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(57) ABSTRACT 

A Working-?uid moving device is a laminate of ceramic 
sheets, Which constitute a channel. One of the ceramic sheets 
is formed to serve as a diaphragm. ApieZoelectric/electros 
trictive ?lm is formed on the diaphragm. The channel houses 
?rst and second Working ?uids. The ?rst Working ?uid is 
inferior to the second Working ?uid in Wettability to the 
inner Wall surface of the channel. When voltage is applied to 
the pieZoelectric/electrostrictive ?lm, the diaphragm is 
deformed, and the cross-sectional area of the channel at the 
central portion is reduced. The ?rst Working ?uid Which is 

26, 2002' present in the form of a single ?uid mass at the central 
portion of the channel receives a repulsive force from the 

(30) Foreign Application Priority Data Wall surface of the channel due to inferior Wettability. As a 
result, the ?rst Working ?uid is split into tWo ?uid masses, 

Mar. 26, 2003 (JP) ....................................... .. 2003-84485 Which then move in the channel. 
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WORKING-FLUID MOVING DEVICE 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to a Working-?uid 
moving device for moving a Working ?uid, the device being 
suitable for use as, for example, a sWitching device for 
changing over electric paths or optical paths, a sensor for 
detecting the position of a pressing portion or the like, or a 
drive source for driving a cylinder or the like. 

[0003] 2. Description of the Related Art 

[0004] Conventionally, for example, a device 100 having 
the structure shoWn in FIG. 14 is knoWn as this kind of 
Working-?uid moving device. The device 100 includes a 
channel 101 having a rectangular cross section; a ?rst 
Working ?uid (moving body) 102 housed in the channel 101; 
a second Working ?uid 103 housed in the channel 101 and 
exhibiting better Wettability to the inner Wall of the channel 
101 than the ?rst Working ?uid 102; and a pair of pump 
chambers 104 and 105 disposed at opposite ends of the 
channel 101. The device 100 is adapted to move the ?rst 
Working ?uid 102 rightWard in FIG. 14 through feed of the 
second Working ?uid 103 into the channel 101 from the 
pump chamber 104 and to move the ?rst Working ?uid 102 
leftWard in FIG. 14 through feed of the second Working ?uid 
103 into the channel 101 from the pump chamber 105. 

[0005] In this case, since the ?rst Working ?uid 102 is 
inferior to the second Working ?uid 103 in Wettability to the 
inner Wall of the channel 101, as shoWn in FIG. 15 that is 
a sectional vieW of the channel 101 cut by a plane along line 
1-1 of FIG. 14, very small spaces SP are formed betWeen the 
?rst Working ?uid 102 and the inner Wall surface of the 
channel 101 at corner portions. Thus, When causing the ?rst 
Working ?uid 102 to move, the second Working ?uid 103 
passes through the spaces SP. 

[0006] Hence, in order to move the ?rst Working ?uid 102 
by a predetermined distance, either the pump chamber 104 
or the pump chamber 105 must feed the second Working 
?uid 103 into the channel 101 in an amount equivalent to the 
total of the volume of the second Working ?uid 103 to be 
displaced at the time of movement of the ?rst Working ?uid 
102 and the volume of the second Working ?uid 103 passing 
through the spaces SP, While the other pump chamber 104 or 
105 must remove the second Working ?uid 103 from the 
channel 101 in an amount equal to that of the second 
Working ?uid 103 to be fed into the channel 101. 

[0007] Thus, the device 100 involves a problem that, When 
the ?rst Working ?uid 102 is to be moved at high speed, a 
large amount of the second Working ?uid 103 must be fed 
and removed Within a short period of time; hoWever, the 
pump chambers 104 and 105 may fail to move the ?rst 
Working ?uid 102 at a required high speed, if their discharge 
performances are insuf?cent. 

[0008] In the device 100, the volume of the pump chamber 
104 or 105 is changed so as to feed the second Working ?uid 
103 into the channel 101, thereby moving the ?rst Working 
?uid 102. Thus, the driving force of the pump chamber 104 
or 105 is not exerted directly on the ?rst Working ?uid 102, 
but is indirectly transmitted to the ?rst Working ?uid 102 via 
the second Working ?uid 103. Therefore, a time lag arises 
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before the ?rst Working ?uid 102 is moved by means of the 
driving force of the pump chamber 104 or 105, thereby 
raising a problem of the device 100 exhibiting poor 
response. Since a large amount of force (energy) is lost 
before the driving force of the pump chamber 104 or 105 is 
presented as movement of the ?rst Working ?uid 102, the 
device 100 also involves a problem of high energy con 
sumption. 

[0009] If the Wettability of the ?rst Working ?uid 102 to 
the inner Wall of the channel 101 is rendered better than that 
of the second Working ?uid 103 to the inner Wall of the 
channel 101, the spaces SP shoWn in FIG. 15 Will not be 
formed, Whereby a force generated by the pump chamber 
104 or 105 Will be ef?ciently exerted on the ?rst Working 
?uid 102. HoWever, in this case, since frictional resistance 
betWeen the ?rst Working ?uid 102 and the inner Wall 
surface of the channel 101 increases, the pump chambers 
104 and 105 must be designed so as to generate a greater 
force, and thus the device 100 involves a problem of, for 
example, increased siZe and energy consumption. 

SUMMARY OF THE INVENTION 

[0010] The present invention has been conceived in order 
to solve the above-mentioned problems, and an object of the 
present invention is to provide a Working-?uid moving 
device Which utiliZes a repulsive force induced by Wettabil 
ity betWeen a Working ?uid (?uid to be moved) and the Wall 
surface of a channel, for moving the Working ?uid through 
direct exertion of a driving force on the Working ?uid, 
thereby exhibiting reduced energy conversion loss and good 
response. 

