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(57) ABSTRACT

The control of the coolant flow 1s accomplished through
valving or by adjusting the pumping speed of a water pump
and a water motor, or a combination of all three elements.
During normal operation, where engine cooling 1s not
required, the speed control coupling maintains a slow and
constant water pump speed at all engine-operating speeds.
The valve 1s maintained to stop coolant flow from entering
the radiator while allowing coolant to tlow through a heater.
If engine cooling 1s required, the valve 1s actuated such that
coolant 1s circulated to the engine and through the radiator.
If air conditioning 1s required, the speed control coupling
simply increases the water pump speed and the fan speed
while the valve 1s set to bypass coolant tlow to the engine.
IT air conditioning and engine cooling are required, the valve
1s actuated to allow coolant flow to the engine.

49 Claims, 3 Drawing Sheets
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1
COOLANT MOTOR FAN DRIVE

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifi-
cation; matter printed in italics indicates the additions
made by reissue.

TECHNICAL FIELD

The present invention relates generally to an engine

cooling systems and more specifically to a coolant motor fan
drive.

BACKGROUND ART

Generally, a water-cooling type engine of a vehicle
includes a cooling system provided with a radiator and a
flow control valve. The radiator i1s located 1n an engine
coolant circuit for cooling the coolant. The flow control
valve regulates the flow of the coolant that passes through
the radiator. The flow control valve 1s controlled to change
the coolant flow 1n the radiator (hereafter, “the radiator
flow”). This adjusts the temperature of the coolant, which
cools the engine.

The flow control valve 1s fully closed to minimize the
radiator flow when the coolant temperature 1s relatively low.
In contrast, when the coolant temperature is relatively high,
the flow control valve 1s fully opened to maximize the
radiator flow. Otherwise, a feedback control procedure 1s
performed to vary the opening size of the flow control valve
(the radiator flow) depending on the coolant temperature,
such that the coolant temperature seeks a predetermined
target.

To cool the coolant within the radiator, a cooling fan 1s
mounted in close proximity to the radiator to providing
cooling airflow to the radiator. Preferably, the cooling fan 1s
coupled to the water pump.

However, many engine-cooling applications do not allow
for conventional mounting of an engine-cooling fan on a
water pump. For example, front wheel drive systems, or
systems where the centerline of the water pump 1s not
covered by the radiator, use electric motor driven systems or
hydraulically driven fans to control the temperature of the
coolant leaving the radiator. These systems are costly and
inefhicient.

Another potential 1ssue related to cooling system perfor-
mance 1s electrical power usage. As automotive manufac-
turers continue to introduce optional electrical equipment on
automobiles, electrical demands within the vehicle corre-
spondingly are increased. Further, customer demands for
increased horsepower and towing capacity create additional
demands on electrical systems. These extra demands place
increased burdens on cooling systems to cool the engine
compartment without significantly increasing electrical
demand.

It 1s thus highly desirable to provide a way to cool an
engine using an existing source of power that 1s economical
and efhicient.

SUMMARY OF THE INVENTION

The present invention utilizes an existing source of power,
the coolant flow, and an economical water motor to drive an
engine-cooling fan mounted to a water pump.

The control of the coolant flow 1s accomplished through
valving or by adjusting the impeller rotational speed of the
water pump, or a combination of both. Since the duty cycle
of the cooling system 1s low, a clutch or recirculation path
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can be used when coolant tlow or airtlow requirements are
low, thereby saving energy and providing an alternative
control method.

During normal operation, where engine cooling i1s not
required, the speed control coupling maintains a slow and
constant water pump speed at all engine-operating speeds.
The valve 1s maintained in a closed position and stops
coolant flow from entering the radiator. Coolant 1s directed
instead through a heater to maintain circulation and control
hot spots and allow rapid engine warm-up.

If engine cooling 1s required, the valve 1s actuated and
coolant 1s circulated to the engine and through the radiator
and water motor at low pump speeds. The water motor and
coupled fan are then actuated, thereby cooling the coolant as
it flows through the radiator. If cooling requirements
increase, the water pump 1s switched to high speed and the
system operates at maximum heat rejection capacity.

When airflow for the air conditioner condenser 1s needed,
the speed control coupling simply increases the water pump
speed, and hence the fan speed. This can be controlled from
air conditioner head pressure or simply actuated with the air
conditioner compressor. Pilot pressure at the valve can direct
coolant tlow back to the pump by passing the engine and
avoilding overcooling.

If both cooling and air conditioning are required, the
pump speed coupling and the valve are both actuated to
drive the fan at maximum speed and pump all the coolant
through the engine.

In alternative preferred embodiments, because of the huge
rpm range of some motors, a dual stage pump 1s used as
cither the water pump, water motor, or both the water pump
and water motor. The dual stage pump allows for a more
varying response between engine speed and pump/fan out-
put.

Other objects and advantages of the present invention waill
become apparent upon the following detailed description
and appended claims, and upon reference to the accompa-
nying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a perspective view of an engine cooling system
according to a preferred embodiment of the present inven-
tion having a valve 1n a closed position;

FIG. 2 1s a perspective view of FIG. 1 in which the valve
1S 10 an open position;

FIG. 3 15 a perspective view of FIG. 1 1n which the valve
1s 1n a third position;

FIG. 4 1s a perspective view of an engine cooling system
according to another preferred embodiment of the present
invention;

FIG. 5 1s a perspective view of an engine cooling system

according to another preferred embodiment of the present
invention; and

FIG. 6 1s a perspective view of an engine cooling system
according to another preferred embodiment of the present
invention.

DETAILED DESCRIPTION OF TH.
PREFERRED EMBODIMENT

(Ll

Referring now to FIGS. 1-3, a perspective view of a
cooling system used to cool an engine 22 of a vehicle 10 1n
one preferred embodiment 1s generally designated as 20. The
engine 22 has a crankshatt 24 coupled to a crankshatt pulley
26. The crankshatt pulley 26 1s rotatably coupled to a water
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pump 28 via a pump control coupling 30, which 1s coupled
to the crankshait pulley 26 via a belt 32. The cooling system
20 also has a heater element 47 used to increase the
temperature of the engine 22 as desired and to provide
heated air to the passenger cabin of the vehicle as desired by
a vehicle user 75. The cooling system 20 also has an
air-conditioning unit 69 providing cooling airflow to the
passenger cabin as requested by the user 75.

