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HYBRID VEHICLE POWERTRAIN COOLING SYSTEM

CROSS REFERENCE TO RELATED APPLICATIONS
The present application claims the benefit of U.S. Patent Application No.
12/982,990 filed on December 31, 2010 and U.S. Patent Application No. 13/212,860

filed on August 18, 2011, which are incorporated herein by reference.

BACKGROUND

The present application relates to a cooling system for a hybrid vehicle, and more
particularly, but not exclusively, to a hybrid electric powertrain cooling system. A hybrid
electric powertrain is typically one that derives power to propel a vehicle from either or
both of an internal combustion engine and an electric propulsion system. Such a system
may include multiple powertrain components, for example, an engine, one or more
motor/generators, power electronics such as one or more inverters or converters, one or
more energy storage systems, one or more DC-DC converters, and one or more clutches.
These and other hybrid vehicle components are capable of rejecting heat and may require
cooling. Present approaches to hybrid cooling systems suffer from a variety of
limitations and problems including those respecting cost, complexity, and efficiency
among others. There is a need for the unique and inventive methods, systems and

apparatuses disclosed herein.
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SUMMARY

Some exemplary embodiments include a hybrid vehicle cooling system
comprising a closed loop coolant flowpath including a valve operable to direct coolant
flow to an internal combustion engine or to an internal combustion engine bypass, a
thermostat operable to direct coolant flow from the internal combustion engine or the
internal combustion engine bypass to a radiator or a radiator bypass, a plurality of hybrid
powertrain components positioned in parallel to receive coolant flow from the radiator or
the radiator bypass, a mechanically driven coolant pump operable to pump coolant
through the closed loop coolant flowpath, and an electrically driven coolant pump
operable to pump coolant through the closed loop coolant flowpath. Some exemplary
embodiments include methods of operation and/or control of hybrid vehicle cooling
systems. Further embodiments, forms, objects, features, advantages, aspects, and

benefits shall become apparent from the following description and drawings.
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BRIEF DESCRIPTION OF THE DRAWING

Fig. 1 is a schematic diagram illustrating a hybrid vehicle propulsion system
5  including an exemplary cooling system.
Fig. 2 is a schematic diagram illustrating an exemplary cooling system for a
hybrid vehicle propulsion system.
Fig. 3 is a flowchart illustrating an exemplary control procedure for a cooling
system for a hybrid vehicle propulsion system.

10
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DETAILED DESCRIPTION

For purposes of promoting an understanding of the principles of the invention,
reference will now be made to the exemplary embodiments illustrated in the figures and
specific language will be used to describe the same. It will nevertheless be understood
that no limitation of the scope of the invention is thereby created, and that the invention
includes and protects such alterations and modifications to the illustrated embodiments,
and such further applications of the principles of the invention illustrated therein as
would occur to one skilled in the art to which the invention relates.

Fig. 1 illustrates a hybrid vehicle system 100 including an internal combustion
engine 102 and a motor/generator 104 which are selectably coupled to one another by a
controllable clutch 114. Motor/generator 104 is electrically coupled with an electrical
energy system 110 which includes one or more power electronics devices operable to
convert electrical power received from motor/generator 104 for storage in a battery and
draw power from the battery to drive motor/generator 104. It shall be understood that the
battery may include a number of devices, for example, battery banks, battery packs, as well
as ultracapacitors and other energy storage devices. For simplicity, however, the term
battery is used to inclusively describe these possibilities. Likewise, the power electronics of
the electrical energy system 110 may include one or more busses, inverters, AC/DC
converters, DC/DC converters, and other power electronics operable to distribute or convert
electrical power.

The powertrain of hybrid vehicle system 100 may be operated in different vehicle
propulsion modes so that engine 102, motor/generator 104, or both engine 102 and
motor/generator 104 provide torque to a transmission 116 which, in turn, provides torque to
the drive wheels 118 of the hybrid vehicle. The powertrain of hybrid vehicle system 100
may also be operated so that engine 102 drives motor/generator 104 to recharge the battery.

