Office de la Propriete Canadian CA 2663123 C 2016/10/25

Intellectuelle Intellectual Property

du Canada Office (11)(21) 2 663 1 23
Un organisme An agency of

d'Industrie Canada Industry Canada (12) BREVET CANADIEN

CANADIAN PATENT
(13) C

(86) Date de dépét PCT/PCT Filing Date: 2007/09/26 (51) CLInt./Int.Cl. FO4C 14/24 (2006.01),
(87) Date publication PCT/PCT Publication Date: 2008/04/03 FO1M 1/02 (2006.01), FOTM 1/20 (2006.01)

- _ (72) Inventeurs/Inventors:
(45) Date de delivrance/lssue Date: 2016/10/25 SHULVER. DAVID R.. CA:

(85) Entree phase nationale/National Entry: 2009/03/10 WILLIAMSON, MATTHEW, CA;
(86) N° demande PCT/PCT Application No.: CA 2007/001712 CIOC, ADRIAN CONSTANTIN, CA
(87) N° publication PCT/PCT Publication No.: 2008/037070 (73) Proprietaire/Owner:

MAGNA POWERTRAIN INC., CA

(30) Priorite/Priority: 2006/09/26 (US60/847,2338)
(74) Agent: BRANDT, KERSTIN B.

(54) Titre : SYSTEME ET PROCEDE DE REGULATION POUR REGULER LA PRESSION DE SORTIE D'UNE POMPE
(54) Title: CONTROL SYSTEM AND METHOD FOR PUMP OUTPUT PRESSURE CONTROL

48

(57) Abrege/Abstract:
A pump system Includes pump having a control feature which, responsive to a supply of pressurized working fluid, reduces the

pressure of the working fluid pressurized by the pump. The control feature iIs connected to the output of the pump by a regulating
valve. The control feature receives pressurized working fluid to decrease the output of the pump Iin response to the pressure of the
supplied working fluid. A regulating valve selectively connects the pressurized working fluid to the control feature. The regulating
valve has a control port to receive pressurized working fluid from the pump to urge the valve to a closed position against a biasing
force. A controllable valve Is operable to interrupt the supply of pressurized working fluid to control port to alter the output pressure

of the pump.

EORUIORIOR . o
g0
s

=

W .
‘ l an a dH http.:vvopic.ge.ca + Ottawa-Hull K1A 0C9 - atp.//cipo.ge.ca OPIC
OPIC - CIPO 191




CA 02663123 2009-03-10

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

(19) World Intellectual Property Organization [#

International Bureau

(43) International Publication Date
3 April 2008 (03.04.2008)

(51) International Patent Classification:
Fo4C 14724 (2006.01) FOIM 1/20 (2006.01)
FOIM 1/02 (2006.01)

(21) International Application Number:
PCT/CA2007/001712

(22) International Filing Date:
26 September 2007 (26.09.2007)

English
English

(25) Filing Language:
(26) Publication Language:

(30) Priority Data:
60/847,238 26 September 2006 (26.09.2006) US

(71) Applicant (for all designated States except US): MAGNA
POWERTRAIN INC. [CA/CA]; 50 Casmir Court, Con-
cord, Ontario L4K 4J5 (CA).

(72) Inventors; and

(75) Inventors/Applicants (for US only): SHULVER, David
R. [GB/CA]; 5 Green Meadow Crescent, Richmond Hill,
Ontario L4E 3W6 (CA). WILLIAMSON, Matthew
[CA/CA]; 243 Weldrick Road West, Richmond Hill, On-
tario L4C 5J2 (CA). CIOC, Adrian Constantin [RO/CA];
61 Seward Dr., Ajax, Ontario L1Z 2B6 (CA).

20\

(10) International Publication Number

WO 2008/037070 Al

(74) Agents: IMAI, Jeffrey T. et al.; Magna International Inc.,
337 Magna Drive, Aurora, Ontario L4G 7K1 (CA).

(81) Designated States (unless otherwise indicated, for every

kind of national protection available): AE, AG, AL, AM,
AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ, CA, CH,
CN, CO, CR, CU, CZ, DE, DK, DM, DO, DZ, EC, EE, EG,
ES, FI, GB, GD, GE, GH, GM, GGT, HN, HR, HU, ID, IL,
IN, IS, JP, KE, KG, KM, KN, KP, KR, K7, LA, L.C, LK,
LR, LS, LT, LU, LY, MA, MD, ME, MG, MK, MN, MW,
MX, MY, MZ, NA, NG, NI, NO, NZ, OM, PG, PH, PL,
PT, RO, RS, RU, SC, SD, SE, SG, SK, SL., SM, SV, SY,
TJ, TM, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA,
/M, ZW.

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,

GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
/W), Burasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI,
FR, GB, GR, HU, IE, IS, IT, LT, LU, LV, MC, MT, NL, PL,
PT, RO, SE, SI, SK, TR), OAPI (BEF, BJ, CF, CG, CI, CM,
GA, GN, GQ, GW, ML, MR, NE, SN, TD, TG).

Published:
—  with international search report

[Continued on next page]

(54) Title: CONTROL SYSTEM AND METHOD FOR PUMP OUTPUT PRESSURE CONTROL

48

/037070 A1 A5 V10 0 TN 00 0 A 6 0 A

ot (57) Abstract: A pump system includes pump having a control feature which, responsive to a supply of pressurized working fluid,
& reduces the pressure of the working fluid pressurized by the pump. The control feature is connected to the output of the pump by
& a regulating valve. The control feature receives pressurized working fluid to decrease the output of the pump in response to the
e\ pressure of the supplied working fluid. A regulating valve selectively connects the pressurized working fluid to the control feature.

the output pressure of the pump.

The regulating valve has a control port to receive pressurized working fluid from the pump to urge the valve to a closed position
against a biasing force. A controllable valve is operable to interrupt the supply of pressurized working fluid to control port to alter
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CONTROL SYSTEM AND METHOD FOR PUMP OUTPUT PRESSURE CONTROL

Field Of The Invention

[0001] The present invention relates to a system and method for controlling a pump to control
the output pressure of the pump. More specifically, the present invention relates to a system and
method of controlling a pump to operate at a selectable output pressure, wherein the control system

and method will failsafe to provide an output pressure in excess of minimum requirements.

Background Of The Invention

[0002] Pumps for incompressible fluids, such as oil, are often either gear pumps or vane pumps.
In environments such as automotive engine lubrication systems, these pumps will operate over a
wide range of speeds, as the engine operating speed changes, resulting in the output volume and the
output pressure, as the output of these pumps is generally supplied to a lubrication system which can
be modeled as a fixed size orifice, of the pumps changing with their operating speed.

[0003) Generally, an engine requires the lubrication oil pressure to increase from a mmimum
necessary level to a maximum necessary pressure level as the engine operating speed increases, but
the maximum necessary oil pressure is generally obtained from the pumps well before the engine
reaches its maximum operating speed. Thus, the pumps will provide an oversupply of lubrication oil
over a significant portion of the engine operating speed range.

[0004] To control this oversupply, and the resulting over pressure which could otherwise
damage engine components, constant displacement pumps in such environments are typically
provided with a pressure relief valve which allows the undesired portion of the oversupplied oil to
return to an oil sump or tank or back to the inlet port of the pump so that only the desired volume,
and hence pressure, of fluid is supplied to the engine.

