
08 JUN 2006 -1  SPECIFICATION ELECTROACTIVE POLYMER ACTUATOR AND DIAPHRAGM
PUMP USING THE SAME BACKGROUND OF THE INVENTION  s 1. Field of the
Invention The present invention relates to an electroactive polymer
actuator,  which is preferably used for devices such as small-sized
diaphragm pumps,  and a diaphragm pump using the actuator. 2. Disclosure of
the Prior Art 10 In the past, for devices such as small-sized diaphragm
pumps, it has  been proposed to use a laminate composed of a sheet of an
electroactive  polymer material such as silicon rubber and an acrylic
material, and a pair of  electrode layers formed on both surfaces of the
sheet. When a voltage is  applied between the electrode layers, a
deformation of the laminate happens is such that a dimension in the
thickness (vertical) direction of the laminate  decreases, and the
dimension in the horizontal direction of the laminate  increases. This
phenomenon is known as electroactive effect. For example, Japanese Patent
Early Publication [kokai] No. 2001- 263486 discloses a diaphragm pump using
the electroactive effect. That is,  20 as shown in FIG. 11, this diaphragm
pump comprises a casing 1P having a concave 7P for providing a pump chamber
in its top surface and intake and  exhaust passages (2P, 3P), and a
diaphragm 10P for covering this concave.  The diaphragm 10P is of a
laminate structure, which is formed with a thin- sheet member 12P of an
electroactive polymer material, and a pair of 25 electrode layers 11P
formed on both surfaces of the thin-sheet member by a  physical vapor
deposition such as sputtering. When a voltage is applied between the
electrode layers 11P, a 



dimension in the thickness direction of the diaphragm lOP decreases and the
dimension in the horizontal direction thereof increases. This brings a 08
JUN 2006 -2  volume change of the pump chamber that is a space surrounded
by the  concave 7P and the diaphragm 10P. On the other hand, when the
applied  voltage is removed, the diaphragm 10P recovers its original shape.
Therefore, according to this volume change of the pump chamber, it is 5
possible to suck a fluid such as air into the pump chamber through the
intake  passage 2P, and then exhaust the air in the pump chamber the
exhaust passage  3P. By applying a RF voltage having a required frequency
between the  electrode layers 11P, this pumping operation can be repeated.
However, in the case of using this laminate 10P as the diaphragm, it is  10
difficult to control the deformation of the diaphragm during the pumping
operation. Therefore, it still has plenty of room for improvement from the
viewpoint of providing a stable and reliable pumping operation. In
addition,  since the diaphragm is formed by the laminate 10P including the
single thin- sheet member 12P of the electroactive polymer material, there
are problems is that a deformation force of the diaphragm is relatively
small, and a  deformation speed thereof is relatively slow. These may lead
to reductions  in exhaust amount and response speed of the diaphragm pump.
Thus, it is  said that these problems are causes of preventing the actual
use of the devices  such as the small-sized diaphragm pump using the
electroactive effect. 20 SUMMARY OF THE INVENTION In view of the above
problems, a concern of the present invention is to  provide an
electroactive polymer actuator, which includes the capability of  improving
response speed and operation reliability of a device using  electroactive
effect. 25 That is, the electroactive polymer actuator comprises: 



a laminate including a tubular member of an electroactive polymer
material, a first electrode formed on an inner peripheral surface of the
tubular  member, and a second electrode formed on an outer peripheral
surface of the  tubular member; and 30 a voltage applying unit for applying
a voltage between the first and 08 JUN 2006 -3  second electrodes to cause
a deformation in the laminate. In addition, it is preferred that the
laminate of the electroactive  polymer actuator further includes: a second
tubular member of an electroactive polymer material, which  5 is placed
around the second electrode such that the outer peripheral surface of the
tubular member is connected to an inner peripheral surface of the second
tubular member through the second electrode; and a third electrode formed
on an outer peripheral surface of the second  tubular member; 10 wherein
the voltage applying means unit applies the voltage(s)  between the first
and second electrodes and between the second and third  electrodes to cause
the deformation in the laminate. Moreover, to achieve further improved
response speed and operation  reliability of the device using electroactive
effect, another concern of the  15 present invention is to provide an
electroactive polymer actuator comprising: a laminate formed by alternately
placing a plurality of ring members  of an electroactive polymer material
having different diameters and a plurality  of ring electrodes having
different diameters such that each of the ring  members is positioned
between inner and outer peripheral surfaces of adjacent  20 ring
electrodes; and a voltage applying means for applying a voltage(s) between
odd- numbered ring electrodes and even-numbered ring electrodes in the case
of  