The location of the user 75 relative to the heater element
47 and air conditioner 69, as shown 1n FIGS. 1-6 of the
present invention, 1s merely for 1llustrative purpose only, and
1s not representative of their actual positioning within the

vehicle 10.

The cooling system has a series of coolant lines 36, 44, 48
used to fluidically couple the various components of the
cooling system 20 to maintain the engine 22 at an optimal
operating temperature at a given engine speed while main-
taining the passenger cabin at a desired temperature for the
user 75.

The water pump 28 1s flmdically coupled to a heater
clement 47 and to the engine 22 through a first coolant line
44. A second coolant line 36 1s fluidically coupled to the first
coolant line 44 at a first end, terminating at a {irst junction
51. The second coolant line 1s also fluidically coupled at 1ts
opposite end to the first coolant line 44, terminating at a
second junction 52.

A water motor 38 having an attached fan 40 1s fluidically
coupled with the second coolant line 36 between radiator 34
and water pump 28. The fan 40 1s coupled 1n such a way as
to provide cooling airflow to the radiator 34 when rotating.
A valve 60 coupled to the second coolant line 36 1s located
between the radiator 34 and second junction 52.

A third coolant line 48 1s fluidically coupled to the second
coolant line 36 through the valve 60 at one end and to the
first coolant line 44 at junction 50 at a second end such that
the third coolant line bypasses the engine 22.

Thus, the coolant lines 36, 44, 48 form a continuous
closed loop and contain a quantity of coolant 80 there within
that 1s used to warm up or cool down the engine 22 to
maintain the engine 22 1s a desired temperature operating,
zone.

The pump control coupling 30, also known as a speed
control coupling 30, preferably takes the form of an on/ofif
clectric clutch or an electrically controlled viscous clutch
well known to those of ordinary skill 1n the art. As such, the
amount of rotational response of the coupled water pump 28
1s controlled as a function of the degree of engagement of the
pump control coupling 30.

The cooling system also has an air conditioner 69 includ-
ing a condenser 71 and a compressor 73. The air conditioner
69 1s controlled by a user 75 and 1s also electrically coupled
to the controller 70. The condenser 71 1s capable of receiving,
cooling airtflow (ram tlow) from outside air as the vehicle 1s
moving.

The valve 60, heater element 47, air conditioner 69, and
pump control coupling 30 are all electrically coupled to and
controlled by a controller 70. In addition, at least one
temperature sensor 77 1s coupled to the controller 70 and
measures the temperature of the engine 22 during operating,
conditions.

While one temperature sensor 77 i1s shown as being
coupled to the engine 22 m FIGS. 1-3, the number and
location of the temperature sensor 77 could vary greatly
within cooling systems 20 and still accurately measure the
engine operating temperature. For example, the temperature
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sensor 77 could be alternatively mounted to cooling line 44
between the engine 22 and junction 50. Further, multiple
temperature sensors 77 located throughout the cooling sys-
tem could all be coupled to the controller and used to
accurately measure engine operating temperature. Thus, the

number and location of temperature sensors 77 1s not meant
to be limited to that illustrated in FIGS. 1-3.

In warm-up conditions, as displayved in FIG. 1, wherein
the engine 22 1s operating below a desired operating tem-
perature (as measured by the temperature sensor 77), the
controller 70 will direct the valve 60 closed and the speed
control coupling 30 to maintain a slow and constant water
pump 28 speed. Thus coolant 80 will thus flow from the
water pump 28, through {first coolant line 44 and the heater
clement 47 and the engine 22, therein returning to the pump
28. This coolant 80 1s warmed as 1s flow through the jeater
clement 47 to allow for rapid engine 22 warm-ups. However,
because the coolant 80 1s constantly flowing through the first
coolant line 44, hot spots are eliminated on the engine 22.
The controller 70 can also control the amount of heat
exchanged to the coolant 80 within the heater element 47 by
simply 1ncreasing or decreasing the temperature of the
heater element 47 itself, or by slightly altering the rotational
speed of the speed control coupling 30 (and water pump 28),

or by a combination of pumping speed control and heater
control.

As engine operating temperatures increase closer to, but
still below, a desired engine operating temperature, the
controller 70 will direct the speed coupling 30 to increase 1ts
rotational speed, therein increasing the rotational rate of the
water pump 28 1n response, which 1n turn increases the flow
rate of coolant 80 as it flows through the water pump 28 and
heater element 47. Thus, coolant 80 flows through the heater
clement 47 at a higher tflow rate, which translates into less
heat transier per unit coolant 80. Thus, the engine 22 will
continue to warm-up, but at a lesser relative rate.

At the desired engine operating temperature, as shown 1n
FIG. 2, the controller 70 will direct the valve 60 to open,
therein allowing coolant 80 to flow through the second
coolant line 36 from the first junction 31 to the second
junction 52. This coolant tlow engages water motor 38 to
drive fan 40, which provides cooling airtlow to the radiator
34. Thus, as coolant 80 flows through the radiator 34, the
coolant 80 1s cooled in proportion to the coolant flow rate
through the radiator and in proportion to the fan 40 rotational
rate, which provides cooling air flow to the radiator 34 as the
fan 40 1s rotated by the water motor 38.

At the same time, coolant 80 flows from pump 28 and
through the first coolant line 44. The cooler coolant 80 from
second coolant line 36 merges with the warmer coolant 80
from the first coolant line 44 at junction 32 and continues to
flows through the engine 22. Thus, the cooler coolant 80
flowing through the second coolant line 36 and the warmer
coolant 80 tlowing through the first coolant line 44 merge at
junction 52 and flow together back through the engine 22
and line 44 to pump 28.

