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DUAL-VALVE THERMOSTAT

BACKGROUND
{6001} The present disclosure relates generally to the ficld of thermostats and more

particularly, to a dual-valve reverse poppet thermosiat,

DESCRIPTION OF THE RELATED ART
{6602} Thermostatic valve devices or thermostats are routinely used to control heat transfer
within a system by controliing flow of a fluid within the particular systern.  The fluid may be o
various forms, such as liquid or a gas. An example of a systen is coolant circulating through the
cooling systerm associated with an internal combustion engine to control heat ftransfer.
Depending on the temperature within the system, the valve may be in an open position, a closed
position, or a partially open position to regulate fluid flow within the system.  In a conventional
thermostat, the thernmostatic valve may have a relatively large cross section so that when the

valve is opened, a relatively large flow of flnid can pass through the valve at a predetermined

rate.
10003} While the present dual valve, reverse poppet thermostats work, the flow

characteristics of the overall system may necessitate the use of a large sized valve. In addition,
the construction of the valve including the type of material used may mfluence the laminar flow

charactenistics of the valve,
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10004} Accordingly, there 15 a need to provide an improved dual valve thermostat that s
more compact and enhances the control of flnid and resultant heat transfer within a system. In

addition, there is a need for a thermostat that is fabricated from plastic to improve laminar flow.

SUMMARY

166051 Accordingly, the present disclosure relates to a dual-valve reverse poppet thermostat
for use in a vehicle cooling system. The thermostat includes a cup having a temperature sensitive
element that actuates a piston causing the piston fo move axially upwards. Movement of the
piston initiates the gradual opening of a prelitoinary valve to indtiate coolant flow and equalize
pressure prior to opening of a main valve. The preliminary valve and main valve are biased
towards a closed position by biasing spring members.

106006} The present application describes a dual-valve reverse poppet thermostat foruse in a
vehicle cooling system, the thermostat. The thermostat inclodes a cup having a lower end
coupled to a cup retainer and an opposed upper end having a collar, and the cup contains a
temperature sensitive clement therein. The thermostat further includes a piston having an upper
end and an opposed lower end, and the piston extends from the cup upper end, wherein the
piston is configured to be actuated and axially moved with respect to the cup in response to a
change in temperature of the element. The thermostat also includes a valve member having an
upper end including a surface and an opening, and a lower end inchuding an anmular rim
extending therefrom and having a contoured surface, the valve member positioned on top of the
cup and partially housing the cup such that the valve meraber upper eud surface mates with the

collar and creates a preliminary valve. The thermostat additionally inchudes a ring-shaped seat
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rmaember having au upper end jncluding an awnular rim extending thevefrom and an opposed
lower end including a contoured surface extending ouwtwardly therefrom, the ring-shaped seat
member is situated over and concentrically housing the valve member such that ring-shaped seat
menber contourcd surface mates with the valve member contoured surface and creates a main
valve. The thermostat also includes an outlet strap structure having a widdle portion coupled to
the piston upper end, a lower portion, a first side strap extending down the side of the piston and
coupled to the seat member, and an opposed second side strap extending down the side of the
piston and coupled to the seat member. The thermostat further includes an upper biasing spring
rmember baving an upper end extending above the piston and an opposed lower end positioned
on top of the ocutlet strap structure lower portion, the upper biasing spring positioned
concentrically over the outlet strap structure. The thermostat additionally includes a lower
biasing spring member having an upper end adjacent the valve member and an opposed lower
end adjacent a bypass valve, wherein the upper biasing mewber biases the valve member and
bypass valve towards a closed position.