The powertrain of hybrid vehicle system 100 may further be operated in a regenerative
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braking mode in which the motor/generator 104 receives torque from the vehicle wheels 118
and generates power to recharge the battery. It shall be understood that the powertrain of
hybrid vehicle system 100 is an exemplary configuration and that additional embodiments
contemplate other hybrid powertrain configurations including, for example, series hybrid
powertrain configurations, parallel hybrid powertrain configurations, series-parallel hybrid
powertrain configurations, and power-split hybrid configurations. Furthermore, it shall be
understood that additional torque transfer devices for example, torque converters, gear
splitters, differentials, deep reduction gears, and/or other devices may be included in the
torque path between engine 102, motor/generator 104 and vehicle wheels 118 or in other
locations.

Hybrid vehicle system 100 further includes a cooling system 120 including a coolant
flowpath 121 which is in thermal communication with internal combustion engine 102,
clutch 114, motor/generator 104 and one or more components of electrical energy system
110 and is operable to provide heat transfer between those components and the coolant. In
exemplary embodiments thermal communication is provided by a coolant flowpath passing
through one or more flow passages provided in a component or a component housing. In
further exemplary embodiments thermal communication is provided by a coolant flowpath
passing through a separate structure in contact with a component or its housing. In further
exemplary embodiments thermal communication is provided by a heat transfer device
intermediate the coolant flowpath and the component or its housing. Coolant flowpath 121
is preferably a closed loop flowpath and may include one or more vents, bleed valves, ports
or safety valves, but additional embodiments may also include other types of coolant
flowpaths. Cooling system 120 further includes a radiator, a thermostat, and a fan which are
operable to selectably transfer heat from coolant flowing through cooling system 120 to
ambient. Cooling system 120 further includes one or more coolant pumps which may be
electrically driven, mechanically driven and may include both an electrically driven and a
mechanically driven pump.

Hybrid vehicle system 100 also includes a controller 108 which is coupled to and
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operable to control the operation of engine 102, motor/generator 104, electrical energy
system 110, cooling system 120 and other components and systems of hybrid vehicle system
100, as well as to receive information from such components and systems or from sensors
provided therewith. Controller 108 preferably includes one or more microprocessors, digital
memories, ASICS and/or other integrated circuitry or logic devices. For simplicity
controller 108 is illustrated as a single unit, but it shall be understood that multiple
controllers, control units or control modules units may be utilized to perform the control
functions described herein.

Fig. 2 illustrates an exemplary cooling system 200 for a hybrid vehicle which may be
used in the hybrid vehicle system 100 described above in connection with Fig. 1 or in other
hybrid vehicle systems including, for example, the alternatives and additions described
herein. Cooling system 200 includes an electric coolant pump 202 and a mechanical coolant
pump 204 which are operable to pump coolant through a closed loop coolant flowpath 220.
Electric coolant pump 202 is driven by electrical power from a hybrid vehicle electrical
energy system and is operatively connected to a controller which controls its operation.
Mechanical coolant pump 204 is driven mechanically with torque from engine 206. In
certain operating modes, cooling system 200 may pump coolant through coolant flowpath
220 using electrical coolant pump 202 alone, for example, when engine 206 is turned off. In
other operating modes, cooling system 200 may pump coolant through coolant flowpath
220 using mechanical coolant pump 204 alone, for example, when engine 206 is turned on
and the mechanical coolant pump 204 is capable of providing a desired coolant flow rate. In
further operating modes, cooling system 200 may pump coolant through coolant flowpath
220 using electrical coolant pump 202 and mechanical coolant pump 204, for example,
when engine 206 is turned on and the desired coolant flow rate requires the use of both
electrical coolant pump 202 and mechanical coolant pump 204. Utilizing multiple operating
modes, cooling system 200 is operable to provide coolant flow through closed loop coolant
flowpath 220 during all modes of hybrid vehicle operation including modes where engine

