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HYDRO-ACTUATED THERMOSTATS 

FIELD 

0001 Embodiments of the disclosure relate to the field of 
internal combustion engines and more particularly to the 
cooling systems used to control the heat generated by Such 
combustion engines. Most particularly, the invention relates 
to hydro-actuated thermostats used to control the flow of the 
coolant through an engine and between an engine and a heat 
exchanger Such as a radiator. 

BACKGROUND 

0002 Thermostats have been known and used extensively 
to control the circulation of coolant in internal combustion 
engines. In the past, the thermostats have taken the form of 
valves which are immersed in the coolant in, for example, a 
coolant conduit. Most commonly the valves include a valve 
member which spans the conduit and sits against a valve seat. 
Thus, in the closed position the valve substantially blocks the 
flow of coolant, for example, to the radiator, forcing the 
coolant to re-circulate within the engine to heat up more 
quickly. 
0003 Typically such valves include a closed body con 
taining a thermally expandable material Such as wax, where 
the closed body is immersed within the coolant fluid. As the 
fluid temperature rises, the wax expands, thrusting out a pis 
ton. The piston lifts the valve off the valve seat to allow the 
coolant to circulate down a new path, Such as past a heat 
exchanger or radiator. This lowers the temperature of the 
coolant and removes heat from the engine. A spring is pro 
vided to urge the valve to a closed position so that in the 
resting or cooled State the valve is normally closed. Thus, 
when the engine is first started, the valve will be closed 
allowing the engine to attain its optimum running temperature 
more quickly by preventing the circulation of the coolant fluid 
outside of the engine. 
0004. Thermostats, to date, have been designed to permit 
the engine to operate over time at a constant optimum tem 
perature. The thermostat accomplishes this by opening a 
valve in the cooling system when the engine temperature, and 
thus the coolant fluid temperature, rises. Opening the valve 
permits more flow to a heat exchanger Such as a radiator, 
permitting more heat to be dissipated, which in turn can lower 
the engine temperature. As the engine temperature drops, and 
consequently the coolant temperature, the valve closes, 
reducing the amount of heat dissipated and again maintaining 
an optimum operating temperature. 
0005 Said prior art thermostats are effective, simple and 
reliable, but suffer from several drawbacks. One is that the 
thermostatessentially requires the engine designer to set one 
optimum engine temperature. However, in practice, the 
engine operating temperature is known to affect engine per 
formance. Specifically, the engine operating at a higher tem 
perature allows more complete fuel combustion and thereby 
produces less emissions. Furthermore, the higher operating 
temperature improves fuel economy. However, a hotter run 
ning engine will deliver less power, while a cooler running 
engine delivers more power. Thus, any single optimum 
engine temperature is a compromise between power, fuel 
economy and emissions level. 
0006 Another drawback is that said thermostats are slow 
to respond. The coolant temperature change is fairly gradual 
and since the change in coolant temperature controls move 
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ment of the piston, the valve opening is slow relative to the 
increase of the engine temperature. For example, in winter, 
when the engine start is cold, the thermostat response may 
take approximately 12 minutes and in Summer around 5 min 
utes. Additionally, sharp changes in engine temperature are 
not well managed by the conventional thermostats. However, 
Such sharp changes may occur, for example, during accelera 
tion from a stop, when accelerating to pass, or when climbing 
a hill. Generally, the response of the thermostat lags the 
engine demand and thus acts as a dampened system. There 
fore there has been an effort to develop a thermostat respond 
ing on demand, rather than simply passively following the 
variation of the coolant temperature. However, an alterna 
tively activated thermostat should still be adapted to reliably 
respond to the coolant temperature changes in a manner 
which prevents overheating. 
0007 Various levers and actuators have been proposed to 
open and close valve elements on demand, but these Suffer 
from several disadvantages. Firstly, they are relatively expen 
sive. Secondly, they involve complex mechanical moving 
parts which interface with a complex engine control system 
either of which can fail over time. A failed actuator system 
could lead to the valve remaining in one position, such as 
being closed, which in turn could lead to overheating and 
failure of the engine, which is unacceptable. Thus, electro 
mechanical systems have certain drawbacks. 
0008 U.S. Pat. Nos. 6,598.565 and 6,595,165, assigned to 
the applicant of the present invention, provide a combination 
ofathermostat valve for blocking and unblocking the flow of 
fluid, with a thermally activated actuator operatively con 
nected to the valve. The actuator is positioned so as to be 
partly within the coolant so as to maintain the thermal acti 
Vation part of the actuator at about the coolant temperature, 
when not being activated. A separate heater with an electronic 
heater control is connected to the actuator to cause the tem 
perature of the actuator to be controlled to effect controlled 
displacement of the piston and thus to permit opening and 
closing of the valve on demand. 
0009. However, while providing an adequate response 
time in certain circumstances, the performance of the thermo 
mechanical actuator is somewhat hindered by the time lag 
between the need to open the valve and the time needed to 
change the temperature of the thermally expansive material 
via the heater. In addition, the teachings require the use of two 
different actuation temperatures for the valve and for the 
thermal actuator, which increases the manufacturing com 
plexity and costs. Additionally, the action of the thermo 
mechanical actuator is bimodal, allowing either open or 
closed valve position, such that establishing a valve position 
corresponding to a partially open setting for the fluid flow 
cannot be easily executed. 
(0010 U.S. Pat. No. 7.987,822, the applicant of the present 
invention, provides a combination of a thermostat having a 
temperature responsive valve for Substantially blocking and 
substantially unblocking the flow of the liquid coolant to a 
radiator with an electromechanical actuator, controlled by an 
engine control system in response to engine conditions. The 
electromechanical actuator is connected to the valve by a 
connector assembly extending between the electromechani 
cal actuator and the valve through the coolant conduit, the 
connector assembly being positioned relative to the valve to 
cause the spring to be compressed as the electromechanical 
actuator opens the valve so that the valve is opened and closed 
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in response to a coolant temperature by the thermostat and 
positioned within a range of movement by the electrome 
chanical actuator. 

0011. However, while providing an on demand valve 
opening and closing and allowing a controlled degree of the 
valve opening, the electromechanical actuator is prone to 
decreased lifetime as a consequence of high wear and tear 
resulting from mechanical friction. The device incorporating 
athermostat and an electromechanical actuator is also expen 
sive as compared to the convention thermostat costs. 
0012. There is an unmet need for a device which is capable 
of opening and closing the valve on demand, wherein the 
engine temperature at which the valve can be opened or 
closed may be lower and/or higher than the predefined Start to 
Open (STO) temperature. Furthermore, the device should be 
relatively immediately responsive to short term engine 
demands, capable of controlling the position of the valve to 
establish a partially open valve position, cost-effective, reli 
able at a long term operation and easy to manufacture and 
should avoid the drawbacks of the prior art systems. Most 
preferably such a device would be safe and would not be 
likely to fail in a manner that would cause engine overheating, 
in other words would include a failsafe configuration. 
0013 The foregoing examples of the related art and limi 
tations related therewith are intended to be illustrative and not 
exclusive. Other limitations of the related art will become 
apparent to those of skill in the art upon a reading of the 
specification and a study of the figures. 

SUMMARY 

0014. The following embodiments and aspects thereofare 
described and illustrated in conjunction with systems, tools 
and methods which are meant to be exemplary and illustra 
tive, not limiting in scope. 
0015. It is an object of the present invention to provide a 
hydro-actuated thermostat system for controlling a tempera 
ture of an engine, the system includes a thermal responsive 
valve system configured to induce opening of a temperature 
responsive valve upon an increase of a temperature of a cool 
ant fluid, and to induce closing of the temperature responsive 
valve upon a decrease of a temperature of the coolant fluid, a 
hydraulic actuator system controllable by a controller, 
wherein the hydraulic actuator is associated with a thermal 
responsive valve system and configured to induce opening 
and/or closing of the temperature responsive valve in 
response to an indication from the controller, the opening 
and/or closing of the temperature responsive valve is per 
formed by controlling a fluid flow to and/or from the hydrau 
lic actuator. 

0016. According to some embodiments, the controller 
may be an Engine Control Module (ECM). 
0017. According to some embodiments, there is provided 
a thermal responsive valve system that may include a tem 
perature responsive valve for regulating the flow of the cool 
ant fluid to a heat exchanger, a thermally actuated piston 
configured to allow the temperature responsive valve to open 
in response to a temperature increase of the coolant fluid, and 
a spring, configured to force closing of the temperature 
responsive valve in response to a temperature decrease of the 
coolant fluid. The hydraulic actuator System configured to 
induce opening of the temperature responsive valve by 
extending the spring and to induce closing of the temperature 
responsive valve by contracting the spring. 

Dec. 24, 2015 

0018. Other objects and advantages of the invention will 
become apparent as the description proceeds. 
According to some embodiments, regulating the flow of the 
coolant fluid comprises substantially blocking and/or Sub 
stantially unblocking the flow of the coolant fluid to a heat 
exchanger. 
0019. According to some embodiments, the hydraulic 
actuator system may be further configured to prevent opening 
of the temperature responsive valve upon an increase of the 
coolant fluid temperature by contracting the spring in 
response to an indication from the controller. 
0020. According to some embodiments, the hydraulic 
actuator system may be further configured to induce opening 
and/or closing of the thermally responsive valve, indepen 
dently of a temperature of the coolant fluid. According to 
Some embodiments, the hydraulic actuator system may be 
further configured to control the range of movement of the 
temperature responsive valve in response to an indication 
from the controller. 
0021. According to some embodiments, the hydraulic 
actuator System is configured to control the range of move 
ment of the temperature responsive valve independently of a 
temperature of the coolant fluid. 
0022. According to some embodiments, the hydraulic 
actuator system is configured to displace the temperature 
responsive valve to a specific position withina range of move 
ment, wherein the specific position may be determined by the 
controller. 

0023. According to some embodiments, the hydraulic 
actuator system may include an actuator plate, directly or 
indirectly contacting the spring, a receptacle comprising the 
fluid and at least one actuator, directly or indirectly contacting 
the fluid in the receptacle and directly or indirectly contacting 
the actuator plate. 
0024. According to Some embodiments, the actuator may 
be controllable by at least one control valve, a motor, a pres 
sure reducer or a combination thereof. 

0025. According to some embodiments, the actuator may 
be controllable by a control valve. According to some 
embodiments, the actuator may be controllable by a motor. 
According to some embodiments, the actuator may be con 
trollable by pressure reducer. According to some embodi 
ments, the actuator may be controllable by a control valve and 
pressure reducer. According to some embodiments, the actua 
tor may be controllable by control valve and step motor. 
0026. According to some embodiments, the control valve, 
the motor and the pressure reducer may be controllable by the 
controller. 
0027. According to some embodiments, the receptacle 
may be in fluid flow connection with the control valve, the 
motor, the pressure reducer or a combination thereof. 
0028. According to some embodiments, the receptacle 
may be in fluid flow connection with a control valve. Accord 
ing to some embodiments, the receptacle may be in fluid flow 
connection with a motor. According to Some embodiments, 
the receptacle may be in fluid flow connection with a pressure 
reducer. According to some embodiments, the receptacle may 
be in fluid flow connection with a control valve and prssure 
reducer. According to some embodiments, the receptacle may 
be in fluid flow connection with control valve and step motor. 
0029. According to some embodiments, the actuator is 
configured to displace the actuator plate in response to an 
indication from the controller. 
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0030. According to some embodiments, the indication 
from the controller comprises indication for opening/closing 
of at least one control valve, an indication for activation of a 
motor or a combination thereof. 

0031. According to some embodiments, the indication 
from the controller is configured to allow flow of the fluid to 
and/or from the receptacle. 
0032. According to some embodiments, the flow of the 
fluid is configured to change a position of the actuator. 
0033 According to some embodiments, the changing of 
the position of the actuator allows displacement of the actua 
tor plate. 
0034. According to some embodiments, the displacement 
of the actuator plate is configured to induce the thermostat 
spring extension, contraction or both. 
0035. According to some embodiments, the actuator may 
include a piston. According to some embodiments, the actua 
tor may include a diaphragm. According to some embodi 
ments, the actuator may include a diaphragm and a dia 
phragm. According to some embodiments, the diaphragm 
may have a round hollow shape. According to some embodi 
ments, the diaphragm may have a ring shape. According to 
Some embodiments, the diaphragm may have a round hollow 
(or a ring shape) having a flat Surface configured to acquire a 
concave and/or a convex shape/profile. 
0036. According to some embodiments, the flow of the 
fluid is configured to change the position of the diaphragm 
and thereby to move downwards or upwards the diaphragm 
causing the diaphragm to acquire a concave or convex shape/ 
profile, respectively. 
0037 According to some embodiments, the at least one 
control valve may be bimodal, allowing opening and closing 
of the temperature responsive valv. 
0038 According to some embodiments, the at least one 
control valve may be an analog valve, allowing opening and 
closing of the temperature responsive valve and further con 
trolling the range of movement of the temperature responsive 
valve. 

0039. According to some embodiments, the at least one 
control valve is configured to displace the actuator plate and 
the temperature responsive valve to a specific position within 
a range of movement. 
0040. According to some embodiments, the specific posi 
tion may be determined by the controller. 
0041 According to some embodiments, the hydraulic 
actuator system comprises two actuators and further com 
prises a balance element, wherein the balance element may be 
directly or indirectly contacting each of the actuators and is 
configured to assist the actuator plate displacement. 
0042. According to some embodiments, the hydraulic 
actuator further comprises two control valves, and wherein 
opening of the first control valve is configured to displace the 
actuator plate to induce extension of the spring and opening of 
the second control valve is configured to displace the actuator 
plate to induce contraction of the spring. 
0043. According to some embodiments, the motor com 
prises a step motor or electric motor. 
0044 According to some embodiments, the motor com 
prises a motor piston in fluid flow connection with the recep 
tacle. 

0045. According to some embodiments, the activation of 
the motor facilitates the motor piston linear travel. 
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0046 According to some embodiments, the range of lin 
ear travel of the motor piston may be associated with the range 
of movement of the actuator plate and/or the temperature 
responsive valve. 
0047 According to some embodiments, the motor is con 
figured to displace the actuator plate and/or the temperature 
responsive valve to a specific position withina range of move 
ment. 

0048. According to some embodiments, the specific posi 
tion may be determined by the controller. According to some 
embodiments, the fluid may be water, coolant fluid or oil. 
According to some embodiments, the fluid may be coolant 
fluid, circulated by the coolant fluid pump. According to some 
embodiments, the fluid may be liquid, circulated by an exter 
nal pump. 
0049 According to some embodiments, the hydro-actu 
ated thermostat system is configured to open the temperature 
responsive valve even if the temperature responsive valve 
function fails. 
0050. According to some embodiments, the hydro-actu 
ated thermostat system is configured to open the temperature 
responsive valve even if the hydraulic-actuator system func 
tion fails. 
0051. According to some embodiments, a failsafe, reliable 
and easy to manufacture hydro-actuated thermostat apparatus 
configured to allow opening and closing of the thermostat 
valve on demand and to control the position of the valve is 
provided. 
0.052 According to some embodiments, the hydro-actu 
ated thermostat system comprises two receptacles, two con 
trol valves and two ring shaped diaphragms. 
0053 According to some embodiments, the actuator may 
be a mechanical element configured to sense pressure exerted 
by a fluid and change a position or shape thereof accordingly 
and may transduce the pressure to a contacting element. 
0054. It is still another object of the present invention to 
provide a method for controlling a temperature of an engine 
by a hydro-actuated thermostat system. The method may 
include providing a thermal responsive valve system and a 
hydraulic actuator system controllable by a controller. The 
method may include controlling, by the controller, a fluid flow 
into at least one receptacle, wherein the flow of the fluid is 
configured to exert pressure on at least one actuator config 
ured to displace an actuator plate, inducing opening and/or 
closing of the temperature responsive valve independently of 
a coolant fluid temperature. 
0055 According to some embodiments, the method may 
include extending or contracting a spring of the thermal 
responsive valve system by displacing the actuator plate con 
trolling the spring's position and range of movement. 
0056. According to some embodiments, the method may 
include regulating a flow of a coolant fluid to a heat exchanger 
by the thermal responsive valve system. 
0057 According to some embodiments, regulating may 
include Substantially blocking and Substantially unblocking 
the coolant fluid flow. 

