Office de la Propriete Canadian CA 2864480 C 2017/03/21

Intellectuelle Intellectual Property
du Canada Office (11)(21) 2 864 480
i g oS i R 1 BREVET CANADIEN
CANADIAN PATENT
(13) C
(86) Date de depot PCT/PCT Filing Date: 2013/02/20 (51) ClL.Int./Int.Cl. F16K 17/38 (2006.01),
T T _ FO1P 7/14 (2006.01), FO1P 7/16 (2006.01),
(87) Date publication PCT/PCT Publication Date: 2013/08/29 F16K 11/076 (2006.01), F16K 31/04 (2006.01),
(45) Date de delivrance/lssue Date: 201//03/21 F16K 31/68 (2006.01)
(85) Entree phase nationale/National Entry: 2014/08/12 (72) Inventeur/Inventor:
(86) N° demande PCT/PCT Application No.: US 2013/026809 MALONE, DAVID 5., US
(87) N° publication PCT/PCT Publication No.: 2013/126374 (73) Proprietaire/Owner:

HANON SYSTEMS, KR
(74) Agent: GOWLING WLG (CANADA) LLP

(30) Priorite/Priority: 2012/02/20 (US61/600,804)

(54) Titre : SOUPAPE A SECURITE INTEGREE DE DERIVATION DE MOTEUR A CIRE
(54) Title: VALVE WITH INTEGRATED WAX MOTOR BYPASS FAIL SAFE

|

|

Y
46

20
32 58 f

54 30

(57) Abrege/Abstract:
A valve Includes a housing including a plurality of ports including an inlet port iIn communication with a radiator. The valve includes a
cylinder located in the housing that includes a plurality of apertures and a fail safe opening. The cylinder iIs moveable such that one
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(57) Abrege(suite)/Abstract(continued):
of the plurality of apertures can be aligned with one of the plurality of ports of the housing to determine a flow of a fluid through the

valve. The valve includes a moveable feature moveable with and relative to the cylinder, and the moveable feature covers the fall
safe opening of the cylinder when a temperature of the fluid flowing through the valve is below a threshold temperature.
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(57) Abstract: A valve includes a housing
including a plurality of ports mncluding an
inlet port in communication with a radiator.
The valve includes a cylinder located m the
housing that includes a plurality of apertures
and a fail sate opening. The cylinder is
moveable such that one of the plurality of
apertures can be aligned with one of the
plurality of ports of the housing to determine
a flow of a fluid through the valve. The
valve mcludes a moveable feature moveable
with and relative to the cylinder, and the
moveable feature covers the fail sate open-
ing of the cylinder when a temperature of
the fluid flowing through the valve 1s below
a threshold temperature.
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VALVE WITH INTEGRATED WAX MOTOR BYPASS FAIL SAFE

BACKGROUND OF THE INVENTION

{0001} A coolant system includes a valve that controls a flow of coolant through a
radiator, an engine and a vehicle cabin. If the valve fails, the coolant could stop flowing through the

coolant system, and the temperature of the engine can increase, possibly damaging the engine.

SUMMARY OF THE INVENTION

{0002] A valve includes a housing including a plurality of ports including an inlet

port in communication with a radiator. The valve includes a cylinder located in the housing that
includes a plurality of apertures and a fail safe opening. The cylinder i1s moveable such that one
of the plurality of apertures can be aligned with one of the plurality of ports of the housing to
determine a flow of a fluid through the valve. The valve includes a moveable feature moveable
with and relative to the cylinder, and the moveable feature covers the fail safe opening of the
cylinder when a temperature of the fluid flowing through the valve is below a threshold
temperature. The valve includes an actuator including a portion made of a material that changes
shape when exposed to the fluid having a temperature greater than or equal the threshold
temperature to move at least a portion of the actuator to move the moveable feature relative to
the cylinder and expose the fail safe opening to allow the fluid to flow through the inlet port
and into the valve wherein the housing includes an outlet port in communication with a water
pump, a second inlet port in communication with an engine, and a third inlet port in
communication with a vehicle cabin, wherein the fluid flows from the outlet port of the valve
to the water pump, from the water pump to the engine and to the vehicle cabin, and from the
engine to the radiator.