If engine temperatures increase over a desired engine
operating temperature, the controller 70 simply directs the
speed controller 30 to increase the water pump 28 speed,
while maintaining the valve 60 1n an actuated or open
position. This in turn increases the water motor 38 speed,
and hence the fan 40 rotational speed. The net effect 1s that
more cooling airflow 1s directed to the radiator 34 from the
tan 40, which decreases the coolant 80 temperature further.
At the same time, coolant 80 tlowing through line 44 and
heater element 47 1s not warmed as much as at slower pump
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speeds. Thus, as the pump speed 28 increases, merged
coolant 80 flowing from junction 52 to engine 22 1s cooler
than at lower pump speeds, which 1n turn aids 1n cooling the

engine 22 as the merged coolant 80 returns to the water
pump 28 through coolant line 44. 5

When the user 75 desires air conditioning to cool the
cabin area of the vehicle, the user 75 simply turns on the air
conditioning 69 within the cabin of the vehicle. In order to
accommodate this request, as shown i FIG. 3, cooling
airflow for the air conditioning condenser 71 i1s needed to 1©
condense freon contained within the condenser 71 from a
gas to a liquid. Pilot pressure generated within the compres-
sor 73 as the air conditioner 69 1s activated actuates the valve
60 to move from either a closed position or an open position
to a second open position such that coolant may flow from 1°
line 36 through line 48 and back to the water pump 28. At
the same time, coolant 80 flow from the second coolant line
36 between the valve 60 and junction 52 and to the engine
22 1s prevented. Thus, coolant 80 flows through water motor
38, therein activating the fan 40 to provide additional 2©
cooling airflow to the radiator 34 and condenser 71. The
coolant 80 exits the radiator 34 and returns to the water
pump 28 through valve 60, third coolant line 48, junction 50,
and first coolant line 44.

If additional cooling 1s desired, especially at idle
conditions, the controller 70 will direct the speed coupling
30 to increase 1ts rotational speed at a given engine speed,
and hence the water pump 28 speed, which 1n turn increases
the pumping speed of water motor 38 and rotational speed
of the fan 40. This further increases airtlow from the fan 40
to the air conditioner condenser 71.

25

30

If both engine cooling, as sensed by sensor 77, and air
conditioning 69 1s requested by the user 75, the controller 70
actuates the pump speed coupling 30 to produce maximum
pumping action and directs the valve 60 from the second
open position (or closed position, depending upon the pilot
pressure within the compressor 73) to the first open position
to provide coolant 80 tflow back from the radiator 34 to the
engine 22 through second line 36 to junction 52. This drives
the fan 40 at maximum speed while allowing coolant 80 to
pass through the line 36 and the junction 52 to the engine 22.

FIGS. 4-6 1llustrate three more preferred embodiments of
the present invention that are essentially usetul for vehicle
cooling systems in which the engines that they cool have a 5
high range of potential engine speeds, especially as com-
pared with 1dling conditions. For example, in FIG. 4, a dual
stage water pump 128 1s utilized 1n place of the single stage
water pump 28 of FIGS. 1-3. In FIG. 5, a dual stage water
motor 138 replaces the single stage water motor 38 of FIGS. 4,
1-3. FIG. 6 mncorporates a dual stage water pump 128 and
a dual stage water motor 138.

A dual stage water pump 128, as shown 1n FIGS. 4 and 6,
consists of a pair of independently actuated pumps 129, 130
(1.e. stages) coupled to the speed control coupling 30. Each 55
pump 129, 130 1s electrically coupled to the controller 70.
Depending upon the desired coolant flow rate, one or both
pumps may be actuated. When both pumps 129, 130 are
actuated, the coolant flow rate increases as compared with
the use of a single one of the two pumps. As such, the g
coolant flow rate can be adjusted stepwise 1 conjunction
with the speed control coupling 30.

A dual stage water motor 138, as shown 1n FIGS. 5 and
6, consists of a pair of independently actuated water motors
139, 140 (1.e. stages) coupled to the speed control coupling 65
30. Each pump 139, 140 1s eclectrically coupled to the
controller 70. Depending upon the desired coolant 80 tlow

35

40
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rate and fan 40 rotation rate, one or both pumps may be
actuated. When both pumps 139, 140 are actuated, the
coolant flow rate and fan 40 rotational rate increases as
compared with the use of a single one of the two pumps. As
such, the temperature and coolant flow rate of coolant
flowing through the second line 36 can be adjusted stepwise
in conjunction with the speed control coupling 30. This
allows for more precise control of temperature of the coolant
entering the engine when the valve 60 1s 1n an open position.
This can lead to improved fuel economy and emissions.

The dual stage nature of the water pump and water motor
allows both stages to be working in conditions where
maximum coolant flow 1s required, such as 1n engine idle
conditions 1 which the engine 1s above the desired operat-
ing temperature. However, when the vehicle 1s moving, or
when the vehicle 1s below the desired operating temperature,
one of the stages may be turned ofl.

In addition, the dual stage nature 1s especially usetul 1n
engines having a high variation of engine speeds. Thus, for
example, when low engine speeds are present, such as 1n
engine 1dle, the water pump 128 can be directed to only
utilize a single stage. As engine speeds increase, for example
to S000-6000 revolutions per minute (rpms), the second
stage 130 may be activated. Thus, less horsepower 1s
required to dnive the speed coupling 30, and excess horse-
power can be utilized elsewhere in the engine, therein
increasing engine performance 1n terms of available
horsepower, emissions, and fuel economy. Additionally, less
clectrical energy 1s needed to control the speed coupling 30.

With respect to FIG. 4, in warm-up conditions, wherein
the engine 22 1s operating below a desired operating tem-
perature as measured by a temperature sensor 77, the con-
troller 70 will direct the valve 60 closed and the speed
control coupling 30 to maintain a slow and constant water
pump 128 speed. In warm-up conditions, only one stage of
the dual stage water pump 128 is on, therein limiting the
coolant flow rate through line 44 and the heater element 47
to provide maximum warming of the coolant 80 within the
heater element 47.

As engine operating temperatures icrease closer to, but
still below, a desired engine operating temperature, the
controller 70 will direct the speed coupling 30 to increase 1ts
rotational speed, therein increasing the flow rate of coolant
80 through the water pump 128 and heater element 47.
Alternatively, or 1 conjunction with increasing the rota-
tional speed of the speed coupling 30, the controller 70 wall
turn on the second stage of the water pump, therein increas-
ing the coolant 80 flow.

