a variable-~
-speed drive for an application that requires a wide operating speed range, it is
difficult to provide sufficient fluid-powered motor displacement volume for low-
speed, maximum-torque operation. Previously this problem has been addressed
in one of three ways: a very large variable capacity motor has been used, a two-
speed gearbox has been inserted into the drive train between the motor and the
output, or additional fluid-power machines have been ganged, or brought into

service, to increase the effective displacement.

[0005]Each of these approaches has its disadvantages and limitations. The very
large variable capacity motor spends much of its working life at a small fraction
of its maximum capacity, where it runs inefficiently. The gearbox adds a major
extra component and thus adds significant weight, with the problem of backlash

also being introduced. The gearbox also needs to be taken off-load in order to
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shift between ratios. Adding additional hydraulic units requires a significantly
more complex fluid circuit, with additional switching valves. The additional
units may also suffer from the complexity of clutches used to disconnect the

additional motors when they are not in use, so as to eliminate parasitic idle loss.

[0006]1t is therefore an aim of the invention to provide a machine that addresses

the disadvantages of these known approaches.

[0007]The present invention provides a fluid-working machine comprising at
least one primary working chamber of cyclically changing volume and primary
valves to control the connection of the at least one chamber to low- and high-
pressure manifolds, characterised by at least one secondary working chamber of
cyclically changing volume and a secondary valve for placing the secondary
chamber in communication with the primary chamber in an active state of the
secondary chamber and for isolating it therefrom in an idling state of the

secondary chamber.

[0008] The at least one secondary working chamber is preferably connected only
to the said at least one primary chamber. When the primary and secondary
chambers are in communication the working volume of the working chambers is
increased, the displacement and torque being increased at lower shaft speeds.
There may be one secondary working chamber for each primary chamber.
Alternatively, there may be fewer than one secondary chamber for each primary
chamber, or there may be tertiary and possibly quaternary etc. chambers,
connected with the secondary chambers via valves in series or parallel to the

primary chambers.

[0009] The primary and secondary chambers may comprise cylinders arranged
radially around a crankshaft, and having pistons connected to the crankshaft for

rotation thereof.
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[0010]The secondary valve can be controlled by an electromagnetic, hydraulic,

pneumatic or electromechanical actuator.

[0011]Secondary valve biasing means such as a spring may be provided for
biasing the secondary valve to the closed condition in which the primary and
secondary chambers are isolated from each other. The secondary valve may be
controlled via a rod which may extend through the secondary chamber. A force-
transmitting member may be arranged to move a 'valve member (of which
membef the rod may form part) of the secondary valve via an energy storage
device, for example a spring. This is useful if the force-transmitting member
happens to be actuated at a point in the cycle when the pressure in the primary
chamber is high. In an embodiment of the machine, one force-transmitting
member is arranged to actuate a valve member of a plurality of secondary
valves. The force-transmitting member may comprise a ring extending around

the machine.

[0012]In a particular embodiment of the inventive machine, the primary valves
comprise face-seating valves such as the poppet valves described in WO

91/05163. Alternatively, commutating port valves could be used.

[0013]In addition to the connection and disconnection between the primary and
secondary chambers, the primary valves may be operable to select or deselect
each primary chamber depending the required output of the machine, as

described in WO 91/05163.

[0014]In order that the invention may be more readily understood, reference
will now be made, by way of example only, to the accompanying drawings in

which:

[0015]Figure 1 is a schematic sectional view of a hydraulic motor according to

the invention; and
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[0016]Figure 2 is an enlarged schematic sectional view of a secondary valve and

associated components of the machine of Figure 1.

[0017]Figure 1 shows a machine comprising a plurality of cylinders, four of
which are shown. In this type of machine, the cylinders are arranged radially
around an eccentric of a crankshaft 1, but the invention is not restricted to such

machines.

[0018]Primary cylinders 4 are arranged as follows. In the side wall of each
cylinder 4 is a primary poppet valve (not shown, since it is not in the section
plane) cdmmunicating with a high-pressure manifold 9 and in the end wall of
each cylinder 4 is a further primary poppet valve 7 communicating with a low-
pressure manifold 10. The poppet valves are active electromagnetic valves

controlled electrically by a microprocessor controller.

[0019]Pistons 2 act on the crankshaft 1. The controller receives inputs from a

shaft encoder, a pressure transducer, and a desired output speed demand signal.

[0020] The primary poppet valves seal the respective primary cylinders 4 from
the respective manifolds 9, 10 by engagement of an annular valve part with an
annular valve seat, a solenoid being provided to magnetically move each said
valve part relative to its seat by reacting with ferromagnetic material on the said
poppet valve, each said poppet valve having a stem and an enlarged head, the
annular valve part being provided on the head and the ferromagnetic material

being provided on the stem.