206 is on or running and modes where engine 206 is off or shut down.
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Certain exemplary embodiments including an electrical coolant pump and a
mechanical coolant pump allow the mechanical coolant pump to be downsized or to have
a reduced pumping capacity relative to the capacity required to provide a desired coolant
flow rate or a maximum coolant flow rate required by a cooling system. The coolant
pump may thereby be sized to reduce parasitic losses on the engine. In one exemplary
embodiment, the mechanical coolant pump may be configured to meet an average coolant
flow requirement which is less than the maximum coolant flow requirement. The cooling
system may be controlled to allow the electrical coolant pump to assist the mechanical
coolant pump when coolant flow requirements exceed the average coolant flow
requirement and the mechanical coolant pump is inadequate to meet the desired or
required coolant flow.

Cooling system 200 includes controllable valves 203a and 203b which are
operatively connected to a controller and are operable to selectably direct coolant flow
through engine 206 or engine bypass 226. In certain embodiments a single valve may be
operatively connected to a controller and operable to selectably direct coolant flow through
engine 206 or engine bypass 226. Cooling system 200 further includes a thermostat 205
which is operable to direct coolant flowing from engine 206 or engine bypass 226 to flow
through radiator 209 or radiator bypass 207. Thermostat 205 may be a passive thermostat,
such as a wax thermostat, or an actively controlled thermostat such as an electrically
controlled thermostat. Radiator 209 is operable to transfer heat from coolant flowing
therethrough to the ambient environment and an electrically driven fan 210 operatively
connected to a controller is controllable to increase or decrease the rate of heat transfer by
controllably directing ambient air across radiator 209. Radiator 209 is common to and
provides heat transfer to ambient for all devices and components which transfer heat to
coolant flowing through coolant flowpath 220. As illustrated in Fig. 2 these devices include
engine 206 and hybrid powertrain components 208 which are described in further detail
below. It shall be understood that additional or alternate hybrid powertrain components may

also be cooled by cooling system 200.
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Cooling system 200 includes a plurality of valves 224a, 224b, 224c¢, 224d, and 224¢
(collectively denoted with bracket 224) which are operable to direct coolant flow to a
corresponding plurality of hybrid powertrain components 208a, 208b, 208c and 208d
(collectively denoted with bracket 208) and hybrid powertrain component bypass 228.
Valves 224 may be actively controlled or may be passive devices, for example, restricted
orifices which passively control the flow of coolant to an associated hybrid powertrain
component. In the embodiment illustrated in Fig. 2, component 208a is a motor/generator,
component 208b is an inverter, component 208¢ is a clutch, and component 208d is a
DC/DC converter. It shall be understood that additional and alternate hybrid powertrain
components which produce heat and require cooling may also be present in addition to or
instead of the illustrated components. As illustrated in Fig. 2 hybrid powertrain components
208 and hybrid powertrain component bypass 228 along with their associated valves are
positioned in parallel relationship to one another relative to coolant flow in closed loop
coolant flowpath 220. Additional embodiments contemplate other locations for hybrid
powertrain components 208 relative to one another and relative to the other components of
cooling system 200 including, for example, series flow relationship of various orders.

Fig. 3 illustrates an exemplary procedure 300 executable by one or more controllers
to control operation of a cooling system for a hybrid vehicle system. The hybrid vehicle
system may be hybrid vehicle system 100 described above in connection with Fig. 1 where
controller 108 is configured with software, firmware, hardware or combinations thereof
operable to execute procedure 300. Procedure 300 may also be utilized in connection with
other hybrid vehicle systems and controllers including, for example, the alternatives and
additions described herein. The cooling system may be cooling system 200 described above
in connection with Fig. 2, or other cooling systems including, for example, the alternatives
and additions described herein.

Procedure 300 begins at valves state operation 310 which performs one or more tests
and valve control operations to confirm that one or more controllable valves in the coolant

flowpath are positioned appropriately for the current operating state of the system and/or
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command any required adjustments or setting of the controllable valves. The valve control
operations may include tests of engine operation, coolant temperature, and temperature of
one or more hybrid powertrain components and commands to adjust valves to direct coolant
flow to the engine or engine bypass, hybrid powertrain components or hybrid powertrain
components bypass, and/or radiator or radiator bypass (in the case of an actively controlled
thermostat). From start state 310, procedure 300 continues to conditional 320.