At the desired engine operating temperature, the control-
ler 70 will direct the valve 60 to open, therein allowing
coolant 80 to flow through second line 36 from the first
junction 51 to the second junction 52. This engages water
motor 38 to drive fan 40, which provides cooling airtlow to
the radiator 34. Thus, as coolant 80 flows through the
radiator, the coolant 1s cooled. At the same time, coolant 80
flows from pump 128 and through first coolant line 44. The
cooler coolant 80 from the second coolant line 36 merges
with the warmer coolant 80 from the first coolant line 44 at
junction 52. The merged coolant continues to flow through
the first coolant line, 44 and back to the pump 128.

At the desired engine operating temperature, as the
vehicle 10 1s moving, one or both stages of the dual stage
water pump 128 1s on, therein controlling the coolant flow
rate through both lines 36, 44. However, during engine idle
conditions, only one stage of the dual stage water pump 128
1s typically activated, therein decreasing the flow rate of
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coolant 80 through both lines 36, 44 to maintain the engine
in a desired operating zone.

If engine temperatures increase over a desired engine
operating temperature, the controller 70 simply directs the
speed controller 30 to increase the water pump 128 speed
while maintaining the valve 60 1 an actuated position.
Alternatively, or in conjunction with this speed increase, the
controller 70 may actuate both stages of the water pump 128.
This 1n turn increases the water motor 38 speed, and hence
the fan 40 rotational speed. The net eflect 1s that more
cooling airtlow 1s directed to the radiator 34 from the fan 40,
which decreases the coolant 80 temperature further. Thus, as
the pump speed 128 increases, coolant flowing from junc-
tion 52 1s cooler than at lower pump speeds, which 1n turn
aids 1n cooling the engine 22 as the coolant 80 returns to the
water pump 128 through coolant line 44.

When the user 75 desires air conditioning to cool the
cabin area of the vehicle 10, he simply turns on the air
conditioning 69 within the cabin of the vehicle 10. As
described above, the increase 1n pilot pressure actuates the
valve 60 to allow coolant 80 tflowing through the second
coolant line 36 to bypass the engine 22 through junction 52
and tlow instead through line 48 and back to the pump 128.
The controller 70 sumply directs the speed controller 30 to
increase the water pump 128 speed, and hence the coolant
flow, through the second coolant line 36 and third coolant
line 48. Alternatively, or in conjunction with this speed
increase, the controller 70 actuates one or both stages of the
dual action pump.

If additional cooling 1s desired, especially at idle
conditions, the controller 70 will direct the speed coupling
30 to increase 1ts rotational speed and actuate dual stages,
and hence the water pump 28 speed, which 1n turn increases
the water motor 38 and fan speed 40. This further increases
airtlow from the fan 40 to the air conditioner condenser 71.

If both engine cooling, as sensed by sensor 77, and air
conditioning 1s requested, the controller 70 actuates the
pump speed coupling 30 to produce maximum pumping
action, utilizing both stages of the dual stage pump 128, and
opens valve 60 to provide coolant flow back from the
radiator 34 to the engine 22 through coolant line 36 and
junction 52. This drives the fan 40 at maximum speed while
allowing the cooled portion of the coolant 80 to pass through
the engine 22.

With respect to FIG. 5, in warm-up conditions, wherein
the engine 22 1s operating below a desired operating tem-
perature as measured by a temperature sensor 77, the con-
troller 70 will direct the valve 60 closed and the speed
control coupling 30 to maintain a slow and constant water
pump 28 speed, theremn limiting the coolant flow rate
through line 44 and the heater element 47 to provide
maximum warming ol the coolant 80 within the heater
clement 47.

As engine operating temperatures increase closer to, but
still below, a desired engine operating temperature, the
controller 70 will direct the speed coupling 30, and hence the
water pump 28 rotational speed, therein increasing the flow
rate of coolant 80 through the water pump 28 and heater
clement 47.

At the desired engine operating temperature, the control-
ler 70 will direct the valve 60 to open, therein allowing
coolant 80 to tlow through second line 36 from the first
junction 31 to the second junction 52. This engages the dual
stage water motor 138 to drive fan 40, which provides
cooling airflow to the radiator 34. Thus, as coolant 80 tlows
through the radiator 34, the coolant 80 1s cooled. At the same
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time, coolant 80 flows from pump 28 and through first
coolant line 44. The cooler coolant 80 from the second
coolant line 36 merges with the warmer coolant 80 from the
first coolant line 44 at junction 52. The merged coolant
continues to flow through the first coolant line 44 and back
to the pump 28.

To precisely control the amount of cooling of the coolant
occurring 1n the radiator, the controller may direct on one or
both stages 139, 140 of the water motor. The rotational rate
of the fan 40 1s greater, and hence the amount of airflow to
the radiator 34, at a given pump 28 speed, when both stages
139, 140 are actuated. The incorporation of a dual stage
water motor 138 allows different cooling characteristics to
be achieved for coolant 80 returning to the engine 22
through junction 52, hence the merged coolant will be cooler
if both stages 139, 140 are actuated and slightly warmer 1f
only one stage 139 1s used.

If engine temperatures increase over a desired engine
operating temperature, the controller 70 simply directs the
speed controller 30 to increase the water pump 28 speed
while maintaining the valve 60 1 an actuated position.
Alternatively, or in conjunction with this speed increase, the
controller 70 may actuate both stages 139, 140 of the water
pump 128. This in turn increases the water motor 38 speed,
and hence the fan 40 rotational speed, as compared with one
stage 139 being actuated. The net effect 1s that more cooling
airflow 1s directed to the radiator 34 from the fan 40, which
decreases the coolant 80 temperature further. Thus, as the
pump speed 28 increases, coolant tlowing from junction 52
1s cooler than at lower pump speeds, which 1n turn aids 1n
cooling the engine 22 as the coolant 80 returns to the water
pump 128 through coolant line 44.

When the user 75 desires air conditioning to cool the
cabin area of the vehicle 10, he simply turns on the air
conditioning 69 within the cabin of the vehicle 10. As
described above, the increase 1n pilot pressure actuates the
valve 60 to allow coolant 80 flowing through the second
coolant line 36 to bypass the engine 22 through junction 52
and flow 1nstead through line 48 and back to the pump 128.
The controller 70 simply directs the speed controller 30 to
increase the water pump 28 speed, and hence the coolant
flow, through the second coolant line 36 and third coolant
line 48.