{60871 An advantage of the present disclosure is that a dual-valve reverse poppet thermostat
18 provided which maximizes fluid flow and mininuzes restriction to improve the heat transfer
within the system. Another advautage is that the dual-valve reverse poppet thermostat eluninates
various components found in conventional thermostats.  Yet another advantage of the present
disclosure is that the dual-valve reverse poppet thermostat has an improved strength to weight
characteristic. Still yet another advantage of the present disclosure is that the dual-valve reverse
poppet therraostat has an exo-skelatal structure. A further advantage of the present disclosure is

the thermostat housing may be fabricated using plastic parts while retaining the strength
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charactenistics of the thermostat, Still yet a further advantage of the present disclosure is that the
use of plastic improves the laminar flow characteristics of the valve. Yet a further advantage of
the present disclosure 1s that the first valve opens to initiate flow and equalize pressure prior to
opening the second, larger, full-flow valve.

{6008] Other features and advantages of the present disclosure will be readily appreciated, as
the same becomes better understood after reading the subsequent description taken in

cornjunction with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS
{6089] FIG. 1 1s a perspective view of a dual-valve reverse poppet thermostat, according to
an exemplary embodiment.
16010} FI1G. 2 18 a top view of the dual-valve reverse poppet thermostat of FI1G. 1.
{6011 FIG. 3 1s sectional view of the dual-valve reverse poppet thermostat of FIG. 2 taken

through line 3-3.

{6012} FIG. 4 1s a sectional view of the thermostat of FIG. 3 with a preliminary valve open.
{6613} FIG. 5 is another sectional view of the thermostat of FIG, 3 with a main valve open,
10014} FIG. 61 a perspective view of another embodiment of a thermostat.

{6815} FIG. 7 18 a top view of the thermostat of FIG. 6.

16616} Fi(3. ¥ is sectional view of the thermostat of FIG. 7 taken through line 9-9.

{0817} FIG. 915 a sectional view of the thermostat of FIG. 7 with a main valve open.
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DESCRIPTION

{6018] Referring generally to the figures and particularly to FIGS. 1 - 5, a thermostat 10 is
shown. The thermostat of this example is a dual-valve reverse poppet thermostat used to control
the flow of fluid within a system 8. In this example, the system 8 1s a cooling system associated
with the radiator of a wmotor vehicle, although other types of systerns and uses are contemplated.
In addition, the dual-valve configuration could be utilized with other types of thermostats,

{6019] The thermostat 10 includes a cup 12 having a floor 12a and a sidewall 12b extending
upwardly from the floor 12a.  Aun upper edge of the cup side wall 12b includes a
cuwcamferentially extending collar 14 for supporting & seal wember 15, such as a washer. The
seal member 15 1s an annular member that circumscribes the piston and forms a seal with the
inner valve member 32 in a manner to be described. The cup 12 includes an interior chamber
12¢ that contains a thermally expansible and contractible clement 30, In an example, the thermal
element is a wax material or other such reformable material. The wax s sohid at a low
temperature, but as the temperature in the systems heats up, the wax clement 30 melts and
expands within the cup interior 12¢. Conversely, as the wax element 30 cools down, the wax
element 30 solidifics and contracts. In an example, the thermostat 10 and composition of the
thermal element 30 are desigued to operate at predeterrmined temperature ranges, such as 70° to
S0°C (160° to 200°F), or the like.

16029 The thermostat 10 includes a piston 20 used to control the operation of the valves in
a manner to be described. The piston 20 includes a cylindrically shaped housing 20a having a
lower end 20b and an opposed upper end 20¢. The piston housing 20a may include a featare that

serves as a stop in a manner to be described. For example, a C-clip 50 may be secured to the

[$3]
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piston housing 20a at a predetermined position to provide a first stop. A second stop 52 is
formed as an annular ring around the piston housing 20a, and serves as a stop for the preliminary
valve in a manner to be described.  The piston lower end 20b extends upwardly from the cup
collar 14. The piston 20 and cup 12 may be integrally formed as one member, A displacesble
piston member 22 18 supported within an mterior of the piston housing 20a. A lower end of the
piston member 22 is operatively in connected to the wax element 38, The piston member 22 is
an clongated shaft that travels within the piston housing 20a due to the thermal expansion and
contraction of the thermal element 30,