Conditional 320 tests whether the engine of a hybrid vehicle is on. This
determination may be made by testing whether the engine is operating and/or starting. If
conditional 320 determines that the engine is not on, procedure 320 continues to operation
321 which provides mode I pump operation. In mode I pump operation, coolant is
circulated using an electrical coolant pump. The rate of coolant flow provided by the
electrical coolant pump may be controlled based upon the temperature of one or more hybrid
powertrain components, the coolant temperature or other variables to provide coolant flow
effective to provide the desired cooling of the hybrid powertrain components which are
cooled by the cooling system.

From operation 321 procedure 300 continues to conditional 322 which determines
whether an engine start is predicted. This determination may be based upon power output or
torque demands such as commanded torque, the state of charge of a battery or electrical
storage device and other variables which determine whether the engine will operate to
provide torque for vehicle propulsion and/or charging a battery or other electrical storage
device. If conditional 322 determines that an engine start is predicted, procedure 322
continues to operation 321. Operation 321 controls one or more valves operable to direct
coolant flow through an engine or an engine bypass to direct coolant flow through the
engine. This may include opening a closed valve to allow coolant to flow through the
engine, closing an open valve to block coolant flow through an engine bypass, adjusting a
valve to allow coolant to flow through the engine, or combinations of these and valve
adjustments. From operation procedure 300 continues conditional 340. If conditional 322

determines that an engine start is not predicted, procedure 300 continues conditional 340.
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If conditional 320 determines that the engine is on, procedure 300 continues to
conditional 330. When the engine is on, a mechanical coolant pump driven by the engine
operates to pump coolant through a coolant flowpath. Conditional 320 determines whether
the desired coolant flow rate is greater than the maximum coolant flow rate that can be
provided by the mechanical coolant pump. If conditional 320 determines that the desired
coolant flow rate is not greater than the maximum coolant flow, procedure 300 continues to
operation 332 which provides mode Il pump operation. Mode II pump operation uses the
mechanical coolant pump to provide the desired rate of coolant flow without operating the
electrical coolant pump. If conditional 320 determines that the desired coolant flow rate is
greater than the maximum coolant flow rate that can be provided by the mechanical coolant
pump, procedure 300 continues to operation 333 which provides mode III pump operation.
In mode I pump operation, an electrical coolant pump is operated in combination with the
mechanical coolant pump to provide the desired rate of coolant flow. From operations 332
and 333 procedure 300 continues to conditional 340.

Conditional 340 determines whether the engine temperature is below a minimum
temperature effective to provide desired engine operation and/or emissions. This
determination may be made based upon the temperature of the coolant, for example, the
temperature of the coolant exiting the engine or at another location, the temperature of the
engine oil, the temperature of the engine itself or through other measured, sensed,
calculated or determined parameters providing an indication of engine temperature.

If conditional 340 determines that engine temperature is below a minimum
temperature effective to provide desired engine operation and/or emissions, procedure 300
continues to operation 350. Operation 350 provides increased heating of the coolant
effective to increase the engine temperature. This may be accomplished by operating one or
more hybrid powertrain components to reject increased heat above that otherwise required
for their commanded operation in order to transfer the increased heat to the coolant. In
some embodiments this is accomplished by operating a motor/generator at reduced

efficiency effective to transfer additional heat into the coolant which circulates to the

10



10

15

20

25

WO 2012/092402 PCT/US2011/067678

engine. In other embodiments additional or alternate hybrid powertrain components may be
operated at reduced efficiency to transfer additional heat into the coolant which circulates to
the engine including, for example, power electronics such as inverters or converters. From
operation 350, procedure 300 continues to operation 310.