If both engine cooling, as sensed by sensor 77, and air
conditioning 69 1s requested, the controller 70 actuates the
pump speed coupling 30 to produce maximum pumping
action by the pump 28, and opens valve 60 to provide
coolant tlow back from the radiator 34 to the engine 22
through coolant line 36 and junction 32. The controller 70
will also direct one or both stages 139, 140 of the water
motor 138 to drive the drives the fan 40 at the desired
rotational speed while allowing the cooled portion of the
coolant 80 to pass through the engine 22, and not bypass the
engine 22 through line 48.

With respect to FIG. 6, in warm-up conditions, wherein
the engine 22 1s operating below a desired operating tem-
perature as measured by a temperature sensor 77, the con-
troller 70 will direct the valve 60 closed and the speed
control coupling 30 to maintain a slow and constant water
pump 128 speed. In warm-up conditions, only one stage of
the dual stage water pump 128 is on, therein limiting the
coolant tlow rate through line 44 and the heater element 47
to provide maximum warming oi the coolant 80 within the
heater element 47.

As engine operating temperatures increase closer to, but
still below, a desired engine operating temperature, the
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controller 70 will direct the speed coupling 30 to increase 1ts
rotational speed, therein increasing the tlow rate of coolant
80 through the water pump 128 and heater element 47.
Alternatively, or 1mn conjunction with increasing the rota-
tional speed of the speed coupling 30, the controller 70 wall
turn on the second stage 130 of the water pump 128, therein
increasing the coolant 80 tlow.

At the desired engine operating temperature, the control-
ler 70 will direct the valve 60 to open, therein allowing
coolant 80 to flow through second line 36 from the first
junction 51 to the second junction 52. This engages water

motor 138 to drive fan 40, which provides cooling airflow to
the radiator 34. Thus, as coolant 80 flows through the
radiator, the coolant 80 1s cooled. At the same time, coolant
80 flows from pump 128 and through first coolant line 44.
The cooler coolant 80 from the second coolant line 36
merges with the warmer coolant 80 from the first coolant
line 44 at junction 52. The merged coolant continues to tlow
through the first coolant line 44 and back to the pump 128.
Depending upon the characteristics of the engine 22, one or
both stages 139, 140 of the water motor 138 may be actuated
by the controller 70.

At the desired engine operating temperature, as the
vehicle 10 1s moving, one or both stages of the dual stage
water pump 128 1s on, therein controlling the coolant flow
rate through both lines 36, 44. However, during engine idle
conditions, only one stage of the dual stage water pump 128
1s typically activated, therein decreasing the flow rate of
coolant 80 through both lines 36, 44 to maintain the engine
in a desired operating zone. Also, one or both stages 139,
140 of the water motor are activated to further regulate the
temperature of the coolant 80 flowing through line 36 and
back to the engine 22.

If engine temperatures increase over a desired engine
operating temperature, the controller 70 simply directs the
speed controller 30 to increase the water pump 128 speed
while maintaining the valve 60 in an actuated position.
Alternatively, or 1n conjunction with this speed increase, the
controller 70 may actuate both stages 129, 130 of the water
pump 128. This in turn increases the water motor 138 speed,
and hence the fan 40 rotational speed. The net effect 1s that
more cooling airflow 1s directed to the radiator 34 from the
tan 40, which decreases the coolant 80 temperature further.
Thus, as the pump speed 128 increases, coolant 80 tlowing
from junction 52 1s cooler than at lower pump speeds, which
in turn aids in cooling the engine 22 as the coolant 80 returns
to the water pump 128 through coolant line 44. Typically,
both stages 139, 140 of the dual stage water motor 138 will
be actuated by the controller 70 to provide maximum fan 40

rotational speed to cool the coolant 80 as it flows through the
radiator 34.

When the user 75 desires air conditioning to cool the
cabin area of the vehicle 10, he simply turns on the air
conditioning 69 within the cabin of the vehicle 10. As
described above, the increase 1n pilot pressure actuates the
valve 60 to allow coolant 80 flowing through the second
coolant line 36 to bypass the engine 22 through junction 52
and flow 1nstead through line 48 and back to the pump 128.
The controller 70 simply directs the speed controller 30 to
increase the water pump 128 speed, and hence the coolant
flow, through the second coolant line 36 and third coolant
line 48. Alternatively, or in conjunction with this speed
increase, the controller 70 actuates one or both stages 129,

130 of the dual action pump 128 and/or one or both stages
139, 140 of the water motor 138.

If additional cooling 1s desired, especially at idle
conditions, the controller 70 will direct the speed coupling

10

10

30 to increase 1its rotational speed and actuate dual stages
129, 130 of the water pump 128, and hence the water pump
128 speed, which 1n turn increases the water motor 138 and
fan speed 40. This further increases airflow from the fan 40
to the air conditioner condenser 71. Also, typical both stages
139, 140 of the water motor are activated to further decrease
the temperature of the coolant 80 flowing through line 36
and back to the engine 22.

If both engine cooling, as sensed by sensor 77, and air
conditioning 69 are requested, the controller 70 actuates the
pump speed coupling 30 to produce maximum pumping
action, utilizing both stages 129, 130 of the dual stage pump
128, and open valve 60 to provide coolant flow back from
the radiator 34 to the engine 22 through coolant line 36 and

15 junction 52. Also, typically both stages 139, 140 of the water
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motor are activated to provide maximum fan 40 rotational
speed to further decrease the temperature of the coolant 80
flowing through line 36 and back to the engine 22.

While one particular embodiment of the invention have
been shown and described, numerous variations and alter-
native embodiments will occur to those skilled in the art.
Accordingly, it 1s intended that the invention be limited only
in terms of the appended claims.