[0005] While equipping constant displacement pumps with such pressure reliet valves does
manage the problems of oversupply at higher operating speeds, there are disadvantages with such
systems. For example, the pump is still consuming input energy to pump the oversupply of fluid,
even though the pressure relief valve prevents delivery of the undesired portion of the oversupplied
fluid, and thus the pump 1s consuming more engine power than 1s necessary.

[0006] An alternative to constant displacement pumps in such environments is the vaniable

displacement pump, which can be a gear pump or, more commonly a vane pump. Such pumps
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include a moveable control feature, such as the pump ring in vane pumps, which allows the
displacement capacity per revolution of the pump to be changed. Typically a control piston,
connected to the control feature, is supplied with pressurized oil, directly or indirectly, from the
output of the pump and, when the force created by the pressure of the supplied o1l on the control
piston is sufficient to overcome the force of a biasing spring, the control feature 1s moved to reduce
the displacement of the pump and thus lower the volume and pressure of the pumped o1l to a desired
level.

[0007] If the supplied pressurized oil is at a pressure less than the desired level, then the force
generated at the control piston is less than that generated by the biasing spring and the biasing spring
will move the control feature to increase the displacement of the pump. In this manner, the output
volume (and hence pressure) of the pump can be adjusted to maintain a selected, equilibrium, value
of pressure.

[0008] While such variable capacity pumps provide advantages over constant capacity pumps
and pressure relief valves, it is desirable in some circumstances to further control the displacement of
these pumps relative to the speed of the engine, rather than just relative to the output pressure of the
pump, thus allowing a designer to change the desired pressure level and/or flow produced by the
pump for engine operations at different speeds. Effective displacement control of the pump based at
least partially on the operating speed of the engine can result in an improvement in engine efficiency
and/or fuel consumption.

[0009] While such displacement control 1s desired, 1t 1s also desired that, in the event of a failure
of the displacement control system, the system should failsafe such that the engine or other device
being supplied by the pump system does not suffer a catastrophic failure. In particular, as a failure of
the lubrication o1l system can result in catastrophic failure of the engine, 1t 1s desired that any speed-

related displacement control system must failsafe to prevent damage to the engine.

SUMMARY OF THE INVENTION

[0010] It 1s an object of the present invention to provide a novel failsafe control system and
method for controlling the output of a pump system.

[0011] According to a first aspect of the present invention, there is provided a pump system for
supplying pressurized working fluid to a device with working fluid pressure requirements that vary

with the operating speed of the device, the system comprising: a pump operated by the device such
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that the pump operating speed is dependent upon the device operating speed, the pump including a
control feature to decrease the output of the pump in response to pressure applied to the control
feature; a regulating valve connecting the output of the pump to the control feature, the regulating
valve having a biasing member to bias the regulating valve to a fully opened position and, the
regulating valve including: a first chamber to receive pressurized working fluid from the output of
the pump to generate a force, corresponding to the output pressure of the pump, which acts against
the biasing member to close the valve; and a second chamber to receive pressurized working fluid
from the output of the pump to generate a force, corresponding to the output pressure of the pump,
the force acting with the force generated in the first chamber to act against the biasing member to

close the valve; and a controllable valve to interrupt the supply of pressurized working fluid to the

second chamber to alter the output pressure of the pump.

[0012] Preferably, the pump is a variable displacement pump.

[0013] According to another aspect of the present invention, there is provided a pump system for
supplying pressurized working fluid to a device with working fluid pressure requirements that vary
with the operating speed of the device, the system comprising: a pump operated by the device such
that the pump operating speed is dependent upon the device operating speed, the pump including a
first control feature receiving a first supply of pressurized working fluid to decrease the output of the
pump in response to the pressure of the supplied working fluid and a second control feature operable
to receive a second supply of pressurized working fluid to decrease the output of the pump 1n
response to the pressure of the supplied working fluid; a regulator valve connecting a second supply
of pressurized working fluid to the second control feature, the second supply adding to the ettect of
the first supply, the regulator valve having a biasing member to bias the regulator valve to a fully
opened position and having a control port to receive pressurized working fluid from the pump to urge
the regulator valve to a closed position against the biasing member force; and a controllable valve to
interrupt the supply of pressurized working fluid to the control port to alter the output pressure of the
pump.

[0014] According to yet another aspect of the present invention, there 1s provided a pump system
for supplying pressurized working fluid to a device with working fluid pressure requirements that
vary with the operating speed of the device, the system comprising: a pump operated by the device

such that the pump operating speed is dependent upon the device operating speed, the pump
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including: control feature to alter the displacement of the pump; a biasing member to bias the control
feature to a maximum displacement position; a first control chamber to receive working fluid
pressurized by the pump to create a force on the control feature to counter the bias of the biasing
member to move the control feature toward a minimum displacement position; a second control
chamber to receive working fluid pressurized by the pump to create a force on the control feature to
counter the bias of the biasing member to move the control feature toward a minimum displacement
position; a first regulator valve to supply a regulated amount of pressurized working fluid to the first
control chamber to operate the pump system at a first equilibrium output pressure; a second regulator
valve to supply a regulated amount of pressurized working fluid to the second control chamber to
operate the pump system at a second equilibrium output pressure, the second equilibrium operating
pressure being lower than the first equilibrium output pressure; and a regulating valve operable to
selectively activate the second regulator valve to change the equilibrium output pressure of the pump
system from the first equilibrium output to the second equilibrium output pressure.

[0015] The present invention provides a pump system and method for providing pressurized
working fluid to a device, the device also driving the pump of the system such that the operating
speed of the pump varies with the operating speed of the device and the working fluid requirements
of the device change with the operating speed of the device. The pump includes a control teature
which, responsive to a supply of pressurized working fluid, reduces the pressure of the working fluid
pressurized by the pump. In one embodiment, the control feature 1s connected to the output of the
pump by a regulating valve which is biased to an open position and which includes first and second
chambers which can receive pressurized working fluid to create forces which urge the valve closed

and the supply of pressurized working fluid to the second chamber can be inhibited by a control

device.

[0016] The present invention also provides a pump system and method wherein the control
feature of the pump receives a first supply of pressurized working fluid to decrease the output of the
pump 1n response to the pressure of the supplied working fluid and a regulating valve connects a
second supply of pressurized working fluid to the control feature, the second supply adding to the
effect of the first supply. The regulating valve has a biasing member to bias the regulating valve to a

fully opened position and the regulating valve has a control port to receive pressurized working fluid

from the pump to urge the valve to a closed position against the biasing member force. A
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controllable valve is operable to interrupt the supply of pressurized working fluid to control port to

alter the output pressure ot the pump.

BRIEF DESCRIPTION OF THE DRAWINGS

(0017} Preferred embodiments of the present invention will now be described, by way of
example only, with reference to the attached Figures, wherein:

Figure 1 shows a schematic representation of a pump system in accordance with the present
invention;

Figure 2 shows a plot of the output of the pump of the pump system of Figure 1 with a
nominal operating curve and a failsafe operating curve;

Figure 3 shows another pump system in accordance with the present invention;

Figure 4 shows a plot of the output of the pump of the pump system of Figure 3 with a
nominal operating curve and a failsafe operating curve;

Figure 5 shows another pump system in accordance with the present invention; and

Figure 6 shows another pump system in accordance with the present invention.