0.058 According to some embodiments, the method may 
include opening a thermally actuated piston in response to a 
temperature increase of the coolant fluid and closing the 
thermally actuated piston by the spring in response to a tem 
perature decrease of the coolant fluid. 
0059. In addition to the exemplary aspects and embodi 
ments described above, further aspects and embodiments will 
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become apparent by reference to the figures and by Study of 
the following detailed description. 

BRIEF DESCRIPTION OF THE FIGURES 

0060 Exemplary embodiments are illustrated in refer 
enced figures. Dimensions of components and features shown 
in the figures are generally chosen for convenience and clarity 
of presentation and are not necessarily shown to Scale. It is 
intended that the embodiments and figures disclosed herein 
are to be considered illustrative rather than restrictive. The 
figures are listed below. 
0061 FIG. 1 shows a cross-sectional view of an apparatus 
for controlling a temperature of an engine, including a ther 
mostatandan actuator, whereina thermostat valve is in closed 
position, according to Some embodiments; 
0062 FIG.2 shows across-sectional view of the apparatus 
for controlling a temperature of an engine, including the 
thermostat and the actuator, wherein the thermostat valve is in 
open position in “regular mode', according to Some embodi 
ments; 
0063 FIG.3 shows across-sectional view of the apparatus 
for controlling a temperature of an engine, including the 
thermostat and the actuator, wherein the thermostat valve is in 
open position in “advance opening mode, induced by an 
actuator, according to some embodiments; 
0064 FIG. 4 shows across-sectional view of the apparatus 
for controlling a temperature of an engine, including the 
thermostat and the actuator, wherein the thermostat valve is in 
closed position in 'delayed opening mode, induced by an 
actuator, according to some embodiments; 
0065 FIG.5 shows across-sectional view of the apparatus 
for controlling a temperature of an engine, including the 
thermostat and the actuator, wherein the thermostat valve is in 
open position in “advance closing mode, induced by an 
actuator, according to some embodiments; 
0066 FIG. 6A shows a front view of a housing of an 
apparatus for controlling a temperature of an engine, accord 
ing to Some embodiments; 
0067 FIG. 6B shows an exploded front view of an appa 
ratus for controlling a temperature of an engine, including a 
thermostat and a hydraulic actuator, according to some 
embodiments; 
0068 FIG. 7A shows a cross-sectional front view of an 
apparatus for controlling a temperature of an engine, along 
line JJ in FIG. 8A, including an apparatus housing, a thermo 
stat and an actuator, according to Some embodiments; 
0069 FIG. 7B shows an exploded view of a step motor 
housing, a step motor and a hydraulic actuator, according to 
Some embodiments; 
0070 FIG. 7C shows a cross-sectional side view of an 
apparatus for controlling a temperature of an engine, along 
line II in FIG. 8B, including an apparatus housing, a thermo 
stat and an actuator, according to Some embodiments; 
0071 FIG. 8A shows a top front view of apparatus for 
controlling a temperature of an engine, according to some 
embodiments; 
0072 FIG. 8B shows a top side view of apparatus for 
controlling a temperature of an engine, according to some 
embodiments; 
0.073 FIG. 9A shows a cross-sectional view of a thermo 
stat and an actuator, along line JJ in FIG. 8A, wherein a 
thermostat valve is in closed position, according to some 
embodiments; 
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0074 FIG. 9B shows a cross-sectional view of a step 
motor, along line II in FIG. 8B, wherein a thermostat valve is 
in closed position, according to some embodiments; 
0075 FIG. 10A shows a cross-sectional view of a thermo 
stat and an actuator, along line JJ in FIG. 8A, wherein a 
thermostat valve is in open position in a “regular mode'. 
according to some embodiments; 
0076 FIG. 10B shows a cross-sectional view of a step 
motor, along line II in FIG. 8B, wherein a thermostat valve is 
in open position in a “regular mode', according to some 
embodiments; 
0077 FIG. 11A shows a cross-sectional view of a thermo 
stat and an actuator, along line JJ in FIG. 8A, wherein a 
thermostat valve is in open position in an “advance opening 
mode induced by an actuator, according to some embodi 
ments; 
0078 FIG. 11B shows a cross-sectional view of a step 
motor, along line II in FIG. 8B, wherein a thermostat valve is 
in open position in an “advance opening mode' induced by an 
actuator, according to some embodiments; 
007.9 FIG. 12A shows a cross-sectional view of a thermo 
stat and an actuator, along line JJ in FIG. 8A, wherein a 
thermostat valve is in closed position in 'delayed opening 
mode induced by an actuator, according to some embodi 
ments; 
0080 FIG. 12B shows a cross-sectional view of a step 
motor, along line II in FIG. 8B, wherein a thermostat valve is 
in closed position in 'delayed opening mode induced by an 
actuator, according to some embodiments; 
I0081 FIG. 13A shows a cross-sectional view of an appa 
ratus for controlling a temperature of an engine, comprising a 
thermostat and an actuator, wherein a thermostat valve in a 
closed position, according to Some embodiments; 
I0082 FIG. 13B shows a cross-sectional view of the appa 
ratus for controlling a temperature of an engine, comprising 
the thermostat and the actuator, wherein the thermostat valve 
in open position, according to some embodiments; 
I0083 FIG. 13C shows a cross-sectional view of the appa 
ratus for controlling a temperature of an engine, comprising 
the thermostat and the actuator, wherein the thermostat valve 
in a fully-extended open position, according to some embodi 
ments; and 
I0084 FIG.13D shows a cross-sectional view of the appa 
ratus for controlling a temperature of an engine, comprising 
the thermostat and the actuator, wherein the thermostat valve 
in a fully-extended open position, induced by an actuator, 
according to some embodiments. 

DETAILED DESCRIPTION 

I0085. The present invention provides a hydro-actuated 
thermostat system for controlling a temperature of an engine 
by controlling a flow of an engine coolant fluid through a heat 
exchanger, such as a radiator. The terms “radiator' and “heat 
exchanger may be used interchangeably. The system of the 
present invention is configured to provide cooling of the 
engine, wherein the cooling may proceed at the predefined 
temperature of the engine and/or at the temperature defined 
by the instant engine demand. The hydro-actuated thermostat 
system of the present invention is further configured to ter 
minate cooling of the engine, wherein the cooling may be 
terminated at the predefined temperature of the engine and/or 
at the temperature defined by the instant engine demand. The 
hydro-actuated thermostat system of the present invention, 
therefore, allows a more precise control of the engine tem 
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perature, which in turn allows improving fuel utilization 
without decreasing engine power. 
I0086 According to some embodiments, the hydro-actu 
ated thermostat system of the present invention is configured 
to facilitate cooling of the engine attemperatures higher than 
the Start to Open (STO) temperature, thus increasing the 
engine temperature and fuel utilization. 
I0087. The term “Start to Open (STO) temperature', as 
used herein, refers to a temperature range, predefined by the 
thermostat manufacturer, at which thermostatis configured to 
allow coolant fluid flow through a heat exchanger. 
0088 According to other embodiments, the hydro-actu 
ated thermostat system is configured to facilitate cooling of 
the engine at temperatures lower than the STO temperature, 
wherein the STO temperature is set to higher than typical 
values. In these embodiments, cooling of the engine may be 
facilitated by the system of the present invention upon the 
engine demand at lower temperatures, while the predefined 
operating temperature of the engine is high and the fuel uti 
lization is accordingly high. 
0089. According to additional embodiments, the hydro 
actuated thermostat system of the present invention is con 
figured to terminate cooling of the engine at temperatures 
higher than the lower limit of the STO temperature, conse 
quently increasing the engine temperature and fuel utiliza 
tion. 
0090 According to further embodiments, cooling of the 
engine in order to increase the engine power may be provided 
by the hydro-actuated thermostat system of the present inven 
tion at any temperature, based on the engine instant demand. 
0091. The hydro-actuated thermostat system of the 
present invention includes a thermal responsive system and 
an engine control module (ECM) actuation system. The ther 
mal responsive system thermostat may be a typical thermo 
stat, including a temperature responsive valve for blocking 
and unblocking the flow of the coolant fluid to a heat 
exchanger, a thermally actuated piston configured to allow 
the valve opening as the temperature of the liquid coolant 
increases; and a spring, configured to exert pressure on the 
temperature responsive valve to resist opening and to force 
closing thereof as the temperature of the liquid coolant 
decreases. 
0092. The engine control module (ECM) actuation sys 
tems actuator is associated with the spring of the thermostat 
and configured to affect the extension/contraction state of the 
spring. The actuator is controllable by at least one control 
valve, wherein the control valve is controllable by the ECM. 
The ECM actuation system's hydro-actuator is configured to 
induce opening of the temperature responsive valve by 
extending the spring and/or to impede opening of the tem 
perature responsive valve by contracting the spring, in 
response to an indication from the ECM. The hydraulic actua 
tor may be further configured to induce closing of the tem 
perature responsive valve by contracting the spring in 
response to an indication from the ECM. The hydraulic actua 
tor may further be configured to control the range of move 
ment of the temperature responsive valve in response to an 
indication from the ECM and to displace the temperature 
responsive valve to a specific position withina range of move 
ment, wherein the specific position is determined by the 
ECM. The system of the present invention is cost-effective, 
reliable at along term operation and easy to manufacture. The 
hydro-actuated thermostat system of the present invention is 
also fail-safe. According to some embodiments, the ECM 
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actuation system hydro-actuator is configured to open the 
temperature responsive valve even if the thermostat function 
fails and the thermostat is configured to open the temperature 
responsive valve even if the ECM actuation system actuator 
function fails. 
0093. The hydro-actuated thermostat system of the 
present invention, may include an actuator plate, directly or 
indirectly contacting the thermostat spring, may include a 
receptacle, a fluid conduit and a control valve, wherein the 
fluid conduit is in fluid flow connection with the receptacle 
and the control valve, and wherein opening and/or closing of 
the thermally responsive valve is performed by adjusting the 
hydraulic actuator coolant fluid pressure in the receptacle by 
the control valve. 
0094. Various types of ECM actuation systems actuators 
may be employed in the apparatus of the present invention. 
According to some embodiments, the actuator includes a 
hydraulic actuator. According to other embodiments, the 
actuator includes a mechanical or an electromechanical 
actuator. The actuator may further include a Solenoid, a dia 
phragm, a pneumatic or a piezoelectric actuator. 
0.095 According to some embodiments, the ECM actua 
tion system' actuator, Such as but not limited to, the hydraulic 
actuator, may be used in combination with athermostat valve, 
as described herein, and/or a ball valve. A ball valve may 
include a spherical disc, configured to control the flow of the 
coolant fluid through the thermostat. According to some 
embodiments, the ball valve is configured to allow high flow 
rate and/or high pressure of the coolant fluid. 
0096. According to some embodiments, the ECM actua 
tion system' actuator may be used in combination with a step 
motor. The step motor may be configured to induce and/or 
control the opening and/or closing of the temperature respon 
sive valve. According to further embodiments, the step motor 
is configured to displace the temperature responsive valve to 
a specific position within a range of movement, wherein the 
specific position is determined by the ECM. The step motor 
can be used in combination with a thermostat valve, as 
described herein, and/or a ball valve. 
0097. The apparatus of the present invention may further 
include a pressure reducer, configured to reduce the pressure 
fluctuations of the coolant fluid. The pressure reducer may be 
configured to reduce pressure of the coolant fluid which is in 
fluid-flow connection with the actuator to a constant value in 
the range from about 0.25 bar to 2 bar, preferably, from about 
0.5 bar to about 1.5 bar, more preferably from about 0.75 bar 
to about 1 bar. According to a certain embodiment, the pres 
sure of the coolant fluid is about 0.75 bar. The constant pres 
sure of the fluid allows the actuator operation at constant 
pressure drop, without being affected by the fluid pressure 
fluctuations originating from the flow thereof through the 
engine and the coolant system during the engine operation. 
0098 Reference is now made to FIG. 1, which shows a 
cross-sectional view of an apparatus for controlling a tem 
perature of an engine, including a thermostat and an actuator, 
wherein a thermostat valve in a closed position, according to 
Some embodiments; to FIG. 2, which shows a cross-sectional 
view of the apparatus for controlling a temperature of an 
engine, including the thermostat and the actuator, wherein the 
thermostat valve in open position in “regular mode', accord 
ing to some embodiments; to FIG. 3, which shows a cross 
sectional view of the apparatus for controlling a temperature 
of an engine, including the thermostat and the actuator, 
wherein the thermostat valve in open position in “advance 
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opening mode', according to some embodiments; to FIG. 4. 
which shows a cross-sectional view of the apparatus for con 
trolling a temperature of an engine, including the thermostat 
and the actuator, wherein the thermostat valve in open posi 
tion in 'delayed opening mode, induced by an actuator, 
according to some embodiments; and to FIG. 5, which shows 
a cross-sectional view of the apparatus for controlling a tem 
perature of an engine, including the thermostat and the actua 
tor, wherein the thermostat valve in open position in “advance 
closing mode, induced by an actuator, according to some 
embodiments. 

0099. Apparatus 100 includes thermostat 110, wherein 
thermostat 110 includes thermostat body 112, divided into 
two sections: thermostat body 112a and thermostat body 
112b. Thermostat body 112a includes thermally expandable 
material 114 and thermally actuated piston 116, disposed 
inside thermostat body 112a. Thermostat110 further includes 
thermostat valve element 118, connected to thermostat body 
112a and configured to move freely downwards and upwards, 
allowing opening and closing of thermostat valve 120 to 
respectively allow or prevent the coolant fluid flow from 
radiator 106 through thermostat 110 back to engine 103. 
Thermostat 110 further includes valve seat 122, against 
which valve element 118 seals. The closed position of ther 
mostat valve 120, wherein valve element 118 is sealed against 
valve seat 122 is denoted as 10 in FIG. 1. Valve element 118 
is connected to thermostat body 112a, wherein valve seat 122 
is connected to radiator block 152a and fixed in place. The 
thermostat further includes thermostat spring 124a, mounted 
on thermostat body 112a. Thermostat spring 124a is associ 
ated with valve element 118. 