[0011] To achieve the above object, a Working-?uid mov 
ing device of the present invention comprises a ?rst Working 
?uid, a second Working ?uid, and a housing body including 
a channel and housing the ?rst Working ?uid and the second 
Working ?uid in the channel. The housing body includes a 
deformable portion in Which at least a portion of a Wall of 
the channel is deformable so as to cause a change in a 
sectional shape of the channel. The housing body houses the 
?rst Working ?uid and the second Working ?uid such that, 
When the deformable portion is in a ?rst state, the ?rst 
Working ?uid is substantially in contact With a portion of an 
inner Wall surface of the channel, the portion corresponding 
to the deformable portion, and the second Working ?uid is 
substantially in contact With the remaining portion of the 
inner Wall surface of the channel. The ?rst Working ?uid and 
the second Working ?uid are selected such that the ?rst 
Working ?uid is inferior to the second Working ?uid in 
Wettability to the inner Wall surface of the channel. When the 
deformable portion in the ?rst state is deformed to assume 
a second state different from the ?rst state, the ?rst Working 
?uid is moved by means of a repulsive force induced by the 
inferior Wettability of the ?rst Working ?uid to the inner Wall 
surface of the channel. 

[0012] According to the above-described con?guration, 
When the deformable portion of the channel is in the ?rst 
state; for example, in the initial state, the ?rst Working ?uid 
is substantially in contact With a portion of the inner Wall 
surface of the channel corresponding to the deformable 
portion, and the second Working ?uid is substantially in 
contact With the remaining portion of the inner Wall surface 
of the channel. The ?rst Working ?uid is inferior to the 
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second Working ?uid in Wettability to the inner Wall surface 
of the channel. Accordingly, When the deformable portion in 
the ?rst state is deformed to assume the second state 
different from the ?rst state, the ?rst Working ?uid receives 
a repulsive force from the inner Wall surface on the basis of 
the Wettability of the ?rst Working ?uid to the inner Wall 
surface of the channel, and is thus moved Within the channel. 

[0013] Another Working-?uid moving device of the 
present invention comprises a ?rst Working ?uid, a second 
Working ?uid, and a housing body including at least a pair 
of opposed Walls and housing the ?rst Working ?uid and the 
second Working ?uid in a channel formed by the paired, 
opposed Walls. The housing body includes a deformable 
portion in Which at least a portion of the paired Walls of the 
channel is deformable so as to cause a distance betWeen the 
paired Walls to change betWeen a ?rst distance and a second 
distance shorter than the ?rst distance. The housing body 
houses the ?rst Working ?uid and the second Working ?uid 
such that, When the distance betWeen the paired Walls at the 
deformable portion assumes the ?rst distance, the ?rst 
Working ?uid is substantially in contact With portions of 
inner surfaces of the paired Walls, the portions correspond 
ing to the deformable portion, and the second Working ?uid 
is substantially in contact With the remaining portions of the 
inner surfaces of the paired Walls. The ?rst Working ?uid and 
the second Working ?uid are selected such that the ?rst 
Working ?uid is inferior to the second Working ?uid in 
Wettability to the inner surfaces of the paired Walls of the 
channel. When the deformable portion is deformed such that 
the distance betWeen the paired Walls changes from the ?rst 
distance to the second distance, the ?rst Working ?uid is 
moved by means of a repulsive force induced by the inferior 
Wettability of the ?rst Working ?uid to the inner surfaces of 
the paired Walls. 

[0014] According to the above-described con?guration, 
When the distance betWeen the paired Walls at the deform 
able portion of the channel assumes the ?rst distance, the 
?rst Working ?uid is substantially in contact With portions of 
the inner surfaces of the paired Walls, Which portions cor 
respond to the deformable portion, and the second Working 
?uid is substantially in contact With the remaining portions 
of the inner surfaces of the paired Walls. The ?rst Working 
?uid is inferior to the second Working ?uid in Wettability to 
the inner surfaces of the paired Walls of the channel. 
Accordingly, When the deformable portion is deformed such 
that the distance betWeen the paired Walls changes from the 
?rst distance to the second distance, the ?rst Working ?uid 
receives a repulsive force from the inner surfaces of the 
paired Walls on the basis of the Wettability of the ?rst 
Working ?uid to the inner surfaces of the paired Walls, and 
is thus moved Within the channel. 

[0015] In either one of the above-described Working-?uid 
moving devices, since the ?rst Working ?uid is moved 
through utiliZation of a repulsive force stemming from 
inferior Wettability betWeen the Wall surface of the channel 
and the ?rst Working ?uid, deformation of the deformable 
portion is immediately converted to movement of the ?rst 
Working ?uid. Thus, When an actuator is used to deform the 
deformable portion, the ?rst Working ?uid can be moved 
While energy consumption of the actuator is suppressed. 
Since deformation of the deformable portion is converted to 
movement of the ?rst Working ?uid Without delay irrespec 
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tive of Whether an actuator is employed or not, a Working 
?uid moving device of excellent response is provided. 

[0016] Preferably, in either one of the above-described 
Working-?uid moving devices, the housing body is con?g 
ured such that a plurality of deformable portions are formed 
on a single channel and such that, When each of the 
deformable portions is deformed, the ?rst Working ?uid 
Which is substantially in contact With the inner Wall surface 
of the channel at the deformable portion is moved by means 
of the repulsive force. 

[0017] The above-described con?guration can achieve a 
function substantially similar to that achievable by use of a 
plurality of Working-?uid moving devices Which are each 
con?gured such that a single deformable portion is formed 
on a single channel. Since the number of channels is 
reduced, the above-described con?guration can reduce 
trouble, labor, and the like required for ?lling channels With 
the ?rst and second Working ?uids. Also, the number of 
repetitions of adjusting pressure in the channel can be 
reduced, the pressure being a factor of determining the 
moving speed of the ?rst Working ?uid. 