DETAILED DESCRIPTION OF THE INVENTION

[0018] A pump system with a pressure control system in accordance with the present invention is
indicated generally at 20 in Figure 1. Pump system 20 includes a sump 24 which holds the working
fluid to be pumped and a pump 28 to pump working fluid from sump 24.

[0019] Pump 28 is preferably a variable displacement pump with a control feature 32 which can
alter the displacement of pump 28. However, as will be understood by those of skill in the art, pump
28 can be a fixed displacement pump in which case control feature 32 can be a pressure relief valve
whose operating point can be varied as desired.

[0020] Control feature 32 responds to the pressure of the working fluid supplied to control
feature 32 via a control line 36. As the pressure of the working fluid in control line 36 increases,
control feature 32 reduces the volume, and hence the pressure, of the working fluid at the output 40
from pump 28. Conversely, as the pressure of the working fluid supplied to control feature 32 via

control line 36 decreases, control feature 32 increases the volume, and hence the pressure, of the

working fluid at the output 40 from pump 28.
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[0021] Output 40 supplies pressurized working fluid to a device 48, such as an engine or other
device being supplied with pressurized working fluid, and device 48 also operates pump 28. Thus
the operating speed of pump 28 varies with the operating speed of device 48. Pump output 40 also
supplies three control feeds 52, 56 and 60, each of which 1s discussed below.

[0022] While in the illustrated embodiment control feeds 52, 56 and 60 are shown as being
directly connected to output 40 of pump 28, it will be understood by those of skill in the art that this
is not required and, in many circumstances, 1s 1n fact not desired.

[0023] For example, if device 48 is an internal combustion engine, 1t is typically desired to
control the pressure in an oil gallery of the engine, which may hydraulically be located after one or
more filters or other elements of the lubrication system. In such a case at least control feed 60 will
be connected to the oil gallery while control feed 52 can be connected to output 40 before or after
filters or other components in the hydraulic circuit.

[0024] In Figure 1, control feed 52 connects to the inlet port (I) of a regulator valve. In the
embodiments of the present invention illustrated and discussed herein, the form of regulating valve
employed 1s a spool valve but, it should be apparent to those of skill in the art that the present

invention is not limited to use with spool valves and any other suitable regulator valve can be

employed with the present invention.

[0025] In Figure 1, the inlet port (I) of spool valve 64 connects to the central chamber of spool
valve 64 and spool valve 64 includes a moveable spool 68 1n the central chamber which has a biasing
spring 72 acting to bias spool 68 to a first position. Spool valve 64 further includes a first chamber
76 having a control port or inlet port (C) and a second chamber 80 having an inlet. Pressurized
working fluid 1n first chamber 76 will generate a first force on spool 68, acting against the biasing
force of biasing spring 72 to move spool 68 from the first position.

[0026] Similarly, pressurized working fluid in second chamber 80 will generate a second force
on spool 68 acting against the biasing force of biasing spring 72 to move spool 68 from the first
position. The forces on spool 68 generated 1n first chamber 76 and second chamber 80 add together
to act against the biasing force of biasing spring 72 and move spool 68 from the first position.
[0027] Spool valve 64 provides three modes of operation. In the first mode, where spool 68 is 1n

the first position, control line 36 1s connected to sump 24 via line 38 thus applying zero pressure to
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control feature 32 and allowing fluid to flow out of control feature 32 as necessary for pump 28 to
operate at 1its maximum output.

[0028] In the second mode, spool 68 is been moved against biasing spring 72, by forces
generated in either or both of first chamber 76 and second chamber 80, to a second position where
control line 36 is isolated by spool 68. Thus fluid in control feature 32 1s hydraulically locked in at a
pressure, and control feature 32 is not able to alter the output of pump 28 (other than by leakage of
fluid from control feature 32).

[0029] In the third mode, spool 68 is moved to a third position by forces generated 1n either or
both of first chamber 76 and second chamber 80. In this position control line 36 1s connected to
supply line 52, thus pressurized fluid 1s applied to control feature 32 which reduces the output ot
pump.

[0030] Second chamber 80 of spool valve 64 1s supplied with pressurized working fluid from
control feed 60. First chamber 76 1s connected to control feed 56 via a controller comprising an
electrically controllable valve 84 responsive to an electronic control signal 88. Valve 84 can be a
solenoid operated ON/OFF type valve, or in a presently preferred embodiment, valve 84 1s an
electronically controlled proportional valve which provides an electrically adjustable pressure drop
across valve 84.

[0031] In the embodiment wherein valve 84 1s an ON/OFF valve, one of two equilibrium
pressures can be selected for pump 24. In the preferred embodiment, where valve 84 is a
proportional valve, by selecting and modulating an appropriate pressure drop across valve 84, any
equilibrium operating pressure can be selected for pump system 20, as desired.

[0032] To provide a failsafe functionality, the etfective pressurized areas of second chamber 80
and first chamber 76 of spool valve 64 are selected such that, under the action of pressurized working
fluid 1n second chamber 80 alone, pump output 40 will reach a first equilibrium pressure which 1s
sufficiently high to meet the requirements of device 48 under worst case conditions and, under the
action of pressurized working fluid acting together in both second chamber 80 and first chamber 76,
pump output 40 will assume a second equilibrium pressure higher than the first. When pump 241sa
variable displacement pump, second equilibrium pressure requires less energy to achieve, but 1n any
case the second equilibrium pressure will meet the requirements of device 48 under certain operating

conditions.
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[0033] Control valve 84 is responsive to electrical control signal 88 which can be produced by an
Engine Control Unit (ECU) or other suitable control device. In the case of an ON/OFF type valve,
valve 84 connects first chamber 76 either to pressurized working fluid from control line 56 or to
sump 24, via return line 38.

[0034] In the more preferred embodiment wherein valve 84 is an electronically controlled
proportional valve, electrical control signal 88 selects and modulates the working fluid pressure
supplied to first control chamber 76 from between zero pressure and the pressure of pump output 40.
[0035] As should now be apparent to those of skill in the art, pump system 20 allows for the
output pressure of pump 28 to be varied in response to control signal 88 which can be a speed-related
or any other control parameter. In the case of a speed-related parameter, as the speed of device 48
increases, an appropriate control signal 88 1s provided to valve 84 which interrupts and decreases the
amount of working fluid supplied to, or removes working fluid from, first chamber 76.

[0036] An increase in the supply of working fluid to first chamber 76 increases the force created
therein which acts against biasing spring 72. When this increased force, in combination with the
force created in second chamber 80 is sufficient to move spool 68 from the first position, against the
biasing force of biasing spring 72, working fluid 1s supplied from control feed 52 to control line 36,
and thus to control feature 32, and the output 40 of pump 28 1s reduced.

[0037] Thus, pump system 20 allows for the operation of pump system 20 at an appropriate
output level for all expected operating conditions of device 48 and avoiding the oversupply of
working fluid at conditions wherein pump 28 1s operating at low speeds.

[0038] However, in addition to the ability to control the output of pump 28 to avoid oversupply
of working fluid, pump system 20 includes a failsafe operating mode which ensures an adequate

pressurize of working fluid for device 48 even in the event of a failure of valve 84 or control signal
88.