counting the ring electrodes in order from an innermost ring electrode of
the  laminate, to thereby cause a deformation in the laminate. 25 A further
concern of the present invention is to provide an  electroactive polymer
actuator characterized by a unique arrangement of  laminates described
below, which includes the capability of improving  response speed and
operation reliability of a device using electroactive effect.  That is,
this actuator comprises: 30 a plurality of laminates each having a
triangular prism shape, each of 08 JUN 2006 -4  the laminates including a
pair of electrodes and an electroactive polymer  member, which are
alternately placed in a direction of a vertical line  extending from a
vertex of a triangle that is a general surface of the triangular  prism to
a base of the triangle, the laminates being arranged as a whole in a 5
regular polygonal pattern such that the vertex of the triangle is
positioned in  the vicinity of a center of the polygonal pattern, and each
of the laminates is  spaced from an adjacent laminate by a required
distance; and a voltage applying means for applying a voltage between the
electrodes spaced from each other by the electroactive polymer material
with  10 respect to each of the laminates, to thereby cause a deformation
in the  laminate. Another concern of the present invention is to provide an
electroactive  polymer actuator characterized by a spiral structure formed
by winding an  elongated laminate described below, which includes the
capability of 15 improving response speed and operation reliability of a
device using  electroactive effect. That is, this actuator comprises: the
spiral structure formed by winding a laminate including an  elongated sheet
of an electroactive polymer material, a pair of first and second  electrode
layers formed on opposite surfaces of the elongated sheet, and an  



20 insulation layer formed on one of the electrode layers; and a voltage
applying means for applying a voltage between the electrode  layers to
cause a deformation in the spiral structure. In addition, as a particularly
preferred application of the electroactive  polymer actuator, the present
invention provides a diaphragm pump  25 comprising the electroactive
polymer actuator of any one of the above mentioned electroactive polymer
actuators as a diaphragm drive means, and a  thin sheet of a flexible
material as a diaphragm, on a surface of which the  laminate of the
electroactive polymer actuator is mounted. These and still other objects
and advantages of the present invention  30 will become apparent from the
following detail description of the invention r 08 JUN 2006 -5  and
preferred embodiments of the invention. BRIEF EXPLANATION OF THE DRAWINGS
FIGS. 1A and lB are perspective and cross-sectional views of an
electroactive  polymer actuator according to a first embodiment of the
present invention; 5 FIGS. 2A and 2B are cross-sectional views illustrating
a deformation of the  electroactive polymer actuator caused when a voltage
is applied; FIGS. 3A and 3B are schematic cross-sectional views of a
diaphragm pump  using the actuator; FIGS. 4A and 4B are perspective and
cross-sectional views showing an  10 electric circuit of the electroactive
polymer actuator; FIG. 5 is a perspective view of a laminate of the
electroactive polymer  actuator according to a first modification of the
first embodiment; FIGS. 6A and 6B are perspective and cross-sectional views
showing an  electric circuit of the electroactive polymer actuator of FIG.
5; is FIG. 7 is a perspective view of a laminate of the electroactive
polymer  



