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(57) ABSTRACT 

A linear actuator may include a fixed body having a coil 
wound around in a ring-shaped manner and a movable body. 
The movable body may include a first movable body side 
yoke which is disposed on the inner side of the coil and a pair 
of magnets which is laminated on both sides in an axial 
direction of the first movable body side yoke such that the 
same polarities of the magnets face the first movable body 
side yoke. The movable body may be driven in the axial 
direction. The linear actuator may be applied to a valve device 
and a pump device. 
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(Fig. 3) 
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LINEAR ACTUATOR, AND VALVE DEVICE 
AND PUMP DEVICE USING THE SAME 

CROSS REFERENCE TO RELATED 
APPLICATION 

0001. The present application is a divisional application of 
U.S. patent application Ser. No. 11/290,979, filed on Nov.30, 
2005, the entire contents of which are incorporated herein by 
reference. The 11/290.979 application claimed the benefit of 
the date of the earlier filed Japanese Application No. 2004 
347701 filed Nov.30, 2004, Japanese Application No. 2004 
365924 filed Dec. 17, 2004, and Japanese Application No. 
2005-43141 filed Feb. 18, 2005, each of which are incorpo 
rated herein by reference. 

FIELD OF THE INVENTION 

0002 An embodiment of the present invention may relate 
to a linear actuator and a valve device using the linear actua 
tor. Further, an embodiment of the present invention may 
relate to a pump device and, more specifically, a pump device 
in which an inflow port and a plurality of outflow ports are 
opened in a main body of the pump device. 

BACKGROUND OF THE INVENTION 

0003. In a conventional linear actuator which is used in a 
valve device in a pump or the like, a Solenoid is used without 
using a magnet. However, this type of linear actuator has a 
problem that when its size is made smaller, its thrust remark 
ably decreases as its volume decreases. Further, if only for a 
short time, the thrust can be increased by applying a large 
electric current to a coil but, when continuous operation is 
performed under the state that a large electric current is 
applied to the coil, excess heat generated may cause a prob 
lem. 
0004. In order to prevent such a problem, a linear actuator 
has been proposed in which a movable body provided with 
one piece of magnet is disposed in the inner side of a ring 
shaped coil (see, for example, Japanese Patent Laid-OpenNo. 
2002-206484). 
0005. In order to discharge liquid with a high degree of 
accuracy, a valve element is required to be reciprocated with 
a high degree of accuracy. Therefore, a cylinder pump has 
been proposed in which rotation of a motor is transmitted to a 
rotational cylinder through a deceleration gear train and the 
rotation of the rotational cylinder is converted to reciprocat 
ing motion of a movable body through a screw mechanism 
(see, for example, Japanese Patent Laid-Open No. Hei 
10-184534). 
0006. On the other hand, expectation for a fuel cell has 
been elevated as a power supply for a portable electronic 
device used in information Society in recent years or as a 
power Supply for coping with airpollution or global warming. 
Among Such fuel cells, a direct methanol type fuel cell (here 
inafter, referred as DMFC: Direct Methanol Fuel Cell) in 
which power generation is performed by directly taking out 
protons from methanol provides characteristics that a 
reformer is not required and the Volume energy density is 
high, and thus application to a portable electronic device has 
been increasingly expected. 
0007 Various DMFC's have been proposed which are 
provided with a power generating device having a power 
generating part (cell), an accommodating vessel for methanol 
or methanol aqueous solution (hereinafter, referred to as 
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methanol), and a liquid feed pump for feeding methanol 
forcibly from the accommodating vessel (see, for example, 
Japanese Patent Laid-OpenNo. 2004-71262, Japanese Patent 
Laid-Open No. 2004-127618, and Japanese Patent Laid 
Open No. 2004-152741). 
0008. The cell includes an anode electrode (fuel electrode) 
having an anode collector and an anode catalyst layer, a 
cathode electrode (air electrode) having a cathode collector 
and a cathode catalyst layer, and an electrolyte membrane 
disposed between the anode electrode and the cathode elec 
trode. Methanol is supplied to the anode electrode with a 
liquid feed pump and air is Supplied to the cathode electrode 
with an air Supply pump or a blower. 
0009. A linear actuator with one piece of magnet has, for 
example, following problems. When one piece of magnet is 
magnetized in an axial direction, the utilization efficiency of 
magnetic flux is reduced further more as the magnet is down 
sized and thus a large thrust cannot be obtained. Further, when 
one piece of magnet is magnetized in a radial direction, since 
magnetic flux is radially generated and thus a relatively large 
thrust can be obtained but, in this case, the magnetizing in a 
radial direction is difficult. Especially, when the magnet is 
downsized, in the case that, for example, a magnet with the 
dimension of its outer diameter is Small and the dimension in 
the axial direction is long, it is extremely difficult to magne 
tize the magnet in a radial direction and the magnetizing 
device itself may not be constructed and thus its mass pro 
duction becomes difficult. 
0010 Further, downsizing is difficult in a pump device in 
which transmission is performed through a deceleration gear 
train. Further, a diaphragm valve is often used in a pump 
device. However, when a diaphragm valve is used, its defor 
mation cannot be controlled accurately and thus it is difficult 
that a constant amount is discharged with a high degree of 
accuracy. 
0011. On the other hand, in the above-mentioned DMFC, 
activity of methanol oxidation is low in the anode electrode of 
a cell which is a power generating part of the DMFC and thus 
a voltage loss occurs. Further, a Voltage loss occurs in the 
cathode electrode. Therefore, an output obtained from one 
cell becomes extremely low. Accordingly, a plurality of cell is 
used in the DMFC to obtain a prescribed output. 
0012. When methanol is excessively supplied to the anode 
electrode, a so-called crossover occurs in which a part of the 
methanol transmits through the electrolyte membrane in an 
unreacted state and leaks to the cathode electrode. Since the 
crossover causes the electric potential of the cathode elec 
trode to become lower, the voltage loss is occurred in the 
cathode electrode. Further, unreacted methanol reached to the 
cathode electrode is not related to power generation and 
reacts with oxygen to generate heat, and thus the power 
generating efficiency in a cell is significantly reduced by the 
crossover. Accordingly, it is preferable not to Supply exces 
sive methanol to the anode electrode. 
0013 As described above, for a pump device for supplying 
methanol to the anode electrode of a cell, a pump device has 
been desired which is provided with characteristics that dis 
charge to a plurality of cell is possible and an appropriate 
amount of methanol can be accurately discharged. However, 
the pump device having Such characteristics has not been 
proposed. 

BRIEF DESCRIPTION OF THE INVENTION 

0014. In view of the problems described above, an 
embodiment may advantageously provide a linear actuator 
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which is capable of obtaining a large thrust even when down 
sized and which is suitable for a mass production, and provide 
a valve device provided with this linear actuator. 
0015. Further, an embodiment may advantageously pro 
vide a small-sized pump device which is capable of perform 
ing a constant amount of discharge with a high degree of 
accuracy. Further, an embodiment may advantageously pro 
vide a small-sized pump device which is capable of perform 
ing a constant amount of discharge with a high degree of 
accuracy even when a diaphragm Valve is used. 
0016 Further, an embodiment may advantageously pro 
vide a pump device which is provided with a plurality of 
outflow passages for discharging fluid and capable of accu 
rately discharging an appropriate amount of fluid. 
0017 Thus, according to an embodiment, there may be 
provided a linear actuator including a fixed body which 
includes a coil that is wound around in a ring-shaped manner 
and a movable body. The movable body includes a first mov 
able body side yoke which is disposed on the inner side or the 
outer side of the coil such that the peripheral face of the first 
movable body side yoke faces the peripheral face of the coil, 
and a pair of magnets which is laminated on both sides in an 
axial direction of the first movable body side yoke such that 
the same polarities of the magnets face the first movable body 
side yoke. The movable body is driven in the axial direction 
by energization to the coil. 
0018. In accordance with an embodiment, a pair of the 
magnets of the movable body are disposed such that their 
same polarities are faced to each other and magnetic repulsive 
forces are operated between them. However, since the first 
movable body side yoke is disposed between the magnets, a 
pair of the magnets can be fixed in the state where their same 
polarities are facing each other. Further, a pair of the magnets 
of the movable body are disposed such that their same polari 
ties are faced to the first movable body side yoke. Therefore, 
strong magnetic flux is generated from the first movable body 
side yoke in the radial direction. Accordingly, when the 
peripheral faces of the first movable body side yoke and the 
coil are faced to each other, a large thrust can be generated in 
the movable body. In addition, since the magnets are magne 
tized in the axial direction, magnetizing is easy and Suitable 
for mass production even when the magnets are miniaturized, 
which is different from the case where the magnets are mag 
netized in the radial direction. 

0019. In accordance with an embodiment, the fixed body 
is disposed in the inner side of the coil and the outer peripheral 
face of the first movable body side yoke faces the inner 
peripheral face of the coil. In this case, a closed magnetic path 
can be easily formed in comparison with the case that a 
magnet is disposed on the outer peripheral side of the coil. 
Further, when the magnet is disposed on the inner side of the 
coil, the magnet can be made Smaller in comparison with the 
case that the magnet is disposed on the outer side of the coil, 
and thus a linear actuator can be constructed at a low cost. 

0020. In accordance with an embodiment, the fixed body 
includes a fixed body side yoke. The fixed body side yoke is 
formed such that one tip end part and the other tip end part of 
the fixed body side yoke are extended from the outer periph 
eral side of the coil to the inner peripheral side of the coil 
through both sides in the axial direction of the coil. The one 
tip end part and the other tip end part of the fixed body side 
yoke are disposed in a clearance between the outer peripheral 
face of the first movable body side yoke and the inner periph 
eral face of the coil, and the two tip end parts of the fixed body 
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side yoke face each other in the axial direction through a slit, 
and a gap space is formed between the fixed body side yoke 
and the movable body. According to the construction 
described above, a closed magnetic path can be easily formed. 
0021. In accordance with an embodiment, the fixed body 
side yoke is provided with a coil wire lead-out part for draw 
ing out the terminal of a coil wire of the coil. 
0022. In accordance with an embodiment, the tip end part 
of the fixed side yoke is formed such that the width of the slit 
on the movable body side is substantially the same or nar 
rower than that of the slit on the coil side. 
0023. In accordance with an embodiment, a spacer made 
of non-magnetic material is disposed between the tip end 
parts of the fixed side yoke to connect the tip end parts to each 
other. In this case, the tip end parts can be prevented from 
being attracted and deformed by a magnet. 
0024. In accordance with an embodiment, the outer 
peripheral face of the first movable body side yoke is pro 
truded on an outer peripheral side from the outer peripheral 
faces of a pair of the magnets. According to the construction 
described above, even when the fixed body side yoke is pro 
vided, magnetic attraction force applied to the movable body 
in the direction perpendicular to the axial direction can be 
reduced. Therefore, assembling operation is easily performed 
and the movable body is hard to be inclined. 
0025. In accordance with an embodiment, a second mov 
able body side yoke is laminated on each of a pair of the 
magnets on an opposite side to the first movable body side 
yoke. Also in this case, the outer peripheral face of the second 
movable body side yoke is preferably protruded on the outer 
side from the outer peripheral face of a pair of the magnets. 
According to the construction described above, even when 
the fixed body side yoke is provided, magnetic attraction 
force applied to the movable body in the direction perpen 
dicular to the axial direction can be reduced. Therefore, 
assembling operation is easily performed and the movable 
body is hard to be inclined. 
0026. In accordance with an embodiment, a support shaft 

is provided in the movable body so as to be extended at least 
in one direction in the axial direction and a bearing member is 
held in an opening part which opens in the axial direction in 
the fixed body for supporting the support shaft in a movable 
manner in the axial direction. According to the construction 
described above, another bearing member is not required to 
be disposed separately. Further, since the bearing members 
can be fixed with the fixed body as a reference, the support 
shaft is not inclined. 
0027. In accordance with an embodiment, a support shaft 

is provided in the movable body so as to be extended at least 
in one direction in the axial direction and a non-through hole 
or a through hole is formed in at least the first movable body 
side yoke and the magnet into which the Support shaft is 
inserted. In this case, centering of the Support shaft the first 
movable body side yoke and the magnet can be easily per 
formed. 