[0039] Specifically, 1f the supply of working fluid to first chamber 76 1s interrupted due to failure
of valve 84 or control signal 88, the working fluid 1n second chamber 80, which 1s directly supplied
from control feed 60, will generate sufficient force on spool 68 against the biasing force of biasing

spring 72 such that the output of pump 28 will still be limited, albeit at a higher limit than would

otherwise be the case.
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[0040] Figure 2 shows one example plot of the output pressure P of pump 28 versus the
operating speed ® of device 48. Curve 92 shows the lowest safe limit for the equilibrium pressure
output of pump 28 when system 20 is operating at lower rotational speeds of device 48, while curve
96 shows a higher equilibrium pressure for when device 48 1s operating at higher rotational speeds.
This higher equilibrium pressure is also the failsafe pressure that will be produced 1n the event of a

failure of valve 88, control feed 56 or control signal 88.

[0041] During normal operation of device 48, in the case where valve 88 1s an ON/OFF valve,
valve 88 will be switched on at lower speeds and output 40 will follow lower curve 92. At higher
speeds, as determined by the designer of pump system 20 in view of the requirements of device 48,
valve 88 will be switched off and output 40 will increase and follow upper curve 96.

[0042] During normal operation of device 48, in the case where valve 88 1s a proportional valve,
the output of pump 28 will be within the shaded area between curves 92 and 96 at the particular
points selected by the designer of device 48 by designing control signal 88.

[0043] Another pump system 1n accordance with the present invention 1s indicated generally at
100 in Figure 3. In this embodiment, wherein similar components to those of the embodiment of
Figure 1 are indicated with like reference numerals, pump 104 1s a variable displacement pump.
Pump 104 includes a control feature wherein pressurized working fluid can be separately supplied to
each of two different control feature components to create separate forces which act on the control
feature. These created forces act to move the control feature to reduce the displacement of pump 104
and a biasing force, such as provided by a biasing spring, acts against these forces to move the
control feature to a position of maximum displacement.

[0044] A specific example of such a pump 104 1s the variable displacement vane pump disclosed
in PCT application WO 06/066403.

[0045] In the example 1llustrated in Figure 3, wherein pump 104 1s the above-mentioned variable
displacement vane pump, the control feature 1s a pump control ring 108. Pump control ring 108 1s
biased to the position corresponding to maximum displacement of the pump by a biasing spring 112.
Pump 104 also includes a second control chamber 116 and a first control chamber 120 each of
which, when supplied with pressurized working fluid, create forces on control ring 108 which act
against the force of biasing spring 112 to move the pump control ring 108 towards a position

corresponding to minimum displacement of the pump.
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[0046] In a similar fashion to pump system 20, discussed above, output 40 from pump 104
provides pressurized working fluid to device 48. Output 40 also provides pressurized working fluid
to: first control chamber 120; the input port (I) of a spool valve 124; and to a controller comprising
an electrically controlled valve 128. Again, while in the illustrated embodiment the regulator valve
is a spool valve, the present invention is not so limited and any suitable regulator valve, as will occur
to those of skill in the art, can be employed.

[0047] In the 1llustrated embodiment, valve 128 is an ON/OFF type valve but it will be apparent
to those of skill in the art that valve 128 can also be an electrically controlled proportional valve,
such as that described above with reference to Figure 1.

[0048] Control valve 128 operates to selectively supply pressurized working fluid from output 40
to the control port (C) of spool valve 124 to change the equilibrium operating pressure of pump
system 100 responsive to an electrical control signal 132, from an ECU or other suitable control
device.

[0049] Specifically, when de-energized, control valve 128 connects the control port (C) of spool
valve 124 to sump 24 and a relatively high equilibrium pressure 1s established for pump output 40 by
the force on pump control ring 108 from biasing spring 112 and the counter force created 1n first
chamber 120 by the pressurized working fluid from pump output 40.

[0050] Conversely, when energized, control valve 128 connects and opens control port (C) of
spool valve 124 to pressurized working fluid from pump output 40 and spool valve 124 1s responsive
to the biasing force of biasing spring 72 and the counter force produced by the pressurized working
fluid supplied to 1ts control port (C) to vary the position of spool 68 between the first, second and
third positions of spool 68. Specifically, biasing spring 72 and the control chamber of spool valve
124 are designed/selected such that spool 68 is in the second position, isolating outlet port (O) and
second control chamber 116 when a desired value of pressure 1s applied at control port (C) to
establish pump output 40 at a second, lower, equilibrium pressure.

[0051] [f pump output pressure 40 exceeds the second equilibrium pressure, the higher pressure
at control port (C) moves spool valve 68 from the second position to the third position to connect
outlet port (O) to inlet port (I) thus connecting second control chamber 116 to pressurized working
fluid from pump output 40. The pressurized working fluid in second chamber 116 creates a force on

pump control ring 108 which adds to the force created by the pressurized working fluid in first

10
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control chamber 120 to move pump control ring 108 against biasing spring 112 to reduce the
displacement of pump 104 to reduce pump output 40 to the second equilibrium pressure. Once
pump output 40 reaches the second equilibrium pressure, the reduced pressure at control port (C)
allows spool 68 to return to the second position.

[0052] If pump output pressure 40 is less than the second equilibrium pressure, the lower
pressure at control port (C) allows the spool valve 68 to move from the second position to the first
position to connect outlet port (O) to return port (R) thus connecting second control chamber 116 to
sump 24. The removal of pressurized working fluid from second chamber 116 reduces the force on
pump control ring 108 to only that created by the pressurized working fluid 1n first control chamber
120, and pump control ring 108 1s moved by biasing spring 112 to increase the displacement of pump
104 to increase pump output 40 to the second equilibrium pressure. Once pump output 40 reaches
the second equilibrium pressure, the increased pressure at control port (C) allows spool 68 to return
to the second position.

[0053] First control chamber 120 is constructed such that, under the action of pressurized
working fluid supplied to the first control chamber 120 alone, pump output 40 will reach a first
equilibrium pressure sufficiently high to meet the requirements of device 48 under worst case
conditions. Thus, pump system 100 will operate 1n a failsafe mode 1n the event of a failure of spool
valve 124 or valve 128.

[0054] It is contemplated that, when device 48 1s operating at lower speeds, valve 128 will be
energized resulting in output 40 being at the second equilibrium pressure to provide an energy
savings.

[0055] Figure 4 shows a plot of the output pressure of pump system 100 versus the operating
speed of device 48, and hence the operating speed ® of pump 104. Curve 140 shows the second
equilibrium output pressure of pump 104 when valve 128 1s energized, connecting output 40 to
control port (C).

[0056] As shown, with valve 128 energized, the output pressure initially increases with the speed
of device 48 as spool 68 1n spool valve 124 is in the first position an no pressurized working fluid is
in second control chamber 116. At this point, as the pressure applied to the control port (C) of spool
valve 124 generates sufficient force to overcome the force of the biasing spring 72 in spool valve

124, spool 68 1s moved to the second position and pressurized working fluid 1s supplied to second
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control chamber 116. The force created in second control chamber 116 adds to the force created 1n
first control chamber 120 and moves pump control ring 108 against biasing spring 112 to reduce the
displacement of pump 104 to maintain the second equilibrium pressure, despite the increase in
operating speed of pump 104.