[0018] In addition, since tWo or more deformable portions 
are used, even When at least one deformable portion is held 
undeformed While all of the other deformable portions are 
deformed, a change in pressure (a decrease in pressure 
and/or an increase in pressure) in the channel can be reduced 
(or smaller) in magnitude as compared With that Which 
arises, as a result of deformation of the deformable portion, 
in a Working-?uid moving device con?gured such that a 
single deformable portion is formed on a single channel. 

[0019] Preferably, in any one of the above-described 
Working-?uid moving devices, the ?rst Working ?uid is an 
incompressible ?uid, and the second Working ?uid is a 
compressible ?uid. Also, preferably, the ?rst Working ?uid 
is liquid, and the second Working ?uid is vapor of the ?rst 
Working ?uid. Through such selection of the Working ?uids, 
a change in volume of the channel associated With defor 
mation of the deformable portion can be absorbed by means 
of compression of the second Working ?uid. 

[0020] Preferably, the ?rst Working ?uid is a liquid metal 
such as mercury or a gallium alloy. Through use of such a 
liquid metal as the ?rst Working ?uid, for eXample, the 
electrical connection state betWeen sWitch terminals can be 
changed over from an electrically connected state to an 
electrically disconnected state, and vice versa, by means of 
the ?rst Working ?uid. 

[0021] Preferably, any one of the above-described Work 
ing-?uid moving devices further comprises an actuator for 
generating a force Which causes deformation of at least a 
portion of a Wall of the deformable portion, and at least the 
portion of the Wall to be deformed is a diaphragm. Also, 
preferably, deformable Walls of the deformable portion 
comprise a pair of opposed diaphragms, and a pair of 
actuators are ?Xedly attached to the corresponding dia 
phragms. Through employment of these con?gurations, the 
Working-?uid moving device can be used as an active 
element such as a changeover sWitch, a rodless cylinder, or 
an optical display element. Employment of a pair of actua 
tors as in the latter case alloWs easy increase in the magni 
tude of deformation of the deformable portion. 

[0022] Preferably, the actuator comprises a ?lm-type 
pieZoelectric element including a pieZoelectric/electrostric 
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tive ?lm or an antiferroelectric ?lm. Also, preferably, the 
diaphragm, the deformable portion, or the inner Wall surface 
of the deformable portion is formed from ceramic. Through 
employment of each of these features, a small-siZed Work 
ing-?uid moving device of eXcellent durability can be pro 
vided for use as an active element. 

[0023] Preferably, the inner Wall surface of the deformable 
portion is coated With a material Whose Wettability to the 
?rst Working ?uid is loW, or the inner Wall surface of the 
deformable portion is modi?ed so as to assume inferior 
Wettability to the ?rst Working ?uid. Employment of either 
of these features enables easy provision of a Working-?uid 
moving device in Which a repulsive force is generated on the 
basis of Wettability mentioned above, and eXpands the range 
of selection of the ?rst Working ?uid and material for the 
housing body. 

[0024] Preferably, the channel of the housing body is 
formed as a closed space, and the housing body comprises 
a volume change absorptive portion for absorbing a change 
in volume of the closed space associated With deformation 
of the deformable portion. Employment of the volume 
change absorptive portion enables easy absorption of a 
change in volume of the deformable portion Without need 
for compressibility of the second Working ?uid, thereby 
expanding the range of selection of the second Working 
?uid. 

[0025] Any one of the above-described Working-?uid 
moving devices can be con?gured such that deformation of 
the deformable portion causes the ?rst Working ?uid in a 
single mass to break into tWo or more ?uid masses. 

[0026] Preferably, in any one of the above-described 
Working-?uid moving devices, the ?rst Working ?uid is an 
electrically conductive ?uid; the second Working ?uid is an 
electrically insulative ?uid; and at least a pair of terminals 
are formed such that, before the deformable portion is 
deformed, the terminals assume one of an electrically con 
nected state, in Which the terminals are electrically con 
nected via the ?rst Working ?uid, and an electrically dis 
connected state, and such that, after the deformable portion 
is deformed to cause movement of the ?rst Working ?uid, the 
terminals assume the other of the electrically disconnected 
state and the electrically connected state. Through employ 
ment of this feature, a changeover sWitch of eXcellent 
response can be provided. 

[0027] Preferably, the Working-?uid moving device com 
prising the above-mentioned paired terminals is con?gured 
such that a plurality of terminal connection-state changeover 
elements are formed on a single channel, each terminal 
connection-state changeover element comprising the 
deformable portion and the paired terminals. This Working 
?uid moving device serves as a sWitching unit in Which a 
plurality of sWitches are formed by use of a single channel. 

[0028] The above-described con?guration can achieve a 
sWitching function similar to that achievable by use of a 
plurality of Working-?uid moving devices Which are each 
con?gured such that a single terminal connection-state 
changeover element is formed on a single channel. Since the 
number of channels is reduced, the above-described con 
?guration can reduce trouble, labor, and the like required for 
?lling channels With the ?rst and second Working ?uids. 
Also, a single terminal (electrode portion) can be used as a 
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common electrode for tWo adjacent terminals located on 
opposite sides of the terminal. In this case, since the number 
of terminals can be reduced, the cost of the device can be 
reduced. 