0100. Apparatus 100 further includes bypass valve 128. 
Bypass valve 128 includes bypass valve element 126 con 
nected to thermostat body 112b and configured to move freely 
downwards and upwards, allowing closing and opening of 
bypass valve 128 to respectively allow or prevent the coolant 
fluid flow from engine 103 to radiator 106. Thermostat 110 
further includes bypass valve seat 129, against which bypass 
valve element 126 seals. The open position of bypass valve 
128, wherein bypass valve element 126 is sealed against valve 
seat 129 is denoted as 12 in FIG.1. Bypass valve element 126 
is connected to thermostat body 112b, wherein valve seat 129 
is connected to bypass block 152b and fixed in place. The 
thermostat further includes thermostat spring 124b, mounted 
on thermostat body 112b. Thermostat spring 124b is associ 
ated with bypass valve element 128 and with thermostat 
spring 124a. 
0101 Thermostat 110 is temperature responsive. Bypass 
valve 128 is configured to substantially block and substan 
tially unblock the flow of the coolant fluid to radiator 106. 
Thermostat valve 120 is configured to substantially block and 
substantially unblock the flow of a coolant fluid from radiator 
106. Thermally actuated piston 116 is configured to allow 
opening of thermostat valve 120 as the temperature of the 
coolant fluid increases and thermostat spring 124a is config 
ured to induce closing of thermostat valve 120 as the coolant 
fluid temperature decreases. Thermally actuated piston 116 is 
further configured to allow closing of bypass valve 128 as the 
temperature of the coolant fluid increases and thermostat 
spring 124b is configured to induce opening of bypass valve 
128 as the coolant fluid temperature decreases. 
0102) Apparatus 100 further includes hydraulic actuator 
130, wherein the hydraulic actuator includes diaphragm 132 
at its upper part and diaphragm 134 at its lower part. Dia 
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phragm 132 is associated with actuator Spring 136 and dia 
phragm 134 is associated with actuator spring 138. Dia 
phragm 132 contacts diaphragm 134 through diaphragm 
balance element 154. Diaphragmbalance element 154 is con 
figured to transfer pressure exerted by diaphragm 132 to 
diaphragm 134 and/or to transfer pressure exerted by dia 
phragm 134 to diaphragm 132. Hydraulic actuator 130 further 
includes actuator plate 150, which is disposed between dia 
phragm 132 and diaphragm 134 and is connected to dia 
phragm 134 at its lower end. Actuator plate 150 is configured 
to move freely upwards and downwards between position 
denoted as 14 in FIG.3 and position denoted as 16 in FIG. 4. 
Diaphragm 132 is connected to receptacle 140 and diaphragm 
134 is connected to receptacle 142. Receptacles 140 and 142 
are configured to be filled with the coolant fluid, wherein the 
coolant fluid is configured to flow from pump 102 through 
non-return valve 144a to receptacle 140 and through non 
return valve 144b to receptacle 142. Receptacles 140 and 142 
are further configured to allow releasing of the coolant fluid, 
wherein the coolant fluid is configured to flow from recep 
tacle 140 through control valve 148a and from receptacle 142 
through control valve 148b, to pump 102. 
0103) According to some embodiments, non-return valves 
144a and 144b, allow coolant fluid flow into receptacles 140 
and 142 and prevent the flow thereof from the receptacles 
back to non-return valves 144a and 144b. Non-return valves 
144a and 144b are further configured to prevent pressure drop 
in receptacles 140 and 142, respectively. 
0104. Non-return valve 144a is in fluid-flow connection 
with pressure reducer system 146 and receptacle 140. Non 
return valve 144b is in fluid-flow connection with pressure 
reducer system 146 and receptacle 142. Pressure reducer 
system 146 is in fluid-flow connection with pump 102 and 
with non-return valves 144a and 144b. Pressure reducer sys 
tem 146 is configured to decrease pressure of the coolant fluid 
to a predetermined value. Control valves 148a and 148b are 
configured to allow and/or to block coolant fluid flow from 
receptacles 140 and 142 in accordance with an indication 
received from the ECM (not shown). Pressure reducer system 
146 includes spring 146a, configured to adjust the pressure of 
the coolant fluid. As the details of such pressure reducer 
system will be familiar to those skilled in the art it is not 
described in any more detail herein. 
0105. Apparatus 100 further includes pump 102, config 
ured to circulate the coolant fluid. The coolant fluid circula 
tion scheme is presented by arrows 20, 22, 24, 24a, 24b, 26. 
26a and 26b in FIG.1. The coolant fluid may be circulated by 
pump 102 through engine 103 and thermostat 110 as denoted 
by arrows 20, wherein the coolant fluid may flow into ther 
mostat 110 through bypass valve 128. Alternatively, the cool 
ant fluid may be circulated by pump 102 through engine 103. 
radiator 106 and thermostat 110 as denoted by arrows 22, 
wherein the coolant fluid flows into thermostat 110 through 
thermostat valve 120. The coolant fluid may also flow to 
pressure reducer 146 as denoted by arrow 24 and to flow from 
pressure reducer 146 to receptacle 140 through non-return 
valve 144a, as denoted by arrow 24a and to receptacle 142 
through non-return valve 144b, as denoted by arrow 24b. The 
coolant fluid may also flow from receptacle 140 through 
control valve 148a as denoted by arrow 26a and from recep 
tacle 142 through control valve 148b, as denoted by arrow 
26b to pump 102, as denoted by arrow 26, if control valves 
148a and 148b are in open position. 
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010.6 Apparatus 100 may further include nozzles 156a 
and 156b, wherein nozzle 156a is in fluid-flow connection 
with non-return valve 144a and pressure reducer system 146 
and nozzle 156b is in fluid-flow connection with non-return 
valve 144b and pressure reducer system 146. Nozzles 156a 
and 156b are configured to control the flow rate of the coolant 
fluid. Apparatus 100 may further include filter 160, which is 
in fluid-flow connection with pressure reducer system 146. 
Filter 160 is configured to prevent the blockage of nozzles 
156a and 156b and of other coolant fluid passages by con 
taminates or debris. 

0107 Control valves 148a and 148b may be controlled by 
a motor instrumentation package of the sort that is commonly 
used to monitor conditions and performance of vehicle 
engines, associated with engine 103. As the details of Such 
instrumentation packages will be familiar to those skilled in 
the art they are not described in any more detail herein. 
Control valves 148a and 148b are most preferably connected 
to an electrical circuit controlled, for example, by the ECM or 
the engine control system. The terms “engine control module 
(ECM) and “engine control system” may be used inter 
changeably. Typically the ECM includes a plurality of sensors 
which are used to sense various engine and vehicle param 
eters so the performance of the engine can be optimized. The 
present invention comprehends either using existing sensors, 
if appropriate and available, or using added sensors to provide 
the ECM with sufficient information to take advantage of the 
present invention as described herein. 
01.08 Control valves 148a and 148b are configured to 
control the position of actuator plate 150, defining the extent 
of contraction and/or extension of thermostat spring 124a, as 
described hereinbelow. According to Some embodiments, 
control valves 148a and 148b are bimodal control valves. 
Bimodal control valves are configured to be in a closed or in 
a fully opened position and are not configured to open gradu 
ally. In these embodiments, control valves 148a and 148b, 
which are bimodal, allow displacement of actuator plate 150, 
defined by four discrete positions: position denoted as 14 in 
FIG. 1 and FIG. 2, wherein control valves 148a and 148b are 
closed or wherein control valves 148a and 148b are open; 14a 
in FIG. 3, wherein control valve 148a is closed and control 
valve 148b is open; and 14b in FIG. 4 and FIG. 5, wherein 
control valve 148a is open and control valve 148b is closed. 
Opening and/or closing of bimodal control valves 148a and 
148b may be controlled by the ECM, wherein the ECM 
includes sensors configured to sense various engine and 
vehicle parameters and determine whether the valve opening 
and/or closing is required. The actuator plate 150 position and 
the respective opening and/or closing of thermostat valve 120 
and displacement of thermostat valve 118 may therefore be 
controlled according to engine 103 state sensed by the ECM. 
The respective closing and/or opening of bypass valve 128 
and displacement of bypass valve 126 may accordingly be 
controlled according to engine 103 state sensed by the ECM. 
In Some embodiments, the change in engine temperature may 
be sensed by ECM before the response of the thermally 
expandable material to that change and opening and/or clos 
ing of thermostat valve 120 and closing and/or opening of 
bypass valve 128 may be more effectively activated by the 
control valves than by the thermally expandable material, the 
embodiments described as “advance opening mode” in refer 
ence to FIG.3 hereinbelow. According to additional embodi 
ments, control valves 148a and 148b opening and/or closing 
and the respective opening and/or closing of thermostat valve 
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120 and/or bypass valve 128 may be triggered by the ECM 
according to engine 103 instant demand. According to some 
embodiments, engine temperature is required to be lower than 
the temperature which was predefined as a Start to Open 
(STO) temperature of thermostat valve 120. In these embodi 
ments, control valve 148b opening is configured to allow 
thermostat valve 120 opening and the respective bypass valve 
128 closing prior to the coolant fluid reaching the STO tem 
perature, the embodiments described as “advance opening 
mode’ hereinbelow, in reference to FIG.3. According to other 
embodiments, engine temperature is required to be higher 
than the temperature which was predefined as a Start to Open 
(STO) temperature of thermostat valve 120. In the embodi 
ments, control valve 148a opening is configured to resist 
thermostat valve 120 opening and the respective bypass valve 
128 closing upon coolant fluid reaching the STO temperature 
and allow thermostat valve 120 opening and the respective 
bypass valve 128 closing at temperatures above the STO 
temperature, the embodiments described as "delayed opening 
mode” in reference to FIG. 4, hereinbelow. Control valve 
148a opening may further be configured to induce thermostat 
valve 120 closing and the respective bypass valve 128 closing 
at temperatures above the STO temperature, the embodi 
ments described as “advance closing mode in reference to 
FIG. 5, hereinbelow. 
0109 According to other embodiments, control valves 
148a and 148b are analog control valves, configured to allow 
gradual and/or proportional opening and/or closing, thereby 
allowing measured volume of the coolant fluid to flow from 
receptacles 140 and 142, thereby controlling the coolant fluid 
pressure in the receptacles, thus controlling diaphragm 132 
and 134 state and actuator plate 150 position. Opening and/or 
closing and the extent of opening and/or closing of analog 
control valves 148a and 148b may be controlled by the ECM, 
wherein the ECM includes sensors configured to sense vari 
ous engine and vehicle parameters and determine the appro 
priate flow rate of the coolant fluid through radiator 106. 
According to Some embodiments, the actuator plate 150 posi 
tion and the respective opening and/or closing of thermostat 
valve 120 and displacement of thermostat valve 118 may 
therefore be controlled according to engine 103 state sensed 
by the ECM. The extent of opening and/or closing of thermo 
stat valve 120 and the displacement range of thermostat valve 
118 may accordingly be controlled according to engine 103 
state sensed by the ECM. According to further embodiments, 
the respective closing and/or opening of bypass valve 128 and 
displacement of bypass valve 126 may be controlled accord 
ing to engine 103 state sensed by the ECM. The extent of 
closing and/or opening of bypass valve 128 and the range of 
displacement of bypass valve 126 may correspondingly be 
controlled according to engine 103 state sensed by the ECM. 
0110. The STO temperature range of thermostat 110 can 
be set to any desired range. According to some embodiments, 
the STO temperature range of the thermostat is set to a typical 
range of about 90° C. to about 95°C. In these embodiments, 
the opening and/or closing of thermostat valve 120 and the 
respective closing and/or opening of bypass valve 128 is 
activated by the expansion and/or shrinkage of thermally 
expandable material 114 of thermostat 110. The opening 
and/or closing of thermostat valve 120 and the respective 
closing and/or opening of bypass valve 128 may further be 
activated by hydraulic actuator system 130, if thermostat110 
fails to operate. According to other embodiments, the STO 
temperature range of thermostat 110 may be set above the 
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normal range for mass produced vehicles, for example from 
about 100° C. to 105° C. In these embodiments, hydraulic 
actuator system 130 is configured to open and/or close ther 
mostat valve 120 and accordingly close and/or open bypass 
valve 128 in response to indication from the ECM prior to the 
expansion and/or shrinkage of thermally expandable material 
114 of thermostat 110, which is dependent on the predefined 
activation temperature. The operation mode allows increas 
ing the STO temperature range and therefore increases engine 
103 operation temperature, while providing an on demand 
rapid engine temperature reduction, induced by the ECM, as 
described hereinabove. Thermostat valve 120 opening and 
respective bypass valve 128 closing may be controlled in a 
way to allow engine 103 temperature cooling by the coolant 
fluid flowing through radiator 106, induced not only by 
engine temperature increase but by various engine parameters 
sensed by the ECM, for example a demand for higher power 
during acceleration. For example, a preferred range for deliv 
ering power is between 50° C. and 100°C. or a narrower range 
of between 70° C. and 90° C. can also be used. This lowering 
of the engine temperature can be accomplished by the ECM 
inducing the control valve opening, allowing almost instant 
and significant displacement of valve element 118. In this 
case thermostat valve 120 can be opened to allow drastic 
temperature decrease and a burst of power to be delivered. 
0111. According to alternative embodiments, the STO 
temperature range of the thermostatis set to a typical range of 
about 90° C. to about 95° C. and hydraulic actuator 130 is 
configured to prevent opening of thermostat valve 120 and 
accordingly prevent closing of bypass valve 128 upon expan 
sion of thermally expandable material 114 of thermostat 110. 
in response to indication from the ECM. In these embodi 
ments, hydraulic actuator 130 is configured to open thermo 
stat valve 120 and accordingly close bypass valve 128 at 
temperatures higher than the STO temperature range. In these 
embodiments, hydraulic actuator system 130 is further con 
figured to induce thermostat valve 120 closing and respective 
bypass valve 128 opening prior to the shrinkage of thermally 
expandable material 114 of thermostat 110. The operation 
mode provides an increase in engine operation temperature, 
induced and controlled by the ECM, based on the instant 
conditions of the engine, without increasing the STO tem 
perature range. The on-demand and the ECM controlled tem 
perature increase of the engine is safer compared to the engine 
temperature increase as a result of the predefined higher STO 
range, without the ECM control. High running temperature of 
the engine encourages more complete combustion, as 
explained hereinabove, and is beneficial, while controlled by 
the ECM based on the instant engine condition 
0112 Apparatus 100, including thermostat 110 assisted 
by hydraulic actuator 130 is further configured to provide a 
more effective and/or rapid cooling of the engine, as com 
pared to a conventional thermostat. 
0113. As described hereinabove, the position of the ther 
mostat valve element along the range of displacement can be 
set in accordance with the engine demand sensed by the ECM 
to allow enough coolant fluid flow to permit the engine tem 
perature to be decreased as needed. Further, the lowering of 
the temperature is preferred to occur rapidly, to achieve rapid 
cooling of the engine as the displacement is almost instanta 
neous. Most preferably, the range of displacement of the 
valve element corresponds to the coolant fluid flow rate of 
from about Zero (0) (with the valve closed) to about 8 to 12 
cubic meters (at the full extension) of the coolant fluid per 
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hour for a conventional mid-sized car. According to other 
embodiments, the range of displacement of the valve element 
corresponds to the coolant fluid flow rate of from about 0 to 
about 6 cubic meters. According to further embodiments, the 
range of displacement of the valve element corresponds to the 
coolant fluid flow rate of from about 0 to about 18 cubic 
meters. As will be appreciated by those skilled in the art, other 
car types and other engine sizes may require higher or lower 
coolant fluid flow rate. Thus, whereas thermostat 110 controls 
the fluid flow to the radiator in essentially a bimodal fashion, 
of being either closed when attemperatures lower than acti 
Vation temperatures to being opened to a set extension range 
once the activation temperature has been achieved, hydraulic 
actuator 130 can be used to position the valve element along 
a range of displacements to allow a range of the coolant fluid 
flow rates for various cooling rates and degrees in accordance 
with engine demands or loads. 
0114. Another aspect of the present invention is that 
hydraulic actuator 130 does not depend on temperature of the 
coolant fluid and is activated only by the ECM. Thus, prob 
lems associated with high under the hood engine compart 
ment temperatures, or other extraneous thermal influences are 
eliminated. In the event of a thermostat failure, the ECM is 
configured to open control valve 148b and displace valve 
element 118 off valve seat 122 to achieve the desired engine 
temperature through the coolant fluid flow regulation, 
whether under a load situation or even at steady state condi 
tions. Thus, the ECM acts as a failsafe system for the passive 
thermostat. On the other hand, in the event when the ECM 
fails for some reason thermostat 110 can still act to reliably 
control the opening and closing of the thermostat valve, as 
described hereinbelow. According to some embodiments, the 
present invention provides a hydraulically active system and 
a thermally activated passive system, which are redundant to 
one another. According to other embodiments, the present 
invention provides a hydraulically active system and a ther 
mally activated active system. Both operational modes pro 
vide a greater measure of reliability of overall performance. 
In this sense the present invention provides a failsafe design. 
0115 Having described the main components in general 
outline the details of each individual component can now be 
more clearly understood. 
0116. One possible mode of operation, denoted as “regular 
mode” is further described in the following embodiment and 
illustrated generally in FIG. 1 and FIG. 2. FIG. 1 represents 
apparatus 100, wherein thermostat valve 120 is in closed 
position, denoted as 10 and bypass valve 128 is in open 
position, denoted as 12. Coolant fluid is circulated by pump 
102 through engine 103 and thermostat 110, wherein coolant 
fluid flows into thermostat 110 through bypass valve 128. The 
flow of the coolant fluid from engine 103 to radiator 106 and 
from radiator 106 to thermostat110 through thermostat valve 
120 is therefore substantially prevented. According to some 
embodiments, upon the temperature increase of the coolant 
fluid, circulating through engine 103 and thermostat 110. 
thermally expandable material 114, such as but not limited to 
wax, melts and expands. Pressure exerted by thermally 
expandable material 114 on thermally actuated piston 116 
induces thermally actuated piston 116 ejection from body 
112a. However, thermally actuated piston 116 is connected at 
its upper end to apparatus 100 radiator block 152a, which 
anchors the thermally actuated piston in a fixed position and 
prevents its ejection and protrusion from thermostat body 
112a. Thermostat body 112a and valve element 118, con 
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nected to thermostat body 112a, are not fixed in place, 
thereby, thermostat body 112a moves downwards and ther 
mostat valve element 118 is displaced from thermostat seat 
122. Downward movement of thermostat body 112a forces 
spring 124b contraction. Thermostat body 112b, connected to 
thermostat body 112a, Subsequently moves downwards and 
bypass valve element 126 is displaced from the bypass valve 
open position, denoted as 12 in FIG. 1 to contact bypass valve 
seat 129 and to seal against it. Downward movement of 
bypass valve element 126 and its arrival to bypass valve seat 
129 brings bypass valve 126 to closed position, denoted as 
12a in FIG.2. Downward movement of thermostat body 112b 
forces spring 124b contraction. Closed bypass valve 128 
position prevents the heated coolant fluid flow from engine 
103 to thermostat through bypass valve 128 such that the 
heated coolant fluid is forced to flow to radiator 106. Dis 
placement of thermostat valve element 118 from valve seat 
122, and its downward movement brings thermostat valve 
120 to open position, denoted as 10a in FIG. 2. Open ther 
mostat valve 120 position allows the heated coolant fluid flow 
from radiator 106 to thermostat110 through thermostat valve 
120 and from thermostat 110 back to pump 102 and engine 
103. As thermostat valve element 118 is further displaced 
from thermostat valve seat 122, the more flow of the coolant 
fluid through radiator 106 is permitted, up to a maximum flow 
rate at thermostat valve 120 open position. As bypass valve 
element 126 is further moved towards bypass valve seat 129, 
the more flow of the coolant fluid through radiator 106 is 
permitted, up to a maximum flow rate at bypass valve 128 
closed position. The range of displacement of valve element 
118 defines the amount of the coolant fluid flowing from 
engine 103 to radiator 106, wherein the coolant fluid passes 
through thermostat valve 120. The range of displacement of 
bypass valve element 126 defines the amount of the coolant 
fluid flowing from engine 103 to pump 102 without passing 
through radiator 106, wherein the coolant fluid passes 
through bypass valve 128. 
0117 Closing of thermostat valve 120 and opening of 
bypass valve 128 are initiated by cooling of thermally 
expandable material 114. Coolant fluid flowing through 
radiator 106 allows cooling of engine 103 and therefore the 
temperature of the coolant fluid flowing through thermostat 
110 decreases. Thermally expandable material 114 tempera 
ture is therefore also decreased, allowing Solidification and 
shrinkage thereof. Such shrinkage of the thermally expand 
able material leaves void in thermostat body112a. Contracted 
thermostat spring 124a exerts pressure on contacting valve 
element 118, forcing thermostat body upward movement, 
until thermally actuated piston 116 is fully inserted in ther 
mostat body 112 and thermostat spring 124a is relaxed. Ther 
mostat valve element 118 is displaced from thermostat valve 
120 open position denoted as 10a in FIG. 2 and moves 
upwards until arriving at thermostat valve seat 122 and seal 
ing against it. Arrival of thermostat valve element 118 at 
thermostat valve seat 122 brings thermostat valve 120 to 
closed position, denoted as 10 in FIG. 1. Thermostat body 
112b, connected to thermostat body 112a, subsequently 
moves upwards, allowing relaxation of spring 124b and 
bypass valve element 126 is displaced from bypass valve seat 
129 at bypass valve 128 closed position denoted as 12a in 
FIG. 2 to bypass valve 128 open position, denoted as 12 in 
FIG. 1. Open bypass valve 128 position allows the coolant 
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fluid flow from engine 103 to thermostat 110 through bypass 
valve 128 and prevents the coolant fluid flow from engine 103 
to radiator 106. 