[0057] Biasing spring 72 and the pressurized working fluid supplied to control port (C) ot spool
valve 124 now function to move spool 68 between the first, second and third positions to maintain
the necessary pressure of working fluid in second control chamber 116 to maintain pump output 40
at the second equilibrium operating pressure.

[0058] Curve 144 shows the first equilibrium output pressure of pump 104 when valve 128 1s de-
energized, or if valve 128 has failed. As shown, the second equilibrium output pressure 1s higher
than curve 140 as the only regulating force is that exerted on pump control ring 108 by first chamber

120. As will be apparent to those of skill in the art, curve 144 has a characteristic which rises with

speed o as a result of the increasing force of biasing spring 112 which results as pump control ring
108 moves towards the minimum pump displacement position resulting in the compressed length of
biasing spring 112 being reduced.

[0059] Curve 148 shows an example of lubrication pressure requirements for device 48. In this
example, device 48 is an internal combustion engine and speed “A” represents the engine operating
at an idle speed. In this example, the engine is equipped with variable valve timing and such engines
often benefit from a constant lubrication o1l pressure, which they use to control the camshatft phasors.
[0060] Therefore, as illustrated, between speeds “A” and “B”, the desired lubrication o1l pressure
will be constant and, after speed “B”, the lubrication oil pressure requirements will increase more or
less linearly until device 48 reaches its maximum speed.

[0061] Accordingly, it is contemplated that in normal operations, solenoid 128 will be energized
between idling of device 48 and speed “B” so that the output pressure of pump 104 will follow curve
140. Above speed “B”, solenoid 128 will be de-energized so that the output pressure of pump 104
will increase to follow curve 144, exceeding the increasing requirements of device 48.

[0062] As will also be apparent to those of skill in the art, in the event of an electrical failure of
valve 128, or the control circuitry providing signal 132 to it, pump system 100 operates 1n a failsate
mode, following curve 144, to prevent damage to device 48, albeit at the cost of an oversupply of

working fluid.
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[0063] Figure 5 shows another pump system 200 in accordance with the present invention
wherein like components to those of Figure 3 are indicated with like reference numerals. In this
embodiment, instead of a controller to control the connection of output 40 to control port C of spool
valve 124, the controller is a solenoid 203 combined with spool valve 204. Solenoid 203 and spool
valve 204 operate such that, when the solenoid 203 is energized by control signal 132, spool 68 1s
free to move in response to the pressure of the working fluid supplied to control port C and pump
system 200 will operate at the lower second equilibrium operating pressure of curve 140 of Figure 4.
[0064] Conversely, when the solenoid 203 is de-energized by removing control signal 132, the
internal spring 205 inside the solenoid 203 forces spool 68 to the first position, closing inlet port (C)
interrupting the fluid communication with the output 40, connecting output port (O) and hence
second control chamber 116 to sump 24. In this configuration, pump system 200 will operate at the
higher first equilibrium pressure of curve 144 of Figure 4.

[0065] One contemplated advantage of pump system 200 over pump system 100 1s a
contemplated reduction in the cost of pump system 200 compared to pump system 100.

[0066] Figure 6 shows yet another pump system 300 in accordance with the present invention
wherein like components to those of Figure 3 are indicated with like reference numerals. In pump
system 300, the supply of pressurized working fluid to second control chamber 120 1s controlled by a
second regulator valve, in this example second spool valve 304, whose control port (C) 1s connected,
either directly or indirectly, to pump output 40.

[0067) Second spool valve 304 operates in a similar manner to spool valve 124 of Figure 3 to
establish an equilibrium pressure at pump outlet port 40 by introducing and removing pressurized
working fluid to second control chamber 120 to move control ring 108 as needed. Spool 68a moves,
under the influence of biasing spring 72a and the pressure of working fluid at its control port (C),
between the first, second and third positions discussed above.

[0068] When valve 128 (which is an ON/OFF type valve) is de-energized, spool 68 of spool
valve 124 is in the first position and second control chamber 116 1s connected to sump 24. Thus, 1n
this condition, second spool valve 304 and first control chamber 120 performs the regulation of
pump output pressure to the second equilibrium pressure, which pressure is defined by biasing spring

72a, biasing spring 112 and the effective area of second control chamber 120. This second
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equilibrium pressure is sufficient to meet the needs of device 48 under worst case operating
conditions.

[0069] When valve 128 is energized by control signal 132, pressurized working fluid from pump
outlet port 40 is supplied to control port (C) of spool valve 124. As biasing spring 72 of spool valve
124 is selected to regulate pump output 40 at a lower equilibrium pressure than the above-mentioned
second equilibrium pressure, the pressurized working fluid supplied to control port (C) of spool
valve 124 immediately moves spool 68 to the third position wherein pressurized working fluid from
its inlet port port (I) is provided to its outlet port port (O) and thus to first control chamber 116.
[0070] The force on pump control ring 108 created in first control chamber 116 moves pump
control ring 108 to reduce the displacement of pump 104 so that the pressure of pump output 40
reduces to the first equilibrium pressure. As the pressure of pump outlet port 40 decreases from the
second equilibrium pressure to the first equilibrium pressure, the pressure of the working fluid at
control port (C) of second spool valve 304 is reduced and spool 68a returns to the first position
connecting second control chamber 120 to sump 24.

[0071] As should now be apparent to those of skill in the art, in pump system 300 regulation of
the pressure of pump output 40 at the second (higher) equilibrium output pressure 1s performed by
second spool valve 304 which controls second control chamber 120. Conversely, regulation of the
pressure of pump output 40 at the first (lower) equilibrium output pressure 1s performed by spool
valve 124 which controls first control chamber 116.

[0072] As should also now be apparent, in the event of a failure of valve 128 or control signal
132, pump system 300 will operate at the second equilibrium pressure, providing a failsafe operation
for device 48.

[0073] Finally, as should also now be apparent to those of skill in the art, pump system 300
provides for substantially flat equilibrium operating pressure characteristics, similar to those shown
in Figure 2, without requiring the use of an electrically controllable proportional valve.

[0074] The present invention provides a pump system and method for providing pressurized
working fluid to a device, the device also driving the pump of the system such that the operating
speed of the pump varies with the operating speed of the device and the working fluid requirements
of the device change with the operating speed of the device. The pump includes a control feature

which, responsive to a supply of pressurized working fluid, reduces the pressure of the working fluid
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pressurized by the pump. In one embodiment, the control feature is connected to the output of the
pump by a regulating valve which is biased to an open position and which includes first and second
chambers which can receive pressurized working fluid to create forces which urge the valve closed
and the supply of pressurized working fluid to the second chamber can be inhibited by a control
device.

[0075] [n another embodiment, the control feature of the pump receives a first supply of
pressurized working fluid to decrease the output of the pump in response to the pressure of the
supplied working fluid and a regulating valve connects a second supply of pressurized working fluid
to the control feature, the second supply adding to the effect of the first supply. The regulating valve
has a biasing member to bias the regulating valve to a fully opened position and the regulating valve
has a control port to receive pressurized working fluid from the pump to urge the valve to a closed
position against the biasing member force. A controllable valve is operable to interrupt the supply of
pressurized working fluid to control port to alter the output pressure of the pump.