What 1s claimed 1s:

1. A cooling system for an engine, the cooling system
comprising;

a first coolant line coupled to the engine;

a heater element coupled to said first coolant line;

a second coolant line fluidically coupled to said first
coolant line at a first end and a second end, wherein said
first coolant line and said second coolant line form a
continuous closed loop;

a quantity of coolant contained within said continuous
closed loop;

a radiator flmdically coupled to said second coolant line
between said first end and said second end;

a water pump fluidically coupled within said first coolant
line and rotatably coupled to said engine;

a water motor fluidically coupled to said second coolant
line between said first end and said second end;

a Tan coupled to said water motor,said fan rotating to cool
said radiator as a function of the flow rate of said
quantity of coolant through said water motor;

a valve fluidically coupled to said second coolant line,
said valve having an open position and a closed
position, said closed position preventing flow of said
quantity of coolant through said second coolant line
and said open position allowing flow of said quantity of
coolant through said second coolant line;

a pump control coupling coupled to said pump, said pump
control coupling controlling the rotational rate of said
water pump and said water pump 1mpellers to pump
said quantity of coolant through said second coolant
line:

a belt coupled to said crankshaft pulley and said pump
control coupling;

at least one temperature sensor capable ol measuring
engine operating temperature; and

a controller electrically coupled to said valve and electri-
cally coupled to said speed control coupling and elec-
trically coupled to said at least one temperature sensor,
said controller controlling the actuation of said valve
and controlling the rotational rate of said speed control
coupling as a function of said measured engine oper-
ating temperature.
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2. The cooling system of claim 1, wherein said water
pump comprises a dual stage water pump.

3. The cooling system of claim 1, wherein said water
motor comprises a dual stage water motor.

4. The cooling system of claim 1 further comprising:

a third coolant line fluidically coupled to said first coolant
line and said second coolant line, wherein said first

coolant line, said second coolant line and said third
coolant line form a continuous closed loop;

an air conditioning unit coupled to said controller, said air
conditioning umt having a compressor, said compres-
sor coupled near said fan and capable of recerving air
flow from said fan as said fan 1s rotated;

wherein said compressor 1s coupled to said valve, wherein
pilot pressure generated within said compressor when
said air conditioner 1s actuated 1s capable of moving
said valve to a second open position, said second open
position allowing coolant flow through said third cool-
ant line while preventing coolant flow through said
second coolant line.

5. The cooling system of claim 1, wherein said speed
control coupling comprises an on/ofl clutch.

6. The cooling system of claim 1, wherein said speed
control coupling comprises an electronically controlled vis-
cous coupling.

7. A method for controlling the temperature of an engine
at a current engine speed, the method comprising:

(a) providing a cooling system comprising:

a first coolant line coupled to the engine;

a heater element coupled to said first coolant line;

a second coolant line fluidically coupled to said first
coolant line at a first end and a second end; wherein
said first coolant line and said second coolant line form
a continuous closed loop;

a quantity of coolant contained within said continuous
closed loop;

a radiator fluidically coupled to said second coolant line
between said first end and said second end;

a water pump flmdically coupled within said first coolant
line and rotatably coupled to said engine;

a water motor fluidically coupled to said second coolant
line between said first end and said second end;

a fan coupled to said water motor, said fan rotating to cool
said radiator as a function of the flow rate of said
quantity of coolant through said water motor;

a valve fluidically coupled to said second coolant line,
said valve having an open position and a closed posi-
tion;

a pump control coupling coupled to said pump, said pump
control coupling controlling the rotational rate of said
water pump and said water pump 1mpellers to pump
said quantity of coolant through said second coolant
line:

a belt coupled to said crankshaft pulley and said pump
control coupling;

at least one temperature sensor capable of measuring
engine operating temperature; and

a controller electrically coupled to said valve and electri-
cally coupled to said speed control coupling and elec-
trically coupled to said at least one temperature sensor;

(b) determining an engine operating temperature at the
current engine speed using said at least one temperature
SeNsor;

(c) determining a desired operating temperature for the
engine at the current engine speed; and

12

(d) controlling the actuation of said valve between said
closed position and said open position and controlling
the rotational rate of said speed control coupling using
said controller to change said engine operating tem-

5 perature to said desired operating temperature at the
current engine speed.

8. The method of claim 7, wherein (d) further comprises
controlling the rotational rate of said speed control coupling
using said controller to change said engine operating tem-

10 perature to said desired operating temperature at the current
engine speed.

9. The method of claim 7, wherein (d) controlling the
actuation comprises (d) decreasing said engine operating
temperature to said desired operating temperature by actu-

15 ating said valve to said open position to allow coolant to
flow through said second coolant line.

10. The method of claim 8, wherein (d) controlling the
actuation comprises (d) decreasing said engine operating
temperature to said desired operating temperature by

20 1ncreasing the rotational rate of said speed control coupling.

11. The method of claim 8, wherein (d) controlling the

actuation comprises:

decreasing said engine-operating temperature to said
desired operating temperature by actuating said valve
to said open position to allow coolant to flow through
said second coolant line; and

25

increasing the rotational rate of said speed control cou-

pling at the current engine speed.

12. A method for controlling the temperature of an engine
at a current engine speed having an actuated air-conditioning
umt, the air-conditioning unit having a compressor and a
condenser, the method comprising:

30

(a) providing a cooling system comprising:

,s  a first coolant line coupled to the engine;

a heater element coupled to said first coolant line;

a second coolant line fluidically coupled to said first
coolant line at a first end and a second end wherein said
first coolant line and said second coolant line form a

continuous closed loop:;

40
a third coolant line fluidically coupled to said first coolant
line and said second coolant line, wherein said first
coolant line, said second coolant line and said third

coolant line form a continuous closed loop;

a quantity of coolant contained within said continuous
closed loop;

45

a radiator fluidically coupled to said second coolant line
between said first end and said second end;

a water pump flmidically coupled within said first coolant

> line and rotatably coupled to said engine;

a water motor fluidically coupled to said second coolant
line between said first end and said second end;

a Tan coupled to said water motor, said fan rotating to cool
said radiator and said condenser as a function of the
flow rate of said quantity of coolant through said water
motor;

a valve fluidically coupled to said second coolant line and
to said third coolant line, said valve having a first open
position, a second open position and a closed position,
wherein said valve moves from either said first open
position or said closed position to said second open
position when said pilot pressure within the compressor
reaches a threshold pressure level after the air-
conditioner 1s actuated;

a pump control coupling coupled to said pump, said pump
control coupling controlling the rotational rate of said

55
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water pump and said water pump 1mpellers to pump
said quantity of coolant through said second coolant
line:

a belt coupled to said crankshait pulley and said pump
control coupling;

at least one temperature sensor capable of measuring
engine operating temperature; and

a controller electrically coupled to said valve, said speed
control coupling, said at least one temperature sensor
and the air-conditioning unit;

(b) determining an engine operating temperature at the
current engine speed using said at least one temperature
Sensor;

(c) determining a desired operating temperature for the
engine at the current engine speed; and

(d) controlling the actuation of said valve between said
second open position and said first open position to
change said engine operating temperature to said
desired operating temperature at the current engine
speed.