180211 The thermostat 10 ncludes a cup retainer 24, which provides a support surface for
the cup 12. The cup retainer 24 may be coupled to another valve, which in this example is a
bypass valve 26. The bypass valve 26 balances and stops the fluttering of a main valve 28. The
bypass valve 26 also functions to help vent any gas that may have entered the cooling system of
this example. The bypass valve 26 also enables a small flow of fhuid 80 past the thermostat 10 to
ensure that the thermostat 10 experiences the temperature change in the fluid 80 as the
environment heats up.

16622} The thermostat 10 includes a main valve 28 that services as an inlet, and a
preluminary valve 34 that serves as an outlet for thad flow 80, The preliminary valve includes an
inner valve member 32 and the seal member 15, The main valve 28 includes a portion of the
inner valve member 32 and the outer valve member 36, The inner valve member 32 includes an
annular first wall 32a that 1s positioned adjacent the cup collar 14, The inner valve member 32
includes a second wall 32b extending upwardly from an inner edge of the first wall 32a and

circumferentially around the piston housing 20a. The inner valve member 32 also inclades a
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third wall 32¢ extending dowonwardly from an outer edge of the first wall 32a. The third wall
32¢ is spaced a predetermined distance from the cup collar 13, The inner valve member 32
further includes a fourth annular wall 32d extending outwardly from a lower edge of the third
wall 32¢, and circumferentially around the third wall 32¢.  The annular wall 32d may include a
contoured flange or surface 32¢ extending downwardly frow an outer edge. The mner valve
member 32 at least partially houses the cup 12, such that the piston housing 20 extends npwardly
through a central passageway 321 within the mner valve member 32, An interior surface of the
inner valve member wall 32a surface is adjacent the scal member 15 to establish a first or
preliminary valve 34, The prelimivary valve 34 initially opens a predetermined amount to allow
a predetermined initial flow of fluid 80 in a2 manner to be described. This initial flow may
prevent a sudden forceful in-flush of fhud.

{6623} The outer valve member 36 wnchudes an annular first wall 36a that 18 spaced a
predetermined distance outhoard of the inner valve roember first wall. A seal member 16 may
encase the outer valve member first wall 36a. An example of a seal member 16, is a gasket. A
second outer valve member wall 36b extends downwardly from an inner edge of the outer valve
member first wall 36a. The outer valve member second wall 36b 1s spaced a predetermined
distance outboard of the nner valve member thivd wall 32¢. A lower edge of the outer valve
member second wall 36b includes an outwardly extending contoured surface or flange 36¢. The
outer valve flange 36¢ is adjacent the inner valve flange 32e¢, and together form the main valve
28. The outer valve member 36 and mner valve meraber 32 cooperatively from a valve chamber

35 that serves as a passageway for the fhud 80,

-~
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10024} The thermostat 10 also includes a strap or frame 40 that provides rigidity and
support. The frame 40 is a u-shaped member having a first leg 40a, an opposed second leg 40b,
and a third leg 40c extending between an upper end of the first leg and upper end of the second
icg 40b,  The third leg 40¢ may be coupled to the piston upper end 20c¢ and includes an opening
40d through which the piston 20 extends therethrough. The first leg 40a and second leg 40b
generally extends downwardly along opposite stdes of the piston 20 at a predetermined distance,
such that there is a space therebetween. A lower end of the first leg 40a and a lower end of the
second leg 40b may extend into the interior chamber formed between the nner valve member 32
and outer valve member 36, In another example, the lower end of the first leg and lower end of
the second leg are adjacent to an inner surface of the outer valve member first wall 36a. The first
leg lower end and second leg lower end may be fixedly secured to the inner surface of the outer
valve member first wall 36a, such as by welding, press assembly or the like. In another exarmple,
the first feg lower end 40d and second leg lower end 40¢ may be coupled to an outer surface of
the outer valve second wall 36b. The first leg 40a and second feg 40b may be coupled to the seat
member 36 also by using a variety of techniques, such as, welding, press assembly, or the like.