actuator according to a second modification of the first embodiment; FIG. 8
is a plan view of a ring member of the laminate of FIG. 7 FIG. 9 is a
perspective view of a laminate of an electroactive polymer actuator
according to a second embodiment of the present invention; 20 FIG. 10 is a
perspective view of a laminate of an electroactive polymer  actuator
according to a third embodiment of the present invention; FIGS. I1A to 11C
are schematic views showing operations of a bimorph-type  diaphragm drive
unit using a pair of the electroactive polymer actuators of the  present
invention; and 25 FIG. 12 is a cross-sectional view of a conventional
diaphragm pump.  DETAIL DESCRIPTION OF THE PREFERRED EMBODIMENT  Preferred
embodiments of the present invention are explained in detail referring to
the attached drawings. However, these embodiments do not  limit the scope
of the present invention. 30 <FIRST EMBODIMENT> 08 JUN 2006 - 6  As shown
in FIGS. IA and 1B, an electroactive polymer actuator of  the first
embodiment has a disk-shaped laminate 5, which is formed by  alternately
placing first to sixth ring members 11 to 16 having different  diameters of
an electroactive polymer material such as silicon rubber and an 5 acrylic
material, and first to seventh ring electrodes 21 to 27 having different
diameters in a concentric pattern such that each of the ring members is
positioned between inner and outer peripheral surfaces of adjacent ring
electrodes. In FIG. 1A, the numeral 4 designates a flexible thin sheet as a
diaphragm, which is attached to a bottom surface of the laminate 5. 10 For
example, the first ring electrode 21 can be obtained by forming a
conductive layer on an inner peripheral surface of the first ring member
11,  and the second ring electrode 22 can be obtained by forming a
conductive  



layer on an outer peripheral surface of the first ring member 11. To form
the  conductive layer, for example, it is preferred to use a physical vapor
is deposition such as sputtering. Then, the second ring member 12 is placed
around the second electrode 22 such that the outer peripheral surface of
the  first ring member 11 is connected to an inner peripheral surface of
the second  tubular member 12 through the second ring electrode 22. In
addition, the  third ring electrode 23 can be obtained by forming a
conductive layer on an 20 outer peripheral surface of the second ring
member 12B. The remaining ring  electrodes (24-27) and the remaining ring
members (13-16) are placed  according to the same manner to obtain the
laminate 5. In this embodiment,  the first ring electrode 21 is positioned
between a center cylinder solid 40 and  the first ring member 11. 25 As
shown in FIG. 1B, the electroactive polymer actuator has a voltage
applying unit for applying a voltage between odd-numbered ring electrodes
and even-numbered ring electrodes in the case of counting the number of the
ring electrodes from an innermost ring electrode (i.e., first ring
electrode 21)  of the laminate 5, to thereby cause a deformation in the
laminate. 5. In this 3o embodiment, the first, third, fifth and seventh
ring electrodes (21, 23, 25, 27) 08 JUN 2006 -7  are connected to the
negative pole of a DC power supply 30, and the second,  fourth and sixth
ring electrodes (22, 24, 26) are connected to the positive pole  of the DC
power supply 30. In FIG. 1B, the numeral 32 designates an on-off  switch
used to apply the voltage between those electrodes. 5 In the electroactive
polymer actuator having the above structure, when  the switch 32 is turned
on, a deformation of the laminate 5 happens such that  the dimension in the
radial direction of the laminate decreases, and the  dimension in the axial
direction of the laminate increases, as shown in FIG.  IA. When the
laminate 5 is mounted on the flexible thin sheet 4, the flexible 