0028. In accordance with an embodiment, an urging mem 
ber is disposed for urging the movable body at least in one 
axial direction. 

0029. The actuator in accordance with an embodiment 
may be used, for example, as a drive device for a valve device. 
In this case, a flow passage is opened and closed or the cross 
sectional area of the flow passage is increased and decreased 
by means of operations in the axial direction of the movable 
body to control the flow of fluid. Further, a valve element is 
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preferably connected to the movable body for opening and 
closing the flow passage or increasing and decreasing the 
cross sectional area of the flow passage to control the flow of 
fluid. According to the construction described above, the 
valve element may be directly driven in a linear manner. In 
this case, the valve element is preferably disposed on both 
sides in the axial direction of the movable body. According to 
the construction described above, fluid can be discharged to 
two flow passages. 
0030. Further, according to an embodiment, there may be 
provided a pump device including a fixed body in which a 
pump chamber in communication with a fluid Suction port 
and a fluid discharge port is constructed, a valve element for 
expanding and contracting an internal Volume of the pump 
chamber to perform Suction and discharge offluid, and a drive 
mechanism for driving the valve element. The drive mecha 
nism includes a ring-shaped stator including a coil, a rotation 
body including a rotor magnet whose peripheral face faces a 
peripheral face of the stator, a movable body to which the 
valve element is fixed, and a conversion mechanism in which 
rotation of the rotation body is converted into movement of 
the movable body in the axial direction. The conversion 
mechanism includes a power transmission mechanism which 
is provided with a screw groove or a cam groove between the 
rotation body and the movable body and a co-rotation pre 
ventive mechanism which prevents the movable body from 
co-rotating with the rotation body. 
0031. In the pump mechanism in accordance with an 
embodiment, the rotation of the rotation body is transmitted 
to the movable body through the conversion mechanism ulti 
lizing the power transmitting mechanism provided with 
screw groove or cam groove and thus the movable body to 
which the valve element is fixed is linearly moved in a recip 
rocal manner. Therefore, since power is transmitted with less 
members from the drive mechanism to the valve element, 
downsizing, thickness reduction and cost reduction of the 
pump device can be attained. Further, a constant amount of 
discharge can be performed with a high degree of accuracy by 
setting the lead angle of the power transmitting mechanism to 
be small. 

0032. In accordance with an embodiment, the rotation 
body is a cylindrical body which is coaxially disposed on the 
inner side of the stator and the movable body is coaxially 
disposed on the inner side of the rotation body. 
0033. In accordance with an embodiment, the valve ele 
ment is a diaphragm valve which partitions the pump cham 
ber, and the outer peripheral edge part of the diaphragm valve 
is fixed to the fixed body and the centerpart of the diaphragm 
valve is fixed to the movable body. The fixed body is provided 
with a second wall face which faces a first wall face of the 
movable body which is extended in the axial direction to form 
an annular space between the first wall face and the second 
wall face. Further, an annular portion between the central part 
and the outer peripheral edge part of the diaphragm valve is 
held in a state where the annular portion of the diaphragm 
valve is folded in a U-shape in cross section in the annular 
space. In this case, even when a diaphragm valve is used, its 
deformation can be controlled by the annular space. There 
fore, even when the diaphragm valve is used, a constant 
amount of discharge can be performed with a high degree of 
accuracy. 

0034. In accordance with an embodiment, the movable 
body is provided with a flange part which is extended on an 
outer peripheral side and a plurality of holes is formed in a 
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peripheral direction in the flange part. The second wall face is 
formed of a plurality of projections that is extended in the 
axial direction from a peripheral portion of the fixed body, and 
a plurality of the projections is fitted into a plurality of the 
holes to construct the co-rotation preventive mechanism. 
According to the construction described above, the co-rota 
tion preventive mechanism can be constructed without add 
ing another component. 
0035. In accordance with an embodiment, the rotation 
body is rotatably Supported by a bearing ball around an axial 
line with respect to the fixed body. 
0036. In accordance with an embodiment, a stopper is 
provided for regulating the stop position of the rotation body. 
0037. Further, according to an embodiment, there may be 
provided a pump device including a main body of the pump 
device. The main body includes an inflow passage which is in 
communication with an inflow port, an inflow side active 
valve which is disposed in the inflow passage, a pump cham 
ber which is connected to the inflow passage, a pump mecha 
nism which is disposed in the pump chamber, a plurality of 
outflow passages which are extends from the pump chamber 
and are respectively in communication with a plurality of 
outflow ports, and outflow side active valves which are 
respectively disposed in a plurality of the outflow passages. 
Further, the inflow side active valve and the outflow side 
active valves are disposed in a plane manner around the pump 
chamber. 

0038. In accordance with an embodiment, the pump 
device is provided with a plurality of outflow passages con 
nected to the pump chamber through the outflow side active 
valves. Therefore, the reverse flow of fluid can be securely 
prevented when the outflow side active valves are closed. 
Further, the discharge destinations of fluid that is discharged 
from the outflow passages can be controlled by the outflow 
side active valves. In addition, since fluid is discharged from 
the respective outflow passages by using one pump mecha 
nism, discharging performance can be uniformed. Further, a 
plurality of the outflow side active valves are disposed around 
the pump chamber in a plane manner, and thus the flow 
passage of each of a plurality of the outflow passages can be 
shortened. Therefore, the variation of the discharge amount 
from the respective outflow passages can be reduced and an 
appropriate amount of fluid is discharged accurately. Further, 
although a plurality of outflow passages requires a plurality of 
the outflow side active valves, since a plurality of the outflow 
side active valves is disposed around the pump chamber in a 
plane manner, the flow passages of a plurality of the outflow 
passages can be shortened and thus the size of the pump 
device can be reduced. 
0039. In accordance with an embodiment, the lengths of 
flow passages from the pump chamber to the outflow side 
active valves are Substantially equal to each other in a plural 
ity of the outflow passages. According to the construction 
described above, the resistances of the flow passages become 
to be substantially equal to each other and thus the discharge 
amounts through the respective outflow passages can be con 
trolled with a high degree of accuracy. 
0040. In accordance with an embodiment, the inflow port 
and a plurality of the outflow ports are provided on the same 
face of the main body of the pump device. In this case, the 
pump device can be easily connected to the outside. 
0041. In accordance with an embodiment, a wiring circuit 
board for the inflow side active valve, the pump mechanism 
and the outflow side active valves is overlapped on a face 
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which is different from the face on which the inflow port and 
a plurality of the outflow ports are provided. According to the 
construction described above, when pipes are connected to 
the inflow port and the outflow ports, the wiring circuit board 
can be formed in a plane shape and thus wiring and connec 
tion can be easily performed. 
0042. In accordance with an embodiment, the main body 
of the pump device further includes a plate in which the 
outflow passages are formed in a shape of groove on one face 
side of the plate and a sheet shaped sealing member which is 
overlapped on the one face side of the plate. According to the 
construction described above, since complicated flow pas 
sages can be easily constructed, downsizing, thickness reduc 
tion and cost reduction of the pump device can be attained. 
0043. In accordance with an embodiment, the main body 
of the pump device further includes a case in which the pump 
mechanism is arranged, and the plate is overlapped on the 
case, and the pump mechanism is provided with a diaphragm 
valve. In this case, the outer peripheral portion of the dia 
phragm valve is preferably held between the case and the 
plate. According to the construction described above, struc 
ture can be simplified and liquid-tightness between the case 
and the plate can be attained by using the diaphragm valve 
itself. 

0044. In accordance with an embodiment, the main body 
of the pump device includes a case in which the inflow side 
active valve and the outflow side active valves are arranged, 
and the plate is overlapped on the case, and the inflow side 
active valve and the outflow side active valves are respec 
tively provided with a diaphragm valve. In this case, the 
peripheral portions of all of the diaphragm valves are prefer 
ably held between the case and the plate. According to the 
construction described above, structure can be simplified and 
liquid-tightness between the case and the plate can be attained 
by using the diaphragm valve itself. 
0045. Other features and advantages of the invention will 
be apparent from the following detailed description, taken in 
conjunction with the accompanying drawings that illustrate, 
by way of example, various features of embodiments of the 
invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0046 Embodiments will now be described, by way of 
example only, with reference to the accompanying drawings 
which are meant to be exemplary, not limiting, and wherein 
like elements are numbered alike in several Figures, in which: 
0047 FIG. 1(a) is an explanatory perspective cross-sec 
tional view showing an essential portion of a linear actuatorin 
accordance with an embodiment which is cut in an axial 
direction and viewed from obliquely above, and FIG. 1(b) is 
an explanatory view showing the magnetic lines of force in 
the linear actuator. 

0048 FIGS. 2(a), 2(b) and 20c) are explanatory perspec 
tive cross-sectional views showing modified embodiments of 
a fixed body in a linear actuator in accordance with an 
embodiment. 

0049 FIGS. 3(a), 3(b) and 3(c) are explanatory cross 
sectional views showing modified embodiments of a movable 
body in a linear actuator in accordance with an embodiment. 
0050 FIG. 4 is an explanatory perspective view showing 
another modified embodiment of a movable body in a linear 
actuator in accordance with an embodiment. 

Aug. 13, 2009 

0051 FIGS. 5(a), 5(b) and 5(c) are explanatory views 
showing another modified embodiments of a movable body in 
a linear actuator in accordance with an embodiment. 

0.052 FIGS. 6(a) and 6(b) are explanatory perspective 
cross-sectional views showing modified embodiments of a 
linear actuator in accordance with an embodiment in which 
an urging member is provided. 
0053 FIG. 7 is an explanatory perspective cross-sectional 
view showing another modified embodiment of a linear 
actuator in accordance with an embodiment in which another 
urging member is provided. 
0054 FIG. 8 is an explanatory perspective cross-sectional 
view showing a valve device in accordance with an embodi 
ment in which a linear actuator is used as a drive device and 
which is cut in an axial direction and viewed from obliquely 
above. 

0055 FIG. 9 is an explanatory perspective cross-sectional 
view showing another valve device in accordance with an 
embodiment in which a linear actuator is used as a drive 
device and which is cut in an axial direction and viewed from 
obliquely above. 
0056 FIG. 10 is a schematic sectional view showing a 
basic construction of a pump device in accordance with an 
embodiment. 