[0003] A coolant system includes a water pump, a radiator, an engine, a vehicle
cabin and a valve. The valve includes a housing Including a plurality of ports including an inlet port
In communication with the radiator, an outlet port in communication with the water pump, a second
inlet port in communication with the engine, and a third inlet poft In communication with the cabin.
A fluid flows from the outlet port of the valve to the water pump, from the water pump to the engine
and to the vehicle cabin, and from the engine to the radiator. The valve includes a cylinder located in
the housing that includes a plurality of apertures and a fail safe opening, and the cylinder is moveable
such that one of the plurality of apertures can be aligned with one of the plurality of ports of the
housing to determine a flow of the fluid through the valve. The valve includes a moveable feature

moveable with
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and relative to the cylinder, and the moveable feature covers the fail satfe opening of the
cylinder when a temperature of the fluid tflowing through the valve 1s below a threshold
temperature. The valve includes an actuator including a portion made of a material that
changes shape when exposed to the fluid having a temperature greater than or equal the
threshold temperature to move at least a portion of the actuator to move the moveable feature
relative to the cylinder and expose the fail safe opening to allow the fluid to flow through the

inlet port and 1nto the valve.

BRIEF DESCRIPTION OF THE DRAWINGS

[0004] Figure 1 schematically illustrates a coolant system;

[0005] Figure 2 schematically illustrates a perspective view of a valve of the
coolant system:;

[0006] Figure 3 schematically illustrates a cross-sectional internal view of the
valve;

[0007] Figure 4 schematically illustrates a barrel of the valve including various
ports during normal operation;

[0008] Figure 5 schematically illustrates the barrel of the valve including various
ports when an actuator actuates a fail safe feature;

[0009] Figure 6 schematically illustrates a thermostat that allows cold coolant to
enter the valve 1t a failure occurs;

[0010] Figure 7 schematically illustrates a flattened version of the barrel of the
valve when hot coolant flows from a vehicle cabin into the valve;

[0011] Figure 8 schematically illustrates a flattened version of the barrel of the
valve when the barrel has rotated slightly from the position of Figure 7 and hot coolant from
both an engine and the vehicle cabin flow 1nto the valve;

[0012] Figure 9 schematically illustrates a flattened version of the barrel of the
valve when the barrel has rotated slightly from the position of Figure 8 and some hot coolant
from the engine, hot coolant from the vehicle cabin, and some cool coolant from a radiator

flow into the valve;
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[0013] Figure 10 schematically illustrates a flattened version of the barrel of the
valve when the barrel has rotated slightly from the position of Figure 9 when both cool
coolant from the radiator and hot coolant from the vehicle cabin flow into the valve; and

[0014] Figure 11 schematically 1llustrates a flattened version of the barrel of the
valve when the barrel has rotated slightly from the position of Figure 10 when only cool

coolant from the radiator flows 1nto the valve.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0015] Figure 1 schematically illustrate a coolant system 20. The coolant system
20 includes a valve 22, a water pump 24, an engine 26, a radiator 28, and a vehicle cabin 30.
In one example, the engine 26 is an internal combustion engine. A fluid, such as coolant,
flows through the coolant system 20. The fluid flows through an outlet port 32 of the valve
22 to the water pump 24. The coolant from the water pump 24 can be directed to the engine
26 to cool the engine 26. Hot coolant from the engine 26 can flow through an 1nlet port 34 of
the valve 22. A sensor 40 detects a temperature near or around the engine 26. The coolant
then flows to the radiator 28, which acts as a heat exchanger. A control 44 controls a
temperature in the vehicle cabin 30 as set by the vehicle operator. Cold coolant can flow
from the radiator 28 to an inlet port 36 of the valve 22. The coolant from the water pump 24
can be directed to the vehicle cabin 30 to heat the vehicle cabin 30. The hot coolant can from
the vehicle cabin 30 can flow through an inlet port 38 of the valve 22. An engine control
unit 46 controls the fluid communication into the ports 34, 36 and 38 and therefore the flow
of coolant through the valve 22.