10 thin sheet 4 can be bent by the deformation force of the laminate, as
shown in  FIG. 2A. Then, when the switch 32 is turned off, the laminate 5
recovers its  original shape, as shown in FIG. 2B. Therefore, by repeating
this switch  operation, the diaphragm of the flexible thin sheet 4 can be
periodically  deformed. is As an example, in FIGS. 3A and 3B, a diaphragm
pump using the  electroactive polymer actuator of the present invention is
explained. This  diaphragm pump has a casing 1 having a concave 7 for
providing a pump  chamber in its top surface and intake and exhaust
passages (2, 3) connecting  to the concave, and the thin sheet 4 of a
flexible material for covering the 20 concave as a diaphragm. The laminate
5 of the electroactive polymer  actuator is mounted on a surface of the
thin sheet that is opposed to the  surface facing the concave 7. When the
thin sheet 4 is made of a metal  material, the laminate is connected to the
thin sheet through a required  insulation layer (not shown). The numerals
50 and 52 designate one-way  25 valves built in the intake and exhaust
passages (2, 3). When a voltage is applied to the actuator, the diaphragm 4
is bent by  the deformation of the laminate 5 to decrease an internal
volume of the pump  chamber, as shown in FIG. 3A, so that a fluid such as
air is exhausted from  the pump chamber through the exhaust passage 3.
Then, when the applied 30 voltage is removed, the laminate 5 of the
actuator recovers its original shape, 08 JUN 2006 -8  as shown in FIG, 3B,
so that the fluid comes into the pump chamber through  the intake passage
2. According to the above diaphragm pump of the present invention, it is
possible to provide a stable pumping operation at an improved response
speed.  s That is, since the conventional electroactive polymer actuator
uses, as a diaphragm, a laminate composed of a single sheet member of the
electroactive  



polymer material and a pair of electrode layers formed on both surfaces of
the  sheet member, it is difficult to obtain a constant diaphragm motion
during the  pumping operation, as described above. However, in the present
invention, to since the laminate 5 having the concentric arrangement of the
plurality of ring  members of the electroactive polymer material is used as
the diaphragm drive  means, it is possible to provide a controlled
diaphragm motion at a high  response speed. In addition, expansion and
contraction forces of the laminate 5 are  is equal to a sum of the
expansion and contraction forces of the respective ring  members (11-16).
Therefore, the actuator of this embodiment can provide a  more powerful
pumping action than the conventional actuator using only the  single sheet
member of the electroactive polymer material as the diaphragm.  Moreover,
there is another advantage  that a deformation amount of the 20 diaphragm
can be controlled with accuracy in response to a magnitude of the  voltage
applied to the actuator. In the actuator of the present invention, the
number of the ring  members of the electroactive polymer material is not
limited. However,  when using the actuator as the diaphragm drive means for
the diaphragm 25 pump, it is recommended to select the number of the ring
members within a  range of 3 to 10 to achieve the high pumping performance
with, reliability.  When the number of the ring members is more than 10,
there is a case that the  size of the actuator is too big for small-size
devices. In addition, the  production cost of the actuator may increase. 30
As an example, the laminate of the electroactive polymer actuator of 08 JUN
2006 -9  the present invention can be manufactured by the following method.
First, a  plurality of tubular members of the electroactive polymer
material having  different diameters and a plurality of tubular electrodes
having different  



diameters are alternately placed to obtain a solid cylinder body having s
numerous concentric layers. Each of the tubular electrodes can be obtained
by forming a conductive film on the outer and/or inner peripheral surface
of  the respective ring members with use of a PVD method such as
sputtering.,  Then, the solid cylinder body is cut (or sliced) in a
direction perpendicular to  its axial direction to obtain a disk-shaped
laminate having a desired axial 10 length. According to this method, it is
possible to efficiently manufacture  the laminate for the electroactive
polymer actuator of the present invention.  By the way, as shown in FIG.
IA, the first to sixth ring members (11 16) of the electroactive polymer
actuator of this embodiment have a same wall  thickness. In this case, it
is preferred to apply a plurality of different  is voltages (VI, V2, V3,
V4) between the odd-numbered ring electrodes (21, 23, 25, 27) connected to
the positive pole and the even-numbered ring electrodes  (22, 24, 26)
connected to the negative pole of the DC power supply according  to the
following manner. That is, a magnitude of voltage (VI) applied between the
first and  20 second ring electrodes (21, 22) spaced by the first ring
member 11 is smaller  than the magnitude of voltage (V2) applied to the
second and third ring  electrodes (22, 23) spaced by the second ring member
12. Similarly, the  magnitude of voltage (V2) applied between the second
and third ring  electrodes (22, 23) spaced by the second ring member 12 is
smaller than the 25 magnitude of voltage (V3) applied to the third and
fourth ring electrodes (23,  24) spaced by the third ring member 13. The
magnitudes of the respective  voltages applied between the ring electrodes
are determined such that an  expansion amount in the axial direction of
each of the ring members is  substantially equal to that of the adjacent
ring member. As a result, it is 30 possible to achieve a uniform elongation
in the axial direction of the laminate. 08 JUN 2006 - 10  