[6025] The thermostat 10 also includes a first or lower biasing member 38, such as a spiral
spring, a compression spring, ot the like. The first basing member 38 1s positioved between the
inner valve member 32 and the cup retainer 24, and encircles the cup 12, The first biasing
member 38 includes an upper end 38a and an opposed lower end 38b. The first biasing member
upper eud 38a 1s coupled to the nner valve member lower end 32d and biases the valve meraber
32 inan upward direction to mitially keep the prebiminary valve 34 and the main valve 28 closed.

The first biasing member lower end 3&8b s coupled to the bypass valve and operatively biases the
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bypass valve 26 i a downward direction to keep the bypass valve 26 closed. The first basing
member 38 guides movement of the inner valve member 32 and the bypass valve 26. The first
biasing member 38 also helps with alignment of the inner valve member 32 with respect to the
outer valve member 36 and alignment of the bypass valve 26 with the cup retainer 12.

16026] The thermostat 10 also mclodes a second or upper biasing merber 42, such as a
spiral spring, a compression spring, or the like. The second biasing member 42 may be
positioned over the frame 40 such that the second biasing spring 42 encircles the frame 40 and
the piston 20, The second biasing member 42 includes an upper end 42a and an opposed lower
cud 42b. The second biasing raember upper end 424 extends a predetermined distance above the
piston upper end 20¢. The second biasing member lower end 42b is supported on integrally
formed support surface formed in cach of the first leg and second leg. The second biasing
menber biases the frame 40 and outer valve member 36 m a downward direction to keep the
main valve 28 closed as shown 1u FIG. 3. The second biasing meruber 42 also assisis in guiding
movement of the outer valve member 36 and alignment of the scat member 36 with the valve
member 32,

{60271 The thermostat 10 also includes a biasing member retainer 44 that provides support
to the second biasing member 42, The biasing mewber retainer 44 ncludes a ring portion 44a, a
first retainer strap 44b, and an opposed second retainer strap 44b. The ring portion 44a is
mounted onto the piston 20, such that the piston 20 extends upwards through the opening. The
first retainer strap 44b and the sccond retainer strap 44b generally oxtend outwardly and
upwardly along opposite sides of the second biasing member 42 at a predetermined distance such

that there is a space between the retainer straps 44b, and the second biasing member 42. The end



WO 2012/109372 PCT/US2012/024354

44c¢ of the first retaner strap 44b and second retainer strap 44¢ each have a curved hook-bike
portion that receives a portion of the second hiasing member upper end 42a and thereby secure
the second biasing member 42 in position. The biasing member retainer 44 also guides the
movement of the piston 20 and the alignment of the pision 20, seat member 36, and valve
mermber 32,

16028] In operation, the preliminary and main valves 28,34 of the thermostat 18 are initially
closed as shown in FIG. 3. In the example of an engine cooling system, closure of the valve
prevents coolant from fowing from the engine jacket to the radiator. When the engine is started,
and as the engine warms up, the circulating coolant fhuid traunsfers heat from the engine block.
The thermostat is positioned in the system, so that as the coolant reaches a predetermined
temperature, the heat sensitive and thermally expansible element 30 begins to gradually melt and
expand. The cxpansion of the element 30 actuates the piston 20 and raises the piston member 22
in an upward ditection against the outlet strap structure 40 thereby divecting movement of the
piston 2{ as shown at 62. This movement causes the seal clement 15 to be pushed in a
downward direction, and the mner valve member second wall 32b rises. This movement
gradually creates a gap for the prelimminary valve 34, As the wax element continues to gradually
rmell and expand further, the cup 12 and seal/washer 14 continue to move downward untl
stopped by the second stop 52, completely opening the preliminary valve 34 and enabling a
preliminary flow of fluid 80 therethrough as illustrated in FIG. 4. As the clement 30 cxpands
stil further, the piston 20 moves further downward engaging and pushing the inner valve
merber 32 in a downward direction. This causes the main valve 28 to gradually open and