0118. According to some embodiments, in “regular 
mode” thermostat valve 120 opening and/or closing is acti 
vated by thermally expandable material 114 expansion and/or 
shrinkage, respectively and/or by thermostat spring 124a 
contraction and/or extension, respectively. The extent of 
opening and/or closing of thermostat valve 120 is defined by 
the extent of thermally expandable material 114 expansion 
and/or shrinkage and/or by extent of thermostat spring 124a 
contraction and/or extension. Displacement of thermostat 
valve element 118 is activated by thermally expandable mate 
rial 114 expansion and/or shrinkage and/or by thermostat 
spring 124a contraction and/or extension. The range of dis 
placement of thermostat valve element 118 is defined by the 
extent of thermally expandable material 114 expansion and/ 
or shrinkage and/or by thermostat spring 124a contraction 
and/or extension. 

0119. According to further embodiments, in “regular 
mode bypass valve 128 closing and/or opening is activated 
by thermally expandable material 114 expansion and/or 
shrinkage, respectively, and/or by thermostat spring 124a 
contraction and/or extension. Bypass valve 128 closing and/ 
or opening may further be activated by thermally expandable 
material 114 expansion and/or shrinkage, respectively, and/or 
by thermostat spring 124b contraction and/or extension. The 
extent of opening and/or closing of bypass valve 128 is 
defined by the extent of thermally expandable material 114 
expansion and/or shrinkage and by extent of thermostat 
spring 124a contraction and/or extension. The extent of open 
ing and/or closing of bypass valve 128 may be defined by the 
extent of thermally expandable material 114 expansion and/ 
or shrinkage and by extent of thermostat spring 124b contrac 
tion and/or extension. Displacement of bypass valve element 
126 is activated by thermally expandable material 114 expan 
sion and/or shrinkage and/or by thermostat spring 124a con 
traction and/or extension. Displacement of bypass valve ele 
ment 126 may activated by thermally expandable material 
114 expansion and/or shrinkage and/or by thermostat spring 
124b contraction and/or extension. The range of displace 
ment of bypass valve element 126 is defined by the extent of 
thermally expandable material 114 expansion and/or shrink 
age and by thermostat spring 124a contraction and/or exten 
sion. The range of displacement of bypass valve element 126 
may be defined by the extent of thermally expandable mate 
rial 114 expansion and/or shrinkage and by thermostat spring 
124a contraction and/or extension. 

0.120. The mode of operation described hereinabove is 
based on the operation of thermostat 110, wherein the STO 
temperature is predefined and thermostat valve 120 starts to 
open and bypass valve 128 starts to close as the coolant fluid 
temperature passing through engine 103 reaches the pre 
defined value. In the operation mode receptacles 140 and 142 
are filled with the coolant fluid, as control valves 148a and 
148b are in closed position, preventing coolant fluid flow 
from receptacles 140 and 142. Position of actuator plate 150 
is defined by pressure distribution between receptacles 140 
and 142, wherein receptacle 140 contacts diaphragm 132 and 
receptacle 142 contacts diaphragm 134 and diaphragm 132 
and diaphragm 134 are interconnected through diaphragm 
balance element 154. In the described operation mode, actua 
tor plate 150 is disposed between receptacle 140 and recep 
tacle 142, while contacting bypass diaphragm 134. The posi 
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tion of actuator plate 150 does not change with opening of 
thermostat valve 120 and closing of bypass valve 128, as the 
coolant fluid pressure in receptacles 140 and 142 is being 
defined by pressure reducer system 146 therefore being con 
stant and equal as long as both control valves 148a and 148b 
are closed and receptacles 140 and 142 are filled with the 
coolant fluid. The position of actuator plate 150 is denoted as 
14 in FIG. 1 and FIG. 2. 

0121 According to Some embodiments, in “regular opera 
tion mode” the extent of opening and/or closing of thermostat 
valve 120 may be defined by the position of actuator plate 
150, controlled by the extent of closing and/or opening of 
control valve 148a and the extent of closing and/or opening of 
control valve 148b. The range of displacement of thermostat 
valve element 118 may be defined by the position of actuator 
plate 150, controlled by the extent of control valve 148a 
closing and/or opening and by the extent of control valve 
148b closing and/or opening. 
0122) According to further embodiments, in “regular 
operation mode the extent of closing and/or opening of 
bypass valve 128 may be defined by the position of actuator 
plate 150, controlled by the extent of closing and/or opening 
of control valve 148a and by the extent of closing and/or 
opening of control valve 148. The range of displacement of 
bypass valve element 126 may be defined by the position of 
actuator plate 150, controlled by the extent of control valve 
148a closing and/or opening and the extent of control valve 
148b closing and/or opening. 
0123. Another possible mode of operation, denoted as 
“advance opening mode”, is further described in the follow 
ing embodiment and illustrated generally in FIG. 1 and FIG. 
3. FIG. 1 represents apparatus 100, wherein thermostat valve 
120 is in closed position, denoted as 10 and bypass valve 128 
is in open position, denoted as 12. Coolant fluid is circulated 
by pump 102 through engine 103 and thermostat 110. 
wherein coolant fluid flows into thermostat 110 through 
bypass valve 128. The flow of the coolant fluid from engine 
103 to radiator 106 and from radiator 106 to thermostat 110 
through thermostat valve 120 is therefore substantially pre 
vented. Upon receiving an indication from the ECM (not 
shown), control valve 148b opens. FIG.3 represents appara 
tus 100, wherein control valve 148b is in open position. 
Control valve 148b opening facilitates the coolant fluid flow 
from receptacle 142. Diaphragm 134, which contacts and 
seals receptacle 142 is drawn into the receptacle following 
coolant fluid flowing out of receptacle 142, as the coolant 
fluid pressure in receptacle 142 is reduced from the pressure 
defined by pressure reducer system 146 to about 0 Atm. 
Diaphragm 134 downward movement forms a concave 
shaped diaphragm that exerts pressure on actuator spring 138, 
contacting diaphragm 134, forcing actuator spring 138 con 
traction. Diaphragm 134 may bearing shaped diaphragm Seal 
mounted on receptacle 140. Diaphragm 134 is configured to 
move downwards or upwards forming a concave or convex 
shaped diaphragm respectively. Control valve 148a remains 
closed, preventing coolant fluid flow from receptacle 140. 
Pressure of the coolant fluid in receptacle 142 is higher than 
coolant fluid pressure in receptacle 140, therefore diaphragm 
132 exerts pressure on diaphragm 134 through diaphragm 
balance element 154, ensuring diaphragm 132 drawn posi 
tion. Actuator plate 150, contacting diaphragm 134 is there 
fore displaced from position denoted as 14 in FIG. 1 to posi 
tion denoted as 14b in FIG. 3. Actuator plate 150 downward 
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movement releases pressure exerted on contacting thermostat 
spring 124a, facilitating relaxation of thermostat spring 124a. 
0.124 Relaxed thermostat spring 124a exerts less pressure 
on contacting valve element 118 than in “regular mode' pre 
sented in FIG. 2, thereby facilitating thermostat valve 120 
opening, proceeding by thermostat valve element 118 dis 
placement from valve seat 122. Thermostat valve element 
118 is displaced from thermostat valve seat 122 to the open 
position denoted as 10b in FIG. 3. Opening of thermostat 
valve 120, therefore, is triggered by hydraulic actuator 130 
operation, including control valve 148b opening, and pro 
ceeds prior to expansion of thermally expandable material 
114, inducing thermostat pin 116 ejection and thermostat 
body 112a downward movement. Attemperatures below the 
predefined STO temperature, thermally expandable material 
114 does not expand, therefore opening of thermostat valve 
120 creates void in thermostat body 112a, which is not filled 
by thermally expandable material 114. 
0.125. Thermostat body 112b, connected to thermostat 
body 112a, Subsequently moves downwards and bypass valve 
element 126 is displaced from bypass valve 128 open posi 
tion, denoted as 12 in FIG.1 until contacting bypass valve seat 
129 and sealing against it. Bypass valve 128 closed position is 
denoted as 12b in FIG. 3. Downward movement of thermostat 
body 112a and subsequent downward movement of thermo 
stat body 112b forces spring 124b contraction to a higher 
extent than in “regular mode, shown in FIG. 2, as spring 
124a is relaxed compared to spring 124b due to hydraulic 
actuator 130 operation, therefore pressure distribution 
between spring 124a and spring 124b is not equal. According 
to Some embodiments, in the described operation mode, heat 
ing of the coolant fluid to the predefined STO temperature 
may induce expansion of thermally expandable material 114 
and Subsequently induce opening of thermostat valve 120 and 
closing of bypass valve 128 further to opening and closing 
thereof, induced by opening of control valve 148b. Thermo 
stat bodies 112a and 112b downward movement, induced by 
expansion of thermally expandable material 114 may force 
spring 124b contraction further to the contraction forced by 
relaxation of thermostat spring 124a, induced by control 
valve 148b opening. 
0.126 Closed bypass valve 128 position allows coolant 
fluid flow from engine 103 to radiator 106 and open thermo 
stat valve 120 position allows coolant fluid flow from radiator 
106 to thermostat 110 through thermostat valve 120. There 
fore, opening of thermostat valve 120 and closing of bypass 
valve 128 are promoted and may proceed at a lower tempera 
ture than the predefined STO temperature, in “regular mode'. 
exemplified by FIG. 2, due to opening of control valve 148b, 
receiving an indication from the ECM (not shown). Alterna 
tively, opening of thermostat valve 120 and closing of bypass 
valve 128 may proceed to a higher extent at the predefined 
STO temperature. Thermostat valve element 118 downward 
movement induced by actuator 130 operation allows a more 
rapid opening and/or opening to a higher extent of thermostat 
valve 120 than thermostat valve 120 opening induced by 
thermally expansive material 114 heating only. Accordingly, 
thermostat valve element 118 downward movement induced 
by actuator 130 operation, including opening of control valve 
148b, allows a more rapid closing and/or closing to a higher 
extent of bypass valve 128 than bypass valve 128 closing 
induced by thermally expansive material 114 heating only. In 
the described “advance opening mode' coolant fluid flow 
from engine 103 to radiator 106 is allowed at temperatures 
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lower than the predefined STO and/or coolant fluid flow rate 
and/or volume through radiator 106 are increased compared 
to the flow rate and/or Volume at the corresponding tempera 
ture in the regular operation mode (“regular mode”). Control 
valve 148b is controlled by the ECM and therefore opening of 
valve 148bprior to thermostat valve 120 opening and bypass 
valve 128 closing, induced by heating of thermally expand 
able material 114 by the coolant fluid, allows decreasing the 
working temperature of engine 103. Decreasing the engine 
working temperature may be required for example, but not 
limited to, increasing the engine power, which in turn may be 
required at particular conditions existing in the engine load, 
Such as acceleration or other circumstance which creates a 
need for more power as determined by the ECM, as explained 
hereinabove. Opening of valve 148b further allows control 
ling a cooling regime of engine 103 in a real time, based on the 
instant engine condition and demand and not only according 
to the predetermined cooling regime, defined by thermally 
expandable material heating rate. 
0127. According to some embodiments, in the described 
operation mode, closing of thermostat valve 120 and opening 
of bypass valve 128 may be initiated by closing of control 
valve 148b. Upon the closing of control valve 148b, recep 
tacle 142 is filled with the coolant fluid, circulated by pump 
102 through pressure reducer 146 and non-return valve 144b. 
Pressure of the coolant fluid in receptacle 142 is increased 
from about 0 Atm to the pressure defined by pressure reducer 
system 146. Diaphragm 134, contacting and sealing recep 
tacle 142 is pushed out of receptacle 142, due to the pressure 
exerted by the coolant fluid, inducing upward movement of 
contacting actuator plate 150. Actuator plate 150 is displaced 
from the position denoted as 14b in FIG.3 to position denoted 
as 14a in FIG. 1, exerting pressure on contacting thermostat 
spring 124a and thus forcing contraction thereof. Contracted 
thermostat spring 124 exerts pressure on valve element 118. 
As disclosed hereinabove, at temperatures below the pre 
defined STO temperature, thermostat body 112a includes a 
void, which is not filled by expanded thermally expandable 
material 114, therefore the pressure exerted by contracted 
thermostat spring 124a on thermostat valve element 118 
facilitates thermostat body 112a upward movement, until 
thermally actuated piston 116 is fully inserted in thermostat 
body 112a and thermostat spring 124a is relaxed. Thermostat 
valve element 118 is displaced from thermostat valve 120 
open position denoted as 10b in FIG. 3 and moves upwards 
until arriving at thermostat valve seat 122 and sealing against 
it. Arrival of thermostat valve element 118 at thermostat valve 
seat 122 brings thermostat valve 120 to closed position, 
denoted as 10 in FIG. 1. Upward movement of thermostat 
body 112a induces contacting thermostat body 112b upward 
movement and spring 124b relaxation. Bypass valve element 
126 is displaced from bypass valve seat 129 at bypass valve 
128 closed position denoted as 12b in FIG. 3 to bypass valve 
128 open position, denoted as 12 in FIG.1. Open bypass valve 
128 position allows coolant fluid flow from engine 103 to 
thermostat 110 through bypass valve 128 and prevents cool 
ant fluid flow from engine 103 to radiator 106. 
0128. According to some embodiments, the closing of 
thermostat valve 120, induced by closing of control valve 
148b, may be assisted by relaxation of actuator spring 138. 
Upon opening of thermostat valve 120 induced by the open 
ing of control valve 148a, diaphragm 134 moves downwards, 
wherein diaphragm 134 contacts actuator spring 138, thereby 
forcing its contraction. Therefore, diaphragm 134 movement 
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upwards is forced not only by closing of control valve 148b 
and coolant fluid pressure build-up in receptacle 142 but also 
by contracted actuator spring 138, upon the relaxation 
thereof. 