As described above, in the case of applying the different voltages  between
the odd-numbered ring electrodes and the even-numbered ring  electrodes of
the laminate, it is preferred to form an electric circuit, as shown  in
FIGS. 4A and 4B. That is, first insulation layers (62, 64, 66) are formed 5
on exposed ends of the even-numbered ring electrodes (22, 24, 26) on a top
surface of the laminate 5, and second insulation layers (61, 63, 65, 67)
are  formed on exposed ends of the odd-numbered ring electrodes (21, 23,
25, 27)  on a bottom surface of the laminate. Then, a plurality of first
conductive layers (71, 72, 73, 74) are formed  10 on the top surface of the
laminate 5 such that each of the first conductive  layers (e.g., 72) is
separated from an adjacent. first conductive layer (e.g., 73)  by the
insulation layer (e.g., 64). As a result, each of the first conductive
layers (71-74) is connected to the exposed end of the odd-numbered ring
electrodes (21, 23, 25, 27) on the top surface of the laminate 5. On the
other is hand, a single second conductive layer 80 is formed on the entire
bottom  surface of the laminate 5 such that the exposed ends of the
even-numbered  ring electrodes (22, 24, 26) are electrically connected to
each other by the  second conductive layer. The second conductive layer 80
is used as an earth  electrode. To apply the required voltages (VI, V2, V3,
V4) between the first 20 conductive layers (71 -74) and the earth electrode
80, a plurality of DC power  sources (not shown) can be used.
Alternatively, a Schenkel circuit may be  used. In this case, a plurality
of voltages can be obtained by a single power source. Next, modifications
of the electroactive polymer actuator of this  25 embodiment are explained.
As a first modification, as shown in FIG. 5, it is preferred that a
laminate of the electroactive polymer actuator is formed such that wall
thicknesses (T1, T2, T3, T4) of first to fourth ring members (11, 12, 13,
14)  satisfy the condition of T1>T2> T3>T4. That is, the wall thickness of
each of 



30 the first to sixth ring members is determined such that when a constant
08 JUN 2006 -11  voltage is applied between the odd-numbered ring
electrodes connected to the  positive pole and the even-numbered ring
electrodes connected to the negative  pole of the DC power supply 30, an
expansion amount in the axial direction of  each of the ring members is
substantially equal to that of the adjacent ring s member. As a result, it
is possible to achieve a uniform elongation in the  axial direction of the
laminate. When applying the constant voltage between the odd-numbered ring
electrodes (21, 23, 25) and the even-numbered ring electrodes (22, 24) of
the  laminate 5, it is preferred to form an electric circuit; as shown in
FIGS. 6A 10 and 6B. That is, first insulation layers (61, 63, 65) are
formed on exposed  ends of the odd-numbered ring electrodes (21, 23, 25) on
a top surface of the  laminate, and second insulation layers (62, 64) are
formed on exposed ends of  the even-numbered ring electrodes (22, 24) on a
bottom surface of the  laminate 5. 15 Then, a first conductive layer 70 is
formed on the entire top surface of  the laminate 5 such that the exposed
ends of the even-numbered ring  electrodes (22, 24) on the top surface of
the laminate are electrically  connected to each other by the first
conductive layer. Similarly, a second  conductive layer 80 is formed on the
entire bottom surface of the laminate 5 20 such that the exposed ends of
the odd-numbered ring electrodes (21, 23, 25)  are electrically connected
to each other by the second conductive layer.  Finally, the DC power supply
30 is connected between the first and second  conductive layers (70, 80)
through the on-off switch 32. As a second modification, as shown in FIGS. 7
and 8, each of the first  25 to fifth ring members (21-25) may be formed in
a cylinder hollow shape such  that a center P2 of the inner circle C2 is
displaced from the center P1 of the  