[0029] Furthermore, in this case, since tWo or more 
deformable portions are used, even When at least one 
deformable portion is held undeformed While all of the other 
deformable portions are deformed, a change in pressure (a 
decrease in pressure and/or an increase in pressure) in the 
channel can be reduced in magnitude as compared With that 
Which arises, as a result of deformation of the deformable 
portion, in a Working-?uid moving device con?gured such 
that a single terminal connection-state changeover element 
is formed on a single channel. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0030] Various other objects, features and many of the 
attendant advantages of the present invention Will be readily 
appreciated as the same becomes better understood by 
reference to the folloWing detailed description of the pre 
ferred embodiments When considered in connection With the 
accompanying draWings, in Which: 

[0031] FIG. 1A is a sectional vieW of a Working-?uid 
moving device in an initial state according to a ?rst embodi 
ment of the present invention; 

[0032] FIG. 1B is a plan vieW of the Working-?uid mov 
ing device in the initial state according to the ?rst embodi 
ment; 

[0033] FIG. 2A is a sectional vieW of the Working-?uid 
moving device in a driven state according to the ?rst 
embodiment; 
[0034] FIG. 2B is a plan vieW of the Working-?uid mov 
ing device in the driven state according to the ?rst embodi 
ment; 

[0035] FIG. 3A is a sectional vieW of a Working-?uid 
moving device in an initial state according to a second 
embodiment of the present invention; 

[0036] FIG. 3B is a sectional vieW of the Working-?uid 
moving device in a driven state according to the second 
embodiment; 
[0037] FIG. 4A is a sectional vieW of a Working-?uid 
moving device in an initial state according to a third embodi 
ment of the present invention; 

[0038] FIG. 4B is a sectional vieW of the Working-?uid 
moving device in a driven state according to the third 
embodiment; 
[0039] FIG. 5A is a plan vieW of a Working-?uid moving 
device according to a fourth embodiment of the present 
invention; 
[0040] FIG. 5B is a sectional vieW of the Working-?uid 
moving device of FIG. 5A in an initial state cut by a plane 
along line 4-4 of FIG. 5A; 

[0041] FIG. 5C is a sectional vieW of the Working-?uid 
moving device of FIG. 5A in a driven state cut by a plane 
along line 4-4 of FIG. 5A; 

[0042] FIG. 5D is a sectional vieW of the Working-?uid 
moving device of FIG. 5A in an initial state cut by a plane 
along line 4a-4a of FIG. 5A; 
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[0043] FIG. SE is a sectional vieW of the Working-?uid 
moving device of FIG. 5A in a driven state cut by a plane 
along line 4a-4a of FIG. 5A; 

[0044] FIG. 6A is a sectional vieW conceptually shoWing 
a modi?ed embodiment of the Working-?uid moving device 
in an initial state according the present invention; 

[0045] FIG. 6B is a sectional vieW conceptually shoWing 
the modi?ed embodiment of the Working-?uid moving 
device in a driven state; 

[0046] FIG. 7A is a plan vieW of a modi?ed embodiment 
of the Working-?uid moving device according to the present 
invention; 
[0047] FIG. 7B is a sectional vieW of the Working-?uid 
moving device of FIG. 7A in an initial state cut by a plane 
along line 5-5 of FIG. 7A; 

[0048] FIG. 7C is a sectional vieW of the Working-?uid 
moving device of FIG. 7A in a driven state cut by a plane 
along line 5-5 of FIG. 7A; 

[0049] FIG. 7D is a vieW shoWing the function of the 
Working-?uid moving device of FIG. 7A; 

[0050] FIG. 8A is a sectional vieW conceptually shoWing 
another modi?ed embodiment of the Working-?uid moving 
device in an initial state according to the present invention; 

[0051] FIG. 8B is a sectional vieW conceptually shoWing 
the Working-?uid moving device of FIG. 8A in a driven 
state; 

[0052] FIG. 8C is a vieW shoWing the function of the 
Working-?uid moving device of FIG. 8A; 

[0053] FIG. 9A is a sectional vieW conceptually shoWing 
still another modi?ed embodiment of the Working-?uid 
moving device in an initial state according to the present 
invention; 

[0054] FIG. 9B is a sectional vieW conceptually shoWing 
the Working-?uid moving device of FIG. 9A in a driven 
state; 

[0055] FIG. 9C is a vieW shoWing the function of the 
Working-?uid moving device of FIG. 9A; 

[0056] FIG. 10 is a conceptual plan vieW of the Working 
?uid moving device shoWn in FIGS. 9A and 9B; 

[0057] FIG. 11A is a conceptual plan vieW of a further 
modi?ed embodiment of the Working-?uid moving device 
according to the present invention; 

[0058] FIG. 11B is a vieW shoWing the function of the 
Working-?uid moving device of FIG. 11A; 

[0059] FIG. 12A is a conceptual plan vieW of a still 
further modi?ed embodiment of the Working-?uid moving 
device according to the present invention; 

[0060] FIG. 12B is a vieW shoWing the function of the 
Working-?uid moving device of FIG. 12A; 

[0061] FIG. 13 is a conceptual vieW shoWing a still further 
modi?ed embodiment of the Working-?uid moving device 
according to the present invention; 

[0062] FIG. 14 is a conceptual vieW of a conventional 
Working-?uid moving device; and 
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[0063] FIG. 15 is a sectional vieW of the channel of the 
Working-?uid moving device of FIG. 14. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0064] Embodiments of the Working-?uid moving device 
according to the present invention Will next be described in 
detail With reference to the draWings. The present invention 
is not limited to the embodiments, but may be changed, 
modi?ed, or improved in various Ways based on the knoWl 
edge of those skilled in the art Without departing from the 
scope of the invention. In the folloWing description, com 
mon structural portions among Working-?uid moving 
devices are denoted by common reference numerals. 

[0065] First Embodiment: 

[0066] FIG. 1A is a longitudinal sectional vieW of a 
Working-?uid moving device 10 in an initial state (?rst state) 
according to a ?rst embodiment of the present invention, and 
FIG. 1B is a plan vieW of the Working-?uid moving device 
10 in the initial state. It is noted that FIG. 1A is a sectional 
vieW of the device 10 cut by a plane along line 2-2 of FIG. 
1B. FIG. 2A is a longitudinal sectional vieW of the Working 
?uid moving device 10 in a driven state (at the time of 
voltage being applied, second state), and FIG. 2B is a plan 
vieW of the Working-?uid moving device 10 in the driven 
state. It is noted that FIG. 2A is a sectional vieW of the 
device 10 cut by a plane along line 3-3 of FIG. 2B. 