If conditional 340 determines that engine temperature is not below a minimum
temperature effective to provide desired engine operation and/or emissions, procedure 300
continues to operation 360. Operation 360 controls an electrical radiator fan to provide a
desired rate of heat transfer from coolant to ambient. From operation 360, procedure 300
continues to operation 310.

It shall be understood that order of operations of the procedures described herein
may vary from the illustrated embodiments. It shall further be understood that the logical
evaluations described herein also encompass the use of functionally analogous or equivalent
evaluations. Thus, where an evaluation is made to determine whether a value is less than a
maximum, an analogous evaluation may be made to determine whether the value is greater
than a minimum. Likewise where greater than or less than evaluations may be made, greater
than or equal to or less than or equal to evaluations may be made.

Some exemplary embodiments include hybrid vehicle cooling systems comprising
a closed loop coolant flowpath including at least one valve operable to direct coolant
flow to an internal combustion engine or to an internal combustion engine bypass, a
thermostat operable to direct coolant flow from the internal combustion engine or the
internal combustion engine bypass to a radiator or a radiator bypass, a plurality of hybrid
powertrain components positioned in parallel to receive coolant flow from the radiator or
the radiator bypass, a mechanically driven coolant pump operable to pump coolant
through the closed loop coolant flowpath, and an electrically driven coolant pump
operable to pump coolant through the closed loop coolant flowpath. Certain exemplary
embodiments further comprise a controller configured to control the system to operate in
a first mode wherein the engine is on, the mechanically driven coolant pump operates to

pump coolant through the closed loop coolant flowpath up to a threshold coolant flow
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rate, and the mechanically driven coolant pump and the electrically driven coolant pump
operate to pump coolant through the closed loop coolant flowpath above the threshold
coolant flow rate. Certain exemplary embodiments further comprise a controller
configured to control the system to operate in a second mode wherein the engine is off,
the mechanically driven coolant pump is off, the at least one valve directs coolant flow to
the internal combustion engine bypass, and the electrically driven coolant pump operates
to pump coolant through the closed loop coolant flowpath. Certain exemplary
embodiments further comprise a controller operable to control the system to operate in a
third mode wherein one or more of the plurality of hybrid powertrain components is
controlled to heat the coolant effective to heat the engine. In certain exemplary
embodiments the flowpath connects the engine or engine bypass in series with the
plurality of hybrid powertrain components. In certain exemplary embodiments the
plurality of hybrid powertrain components include a motor/generator, a clutch, and power
electronics. In certain exemplary embodiments the mechanically driven coolant pump
and the electrically driven coolant pump are positioned in series in the coolant flow path
intermediate the engine and the plurality of hybrid powertrain components. Certain
exemplary embodiments further comprise plurality of valves operable to direct coolant
flow from the radiator or the radiator bypass to corresponding ones of the plurality of
hybrid powertrain components or a hybrid powertrain component bypass. In certain
exemplary embodiments the system has a required peak coolant flow rate and the
maximum coolant flow rate provided by the mechanically driven coolant flow pump is
less than the required peak coolant flow rate. In certain exemplary embodiments the
mechanically driven coolant pump is operable to pump coolant through the engine and
the electrically driven coolant pump is operable to pump coolant through the engine or
the engine bypass. In certain exemplary embodiments coolant flow proceeds in series
from the mechanically driven coolant pump or the electrically driven coolant pump to the
engine or engine bypass to the radiator or radiator bypass to the plurality of hybrid

powertrain components to the mechanically driven coolant pump or the electrically
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driven coolant pump.

Some exemplary embodiments include hybrid vehicle systems comprising an
internal combustion engine, an electric machine, power electronics operable to provide
power to the electric machine, a coolant flowpath in thermal communication with the
internal combustion engine, the electric machine, and the power electronics, and a
controller operable to control the electric machine and the power electronics to provide
power to the electric machine, wherein the controller is operable to selectively increase
the temperature of the internal combustion engine by controlling at least one of the
electric machine and the power electronics to provide increased heat to the coolant. In
certain exemplary embodiments the controller is operable to selectively operate an
electrical coolant pump to increase coolant flow rate provided by an mechanical coolant
pump driven by the internal combustion engine. In certain exemplary embodiments the
controller is operable to selectively direct coolant to bypass the internal combustion
engine. In certain exemplary embodiments coolant flow to the electric machine and the
power electronics is in parallel. Certain exemplary embodiments further comprise a
radiator wherein the coolant flowpath is routed in series through the engine, the radiator
and at least one of the electric machine and the power electronics. In certain exemplary
embodiments the electric machine comprises a motor/generator.