13. The method of claim 11, wherein (d) further comprises
controlling the rotational rate of said speed control coupling
using said controller to change said engine operating tem-
perature to said desired operating temperature at the current
engine speed.

14. The method of claim 11, wherein (d) controlling the
actuation comprises (d) decreasing said engine operating
temperature to said desired operating temperature by actu-
ating said valve from said second open position to said first
open position to allow coolant to tlow through said second
coolant line.

15. The method of claim 14, further comprising increas-
ing the rotational rate of said speed control coupling.

16. The method of claim 13, wherein (d) controlling the
actuation comprises:

(d) decreasing said engine-operating temperature to said
desired operating temperature by actuating said valve
to said open position to allow coolant to flow through
sald second coolant line; and

increasing the rotational rate of said speed control cou-
pling at the current engine speed.
17. The method of claim 13, wherein (d) controlling the

actuation comprises:

(d) increasing the engine-operating temperature to said
desired operating temperature by maintaining said
valve 1n said second open position to allow coolant to
bypass said second coolant line between said valve and
said second end.

18. A method for controlling the temperature of an engine

at a current engine speed, the method comprising:

(a) providing a cooling system comprising:

a first coolant line coupled to the engine;

a heater element coupled to said first coolant line;

a second coolant line fluidically coupled to said first
coolant line at a first end and a second end; wherein
said first coolant line and said second coolant line form
a continuous closed loop;

a quantity of coolant contained within said continuous
closed loop;

a radiator fluidically coupled to said second coolant line
between said first end and said second end;

a dual stage water pump fluidically coupled within said
first coolant line and rotatably coupled to said engine,
said dual stage pump comprising a pair of indepen-
dently actuated pumps;

10

15

20

25

30

35

40

45

50

55

60

65

14

a water motor fluidically coupled to said second coolant
line between said first end and said second end;

a Tan coupled to said water motor, said fan rotating to cool
said radiator as a function of the flow rate of said
quantity of coolant through said water motor;

a valve fluidically coupled to said second coolant line,
said valve having an open position and a closed posi-
tion;

a pump control coupling coupled to said pump, said pump
control coupling controlling the rotational rate of said
water pump and said water pump 1mpellers to pump
said quantity of coolant through said second coolant
line;

a belt coupled to said crankshaft pulley and said pump
control coupling;

at least one temperature sensor capable ol measuring
engine operating temperature; and

a controller electrically coupled to said valve, said speed
control coupling, said at least one temperature sensor,
and to each of said pair of individually actuated pumps
comprising said dual stage water pump;

(b) determining an engine operating temperature at the
current engine speed using said at least one temperature
Sensor;

(¢) determining a desired operating temperature for the
engine at the current engine speed;

(d) controlling the actuation of said valve between said
closed position and said first open position to change
said engine operating temperature to said desired oper-
ating temperature at the current engine speed;

(¢) controlling the rotational rate of said speed control
coupling using said controller to change said engine
operating temperature to said desired operating tem-
perature at the current engine speed; and

(1) controlling the actuation of said dual stage water pump
using said controller to change said engine operating
temperature to said desired operating temperature at the
current engine speed.

19. The method of claam 18, wherein (d) controlling the
actuation comprises (d) decreasing said engine operating
temperature to said desired operating temperature by actu-
ating said valve to said open position using said controller,
therein allowing said quantity of coolant to flow through
said second coolant line.

20. The method of claim 19, wherein (e) controlling the
actuation comprises (e) decreasing said engine operating
temperature to said desired operating temperature by
increasing the rotational rate of said speed control coupling.

21. The method of claim 19, wherein (1) controlling the
actuation of said dual stage water pump comprises (1)
decreasing said engine operating temperature to said desired
operating temperature by actuating at least one of said pair
ol independently actuated pumps.

22. The method of claim 19, wherein (1) controlling the
actuation of said dual stage water pump comprises (1)
decreasing said engine operating temperature to said desired
operating temperature by actuating each of said pair of
independently actuated pumps.

23. The method of claim 18, wherein (d) controlling the
actuation comprises (d) increasing said engine operating
temperature to said desired operating temperature by actu-
ating said valve to said closed position using said controller,
therein preventing said quantity of coolant to flow through
said second coolant line.

24. The method of claim 23, wherein (e) controlling the
actuation comprises (€) increasing said engine operating
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temperature to said desired operating temperature by
increasing the rotational rate of said speed control coupling.

25. The method of claim 23, wherein (1) controlling the
actuation of said dual stage water pump comprises (1)
increasing said engine operating temperature to said desired
operating temperature by actuating at least one of said pair
of independently actuated pumps.

26. The method of claim 23, wherein (1) controlling the
actuation of said dual stage water pump comprises (1)
increasing said engine operating temperature to said desired
operating temperature by actuating each of said pair of
independently actuated pumps.

27. The method of claim 18, wherein said water motor
comprises a dual stage water motor electrically coupled to
said controller, said dual stage water motor comprising a pair
ol independently actuated water motors.

28. The method of claim 27, wherein (d) controlling the
actuation comprises (d) decreasing said engine operating
temperature to said desired operating temperature by actu-
ating said valve to said open position using said controller,
therein allowing said quantity of coolant to flow through
said second coolant line.

29. The method of claim 28, wherein (e) controlling the
actuation comprises (e¢) decreasing said engine operating
temperature to said desired operating temperature by
increasing the rotational rate of said speed control coupling.