outer circle Cl. When a voltage is applied to this laminate 5, a
deformation  of the laminate happens such that the dimension in the radial
direction of the  laminate decreases, and the dimension in the axial
direction of the laminate 30 increases. In this case, a contraction amount
in the radial direction at the 08 JUN 2006 - 12  side R2 of the laminate is
larger than the contraction amount at the side RI of  the laminate. In
other words, an elongation in an axial direction at the side  R2 of the
laminate is greater than the elongation at the side RI of the laminate,  so
that the laminate 5 is bent, as shown by the arrows in FIG. 7. 5 In
addition, as a third modification, ring members of the electroactive
polymer actuator may be formed in similar elliptic rings, and placed such
that  center axes of those ring members are consistent with each other and
the each  of the ring members is positioned between adjacent ring
electrodes. <SECOND EMBODIMENT> 10 As shown in FIG. 9, an electroactive
polymer actuator according to  the second embodiment of the present
invention has an arrangement of a  plurality of laminates 5A each having a
triangular prism shape. Each of the  laminates 5A includes a plurality
electrodes 20A and electroactive polymer  materials 10A, which are
alternately placed in a direction of a vertical line 15 extending from a
vertex P of a triangle that is a general surface of the  triangular prism
to a base S of the triangle. In this embodiment, the number  of the
laminates is 8. Those laminates 5A are arranged as a whole in an octagonal
pattern  such that the vertex P of the triangle is positioned in the
vicinity of a center of  20 the octagonal pattern, and each of the
laminates 5A is spaced from an adjacent laminate by a required distance d.
This actuator also has a voltage applying  unit (not shown) for applying a
voltage between the electrodes 20A of each of  the laminates to cause a
deformation in the laminate. By simultaneously  



applying the voltages to all of the laminates, a diaphragm 4A attached to
the 25 arrangement of the laminates 5A can be bent as in the case of the
first  embodiment, as shown by the arrows in FIG. 9. <THIRD EMBODIMENT> As
shown in FIG. 10, an electroactive polymer actuator of the third
embodiment has a spiral structure 5B formed by winding a laminate including
30 an elongated sheet IOB of an electroactive polymer material such as
silicon 08 JUN 2006 - 13  rubber and an acrylic material, a pair of
electrode layers (21B, 22B) formed  on both surfaces of the elongated
sheet, and an insulation layer 60B formed on  the electrode layer 22B. The
insulation layer 60B prevents short circuit  between the electrode layers
(21B, 22B) in the spiral structure. 5 This actuator also has a voltage
applying unit for applying a voltage  between the electrode layers to cause
a deformation in the spiral structure 5B.  By applying the voltage between
the electrode layers (21B, 2211) of the spiral  structure 5B, a diaphragm
4B attached to the spiral structure 5B can be bent as  in the case of the
first embodiment, as shown by the arrows in FIG. 10. 10 In the above first
to third embodiments, a unimorph type diaphragm  drive unit, which is
characterized in that a single laminate 5 of the  electroactive polymer
actuator of the present invention is mounted on one  surface of the
diaphragm 4, was introduced. However, as shown in FIGS.  11A to 11 C, a
bimorph-type diaphragm drive unit, which is characterized in is that a pair
of laminates 5 of the electroactive polymer actuators of the present
invention are mounted on both surfaces of a diaphragm 4, may be used. In
this case, by applying a voltage only to the laminate 5 of the upper
actuator,  the diaphragm 4 can be bent, as shown in FIG. 11A. In addition,
by  applying a voltage only to the laminate 5 of the lower actuator, the
diaphragm 20 4 can be bent, as shown in FIG. I 1C. Therefore, this
bimorph-type  