Some exemplary embodiments include methods comprising pumping coolant
through a closed loop flowpath in thermal communication with an internal combustion
engine, an electric motor, and power electronics, determining a engine temperate
condition, and controlling operation of the electric motor or the power electronics to
increase heat transfer to the coolant effective to heat the engine based upon the engine
temperate condition. In certain exemplary embodiments the controlling operation of the
electric motor or the power electronics to increase heat transfer to the coolant effective to
heat the engine includes controlling the electric motor or the power electronics to operate

at reduced efficiency. Certain exemplary embodiments further comprise operating the
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engine, pumping coolant through the closed loop flowpath with an engine driven coolant
pump up to a threshold coolant flow rate, and pumping coolant through the closed loop
flowpath with the engine driven coolant pump in combination with an additional coolant
pump above the threshold coolant flow rate. Certain exemplary embodiments further
comprise controlling a valve to selectively direct coolant flow through the engine or
through an engine bypass. Certain exemplary embodiments further comprise pumping
coolant through the closed loop flowpath with an electrically driven coolant pump and
directing coolant to bypass the engine while the engine is off. Certain exemplary
embodiments further comprise selectively cooling the coolant by transferring heat from
the coolant with a radiator.

While the invention has been illustrated and described in detail in the drawings and
foregoing description, the same is to be considered as illustrative and not restrictive in
character, it being understood that only certain exemplary embodiments have been shown
and described and that all changes and modifications that come within the spirit of the
invention are desired to be protected. In reading the claims, it is intended that when words

“a 2% ¢ 2% ¢

such as an,” “at least one,” or “at least one portion” are used there is no intention to
limit the claim to only one item unless specifically stated to the contrary in the claim. When
the language ““at least a portion” and/or “a portion” is used the item can include a portion

and/or the entire item unless specifically stated to the contrary.

14



10

15

20

25

WO 2012/092402 PCT/US2011/067678

CLAIMS

What is claimed is:

1. A hybrid vehicle cooling system comprising:
a closed loop coolant flowpath including
at least one valve operable to direct coolant flow to an internal combustion
engine or to an internal combustion engine bypass,
a thermostat operable to direct coolant flow from the internal combustion
engine or the internal combustion engine bypass to a radiator or a radiator bypass,
a plurality of hybrid powertrain components positioned in parallel to
receive coolant flow from the radiator or the radiator bypass;
a mechanically driven coolant pump operable to pump coolant through the closed
loop coolant flowpath; and
an electrically driven coolant pump operable to pump coolant through the closed

loop coolant flowpath.

2. A hybrid vehicle cooling system according to claim 1 comprising a
controller configured to control the system to operate in a first mode wherein the engine
is on, the mechanically driven coolant pump operates to pump coolant through the closed
loop coolant flowpath up to a threshold coolant flow rate, and the mechanically driven
coolant pump and the electrically driven coolant pump operate to pump coolant through

the closed loop coolant flowpath above the threshold coolant flow rate.
3. A hybrid vehicle cooling system according to claim 2 comprising a

controller configured to control the system to operate in a second mode wherein the

engine is off, the mechanically driven coolant pump is off, the at least one valve directs
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coolant flow to the internal combustion engine bypass, and the electrically driven coolant

pump operates to pump coolant through the closed loop coolant flowpath.

4. A hybrid vehicle cooling system according to claim 3 comprising a
controller operable to control the system to operate in a third mode wherein one or more
of the plurality of hybrid powertrain components is controlled to heat the coolant

effective to heat the engine.

