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(57) ABSTRACT 

A piezoelectric actuator and a method of assembling and 
employing a piezoelectric actuator. This method comprises 
the Steps of positioning an expandable piezoelectric material 
inside a case, and enclosing a vaporizable liquid in the case. 
The case is positioned in a high temperature environment; 
and the liquid vaporizes, in that high temperature environ 
ment, over a given period of time, to maintain the tempera 
ture of the piezoelectric material below a given value for 
Said period of time. Preferably, the vaporizing liquid main 
tains the temperature of the piezoelectric material Substan 
tially constant over that period of time. Also, preferably the 
case is provided with a pressure responsive valve that opens 
and closes, in the high temperature environment, to expose 
the liquid to that environment and control the vaporization 
of the liquid to maintain the temperature of the piezoelectric 
material Substantially constant over the period of time. 
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SELF COOLING PIEZO ACTUATOR FOR HIGH 
TEMPERATURE APPLICATIONS 

BACKGROUND OF THE INVENTION 

Field of the Invention 

0001. This invention generally relates to piezoelectric 
actuators, and more Specifically, the invention relates to 
piezoelectric actuators for high temperature applications. 
0002 Propulsion systems, such as jet engines and rocket 
motors, operate at temperatures often exceeding 1000 C. 
and at high preSSures. There is a need to drive machinery, 
Such as valves and positioning devices, inside Such Systems 
that is exposed to these harsh conditions. In Some cases, 
these actuation devices only need to work a few Seconds 
before the requirements of their operational lives have been 
met. 

0.003 Previous solutions to providing actuation at high 
temperatures include complex designs that isolate fragile 
components from the hot gas. Other designs are based on 
heavy and inefficient electromagnetic devices Such as Sole 
noids and magnets. 
0004 Piezoelectric materials, which change shape as a 
result of an applied Voltage, are useful for different types of 
actuators. However, piezoelectric materials lose their elec 
tromechanical properties at temperatures above 250 C. 
Because of this, heretofore, piezoelectric materials have not 
been considered well Suited for use in applications above 
that temperature. 

SUMMARY OF THE INVENTION 

0005. An object of this invention is to provide an 
improved actuator. 
0006 Another object of the present invention is to pro 
vide a high temperature actuator having a simple design. 
0007 A further object of the invention is to provide a 
high temperature piezoelectric actuator that can operate in a 
very harsh environment. 
0008 Another object of this invention is to use the phase 
change properties of a liquid to keep a piezoelectric actuator 
cool, even in a very hot and harsh environment. 
0009. These and other objectives are attained with a 
piezoelectric actuator and a method of assembling and 
employing a piezoelectric actuator. This method comprises 
the Steps of positioning an expandable piezoelectric material 
inside a case, and enclosing a vaporizable liquid in the case. 
The case is positioned in a high temperature environment; 
and, at a defined time, the liquid vaporizes, over a given 
period of time and in a controlled manner, to maintain the 
temperature of the piezoelectric material below a given 
value for that period of time. Preferably, the vaporizing 
liquid maintains the temperature of the piezoelectric mate 
rial Substantially constant over that period of time. Also, 
preferably the case is provided with a pressure responsive 
Valve that opens and closes, in the high temperature envi 
ronment and in accordance with a defined procedure, to 
expose the liquid to that environment and to control the 
Vaporization of the liquid to maintain the temperature of the 
piezoelectric material Substantially constant over the period 
of time. 
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0010. As will be understood by those of ordinary skill in 
the art, a phase change from liquid to gas is characterized by 
a thermodynamic property known as the heat of vaporization 
constant, which is unique to all liquids. This quantity indi 
cates the highest temperature a liquid will remain a liquid, 
at a given pressure, until it boils off and turns into a gas. This 
thermodynamic property of liquids is employed in a unique 
manner in the present invention to keep the piezoelectric 
material at a specific temperature inside its enclosure, even 
when the Surrounding temperature is much hotter. 
0011 Further benefits and advantages of the invention 
will become apparent from a consideration of the following 
detailed description, given with reference to the accompa 
nying drawing, which specifies and shows a preferred 
embodiment of the invention. 