[0016] Figure 2 1illustrates a perspective view of a housing 48 of the valve 22.
The valve 22 includes the outlet port 32 that directs coolant to the water pump 24, the inlet
port 34 that can receive hot coolant from the engine 26, the inlet port 36 that can receive cold
coolant from the radiator 28, and the inlet port 38 that can receive hot coolant from the
vehicle cabin 30.

[0017] Figure 3 illustrates the valve 22 including the housing 48 and the inlet port
34 and the inlet port 36 (the outlet port 32 and the inlet port 38 are not visible in Figure 3).
A hollow barrel 50 1s received within the housing 48. In another example, a ball 1s received

within the housing 48. In one example, the barrel 50 has a substantially cylindrical shape.
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The barrel 50 rotates relative to the housing 48 with respect to an axis 7 to control a flow of
coolant through the valve 22. A position of the barrel 50 determine the flow of coolant
through the valve 22.

[0018] Based on a temperature near or around the engine 26 as detected by the
sensor 40, the engine control unit 46 provides a signal to a motor 52 to rotate the barrel S0 to
obtain a desired flow of coolant through the valve 22 and therefore the coolant system 20.
The motor 52 1s located 1n the housing 48. When a change 1n a temperature of the coolant in
the cooling system 20 is required, the engine control unit 46 sends a signal to the motor 52,
and the motor 52 actuates gears 56 to rotate a valve stem 358 to rotate the barrel 50 relative to
the housing 48 such that the barrel 50 is positioned to provide the desired flow path of
coolant through the valve 22 to obtain a desired coolant temperature.

[0019] Figure 4 illustrates the barrel 50 of the valve 22. The barrel 50 includes an
upper slot 60, a lower slot 62, and a lower hole 64. Depending upon the position of the barrel
S0 relative to the housing 48, the upper slot 60 controls a flow of the fluid to the water pump
24 through the outlet port 32 and from the radiator 28 through the inlet port 36. Depending
upon the position of the barrel 50 relative to the housing 48, the lower slot 62 can provide
fluid communication from the vehicle cabin 30 through the inlet port 38. Depending upon
the position of the barrel 50 relative to the housing 48, the lower hole 64 can provide fluid
communication from the engine 26 through the inlet port 34.

[0020] A slider 66 located 1n the barrel 50 rotates with the barrel 50. During
normal operation of the valve 22, the slider 66 is 1n a lowered position (shown 1n Figure 4).
The barrel 50 also includes an upper hole 69, or fail safe opening, (shown 1n Figure 5) that 1s
covered by the slider 66 during normal operation when the slider 66 is 1n the lowered
position.

[0021] The sensor 40 detects the temperature near or around the engine 26 and
provides the temperature to the engine control unit 46. The engine control unit 46 sends a
signal for the motor 52 to rotate the barrel 50 relative to the housing 48 to result 1in a desired
tflow of coolant through the valve 22 based on the temperature. This operation 1s described
below with respect to Figures 7 to 11.

[0022] However, if there is a failure in the valve 22 or somewhere in the coolant

system 20, the barrel 50 might not rotate, and the upper slot 60 of the barrel 50 might not be
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aligned with the inlet port 36 of the radiator 28. This could prevent the cool coolant from the
radiator 28 from flowing through the inlet port 36 of the valve 22 and could damage the
engine 26.

[0023] As shown 1n Figure 5, if the valve 22 experiences a failure such that cool
coolant from the radiator 28 does not enter the valve 22 and therefore the system 22, the
temperature of the coolant flowing through the coolant system 20 increases. A thermally
activated actuator 68 1n the barrel S0 including a guide 70 and a spring 72 moves the slider 66
upwardly in the direction Y. The slider 66 no longer blocks the upper hole 69, allowing
cooled coolant from the radiator 28 to enter the valve 22 through the inlet port 36 and the
upper hole 69 and flow through the coolant system 20 to cool the engine 26, providing a fail
safe feature. In another example, the slider 66 rotates or 1s a cam.

