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Wax Element with Linear Gear Actuated Four-Way Valve

CROSS-REFERENCE TO RELATED APPLICATIONS
[01] The present application claims the benefits of United States
Provisional Application Serial No. 61/697,154 filed September 5, 2012.

FIELD OF THE INVENTION

[02] The present invention relates to ball valves, to four-way valves and to
temperature responsive valves, and, more particularly, to a four-way thermostatic

valve used in automobile cooling systems.

BACKGROUND OF THE INVENTION

[03] Four-way valves are known for various uses and purposes in a variety
of fluid circuits, to change fluid flow paths in the fluid circuit. Temperature
responsive valves are also known to open, close or change fluid flow paths in fluid
circuits in response to changes in temperature affecting the fluid circuit. Vacuum
actuators are known for use with plastic yokes to operate the valves. It also is known
to use temperature-responsive wax elements as the driving valve actuator in
temperature responsive valves, wherein a wax body expands or contracts in response
to temperature changes to operate the valve element. The wax elements operate the
valve with springs and plastic yokes that allow for rotation of the valve elements.
Known actuation methods have lacked the precision of control sometimes desirable
for such valves and have not been versatile. Designing valves for different
requirements has required substantial design changes. Further, known designs have
been bulky and relatively complex, with numerous moving parts.

[04] The four-way valve with a wax element and linear gear actuator

described herein utilizes a temperature responsive wax element as the driving force
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but further includes a linear gear for more precise control of the valve in a compact
package with few moving parts. Further, the design is readily adaptable to system

requirement changes.

SUMMARY OF THE INVENTION

[05] The thermostatic valve described herein has operation of a ball valve
driven directly by linear gearing to actuate the valve at a prescribed actuation
temperature by a wax element, the specifications of which can be adjusted to meet
the system requirements. The linear gearing is driven by the actuation of the wax
clement itself. As the wax element expands or contracts and moves an actuating
connection, it moves the linear gear component which, in turn, rotates the ball valve
to open or close the circuits of the four-way valve.

[06] In one aspect of at least one form thereof, a valve is provided with a
valve body defining a plurality of connection features forming at least one inlet to
and at least one outlet from the valve body, a valve seat in the valve body, a valve
element operable with the valve seat to control fluid flow between and among the
plurality of connection features, and a valve actuator having a temperature-
responsive wax element and a linear gear moved by the wax element and connected
to the valve element.

[07] In another aspect of at least one form thereof a valve is provided with
a valve body defining a plurality of connection features forming at least one inlet to
and at least one outlet from the valve body, a valve seat in the valve body and a ball
element operable with the valve seat to control fluid flow between and among the
plurality of connection features. The ball element includes a gear. A linear gear is
drivingly engaged with the gear of the ball element; and an actuator is connected to

the linear gear for moving the linear gear to rotate the ball element
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[08] In a further aspect of at least one form thereof, a four way valve is
provided with a valve body defining a plurality of inlets to and outlets from the valve
body, a valve seat in the valve body, and a rotatable ball element operable against the
valve seat to control fluid flow between and among the inlets and the outlets. The
ball element includes a gear. A linear gear is drivingly engaged with the gear of the
ball element, and a temperature—responsive wax element is operably connected to the
linear gear for movement of the linear gear.

[09] Other features and advantages of the invention will become apparent
to those skilled in the art upon review of the following detailed description, claims

and drawings in which like numerals are used to designate like features.

BRIEF DESCRIPTION OF THE DRAWINGS

[10] Fig. 1 is a cross-sectional view of a four-way valve for an engine
cooling system, the valve being actuated by a wax element and linear gear
arrangement, with the thermostat shown in a closed position;

[11] Fig. 2 is a cross-sectional view of the four-way valve shown in Fig. 1,
but illustrating the thermostat in an opened position;

[12] Fig. 3 is an end elevational view of the four-way, depicting the end on
the left of Figs. 1 & 2;

[13] Fig. 4 is an end elevational view showing the end opposite the end
shown in Fig. 3 ;

[14] Figs. 5 is an elevational view of a ball element of the four-way valve;
[15] Fig. 6 is an elevational view of the ball element shown in Fig. 5, but
rotated ninety-degrees from the position shown in Fig. 5;

[16] Fig. 7 is an elevational view of the ball element shown in Figs. 5 & 6,
but rotated an additional ninety-degrees from the position shown in Fig. 6, to

illustrate a hemisphere of the ball element opposite to that shown in Fig. 5;
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[17] Fig. 8 is an elevational view of the ball element shown in Figs. 5-7,
but rotated still another ninety-degrees from the position shown in Fig. 7 to illustrate
a hemisphere of the ball element opposite to that shown in Fig. 6;