I0129. According to some embodiments, if coolant fluid 
temperature has reached predefined STO temperature, clos 
ing of control valve 148b induces thermostat valve element 
118 upward movement to the extent defined by the expansion 
of thermally expandable material 114 inside thermostat body 
112a and complete closing of thermostat valve 120 and com 
plete opening of bypass valve 128 proceeds following the 
decrease of thermally expandable material 114 temperature 
and shrinkage thereof. 
0.130. According to some embodiments, in “advance 
opening mode thermostat valve 120 opening and/or closing 
is activated by control valve 148b closing and/or opening, 
respectively. The extent of opening and/or closing of thermo 
stat valve 120 is defined by the position of actuator plate 150, 
controlled by the extent of closing and/or opening of control 
valve 148b. According to some embodiments, the extent of 
opening and/or closing of thermostat valve 120 is defined by 
the position of actuator plate 150, controlled by the extent of 
closing and/or opening of control valve 148a and the extent of 
closing and/or opening of control valve 148b. Displacement 
of thermostat valve element 118 is activated by control valve 
148b closing and/or opening. The range of displacement of 
thermostat valve element 118 is defined by the position of 
actuator plate 150, controlled by the extent of closing and/or 
opening of control valve 148b. According to some embodi 
ments, the range of displacement of thermostat valve element 
118 may be defined by the position of actuator plate 150, 
controlled by the extent of control valve 148a closing and/or 
opening and by the extent of control valve 148b closing 
and/or opening. 
I0131. According to further embodiments, in “advance 
opening mode” bypass valve 128 closing and/or opening is 
activated by control valve 148b closing and/or opening, 
respectively. The extent of closing and/or opening of bypass 
valve 128 is defined by the position of actuator plate 150, 
controlled by the extent of closing and/or opening of control 
valve 148b. According to some embodiments, the extent of 
closing and/or opening of bypass valve 128 may be defined by 
the position of actuator plate 150, controlled by the extent of 
closing and/or opening of control valve 148a and by the 
extent of closing and/or opening of control valve 148. Dis 
placement of bypass valve element 126 is activated by control 
valve 148b closing and/or opening. The range of displace 
ment of bypass valve element 126 is defined by the position of 
actuator plate 150, controlled by the extent of closing and/or 
opening of control valve 148b. According to some embodi 
ments, the range of displacement of bypass valve element 126 
may be defined by the position of actuator plate 150, con 
trolled by the extent of control valve 148a closing and/or 
opening and the extent of control valve 148b closing and/or 
opening. 
0.132. According to alternative embodiments, in “advance 
opening mode thermostat valve 120 opening and/or closing 
may further be activated by thermally expandable material 
114 expansion and/or shrinkage, respectively. Displacement 
of thermostat valve element 118 may be activated by ther 
mally expandable material 114 expansion and/or shrinkage 
Bypass valve 128 closing and/or opening may further be 
activated by thermally expandable material 114 expansion 
and/or shrinkage, respectively. Displacement of bypass valve 
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element 126 may be activated by thermally expandable mate 
rial 114 expansion and/or shrinkage. 
0133. Thermostat valve 120 operation in the operation 
mode is failsafe. In thermally expandable material 114 fails to 
induce thermostat valve 120 opening and bypass valve 128 
closing, control valve 148b opening will induce thermostat 
valve 120 opening and bypass valve 128 closing. If control 
valve 148ab fails to open, thermally expandable material will 
induce thermostat valve 120 opening and bypass valve 128 
closing. 
0134. Another possible mode of operation, denoted as 
“delayed opening mode”, is further described in the following 
embodiment and illustrated generally in FIG. 1, FIG. 2 and 
FIG. 4. FIG. 4 represents apparatus 100, wherein thermostat 
valve 120 is in closed position, denoted as 10 and bypass 
valve 128 is in open position, denoted as 12. Coolant fluid is 
circulated by pump 102 through engine 103 and thermostat 
110, wherein coolant fluid flows into thermostat 110 through 
bypass valve 128. The flow of the coolant fluid from engine 
103 to radiator 106 and from radiator 106 to thermostat 110 
through thermostat valve 120 is therefore substantially pre 
vented. Upon receiving an indication from the ECM (not 
shown), control valve 148a opens. Control valve 148a open 
ing facilitates coolant fluid flow from receptacle 140. Dia 
phragm 132 sealing receptacle 140 is drawn into the recep 
tacle following coolant fluid flowing out of receptacle 140, as 
the coolant fluid pressure in receptacle 140 is reduced from 
the pressure defined by pressure reducer system 146 to about 
0 Atm. Diaphragm 132 upward movement exerts pressure on 
actuator spring 136, contacting diaphragm 132, forcing 
actuator spring 136 contraction. Control valve 148b remains 
closed, preventing coolant fluid flow from receptacle 142. 
Pressure of the coolant fluid in receptacle 142 is higher than 
coolant fluid pressure in receptacle 140. As the pressure dis 
tribution between the receptacles is shifted, diaphragm 134, 
which is connected to diaphragm 132 through diaphragm 
balance element 154, is pushed from receptacle 142 towards 
receptacle 140. Actuator plate 150, contacting diaphragm 134 
is therefore displaced from position denoted as 14 in FIG. 1 to 
position denoted as 14b in FIG. 4. Actuator plate 150 upward 
movement exerts pressure on contacting thermostat spring 
124a, forcing contraction of thermostat spring 124a. 
0135 Upon reaching the predefined STO temperature 
thermally expandable material 114, such as but not limited to 
wax, melts and expands, as described hereinabove. However, 
pressure exerted by thermally expandable material 114 on 
thermally actuated piston 116 is insufficient for inducing 
thermostat body 112a and thermostat body 112b downward 
movement and respective thermostat Valve 120 opening and 
bypass valve element 128 closing, as spring 124a, associated 
with actuator plate 150 is contracted and therefore resists 
thermostat body 112a (and the respective thermostat body 
112b) displacement, shown in FIG. 2. Therefore, opening of 
thermostat valve 120 and closing of bypass valve 128 are 
delayed and proceed at a higher temperature than the pre 
defined STO temperature, due to opening of control valve 
148a, receiving an indication from the ECM (not shown). In 
the described operation mode the coolant fluid continues to 
flow from engine 103 to thermostat throughbypass valve 128, 
without passing through radiator 106, even upon reaching the 
STO temperature of thermostat 110. Control valve 148a is 
controlled by the ECM and therefore opening of valve 148a 
prior to coolant fluid reaching the predefined STO tempera 
ture of thermostat 110, allows increasing the STO tempera 
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ture above its predefined value. Opening of valve 148a further 
allows defining the STO temperature in a real time, based on 
the instant engine condition and demand. 
0.136 Opening of thermostat valve 120 and closing of 
bypass valve 128 in the operation mode may proceed by 
heating of thermally expendable material 114 by the heated 
coolant fluid to the temperature higher than the predefined 
STO, allowing expansion of thermally expandable material 
114 to an extent, Sufficient to overcome thermostatspring 124 
contraction and to induce thermostat body 112a and thermo 
stat body 112b downward movement. The opening of the 
thermostat may additionally or alternatively proceed by clos 
ing of control valve 148a, allowing pressure build-up in 
receptacle 140. Upon the pressure increase in receptacle 140, 
diaphragm 132, sealing receptacle 140, is pushed down 
wards, transferring pressure to diaphragm 134, Sealing recep 
tacle 142, wherein diaphragm 140 and diaphragm 142 are 
connected through diaphragm balance element 154. As the 
pressure distribution between the receptacles is shifted, dia 
phragm 142 is accordingly pushed downwards and actuator 
plate 150, contacting diaphragm 140 is therefore displaced 
from position denoted as 14b in FIG. 4 to position denoted as 
14 in FIG. 1 and FIG. 2. Actuator plate 150 downward move 
ment eliminates the pressure previously exerted on contacting 
thermostat spring 124a, inducing extension of thermostat 
spring 124a. Relaxed thermostat spring 124a does not resist 
thermostat valve 120 opening and bypass valve 128 closing 
and thermally expandable material 114 expansion due to 
heating by the heated coolant fluid becomes sufficient to 
induce thermostat body 112a and thermostat body 112b 
downward movement. 
0.137 Thermostat valve 120 operation in the operation 
mode is fail-safe. In thermally expandable material fails to 
induce thermostat valve 120 opening and bypass valve 128 
closing, control valve 148a opening will induce thermostat 
valve 120 opening and bypass valve 128 closing. If control 
valve 148a fails to open, thermally expandable material will 
induce thermostat valve 120 opening and bypass valve 128 
closing. 
0.138 Opening of thermostat valve 120 may proceed 
gradually, wherein the extent of opening and/or closing of 
thermostat valve 120 may be defined by the position of actua 
tor plate 150, controlled by the extent of opening and/or 
closing of control valve 148a. The range of displacement of 
thermostat valve element 118 may be defined by the position 
ofactuator plate 150, controlled by the extent of control valve 
148a opening and/or closing. 
0.139 Closing of bypass valve 128 may proceed gradually, 
wherein the extent of closing and/or opening of bypass valve 
128 may be defined by the position of actuator plate 150, 
controlled by the extent of opening and/or closing of control 
valve 148a. The range of displacement of bypass valve ele 
ment 126 may be defined by the position of actuator plate 150, 
controlled by the extent of control valve 148a opening and/or 
closing. 
0140. Another possible mode of operation, denoted as 
“advance closing mode', is further described in the following 
embodiment and illustrated generally in FIG. 1 and FIG. 5, in 
accordance with some embodiments. FIG.5 represents appa 
ratus 100, wherein thermostat valve 120 is in open position, 
denoted as 10c and bypass valve 128 is in closed position, 
denoted as 12c, after the coolant fluid temperature has 
reached the predetermined STO value. The heated coolant 
fluid is circulated by pump 102 through engine 103, radiator 
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106 and thermostat 110, wherein the coolant fluid flows into 
thermostat110 through thermostat valve 120. Upon receiving 
an indication from the ECM (not shown), control valve 148a 
opens. Control valve 148a opening facilitates coolant fluid 
flow from receptacle 140. Diaphragm 132 sealing receptacle 
140 is drawn into the receptacle following coolant fluid flow 
ing out of receptacle 140, as the coolant fluid pressure in 
receptacle 140 is reduced from the pressure defined by pres 
sure reducer system 146 to about 0 Atm. Diaphragm 132 
upward movement exerts pressure on actuator spring 136, 
contacting diaphragm 132, forcing actuator spring 136 con 
traction. Control valve 148b remains closed, preventing cool 
ant fluid flow from receptacle 142. The pressure of the coolant 
fluid in receptacle 142 is higher than the coolant fluid pressure 
in receptacle 140. As the pressure distribution between the 
receptacles is shifted, diaphragm 134, which is connected to 
diaphragm 132 through diaphragm balance element 154, is 
pushed from receptacle 142 towards receptacle 140. Actuator 
plate 150, contacting diaphragm 134 is therefore displaced 
from position denoted as 14 in FIG. 1 and FIG. 2 to position 
denoted as 14b in FIG. 5. Actuator plate 150 upward move 
ment exerts pressure on contacting thermostat spring 124a. 
forcing contraction of thermostat spring 124a. 
0141 Contracted thermostat spring 124a exerts pressure 
on contacting valve element 118. In the described operation 
mode, the contraction of thermostat spring 124a is not pro 
portional to the pressure exerted by thermally expandable 
material 114 on thermally actuated piston 116. Following 
control valve 148a opening, thermostat spring 124a is con 
tacted to a higher extent than in a regular operation mode 
(“regular mode’) presented in FIG. 2. Therefore, pressure 
exerted by contracted thermostat spring 124a, inducing ther 
mostat valve element upward movement, exceeds pressure 
exerted by thermally expandable material 114 on thermally 
actuated piston 116, inducing thermostat body 112a down 
ward movement, such that contracted thermostat spring 124a 
induces valve element 118 movement upwards and the sub 
sequent thermostat body 112a movement upwards until ther 
mostat spring 124a is contracted to a lesser extent and ther 
mally actuated piston 116 is inserted back into thermostat 
body 112a. Thermostat valve element 118 is displaced from 
thermostat valve 120 open position denoted as 10c in FIG. 5 
and moves upwards until arriving at thermostat valve seat 122 
and sealing against it. Arrival of thermostat valve element 118 
at thermostat valve seat 122 brings thermostat valve 120 to 
closed position, denoted as 10 in FIG. 1. Thermostat body 
112b, connected to thermostat body 112a, subsequently 
moves upwards and bypass valve element 126 is displaced 
from bypass valve seat 129 at bypass valve 128 closed posi 
tion denoted as 12c in FIG. 5 to bypass valve 128 open 
position, denoted as 12 in FIG. 1. Open bypass valve 128 
position allows coolant fluid flow from engine 103 to thermo 
stat 110 through bypass valve 128 and prevents coolant fluid 
flow from engine 103 to radiator 106. Therefore, closing of 
thermostat valve 120 and opening of bypass valve 128 are 
promoted and may proceed at a higher temperature than in the 
regular operation mode, (exemplified in FIG. 2) due to open 
ing of control valve 148a, receiving an indication from the 
ECM (not shown). Alternatively, closing of thermostat valve 
120 and opening of bypass valve 128 may proceed to a higher 
extent at the same temperature as in the regular operation 
mode (exemplified in FIG. 2). Thermostat valve element 118 
upwards movement induced by actuator 130 operation allows 
a more rapid closing and/or closing to a higher extent of 
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thermostat valve 120 than thermostat valve 120 closing 
induced by thermally expansive material 116 cooling only. 
Accordingly, thermostat valve element 118 upwards move 
ment induced by actuator 130 operation, including opening of 
control valve 148a, allows a more rapid opening and/or open 
ing to a higher extent of bypass valve 128 than bypass valve 
120 opening induced by thermally expansive material 116 
cooling only. In the described “advance closing mode' cool 
ant fluid flow from engine 103 to radiator 106 is blocked or its 
flow rate and/or volume through radiator 106 are reduced at 
temperatures higher than temperatures at which the blockage 
or flow rate and/or Volume decrease proceed in the regular 
operation mode or, alternatively, coolant fluid flow rate and/or 
volume through radiator 106 are reduced compared to the 
flow rate and/or Volume at the corresponding temperature in 
the regular operation mode. Control valve 148a is controlled 
by the ECM and therefore opening of valve 148a prior to 
thermostat valve 120 closing and bypass valve 128 opening, 
induced by cooling of thermally expandable material 116, 
allows increasing the working temperature of engine 103. 
Opening of valve 148a further allows to control cooling of 
engine 103 in a real time, based on the instant engine condi 
tion and demand and not only according to the predetermined 
cooling regime, defined by thermally expandable material 
cooling rate. 
0.142 Reference is now made to FIG. 6A, showing a front 
view of housing 200 of apparatus 100 and to FIG. 6B, show 
ing an exploded front view of housing 200 of apparatus 100, 
according to some embodiments of the invention. 
0.143 Apparatus housing 200 includes thermostat housing 
202, configured to accommodate thermostat 110, and step 
motor housing 204, configured to accommodate actuator 130 
and step motor 210 (not shown), wherein thermostat 110 is 
associated with actuator 130, as described hereinabove. 
0144. Apparatus housing further includes pipe 220, con 
figured to provide flow of the coolant fluid from radiator 106 
(not shown) to thermostat 110 and pipe 222, configured to 
provide flow of the coolant fluid to engine 103 (not shown). 
Apparatus housing 200 further includes pipe 224, configured 
to provide the flow of the coolant fluid from engine 103 (not 
shown) to thermostat 110 and pipe 226, configured to provide 
flow of the coolant fluid to radiator 106 (not shown). 
0145 Apparatus housing 200 is connected to temperature 
sensor 300, wherein temperature sensor 300 is configured to 
detect the coolant fluid temperature additionally or alterna 
tively to thermostat 110. 
014.6 Reference is now made to FIG. 7A, showing a cross 
sectional front view of apparatus 100, along line JJ in FIG. 
8A, including apparatus housing 200, thermostat 110 and 
actuator 130, to FIG. 7B, showing an exploded view of step 
motor housing 204, step motor 210 and actuator 130, and to 
FIG. 7C, showing a cross-sectional side view of apparatus 
100, along line II in FIG. 8B, including apparatus housing 
204, thermostat 110 and actuator 130, according to some 
embodiments of the invention. 

