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(54) PUMP DEVICE AND VALVE MODULE

(57) A pump device includes a pump head and a
device main body part. The pump head includes: a valve
module having a module guide that integrally holds a
suction valve and a discharge valve and that has a side
flow path allowing an inter-valve flow path to communi-
cate with an outer lateral surface; a first block including a
first accommodation chamber accommodating a lower
part of the valve module, a suction port, a suction-side
flow path that connects the suction port to the suction
valve, a pump chamber of which an upper part is posi-
tioned below the side flow path, and a pump chamber
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Figure 1

communication flow path that connects the pump cham-
ber to the side flow path; a second block including a
second accommodation chamber accommodating an
upper part of the valve module, a discharge port, and a
discharge-side flow path that connects the discharge port
to an upper part of the discharge valve; and coupling
means for coupling the blocks together. The device main
body part includes a diaphragm accommodated in the
pump chamber of the first block and an actuator that
drives the diaphragm to reciprocate.
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Description
Technical Field

[0001] The presentinvention relates to a pump device
and a valve module.

Background Art

[0002] Areciprocating pump thattransports a transport
fluid with reciprocation of a diaphragm (see Patent Lit-
erature 1, for example) has a suction valve that intro-
duces the transport fluid to the inside of a pump chamber
and a discharge valve that discharges the transport fluid
from the inside of the pump chamber. The suction valve
and the discharge valve are generally structured such
that the two valves are attached to a lower end and an
upper end of a pump head, while being arranged on
multiple stages (e.g., two stages) along a vertical direc-
tion. In this manner, the suction valve and the discharge
valve are arranged diagonally below and diagonally
above the pump chamber.

Citation List
Patent Literature

[0003] Patent Literature 1: Japanese Patent Laid-
Open No. 9-203380

Summary of Invention
Technical Problem

[0004] In a conventional reciprocating pump disclosed
in Patent Literature 1 listed above, it is necessary to
connect a suction valve and a discharge valve each to
a pump head via a fastening screw. For this reason, there
is a problem in that it is not easy to attach and to detach
the valves at the time of, for instance, replacing or per-
forming maintenance on the suction valve and the dis-
charge valve.

[0005] The present invention has been made in con-
sideration of the above circumstances, and has an object
to provide a pump device and a valve module capable of
facilitating attachment and detachment of a suction valve
and a discharge valve to and from a pump head.

Solution to Problem

[0006] A pump device according to one aspect of the
present invention includes a pump head; and a device
main body part to which the pump head is to be detach-
ably attached. The pump head includes: a valve module
including a suction valve, a discharge valve, and a mod-
ule guide that integrally holds the suction valve and the
discharge valve while the suction valve is located at a
lower side and the discharge valve is located at an upper
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side so as to transport a transport fluid from the lower side
to the upper side and that has a side flow path allowing an
inter-valve flow path formed between the suction valve
and the discharge valve to communicate with an outer
lateral surface; a first block including a first accommoda-
tion chamber accommodating a lower part of the valve
module, a suction port through which the transport fluid is
suctioned, a suction-side flow path that connects the
suction port to a lower part of the suction valve, a pump
chamber of which an upper part is positioned below the
side flow path of the valve module, and a pump chamber
communication flow path that connects the pump cham-
ber to the side flow path of the valve module; a second
block including a second accommodation chamber ac-
commodating an upper part of the valve module, a dis-
charge port through which the transport fluid is dis-
charged, and a discharge-side flow path that connects
the discharge portto an upper part of the discharge valve;
and coupling means for coupling the first block and the
second block together, while the valve module is accom-
modated inside. The device main body part includes a
diaphragm accommodated in the pump chamber of the
first block and an actuator that drives the diaphragm to
reciprocate.

[0007] In an embodiment of the present invention,
provided are: a plurality of valve modules each being
the valve module; a plurality of first accommodation
chambers each being the first accommodation chamber
and a plurality of second accommodation chambers each
being the second accommodation chamber accommo-
dating the plurality of valve modules; and a plurality of
pump chambers each being the pump chamber, a plur-
ality of diaphragms each being the diaphragm, and a
plurality of actuators each being the actuator correspond-
ing to the plurality of valve modules. The plurality of valve
modules are arranged along a horizontal direction. The
suction portis formed in a lateral surface of the first block.
The suction-side flow path includes a first suction-side
flow path extending horizontally and communicating with
the suction port and a plurality of second suction-side flow
paths that allow the first suction-side flow path to verti-
cally communicate with the plurality of first accommoda-
tion chambers. The discharge port is formed in a lateral
surface of the second block. The discharge-side flow
path includes a first discharge-side flow path extending
horizontally and communicating with the discharge port
and a plurality of second discharge-side flow paths that
allow the first discharge-side flow path to vertically com-
municate with the plurality of second accommodation
chambers. The actuators drive the plurality of dia-
phragms individually in a phase shifted manner.