[0024] Figure 6 illustrates the actuator 68 including the guide 70 surrounded by
the spring 72. 'The guide 70 including a passage 74 that receives a rubber plug 76 located
under a piston 78. A disc 80 1s located between the rubber plug 76 and the piston 78. The
actuator 68 1ncludes a pellet 82 received 1n a cup 84 that can change shape. In one example,
the pellet 82 1s made of wax and 1s expandable when exposed to a specific temperature. In
another example, the pellet 82 1s made of a bi-metallic material and includes a portion that
raises when exposed to a specitic temperature. A diaphragm 86 1s located between the cup
384 and the guide 70.

[0025] If the pellet 82 1s wax, the wax melts and changes from a solid state to a
liquid state, causing an increase 1n volume and therefore expansion of the pellet 82. If the
pellet 82 1s made of a bi-metallic material, one of the materials of the pellet 82 changes
shape, and a portion of the pellet 82 raises. When the pellet 82 expands or raises, the rubber
plug 76 pushes upwardly 1n the direction Y in the passage 74 to eventually push the piston 78
upwardly (to a position shown in phantom lines 1n Figure 6). The piston 78 eventually
contacts the slider 66, and the slider 66 raises in the direction Y to expose the upper hole 69
and allow the cooled coolant from the radiator 28 to enter the valve 22 through the inlet port
36 and through the upper hole 69, and therefore allow the coolant system 20 to cool the
engine 26.

[0026] The material of the pellet 82 1s selected such that that it will expand or

raise when the coolant reaches a threshold temperature above an operating temperature to
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prevent failure of the engine 26. In one example, when the temperature near or around the
engine 26 1s greater than or equal to a threshold temperature 110°C, the pellet 82 expands or
raises to lift the slider 66, allowing cold coolant to flow through the upper hole 69 and into
the valve 22. However, any threshold temperature can be employed based on the vehicle
requirements. Additionally, any material can be used that would expand or lift when exposed
to the coolant greater than the threshold temperature.

[0027] The coolant can be provided to the valve 22 from the engine 26 and/or the
vehicle cabin 30 based on the position of the barrel 50 1n the housing 48 of the valve 22. In
one example (shown 1n Figure 7 below), the coolant is only provided from the vehicle cabin
30. Therefore, 1f the valve 22 fails, the actuator 68 provides a fail safe feature.

[0028] Figure 7 to 11 illustrate rotation of the barrel 50 during normal operation
of the valve 22.

[0029] Figure 7 illustrates a flattened version of the barrel 50. The upper slot 60
of the barrel 50 1s aligned with the outlet port 32 of the housing 48, which allows for the
communication of coolant through the outlet port 32 to the water pump 24. The lower slot 62
of the barrel 50 is aligned with the inlet port 38 of the housing 48, which allows for the
communication of hot coolant through the inlet port 38 from the vehicle cabin 30. The lower
hole 64 1s not aligned with the 1nlet port 34 of the housing 438, preventing hot coolant from
the engine 26 from flowing into the valve 22. The inlet port 36 of the housing 48 1s blocked
by the barrel 50 to prevent communication of cool coolant from the radiator 28. In this

position, only hot coolant from the vehicle cabin 30 enters the valve 22. In this example, the
temperature of the coolant 1s X°C. The temperature X°C depends on the requirements of the
coolant system 20 and the vehicle 1n which the coolant system 20 1s employed.

[0030] When the sensor 40 of the engine 26 detects a temperature that 1s X°C +

A°C, the engine control unit 46 sends a signal to the motor 52 to rotate the barrel 50 about the

axis 7 1n a direction Q to the position of Figure 8.

[0031] Figure 8 illustrates a flattened version of the barrel 50 when the barrel 50
has rotated 1n the direction Q from the position of Figure 7. The upper slot 60 of the barrel
50 1s aligned with the outlet port 32 of the housing 48, which allows for the communication
of coolant through the outlet port 32 to the water pump 24. The lower slot 62 of the barrel 50

1s aligned with the inlet port 38 of the housing 48, which allows for the communication of hot
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coolant through the inlet port 38 from the vehicle cabin 30. The lower hole 64 of the barrel
50 1s aligned with the inlet port 34 of the housing 48, which allows for the communication of
hot coolant through the inlet port 34 from the engine 26. The inlet port 36 of the housing 48
1s blocked by the barrel 50 to prevent communication of cool coolant from the radiator 23. In

this position, hot coolant from both the vehicle cabin 30 and the engine 26 enters the valve

22.
[0032] When the sensor 40 of the engine 26 detects a temperature that is X°C +

B°C (B°C 1s greater than A°C), the engine control unit 46 sends a signal to the motor 52 to

rotate the barrel 50 about the axis Z 1n the direction Q to the position of Figure 9.