0147 Thermostat 110 includes thermostat body 112, 
divided into two sections: thermostat body 112a and thermo 
stat body 112b. Thermostat body 112a includes thermally 
actuated piston 116, disposed inside thermostat body 112a. 
Thermostat 110 further includes thermostat valve element 
118, connected to thermostat body 112a and configured to 
move freely downwards and upwards, allowing opening and 
closing of thermostat valve 120 to respectively allow or pre 
vent the coolant fluid flow from engine 103, through thermo 
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stat 110 to radiator 106, wherein the coolant fluid flows 
through pipes 224 and 226. Thermostat 110 further includes 
valve seat 122, against which valve element 118 seals. Ther 
mostat valve element 118 is connected to thermostat body 
112a, wherein thermostat valve seat 122 is fixed in place. 
Thermostat 110 further includes thermostat spring 124a, 
mounted on thermostat body 112a. Thermostat spring 124a is 
associated with valve element 118. 
0148. Apparatus 100 further includes bypass valve 128. 
Bypass valve 128 includes bypass valve element 126 con 
nected to thermostat body 112b and configured to move freely 
downwards and upwards, allowing closing and opening of 
bypass valve 128 to respectively allow or prevent the coolant 
fluid flow from radiator 106 to engine 103, wherein the cool 
ant fluid flows through pipes 220 and 222. Thermostat 110 
further includes bypass valve seat 129, against which bypass 
valve element 126 seals. Bypass valve element 126 is con 
nected to thermostat body 112b, wherein bypass valve seat 
129 is fixed in place. Thermostat 110 further includes ther 
mostat spring 124b, mounted on thermostat body 112b. Ther 
mostat spring 124b is associated with bypass valve element 
128 and with thermostat spring 124a. 
0149 Apparatus 100 further includes hydraulic actuator 
130, wherein the hydraulic actuator includes diaphragm 134. 
Hydraulic actuator 130 further includes actuator plate 150, 
which is associated with diaphragm 134. Diaphragm 134 is 
connected to receptacle 142, wherein receptacle 142 is con 
figured to be filled with a fluid. The fluid is configured to flow 
from an external pump (not shown) through pipeline 206. 
Receptacle 142 is further configured to allow releasing of the 
fluid, wherein the fluid is configured to flow from receptacle 
142 through pipeline 206 to the pump. The volume of the fluid 
flowing into and from receptacle 142 is controlled by step 
motor 210. According to some embodiments, the fluid 
includes liquid, circulated by an external pump. In these 
embodiments, the liquid includes water, coolant fluid or oil. 
According to other embodiments, the fluid includes the cool 
ant fluid, circulated by the coolant fluid pump. 
0150 Step motor housing 204 includes step motor 210, 
wherein step motor 210 includes lead screw 212, needle bear 
ing 214, motor 216 and step motor cover 218. Step motor 
housing 204 further includes position actuator 230, wherein 
position actuator 230 includes lead piston 232, actuator 234, 
actuator holder 236 and actuator cover 238. Step motor hous 
ing 204 is configured to include receptacle 142, actuator plate 
150 and diaphragm 134, wherein actuator plate 150 is asso 
ciated with diaphragm 134 and diaphragm 134 is assembled 
on receptacle 142 with o-rings 242 and 244. 
0151 Step motor 210 is configured to facilitate propulsion 
and retraction of positioning actuator 230. Motor 216 is asso 
ciated with lead screw 212, wherein lead screw 212 contacts 
lead piston 232. Actuator 234 is assembled on lead piston 232. 
Upon activation of motor 216, actuator 232 travels along axis 
X denoted as 40. Actuator 232 is influid-flow connection with 
receptacle 142, through pipe 206. Propulsion of positioning 
actuator 230 increases fluid volume in receptacle 142, thereby 
inducing pressure exerted on diaphragm 134. Retraction of 
positioning actuator 230 decreases fluid volume in receptacle 
142, thereby reducing pressure exerted on diaphragm 134. 
According to some embodiments, specific position of posi 
tioning actuator 230 defines the volume of the fluid filling the 
receptacle, the pressure exerted on diaphragm 134, and there 
fore defines the specific position of actuator plate 150, which 
is in contact with diaphragm 134. The specific position of 
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actuator plate 150, which is in contact with thermostat spring 
124a, defines the extent of opening and/or closing of thermo 
stat valve 120 and/or bypass valve 128. 
0152. According to some embodiments, activation of 
motor 216 is facilitated by the ECM (not shown). According 
to additional embodiments, motor 216 is activated in 
response to an indication received from temperature sensor 
3OO. 

0153. Reference is now made to FIG.9A, showing a cross 
sectional view of thermostat 110 and actuator 130, along line 
JJ in FIG. 8A, wherein thermostat valve 120 is in closed 
position, and to FIG. 9B, showing a cross-sectional view of 
step motor 210, along line II in FIG. 8B, wherein thermostat 
valve 120 is in closed position, according to some embodi 
mentS. 

0154 Thermostat valve 120 is in closed position, and 
bypass valve 128 is in open position. Thermostat valve ele 
ment seals against Valve seat 122 and bypass valve element 
126 is displaced from valve seat 129. Coolant fluid is circu 
lated by pump 102 (not shown) through engine 103 (not 
shown) and thermostat 110, wherein coolant fluid flows from 
thermostat 110 back to the engine through bypass valve 128. 
The flow of the coolant fluid from engine 103 to radiator 106 
through thermostat valve 120 is therefore substantially pre 
vented. 
0155 Positioning actuator 230 is in its partially-extended 
position, denoted as 30, facilitating flow of a predetermined 
volume of the fluid into receptacle 142, thereby exerting a 
predefined pressure on diaphragm 134, which diaphragm 
contacts and/or seals receptacle 142. Actuator plate 150, con 
tacting diaphragm 134 contacts spring 124a, mounted on 
thermostat body 112a, wherein spring 124a is configured to 
counteract the pressure exerted by positioning actuator 230. 
In closed thermostat Valve position spring 124a is extended 
and thereby exerts insufficient pressure on diaphragm 134, 
rendering thermostat valve 110 closed and bypass valve 128 
open. 
0156 Reference is now made to FIG. 10A, showing a 
cross-sectional view of thermostat 110 and actuator 130, 
along line JJ in FIG. 8A, wherein thermostat valve 120 is in 
open position in a “regular mode” and to FIG. 10B, showing 
a cross-sectional view of step motor 210, along line II in FIG. 
8B, wherein thermostat valve 120 is in open position in a 
“regular mode, according to some embodiments. 
0157. As described in reference to FIGS. 1 and 2 herein 
above, upon temperature increase of the coolant fluid, circu 
lating through engine 103 and thermostat 110, thermally 
expandable material 114 (not shown) melts and expands. 
Pressure exerted by thermally expandable material 114 on 
thermally actuated piston 116 induces thermostat body 112a 
and valve element 118, connected to thermostat body 112a, 
downward movement such that thermostat valve element 118 
is displaced from thermostat seat 122. Downward movement 
of thermostat body 112a forces spring 124a contraction. 
Thermostat body 112b, connected to thermostat body 112a, 
Subsequently moves downwards and bypass valve element 
126 is displaced from the bypass valve open position to con 
tact bypass valve seat 129 and to seal against it. Downward 
movement of bypass valve element 126 and its arrival to 
bypass valve seat 129 brings bypass valve 126 to closed 
position. Downward movement of thermostat body 112b 
forces spring 124b contraction. Closed bypass valve 128 
position facilitates the heated coolant fluid flow from radiator 
106 (not shown) back to engine 103. Displacement of ther 
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mostat valve element 118 from valve seat 122, and its down 
ward movement brings thermostat valve 120 to open position. 
Open thermostat valve 120 position allows the heated coolant 
fluid flow from engine 103 (not shown) to radiator 106 (not 
shown) through thermostat valve 120. As thermostat valve 
element 118 is further displaced from thermostat valve seat 
122, the more flow of the coolant fluid through radiator 106 is 
permitted, up to a maximum flow rate at thermostat valve 120 
open position. As bypass valve element 126 is further moved 
towards bypass valve seat 129, the more flow of the coolant 
fluid through radiator 106 (not shown) is permitted, up to a 
maximum flow rate at bypass valve 128 closed position. The 
ranges of displacement of thermostat valve element 118 and 
bypass valve element 129 define the amount of the coolant 
fluid flowing from engine 103 (not shown) to radiator 106 (not 
shown), wherein the coolant fluid passes through thermostat 
valve 120. In these embodiments, the displacement ranges of 
thermostat valve element 118 and bypass valve element 129 
are defined by the thermally expandable material expansion. 
0158 Positioning actuator 230 is in its partially-extended 
position, denoted as 30, exerting a predefined pressure on 
diaphragm 134. Contracted spring 124a exerts pressure on 
diaphragm 134, through contacting actuator plate 150, 
wherein the pressure is insufficient to overcome pressure 
exerted by the fluid filling receptacle 142 on diaphragm 134, 
induced by positioning actuator 230. Spring 124a remains 
contracted. Such that the extent of opening and/or closing of 
thermostat valve 120 and/or closing and/or opening of bypass 
valve 126 is determined by expansion of thermally expand 
able material 114 (not shown). 
0159 Reference is now made to FIG. 11A shows a cross 
sectional view of a thermostat 110 and actuator 130, along 
line JJ in FIG. 8A, wherein thermostat valve 120 is in open 
position in an “advance opening mode” induced by an actua 
tor 130, according to some embodiments, 
0160 FIG. 11B shows a cross-sectional view of step 
motor 210, along line II in FIG. 8B, wherein thermostat valve 
120 is in open position in an “advance opening mode'. 
induced by actuator 130, according to Some embodiments, 
0161 Upon receiving an indication from the ECM (not 
shown), as described in reference to FIGS. 1 and 3, or upon 
receiving an indication from temperature sensor 300, that the 
coolant fluid temperature has increased, positioning actuator 
230 is retracted to a position denoted as 32. Retraction of 
positioning actuator 230 facilitates the fluid flow from recep 
tacle 142. Diaphragm 134, which contacts and seals recep 
tacle 142 is drawn into the receptacle following the fluid 
flowing out of receptacle 142. Diaphragm 134 downward 
movement reduces pressure exerted by the fluid filling recep 
tacle 142 on actuator plate 150, contacting diaphragm 134. 
Actuator plate 150 is therefore displaced to a new position. 
Actuator plate 150 downward movement releases pressure 
exerted on contacting thermostat spring 124a, facilitating 
relaxation of thermostat spring 124a. 
0162 Relaxed thermostat spring 124a exerts less pressure 
on contacting valve element 118 than in “regular mode' pre 
sented in FIG. 10A, thereby facilitating thermostat valve 120 
opening, proceeding by thermostat valve element 118 dis 
placement from valve seat 122. Thermostat valve element 
118 is displaced from thermostat valve seat 122 to the open 
position. Opening of thermostat valve 120, therefore, is trig 
gered by hydraulic actuator 130 operation, wherein the dis 
placement of actuator plate 150 is controlled by positioning 
actuator 230, and proceeds prior to expansion of thermally 
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expandable material 114 (not shown) at temperatures below 
the predefined STO temperature. 
0163 Thermostat body 112b, connected to thermostat 
body 112a, Subsequently moves downwards and bypass valve 
element 126 is displaced from bypass valve 128 open position 
until contacting bypass valve seat 129 and sealing against it. 
Downward movement of thermostat body 112a and subse 
quent downward movement of thermostat body 112b forces 
spring 124b contraction to a higher extent than in “regular 
mode', shown in FIG. 10A, as spring 124a is relaxed com 
pared to spring 124b due to hydraulic actuator 130 operation, 
therefore pressure distribution between spring 124a and 
spring 124b is not equal. 
0164. According to some embodiments, in the described 
operation mode, heating of the coolant fluid to the predefined 
STO temperature may induce expansion of thermally expand 
able material 114 and Subsequently induce opening of ther 
mostat valve 120 and closing of bypass valve 128 further to 
opening and closing thereof, induced by hydraulic actuator 
130 operation. Thermostat bodies 112a and 112b downward 
movement, induced by expansion of thermally expandable 
material 114 may force spring 124b contraction further to the 
contraction forced by relaxation of thermostat spring 124a. 
induced by hydraulic actuator 130 operation. Bypass valve 
128 closed position and thermostat valve 120 open position 
allow coolant fluid flow from engine 103 (not shown) to 
radiator 106 (not shown). 
0.165 Reference is now made to FIG. 12A, showing a 
cross-sectional view of thermostat 110 and actuator 130, 
along line JJ in FIG. 8A, wherein thermostat valve 120 is in 
closed position in 'delayed opening mode' induced by actua 
tor 130, according to some embodiments and to FIG. 12B, 
showing a cross-sectional view of step motor 210, along line 
II in FIG. 8B, wherein thermostat valve 120 is in closed 
position in “delayed opening mode” induced by actuator 130, 
according to some embodiments. 
0166 Upon receiving an indication from the ECM (not 
shown), as described in reference to FIGS. 1 and 4, position 
ing actuator 230 is extended to its fully-retracted position, 
denoted as 34. Extension of positioning actuator 230 facili 
tates the fluid flow into receptacle 142. Diaphragm 134, 
which contacts and seals receptacle 142 is pushed from the 
receptacle, following the fluid flow into receptacle 142. Dia 
phragm 134 upward movement forms a convex shaped dia 
phragm that increases pressure exerted by the fluid, filling 
receptacle 142 on actuator plate 150, contacting diaphragm 
134. Actuator plate 150 is therefore displaced to a new 
elevated position. Actuator plate 150 upward movement 
increases pressure exerted on contacting thermostat spring 
124a, forcing contraction of thermostat spring 124a. 
0167. Upon reaching the predefined STO temperature 
thermally expandable material 114 (not shown), melts and 
expands, as described hereinabove. However, pressure 
exerted by the thermally expandable material on thermally 
actuated piston 116 is insufficient for inducing thermostat 
body 112a and thermostat body 112b downward movement 
and respective thermostat valve 120 opening and bypass 
valve element 128 closing, as spring 124a, associated with 
actuator plate 150 is contracted and therefore resists thermo 
stat body 112a (and the respective thermostat body 112b) 
displacement. Therefore, opening of thermostat valve 120 
and closing of bypass valve 128 are delayed and proceed at a 
higher temperature than the predefined STO temperature, due 
to the operation of hydraulic actuator, upon receiving an 
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indication from the ECM (not shown). The coolant fluid flow 
to the radiator is therefore prevented even upon reaching the 
STO temperature of thermostat 110. Hydraulic actuator 
operation induced and controlled by positioning actuator, 
which in turn is facilitated by the ECM, allows increasing the 
STO temperature above its predefined value and/or defining 
the STO temperature in a real time, based on the instant 
engine condition and demand. 
0168 Reference is now made to FIG. 13A, which shows a 
cross-sectional view of apparatus 1300 for controlling a tem 
perature of an engine, comprising a thermostat and an actua 
tor, whereina thermostat valve in a closed position, according 
to Some embodiments. 
(0169. Apparatus 1300 includes thermostat 1310, wherein 
the thermostat includes thermostat body 1312, containing 
thermally expandable material 1314 and thermally actuated 
piston 1316, disposed inside the thermostat body. The ther 
mostat further includes thermostat valve element 1318, con 
nected to thermostat body 1312 and configured to move freely 
upwards and downwards, allowing opening and closing of 
thermostat valve 1320, and valve seat 1322, against which 
valve element 1318 seals. The closed position of thermostat 
valve 1320, wherein valve element 1318 is sealed against 
valve seat 1322 is denoted as 1010 in FIG.13A.Valve element 
1318 is connected to the thermostat body, wherein valve seat 
1322 is fixed in place. The thermostat further includes ther 
mostat spring 1324, mounted on the thermostat body. Ther 
mostat spring top end contacts valve element 1318. 
(0170 Apparatus 1300 further includes hydraulic actuator 
1330, wherein the actuator includes actuator body 1331 
defining actuator plate 1332 at its upper part and actuator 
piston 1334 at its lower part, both configured to move freely 
upwards and downwards. Actuator 1330 may further include 
actuator plate seat 1336, against which actuator plate 1332 
sits, wherein the actuator plate seat is fixed in place. Actuator 
may further include actuator spring 1338, which is mounted 
on the actuator body. Actuator plate 1332 contacts thermostat 
spring 1324 bottom edge. Actuator piston 1334 is disposed 
inside receptacle 1340, which may include check valve 1342 
at its bottom part. Apparatus 1300 further includes fluid con 
duit 1344, which is connected to control valve 1346 at one end 
thereof. The other end of the fluid conduit is connected to 
receptacle 1340. 
0171 Apparatus 1300 further includes pump 1302, con 
figured to circulate coolant fluid 1304 through thermostat 
1310 and radiator 1306 as denoted by arrows 1308. Coolant 
fluid 1304 may also flow to receptacle 1340, through check 
valve 1342, as denoted by arrow 1308. Coolant fluid 1304 
may also flow from receptacle 1340 to fluid conduit 1344 if 
control valve 1346 is in open position. 
0172 Having described the main components in general 
outline the details of each individual component can now be 
more clearly understood. 
0173 Thermostat 1310 is temperature responsive. Ther 
mostat valve 1320 is configured to substantially block and 
substantially unblock the flow of coolant fluid 1304 to radia 
tor 1306. Thermally actuated piston 1316 is configured to 
allow opening of thermostat valve 1320 as the temperature of 
coolant fluid 1304 increases and thermostat spring 1324 is 
configured to induce closing of thermostat valve 1320 as the 
coolant fluid temperature decreases. 
0.174. Upon the temperature increase of coolant fluid, cir 
culating through thermostat 1310, hydraulic actuator 1330 
and the engine (not shown), thermally expandable material 
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1314. Such as but not limited to wax, may melt and expand. 
Thermostat body 1312, under the pressure of thermally 
expandable material 1314, may induce thermally actuated 
piston 1316 protrusion from the thermostat body. However, 
thermally actuated piston 1316 is connected at its upper end to 
apparatus 1300 body part 1350, which anchors the thermally 
actuated piston in a fixed position and prevents its protrusion 
from thermostat body 1312. Thermostat body 1312 and valve 
element 1318, connected to thermostat body 1312, are not 
fixed in place, thereby, thermostat body moves downwards 
and thermostat valve element 1318 is displaced from thermo 
stat seat 1322, allowing heated coolant fluid 1304 to flow 
from the engine to radiator 1306. The opening of the valve, 
proceeding through valve element 1318 displacement from 
valve seat 1322, is denoted as 1020 in FIG. 14. As valve 
element 1318 is further displaced from valve seat 1322, the 
more flow of coolant fluid 1304 to the radiator is permitted, up 
to a maximum flow rate at the valve open position. The range 
of displacement of valve element 1318 defines the amount of 
coolant fluid flowing from the engine through thermostat 
1310 to radiator 1306. 