[18] Fig. 9 is a cross-sectional view of the ball element, the cross-section

taken along line 9-9 of Fig. 6;

[19] Fig. 10 is an end elevational view of actuator components of the four-
way valve;

[20] Fig. 11 is a side elevational view of the actuator components shown in
Fig. 10;

[21] Fig. 12 is an end elevational view of the four-way valve actuator

components shown in Figs. 10 & 11, but illustrating the end opposite the end shown
in Fig. 10;

[22] Fig. 13 is a schematic illustration of an engine coolant circuit using
the four-way valve shown in the previous drawings, illustrating the valve to be
closed; and

[23] Fig. 14 is a schematic illustration similar to Fig. 13, but illustrating
the coolant circuit with the four-way valve opened.

[24] Before the embodiments of the invention are explained in detail, it is
to be understood that the invention is not limited in its application to the details of
construction and the arrangements of the components set forth in the following
description or illustrated in the drawings. The invention is capable of other
embodiments and of being practiced or being carried out in various ways. Also, it is
understood that the phraseology and terminology used herein are for the purpose of
description and should not be regarded as limiting. The use herein of “including”,
“comprising” and variations thereof is meant to encompass the items listed thereafier

and equivalents thereof, as well as additional items and equivalents thereof.
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

[25] Referring now more specifically to the drawings and to Figs 1 & 2 in
particular, a four-way valve 100 is shown. Four-way valve 100 includes a valve
body 102 which forms a plurality of fluid line connection features to which fluid
conduits in a fluid circuit can be connected, such as, for example various coolant
lines in a wvehicle cooling system circuit..  Accordingly, in the exemplary
embodiment for a vehicle coolant circuit, valve body 102 has a first fluid line
connection feature 104 forming an inlet to valve body 102 for connection to a fluid
conduit to receive fluid flow from a motor, a second fluid line connection feature 106
forming an outlet from valve body 102 for connection to a fluid conduit to direct
fluid flow to a radiator, a third fluid line connection feature 108 forming an outlet
from valve body 102 for connection to a fluid conduit to direct fluid flow to a bypass
circuit, a fourth fluid line connection feature 110 forming an outlet from valve body
102 for connection to a fluid conduit to direct fluid flow to a heater core, and a fifth
fluid line connection feature 112 forming an inlet to valve body 102 for connection
to a fluid conduit to receive fluid flow from the heater core. Fluid line connection
features 104, 106, 108, 110 and 112 can be of wvarious shapes, sizes and
configurations. In the exemplary embodiment shown, each fluid line connection
feature 104, 106, 108, 110, 112 is a relatively smooth sided cylindrical extension
from valve body 102 suitable for receiving a hose-type fluid conduit in fluid flow
connection. Each may further include an encircling shoulder 114, 116, 118, 120,
122; respectively, near the distal ends thereof for operating with a hose clamp (not
shown) to form a secure, fluid-tight connection of a hose-type conduit on the
connection feature. It should be understood that other configurations can be used for
the fluid line connection features to establish secure, fluid-tight connections to

chosen types of fluid conduits.
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[26] Internally, valve body 102 defines a valve seat 130 and a valve
actuator channel 132. Valve seat 130 receives and operates with a valve element
140, to control and direct the flow of fluid through valve 100 between and among the
various inlets to and outlets from valve 100 defined by fluid line connection features
104, 106, 108, 110, 112. In the exemplary embodiment shown, valve element 140 is
a ball element. Valve actuator channel 132 contains a valve actuator 170 to be
described subsequently herein. . .

[27] In the exemplary embodiment, closure element 140 is ball element
140 that is rotatable against valve seat 130. Ball element 140 is generally spherical
in shape, but has flow channels established into the surface thereof, so that when
placed in an otherwise tight engagement with valve seat 130, flow paths are defined
along the surface of ball element 140. In the exemplary embodiment shown most
clearly in Figs. 5-9, ball element 140 includes four flow channels arranged in pairs
on generally opposite sides of ball element 140. Accordingly, spaced, parallel flow
channels 142 and 144 are provided on opposite sides of a thin barrier 146 in a first
hemisphere of ball element 140 shown in Fig. 6, and parallel flow channels 148 and
150 are provided on opposite sides of a thin barrier 152 in a second hemisphere of
ball element 140 shown in Fig. 8. Ball element 140 is rotatable about an axis defined
by pins 154, 156 projecting from a diameter of ball element 140 generally transverse
to a plane through ball element 140 at the great circle on ball element 140 formed by
and along barriers 146, 152. Pin 154 includes a gear 158 thereon. Pins 154, 156 can
be separate and distinct from one another, or can be opposite ends of a single pin.
Still further, pins 154, 156 and gear 158 can be features of a monolithic body
including ball element 140. Through the orientation of flow channels 142, 144, 148,
150 via rotation of ball element 140 about the axis defined by pins 154 and 154
alternative connections can be made between and among the inlets and outlets