0057 FIG. 11 is a timing chart showing a control method 
for a pump device shown in FIG. 10. 
0.058 FIG. 12(a) is a perspective view showing a pump 
device in accordance with an embodiment and FIG. 12(b) is 
an explanatory plan view showing flow passages and the like. 
0059 FIG. 13 is an exploded perspective view showing a 
pump device in accordance with an embodiment which is 
viewed from obliquely above. 
0060 FIG. 14 is an exploded perspective view showing a 
pump device in accordance with an embodiment which is 
viewed from obliquely below. 
0061 FIG. 15 is an explanatory cross-sectional view 
showing a construction of a pump device in accordance with 
an embodiment. 
0062 FIG. 16 is an exploded perspective view showing a 
state where a pump device inaccordance with an embodiment 
is longitudinally divided. 
0063 FIG. 17(a) is an explanatory perspective cross-sec 
tional view showing a state where the internal volume of a 
pump chamber is expanded in the pump device shown in FIG. 
16, and FIG. 17(b) is an explanatory perspective cross-sec 
tional view showing a state where the internal volume of the 
pump chamber is contracted. 
0064 FIG. 18(a) is a perspective view showing a rotor 
used in a rotation body in a pump mechanism shown in FIG. 
16, FIG. 18(b) is its plan view, and FIG. 18(c) is its cross 
sectional view. 

0065 FIG. 190a) is a perspective view showing a movable 
body used in the rotation body of the pump mechanism shown 
in FIG. 16, FIG. 19(b) is its plan view and FIG. 19(c) is its 
sectional view. 

0.066 FIG. 20 is an explanatory perspective cross-sec 
tional view showing an essential portion of a valve used as an 
active valve in a pump device in accordance with an embodi 
ment which is cut in an axial direction and viewed from 
obliquely above. 



US 2009/0200499 A1 

0067 FIG. 21 is an explanatory view showing the mag 
netic lines of force in the valve shown in FIG. 20. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

0068 Alinear actuatorinaccordance with an embodiment 
will be described below with reference to the accompanying 
drawings. 
0069 FIG. 1(a) is an explanatory perspective cross-sec 
tional view showing a portion of a linear actuator to which the 
present invention may be applied, which is cut in an axial 
direction and viewed from obliquely above. FIG. 1(b) is an 
explanatory view showing the magnetic lines of force in the 
linear actuator. 
0070. In FIGS. 1(a) and 1(b), a linear actuator 1 in accor 
dance with an embodiment is used in a valve device or a 
compressor device for Supplying various fluids. The linear 
actuator 1 includes a cylindrical fixed body 3 and a roughly 
cylindrical movable body 5 which is disposed in the inner side 
of the fixed body 3. The fixed body 3 includes a coil 33 wound 
around a bobbin 31 in a ring-shaped manner and a fixed body 
side yoke 35 which is formed such that one front end part36a 
and the other front end part 36b face each other in an axial 
direction via a slit 37 on the inner side of the coil 33 through 
both sides in the axial direction of the coil 33 from the outer 
peripheral side of the coil 33. The movable body 5 includes a 
first movable body side yoke 51 in a circular disk shape and a 
pair of magnets 53a, 53b which are laminated on both sides in 
the axial direction of the first movable body side yoke 51. 
Rare earth magnet of Nd Fe—B system or Sm Co system, 
or resin magnet may be used as a pair of the magnets 53a, 53b. 
In the movable body 5, second movable body side yokes 55a, 
55b are laminated on the end faces of a pair of the respective 
magnets 53a, 53b opposite to the first movable body side yoke 
51. 
0071. In accordance with an embodiment, each of the 
magnets 53a. 53b is magnetized in the axial direction and 
same polarities are positioned on the first movable body side 
yoke 51. In this embodiment, a pair of the magnets 53a, 53b 
are disposed such that their N-poles are positioned on the first 
movable body side yoke 51 and their S-poles are positioned 
on the opposite side in the axial direction. However, the 
magnetized direction may be reversed. 
0072. The outer peripheral face of the first movable body 
side yoke 51 is protruded on the outer side from the outer 
peripheral face of the magnets 53a, 53b. Further, the outer 
peripheral faces of the second movable body side yokes 55a, 
55b are protruded on the outer side from the outer peripheral 
faces of the magnets 53a, 53b. 
0073 Recessed parts are formed on both end faces in the 
axial direction of the first movable body side yoke 51 and a 
pair of the magnets 53a, 53b are fitted to the respective 
recessed parts and fixed with an adhesive or the like. The first 
movable body side yoke 51, a pair of the magnets 53a, 53b 
and the second movable body side yokes 55a, 55b may be 
fixed by adhesion, press fitting or both. 
0074 Bearing plates 71a. 71b (bearing member) are fixed 
in the aperture parts on both sides in the axial direction of the 
fixed body 3. Support shafts 57a, 57b which are protruded on 
both sides in the axial direction from the second movable 
body side yokes 55a, 55b are slidably inserted into the holes 
of the bearing plates 71a. 71b. In this manner, the movable 
body 5 is supported by the fixed body 3 in the state that the 
movable body 5 is movable up and down in the axial direc 
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tion. In this state, the outer peripheral face of the movable 
body 5 faces the inner peripheral surface of the fixed body 3 
through a prescribed gap space and the front end parts 36a, 
36b of the fixed body side yoke 35 face each other in the axial 
direction in a gap space formed between the outer peripheral 
face of the first movable body side yoke 51 and the inner 
peripheral surface of the coil 33. Further, a clearance is 
formed between the movable body 5 and the fixed body side 
yoke 35. The second movable body side yokes 55a, 55b and 
the support shafts 57a, 57b are fixed to each other by adhe 
Sion, press fitting or both of them. 
0075. In the linear actuator 1 constructed as described 
above, when an electric current is supplied to the coil 33 so as 
to flow toward the near side from the far side in the left side in 
the drawing and, in the right side in the drawing, from the near 
side toward the far side, the magnetic lines of force are 
expressed as shown in FIG. 1(b). Therefore, the movable 
body 5 receives an upward thrust in the axial direction due to 
the Lorentz force and moves up as shown by the arrow “U”. 
On the contrary, when energizing direction to the coil 33 is 
reversed, the movable body 5 moves down along the axial 
direction as shown by the arrow “D’. Accordingly, when an 
alternating current is applied to the coil 33, the movable body 
5 is linearly moved back and forth in the axial direction. 
0076. As described above, in this embodiment, a pair of 
the magnets 53a, 53b of the movable body 5 are disposed such 
that their same polarities are faced to each other and magnetic 
repulsive forces are operated between them. However, since 
the first movable body side yoke 51 is disposed between the 
magnets 53a, 53b, a pair of the magnets 53a, 53b can be fixed 
in the state where their same polarities are faced to each other. 
(0077. Further, a pair of the magnets 53a, 53b of the mov 
able body 5 are disposed such that their same polarities are 
faced to the first movable body side yoke 51. Therefore, 
strong magnetic flux is generated from the first movable body 
side yoke 51 in the radial direction. Accordingly, when the 
peripheral faces of the first movable body sideyoke 51 and the 
coil 33 are faced to each other, a large thrust can be applied to 
the movable body 5. 
0078. In addition, since the magnets 53a, 53b are magne 
tized in the axial direction, magnetizing is easy and Suitable 
for mass production even when the magnets are miniaturized, 
which is different from the case where the magnets 53a, 53b 
are magnetized in the radial direction. 
0079 Moreover, in this embodiment, the outer peripheral 
face of the first movable body side yoke 51 is protruded on the 
outer side from the outer peripheral faces of a pair of the 
magnets 53a, 53b. Therefore, even when the fixed body side 
yoke 35 is provided, magnetic attraction force applied to the 
movable body 5 in the direction perpendicular to the axial 
direction can be reduced. Similarly, the outer peripheral faces 
of the second movable body side yokes 55a, 55b are pro 
truded on the outer side from the outer peripheral faces of a 
pair of the magnets 53a, 53b. Therefore, even when the fixed 
body side yoke 35 is provided, magnetic attraction force 
applied to the movable body 5 in the direction perpendicular 
to the axial direction can be reduced. Accordingly, assem 
bling operation is easily performed and the movable body 5 is 
hard to be inclined. 
0080. Further, in this embodiment, the magnets 53a, 53b 
are disposed on the inner side of the coil 33. Therefore, in 
comparison with the case where the magnets 53a, 53b are 
disposed on the outer side of the coil 33, the magnets 53a, 53b 
can be made Smaller and thus the linear actuator 1 can be 
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constructed at a low cost. Further, since the coil 33 is disposed 
on the outer side, magnetic path can be closed only with the 
fixed side yoke. 
0081. In addition, the bearing plates 71a. 71b which mov 
ably support the support shafts 57a, 57b in the axial direction 
are held in the aperture parts opened in the axial direction of 
the fixed body 3. Therefore, other bearing members are not 
required to be disposed separately. Further, since the bearing 
plates 71a. 71b can be fixed with the fixed body 3 as a 
reference, the support shafts 57a, 57b may not be inclined. 
0082 Modified embodiments described below are com 
mon to the above-mentioned embodiment in the basic struc 
ture. Therefore, the same notational symbols are used in the 
common portions in the drawings and their descriptions are 
omitted. 
0083 FIGS. 2(a), 2(b) and 20c) are explanatory perspec 

tive cross-sectional views showing modified embodiments of 
the fixed body 3 in a linear actuator to which the present 
invention is applied. 
0084. In the linear actuator 1 shown in FIGS. 1(a) and 
1(b), the position where the front end parts 36a, 36b of the 
fixed body side yoke 35 face each other is substantially center 
in the axial direction. However, as shown in FIG. 2(a), the 
position of the slit 37 where the front end parts 36a, 36b face 
each other may be shifted on one side from the center position 
in the axial direction, for example, on a lower side. According 
to this construction, the up-speed and the down-speed of the 
movable body 5 can be made different from each other. 
Accordingly, in the valve device described below, the speed 
when fluid is introduced into a pump chamber can be made 
different from the speed when the fluid is discharged from the 
pump chamber. Further, with regard to the shape of the front 
end parts 36a, 36b of the fixed body side yoke 35, taper may 
beformed on the front end face from the outer peripheral side 
to the inner peripheral side such that the front end parts 36a, 
36b are closed to each other on the inner peripheral side (near 
side of the movable body 5). According to the construction 
described above, the width of the slit 37 on the movable body 
5 side in the front end parts 36a,36b of the fixed side yoke can 
be narrower than that of the slit 37 on the coil 33 side. 
I0085. As shown in FIG. 2(b), the fixed body side yoke 35 
of the linear actuator 1 may be constructed by two yoke 
members arranged in the axial direction. In this case, the fixed 
body 3 can be assembled such that the bobbin 31 around 
which the coil 33 is wound is sandwiched by two yoke mem 
bers from both sides in the axial direction and thus efficiency 
of assembling operation can be enhanced. Further, with 
regard to the shape of the front end parts 36a,36b of the fixed 
body side yoke 35 in the linear actuator 1, stepped parts may 
beformed so as to protrude on the inner peripheral side in the 
axial direction such that the front end parts 36a, 36b are 
closed to each other on the inner peripheral side (near side of 
the movable body 5). According to the construction described 
above, the width of the slit 37 on the movable body 5 side in 
the front end parts 36a, 36b of the fixed side yoke can be 
narrower than that of the slit 37 on the coil 33 side. 