enabling a main flow of coolant 80 therethrough as shown in FIG. 5. As the coolant cools, such
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as by turning off the engine, the clement 30 begins to cool, coutract and solidify. The valves
gradually close with the atd of the biasing members as the process gradually reverses.

{0029} The thermostat 10 advantageously has two-stages of opening. The preliminary valve
34 thus opens to nitiate flow and may equalize pressure prior to the opening of the main valve
28. This regulated flow of fluid dampeus the flow and euhavces cooling dynamics at the critical
initial opening of the thermostat 10, such as that due to pressure spikes, valve oscillations,
temperature oscillations, or the like. The bypass spring or lower biasing member 3¥ has a dual
function in that it also absorbs over-travel associated with over-temperature by providing a
closing force on the bypass valve 26. It also centers the element/line-of-action to euable the two-
stage opening feature while maintaining structural rigidity. The thermostat 10 also has a
relatively high exposed flow area. The entry is flush with the housing wall so that the entire
stroke of the clement 30 is available to produce flow arca. The bypass spring for structural
stability eliminates the need for a guiding feature 1u the nuddie of the flow path. The thermostat
19 has no perimeter feature(s) above the seat 36 (except for the “strap” 40} thereby enabling full
use of the outlet housing internal diameter for flow.

{6630} Referring now to FIGS 7-9, another embodiment of a thermostat 110 15 shown. Like
featares have like refereunce numeral increased by 100, The thermostat 110 includes a cup 112
containing an element 130 of known material, such as a wax, which expands in response to
temperature rising above a predetermuned level thereby actuating a piston 120, as previously
described. In an example of a heavy duty engine, the cup 112 may be mounted in a thermostat

housing of the engine.
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{8031} The main valve 128 includes au outer annular wall 164 concentrically arranged about
the piston 120 and spaced a predetermined distance from the piston 120, The outer anmular wall
164 includes a flange [64a extending outwardly from a lower edge of the outer annular wall 164,
The main valve 128 also includes an inner annular wall 165 that encircles the piston 120, A
plarality of spokes 166 interconnect the inner annular wall 166 and the outer annular wall 164,
The mnner annular wall 166 is supported by the cup collar 114, The outer annular wall 166 and
spokes 166 concentrically surround the piston cylindrical body and allows flow through an
interior 168 of the thermostat 110, A scal ring member 116, such as a gasket, or the like, is
positioned over an outer surface of the outer annular wall 164 to form a seal.

{6032] A cylindrical outlet sleeve 146 having an upper edge 146a and an opposed lower
edge 146b 1s positioned on top of the outer annular wall 164, and engages the seal member 116
to form a seal when the main valve 1s closed. The outlet sleeve 146 mncludes a plurality of
spokes 148 extending radially inward from an upper edge of the outlet sleeve 146, The spokes
148 are secured to a second annular ring 168 which encircles the upper end of the piston 120.
The outlet sleeve 146 cooperates with the outer annular wall 136, scal member 116, and piston
120 to detine a movable valve element for the mail valve 128

18033} In an exaraple of a thermostat 110 used in a heavy duoty engine, cooling liquid 180
flows around the cup 112 past the first spokes 166, through the outlet sleeve 146, and exits the
valve beyond the outlet sleeve spokes 148 to a first chamber which is connected to a line
bypassing the radiator of the vehicle and returning o 8 coohing liquid inlet in the engine. As the
wax in the cup 12 gets warrser and expands, the piston 120 moves the outlet sleeve 146 upward,

thereby reducing the flow into the first chamber and initiating flow into a second chamber, which
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is connected to the radiator of the vehicle, When the engine i3 sufficiently warmed up, the flow
of cooling fluid is entirely into the second chamber,