[0033] Figure 9 illustrates a flattened version of the barrel 50 when the barrel 50
has rotated 1n the direction Q from the position of Figure 8 based on the signal from the
engine control unit 46. The upper slot 60 of the barrel 50 1s aligned with the outlet port 32 of
the housing 48, which allows for the communication of coolant through the outlet port 32 to
the water pump 24. The lower slot 62 of the barrel 50 is aligned with the inlet port 38 of the
housing 48, which allows for the communication of hot coolant through the inlet port 38 from
the vehicle cabin 30. The lower hole 64 of the barrel 50 1s partially aligned with the inlet port
34 of the housing 48 at a space 90, which allows for partial communication of hot coolant
through the inlet port 34 from the engine 26. The upper slot 60 of the barrel 50 1s partially
aligned with the inlet port 36 of the housing 48 at a space 88, which allows for partial
communication of cool coolant through the inlet port 36 from the radiator 28. In this
position, hot coolant from the vehicle cabin 30, some hot coolant from the engine 26, and
some cool coolant from the radiator 28 enters the valve 22. That 1s, the amount of hot coolant
entering the valve 22 from the engine 26 1s reduced, and the amount of cool coolant entering
the valve 22 from the radiator 28 increases, while hot coolant from the vehicle cabin 30 still
flows 1nto the valve 22. This increases the amount of cool coolant provided into the valve 22

and therefore the coolant system 20.

[0034] When the sensor 40 of the engine 26 detects a temperature that 1s X°C +

C°C (C°C 1s greater than B°C), the engine control unit 46 sends a signal to the motor 52 to
rotate the barrel 50 about the axis Z in the direction to the position of Figure 10.
[0035] Figure 10 illustrates a flattened version of the barrel 50 when the barrel 50

has rotated 1n a direction Q from the position of Figure 8 based on a signal from the engine
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control unit 46. The upper slot 60 of the barrel 50 1s aligned with the outlet port 32 of the
housing 48, which allows for the communication of coolant through the outlet port 32 to the
water pump 24. The lower slot 62 of the barrel 50 1s aligned with the inlet port 38 of the
housing 48, which allows for the communication of hot coolant through the inlet port 38 from
the vehicle cabin 30. The lower hole 64 of the barrel 50 1s not aligned with the inlet port 34 of
the housing 48, preventing entry of hot coolant from the engine 26 through the inlet port 34.
The upper slot 60 of the barrel 50 1s aligned with the inlet port 36 of the housing 48, which
allows for communication of cool coolant through the inlet port 36 from the radiator 28. In
this position, both hot coolant from the vehicle cabin 30 and cool coolant from the radiator
enter the valve 22. This further increases the amount of cool coolant provided into the valve
22 and theretore the coolant system 20, while reducing the amount of hot coolant provided

into the valve22 from the engine 26.
[0036] When the sensor 40 of the engine 26 detects a temperature that is X°C +

D°C (D°C 1s greater than C°C), the engine control unit 46 sends a signal to the motor 52 to

rotate the barrel 50 about the axis Z in the direction to the position of Figure 11.

[0037] Figure 11 a flattened version of the barrel 50 when the barrel 50 has
rotated 1n the direction Q from the position of Figure 9 based on a signal from the engine
control unit 46. The upper slot 60 of the barrel 50 1s aligned with the outlet port 32 of the
housing 48, which allows for the communication of coolant through the outlet port 32 to the
water pump 24. The lower slot 62 of the barrel S0 1s not aligned with either of the ports 34
or 38, and no hot coolant enters the valve 22 through the inlet port 38 from the vehicle cabin
30 or through the inlet port 34 from the engine 26. The upper slot 60 of the barrel 50 is
aligned with the inlet port 36 of the housing 48, which allows for communication of cool
coolant through the inlet port 36 from the radiator 28. In this position, no hot coolant from
the vehicle cabin 30 or the engine 26 enters the valve 22, and the cool coolant from the
radiator enters the valve 22. Therefore, only cold coolant enters the valve 22.