5. A hybrid vehicle cooling system according to claim 1 wherein the
flowpath connects the engine or engine bypass in series with the plurality of hybrid

powertrain components.

6. A hybrid vehicle cooling system according to claim 1 wherein the
plurality of hybrid powertrain components include a motor/generator, a clutch, and power

electronics.

7. A hybrid vehicle cooling system according to claim 1 wherein the
mechanically driven coolant pump and the electrically driven coolant pump are
positioned in series in the coolant flow path intermediate the engine and the plurality of

hybrid powertrain components.

8. A hybrid vehicle cooling system according to claim 1 comprising a
plurality of valves operable to direct coolant flow from the radiator or the radiator bypass
to corresponding ones of the plurality of hybrid powertrain components or a hybrid

powertrain component bypass.

9. A hybrid vehicle cooling system according to claim 1 wherein the system

has a required peak coolant flow rate and the maximum coolant flow rate provided by the

16
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mechanically driven coolant flow pump is less than the required peak coolant flow rate.

10. A hybrid vehicle cooling system according to claim 1 wherein
the mechanically driven coolant pump is operable to pump coolant through the
engine and the electrically driven coolant pump is operable to pump coolant through the

engine or the engine bypass.

11. A hybrid vehicle cooling system according to claim 1 wherein coolant
flow proceeds in series from the mechanically driven coolant pump or the electrically
driven coolant pump to the engine or engine bypass to the radiator or radiator bypass to
the plurality of hybrid powertrain components to the mechanically driven coolant pump

or the electrically driven coolant pump.

12. A hybrid vehicle system comprising:

an internal combustion engine;

an electric machine;

power electronics operable to provide power to the electric machine;

a coolant flowpath in thermal communication with the internal combustion
engine, the electric machine, and the power electronics; and

a controller operable to control the electric machine and the power electronics to
provide power to the electric machine;

wherein the controller is operable to selectively increase the temperature of the
internal combustion engine by controlling at least one of the electric machine and the

power electronics to provide increased heat to the coolant.
13. A hybrid vehicle cooling system according to claim 12 wherein the

controller is operable to selectively operate an electrical coolant pump to increase coolant

flow rate provided by an mechanical coolant pump driven by the internal combustion
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engine.

14. A hybrid vehicle cooling system according to claim 12 wherein the
controller is operable to selectively direct coolant to bypass the internal combustion

engine.

15. A hybrid vehicle cooling system according to claim 12 wherein coolant

flow to the electric machine and the power electronics is in parallel.

16. A hybrid vehicle cooling system according to claim 12 comprising a
radiator wherein the coolant flowpath is routed in series through the engine, the radiator

and at least one of the electric machine and the power electronics.

17. A hybrid vehicle cooling system according to claim 12 wherein the

electric machine comprises a motor/generator.

18. A method comprising:

pumping coolant through a closed loop flowpath in thermal communication with
an internal combustion engine, an electric motor, and power electronics;

determining a engine temperate condition; and

controlling operation of the electric motor or the power electronics to increase
heat transfer to the coolant effective to heat the engine based upon the engine temperate

condition.

19. A method according to claim 18 wherein the controlling operation of the
electric motor or the power electronics to increase heat transfer to the coolant effective to
heat the engine includes controlling the electric motor or the power electronics to operate

at reduced efficiency.
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20. A method according to claim 18 comprising operating the engine,
pumping coolant through the closed loop flowpath with an engine driven coolant pump
up to a threshold coolant flow rate, and pumping coolant through the closed loop
flowpath with the engine driven coolant pump in combination with an additional coolant

pump above the threshold coolant flow rate.

21. A method according to claim 18 comprising controlling a valve to

selectively direct coolant flow through the engine or through an engine bypass.
22. A method according to claim 18 comprising pumping coolant through the
closed loop flowpath with an electrically driven coolant pump and directing coolant to

bypass the engine while the engine is off.

23. A method according to claim 18 comprising selectively cooling the

coolant by transferring heat from the coolant with a radiator.
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