[0076] The above-described embodiments of the invention are intended to be examples of the
present invention and alterations and modifications may be effected thereto, by those of skill in the

art, without departing from the scope of the invention which is defined solely by the claims appended

hereto.
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Claims

What is claimed is:

1. A pump system for supplying pressurized working fluid to a device with working
fluid pressure requirements that vary with the operating speed of the device, the system
comprising:

a pump operated by the device such that the pump operating speed 1s dependent
upon the device operating speed, the pump including a control feature regulating an
output pressure of the pump:;

a regulating valve having a first inlet port and a second inlet port in fluid
communication with an output of the pump, a first outlet port in fluid communication
with a reservoir of working fluid and a second outlet port in fluid communication with
the control feature of said pump, said regulating valve having a reciprocating spool that
movVves in response to pump operating speed to selectively open and close fluid
communication of the first inlet port and the second outlet port, said regulating valve
biased to close fluid communication between said first inlet port and the second outlet
port and open fluid communication between said first and second outlet ports, wherein
the regulating valve includes:

a first chamber in fluid communication with the second inlet port selectively
receiving pressurized working fluid from the output of the pump to generate a first
force corresponding to the output pressure of the pump, which urges the spool to move
against the bias; and

a second chamber selectively receiving pressurized working fluid from the

output of the pump to generate a second force corresponding to the output pressure of

the pump, the second force acting with the first force generated in the first chamber of
the spool to move against the bias; and

a controller operable to interrupt fluid communication of the second inlet port to
alter output pressure of the pump between a first equilibrium pressure and a higher

second equilibrium pressure.
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2. The pump system of claim 1 wherein the controller is a controllable valve in tluid
communication with the output of the pump and the second inlet port, said controllable

valve enabling pressurized working fluid to responsively effect movement of said spool.
3. The pump system of claim 2 wherein the control feature is a pressure relief valve.

4. The pump system of claim 2 wherein the pump is a variable displacement pump and

the control feature alters the displacement of the pump.

5. The pump system of claim 4 wherein the control feature comprises a control
chamber in the pump receiving pressurized working fluid from the second outlet port of
the regulating valve, said pressurized working fluid acting on a biased and movable

pump control ring.

6. The pump system of claim 4 wherein the control feature comprises a first control
chamber in the pump receiving pressurized working fluid from the second outlet port of
the regulating valve and a second control chamber in the pump receiving pressurized
working fluid from the output of the pump, said pressurized working fluid in each of

said control chambers acting on a biased and movable pump control ring.

7. The pump system of claim 4 wherein the control feature comprises a first control
chamber and a second control chamber, said first control chamber receiving pressurized
working fluid from second outlet port the regulating valve and said pump system
further comprising a second regulating valve having a first inlet port and a second inlet
port, both in fluid communication with the output of the pump, a first outlet port in
fluid communication with a reservoir of working fluid and a second outlet port in fluid
communication with the second control chamber, said second regulating valve having a
reciprocating spool that moves in response to pressure at said second inlet port to
selectively open and close fluid communication of the first inlet port and the second
outlet port, said second regulating valve biased to close fluid communication between

said first inlet port and the second outlet port and open fluid communicatton between
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said first and second outlet ports, said pressurized working fluid in each of said control

chambers acting on a biased and movable pump control ring.

8. The pump system of any one of claims 4 to 7 wherein the controllable valve 1s an

ON/OFF valve that is responsive to an electrical control signal.

9. The pump system of any one of claims 4 to 7 wherein the controllable valve 1s a

proportional valve that is responsive to an electrical control signal.

10. The pump system of claim 1 wherein the controller 1s a biased solenoid operatively
engaging said spool, said solenoid responsive to an electric control signal to urge the
regulating valve to close fluid communication at the second inlet port and between said
first inlet port and the second outlet port and open fluid communication between said

first and second outlet ports.

11. The pump system of claim 10 wherein the control feature comprises a first control
chamber in the pump receiving pressurized working fluid from the second outlet port of
the regulating valve and a second control chamber in the pump receiving pressurized
working fluid from the output of the pump, said pressurized working fluid in each ot

sald control chambers acting on a biased and movable pump control ring.

12. A pump system for supplying pressurized working fluid to a device with working
fluid pressure requirements that vary with the operating speed of the device, the system
comprising:
a pump operated by the device such that the pump operating speed i1s dependent

upon the device operating speed, the pump including:

a control feature to alter the displacement of the pump;

a biasing member to bias the control feature to a maximum displacement
position;

a first control chamber to receive working fluid pressurized by the pump
to create a force on the control feature to counter the bias of the biasing member to

move the control feature toward a minimum displacement position;
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a second control chamber to receive working fluid pressurized by the
pump to create a force on the control feature to counter the bias of the biasing member
to move the control feature toward a minimum displacement position;

a first regulator valve to supply a regulated amount of pressurized working fluid
to the first control chamber, wherein the first regulator valve includes:

a first chamber in receipt of pressurized working fluid from the pump to
generate a first force corresponding to the output pressure of the pump, which urges a
valve member to move against a bias; and

a second chamber 1n receipt of pressurized working fluid from the pump to
generate a second force corresponding to the output pressure of the pump, the second
force acting with the first force generated in the first chamber to move the valve
member against the bias; and

a controller operable to selectively activate the first regulator valve to change
the equilibrium output pressure of the pump system between a first equilibrium output

pressure and a higher second equilibrium output pressure.
13. The pump system of claim 12 wherein the controller is a valve.

14. The pump system of claim 13 wherein the valve is an ON/OFF valve that is

responsive to an electrical control signal.

15. The pump system of claim 13 wherein the valve is a proportional valve that is

responsive to an electrical control signal.

16. The pump system of claim 13 wherein the pump system further comprises a second
regulator valve to supply a regulated amount of pressurized working fluid to the second

control chamber

17. The pump system of claim 16 wherein the controllable valve is an ON/OFF valve

that 1s responsive to an electrical control signal.
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18. The pump system of claim 16 wherein the controllable valve is a proportional

valve that is responsive to an electrical control signal.

19. The pump system of claim 12 wherein the controller is an electro-mechanical

ON/OFF solenoid that is responsive to an electrical control signal.

20. The pump system of claim 12 wherein the controller is an electro-mechanical

proportional solenoid that is responsive to an electrical control signal.

21. A pump system for supplying pressurized working fluid to a device with working
fluid pressure requirements that vary with the operating speed of the device, the system
comprising:

a variable displacement pump operated by the device such that the pump
operating speed is dependent upon the device operating speed, the pump including a
moveable control member where the position of the control member determines a
displacement of the pump;

a regulating valve including an inlet port in fluid communication with an output
of the pump, a first outlet port in fluid communication with a reservoir of working tluid
and a second outlet port in fluid communication with the control member of the pump,
the regulating valve further including a biased reciprocating spool that moves in
response to pump output pressure, a first chamber in communication with a first portion
of the spool, and a second chamber in communication with a second portion of the
spool, the regulating valve being operable in a first mode where the spool is located at a
first position to provide fluid communication between the second outlet port, the
control member and the reservoir, a second mode where the spool is located at a second
position isolating the control member of the pump from the second outlet port and the
reservoir, and a third mode where the spool is located at a third position to provide fluid
communication between the inlet port and the second outlet port, wherein the first
chamber is in receipt of pressurized fluid from the output of the pump to generate a first
force which urges the spool to move against the bias; and

a control valve to switch between providing fluid communication between the

second chamber and the output of the pump and providing fluid communication
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between the second chamber and the reservoir, wherein pressurized fluid in the second
chamber generates a second force acting with the first force to urge the spool against
the bias, the control valve being operable to alter output pressure of the pump between

a first equilibrium pressure and a higher second equilibrium pressure.