[0067] The Working-?uid moving device 10 functions as 
an on-off sWitch and includes a housing body 11 of ceramic 
Which substantially assumes the shape of a rectangular 
parallelepiped and has sides extending along the directions 
of mutually orthogonal X-axis, Y-axis, and Z-axis; and a 
pieZoelectric/electrostrictive ?lm 12 serving as an actuator. 
The housing body 11 has a channel 13 formed therein. The 
side of the housing body 11 extending along the Y-axis is the 
longest, and the sides extending along the X- and Z-axis are 
shorter than the side extending along the Y-axis. 

[0068] The housing body 11 includes ceramic thin-plate 
bodies (hereinafter called “ceramic sheets”) 11a-11c, Which 
are sequentially arranged in layers in the positive direction 
of the Z-axis and integrated into a single unit through ?ring. 
The ceramic sheet 11a has high rigidity and has a pair of 
electrodes 11d extending therethrough in the direction of the 
Z-axis. The paired electrodes 11d correspond to contacts of 
a sWitch and each include an electrode portion (terminal) 
11a'1 formed on the upper surface (a surface facing toWard 
the positive direction of the Z-axis) of the ceramic sheet 11a 
and a connection portion 11a'2 formed on the loWer surface 
of the ceramic sheet 11a. 

[0069] The ceramic sheet 11b includes a through-hole 
portion in a rectangular shape Whose major and minor axes 
extend in the directions of the Y-axis and X-axis, respec 
tively. The ceramic sheet 11c is thinner (shorter in length 
along the direction of the Z-axis) and loWer in rigidity than 
the ceramic sheets 11a and 11b and thus forms a deformable 
diaphragm (ceramic diaphragm). The through-hole portion 
of the ceramic sheet 11b is closed by means of the upper 
surface of the ceramic sheet 11a and the loWer surface of the 
ceramic sheet 11c, thereby constituting a channel 13. In 
other Words, the channel 13 is de?ned by the side Wall 
surface of the through-hole portion of the ceramic sheet 11b, 
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the upper surface of the ceramic sheet 11a, and the loWer 
surface of the ceramic sheet 11c and is a hollow space Whose 
major axis extends along the Y-axis and Whose section cut 
by a plane perpendicular to the major axis assumes a 
rectangular shape Whose sides extend along the X- and 
Z-axis. Since the ceramic sheet 11c is deformable, the 
housing body 11 includes the channel 13 having a deform 
able portion. 

[0070] The pieZoelectric/electrostrictive ?lm 12 is inte 
grally formed on the upper surface of the ceramic sheet 11c 
through ?ring and generates a force (driving force) for 
deforming a central portion of the ceramic sheet 11c With 
respect to the Y-axis direction (hereinafter such a central 
portion Will be referred to as a Y-axis-direction central 
portion) When voltage is applied betWeen an upper electrode 
and a loWer electrode formed on the upper and loWer 
surfaces, respectively, of the pieZoelectric/electrostrictive 
?lm 12. 

[0071] The channel 13 houses a ?rst Working ?uid 14 and 
a second Working ?uid 15. The ?rst Working ?uid 14 is 
inferior to (poor as compared With) the second Working ?uid 
15 in Wettability to the inner Wall surface of the channel 13; 
speci?cally, to a pair of opposed inner Wall surfaces of the 
channel 13 (in this case, the upper surface of the ceramic 
sheet 11a and the loWer surface of the ceramic sheet 11c) and 
to the side Wall surface of the through-hole of the ceramic 
sheet 11b. In other Words, the ?rst Working ?uid 14 is greater 
than the second Working ?uid 15 in contact angle With 
respect to the inner Wall surface of the channel 13. The ?rst 
Working ?uid 14 is electrically conductive and incompress 
ible. By contrast, the second Working ?uid 15 is electrically 
insulative and compressible. In the present embodiment, the 
?rst Working ?uid 14 is liquid mercury, Which is a liquid 
metal, Whereas the second Working ?uid 15 is mercury 
vapor. 

[0072] Next, the operation of the thus-con?gured Work 
ing-?uid moving device 10 Will be described. When no drive 
voltage is applied to the upper and loWer electrodes of the 
pieZoelectric/electrostrictive ?lm 12, the Working-?uid 
moving device 10 holds the initial state (herein, this state is 
also called “?rst state”) shoWn in FIGS. 1A and 1B. In this 
case, the ?rst Working ?uid 14 assumes the form of a single 
?uid mass (liquid mass) in an attempt to minimiZe its surface 
area and is substantially in contact With the inner Wall 
surface of the channel 13 at its near Y-axis-direction central 
portion. The second Working ?uid 15 is substantially in 
contact With the inner Wall surface of the channel 13 at the 
remaining portion of the channel 13 Where the ?rst Working 
?uid 14 is absent. As a result, the pair of electrode portions 
11a'1 are simultaneously covered With the electrically con 
ductive ?rst Working ?uid 14 and are thus brought into an 
electrically connected state. For the sake of convenience, the 
distance betWeen the upper surface of the ceramic sheet 11a 
and the loWer surface of the ceramic sheet 11c as measured 
at the Y-axis-direction central portion of the housing body 11 
is called a “?rst distance.” 