{0034} The thermostat 110 also inchades an outer biasing member or return spring 170, such
as a spiral spring, compression spring, or the like, to return the outlet slecve 146 to tight
engagement with the outer annular wall 166 through biasing member retainer 144 wheun the
cooling liguid in the engine cools and the wax element 130 contracts. The biasing member
retainer 144 1s disposed around the piston and outer biasing number 170, The thermostat 110
also includes an inner biasing member or over-travel spring 172, such as a spiral spring,
compression spring, or the like, which enables the cup 112 1o move when the outlet sleeve 146
is fully open and the wax expands more. Both the outer biasing member 172 spring and the
inner biasing member 172 are arranged and operate in a conventional manner.

{6035] The components of the thermostat 110 can be fabricated from a variety of
predeterrmained materials to enhance and optimize performance of the thermostat 110 and cooling
system. For example, the components can be made from materials, such as steel, stainless steel,
aluminum, plastic, or the like. In an example, the outer annular wall 164 and outlet slecve 146
may be formed from plastic which provides 4 number of advantages.

108036 The plastic thermostat enables more cowpouents to be fabnicated with roore
streamiined contours for better flow characteristics. As such, it is possible to contour-in variable
flow arca features as the thermostat 110 opens. The use of plastic in the thermostat enables
forming of components that arc more consistent with one another as opposed to stamped

components. This provides the ability to tighten tolerances between components and improves



WO 2012/109372 PCT/US2012/024354

component quality. The plastic thermostat enables a reduction of parts and elivmnation of
thermostat components, such as, o-rings, seals, or the like.

{00371 Many modifications and variations of the present disclosure are possible in light of
the above teachings. For example, it 1s noted that various components of the dual-valve reverse
poppet therrostat can also be formed from plastic. Therefore, within the scope of the appended

claim, the present disclosure may be practiced other than as specifically described.



]

L

19

WO 2012/109372 PCT/US2012/024354

WHAT IS CLAIMED IS:

1. A dual-valve reverse poppet thermostat comprising:

a cup having a floor coupled to a cup retainer, a sidewall extending upwardly from the
floor, and a circumferential collar located at an upper end of the sidewall;

a temperature sensitive element located within the cup;

a piston having a cylindrical housing that extends from the cup upper end and a
displaceable piston member disposed within the housing, wherein a lower end of the piston
member is adjacent the temperature sensitive element, and the piston 1s actuated in response to a
change in temperature of the element and s displaced axially with respect to the cup;

a prelimmnary outlet valve having a displaceable inner valve member circumferentially
posttioned around the piston and above the cup collar positioned, wherein a first displacement of
the tnner valve member releases an initial flow of flwid from the thermostat;

a main inlet valve member having a scat member concentrically situated around the
piston such that the seat member is adjacent a corresponding surface of the inner valve member,
wherein a second displacernent of the 1nuer valve member opens the wain inlet valve for full
flow of fhuid through the seat member;

a support frame having a first leg, an opposed second leg and a third leg extending
between the first leg and second leg, wherein a lower end of cach of the first log and second leg
is secured to the seat member, and the third leg supports an upper end of the piston; and

an upper biasing member positioned concentrically over the support frame; and

a lower biasing member disposed between the cup retainer and cup floor, wherein heating

of the clement imitially displaces the piston upwardly, and the upper biasing member and lower

hiasing member displaces the piston downwardly o open the main valve.
3

(8]
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2. The dual-valve reverse poppet thermostat of claim 1, wherein the inner valve
member includes an annular first wall, a second wall extending upwardly from an inner edge of
the first wall, a third wall extending downwardly frovo an outer edge of the first wall, and a
fourth annular wall extending outwardly from a lower edge of the third wall and

circumferentially around the third wall.