BRIEF DESCRIPTION OF THE DRAWING 

0012 FIG. 1 shows an actuator embodying the present 
invention 

0013 FIG. 2 shows the actuator of FIG. 1 with a valve 
of the actuator in an open position. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

0014 FIGS. 1 and 2 illustrate an actuator 10, generally, 
comprising a protective case or housing 12, a piezoelectric 
material 14, a liquid 16, and a valve 20. As shown in the 
Figures, actuator 10 also includes ceramic Spacers 22 and 
24, flexible seal 26, and mounting bracket 30. Piezoelectric 
material is Secured inside case 12, and in use, an electric 
Voltage is applied to the piezoelectric material to expand that 
material. AS the material 14 expands, Spacer 24 is pushed 
outwardly, and this outward movement of the Spacer may be 
used, in any Suitable way, to control or actuate Some other 
mechanism. For instance, the actuator may be used to 
change gradually the position of a control valve, or the 
actuator may be used as a Switch to turn a control or guide 
mechanism on or off. 

0015. In order to enable actuator 10 to work in very high 
temperatures, the piezoelectric material is enclosed within a 
Sealed container, which also contains a liquid 16 with 
particular thermodynamic properties. When the actuator 10 
is inserted into a high temperature environment, Such as 
inside a rocket engine, Valve 20 opens, which allows liquid 
16 to boil off. This keeps the piezoelectric material 14 at a 
constant temperature until all of the liquid 16 boils off, even 
when the ambient temperature is much hotter. 
0016. As will be understood by those of ordinary skill in 
the art, a phase change from liquid to gas is characterized by 
a thermodynamic property known as the heat of vaporization 
constant, which is unique to all liquids. This quantity indi 
cates the highest temperature a liquid will remain a liquid, 
at a given pressure, until it boils off and turns into a gas. 
0017. This thermodynamic property of liquids is 
employed in a unique manner in the present invention to 
keep the piezoelectric material at a Specific temperature 
inside its enclosure, even when the Surrounding temperature 
is much hotter. 

0018 With the preferred embodiment of the invention, 
the expected operation life of actuator 10 is comparatively 
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Short, perhaps Several Seconds. Also, valve 20 opens at a 
Specific pressure, and the valve opens and closes to maintain 
that pressure inside the container during operation. 
0019. In use, as heat is added to liquid 16, that fluid boils, 
turns into a gas and escapes through Valve 20. The remaining 
liquid in container 12 stays at the vaporization temperature, 
thus keeping piezoelectric material 14 at the same tempera 
ture, until all the liquid 16 is exhausted. 
0020. The specific liquid and operating pressure at which 
Valve 20 opens and closes may be Selected over a wide range 
of values depending on the Specific application for the 
actuator 10. For example, these values may be selected to 
minimize the temperature rise of the piezoelectric material 
14. Also, it may be noted, ceramic spacers 22 and 24 are 
used, in the preferred embodiment, to minimize heat transfer 
to the piezoelectric material 14 through conduction. These 
ceramic materials 22 and 24 are disposed on opposite ends 
of the piezoelectric material 14, between that material and 
case 12, on one end, and between the piezoelectric material 
and Seal 26, on the other end. 
0021 Seal 26, which extends across one end of case 12, 
is provided to close that end of the case while allowing 
expansion of the piezoelectric material 14 against the Seal. 
Mounting bracket 30, which is secured to case 12, may be 
used to mount actuator 10 in place in the location in which 
it is used. 

0022. As will be understood by those of ordinary skill in 
the art, any Suitable materials may be used for case 12, 
piezoelectric material 14, Valve 20, ceramic spacers 22 and 
24, Seal 26, and mounting bracket 30. Also, these items may 
be connected together in any Suitable way. 
0023 The preferred embodiment of the invention, as 
described above, provides a number of important advan 
tages. For example, the actuator 10 can be manufactured 
with leSS expense than more complex Systems that have 
more parts and materials and that are designed to function in 
harsh, high temperature environments. A significant weight 
Saving, which is a critical property of any engine used for 
propulsion, is also a benefit of this invention. 
0024. While it is apparent that the invention herein dis 
closed is well calculated to fulfill the objects stated above, 
it will be appreciated that numerous modifications and 
embodiments may be devised by those skilled in the art, and 
it is intended that the appended claims cover all Such 
modifications and embodiments as fall within the true spirit 
and Scope of the present invention. 