[0073] In this state, When voltage is applied betWeen the 
upper and loWer electrodes of the pieZoelectric/electrostric 
tive ?lm 12, the pieZoelectric/electrostrictive ?lm 12 
attempts to contract in the lateral direction (i.e., in a plane 
substantially in parallel With the X-Y plane). Thus, as shoWn 
in FIG. 2A, a Y-axis-direction central portion (a portion to 
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Which the pieZoelectric/electrostrictive ?lm 12 is ?xedly 
attached) of the ceramic sheet 11c is deformed doWnWard in 
a bended condition. As a result, the sectional shape of the 
channel 13 at its near Y-axis-direction central portion 
changes such that the cross-sectional area of the channel 13 
at its Y-axis-direction central portion (the area of the section 
of the channel 13 cut by a plane perpendicular to the 
direction of the Y-axis) is reduced. In this case, for the sake 
of convenience, the distance betWeen the upper surface of 
the ceramic sheet 11a and the loWer surface of the ceramic 
sheet 11c as measured at a Y-axis-direction central portion of 
the housing body 11 is called a “second distance.” Also, the 
state in Which the sectional shape of the channel 13 is thus 
changed is herein called a “second state.” 

[0074] At this time, since the ?rst Working ?uid 14 is 
inferior to the second Working ?uid 15 in Wettability to the 
Wall surface of the channel 13, the ?rst Working ?uid 14 
receives a repulsive force from the Wall surface. As a result, 
in order to minimiZe the surface area, the ?rst Working ?uid 
14 moves in a split (separate) condition to opposite end 
portions of the channel 13 With respect to the Y-axis direc 
tion (hereinafter such opposite end portions Will be referred 
to as Y-axis-direction opposite end portions), Which opposite 
end portions have a large cross-sectional area. Thus, the ?rst 
Working ?uid 14 assumes the form of a single ?uid mass at 
each of the opposite end portions of the channel 13. On this 
occasion, the second Working ?uid 15 is compressed at the 
Y-axis-direction opposite end portions of the channel 13; 
and the second Working ?uid 15 ?oWs into the Y-axis 
direction central portion of the channel 13 via spaces (simi 
lar to the spaces SP in FIG. 15) formed betWeen the ?rst 
Working ?uid 14 and the inner Wall surface (particularly 
corner portions of the inner Wall surface) of the channel 13 
and is also compressed at the central portion, thereby 
absorbing a change in volume of the channel 13. As a result, 
the paired electrode portions 11a'1 are not covered With the 
?rst Working ?uid 14, but are covered With the electrically 
insulative second Working ?uid 15 to thereby assume an 
electrically disconnected state. 

[0075] Subsequently, When application of voltage to the 
upper and loWer electrodes of the pieZoelectric/electrostric 
tive ?lm 12 is stopped, the ceramic sheet 11c and the 
pieZoelectric/electrostrictive ?lm 12 are restored to their 
original state, and thus the Working-?uid moving device 10 
returns to the initial state shoWn in FIGS. 1A and 1B. 
Accordingly, the ?rst Working ?uid 14 moves toWard the 
Y-axis-direction central portion of the channel 13 and 
assumes the form of a single ?uid mass at the portion. As a 
result, the paired electrode portions 11a'1 are again covered 
With the electrically conductive ?rst Working ?uid 14 and 
assume an electrically connected state. Thus is completed 
description of operation of the present embodiment. 

[0076] The Working-?uid moving device 10 according to 
the ?rst embodiment can yield the folloWing effects. 

[0077] (1) Since a force generated by the pieZoelectric/ 
electrostrictive ?lm 12 is exerted directly on the ?rst Work 
ing ?uid 14 via the ceramic sheet 11c and causes the ?rst 
Working ?uid 14 to move, electric energy applied to the 
pieZoelectric/electrostrictive ?lm 12 is effectively used for 
moving the ?rst Working ?uid 14. In other Words, since 
energy conversion loss in relation to movement of the ?rst 
Working ?uid 14 is small, a Working-?uid moving device of 
loW poWer consumption is provided. 
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[0078] (2) Since deformation of the ceramic sheet 11c 
(deformation of the Wall of the channel 13) is exerted 
directly on the ?rst Working ?uid 14 and causes the ?rst 
Working ?uid 14 to move, a time lag betWeen deformation 
of the ceramic sheet 11c (generation of a force by the 
pieZoelectric/electrostrictive ?lm 12) and movement of the 
?rst Working ?uid 14 is very short, thereby providing a 
Working-?uid moving device (sWitch) of excellent response. 

[0079] (3) Since a repulsive force to move the ?rst Work 
ing ?uid 14 is generated simultaneously With deformation of 
the ceramic sheet 11c; i.e., Without delay after deformation 
of the ceramic sheet 11c, a force generated by the pieZo 
electric/electrostrictive ?lm 12 is transmitted immediately 
and Without any Waste to the ?rst Working ?uid 14 and 
causes the ?rst Working ?uid 14 to move. 

[0080] (4) The Working-?uid moving device 10 utiliZes 
the surface tension of the ?rst Working ?uid 14; i.e., the 
property of the ?rst Working ?uid 14 of minimiZing its 
surface area. Thus, When the channel 13 is restored to its 
original shape after deformation of the channel 13 disap 
pears, the ?rst Working ?uid 14 Which has once been split 
reliably returns to a single ?uid mass. This restoration 
merely involves stopping of application of voltage to the 
pieZoelectric/electrostrictive ?lm 12 in contrast to the con 
ventional technique in Which energy is consumed for resto 
ration to the initial state, thereby providing a Working-?uid 
moving device of loW poWer consumption. Notably, the 
device 10 can be returned more quickly from the driven state 
to its initial state through application to the pieZoelectric/ 
electrostrictive ?lm 12 of a voltage Whose polarity is oppo 
site to that of the voltage having been applied to the 
pieZoelectric/electrostrictive ?lm 12. 

[0081] (5) As described above, the Working-?uid moving 
device 10 utiliZes a repulsive force Which the Wall surface of 
the channel 13 exerts on the ?rst Working ?uid 14, for 
causing the ?rst Working ?uid 14 to split. In addition, the 
?rst Working ?uid 14 in a split condition is returned to a 
single ?uid mass by means of surface tension, and therefore, 
it is possible that stable operation is obtained. 