(0175 Closing of thermostat valve 1320 is initiated by 
cooling of thermally expandable material 1314. Coolant fluid 
flowing through radiator 1306 allows cooling of the engine 
and therefore the temperature of the coolant fluid flowing 
through the thermostat decreases. Thermally expandable 
material 1314 temperature is therefore also decreased, allow 
ing solidification and shrinkage thereof. Such shrinkage of 
the thermally expandable material leaves void in the thermo 
stat body. Contracted thermostat spring 1324 exerts pressure 
on valve element 1318, forcing thermostat body upward 
movement, until thermally actuated piston 1316 is fully 
inserted in thermostat body 1312 and the valve spring is 
relaxed. 

0176 One possible mode of operation is further described 
in the following embodiment and illustrated generally in FIG. 
13B. Valve element 1318 displacement from valve seat 1322 
induces thermostat spring 1324 contraction. Thermostat 
spring 1324 contacts actuator plate 1332 and thereby exerts 
pressure on actuator piston 1434. When control valve 1346 is 
in closed position, receptacle 1340 is filled with coolant fluid 
1304, inhibiting the downward movement of actuator piston 
1334. Thermostat valve 1320 opening 1020 is therefore con 
trolled only by thermally expandable material 1314 heating 
and thermostat spring 1324 contraction. Thermostat valve 
1320 closing is activated and controlled by thermally expand 
able material 1314 cooling and thermostat spring 1324 exten 
sion. The range of displacement of valve element 1318 is 
controlled by thermally expandable material 1314 and ther 
mostat spring 1324. Therefore, the hydraulically actuated 
thermostat is fail safe, as if the control valve fails to open, 
thermostat operates in the regular thermostat operating mode, 
allowing coolant fluid 1304 flow to radiator 1306 upon heat 
ing of thermally expandable material 1314, in accordance 
with exemplified embodiment 
0177. Another possible mode of operation is further 
described in the following embodiment and illustrated gen 
erally in FIG. 13C. Valve element 1318 displacement from 
valve seat 1322 induces thermostat spring 1324 contraction. 
Thermostat spring 1324 contacts actuator plate 1332 and 
thereby exerts pressure on actuator piston 1334. When control 
valve 1346 is in open position, actuator piston exerts pressure 
on coolant fluid 1304, filling receptacle 1340, forcing its flow 
into fluid conduit 1344. Upon coolant fluid 1304 flow from 
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receptacle 1340, actuator piston 1334 moves downwards. 
Actuator plate 1332 is respectively displaced from actuator 
plate seat 1336, allowing thermostat spring 1324 extension. 
Thermostat valve 1320 further opening and the range of dis 
placement of valve element 1318 are therefore activated and 
controlled by thermally expandable material 1314 heating 
and actuator piston 1334 movement, wherein the actuator 
piston movement is controlled by control valve 1346 opening 
and/or closing. Actuator plate 1332 displacement from actua 
tor plate seat 1336, induced by actuator piston 1334 down 
ward movement, is denoted as 1030. Such movement allows 
valve element 1318 further displacement from valve seat 
1322, as denoted by 1020a. 
0.178 Closing of thermostat valve 1320, wherein control 
valve 1346 is open, may be initiated by cooling of thermally 
expandable material 1314 and/or by closing of control valve 
1346. Upon the closing of the control valve 1346, receptacle 
1340 is filled with coolant fluid 1304, circulated by pump 
1302, wherein the coolant fluid exerts pressure on actuator 
piston 1334, forcing the movement of the actuator piston 
upwards. Actuator plate 1332, which is connected to actuator 
piston 1334 through actuator body 1331, respectively moves 
upwards and exerts pressure on thermostat spring 1324, forc 
ing its contraction. Contracted thermostat spring 1324 exerts 
pressure on valve element 1318. If coolant fluid 1304 tem 
perature has decreased, after the coolant fluid passed through 
the radiator, thermally expandable material 1314 shrinkage 
and Solidification allows thermostat spring 1324 relaxation, 
forcing thermostat body 1312 upward movement, until ther 
mally actuated piston 1316 is fully inserted in thermostat 
body 1312. The closed position of thermostat valve 1320, 
wherein valve element 1318 again seals against valve seat 
1322 is denoted as 1010 in FIG. 13A. 