defined by fluid line connection features 104, 106, 108, 110, 112.
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[28] Valve actuator 170 is provided for causing the rotation of ball element
140 in response to temperature changes. Valve actuator 170 includes a temperature
responsive wax element 172 operatively connected to a shroud 174 for moving the
shroud within actuator channel 132. Shroud 174 has a bypass shut-off member 176
and an axially extending linear gear 178. Linear gear 178 is drivingly connected to
gear 158 on ball element 140. A return spring 180 biases the position of shroud 174
within valve body 102, spring 180 operating generally in opposition to wax element
172. Wax element 172 is anchored at an anchor point 182 for movement toward and
away from return spring 180 in response to temperature changes. Bypass shut-off
member 176 has a stowed position and an operative position for opening and closing
third fluid line connection feature 108 to fluid flow there through.

[29] Temperature responsive wax element 172 changes dimensionally in
response to temperature changes in the environment surrounding it. Such changes
result in axial movement of shroud 174, including axially extending linear gear 178
thereof. Axial movement of linear gear 178 causes rotation of gear 158 with which
linear gear 178 is drivingly engaged. Through the interconnection of gear 158 with
pin 154, and pin 154 with ball element 140, ball element 140 is caused to be rotated
between various operating positions to open and close flow paths within valve body
102 defined between the various inlets and outlets formed by fluid line connection
features 104, 106, 108, 110, 112.

[30] Generally, for an automobile application, during a cold start up, two
circuits are opened. The heater core flows around itself and coolant flow from the
motor flows through bypass. This condition is depicted in Fig. 1, wherein valve 100
is in a so-called “closed” position. Spring 180 is expanded, bypass shut off member
176 is in a stowed position and flow through a bypass formed via third fluid line
connection feature 108 is enabled. Flow channels 142, 144, 148 and 150 of ball

element 140 are positioned so as to establish two separate fluid circuits. Fluid flow
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from the motor is received in valve 100 via a connection formed at first connection
feature 104 and is directed through the valve to the outlet to bypass defined by third
fluid line connection feature 108. Fluid from the heater core is received in valve 100
via the inlet formed at fifth connection feature 112 and is directed through valve 100
to the outlet defined by fourth connection feature 110 for flow back to the heater
core.

[31] When conditions are such that wax element 172 expands, valve 100 is
adjusted to a so-called “opened” position as shown in Fig. 2. As wax element 172 is
heated and expands, the wax element pushes against spring 180 to compress the
spring. The wax element thereby moves shroud 174 and so as to position bypass shut
off member 176 over the bypass port outlet defined by third fluid line connection
feature 108. Linear gear 178, which is an extension of shroud 174 and moves
together with shroud 174, is engaged with gear 158 on ball element 140 to move the
ball element. Flow channels 142, 144, 148 and 150 of ball element 140 are
positioned so as to establish a different flow pattern between and among the inlets
and outlets defined by fluid line connection features 104, 106, 108, 119 122. With
valve 100 open, fluid flow from the motor is received in valve 100 via the
connection formed at first connection feature 104 and is directed through the valve to
the outlet defined by fourth connection feature 110 for flow to the heater core. Fluid
from the heater core is received in valve 100 via the inlet formed at fifth connection
feature 112 and is directed through valve 100 to the outlet defined by second
connection feature 106 for continued flow to a radiator.

[32] An exemplary circuit flow arrangement and the two positions of the
thermostatic valve described above are shown in Figs. 13 and 14, wherein four-way
valve 100 is connected in a coolant circuit 190 established between a motor 192, a

heater core 194 and a radiator 196 interconnected by various coolant conduits 198.
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Fig. 13 depicts the circuit condition when valve 100 is closed, and Fig. 14 depicts the
circuit condition when valve 100 is opened.

[33] The thermostatic 4-way valve disclosed herein can use Polyphenylene
Sulfide and Nylon 6/6 or Polypthalamide based components for the main body 102
and ball element 140. A sealing area defined adjacent and against ball element 140
can utilize PTFE and EPDM rubber to create the seating area and the supporting
spring forces needed for proper sealing. The driving element can be a wax element
of material typical of thermostatic component valves.

[34] This four-way valve can be produced to operate at various opening
temperatures depending on the system requirements. This can be accomplished by
using different wax elements which can have different actuation characteristics at
prescribed set points of the wax mixtures. Given this ability to change the opening
temperature by using different wax mixtures, the part can be used by various users
under different conditions and for different purposes. The wax element can be
designed to open at the specification requirements for each. The valve also can be
used in heated or cooled liquid applications. Depending on the plastic materials
used, the valve can allow flexibility in what liquids the valve can handle. Generally,
the ball element, the valve body, the valve seat and spring materials can also be
changed to handle specific fluids, if required.