[0082] Second Embodiment: 

[0083] Next, a Working-?uid moving device 20 according 
to a second embodiment of the present invention Will be 
described With reference to FIGS. 3A and 3B. FIG. 3A is 
a longitudinal sectional vieW of the Working-?uid moving 
device 20 in an initial state (?rst state), and FIG. 3B is a 
longitudinal sectional vieW of the Working-?uid moving 
device 20 in a driven state (at the time of voltage being 
applied, second state). A plan vieW of the Working-?uid 
moving device 20 in the initial state is similar to FIG. 1B, 
and that in the driven state is similar to FIG. 2B. Thus, the 
plan vieWs are omitted. Also, illustration of the paired 
electrodes 11a' is omitted. 

[0084] The Working-?uid moving device 20 merely differs 
from the above-described Working-?uid moving device 10 
in that the ceramic sheet 11a of the device 10 Which forms 
a portion (loWer Wall) of the channel 13 is replaced With a 
deformable member similar to the ceramic sheet 11c of the 
device 10 on Which the pieZoelectric/electrostrictive ?lm 12 
is formed. 

[0085] Speci?cally, the Working-?uid moving device 20 
includes a housing body 21 Which in turn includes a pair of 
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ceramic sheets 11c on each of Which the pieZoelectric/ 
electrostrictive ?lm 12 is integrally formed through ?ring, 
and the ceramic sheet 11b integrally sandWiched betWeen 
the paired ceramic sheets 11c. A channel 22 is de?ned by the 
side Wall surface of a through hole of the ceramic sheet 11b 
and the Wall surface of each of the paired ceramic sheets 11c 
on Which the pieZoelectric/electrostrictive ?lm 12 is not 
formed. The channel 22 houses the above-described ?rst 
Working ?uid 14 and the above-described second Working 
?uid 15. 

[0086] The thus-con?gured Working-?uid moving device 
20 operates in a manner similar to that of the Working-?uid 
moving device 10. Speci?cally, When no drive voltage is 
applied to the upper and loWer electrodes of the paired 
pieZoelectric/electrostrictive ?lms 12, the Working-?uid 
moving device 20 holds the initial state shoWn in FIG. 3A, 
and the ?rst Working ?uid 14 assumes the form of a single 
?uid mass at a Y-axis-direction central portion of the channel 
22 in an attempt to minimiZe its surface area. At this time, 
the ?rst Working ?uid 14 is substantially in contact With the 
inner Wall surface of the channel 22 at the Y-axis-direction 
central portion of the channel 22. The second Working ?uid 
15 is substantially in contact With the remaining portion of 
the inner Wall surface of the channel 22 Where the ?rst 
Working ?uid 14 is absent. In this case, for the sake of 
convenience, the distance betWeen the inner Wall surfaces of 
the paired ceramic sheets 11c as measured at a Y-axis 
direction central portion of the housing body 21 is called a 
“?rst distance.” 

[0087] In this state, When voltage is applied betWeen the 
upper and loWer electrodes of each of the paired pieZoelec 
tric/electrostrictive ?lms 12, the pieZoelectric/electrostric 
tive ?lms 12 attempt to contract in the lateral direction (i.e., 
in corresponding planes substantially in parallel With the 
X-Y plane). Thus, as shoWn in FIG. 3B, central portions 
(portions to Which the corresponding pieZoelectric/electros 
trictive ?lms 12 are ?xedly attached) of the paired ceramic 
sheets 11c are deformed in such a bended condition as to 
approach each other. As a result, the sectional shape of the 
channel 22 changes such that the cross-sectional area of the 
channel 22 at its Y-axis-direction central portion is reduced. 
In this case, for the sake of convenience, the distance 
betWeen the inner Wall surfaces of the paired ceramic sheets 
11c is called a “second distance”. 

[0088] At this time, since the ?rst Working ?uid 14 is 
inferior to the second Working ?uid 15 in Wettability to the 
Wall surface of the channel 22, the ?rst Working ?uid 14 
receives a repulsive force from the Wall surface. As a result, 
in order to minimiZe the surface area, the ?rst Working ?uid 
14 moves in a split condition to Y-axis-direction opposite 
end portions of the channel 22, Which portions have a large 
cross-sectional area. Thus, the ?rst Working ?uid 14 assumes 
the form of a single ?uid mass at each of the opposite end 
portions of the channel 22. On this occasion, the second 
Working ?uid 15 is compressed at the Y-axis-direction 
opposite end portions of the channel 22; and the second 
Working ?uid 15 ?oWs into a substantially central portion of 
the channel 22 via spaces formed betWeen the ?rst Working 
?uid 14 and the inner Wall surface (particularly corner 
portions of the inner Wall surface) of the channel 22 and is 
also compressed at the central portion, thereby absorbing a 
change in volume of the channel 22. 
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[0089] Subsequently, When application of voltage to the 
upper and loWer electrodes of the paired pieZoelectric/ 
electrostrictive ?lms 12 is stopped, the ceramic sheets 11c 
and the pieZoelectric/electrostrictive ?lms 12 are restored to 
their original state, and thus the Working-?uid moving 
device 20 returns to the initial state shoWn in FIG. 3A. 
Accordingly, the ?rst Working ?uid 14 moves to the Y-aXis 
direction central portion of the channel 22 and assumes the 
form of a single ?uid mass at the portion. Thus is completed 
description of operation of the present embodiment. 

[0090] The Working-?uid moving device 20 according to 
the second embodiment similarly yields the effects (1) to (5), 
Which the above-described Working-?uid moving device 10 
yields. In addition, through use of the paired ceramic sheets 
11c each provided With the pieZoelectric/electrostrictive ?lm 
12, the magnitude of deformation of the channel 22 can be 
increased (the difference betWeen the ?rst distance and the 
second distance can be increased), and therefore, the device 
20 yields the effect of reliably splitting the ?rst Working ?uid 
14. 