[0038] The engine control unit 46 rotates the barrel 50 so that it is positioned to
allow the desired coolant flow 1nto the coolant system 20 based on the temperature detected

by the sensor 40 of the engine 26.
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[0039] The temperatures X°C, A°C, B°C, C°C, D°C, and E°C depend on the
requirements of the coolant system 20 and the vehicle in which the coolant system 20 1is
employed.

[0040] In one another example, the actuator 68 with the pellet 82 1s not used as a
fail safe feature, but 1s 1nstead used to allow the flow of cool coolant from the radiator 28
through the 1nlet port 36 and into valve 22. In this example, the temperature that causes the
pellet 82 to expand or rise to lift the slider 66 in the direction Y falls within an operating
temperature of the coolant tflowing through the coolant system 20. In this example, the
material of the pellet 82 1s selected such that it expands or raises at the specified temperature.

[0041] In another example, even if the engine control unit 46 determines that only
cool coolant from the radiator 28 1s to be directed to the valve 22 (as shown 1n Figure 11), a
vehicle occupant can override this. For example, 1f 1t desired to heat the vehicle cabin 30, the
occupant can set the control 44 in the vehicle cabin 30 to direct heat into the vehicle cable 30.
In this instance, the barrel 50 would rotate in an opposite direction to one of the previous
positions (such as shown 1n Figures 9 and 10) to allow hot coolant from the engine 26 to flow
to the valve 22 to increase the temperature of the coolant circulating through the coolant
system 20.

[0042] The foregoing description i1s only exemplary of the principles of the
invention. Many modifications and variations are possible in light of the above teachings. It
18, therefore, to be understood that within the scope of the appended claims, the invention
may be practiced otherwise than using the example embodiments which have been
specitically described. For that reason the following claims should be studied to determine

the true scope and content of this invention.
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CLAIMS
What is claimed is:

1. A valve comprising:

a housing including a plurality of ports including an inlet port in communication with
a radiator:;

a cylinder located in the housing including a plurality of apertures and a fail safe
opening, wherein the cylinder is moveable such that one of the plurality of apertures can be
aligned with one of the plurality of ports of the housing to determine a flow of a fluid through
the valve:

a moveable feature moveable with and relative to the cylinder, wherein the moveable
teature covers the fail safe opening of the cylinder when a temperature of the fluid flowing
through the valve is below a threshold temperature; and

an actuator including a portion made of a material that changes shape when exposed to
the fluid having a temperature greater than or equal the threshold temperature to move a portion
of the actuator to move the moveable feature relative to the cylinder and expose the fail safe
opening to allow the fluid to flow through the inlet port and into the valve;

wherein the housing includes an outlet port in communication with a water pump, a
second inlet port in communication with an engine, and a third inlet port in communication
with a vehicle cabin, wherein the fluid flows from the outlet port of the valve to the water

pump, from the water pump to the engine and to the vehicle cabin, and from the engine to the

radiator..

2. The valve as recited in claim 1 wherein a sensor detects an engine temperature near or

around the engine and an engine control unit provides a signal to move the cylinder in response
to the engine temperature detected near or around the engine to provide a desired flow of the

tluid through the valve.

3. The valve as recited in claim 1 wherein the cylinder includes an upper slot, a lower slot,

and a lower hole.

4, The valve as recited in claim 3 wherein a position of the upper slot relative to the

housing controls a flow of the fluid through the outlet port to the water pump and through the

inlet port from the radiator.
10
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5. The valve as recited in claim 3 wherein a position of the lower slot relative to the

housing controls a flow of the fluid through the third inlet port from the vehicle cabin.

6. The valve as recited in claim 3 wherein a position of the lower hole relative to the

housing controls a flow of the fluid through the second inlet port from the engine.