[0021]Secondary cylinders 5 are arranged substantially in a plane with each
secondary cylinder adjacent its associated primary cylinder 4. The working
volume of each secondary cylinder 5 is connected to that of the adjacent primary

cylinder via a passageway 11.

[0022] As shown more clearly in Figure 2, a secondary valve comprising a valve

member in the form of a ball 12 is located in the passageway 11. A secondary
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valve spring 20 urges the ball 12 towards a taper 21 in the passageway. The ball
12 is connected to a rod 13 which extends along the passageway 11 as far as a
recess 22 into which recess the passageway opens out. A seal 16, provided
around the rod between the secondary cylinder 5 and the recess 22, isolates the
pressurised secondary chamber 5. The end of the rod 13 is connected to one end
of an actuating spring 15 located in the recess. The actuating spring 15 is stiffer
than the secondary valve spring 20. The other end of the actuating spring 15
abuts an actuating ring 23 which extends around the machine and comprises
ferromégnetic material. A coil 14 also extends around the machine at a different

axial position from that of the ring 23.

[0023] The machine has one passageway 11 containing a secondary valve for
each pair of cylinders 4, 5, each actuating spring 15 being connected to the
actuating ring 23.

[0024]When the secondary valves are closed only the primary cylinders 4
operate. At low speed, in order to generate higher torque in the crankshaft 1, a
current is applied to the coil 14. This moves the ring 23 towards the coil 14,
which forces the actuating springs 15 towards the secondary valves. If the
pressure in a given primary cylinder 4 is sufficiently low, the secondary valve
opens against the action of the secondary valve spring 20, connecting the
primary and secondary cylinders so that both are now driven by the pressurised
fluid. On the other hand, if the primary cylinder 4 is at a point in its cycle where
the pressure is high, the secondary valve cannot open, ball 12 and rod 13
remaining in a position to the right of that shown in Figure 2, and the actuating
spring 15 is compressed. As soon as a point of sufficiently low pressure is
reached, the actuating spring 15 opens the secondary valve to the position shown

in Figure 2.

[0025]In the position of Figure 2, the force of the secondary valve spring 20

combined with fluid flow forces on the ball 12 is insufficient to compress the
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actuating spring 15. Thus the secondary valves remain open until the current to
the coil 14 is stopped, whereupon the secondary valve springs 20 close the
secondary valves. This allows the machine to operate with less fluid

displacement at a higher speed.

[0026] The secondary valves could be actuated by a pneumatic or hydraulic
actuator instead of the solenoid comprising coil 14 and ring 23. In this regard, a
single gallery could communicate with all of the recesses 22 and could be

pressurised to open and close the valves when required.

[0027] All forms of the verb “to comprise” used in this specification should be

understood as forms of the verbs “to consist of” and/or “to include”.
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CLAIMS

1 A fluid-working machine comprising at least one primary working
chamber of cyclically chariging volume and primary valves to control the
connection of the at least one chamber to low- and high-pressure manifolds,
characterised by at least one secondary working chamber of cyclically changing
volume and a secondary valve for placing the secondary chamber in
communication with the primary chamber in an active state of the secondary
chamber and for isolating it therefrom in an idling state of the secondary

chamber.

2. A machine according to claim 1, comprising one secondary working

chamber for each primary chamber.

3. A machine according to claim 1 or 2, comprising tertiary and possibly
quaternary etc. chambers, connected to the primary chambers via valves in series

with or in parallel with the secondary chambers.

4. A machine according to claim 1, 2 or 3, wherein the primary and
secondary chambers comprise cylinders arranged radially around a crankshaft,

and having pistons connected to the crankshaft for rotation thereof.

5. A machine according to any preceding claim, including secondary valve
biasing means for biasing the at least one secondary valve to the closed condition

in which the primary and secondary chambers are isolated from each other.

6. A machine according to any preceding claim, wherein the at least one
secondary valve is controlled via a rod extending through the secondary

chamber.

7. A machine according to any preceding claim, wherein a force-transmitting
member is arranged to move a valve member of the at least one secondary valve

via an energy storage device.
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8. A machine according to claim 7, wherein the energy storage device
comprises a spring.
9. A machine according to any preceding claim, wherein one force-

transmitting member is arranged to actuate a valve member of each of a plurality

of secondary valves.

10. A machine according to claim 9, wherein the force-transmitting member

comprises a ring extending around the machine.

11. A machine according to any preceding claim, including an

electromagnetic actuator for actuating the at least one secondary valve.

12. A machine according to claims 10 and 11, wherein the actuator comprises
the force-transmitting member of ferromagnetic material, and a coil extending

around the machine.

13. A machine according to any one of claims 1 to 10, including a fluidic

actuator for actuating the at least one secondary valve.

14. A machine according to any preceding claim, wherein the primary valves

comprise face-seating valves.

15. A machine according to any preceding claim, wherein the primary valves
are operable to select or deselect each primary chamber depending the required

output of the machine.
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