I0086. As shown in FIG. 2(c), in the shape of the front end 
parts 36a, 36b of the fixed body side yoke 35 in the linear 
actuator 1, a taper may be formed on the front end face from 
the outer peripheral side to the inner peripheral side and 
ring-shaped grooves 361a, 361b may be formed in the mid 
way position of the taper such that the front end parts 36a,36b 
are closed to each other on the inner peripheral side (near side 
of the movable body 5). Further, when a spacer made of 
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nonmagnetic material is fitted between the front end parts 
36a, 36b So as to be engaged with the ring-shaped grooves 
361a, 361b, the front end parts 36a, 36b can be connected to 
each other. As a result, the front end parts 36a, 36b can be 
prevented from being deformed by attraction of the magnets 
53a, 53b. 
I0087 FIGS.3(a), 3(b),3(c), FIG.4, and FIGS. 5(a),5(b), 
5(c) are explanatory views showing modified embodiments 
of the movable body 5 in the linear actuator 5 to which the 
present invention is applied. 
I0088. In the linear actuator 1 shown in FIGS. 1(a) and 
1(b), the recessed parts to which the magnets 53a, 53b are 
fitted are formed on the both end faces in the axial direction of 
the first movable body side yoke 51. However, as shown in 
FIG. 3(a), it may be constructed that both end faces in the 
axial direction of the first movable body side yoke 51 are 
formed to be flat and the magnets 53a, 53b are fixed to the flat 
faces with an adhesive or the like. 
I0089 Alternatively, as shown in FIG.3(b), it may be con 
structed that the first movable body side yoke 51, a pair of the 
magnets 53a, 53b and the second movable body side yokes 
55a, 55b are fixed to each other with an adhesive 59 or the like 
in a separated manner in the axial direction. 
0090 Alternatively, as shown in FIG.3(c), it may be con 
structed that through holes with specified sizes are formed at 
the respective enters of the first movable body side yoke 51, a 
pair of the magnets 53a, 53b and the second movable body 
side yokes 55a, 55b, and a support shaft 57 with step portions 
are fitted to the through holes. The through holes are formed 
to be smaller in the order of the first movable body side yoke 
51, a pair of the magnets 53a, 53b, and the second movable 
body side yokes 55a, 55b, and the diameters of the support 
shaft 57 are set to be thinner toward both shaft end sides from 
its center portion. According to the construction described 
above, when the first movable body side yoke 51, a pair of the 
magnets 53a, 53b and the second movable body side yokes 
55a, 55b are successively fitted from the both shaft end sides 
of the support shaft 57 with step portions, the respective 
positions can be easily determined and the respective center 
ings of the first movable body side yoke 51, a pair of the 
magnets 53a, 53b and the second movable body side yokes 
55a, 55b can be performed effectively. 
(0091. The shape of the support shaft 57 is not limited to a 
roundbar and, as shown in FIG.4, the support shaft 57 formed 
of a square bar Such as a hexagonal bar may be used. In this 
case, through holes having a shape corresponding to the Sup 
port shafts 57a, 57b are formed in the first movable body side 
yoke 51, a pair of the magnets 53a, 53b and the second 
movable body side yokes 55a, 55b. Further, bearing holes 
having a shape corresponding to the support shafts 57a, 57b 
may be formed in the bearing plates 71a. 71b for supporting 
the support shaft 57. According to the construction described 
above, rotation of the movable body 5 around the axial line 
can be prevented. 
0092 Alternatively, it may be constructed that through 
holes are formed in a pair of the magnets 53a, 53b and the 
second movable body side yokes 55a, 55b, and non-through 
holes are formed in the first movable body side yoke 51, and 
support shafts are inserted from both sides in the axial direc 
tion. 

0093. In either of the embodiments described above, all of 
the first movable body side yoke 51, a pair of the magnets 53a, 
53b and the second movable body side yokes 55a, 55b are 
formed in a circular cylindrical shape. However, for example, 
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as shown in FIG. 5(a), the first movable body side yoke 51, a 
pair of the magnets 53a, 53b and the second movable body 
side yokes 55a, 55b may beformed in a square rod shape such 
as a hexagonal cylinder. 
0094) Further, for example, as shown in FIGS. 5(b) and 
5(c), the shape of the second movable body side yokes 55a, 
55b is not circular cylindrical but its end face may be formed 
in a curved shape and its planar shape may be elliptical, 
elongated circular or irregular shape which is deviated and 
extended on one side. 

0095 FIGS. 6(a), 6(b)and FIG. 7 are explanatory perspec 
tive cross-sectional views showing modified embodiments of 
the linear actuator 1 to which the present invention is applied. 
0096. In the linear actuator 1 shown in FIGS. 1(a) and 
1(b), the movable body 5 is moved only by magnetic force. 
However, for example, as shown in FIG. 6(a), it may be 
constructed that a coiled spring 91 in a truncated cone shape 
is disposed as an urging member on one side in the axial 
direction between the bearing plate 71a. 71b and the second 
movable body side yokes 55a, 55b. In this case, for example, 
when the movable body 5 moves down, the movable body 5 
moves at a low speed while deforming the compression 
spring and, when the movable body 5 moves up, the movable 
body 5 moves at a high speed with the aid of returning force 
of the shape of the compression spring. 
0097. Further, as shown in FIG. 6(b), coiled springs 91.92 
as an urging member may be disposed on both sides in the 
axial direction between the bearing plates 71a. 71b and the 
second movable body side yokes 55a, 55b such that urging 
forces may be applied so that the movable body 5 is always to 
be held at a center position (home position) in the axial 
direction. 

0098. In order to urge the movable body 5 in the axial 
direction, a gimbal spring 93 as shown in FIG. 7, a flat plate 
spring, or a volute spring may be disposed instead of the 
coiled springs 91.92 as shown in FIGS. 6(a) and 6(b). 
0099 Further, as shown in FIG. 6(b) and FIG. 7, at least a 
coil wire lead-out hole 350 for drawing out the terminal of a 
coil wire from the coil 33 is preferably formed in the fixed 
body side yoke 35, for example, at its end part located in the 
axial direction and a tube part 310 of the bobbin31 is disposed 
in the coil lead-out hole 350. According to the construction 
described above, the terminal of a coil wire can be drawn out 
easily. 
0100. In the embodiment described above, the movable 
body 5 is disposed in the inner side of the fixed body 3. 
However, it may be the constructed that a fixed body provided 
with a coil wound in a ring-shaped manner is disposed in the 
inner side of a ring-shaped movable body. In this case, the 
linear actuator is similarly constructed to the embodiment 
described above except that the outer peripheral face of the 
coil faces the inner peripheral face of the movable body. 
0101 The linear actuator 1 inaccordance with an embodi 
ment may be used as a drive device for a valve device 100 as 
described below with reference to FIGS. 8 and 9. The basic 
construction of the linear actuator 1 used in the valve device 
100 described below is similar to the embodiment shown in 
FIGS. 1(a) and 1(b) and thus the same notational symbols are 
used in the same portions. 
0102) Each of FIG. 8 and FIG. 9 is an explanatory view 
showing a valve device 100 in which the linear actuator 1 is 
used as its drive device and which is cut in an axial direction 
and viewed from obliquely above. 
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(0103. In the valve device 100 shown in FIG. 8, the linear 
actuator 1 to which the present invention is applied is used in 
a state that the linear actuator 1 is surrounded by a cylindrical 
housing 110. A pump chamber 170, which is provided with 
flow passages where fluid flows in the direction shown by the 
arrow “Lin' and the arrow “Lout', is formed by using a 
passage constructing member 130 under the cylindrical hous 
ing 110. 
0104. As described in FIGS. 1(a) and 1(b), the movable 
body 5 in the linear actuator 1 is reciprocated in the axial 
direction by controlling the energization to the coil 33. The 
lower end part of one of the support shafts 57a, 57b is con 
nected to the center portion of a diaphragm valve 150. A 
ring-shaped thick wall part 151 functioning as an O-ring is 
formed on the outer peripheral side of the diaphragm valve 
150. In the diaphragm valve 150, liquid-tightness is ensured 
by means of that the outer peripheral side including the ring 
shaped thick wall part 151 is sandwiched between the housing 
110 and the flow passage constructing member 130. Check 
valves (not shown) are disposed on inflow side and outflow 
side of the flow passages. The inflow side is generally main 
tained in a higher pressure state to the outflow side by a 
pressure generation means which is prepared separately (not 
shown). Substantially sealed liquid-tightness is attained by 
the bottom part of the diaphragm valve 150 which substan 
tially contacts with the opening part on the inflow side of the 
flow passage in a liquid tight manner. When operation of the 
diaphragm valve 150 in the direction as shown by the arrow 
“U” is performed, the opening part on the inflow side of the 
flow passage is opened to flow liquid promptly on the outflow 
side. On the contrary, the operation of the diaphragm valve 
150 in the direction as shown by the arrow “D' closes the 
opening part on the inflow side of the flow passage or over 
comes a pressure from the inflow side which is going to open 
and promptly stops the flow of the liquid to the outflow side. 
These operations can be effectively assisted by appropriately 
using an urging spring. In this case, since the diaphragm valve 
150 is directly connected to one of the support shafts 57a, 
57b, the diaphragm valve 150 is directly driven in a linear 
a. 

0105. The valve element is not limited to the diaphragm 
valve 150 and a bellows valve and other types of a valve 
element may be used. The support shafts 57a, 57b and the 
valve elements may be connected to each other. Alternatively, 
the support shafts 57a, 57b and valve elements which are 
integrally formed may be used. 
0106. The basic construction of a valve device 100 shown 
in FIG. 9 is similar to the valve device 100 described in FIG. 
8 and therefore, the description of the housing 110 and the 
flow passage constructing member 130 and the like is omit 
ted. In the valve device 100 shown in FIG. 9, the support 
shafts 57a, 57b on both sides in the linear actuator 1 are 
respectively fixed to the diaphragm valves 150. Therefore, 
when the movable body 5 is moved in the direction as shown 
by the arrow “U” or the direction as shown by the arrow “D’. 
two diaphragm valves 150 are respectively deformed in 
reverse directions. Accordingly, in two upper and lower pump 
chambers 170, the above-mentioned operations (liquid suc 
tion and discharge) are performed exclusively. 
0107 The valve device 100 may be constructed such that 
expansion and contraction are performed at the same time in 
two upper and lower pump chambers 170. 
0108. In FIGS. 8 and 9, the linear actuator 1 in accordance 
with an embodiment is used in the valve device 100. However, 
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the linear actuator 1 in accordance with an embodiment may 
be used in an air valve device 100 and various valve devices 
for dynamic pressure control in addition to a valve device 100 
for liquid feeding. Further, the linear actuator 1 itself may be 
used as a small linear propelling device. 
0109 Next, FIG. 10 is a schematic sectional view showing 
a basic construction of a pump device to which the present 
invention is applied. As shown in FIG. 10, a pump device 10 
in accordance with an embodiment is used as a liquid feed 
pump for feeding methanol forcibly in a DMFC which is 
used, for example, in a portable electronic device. One inflow 
port 80 and a plurality of outflow ports 40 (4.0a through 40h) 
are opened in the main body 17 of the pump device. The main 
body 17 of the pump device is provided with a pump chamber 
2, an inflow passage 13 which is connected to the pump 
chamber 2 and an inflow port 80, and a plurality of outflow 
passages 4 (4.0a through 40.h) which is connected to the pump 
chamber 2 and a plurality of outflow ports 40. Further, an 
inflow side active valve 15 is constructed in the inflow pas 
sage 13 of the main body 17 of the pump device and a pump 
mechanism 113 is constructed in the pump chamber 2, and 
outflow side active valves 6 (6a through 6h) are constructed in 
each of a plurality of the outflow passages 4. Eight outflow 
ports 40a through 40h and eight outflow passages 4a through 
4h are capable of being connected to eight cells (not shown in 
the drawing) which are respectively power generating parts of 
the DMFC. Methanol discharged from the outflow passages 
4a through 4h are capable of being Supplied to the anode 
electrode of a cell. 