22. The pump system of claim 21, wherein the control valve enables pressurized

working fluid to responsively effect movement of the spool.

23. The pump system of claim 22, wherein the control member is positioned within a
control chamber in the pump that receives pressurized working fluid from the second
outlet port of the regulating valve, the pressurized working fluid acting on the moveable

control member, the control member being biased toward a position.

24. The pump system of claim 21, wherein the pump includes a first control chamber
receiving pressurized working fluid from the second outlet port of the regulating valve
and a second control chamber receiving pressurized working fluid from the output of
the pump, the pressurized working fluid in each of the control chambers acting on the

movable pump control member against a bias.

25. The pump system of claim 21, wherein the control valve is an ON/OFF valve that

is responsive to an electrical control signal.

26. The pump system of claim 21, wherein the control valve is a proportional valve

that is responsive to an electrical control signal.

27. The pump system of claim 21, wherein the pump includes a vane pump and the

control member includes a pivotable control ring.

28. The pump system of claim 21, wherein the first portion of the spool includes an

effective pressurized area having a different magnitude than an effective pressurized

area of the second portion.
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29. The pump system'of claim 27, wherein the pump includes a plurality of vanes

engaging an inner surface of the control ring.

22



WO 2008/037070

20\

CA 02663123 2009-03-10

1/6

PCT/CA2007/001712

48



PCT/CA2007/001712

CA 02663123 2009-03-10
2/6

N
)

» .4’ L4 .c't‘ ‘C'h‘fﬁ lit(\"l.l(t

.
Tetat e 2T "e"A%, N LIS P S Py
L )
a "

[ ]
oo.s .voo s’h.toco --.0 ooooo.vh 0004 oﬁ.o’...os ..n..vb-.’oa’o-ov?oh. too.

b.“’aasal.’lb 1‘04’.!0!““ c‘”.'.-l"ﬁ'"”bl“ ..Qh.! II’A’O’..‘I” .0.
EPRP LA ALY A PN P N A P P
l“ t"d&‘ Q‘Il.’..?’"“..’\l.t” l‘.‘"ﬁl‘ v..' "’0‘.?-0 ’-.“ -.\I.OOOC ..‘
, bdvcf_.blpoorc‘tba e By 0'000 Ay 4. .y aq.lt )A Pe 4n by
ARSI AT SRR R AR SR AR BT AR S
R A AR AN N
P N A R R B o DA AR A R A ]
LI I N A P e Ty JRg el 3101040\001.90
.- l‘ ..h ‘. ’h .’ Qb ’.I -A .' .D‘ ‘. ’8 .'. I’ .-‘ .ll"" -C

L] * ’ “ (.S » .’d L 4 . | ’..‘ < L » -

4 & L F L | L J A - [ Y » F 3 Q - 4 P ] -~ 0 ’ L 8
[t Pk el 2 t v t e v Ty . v T T ta Yy Ay Cg Ay Ny
c..o ..9- -0 4» v 4 ....-. au. 1.- .-.o t- o: -4 ...q ..v.. 4... ...ov .-p -0.. ov
< kY - & 0 e .T ] 'S . - F Y v [y v F ] » v Y -
swo ooo oovb.ro R -4 -o S t-. .ocvco.-o ;% Vv oo vou zn‘ .ov p.. op
A b b g Oy By Ty " by Cp tg Ny 05 Ry 65 8 q €g &y My ¢y
-
; vv ...0 4.. a- ;.q ..oA .c.. 9.- -.. b«: t_va ....._ oov ..s‘ ..; ..o- o-a »40 ‘vl
P 9, e e I 0070 A e T2 Pu Ca 00 0t e B Py e Py
%0‘ o.‘i !0 . . ‘OO AQ. 0" IQ ” !_.' Qf\ 0.“ ’ 0-. vb A ft A" f.
- AO 6. OI QV 0. IO Ot ‘ . '._D Or .0 .IL.‘QI » Y 1. ?l ¢ Qb
\. l.. l, b..‘ “ .I & [ Y '. “ A L ] ._- L Y 4 ) v .' 1 v
o N g dyg L P Yy ¥y Py, V4 ¥, Ay obcvtctbn a By Sy
4..*0-....,» 4coqlcao~»h.oo..o.. so...t.ov .0.‘-”..00\ rv:
a w Uy By #g Sy Feo By Ya Ya e O 0, ,v;t"ld
uv‘ oa’tn..to O.O v&.o ...t o.v IV¢ 00 !\ asQ oo- * . 00 du . 9 ' L
;c.bo».o..tfs.bvso »c.uocrsoc&
oovv..cooq.qco‘n.....v..-.coowanooau«o..oi&ao,v.-
g * "o P4 TP P,y "4 Ty Py p Ay Do Yo Vg Tg Y3 ¥
R PN A voc‘ A N AN T AR YA S N
.

0:0:6.
‘..’..

.
[

41 tv »4 «’ 9 . q ta cs ).c o¢ 03 -c lo -.r oU 1. ..0 ‘45 v)s
.'.‘-‘.“'.-‘. L | - ' 4 F ] r L ] & [ Y »
.-’.. JO.. oo. .N oo.r vu.o ocﬂ 0&).010001 0\.. lrcvo.)v!.-adoﬂv.ﬂ i..toﬂ. -a‘vao’
‘.l.lOQPPADQuI'..'I - 11 . V ’Q. "0"4
) By By B, Py R, by Ky *, v' ﬁ\ LS UQ Qb VQA. .l Ry ¢4 by
.¢0.w¢0-0900‘;l“00’. 0'\‘ Q...QG.vl....‘ 0!?.. -0.46 aol 000 ] A.DAOI’O"IO&'O&I!
PR Sl IS IS G S R I RS R R N R
vor .:.... N ..». ... ....'.. ..... .... ,.o .'n "o .a....n
ba..nndc.or "0 A.O.J..i.o locvv.c.ccsn.:s\
AR A AR B A WA A A A
40|v¢oovlt00cloo 1..4.!10-04t:o05it000.~
-..vo...v...-ao..o.cr .n.. oouo.. - .:J\..o.......o%..cu..-.oa....ov.-c:osq
.