[0091] Third Embodiment: 

[0092] Next, a Working-?uid moving device 30 according 
to a third embodiment of the present invention Will be 
described With reference to FIGS. 4A and 4B. FIG. 4A is 
a longitudinal sectional vieW of the Working-?uid moving 
device 30 in an initial state (?rst state), and FIG. 4B is a 
longitudinal sectional vieW of the Working-?uid moving 
device 30 in a driven state (at the time of voltage being 
applied, second state). A plan vieW of the Working-?uid 
moving device 30 in the initial state is similar to FIG. 1B, 
and that in the driven state is similar to FIG. 2B eXcept that 
the ?rst Working ?uid 14 is split into three. Thus, the plan 
vieWs are omitted. Also, illustration of the paired electrodes 
11a' is omitted. 

[0093] The Working-?uid moving device 30 structurally 
differs from the above-described Working-?uid moving 
device 10 in that the channel 13 has a recess (a recess portion 
or cut portion) formed on its loWer Wall surface at a 
Y-aXis-direction central portion thereof. Speci?cally, the 
Working-?uid moving device 30 merely differs from the 
device 10 in that a housing body 31 is con?gured such that 
the ceramic sheet 11a of the Working-?uid moving device 10 
is replaced With a ceramic sheet 31a having a recess 31a1 
formed thereon at a Y-aXis-direction central portion thereof 
and that the housing body 31 includes a channel 32. 

[0094] When no drive voltage is applied to the upper and 
loWer electrodes of the pieZoelectric/electrostrictive ?lm 12, 
the thus-con?gured Working-?uid moving device 30 holds 
the initial state shoWn in FIG. 4A, and the ?rst Working ?uid 
14 assumes the form of a single ?uid mass at a Y-aXis 
direction central portion of the channel 32 in an attempt to 
minimiZe its surface area. The ?uid mass is present through 
out the recess portion 31411. In this case, for the sake of 
convenience, the distance betWeen the upper surface of the 
recess portion 31411 of the ceramic sheet 31a and the loWer 
surface of the ceramic sheet 11c is called a “?rst distance.” 

[0095] In this state, When voltage is applied betWeen the 
upper and loWer electrodes of the pieZoelectric/electrostric 
tive ?lm 12, the pieZoelectric/electrostrictive ?lm 12 
attempts to contract in the lateral direction. Thus, as shoWn 
in FIG. 4B, 21 Y-aXis-direction central portion of the ceramic 
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sheet 11c is deformed doWnWard in a bended condition. As 
a result, the cross-sectional area of the channel 32 at its 
Y-aXis-direction central portion is reduced. In this case, for 
the sake of convenience, the distance betWeen the upper 
surface of the recess portion 31411 and the loWer surface of 
the ceramic sheet 11c as measured at a Y-aXis-direction 
central portion of the housing body 31 is called a “second 
distance.” 

[0096] At this time, since the ?rst Working ?uid 14 is 
inferior to the second Working ?uid 15 in Wettability to the 
Wall surface of the channel 32, the ?rst Working ?uid 14 
receives a repulsive force from the Wall surface. As a result, 
in order to minimiZe the surface area, a portion of the ?rst 
Working ?uid 14 moves in a split condition to Y-aXis 
direction opposite end portions of the channel 32, Which 
portions have a large cross-sectional area. Thus, the ?rst 
Working ?uid 14 assumes the form of a single ?uid mass at 
each of the opposite end portions of the channel 32 and at a 
central portion of the channel 32. In other Words, the ?rst 
Working ?uid 14 is split into three ?uid masses. On this 
occasion, the second Working ?uid 15 is compressed at the 
Y-aXis-direction opposite end portions of the channel 32; 
and the second Working ?uid 15 ?oWs toWard a central 
portion of the channel 32 via spaces formed betWeen the ?rst 
Working ?uid 14 and the inner Wall surface (particularly 
corner portions of the inner Wall surface) of the channel 32 
and is also compressed betWeen the central ?uid mass of the 
?rst Working ?uid 14 and the opposite-end ?uid masses of 
the ?rst Working ?uid 14, thereby absorbing a change in 
volume of the channel 32. 

[0097] Subsequently, When application of voltage to the 
upper and loWer electrodes of the pieZoelectric/electrostric 
tive ?lm 12 is stopped, the ceramic sheet 11c and the 
pieZoelectric/electrostrictive ?lm 12 are restored to their 
original state, and thus the Working-?uid moving device 30 
returns to the initial state shoWn in FIG. 4A. Accordingly, 
the ?uid masses of the ?rst Working ?uid 14 present at the 
opposite end portions of the channel 32 move toWard the 
Y-aXis-direction central portion of the channel 32 and 
assumes the form of a single ?uid mass at the portion. Thus 
is completed description of operation of the present embodi 
ment. 

[0098] The Working-?uid moving device 30 according to 
the third embodiment similarly yields the effects (1) to (5), 
Which the above-described Working-?uid moving device 10 
yields. In addition, since the recess portion 31a1 is formed, 
the ?rst Working ?uid 14 is reliably present, in the initial 
state, at a substantially central portion of the channel 32 in 
the form of a single ?uid mass, thereby yielding the effect of 
imparting higher stability to movement of the ?rst Working 
?uid 14. 

[0099] Fourth Embodiment: 

[0100] Next, a Working-?uid moving device 40 according 
to a fourth embodiment of the present invention Will be 
described With reference to FIGS. 5A to SE. FIG. 5A is a 
plan vieW of the Working-?uid moving device 40. FIGS. 5B 
and 5C are sectional vieWs of the Working-?uid moving 
device 40 in an initial state (?rst state) and a driven state (at 
the time of voltage being applied, second state), respectively, 
cut by a plane along line 4-4 shoWn in FIG. 5A. FIGS. 5D 
and 5E are sectional vieWs of the Working-?uid moving 
device 40 in an initial state (?rst state) and a driven state (at 






