0110. A first flow passage 8 provided with a passive valve 
110 which opens in an inflow direction to the pump chamber 
2 is connected to the inflow passage 13 and a second flow 
passage 9 provided with a passive valve 111 which opens in 
an outflow direction from the pump chamber 2 is also con 
nected to the inflow passage 13. An inflow port 80 is con 
structed with an end part of the first flow passage 8 and a 
return flow port 90 is constructed with an end part of the 
second flow passage9. The first flow passage 8 and the second 
flow passage 9 are capable of being connected to a methanol 
accommodating vessel (hereinafter, accommodating vessel; 
not shown in the drawing). Specifically, the first flow passage 
8 is connectable on the lower side of the accommodating 
vessel and the second flow passage 9 is connectable on the 
upper side of the accommodating vessel. The passive valve 
110 is a valve which is, for example, made of rubber. The 
passive valve 110 opens when a pressure is applied in a 
Suction direction of methanol directing to the pump chamber 
2 but does not open even when a pressure is applied in a 
discharge direction of methanol directing to the accommo 
dating vessel. Therefore, methanol is Sucked to the pump 
chamber 2 from the accommodating vessel through the inflow 
port 80, the first flow passage 8 and the inflow passage 13 and 
discharged from the pump chamber 2 to the accommodating 
vessel through the inflow passage 13, the second flow passage 
9 and the return flow port 90. 
0111. In the pump device 10 constructed as described 
above, the inflow side active valve 15 are capable of being 
opened or closed by a drive actuator described below (not 
shown in FIG. 10). Further, similarly to the inflow side active 
valve 15, the outflow side active valves 6a through 6h are 
capable of being individually opened or closed by a drive 
actuator described below (not shown in FIG. 10). 
0112. In the pump device 10 constructed as described 
above, when the outflow side active valves 6a through 6h are 
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in a closed state and the inflow side active valve 15 is in an 
open state, and further when the pump mechanism 113 
expands the pump chamber 2, methanol is Sucked into the 
pump chamber 2. On the other hand, when the inflow side 
active valve 15 is in a closed state and at least one of the 
outflow side active valves 6a through 6th is in an open state, 
and further when the pump mechanism 113 makes the pump 
chamber 2 contract the methanol is discharged to a cell from 
the pump chamber 2. Further, when the outflow side active 
valves 6a through 6h are in a closed state and the inflow side 
active valves 15 is in an open state and, in this state, when the 
pump mechanism 113 makes the pump chamber 2 contract, 
the methanol is discharged to the accommodating vessel. 
0113 FIG. 11 is a timing chart showing a control method 
for a pump device shown in FIG. 10. The pump device 10 in 
accordance with an embodiment is, as shown in FIG. 11, 
controlled by a control method including a suction step “S1’ 
in which the inflow side active valve 15 is opened and metha 
nol is sucked into the pump chamber 2 through the first flow 
passage 8 by a Suction operation of the pump mechanism 113, 
an initial discharge step “S2’ after the suction step “S1 in 
which the backlash of the pump device 10 is eliminated by 
means of that methanol is discharged from the pump chamber 
2 to the second flow passage 9 due to the discharge operation 
of the pump mechanism 113 and then the inflow side active 
valve 15 is closed, and a discharge step “S3' after the initial 
discharge step “S2 in which a prescribed outflow side active 
valve 6 is successively opened and a prescribed amount of 
methanol is discharged by the discharge operation of the 
pump mechanism 113. The control method will be described 
in detail below. 
0114. In the chart shown in the upper part of FIG. 11, the 
portions on the under side of the center horizontal line indi 
cate states of a discharge operation in which the pump mecha 
nism 113 is operated in the discharge direction. The portion 
on the upper side of the center horizontal line indicates the 
state of a Suction operation in which the pump mechanism 
113 is operated in the suction direction. Further, in the timing 
chart of an actuator in the active valves 15, 6 shown in the 
lower part of FIG. 11, the portions on the upper side indicate 
states in which the respective active valves 15, 6 are opened. 
0.115. In the initial state, all of the inflow side active valve 
15 and the outflow side active valve 6 are in the closed state. 
First in this state, the inflow side active valve 15 is set to be in 
an open state. Thereafter, the pump mechanism 113 is oper 
ated in the discharge direction of methanol. The discharge 
operation by the pump mechanism 113 is performed to the top 
dead point (home position) and the origin-reset of the pump 
mechanism 113 is performed (origin-reset step “S0). In this 
case, methanol is discharged to the second flow passage 9 
from the pump chamber 2 through the passive valve 111 
which is capable of being in an open state. 
0116. Next, methanol is sucked into the pump chamber 2 
(suction step “S1). Specifically, under the open state of the 
inflow side active valve 15, the pump mechanism 113 is 
driven in the suction direction of methanol. The suction 
operation of the pump mechanism 113 is performed, for 
example, to the bottom dead center of the pump mechanism 
113. Methanol is sucked into the pump chamber 2 from the 
first flow passage 8 through the passive valve 110 which is 
capable of being in an open state by the Suction operation of 
the pump mechanism 113. 
0117 Next, after the backlash of the pump device 10 is 
eliminated by means of that methanol is discharged from the 
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pump chamber 2 by the discharge operation of the pump 
mechanism 113, the inflow side active valve 15 is closed 
(initial discharge step “S2). More specifically, under the 
open state of the inflow side active valve 15, the pump mecha 
nism 113 is moved in the discharge direction of methanol 
until the backlash of the pump device 10 is eliminated. Metha 
nol is discharged to the second flow passage 9 by the dis 
charge operation of the pump mechanism 113 through the 
passive valve 111 which becomes to be in an open state, and 
then the inflow side active valve 15 is closed. 
0118. Next, a prescribed outflow side active valve 6 is 
Successively opened and a predetermined amount of metha 
nol is discharged by the discharge operation of the pump 
mechanism 113 (discharge step “S3). More specifically, 
first, the outflow side active valve 6f is set to be in an open 
state, and the discharge operation is performed by the pump 
mechanism 113 to discharge a predetermined amount of 
methanol from the outflow passage 4f. Next, after the outflow 
side active valve 6f is set to be in a closed state and the outflow 
side active valve 6g is set to be in an open State, the discharge 
operation of the pump mechanism 113 is performed to dis 
charge a predetermined amount of methanol from the outflow 
passage 4g. In this manner, while the opening/closing opera 
tions of the outflow side active valves 6f 6g, 6h, 6a, 6b, 6c. 6d. 
6e are successively performed in this order, when the dis 
charge operation of the pump mechanism 113 is performed, a 
prescribed amount of methanol is discharged from the out 
flow passages 4f 4.g., 4h, 4a, 4b, 4c., 4d, 4e in this order. 
0119. In the case that a detector for detecting air bubbles is 
provided in the pump chamber 2, when the detector detects air 
bubbles, the discharge operation of the pump mechanism 113 
is performed, for example, under the state that the inflow side 
active valve 15 is set to be in an open state, the air bubbles can 
be discharged to the second flow passage 9 through the pas 
sive valve 111 which is capable of being in an open state. 
Further, at the starting time of the pump device 10 or after the 
exchange of the accommodating vessel, air bubbles can be 
discharged by performing similar operations. 
0120. As described above, the pump device 10 in accor 
dance with this embodiment is provided with the outflow side 
active valves 6a through 6h. Therefore, the reverse flow of 
methanol from the outflow passages 4a through 4h to the 
pump chamber 2 can be securely prevented. Further, the 
discharge destinations of methanol which is discharged from 
the outflow passages 4a through 4h can be controlled by the 
outflow side active valves 6a through 6h. In addition, in the 
pump device 10, methanol is discharged from the respective 
outflow passages 4a through 4h by the discharge operation of 
one pump mechanism 113. Therefore, discharging perfor 
mance becomes uniform in comparison with the case when 
pump mechanisms are provided for the respective outflow 
passages 4a through 4h and thus the variation of discharge 
amount from the respective outflow passages 4a through 4h 
can be restrained. Accordingly, an appropriate amount of 
methanol can be accurately discharged in the pump device 10. 
0121 Further, the inflow passage 13 is connected to the 
pump chamber 2 through the inflow side active valve 15. 
Therefore, the reverse flow from the pump chamber 2 to the 
inflow passage 13 can be securely prevented. 
0122. In the control method for the pump device 10 in this 
embodiment, the initial discharge step “S2’ for eliminating 
the backlash of the pump device 10 is provided between the 
suction step “S1 and the discharge step “S3. Therefore, in 
the discharge step “S3, the relationship between the moving 
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quantity of the pump mechanism and the discharge amounts 
from the outflow passages 4a through 4h can be maintained in 
a linear manner from the beginning. Accordingly, when the 
moving quantity of the pump mechanism is appropriately 
controlled, the discharge amount from the outflow passage 4f 
where fluid is firstly discharged in the discharge step “S3” can 
be also accurately controlled and thus the variation of the 
discharge amounts from the respective outflow passages 4a 
through 4h can be reduced. 
I0123. In addition, methanol is sucked in the suction step 
“S1’ which is required to discharge from the outflow pas 
sages 4a through 4h by a plurality of times in the discharge 
step “S3. Therefore, even when the discharge amount of 
methanol which is discharged from the respective outflow 
passages 4a through 4h is a significantly small amount, the 
Suction amount can be ensured to Some extent. For example, 
even when each of the discharge amounts from the respective 
outflow passages 4a through 4h is 1 (ul), the Suction amount 
can be totally 8 (ul). Accordingly, the capacity of the pump 
device 10 can be increased and the self-feeding performance 
can be easily attained. 
0.124 FIG. 12(a) is a perspective view showing a pump 
device in accordance with an embodiment and FIG. 12(b) is 
an explanatory plan view showing flow passages and the like. 
FIGS. 13 and 14 are exploded perspective views showing a 
pump device in accordance with an embodiment which is 
viewed from obliquely above and which is viewed from 
obliquely below. FIG. 15 is an explanatory perspective cross 
sectional view showing a construction of a pump device to 
which the present invention is applied. 
0.125. As shown in FIGS. 12(a) and 12(b), pipes construct 
ing the inflow port 80, the return flow port 90, the outflow 
ports 40 described in FIG.10 are connected to one face 171 of 
a box-shaped main body 17 of the pump device 10 in accor 
dance with this embodiment. 