3. The dual-valve reverse poppet thermostat of claim 1, wherein the outer valve
member includes an annular first wall, a second wall extending downwardly from an inner edge

of the first wall.

4. The dual-valve reverse poppet thermostat of claim 1, further comprising a sealing

washer positioned on the cup collar.

5. The dual-valve reverse poppet thermostat of claim 1, further comprising a radially
extending stop located on the piston to limit displacement of the inner valve member while

opening the preliminary valve.

6. The dual-valve reverse poppet thermostat of claim 1 wherein the temperature
senstiive element 1s a wax element, and the wax element melts and expands as a temperature

increases, and the wax element solidifies and contracts as the temperature decreases,

7. The dual-valve reverse poppet thermostat of claim 1, wherein the scat member

has a diameter which is the same or smaller than a diameter of the valve member lower end.
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8. The dual-valve reverse poppet thermostat of claim 1, further comprising a biasing
retainer member having a ring portion, a first retainer strap and a second retainer strap, wherein
the ring portion is mounted oun the piston, and the first retainer sirap and second retainer strap are
secured to the scat member and the upper biasing member to constrain displacement of the upper

biasing member.

8, The dual-valve reverse poppet thermostat of claim 1, wherein the lower biasing
member is a spring that initially biases the inner valve member i an upward direction to keep

the preliminary valve and main valve in a closed position.

10, The dual-valve reverse poppet thermostat of claim 1, wherein the upper biasing
member is a spring member that initially biases the frame and seat member in a downward

direction to keep the main valve closed.

It The dual-valve reverse poppet thermostat of claim 12, wherein the apper biasing

member upper extends a predetermined distance above the piston upper end.

12. The dual-valve reverse poppet thermostat of claim 1, wherein the seat member is

concentrically situated around the mner valve member,

13. The dual-valve reverse poppet thermostat of claim 1, wherein at a predetermined
temperature, the temperature seusitive clement expands and pushes the piston in an upward

direction against the frame and opens the preliminary valve enabling a preliminary flow of
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coolant therethrough,

14, The dual-valve reverse poppet thermostat of claim 1, wherein at another
predeternmined temperature, the piston pushes the valve member in a downward direction and
opens the main valve enabling a main flow of coolant therethrough.

15. A thermostat comprising:

a cup having a floor and a sidewall extending upwardly from the floor, and a
circumferential collar located at an upper end of the sidewall;

a temperature sensttive element located within the cup;

a piston haviog a cylindrical housing that extends from the cup upperend and a
displaceable piston member disposed within the housing, wherein a lower end of the piston
member is adjacent the temperature sensitive element, and the piston is actuated in response to a
change in temperature of the clement and 1s displaced axaally with respect to the cup;

a main valve having an outer annular wall that 1s spaced apart from the piston and an
inner annular wall that circumseribed the piston, and a plarality of spokes extending between the
outer annular wall and inner annular wall;

a scal ring member coupled to 4 portion of the annular outer wall;

a cylindrical outlet sleeve having an upper edge and an opposed lower edge and that is
positioned on top of the outer annular wall and displaceable with respect to the outer annular
wall, the cylindrical outlet sleeve including a plurality of outlet sleeve spokes that interconnect
the outlot sleeve with a second annular ring that circumscribes the upper end of the piston,

wherein the cylindrical outlet sleeve lower edge 1s positioned adjacent Lo a top portion of the seat
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member to engage the seal ring member;

an outer biasing member configured to bias the cylindrical cutlet slecve with respect to
the seat member; and

an tnoer biasing member configured to displace the cup when the cylindrical outlet sleeve

is fully open.

16, The heavy duty thermostat of claim 15, wherein the seat member 1s formed of
plastic.

17.  The heavy duty thermostat of claim 15, wherein the outlet sleeve 18 formed of
plastic,
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