diaphragm drive unit can provide an increased range of the diaphragm
motion. 08 JUN 2006 - 14  What is claimed is: 1. An electroactive polymer
actuator comprising: a laminate including a tubular member of an
electroactive polymer  5 material, a first electrode formed on an inner
peripheral surface of said tubular  member, a second electrode formed on an
outer peripheral surface of said  tubular member, a second tubular member
of an electroactive polymer  material, which is placed around said second
electrode such that the outer  peripheral surface of said tubular member is
connected to an inner peripheral 10 surface of said second tubular member
through said second electrode, and a  third electrode formed on an outer
peripheral surface of said second tubular  member; and voltage applying
means for applying a voltage between said first and  second electrodes to
cause a deformation in said laminate, 15 wherein said voltage applying
means applies the voltage(s) between  said first and second electrodes and
between said second and third electrodes  to cause the deformation in said
laminate, and each of said tubular member  and said second tubular member
is formed in a hollow cylinder shape having a  center of its outer circle
displaced from the center of its inner circle. 20 2. The electroactive
polymer actuator as set forth in claim 1, wherein a wall  thickness of said
tubular member is determined to be greater than the wall  thickness of said
second tubular member, so that a uniform elongation in the 25 axial
direction of said tubular member and said second tubular member is
obtained when said voltage applying means applies a same voltage between
said first and second electrodes and between said second and third
electrodes. 30 3. The electroactive polymer actuator as set forth in claim
1, wherein said 



08 JUN 2006 - 15  electroactive polymer material is selected from the group
consisting of  silicone rubber and an acrylic material. 5 4. An
electroactive polymer actuator comprising: a laminate including a tubular
member of an electroactive polymer  material, a first electrode formed on
an inner peripheral surface of said tubular  member, a second electrode
formed on an outer peripheral surface of said  tubular member, a second
tubular member of an electroactive polymer 10 material, which is placed
around said second electrode such that the outer  peripheral surface of
said tubular member is connected to an inner peripheral  surface of said
second tubular member through said second electrode, and a  third electrode
formed on an outer peripheral surface of said second tubular  member; and
15 voltage applying means for applying a voltage between said first and
second electrodes to cause a deformation in said laminate, wherein said
voltage applying means applies the voltage(s) between  said first and
second electrodes and between said second and third electrodes  to cause
the deformation in said laminate, said tubular member and said 20 second
tubular member have a same wall thickness, and said voltage applying  means
applies the voltage between said first and second electrodes, which is
smaller than the voltage applied between said second and third electrodes
to  obtain a uniform elongation in the axial direction of said tubular
member and  said second tubular member. 25 5. The electroactive polymer
actuator as set forth in claim 4, wherein said  tubular member and said
second tubular member are of hollow cylinder  shapes having different
diameters, which are concentrically arranged to obtain  30, said laminate. 



08 JUN 2006 - 16  6. The electroactive polymer actuator as set forth in
claim 4, wherein said  electroactive polymer material is selected from the
group consisting of  5 silicone rubber and an acrylic material. 7. An
electroactive polymer actuator comprising: a plurality of laminates each
having a triangular prism shape, each of  1o said laminates including a
pair of electrodes and an electroactive polymer  member, which are
alternately placed in a direction of a vertical line  extending from a
vertex of a triangle that is a general surface of said  triangular prism to
a base of said triangle, said laminates being arranged as a  whole in a
polygonal pattern such that the vertex of said triangle is positioned 15 in
the vicinity of a center of said polygonal pattern, and each of said
laminates  is spaced from an adjacent laminate by a required distance; and
a voltage applying means for applying a voltage between said  electrodes
spaced from each other by said electroactive polymer material with  respect
to each of said laminates, to thereby cause a deformation in said  20
laminate. 8. A diaphragm pump comprising.the electroactive polymer actuator
of claim  7 as a diaphragm drive means, and a thin sheet of a flexible
material as a  diaphragm, on a surface of which said laminates arranged in
said polygonal  25 pattern of the electroactive polymer actuator are
mounted. 9. The electroactive polymer actuator as set forth in claim 7,
wherein said  electroactive polymer material is selected from the group
consisting of  30 silicone rubber and an acrylic material. 08 JUN 2006 - 17
10. A diaphragm pump comprising: an electroactive polymer actuator
comprising a laminate including a  