I0126. In order to construct the pump device 10 as 
described above, in this embodiment, the main body 17 of the 
pump device is constructed Such that a wiring circuitboard 74 
for the pump mechanism 113 and active valves 15, 6, a base 
75, a case 76, a plate 77 in which flow passages described 
below are formed in a groove shape, a liquid-tight sheet 78 
which closes the upper faces of the flow passages by covering 
the upper face of the plate 77, and a cover 79 to which the 
pipes are coupled are laminated in this order. 
I0127. As shown in FIGS. 13 and 14, openings 137,57, 67a 
through 67h for constructing disposing space for the pump 
mechanism 113 and the active valves 15, 6 are formed in the 
case 76. Further, a circular through hole 21 for constructing 
the pump chamber 2 is formed at the center position of the 
plate 77. Recessed parts 58,68a through 68h for constructing 
valve chambers of the active valves 15, 6 are formed around 
the through hole 21 on the under face of the plate 77. 
I0128. Further, nine grooves 131, 41a through 41h are radi 
ally extended from the through hole 21. Also, grooves 82.92. 
42a, 42b and the like are formed near the grooves 131, 41a 
through 41h in the plate 77. 
I0129. In this embodiment, the inflow passage 13 is con 
structed by the groove 131. In other words, in the state where 
the case 76, the plate 77 and the liquid-tight sheet 78 are 
overlapped together, the upper face of the groove 131 is 
closed and the inflow side active valve 15 is disposed in the 
inflow passage 13. Further, when the case 76, the plate 77 and 
the liquid-tight sheet 78 are overlapped together, the outflow 
passages 4a through 4h are formed by the grooves 41a 
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through 41h, 42a, 42b and the like and the outflow side active 
valves 6a through 6h are disposed in the respective outflow 
passages 4a through 4h. When the case 76, the plate 77 and 
the liquid-tight sheet 78 are overlapped together, the first flow 
passage 8 is constructed by the groove 82, the recessed part 83 
of the case 76 and the recessed part 84 of the plate 77, and the 
second flow passage 9 is constructed by the groove 92, the 
recessed part (not shown) of the case 76 and the recessed part 
94 of the plate 77. The passive valves 110, 111 are arranged in 
the recessed parts 84, 94 of the plate 77 in the first flow 
passage 8 and the second flow passage 9. 
0130. As described above, in this embodiment, since the 
outflow side active valves 6 (6a through 6h) are disposed 
around the pump chamber 2 in a plane manner, the flow 
passage of each of a plurality of the outflow passages 4 (4a 
through 4h) can be shortened and the thickness of the pump 
device 10 can be reduced. Further, since the variation of the 
discharge amount from the respective outflow passages 4 (4a 
through 4h) can be reduced, an appropriate amount of fluid is 
discharged accurately. Further, although a plurality of out 
flow passages 4 (4a through 4 h) requires a plurality of outflow 
side active valves 6 (6a through 6h), since a plurality of the 
outflow side active valves 6 (6a through 6h) is disposed 
around the pump chamber 2 in a plane manner, the flow 
passages of a plurality of the outflow passages 4 (4a through 
4h) can be shortened and thus the size of the pump device 10 
can be reduced. 
Further, in a plurality of the outflow passage 4 (4a to 4h) in 
this embodiment, the lengths of the flow passages from the 
pump chamber 2 to the outflow side active valves 6 (6a 
through 6h) are equal to each other. Therefore, the discharge 
amount through the respective outflow passages 4 (4a 
through 4h) can be controlled with a high degree of accuracy. 
0131 Further, in this embodiment, the inflow port 80, the 
return flow port 90 and a plurality of the outflow ports 40 (40a 
through 40h) are opened in the same face 271 of the main 
body 17 of the pump device, and thus the connection between 
the pump device 10 and the outside is easily performed. 
0.132. In addition, the wiring circuitboard 74 for the inflow 
side active valve 15, the pump mechanism 113 and the out 
flow side active valves 6 is overlapped on the surface opposite 
to the surface where the inflow port 80, the return flow port 90 
and a plurality of the outflow ports 40 (40a to 40h) are opened 
in the main body 17 of the pump device. Therefore, when 
pipes are to be connected to the inflow port 80, the return flow 
port 90 and a plurality of the outflow ports 40 (4.0a through 
40h), the wiring between the wiring circuit board 74 and the 
respective active valves 15, 6 and the pump mechanism 113 is 
easily performed. 
0133. The main body 17 of the pump device is provided 
with the plate 77 in which the inflow passage 13 and the 
outflow passages 4 are formed on one face side in a groove 
shaped manner and the liquid-tight sheet 78 which is over 
lapped on one face side of the plate 77. Therefore, many flow 
passages can be formed in a small-sized main body 17 of the 
pump device and the pump device 10 can be efficiently pro 
duced. 
0134) Next, an embodiment of the pump mechanism 113 
which is used in the pump device 10 to which the present 
invention is applied will be described below. FIG. 16 is an 
exploded perspective view showing a state where the pump 
device is longitudinally divided. FIG. 17(a) is an explanatory 
view showing a state where the internal Volume of a pump 
chamber is expanded in the pump device shown in FIG. 16, 

Aug. 13, 2009 

and FIG. 17(b) is an explanatory view showing a state where 
the internal volume of the pump chamber is contracted. FIG. 
18(a) is a perspective view showing a rotor used in a rotation 
body of a pump mechanism shown in FIG. 16, FIG. 18(b) is 
its plan view, and FIG. 18(c) is its cross-sectional view. FIG. 
19(a) is a perspective view showing a movable body used in 
the rotation body of the pump mechanism shown in FIG. 16, 
FIG. 190b) is its plan view and FIG. 190c) is its sectional view. 
I0135) In FIG.16 and FIG.17(a), the pump mechanism 113 
in accordance with an embodiment includes a diaphragm 
valve 170 as a valve element, which expands and contracts the 
internal Volume of the pump chamber 2 in communication 
with the inflow passage 13 and the outflow passage 4 to Suck 
and discharge liquid, and a drive mechanism 105 which drives 
the diaphragm valve 170. 
I0136. The fixed body side portion of the main body 17 of 
the pump device includes the plate-shaped base 75 on which 
the drive mechanism 105 is mounted, the case 76 which 
accommodates the drive mechanism 105 between together 
with the base 75, the plate 77 overlapped on the upper face of 
the case 76, and the cover 79 which is overlapped on the upper 
face of the plate 77 through the liquid-tight sheet 78. The 
grooves 131, 41 are formed on the upper face of the plate 77 
and the groove 131 and the like construct a flow passage when 
their upper faces are covered with the cover 79. A through 
hole 151 is formed at one end part of the groove 131 in the 
plate 77. In the state where the base 75, the case 76, the plate 
77, the liquid-tight sheet 78 and the cover 79 are overlapped 
together, the through hole 151 is in communication with the 
through holes 271,211 which are formed in the case 76 and 
the base 75, and the fluid suction port 6 is constructed by the 
through holes 151, 271, 211. Further, a through hole 153 is 
formed at other end part of the groove 41 in the plate 77. In the 
state where the base 75, the case 76, the plate 77, the liquid 
tight sheet 78 and the cover 79 are overlapped together, the 
through hole 153 is in communication with the through holes 
133,123 which are formed in the case 76 and the base 75, and 
the fluid discharge port 7 is constructed by the through holes 
153, 133, 123. Check valves (not shown) are respectively 
disposed at the fluid suction port 6 and the fluid discharge port 
7 

0.137 The through hole 21 is formed at a middle position 
of the groove 131 in the plate 77. The upper face of the 
through hole 21 is covered with the cover 79 in the state where 
the cover 79 is overlapped on the plate 77 and the under side 
of the through hole 21 is covered by the diaphragm valve 170 
to construct the pump chamber 2. 
0.138. In accordance with an embodiment, the drive 
mechanism 105 includes, as described below, a ring-shaped 
stator 120, a rotation body 103 which is coaxially disposed on 
the inner side of the stator 120, a movable body 160 which is 
coaxially disposed on the inner side of the rotation body 103. 
and a conversion mechanism 140 which converts the rotation 
of the rotation body 103 into a force which moves the mov 
able body 160 in an axial direction. The drive mechanism 105 
is mounted in a space formed in the case 76 between the base 
75 and the case 76. 

0.139. In the drive mechanism 105, the stator 120 includes 
a unit which is provided with a coil 121 wound around a coil 
bobbin 123 and two pieces of yoke 125 disposed so as to cover 
the coil 121. Two units are overlapped each other in the axial 
direction to construct the stator 120. In this state, in both of the 
upper and the lower units, the pole teeth protruded in the axial 
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direction from the inner peripheral edge parts of two yokes 
125 are alternately located in the circumferential direction. 
0140. As shown in FIG. 16, FIG. 17 and FIGS. 18(a), 
18(b), 18(c), the rotation body 103 is provided with a cup 
shaped member 130 which opens upward, and a ring-shaped 
rotor magnet 150 which is fixed on the outer peripheral face of 
a cylindrical body part 131 of the cup shaped member 130. A 
recessed part 135 upwardly dented in the axial direction is 
formed at the center of a bottom wall part 133 of the cup 
shaped member 130. A bearing part 751 which receives a ball 
118 disposed in the recessed part 135 is formed in the base 75. 
Further, a ring-shaped stepped part 766 is formed in the inner 
face on the upper end side of the case 76 and a ring-shaped 
stepped part which faces the ring-shaped stepped part 766 of 
the case 76 is formed by the upper end portion of the body part 
131 and a ring-shaped flange part 134 in the upper end portion 
of the cup shaped member 130. A ring-shaped retainer 181 
and a bearing 180 are disposed in an annular space which is 
formed by these ring-shaped stepped parts. The bearing 180 
comprises bearing balls 182 which are held at separated posi 
tions in the circumferential direction by the retainer 181. In 
this manner, the rotation body 103 is supported by the main 
body 17 of the pump device in the rotatable manner around 
the axial line. 

0141. In the rotation body 103, the outer peripheral face of 
the rotor magnet 150 faces the pole teeth located in the cir 
cumferential direction along the inner circumferential face of 
the stator 120. An S-pole and N-pole are alternately disposed 
in the circumferential direction on the outer peripheral face of 
the rotor magnet 150 and the stator 120 and the cup shaped 
member 130 constructs a stepping motor. 
0142. As shown in FIG. 16, FIG. 17, and FIGS. 19(a), 
19(b), 19(c), the movable body 160 is provided with a bottom 
wall part 161, a cylindrical part 163 which protrudes in the 
axial direction from the center of the bottom wall part 161, 
and a body part 165 which is formed in a cylindrical shape so 
as to surround around the cylindrical part 163. A male screw 
167 is formed on the outer peripheral face of the body part 
165. 