7. The valve as recited in claim 3 wherein the moveable feature is in a lowered position

and covers the fail safe opening of the cylinder during normal operation of the valve.

8. The valve as recited in claim 3 wherein the actuator slides the moveable feature to

expose the fail safe opening when the material is exposed to the fluid having the temperature

greater than or equal to the threshold temperature.

9. The valve as recited in claim 3 wherein the actuator includes a guide including a passage
that receives a piston, and the material expands when exposed to the fluid having a temperature
greater than or equal to the threshold temperature to move the piston to move the moveable

feature to allow the fluid to flow through the fail safe opening.

10.  The valve as recited in claim 3 wherein when the cylinder is in a first position, the upper
slot of the cylinder is aligned with the outlet port of the housing, the lower slot of the cylinder

s aligned with the third inlet port, the fluid from the vehicle cabin enters the valve, and the

temperature of the fluid is X°C.

I1.  The valve as recited in claim 10 wherein when a sensor detects a temperature of X°C

+ A®°C, the engine control unit sends a signal to a motor to move the cylinder to a second

position, the upper slot of the cylinder is aligned with the outlet port, the lower slot of the
cylinder is aligned with the third inlet port, the lower hole is aligned with the second inlet port,

and the fluid from the vehicle cabin and the engine enters the valve.

12.  The valve as recited in claim 11 wherein when a sensor detects a temperature of X°C
+ B°C, wherein B is greater than A, the engine control unit sends a signal to a motor to move
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the cylinder to a third position, the upper slot of the cylinder is aligned with the outlet port, the
lower slot of the cylinder is aligned with the third inlet port, the lower hole is partially aligned
with second inlet port, the upper slot is partially aligned with the inlet port, and the fluid from

the vehicle cabin, the engine and the radiator enters the valve.

13.  The valve as recited in claim 12 wherein when a sensor detects a temperature 1s X°C +

C°C, wherein C is greater than B, the engine control unit sends a signal to a motor to move the
cylinder to a fourth position, the upper slot of the cylinder is aligned with the outlet port, the
lower slot of the cylinder is aligned with the third inlet port, the upper slot 1s aligned with the

inlet port, and the fluid from the vehicle cabin and the radiator enters the valve.

14, The valve as recited in claim 13 when a sensor detects a temperature of 1s X°C + D°C,

wherein D is greater than C, the engine control unit sends a signal to a motor to move the

cylinder to a fifth position, the upper slot of the cylinder is aligned with the outlet port and the

inlet port, and the fluid from the radiator enters the valve.

15. The valve as recited in claim 1 wherein the material is one of wax and a bi-metallic
material.
6.  The valve as recited in claim 1 wherein the cylinder is rotatable within the housing to

align one of the plurality of apertures with one of the plurality of ports of the housing.

I'7. The valve as recited in claim 1 including a motor that rotates the cylinder relative to the

housing to provide a desired flowpath of the fluid through the valve.

18. A coolant system comprising:
a water pump;
a radiator;
an engine;
a vehicle cabin; and

a valve including:

a housing including a plurality of ports including an inlet port in communication

with the radiator, an outlet port in communication with the water pump, a second inlet

12
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port in communication with the engine, and a third inlet port in communication with
the vehicle cabin, wherein a fluid flows from the outlet port of the valve to the water
pump, from the water pump to the engine and to the vehicle cabin, and from the engine
to the radiator;

a cylinder located in the housing including a plurality of apertures and a fail safe
opening, wherein the cylinder is moveable such that one of the plurality of apertures
can be aligned with one of the plurality of ports of the housing to determine a flow of
the fluid through the valve,

a moveable feature moveable with and relative to the cylinder, wherein the
moveable feature covers the fail safe opening of the cylinder when a temperature of the
fluid flowing through the valve is below a threshold temperature, and

an actuator including a portion made of a material that changes shape when
exposed to the fluid having a temperature greater than or equal the threshold
temperature to move a portion of the actuator to move the moveable feature relative to

the cylinder and expose the fail safe opening to allow the fluid to flow through the inlet

port and into the valve.
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