[35] Other variations and modifications can be made. For example, there
can be included additional shrouding structures around the wax element to close off
other ports, if required. A second return spring could be added to further improve
the return function of the actuation.

[36] This design allows for reduction in valve envelope size compared to
the other systems which require large vacuum actuators or multiple springs which
require large spring pockets in the valve body. This design also requires fewer

components, as the gearing can be incorporated into existing components of the
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valve. This enables the valve to allow for two separate circuits then switch to one
complete circuit at a prescribed opening temperature.

[37] Variations and modifications of the foregoing are within the scope of
the present invention. It is understood that the invention disclosed and defined
herein extends to all alternative combinations of two or more of the individual
features mentioned or evident from the text and/or drawings. All of these different
combinations constitute various alternative aspects of the present invention. The
embodiments described herein explain the best modes known for practicing the
invention and will enable others skilled in the art to utilize the invention. The claims
are to be construed to include alternative embodiments to the extent permitted by the
prior art.

[38] Various features of the invention are set forth in the following claims.
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CLAIMS

WHAT IS CLAIMED IS:

1. A valve, comprising:

a valve body defining a plurality of connection features forming at least
one inlet to and at least one outlet from said valve body;

a valve seat in said valve body;

a valve element operable with said valve seat to control fluid flow
between and among said plurality of connection features; and

a valve actuator having a temperature-responsive wax element and a

linear gear moved by said wax element and connected to said valve element.

2. The valve of claim 1, wherein said valve element is a ball element

having flow channels in the surface thereof.

3. The valve of claim 2, including a gear on said ball element

engaged with said linear gear.

4. The valve of claim 3, including a shroud disposed against and
moved by said wax element, said shroud having a shutoff member for selectively

closing flow through at least one of said connection features.

5. The valve of claim 4, wherein said linear gear is connected to and

extending from said shroud.

6. The valve of claim 1, including a shroud disposed against and
moved by said wax element, said shroud having a shutoff member for selectively

closing flow through at least one of said connection features.
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7. The valve of claim 6, wherein said linear gear is connected to and
extending from said shroud.
8. The valve of claim 1, wherein said valve body further defines a

valve actuator channel, a shroud is disposed in said channel, said linear gear
extends from said shroud to said valve element, and said wax element is anchored

in said channel and is disposed against an end of said shroud.

9. The valve of claim 8, further including a spring operatively

disposed against said shroud in opposition to said wax element.

10. The valve of claim 9, said shroud having a shutoft member for

selectively closing flow through at least one of said connection features.

11. A valve, comprising:

a valve body defining a plurality of connection features forming at least
one inlet to and at least one outlet from said valve body;

a valve seat in said valve body;

a ball element operable with said valve seat to control fluid flow between
and among said plurality of connection features, said ball element including a
gear;

a linear gear drivingly engaged with said gear of said ball element; and

an actuator connected to said linear gear for moving said linear gear to

rotate said ball element.

12. The valve of claim 11, wherein said actuator is a temperature-

responsive wax element.



WO 2014/039639 PCT/US2013/058207

13-

13. The valve of claim 12, in which said valve body defines a valve
actuator channel, a shroud is disposed in said channel, said lincar gear is

connected to said shroud and said wax element is anchored in said channel.

14. The valve of claim 13, wherein said shroud includes a shutoff
member for selectively opening and closing flow through at least one of said

connection features upon movement of said shroud.

15. The valve of claim 14, including a spring in said actuator channel,

said spring acting against said shroud in opposition to said wax element.

16. A four-way valve, comprising:

a valve body defining a plurality of inlets to and outlets from said valve
body;

a valve seat in said valve body;

a rotatable ball element operable against said valve seat to control fluid
flow between and among said inlets and said outlets, said ball element including
a gear;

a linear gear drivingly engaged with said gear of said ball element; and

a temperature—responsive wax element operably connected to said linear

gear for movement of said linear gear.

17.  The four-way valve of claim 16, wherein said valve body defines a
channel, a shroud is disposed in said channel for sliding movement therein, said
linear gear is an extension from said shroud, and said shroud includes a shutoff
member having positions to open and close flow through at least one of said

inlets and outlets.
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18. The four-way valve of claim 17 including a spring disposed

against said shroud in opposition to said temperature-responsive wax element.

19. The four-way valve of claim 17, said wax element being anchored

in said channel and operable against said shroud.

20. The four-way valve of claim 19, including a spring disposed

against said shroud in opposition to said temperature-responsive wax element.
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