5 tubular member of an electroactive polymer material, a first electrode
formed on an inner peripheral surface of said tubular member, and a second
electrode  formed on an outer peripheral surface of said tubular member,
and voltage  applying means for applying a voltage between said first and
second  electrodes to cause a deformation in said laminate; and 10 a thin
sheet of a flexible material as a diaphragm, on a surface of  which said
laminate of the electroactive polymer actuator is mounted. 11. The
diaphragm pump as set forth in claim 10, wherein said electroactive  15
polymer material is selected from the group consisting of silicone rubber
and  an acrylic material. 12. The diaphragm pump as set forth in claim 10,
wherein said laminate  20 further includes: a second tubular member of an
electroactive polymer material, which  is placed around said second
electrode such that the outer peripheral surface  of said tubular member is
connected to an inner peripheral surface of said  second tubular member
through said second electrode; and 25 a third electrode formed on an outer
peripheral surface of said second  tubular member; wherein said voltage
applying means applies the voltage(s) between  said first and second
electrodes and between said second and third electrodes  to cause the
deformation in said laminate. 30 08 JUN 2006 - 18  13. The diaphragm pump
as set forth in claim 12, wherein said tubular  member and said second
tubular member are of hollow cylinder shapes having  different diameters,
which are concentrically arranged to obtain said laminate. 5 14. The
diaphragm pump as set forth in claim 12, wherein a wall thickness of  



said tubular member is determined to be greater than the wall thickness of
said second tubular member, so that a uniform elongation in the axial io
direction of said tubular member and said second tubular member is obtained
when said voltage applying means applies a same voltage between said first
and second electrodes and between said second and third electrodes. 15. A
diaphragm pump comprising: is an electroactive polymer actuator comprising
a spiral structure formed  by winding a laminate including an elongated
sheet of an electroactive  polymer material, a pair of first and second
electrode layers formed on  opposite surfaces of said elongated sheet, and
an insulation layer formed on  one of the said electrode layers, and
voltage applying means for applying a 20 voltage between said electrode
layers to cause a deformation in said spiral  structure; and a thin sheet
of a flexible material as a diaphragm, on a surface of  which said spiral
structure of the electroactive polymer actuator is mounted. 25 16. The
diaphragm pump as set forth in claim 15, wherein said electroactive
polymer material is selected from the group consisting of silicone rubber
and  an acrylic material. 30 08 JUN 2006 - 19  17. A diaphragm pump
comprising : an electroactive polymer actuator comprising a laminate formed
by  alternately placing a plurality of ring members of an electroactive
polymer  material having different diameters and a plurality of ring
electrodes having s different diameters such that each of 'said ring
members is positioned between  inner and outer peripheral surfaces of
adjacent ring electrodes, and voltage  applying means for applying a
voltage(s) between odd-numbered ring  



electrodes and even-numbered ring electrodes in the case of counting said
ring  electrodes in order from an innermost ring electrode of said
laminate, to  io thereby cause a deformation in said laminate; and. a thin
sheet of a flexible material as a diaphragm, on a surface of  which said
laminate of the electroactive polymer actuator is mounted. is 18. The
diaphragm pump as set forth in claim 17, wherein the number of said  ring
members is within a range of 3 to 10. 19. A diaphragm pump comprising : 20
a pair of electroactive polymer actuators, each of the electroactive
polymer actuators comprising a laminate formed by alternately placing a
plurality of ring members of an electroactive polymer material having
different diameters and a plurality of ring electrodes having different
diameters such that each of said ring members is positioned between inner
and 25 outer peripheral surfaces of adjacent ring electrodes, and voltage
applying  means for applying a voltage(s) between odd-numbered ring
electrodes and  even-numbered ring electrodes in the case of counting said
ring electrodes in  order from an innermost ring electrode of said
laminate, to thereby cause a  deformation in said laminate; and. 30 a thin
sheet of a flexible material as a diaphragm, on opposite surfaces 08 JUN
2006 - 20  of which laminates of the electroactive polymer actuators are
mounted. 20. The diaphragm pump as set forth in claim 19, wherein the
number of said  ring members is within a range of 3 to 1.0. 5 