1. A method of assembling and employing a piezoelectric 
actuator, comprising the Steps of 

positioning an expandable piezoelectric material inside a 
CaSC, 

enclosing a vaporizable liquid in the case, 
positioning the case in a high temperature environment; 

and 

Vaporizing the liquid, in the high temperature environ 
ment, over a given period of time, to maintain the 
temperature of the piezoelectric material below a given 
value for Said period of time. 

2. A method according to claim 1, wherein the vaporizing 
Step includes the Step of vaporizing the liquid to maintain the 
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temperature of the piezoelectric material Substantially con 
Stant over Said period of time. 

3. A method according to claim 1, further comprising the 
Steps of 

providing the case with a pressure valve to open the case 
at a given pressure; and 

Said valve opening, in the high temperature environment, 
at Said given temperature, to expose the liquid to Said 
environment. 

4. A method according to claim 1, wherein Said high 
temperature environment has a temperature above 250. 

5. A method according to claim 4, wherein the high 
temperature environment has a temperature above 1000. 

6. A method according to claim 1, further comprising the 
Steps of 

Securing the piezoelectric material inside the case; and 
positioning ceramic material between the case and the 

piezoelectric material to insulate the piezoelectric 
material thermally from the case. 

7. A method according to claim 6, wherein: 
the piezoelectric material has first and Second ends, and 
the Step of positioning the ceramic material includes the 

Steps of 
i) positioning a first ceramic spacer between the case 

and the first end of the piezoelectric material, and 
ii) positioning a second ceramic spacer between the 

case and the Second end of the piezoelectric material. 
8. A method according to claim 1, wherein Said period of 

time is less than ten Seconds. 
9. A piezoelectric actuator comprising: 
a CaSC, 

a piezoelectric material disposed in the case and expand 
able between a first position and a Second actuating 
position; 

a liquid disposed in the case; and 
a valve, Secured to the case, and having a closed position 

and an open position, wherein the valve opens at a 
predetermined condition to expose the liquid in the case 
to the ambient temperature to vaporize the liquid, over 
a period of time, to maintain the temperature of the 
piezoelectric material below a given value for Said 
period of time. 

10. A piezoelectric actuator according to claim 9, wherein 
the liquid vaporizes to maintain the temperature of the 
piezoelectric material Substantially constant for Said period 
of time. 

11. A piezoelectric actuator according to claim 9, wherein 
the valve opens at a predetermined pressure to expose the 
liquid to Said ambient temperature. 

12. A piezoelectric actuator according to claim 11, 
wherein: 

the piezoelectric material includes first and Second ends, 
and 

the ceramic material includes 

i) a first ceramic spacer Secured between the case and 
the first end of the piezoelectric material to insulate 
thermally Said first end from the case, and 



US 2004/O140738A1 

ii) a second ceramic spacer Secured between the case 
and the Second end of the piezoelectric material to 
insulate thermally said Second end from the case. 

13. A method of employing a piezoelectric actuator, Said 
actuator including a Sealed case, an expandable piezoelectric 
material disposed in the case, and a liquid also disposed in 
the case, Said method comprising the Steps of 

positioning the case in a high temperature environment; 
and 

Vaporizing the liquid, when the case is in the high 
temperature environment, over a given period of time, 
to maintain the temperature of the piezoelectric mate 
rial below a given value for Said period of time. 

14. A method according to claim 13, wherein the actuator 
further includes a valve Secured to the case to open the case 
under given conditions, and wherein: 
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the vaporizing Step includes the Step of opening the valve, 
in the high temperature environment, to expose the 
liquid in the case to Said environment. 

15. A method according to claim 14, wherein the Step of 
opening the valve includes the Step of opening the valve at 
a predetermined preSSure. 

16. A method according to claim 13, wherein the actuator 
further includes a valve Secured to the case, to open the case 
under given conditions, and wherein: 

the vaporizing Step includes the Step of Selectively open 
ing and closing the valve, during Said period of time, to 
maintain the temperature of the piezoelectric material 
Substantially constant over Said period of time. 