0143. In accordance with an embodiment as shown in FIG. 
16, FIG. 17, FIGS. 18(a), 18(b), 18(c) and FIGS. 19(a), 19(b), 
19(c), a female screw part 137 is formed at four portions 
separated in the circumferential direction on the inner cir 
cumferential face of the body part 131 of the cup shaped 
member 130. Further, a male screw part 167 is formed on the 
outer peripheral face of the body part 165 of the movable body 
160 to construct a power transmitting mechanism 141 by 
engaging the male Screw part 167 with the female Screw part 
137 of the cup shaped member 130. In this manner, a conver 
sion mechanism 140 is constructed in which the movable 
body 160 is moved back and forth in the axial direction by the 
rotation of the rotation body 103. Accordingly, when the 
movable body 160 is disposed on the inner side of the cup 
shaped member 130 such that the male screw part 167 meshes 
with the female screw part 137, the movable body 160 is 
supported on the inner side of the cup shaped member 130. 
Further, six elongated holes 169 are formed in the bottom wall 
part 161 of the movable body 160 as a through hole in the 
circumferential direction. Six projections 769 are extended 
from the case 76 and the lower end part of the projection 769 
is fitted into the elongated slot 169 to construct a co-rotation 
preventive mechanism 149. In other words, when the cup 
shaped member 130 is rotated, the rotation of the movable 
body 160 is prevented by the co-rotation preventive mecha 
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nism 149 comprised of the projection 769 and the elongated 
slot 169. Therefore, the rotation of the cup shaped member 
130 is transmitted to the movable body 160 through the power 
transmitting mechanism 141 comprised of its female Screw 
part 137 and the male screw part 167 of the movable body 160 
and thus the movable body 160 linearly moves on one side or 
the other side in the axial direction based on the direction of 
the rotation of the rotation body 103. 
0144. In this embodiment, four female screw parts 137 are 
separately formed on the inner circumferential face of the 
body part 131 of the cup shaped member 130 in the circum 
ferential direction. However, a plurality of female screw parts 
may be separately formed in the circumferential direction. 
Further, in this embodiment, four female screw parts 137 are 
separately formed on the inner circumferential face of the 
body part 131 of the cup shaped member 130 in the circum 
ferential direction. However, alternatively, four or a plurality 
of male screw parts 167 may be separately formed on the 
outer peripheral face of the body part 165 of the movable body 
160 in the circumferential direction. 

(0145. In FIG. 16 and FIG. 17(a), in this embodiment, the 
diaphragm valve 170 is directly connected to the movable 
body 160. The diaphragm valve 170 is formed in a cup shape 
and provided with a bottom wall part 171, a cylindrical body 
part 173 which is formed in the axial direction from the outer 
peripheral edge part of the bottom wall part 171, and a flange 
part 175 which is extended on the outer peripheral side from 
the upper end of the body part 173. The diaphragm valve 170 
and the movable body 160 are fixed to each other by a screw 
178 and a cap 179 from upper and lower sides such that the 
central portion of the bottom wall part 171 covers over the 
cylindrical part 163 of the movable body 160. Further, the 
outer peripheral edge part of the flange part 175 of the dia 
phragm valve 170 is formed to be a thick wall part which is 
provided with a liquid-tight property and a positioning func 
tion. The thick wall part is fixed between the case 76 and the 
plate 77 around the through hole 21 of the plate 77. In this 
manner, the diaphragm valve 170 defines the under portion of 
the pump chamber 2 and the liquid-tightness between the case 
76 and the plate 77 is ensured around the pump chamber 2. 
0146 In this state, the body part 173 of the diaphragm 
valve 170 is folded in a U-shape in cross section and the shape 
of the folded portion 172 varies according to the position of 
the movable body 160. In this embodiment, the folded portion 
172 of the diaphragm valve 170 in the U-shape in cross 
section is disposed in an annular space which is constructed 
between the first wall face 168 that is the outer peripheral face 
of the cylindrical part 163 of the movable body 160 and the 
second wall face 768 that is the inner circumferential face of 
the projection 769 extended from the case 76. Therefore, in 
either of the state shown in FIGS. 17(a), 17(b), and the mid 
way state reaching to the state shown in FIGS. 17(a), 17(b), 
the folded portion 172 of the diaphragm valve 170 is 
deformed so as to be extended or folded along the first wall 
face 168 and the second wall face 768 while the folded portion 
172 is held in the annular space. 
0.147. Further, in this embodiment, as shown in FIG. 16, 
FIG. 17(a) and FIGS. 18(a), 18(b), 18(c), a groove 136 is 
formed in the bottom wall part 133 of the cup shaped member 
130 with an angular range of 270° in the circumferential 
direction and a projection 166 is formed downward from the 
bottom face of the movable body 160. The movable body 160 
does not rotate around its axial line but moves in the axial 
direction and, on the contrary, the rotation body 103 rotates 
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around its axial line but does not move in the axial direction. 
Therefore, the projection 166 and the groove 136 function as 
a stopper which determines a stop position of the rotation 
body 103 and the movable body 160. In other words, the depth 
of the groove 136 varies in the circumferential direction. 
When the movable body 160 moves downward in the axial 
direction, the projection 166 fits into the groove 136 and the 
end part of the groove 136 abuts with the projection 166 due 
to the rotation of the rotation body 103. As a result, the 
rotation of the rotation body 103 is prevented and the stop 
positions of the rotation body 103 and the movable body 160 
are determined, in other words, the maximum expanded posi 
tion in the internal volume of the diaphragm valve 170 is 
determined. 

0148. In the pump mechanism 113 constructed as 
described above, when electrical power is supplied to the 
coils 121 of the stator 120, the cup shaped member 130 is 
rotated and its rotation is transmitted to the movable body 160 
through the conversion mechanism 140. Therefore, the mov 
able body 160 performs a reciprocal linear motion in the axial 
direction. As a result, the diaphragm valve 170 is deformed by 
the movement of the movable body 160 and the internal 
Volume of the pump chamber 2 is expanded or contracted. 
Therefore, the inflow of liquid from the inflow passage 13 and 
the outflow of the liquid to the outflow passage 4 are per 
formed in the pump chamber 2. During this time, the folded 
portion 172 of the diaphragm valve 170 is deformed so as to 
be extended or folded along the first wall face 168 and the 
second wall face 768 while the folded portion 172 is located 
in the annular space, and thus excessive sliding does not 
occur. In addition, even when pressure is applied from fluid in 
the pump chamber 2, the deformation of the diaphragm valve 
170 is extremely little because the inner side and the outer 
side of the diaphragm valve 170 are regulated in the annular 
space. Further, the downward position of the movable body 
160 is regulated by the stopper which is constructed with the 
groove 136 of the cup shaped member 130 and the projection 
166 of the movable body 160. As a result, the volume is varied 
by the diaphragm valve 170 with a high degree of accuracy 
with the rotation of the cup shaped member 130. 
0149. As described above, in the pump mechanism 113 in 
accordance with an embodiment, the rotation of the rotation 
body 103 by the stepping motor mechanism is transmitted to 
the movable body 160 through the conversion mechanism 
140 utilizing the power transmitting mechanism 141 pro 
vided with the male screw part 167 and the female screw part 
137 and thus the movable body 160 to which the diaphragm 
valve 170 is fixed is linearly moved in the reciprocal manner. 
Therefore, since power is transmitted with less members from 
the drive mechanism 105 to the diaphragm valve 170, down 
sizing, thickness reduction and cost reduction of the pump 
mechanism 113 can be attained. Further, when the lead angle 
of the male screw part 167 and the female screw part 137 in 
the power transmitting mechanism 141 is set to be Small, or 
when the number of the pole teeth of the stator of the motor is 
increased, small feeding of the movable body 160 can be 
performed. Therefore, since the volumetric capacity of the 
pump chamber 2 can be finely controlled, a constant amount 
of discharge can be performed with a high degree of accuracy. 
0150. The diaphragm valve 170 is used in this embodi 
ment and the folded portion 172 of the diaphragm valve 170 
is deformed so as to be extended or folded along the first wall 
face 168 and the second wall face 768 while the folded portion 
172 is located in the annular space, and thus excessive sliding 
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does not occur. Therefore, useless load is not generated and 
thus service life of the diaphragm valve 170 becomes longer. 
Further, even when pressure is applied from the fluid in the 
pump chamber 2, the deformation of the diaphragm valve 170 
is extremely little Therefore, according to the pump mecha 
nism 113 in this embodiment, a constant amount of discharge 
can be performed with a high degree of accuracy and a high 
degree of reliability can be obtained. 
0151. In addition, the rotation body 103 is rotatably sup 
ported around the axial line through the bearing ball 182 in the 
main body 17 of the pump device and thus sliding loss is 
small. Further, since the rotation body 103 is stably held in the 
axial direction, thrust in the axial direction is stable. There 
fore, downsizing and the improvements of durability and 
discharging performance of the drive mechanism 105 can be 
attained. 

0152. In the embodiment described above, a screw is uti 
lized for the power transmitting mechanism 141 of the con 
version mechanism 140 but a cam groove may be utilized. 
Further, in the embodiment described above, the cup-shaped 
diaphragm valve is used as a valve element but a diaphragm 
valve in another shape or a piston provided with an O-ring 
may be used. 
0153. In the embodiment described above, one inflow port 
80 and eight outflow ports 40 are provided but a plurality of 
inflow ports 80 may be provided. Further, the respective num 
bers of the inflow port 80, the pump mechanism 113 and the 
outflow port 40 may be only one and any number may be 
used. Further, in the embodiment described above, the lengths 
of the outflow passages 4 are respectively set to be equal but 
the outflow passages 4 may be formed with different lengths 
according to application to be used. Further, in the embodi 
ment described above, the return flow port 90 is provided but, 
when not required, it may not be provided. In addition, in the 
embodiment described above, the liquid-tight sheet 78 for 
closing the upper face of the plate 77 and the cover 79 to 
which the above-mentioned pipes are coupled are separately 
provided. However, it may be constructed that the pipes are 
not coupled to the cover 79 but to the liquid-tight sheet 78 
which is provided with only outflow holes to which the pipes 
are connected through a sealing member. The sealing member 
may be constructed so as to directly attach the plate 77 to the 
cover 79 or the sealing member may be provided at the end 
portions of the flow passages in the plate 77. 
0154 FIG. 20 is an explanatory perspective cross-sec 
tional view showing an essential portion of a valve in which 
the pump device 10 to which the present invention is applied 
is used as an active valve which is cut in an axial direction and 
viewed from obliquely above. FIG. 21 is an explanatory view 
showing the magnetic lines of force in the valve shown in 
FIG. 20. 