0179 According to some embodiments, the closing of 
thermostat valve 1320, actuated by closing of control valve 
1346, may be assisted by relaxation of actuator spring 1338. 
Upon opening of thermostat valve 1320 actuated by the open 
ing of control valve 1346, actuator plate 1332 moves down 
wards, wherein the actuator plate contacts actuator spring 
1338, thereby forcing its contraction. Therefore, actuator 
plate 1332 movement upwards is forced not only by closing 
of control valve 1346 and coolant fluid 1304 pressure build 
up in receptacle 1340 but also by contracted actuator spring 
1338, upon relaxation thereof. 
0180 According to some embodiments, apparatus 1300 
further includes check valve 1342, allowing coolant fluid 
1304 flow to receptacle 1340 and preventing its flow from the 
receptacle. Check valve 1342 (or a non-return valve or a 
one-way valve) therefore is configured to prevent pressure 
drop in receptacle 1340. The pressure drop may occur, for 
example, due to the pressure drop in coolant fluid 1304 across 
the coolant fluid flow system. Check valve 1342 is further 
configured to prevent back pressure exerted by the coolant 
fluid in response to thermostat spring 1324 contraction, to 
affect pump 1302, by forcing the coolant fluid flow in the 
direction opposite to the pump circulation. 
0181. The control valve is controlled by a motor instru 
mentation package of the sort that is commonly used to moni 
tor conditions and performance of vehicle engines, associated 
with the engine (not shown). As the details of such instrumen 
tation packages will be familiar to those skilled in the art they 
are not described in any more detail herein. Control valve 
1346 is most preferably connected to an electrical circuit 
controlled, for example, by an Engine Control Module 
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(ECM) or the engine control system. The terms “engine con 
trol module” and “engine control system” may be used inter 
changeably. Typically the ECM includes a plurality of sensors 
which are used to sense various engine and vehicle param 
eters so the performance of the engine can be optimized. The 
present invention comprehends either using existing sensors, 
if appropriate and available, or using added sensors to provide 
the ECM with sufficient information to take advantage of the 
present invention as described herein. 
0182. According to some embodiments, actuator piston 
1334 movement is controlled by a bimodal control valve, 
configured to allow opening and/or closing of control valve 
1346, and respective displacement of actuator piston 1334, 
defined by two discrete positions. Opening and/or closing of 
the control valve may be controlled by the ECM, wherein the 
ECM includes sensors configured to sense various engine and 
vehicle parameters and determine whether the valve opening 
and/or closing is required. The actuator piston movement and 
the respective opening and/or closing of the thermostat valve 
may therefore be controlled according to the engine State 
sensed by the ECM. For example, the change in engine tem 
perature may be sensed by ECM before the response of the 
thermally expandable material to that change and opening 
and/or closing of the thermostat valve may be more effec 
tively activated by the control valve than by the thermally 
expandable material. 
0183. According to other embodiments, actuator piston 
1334 movement is controlled by an analog control valve, 
configured to allow gradual and/or proportional control valve 
1346 opening and/or closing, thereby allowing measured Vol 
ume of coolant fluid to flow from the receptacle to the fluid 
conduit. Opening and/or closing of the control valve may be 
controlled by the ECM, wherein the ECM includes sensors 
configured to to sense various engine and vehicle parameters 
and determine the appropriate flow rate of the coolant fluid 
through the radiator. The actuator piston movement and the 
respective range of displacement of the thermostat valve ele 
ment may therefore be controlled according to the engine 
state sensed by the ECM. For example, the change in engine 
temperature may be sensed by ECM before the response of 
the thermally expandable material to that change and the 
displacement of the thermostat valve element may be more 
effectively adjusted by the control valve than by the thermo 
stat operation. 
0.184 Another possible mode of operation is further 
described in the following embodiment and illustrated gen 
erally in FIG. 13B. According to some embodiments, ther 
mostat spring 1324 is preloaded. Thermostat spring 1324 
contacts actuator plate 1332 and thereby exerts pressure on 
actuator piston 1334. When control valve 1346 is in closed 
position, receptacle 1340 is filled with coolant fluid 1304, 
inhibiting the downward movement of actuator piston 1334. 
Thermostat valve 1320 opening 1020 is therefore activated 
and controlled only by thermally expandable material 1314 
heating and thermostat spring 124 further contraction. Ther 
mostat valve closing is activated and controlled by thermally 
expandable material 1314 cooling and thermostat spring 
1324 relaxation to the preloaded contraction state. Range of 
displacement of valve element 1318 is controlled by ther 
mally expandable material 1314 and thermostat spring 1324. 
Therefore, the hydraulically actuated thermostat is fail safe, 
as if control valve 1346 fails to open, thermostat operates in 
the regular thermostat operating mode, allowing coolant fluid 
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1304 flow to radiator 1306 upon heating of thermally expand 
able material 1314, in accordance with an exemplified 
embodiment 
0185. According to further embodiments, and as generally 
illustrated in FIG. 13D, when control valve 1346 is in open 
position, actuator piston 1334 exerts pressure on coolant fluid 
1304, filling receptacle 1340, and forces its flow into fluid 
conduit 1344. Upon coolant fluid 1304 flow from the recep 
tacle, actuator piston 1334 moves downwards. Actuator plate 
1332 is respectively displaced from actuator plate seat 1336, 
allowing thermostat spring 1324 relaxation. Therefore, ther 
mostat valve 1320 opening (valve element 1318 displacement 
from valve seat 1322) is initiated and further activated and 
controlled by the actuator piston movement, wherein the 
actuator piston movement is controlled by control valve 1346. 
Actuator plate 1332 displacement from actuator plate seat 
1336, induced by actuator piston 1334 downward movement, 
is denoted as 30. Such movement allows valve element 1318 
displacement from valve seat 1322 and thermostat valve 1320 
initial and further opening, as denoted by 1020a. 
0186 Consequently, thermostat valve 1320 opening by 
control valve 1346 does not depend on the protrusion of the 
thermally actuated piston forced by thermally expandable 
material 1314 expansion and may be initiated prior to ther 
mostat 1310 response to increased temperature of the coolant 
fluid, in accordance with an embodiment of the invention. 
0187 Closing of thermostat valve 1320, wherein control 
valve 1346 is open, and thermostat spring 1324 is preloaded, 
may be initiated by closing of control valve 1346. Upon the 
closing of the control valve, receptacle 1340 is filled with 
coolant fluid 1304, circulated by pump 1302, wherein the 
coolant fluid exerts pressure on actuator piston 1334, forcing 
the movement of actuator piston 1334 upwards. Actuator 
plate 1332, which is connected to the actuator piston through 
actuator body 1331, respectively moves upwards and exerts 
pressure on thermostat spring 1324, forcing its contraction. 
Contracted thermostat spring 124 exerts pressure on valve 
element 1318. If coolant fluid 1304 temperature has 
decreased, after the coolant fluid passed through the radiator, 
the thermally expandable material shrinkage and Solidifica 
tion allows thermostat spring 1324 relaxation, forcing ther 
mostat body 1312 upward movement, until thermally actu 
ated piston 1316 is fully inserted in thermostat body 1312 and 
thermostat spring 1324 is extended to its preloaded contrac 
tion state. The upward movement of the actuator piston may 
be assisted by the actuator spring, as described hereinabove. 
0188 According to some embodiments, actuator piston 
1334 movement is controlled by a bimodal control valve, 
configured to allow opening and/or closing of control valve 
1346, and respective displacement of actuator piston 1334, 
defined by two discrete positions. Opening and/or closing of 
the control valve may be controlled by the ECM, wherein the 
ECM includes sensors configured to sense various engine and 
vehicle parameters and determine whether the valve opening 
and/or closing is required. The actuator piston movement and 
the respective opening and/or closing of the thermostat valve 
may therefore be controlled according to the engine State 
sensed by the ECM. For example, the change in engine tem 
perature may be sensed by ECM before the response of the 
thermally expandable material to that change and opening 
and/or closing of the thermostat valve may be initiated by the 
control valve prior to the thermostat operation. 
0189 According to other embodiments, actuator piston 
1334 movement is controlled by an analog control valve, 
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configured to allow gradual and/or proportional control valve 
146 opening and/or closing, thereby allowing measured Vol 
ume of coolant fluid to flow from the receptacle to the fluid 
conduit. Opening and/or closing of the control valve may be 
controlled by the ECM, wherein the ECM includes sensors 
configured to sense various engine and vehicle parameters 
and determine the appropriate flow rate of the coolant fluid 
through the radiator. The actuator piston movement and the 
respective opening and/or closing of the thermostat valve 
and/or range of displacement of the thermostat valve element 
may therefore be controlled according to the engine State 
sensed by the ECM. For example, the change in engine tem 
perature may be sensed by ECM before the response of the 
thermally expandable material to that change and opening 
and/or closing of the thermostat valve may be initiated prior 
to the thermostat operation and/or the displacement of the 
thermostat valve element may be controlled by the control 
valve more effectively than by the thermostat. 
0190. According to further embodiments, the ECM is con 
figured to activate control valve not only in response to the 
detected engine temperature change, but also upon sensing a 
demand to increase engine power. Higher engine power can 
be obtained by a quick cooling of the motor fluid. Thereby, the 
ECM induces control valve 1346 opening, allowing the 
respective thermostat valve 1320 opening allowing the cool 
ant fluid flow through radiator 1306. As noted previously, this 
may occur as a result of particular conditions existing in the 
engine load, such as acceleration or other circumstance which 
creates a need for more power, and hence more cooling as 
determined by the ECM. 
0191 The temperature activation range of thermostat 
1310 can be set to any desired range. According to some 
embodiments, the temperature activation range of the ther 
mostat is set to a typical range of about 90 deg. C. to about 
95 deg. C. In these embodiments, the opening and/or closing 
of the thermostat valve is activated by the thermostat. The 
opening of the thermostat valve in this case may be activated 
by the actuator if the thermostat fails to operate. The actuator 
is further adapted to control the valve element displacement. 
According to other embodiments, the temperature activation 
range of the thermostatis set above the normal range for mass 
produced vehicles, for example from about 100 deg. C. to 
105 deg. C. In these embodiments, the actuator is adapted to 
open and/or close the thermostat valve in response to indica 
tion from ECM prior to the thermostat operation, dependent 
on the defined activation temperature. The actuator is further 
adapted to control the displacement of the valve element. 
Most preferably the temperature activation range causes a 
steady state temperature which is significantly hotter than a 
conventional system. This encourages more complete com 
bustion, less emissions and a greater fuel economy for sig 
nificant savings. 
0.192 However, higher set point temperature may result in 
reduced engine power. The compromise between engine 
power and fuel economy has conventionally resulted in lower 
steady state operating temperatures than might otherwise be 
desirable to reduce emissions. The apparatus of the present 
invention, including the thermostat assisted by the hydraulic 
actuator is configured to allow engine operation at a higher 
running temperature for the purpose of reducing emissions, 
and is further configured to allow an on demand rapid engine 
temperature reduction, providing higher engine power. Ther 
mostat valve 1320 opening may be controlled in a way to 
allow engine temperature cooling by the coolant fluid flowing 
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through the radiator, induced not only by engine temperature 
increase but by various engine parameters sensed by the 
ECM. Apparatus 1300, including thermostat 1310 assisted by 
hydraulic actuator 1330 is further configured to provide a 
more effective and/or rapid cooling of the engine, as com 
pared to a conventional thermostat. The coolant fluid tem 
perature in the apparatus may be lower than the normal oper 
ating temperatures range set by a conventional thermostat. In 
circumstances where more power is required, it may be desir 
able to lower the temperature to a power delivering tempera 
ture. For example, a preferred range for delivering power is 
between 50 deg. C. and 100 deg. C. or a narrower range of 
between 70 deg. C. and 90 deg. C. can also be used. This 
lowering of the engine temperature can be accomplished by 
the ECM inducing the control valve opening, allowing almost 
instant and significant displacement of the valve element. In 
this case the thermostat valve can be opened to allow drastic 
temperature decrease and a burst of power to be delivered. 
0193 As described hereinabove, the position of the ther 
mostat valve element along the range of displacement can be 
set in accordance with the engine demand sensed by the ECM 
to allow enough coolant fluid flow to permit the engine tem 
perature to be decreased as needed. Further, the lowering of 
the temperature is preferred to occur rapidly, to achieve rapid 
cooling of the engine as the displacement is almost instanta 
neous. Most preferably, the range of displacement of the 
valve element corresponds to the coolant fluid flow rate of 
from about Zero (0) (with the valve closed) to about 8 to 12 
cubic meters (at the full extension) of the coolant fluid per 
hour for a conventional mid-sized car. According to other 
embodiments, the range of displacement of the valve element 
corresponds to the coolant fluid flow rate of from about 0 to 
about 6 cubic meters. According to further embodiments, the 
range of displacement of the valve element corresponds to the 
coolant fluid flow rate of from about 0 to about 18 cubic 
meters. As will be appreciated by those skilled in the art, other 
car types and other engine sizes may require higher or lower 
coolant fluid flow rate. Thus, whereas the thermostat controls 
the fluid flow to the radiator in essentially a bimodal fashion, 
of being either closed when attemperatures lower than acti 
Vation temperatures to being opened to a set extension range 
once the activation temperature has been achieved, the 
hydraulic actuator can be used to position the valve element 
along a range of displacements to allow a range of the coolant 
fluid flow rates for various cooling rates and degrees in accor 
dance with engine demands or loads. 
Another aspect of the present invention is that the hydraulic 
actuator does not depend on temperature of the coolant fluid 
and is activated only by the ECM. Thus, problems associated 
with high under the hood engine compartment temperatures, 
or other extraneous thermal influences are eliminated. In the 
event of a thermostat failure, the ECM is configured to open 
the control valve and displace the valve element off the valve 
seat to achieve the desired engine temperature through the 
coolant fluid flow regulation, whether under a load situation 
or even at steady state conditions. Thus, the ECM acts as a 
failsafe system for the passive thermostat. On the other hand, 
in the event when the ECM fails for some reason the thermo 
stat can still act to reliably control the opening and closing of 
the thermostat valve, as has been described hereinabove. 
According to Some embodiments, the present invention pro 
vides a hydraulically active system and a thermally activated 
passive system, which are redundant to one another. Accord 
ing to other embodiments, the present invention provides a 
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hydraulically active system and a thermally activated active 
system. Both operational modes provide a greater measure of 
reliability of overall performance. In this sense the present 
invention provides a failsafe design. 
0194 While a number of exemplary aspects and embodi 
ments have been discussed above, those of skill in the art will 
recognize certain modifications, permutations, additions and 
sub-combinations thereof. It is therefore intended that the 
following appended claims and claims hereafter introduced 
be interpreted to include all Such modifications, permuta 
tions, additions and Sub-combinations as are within their true 
spirit and scope. 
0.195. In the description and claims of the application, each 
of the words “comprise’ “include’ and “have’, and forms 
thereof, are not necessarily limited to members in a list with 
which the words may be associated. 

1. A hydro-actuated thermostat system for controlling a 
temperature of an engine, the system comprising: 

a thermal responsive valve system configured to induce 
opening of a temperature responsive valve upon an 
increase of a temperature of a coolant fluid, and to 
induce closing of said temperature responsive valve 
upon a decrease of a temperature of said coolant fluid, 
and 

a hydraulic actuator System controllable by a controller, 
wherein said hydraulic actuator is associated with ather 
mal responsive valve system and configured to induce 
opening and/or closing of said temperature responsive 
valve in response to an indication from said ECM, said 
opening and/or closing of said temperature responsive 
valve is performed by controlling a fluid flow to and/or 
from said hydraulic actuator. 

2. The system according to claim 1, wherein said thermal 
responsive valve system comprises: 

said temperature responsive valve for regulating the flow of 
said coolant fluid to a heat exchanger, 

a thermally actuated piston configured to allow said tem 
perature responsive valve to open in response to a tem 
perature increase of said coolant fluid; and 

a spring, configured to force closing of said temperature 
responsive valve in response to a temperature decrease 
of said coolant fluid, 
wherein said hydraulic actuator system is configured to 

induce opening of said temperature responsive valve 
by extending the spring and to induce closing of said 
temperature responsive valve by contracting said 
Spring. 

3. The system according to claim 1, wherein said hydraulic 
actuator System is further configured to prevent opening of 
said temperature responsive valve upon an increase of the 
coolant fluid temperature by contracting said spring in 
response to an indication from said controller; and to induce 
opening and/or closing of said thermally responsive valve, 
independently of a temperature of the coolant fluid. 

4. (canceled) 
5. The system according to claim 1, wherein said hydraulic 

actuator System is further configured to control the range of 
movement of said temperature responsive valve in response 
to an indication from said controller independently of a tem 
perature of the coolant fluid. 

6. (canceled) 
7. The system according to claim 1, wherein said hydraulic 

actuator system is configured to displace said temperature 
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responsive valve to a specific position withina range of move 
ment, and wherein the specific position is determined by the 
controller. 

8. The system according to claim 1, wherein said hydraulic 
actuator system comprises: 

an actuator plate, directly or indirectly contacting said 
spring; 

a receptacle comprising said fluid; and 
at least one actuator, directly or indirectly contacting said 

fluid in said receptacle and directly or indirectly contact 
ing said actuator plate. 

9. The system according to claim 8, wherein said actuator 
is controllable by at least one control valve, a motor, a pres 
sure reducer or a combination thereof, wherein said control 
valve, said motor and the pressure reducer are controllable by 
said controller; wherein said receptacle is in fluid flow con 
nection with said control valve, said motor, said pressure 
reducer or a combination thereof, and wherein said actuatoris 
configured to displace said actuator plate in response to an 
indication from said controller. 

10.-12. (canceled) 
13. The system according to claim 9, wherein said indica 

tion from said controller comprises indication for opening/ 
closing of at least one control valve, an indication for activa 
tion of a motor or a combination thereof. 

14. The system according to claim 13, wherein said indi 
cation from said controller is configured to allow flow of said 
fluid to and/or from said receptacle; wherein said flow of said 
fluid is configured to change a position of the actuator. 

15. (canceled) 
16. The system according to claim 14, wherein said chang 

ing of the position of the actuator allows displacement of said 
actuator plate; wherein the displacement of said actuator plate 
is configured to induce said thermostat spring extension, con 
traction or both. 

17. (canceled) 
18. The system according to claim 8, wherein said actuator 

comprises a piston, a diaphragm or a combination thereof. 
wherein the diaphragm has a round hollow shape. 

19. (canceled) 
20. The system according to claim 18, wherein said flow of 

said fluid is configured to change the position of said dia 
phragm and thereby to move downwards or upwards said 
diaphragm causing said diaphragm to assume a concave or 
convex shape, respectively. 

21. The system according to claim 9, wherein said at least 
one control valve is bimodal, allowing opening and closing of 
said temperature responsive valve. 

22. The system according to claim 9, wherein said at least 
one control valve is an analog valve, allowing opening and 
closing of said temperature responsive valve; and wherein 
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said at least one control valve is configured to displace the 
actuator plate and the temperature responsive valve to a spe 
cific position within a range of movement; wherein the spe 
cific position is determined by the controller. 

23. (canceled) 
24. (canceled) 
25. The system according to claim 8, wherein said hydrau 

lic actuator system comprises two actuators and further com 
prises a balance element, wherein said balance element is 
directly or indirectly contacting each of said actuators and is 
configured to assist said actuator plate displacement. 

26. The system according to claim 25, wherein said 
hydraulic actuator further comprises two control valves, and 
wherein opening of the first control valve is configured to 
displace said actuator plate to induce extension of said spring 
and opening of the second control valve is configured to 
displace said actuator plate to induce contraction of said 
Spring. 

27. The system according to claim 9, wherein said motor 
comprises a step motor or electric motor, and wherein said 
motor comprises a motor piston in fluid flow connection with 
said receptacle. 

28. (canceled) 
29. The system according to claim 27, wherein the activa 

tion of said motor facilitates said motor piston linear travel; 
wherein the range of linear travel of said motor piston is 
associated with the range of movement of said actuator plate 
and/or said temperature responsive valve; wherein said motor 
is configured to displace said actuator plate and/or said tem 
perature responsive valve to a specific position within a range 
of movement; and wherein the specific position is determined 
by the controller. 

30-37. (canceled) 
38. A method for controlling a temperature of an engine by 

a hydro-actuated thermostat system, the method comprising: 
providing a thermal responsive valve system and a hydrau 

lic actuator system controllable by a controller; and 
controlling, by said controller, a fluid flow into at least one 

receptacle, wherein said flow of said fluid is configured 
to exert pressure on at least one actuator configured to 
displace an actuator plate, inducing opening and/or clos 
ing of said temperature responsive valve independently 
of a coolant fluid temperature. 

39. The method according to claim 38, comprising extend 
ing or contracting a spring of said thermal responsive valve 
system by displacing said actuator plate controlling said 
spring's position and range of movement. 

40. (canceled) 
41. (canceled) 