30. The method of claim 28, wherein (1) controlling the
actuation of said dual stage water pump comprises (1)
decreasing said engine operating temperature to said desired
operating temperature by actuating at least one of said pair
ol independently actuated pumps.

31. The method of claim 28, wherein (1) controlling the
actuation of said dual stage water pump comprises (1)
decreasing said engine operating temperature to said desired
operating temperature by actuating each of said pair of
independently actuated pumps.

32. The method of claim 28, further comprising:

(g) decreasing said engine-operating temperature to said
desired temperature by actuating at least one of said
pair of independently actuated water motors.

33. The method of claim 28, further comprising:

(g) decreasing said engine-operating temperature to said
desired temperature by actuating each of said pair of
independently actuated water motors.

34. The method of claim 33, wherein (1) controlling the
actuation of said dual stage water pump comprises (1)
decreasing said engine operating temperature to said desired
operating temperature by actuating at least one of said pair
ol independently actuated pumps.

35. The method of claim 33, wherein (1) controlling the
actuation of said dual stage water pump comprises (1)
decreasing said engine operating temperature to said desired
operating temperature by actuating each of said pair of
independently actuated pumps.

36. The method of claim 27, wherein (d) controlling the
actuation comprises (d) increasing said engine operating
temperature to said desired operating temperature by actu-
ating said valve to said closed position using said controller,
therein preventing said quantity of coolant to flow through
said second coolant line.

37. The method of claim 36, wherein (e) controlling the
actuation comprises () increasing said engine operating
temperature to said desired operating temperature by
increasing the rotational rate of said speed control coupling.

38. The method of claim 36, wherein (1) controlling the
actuation of said dual stage water pump comprises (1)
increasing said engine operating temperature to said desired
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operating temperature by actuating at least one of said pair
of independently actuated pumps.

39. The method of claim 36, wherein (1) controlling the
actuation of said dual stage water pump comprises (1)
increasing said engine operating temperature to said desired
operating temperature by actuating each of said pair of
independently actuated pumps.

40. A method for controlling the temperature of an engine
at a current engine speed, the method comprising:

(a) providing a cooling system comprising:

a first coolant line coupled to the engine;

a heater element coupled to said first coolant line;

a second coolant line fluidically coupled to said first
coolant line at a first end and a second end; wherein
said first coolant line and said second coolant line form
a continuous closed loop;

a quantity ol coolant contained within said continuous
closed loop:;

a radiator flmdically coupled to said second coolant line
between said first end and said second end;

a water pump fluidically coupled within said first coolant
line and rotatably coupled to said engine;

a dual stage water motor fluidically coupled to said
second coolant line between said first end and said
second end, said dual stage water motor comprising a
pair of independently actuated water motors;

a fan coupled to said dual stage water motor, said fan
rotating to cool said radiator as a function of the flow
rate of said quantity of coolant through said pair of
independently actuated water motors;

a valve fluidically coupled to said second coolant line,
said valve having an open position and a closed posi-
tion;

a pump control coupling coupled to said pump, said pump
control coupling controlling the rotational rate of said
water pump and said water pump 1mpellers to pump
said quantity of coolant through said second coolant
line:

a belt coupled to said crankshaft pulley and said pump
control coupling;

at least one temperature sensor capable ol measuring
engine operating temperature; and

a controller electrically coupled to said valve, said speed
control coupling, said at least one temperature sensor,
and to each of said pair of individually actuated pumps
comprising said dual stage water pump:;

(b) determining an engine operating temperature at the
current engine speed using said at least one temperature
SeNsor;

(¢) determining a desired operating temperature for the
engine at the current engine speed;

(d) controlling the actuation of said valve between said
closed position and said first open position to change
said engine operating temperature to said desired oper-
ating temperature at the current engine speed;

(¢) controlling the rotational rate of said speed control
coupling using said controller to change said engine
operating temperature to said desired operating tem-
perature at the current engine speed;

(1) controlling the actuation of said water pump using said
controller to change said engine operating temperature
to said desired operating temperature at the current
engine speed; and

(g) controlling said engine-operating temperature to said
desired temperature by actuating at least one of said
pair of mndependently actuated water motors.




US RE39,765 E

17

41. The method of claim 40, wherein (d) controlling the
actuation comprises (d) decreasing said engine operating
temperature to said desired operating temperature by actu-
ating said valve to said open position using said controller,
therein allowing said quantity of coolant to flow through
said second coolant line.

42. The method of claim 40, wherein (e) controlling the
actuation comprises (e) decreasing said engine operating
temperature to said desired operating temperature by
increasing the rotational rate of said speed control coupling.

43. The method of claim 40, wherein (d) controlling the
actuation comprises (d) increasing said engine operating
temperature to said desired operating temperature by actu-
ating said valve to said closed position using said controller,
therein preventing said quantity of coolant to tlow through
said second coolant line.

44. The method of claim 43, wherein (e) controlling the
actuation comprises (€¢) increasing said engine operating
temperature to said desired operating temperature by
increasing the rotational rate of said speed control coupling.

45. The method of claim 40, wherein (d) controlling the
actuation comprises (d) decreasing said engine operating
temperature to said desired operating temperature by actu-
ating said valve to said open position using said controller,
therein allowing said quantity of coolant to flow through
said second coolant line.

10

15

20

25

18

46. The method of claim 40, wherein (e) controlling the
actuation comprises (e) decreasing said engine operating
temperature to said desired operating temperature by
increasing the rotational rate of said speed control coupling.

4’7. The method of claim 40, wherein (g) controlling said
engine-operating temperature to said desired temperature by
actuating at least one of said pair of independently actuated
water motors comprises:

(g) decreasing said engine-operating temperature to said
desired temperature by actuating each of said pair of
independently actuated water motors.

48. The method of claim 40, wherein (d) controlling the
actuation comprises (d) increasing said engine operating
temperature to said desired operating temperature by actu-
ating said valve to said closed position using said controller,
therein preventing said quantity of coolant to flow through
said second coolant line.

49. The method of claim 48, wherein (e) controlling the
actuation comprises (€) increasing said engine operating

temperature to said desired operating temperature by
increasing the rotational rate of said speed control coupling.
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