0.155. As shown in FIGS. 20 and 21, the active valve 15, 6 
are provided with a linear actuator 201 in the holes 57, 67a 
through 67h in the case 76. The linear actuator 201 includes a 
cylindrical fixed body 203 and a roughly cylindrical movable 
body 205 disposed in the inner side of the fixed body 203. The 
fixed body 203 includes a coil 233 wound around a bobbin 
231 in a ring-shaped manner and a fixed body side yoke 235 
which is formed such that one front end part 236a and the 
other front end part 236b face each other on the inner periph 
eral side of the coil 233 in an axial direction via a slit 27 
through both sides in the axial direction of the coil 233 from 
the outer peripheral side of the coil 233. The movable body 
205 includes a first movable body side yoke 251 in a circular 
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disk shape and a pair of magnets 253a. 253b which are lami 
nated on both sides in the axial direction of the first movable 
body side yoke 251. Rare earth magnet of Nd Fe—B system 
or Sm-Co system, or resin magnet may be used as a pair of 
the magnets 253a. 253b. In the movable body 205, second 
movable body sideyokes 255a, 255b are laminated on the end 
faces of a pair of the respective magnets 253a. 253b opposite 
to the first movable body side yoke 251. 
0156. In accordance with an embodiment, each of the 
magnets 253a. 253b is magnetized in the axial direction and 
same polarities are positioned on the first movable body side 
yoke 251. In this embodiment, a pair of the magnets 253a, 
253b are disposed such that their N-poles are positioned on 
the first movable body side yoke 251 and their S-poles are 
positioned on the outer side in the axial direction. However, 
the magnetized direction may be reversed. 
(O157. The outer peripheral face of the first movable body 
side yoke 251 is protruded on the outer side from the outer 
peripheral face of the magnets 253a. 253b. Further, the outer 
peripheral faces of the second movable body side yokes 255a, 
255b are protruded on the outer side from the outer peripheral 
faces of the magnets 253a. 253b. 
0158 Recessed parts are formed on both end faces in the 
axial direction of the first movable body side yoke 251 and a 
pair of the magnets 253a. 253b are fitted to the respective 
recessed parts and fixed with an adhesive or the like. The first 
movable body side yoke 251, a pair of the magnets 253a. 253b 
and the second movable body side yokes 255a, 255b may be 
fixed by adhesion, press fitting or both of them. 
0159 Bearing plates 271a, 271b (bearing member) are 
fixed in the aperture parts on both sides in the axial direction 
of the fixed body 203. Support shafts 257a, 257b which are 
protruded on both sides in the axial direction from the second 
movable body side yokes 255a, 255b are slidably inserted 
into the holes of the bearing plates 271a,271b. In this manner, 
the movable body 205 is supported by the fixed body 203 in 
the state that the movable body 205 is movable up and down 
in the axial direction. In this state, the outer peripheral face of 
the movable body 205 faces the inner peripheral surface of the 
fixed body 203 through a prescribed gap space and the front 
end parts 236a, 236b of the fixed body side yoke 235 face 
each other in the axial direction in a gap space formed 
between the outer peripheral face of the first movable body 
side yoke 251 and the inner peripheral surface of the coil 233. 
Further, a clearance is formed between the movable body 205 
and the fixed body side yoke 235. The second movable body 
side yokes 255a, 255b and the support shafts 257a, 257 b are 
fixed to each other by adhesion, press fitting or both of them. 
0160. In the linear actuator 201 constructed as described 
above, when an electric current is supplied to the coil 233 so 
as to flow toward near side from far side in the right side in the 
drawing and, in the left side in the drawing, from near side 
toward far side, the magnetic lines of force are expressed as 
shown in FIG. 21. Therefore, the movable body 205 receives 
an downward thrust in the axial direction due to the Lorentz 
force and moves down as shown by the arrow 'A'. On the 
contrary, when energizing direction to the coil 233 is 
reversed, the movable body 205 moves up along the axial 
direction as shown by the arrow “B”. 
0161. In the linear actuator 201 in accordance with this 
embodiment, the movable body 205 is moved by utilizing 
magnetic force, and a coiled spring 291 in a truncated cone 
shape is disposed as an urging member on one side in the axial 
direction between the bearing plate 271a and the second 
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movable body side yokes 255a. Therefore, when the movable 
body 205 moves down, the movable body 205 moves at a low 
speed while deforming the compression spring and, when the 
movable body 205 moves up, the movable body 205 moves at 
a high speed with the aid of returning force of the shape of the 
compression spring. 
(0162. In the linear actuator 201 constructed as described 
above in accordance with this embodiment, the end part of 
one support shaft 257 b is connected to the central portion of 
the diaphragm valve 260 which is disposed in the valve cham 
ber 270 (recessed part 58, 68a through 68h). A ring-shaped 
thick wall part 261, which functions as liquid-tightness and 
positioning, is formed on the outer peripheral side of the 
diaphragm valve 260. Therefore, liquid-tightness is ensured 
by the outer peripheral side of the diaphragm valve 260 
including the ring-shaped thick wall part 261 which is sand 
wiched between the case 76 and the plate 77. 
0163 The valve element is not limited to the diaphragm 
valve 260 and a bellows valve and other types of a valve 
element may be used. The support shafts 257a, 257b and the 
valve elements may be connected to each other or the Support 
shafts 57a, 57b and the valve elements may be integrally 
formed. 

0164. As described above, in this embodiment a pair of the 
magnets 253a. 253b of the movable body 205 are disposed 
Such that their same polarities are faced to each other and 
magnetic repulsive forces are operated between them. How 
ever, since the first movable body side yoke 251 is disposed 
between the magnets 253a. 253b, a pair of the magnets 253a, 
253b can be fixed in the state where their same polarities are 
faced to each other. 
(0165. Further, a pair of the magnets 253a, 253b of the 
movable body 205 are disposed such that their same polarities 
are faced to the first movable body side yoke 251. Therefore, 
strong magnetic flux is generated from the first movable body 
side yoke 251 in the radial direction. Accordingly, when the 
peripheral faces of the first movable body side yoke 251 and 
the coil 233 are faced to each other, a large thrust can be 
applied to the movable body 205. 
0166 In addition, since the magnets 253a. 253b are mag 
netized in the axial direction, magnetizing is easy and Suitable 
for mass production even when the magnets are miniaturized, 
which is different from the case where the magnets 253a, 
253b are magnetized in the radial direction. 
0.167 Moreover, in this embodiment, the outer peripheral 
face of the first movable body side yoke 251 is protruded on 
the outer side from the outer peripheral faces of a pair of the 
magnets 253a. 253b. Therefore, even when the fixed body 
side yoke 235 is provided, magnetic attraction force applied 
to the movable body 205 in the direction perpendicular to the 
axial direction can be reduced. Similarly, the outer peripheral 
faces of the second movable body side yokes 255a, 255b are 
protruded on the outer side from the outer peripheral faces of 
a pair of the magnets 253a. 253b. Therefore, even when the 
fixed body side yoke 235 is provided, magnetic attraction 
force applied to the movable body 205 in the direction per 
pendicular to the axial direction can be reduced. Accordingly, 
assembling operation is easily performed and the movable 
body 205 is hard to be inclined. 
0.168. Further, in this embodiment, the magnets 253a, 
253b are disposed on the inner side of the coil 233. Therefore, 
in comparison with the case where the magnets 253a. 253b 
are disposed on the outer side of the coil 233, the magnets 
253a, 253b can be made smaller and thus the active valves 15, 
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6 can be constructed at a low cost. Further, since the coil 233 
is disposed on the outer side, magnetic path can be closed 
only with the fixed side yoke. 
(0169. In addition, the bearing plates 271a, 271b which 
movably support the support shafts 257a, 257b in the axial 
direction are held in the aperture parts opened in the axial 
direction of the fixed body 203. Therefore, other bearing 
members are not required to be disposed separately. Further, 
since the bearing plates 271a, 271b can be fixed with the fixed 
body 203 as a reference, the support shafts 257a, 257b may 
not be inclined. 
0170 The application of the pump device in accordance 
with the embodiment is not limited to a fuel cell. For example, 
the pump device may be used in a field of an analyzing device 
for chemical Substance and may be used in Substitution for a 
plurality of cylinderpump which is used in a dropping device 
of trace reagent. 
0171 While the description above refers to particular 
embodiments of the present invention, it will be understood 
that many modifications may be made without departing from 
the spirit thereof. The accompanying claims are intended to 
cover such modifications as would fall within the true scope 
and spirit of the present invention. 
0172. The presently disclosed embodiments are therefore 

to be considered in all respects as illustrative and not restric 
tive, the scope of the invention being indicated by the 
appended claims, rather thin the foregoing description, and 
all changes which come within the meaning and range of 
equivalency of the claims are therefore intended to be 
embraced therein. 

1. A linear actuator comprising: 
a fixed body which includes a coil that is wound around in 

a ring-shaped manner; and 
a movable body comprising: 

a first movable body side yoke which is disposed on an 
inner side or an outer side of the coil such that a 
peripheral face of the first movable body side yoke 
faces a peripheral face of the coil; and 

a pair of magnets which is laminated on both sides in an 
axial direction of the first movable body side yoke 
Such that the same polarities of the magnets face the 
first movable body side yoke; 

wherein the movable body is driven in the axial direction 
by energization to the coil. 

2. The linear actuator according to claim 1, wherein the 
fixed body is disposed in the inner side of the coil, and an 
outer peripheral face of the first movable body side yoke and 
an inner peripheral face of the coil are facing each other. 

3. The linear actuator according to claim 2, wherein 
the fixed body includes a fixed body side yoke, one tip end 

part and another tip end part of the fixed body side yoke, 
which are extended from an outer peripheral side of the 
coil to an inner peripheral side of the coil through both 
sides in the axial direction of the coil, being disposed in 
a clearance between an outer peripheral face of the first 
movable body side yoke and an inner peripheral face of 
the coil, 

the tip end parts of the fixed body side yoke face each other 
in the axial direction through a slit, and 
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a gap space is formed between the fixed body side yoke and 
the movable body. 

4. The linear actuator according to claim 3, wherein the 
fixed body side yoke is provided with a coil wire lead-out part 
for drawing out a terminal of a coil wire of the coil. 

5. The linear actuator according to claim3, wherein the tip 
end part of the fixed side yoke is formed such that a width of 
the slit on the movable body side is substantially the same or 
narrower than a width of the slit on the coil side. 

6. The linear actuator according to claim 3, further com 
prising a spacer made of non-magnetic material which is 
disposed between the tip end parts of the fixed side yoke to 
connect the tip end parts of the fixed side yoke to each other. 

7. The linear actuator according to claim 3, wherein the 
outer peripheral face of the first movable body side yoke is 
protruded on an outer side from outer peripheral faces of a 
pair of the magnets. 

8. The linear actuator according to claim 3, further com 
prising a second movable body side yoke which is laminated 
on each of a pair of the magnets on an opposite side to the first 
movable body side yoke. 

9. The linear actuator according to claim 8, wherein an 
outer peripheral face of the second movable body side yoke is 
protruded on an outer side from an outer peripheral face of a 
pair of the magnets. 

10. The linear actuator according to claim 1, further com 
prising: 

a support shaft which is provided in the movable body and 
extended at least in one direction in the axial direction; 
and 

a bearing member which is held in an opening part which 
opens in the axial direction in the fixed body for Sup 
porting the Support shaft in a movable manner in the 
axial direction. 

11. The linear actuator according to claim 1, further com 
prising: 

a support shaft which is provided in the movable body and 
extended at least in one direction in the axial direction; 
and 

a non-through hole or a through hole which is formed in at 
least the first movable body side yoke and the magnet 
into which the support shaft is inserted. 

12. The linear actuator according to claim 1, further com 
prising an urging member for urging the movable body at 
least in one axial direction. 

13. A valve device comprising the linear actuator as recited 
in claim 1, wherein a flow passage is opened and closed or a 
cross sectional area of the flow passage is increased and 
decreased by an operation in the axial direction of the mov 
able body to control flow of fluid. 

14. The valve device according to claim 13, further com 
prising a valve element which is connected to the movable 
body for opening and closing the flow passage or increasing 
and decreasing the cross sectional area of the flow passage to 
control flow of fluid. 

15. The valve device according to claim 14, wherein the 
valve element is disposed on both sides in the axial direction 
of the movable body. 

16-28. (canceled) 