v... (0 0 !0 09 .v 40 ® A 40 .f 1’ .'o ...\ AC .t 44 'y 0& .n’
[ & a. . 3 <4 & P Pt » [ - = - ] . 4 a a »
.b.‘ﬂ’ - !.-". I".‘..'ll‘-..‘ Q.o“
tp P g .' s t‘s te ™y !! e T4 2y vs l‘ ., . b | . Ay Mo
v..o”vc 2%a" .bb.lﬁo ovtlbt'..rrc ..-s 7 Dn.o LI 0.’
v, Ay Pg A *a » e ¥ fau " " ¢
«a %a Py Pe Ay te % Ay ) Py Y TR AL Vg L e Py Ry &, ¢, .
bov..o.sova.“lt.oo.u oovhl-l.;oalﬁ-.ﬂ.’.sc-aﬁ
Pu "Ma O,y Ny Py &y g FPL Ry Sq ¥y Re ®p tp 5 ¥y e s a *
> L4 . 4 L 3 e » 4 v » 4 ] L " ] » ] *
Aﬁ Ov Qo 0- -‘ uo 0.- 40 L) / 'a 4 0& vo .. 04 ..0 .1 vo 0
s P Ve %g bty %5 %y Ng $L Pp Vo ¥a P W Py n, Py By )
800..0 Q !_ 1 04\ 'Q&J’OC‘\‘.QO&OOO‘-Q
K [ - 0 -_. - - L 2 -+ L 4 - - > ] A
» “» k3 l 4 - | ¢ 'y *» "N * ' P & "4 0 ]
o SR A SN R U R AL NI L PR PR VL
os- Nq ®, ocl‘c t_. .rl c. D-DQO ‘e l. (0 ¢t CO 0. DC 04 0... 00
PP Tl Tl Tl Sl I A Tt e’ a"+v" o v’a““e " s
0. ‘. e D’.hl Ln ’9." " " iy ‘..'! Q. \.0 oy .’ Ay .‘. dy

3

v
L

:
.-A

'V- “. ". | 4 ‘. .l .-. " h‘ "' "A .‘- " “ " . ..‘ L“ "‘ ... '..
L 3 E | F » » L 4 L » L ] n [ | - ' - » a v [ ]
PRI R R N TR PR A A N I A

oy b q Ty vy oo Py Vg ¥y Po g &, >y 41 ..040 ou ro tp Ie
C‘.l.id’.‘t!.\.“’.’v .’.‘ 4 'CA"OUC.’

4\019:‘&1!319«’)4)0\
O_v)” .00“ Q.oom Otm ._.o.o” Oq)” 0004 cbmt’»o a!h_ vcxf 4..4. cvl OcA al.qv nC\A h)d. 0\1 ’o.a ca.!v
- w %o Ffu Py Py A Ve Su Wy %y Ae 4g B 0,
o.‘. \t) :I“!Oﬂ.lpﬂ lboa n‘ﬂ. .-od.uol..lc“ 'aoast’-blad 45&.5\..0 Caﬂ‘otflbﬂOOQS.-tﬂ
Iil‘h’..'?.l""’. -y nf““‘v.a‘..’l .6!”""0"'
- .0.?'000.4‘0."0.0"‘05'!.t 4 Yo *,
.aco coA. nxop oo_vp ..v4- _..As... ._s. 400 soo.. .-P.o. [ o\o oﬂ *a n.. 9.-9. oo (] cﬂ o.W's 4
PR AR R AN IS SRS GRS SR DPL NI A N N N S )
e R S B S e e .
oh\lh‘t(h !l.o"l!.-olla 0000.’&1lca‘Oo..i-inJ‘”ir.liOM 4(“ vs.vl(do,sit- l‘o-
..-._\ Aata.usa vaab o.o'o..a. 'oh nuqt_...q. -sc-~.0 .o%t&vna..b ._c...ﬁ-.-_. aoobtsn raﬂ.vste
L S T
t-n. o!..tl“ rlo‘ l.lv b(). IOOO ‘?“ l!" ’.Q- \l.v- 0.4' \.r\‘ )d.‘ llf‘ l)\d -0.’(.“ ’l" 6.0'
o-ocac 04.-.' ..bolv; A po)-v..h.lb'\.v._.hlovoo\lvonChoalbpaODQU...
005 !Io l..d P.’ *y 00‘ 0’4 ‘O‘ *a 0‘0 0" .”. "C 0-* —.O 4‘.. 0'.’ 0“ ‘.', -“
.d.‘ - E '..AA.QV.A“.'C-..U'.‘.l.ﬂ...')sb.
S .............. SRS SAS S TS

Q%3 e "a_ " 1.05% %40 "0 %r "4 %o %4 Vo ¥y o 14 ¥q e Ty ?y
-

.4. ooo -c A.-- .ov. 40. qci 000 ac* 0)4 ch .cr 0)0 Oos 0-.. -.c‘ e 0-. ccﬁ os..
< > e Ty v s L] -« Yy " g 7o "y Yo "y V4 Va Fa Yy »
‘Cliib"t)b.l‘l'uiill0.‘&)"..'04.-if..
....vn l&ii‘id'.l‘b‘.ﬂcODUOIQD.OI'-J- .btlb’(v ILO,O.I.-C\(A..O\C..
QQ ol. :o .v vo AQ cu 80 .’- sa ao ou ..0 oo 10 4¢ 0.. ..0 Oc.

P e Y e T s e A e e T e Ny T e

4
- a

L4

4

- oo ..J —l 0! vo 40 Qu .c os v& 00 ) vo Qo wo i
O rd Y Py Vu Ty e Ta Py 4 Ty Py Fo¢ Lo
58 "0 oo- .rba 0«0 oor 4..9 00? -94 !ac 00.. o..o 000 vwa
*. %2 70 Yo Yn e Yr T Y94 A Ty Tu F
- .
0.0!1 CO-QHQCQC’QOJIQOC
Shp By Yy By %4 dg Sy %, 0 g 1,

LR R T R

- L - L L v - - 4 - - » - L | - - » - L 4 ¢
sg..iqc e "a fo (3 Py Ty Y Pg Vg bn g qp Vy Ve s P (p
*etetat occo:vo«aop.nria’v»cabtl-oso_’vtaao’1..
(3 0 ¢ %« Yo %p e "o 2% e "0 Y6 "6 "0 Yo "t Td "4 D e
> bl-.iot!c’sl’bdt’)d.-ll‘ Q.llb\&f.b‘?ﬁl
Ay Ty b, Vo Pa Pg 8y v, %o Ay %y P -y W
Vo4 ” .0&01?.0 YA L B YT T AR 00 -0400-
-

WO 2008/037070

To ~

p?a

“o fa e

-l

t+ ,rteVria

'a,'v e

v e !>

Sy Vo ta ¥,

+'

|

"y By Vo

.‘Q

4

-
o 4



CA 02663123 2009-03-10

PCT/CA2007/001712

WO 2008/037070

3/6

gcl

vOl

001



CA 02663123 2009-03-10

WO 2008/037070 PCT/CA2007/001712
4/6

. 140

‘ B W s N eas e mm  awa




CA 02663123 2009-03-10

PCT/CA2007/001712

WO 2008/037070

5/6

87

.C..

».

B mf.w_ A
r,,m-wo\

»

ARk %&0

'y @

MO\N

Zel

POl




CA 02663123 2009-03-10

PCT/CA2007/001712

WO 2008/037070

6/6

00t



48



	Page 1 - abstract
	Page 2 - abstract
	Page 3 - abstract
	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 - claims
	Page 20 - claims
	Page 21 - claims
	Page 22 - claims
	Page 23 - claims
	Page 24 - claims
	Page 25 - claims
	Page 26 - drawings
	Page 27 - drawings
	Page 28 - drawings
	Page 29 - drawings
	Page 30 - drawings
	Page 31 - drawings
	Page 32 - abstract drawing