[0008] Inanotherembodimentofthe presentinvention,
provided are: a plurality of valve modules each being the
valve module; a plurality of first accommodation cham-
bers each being the first accommodation chamber and a
plurality of second accommodation chambers each
being the second accommodation chamber accommo-
dating the plurality of valve modules; and a plurality of
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pump chambers each being the pump chamber, a plur-
ality of diaphragms each being the diaphragm, and a
plurality of actuators each being the actuator correspond-
ing to the plurality of valve modules. The plurality of valve
modules are arranged along a horizontal direction. The
suction portis formed in a lateral surface of the first block.
The suction-side flow path includes a first suction-side
flow path extending horizontally and communicating with
the suction portand a plurality of second suction-side flow
paths that allow the first suction-side flow path to verti-
cally communicate with the plurality of first accommoda-
tion chambers. The discharge port is formed in an upper
surface of the second block. The discharge-side flow
path is provided so as to allow the discharge port to
diagonally communicate with each of the plurality of
second accommodation chambers. The actuators drive
the plurality of diaphragms individually in a phase shifted
manner.

[0009] In yet another embodiment of the present in-
vention, the valve module includes a gasket that is pro-
vided in an integral manner with the module guide at a
lower end of the module guide. The module guide is
formed to have a shape of a stepped circular cylinder
including: a first guide part that is to be fitted in the first
accommodation chamber and is positioned on the suc-
tion valve side; and a second guide part that is to be fitted
in the second accommodation chamber, is positioned on
the discharge valve side, and has a smaller diameter than
an outside diameter of the first guide part. A sealing
member is provided between an upper end of the first
guide part and the second block.

[0010] In yet another embodiment of the present in-
vention, the gasket has a circular cylindrical part and a
flange part that sticks out from a lower end of the circular
cylindrical part outwardly in a horizontal direction. The
circular cylindrical part is attached to an inner circumfer-
ential side of the module guide. The flange part is posi-
tioned along a lower end part of the module guide.
[0011] In yet another embodiment of the present in-
vention, the module guide includes a plurality of side flow
paths each being the side flow path and a guide flow path
structured with an annular groove that is formed in an
outer circumferential part of the first guide part and that
keeps the plurality of side flow paths in communication
with one another.

[0012] In yet another embodiment of the present in-
vention, the pump chamber is provided on a lateral sur-
face of the first block; and the actuator drives the dia-
phragm to reciprocate in horizontal direction. Alterna-
tively, the pump chamber is provided on a lower surface
of the first block; and the actuator is provided in a position
below the valve module and drives the diaphragm to
reciprocate in vertical direction.

[0013] In yet another embodiment of the present in-
vention, the pump device includes: a plurality of valve
modules each being the valve module; a plurality of first
accommodation chambers each being the first accom-
modation chamber and a plurality of second accommo-
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dation chambers each being the second accommodation
chamber accommodating the plurality of valve modules;
a plurality of pump chambers each being the pump
chamber, a plurality of pump chamber communication
flow paths each being the pump chamber communication
flow path, a plurality of diaphragms each being the dia-
phragm, and a plurality of actuators each being the
actuator corresponding to the plurality of valve modules.
The plurality of valve modules are arranged along a
horizontal direction. The plurality of actuators are ar-
ranged along a horizontal direction intersecting the ar-
rangement direction of the valve modules, in such a
manner that the plurality of valve modules are interposed
therebetween when being viewed in a vertical direction.
[0014] A valve module according to one aspect of the
present invention includes: a suction valve; a discharge
valve; and a module guide that integrally holds the suc-
tion valve and the discharge valve, while the suction valve
is positioned on a transport fluid suction side, whereas
the discharge valve is positioned on a transport fluid
discharge side. The module guide is formed to have a
shape of a stepped circular cylinder including: a first
guide part that has a first outside diameter and is posi-
tioned on the suction valve side; and a second guide part
that has a second outside diameter smaller than the first
outside diameter and is positioned on the discharge valve
side. The module guide includes an inter-valve flow path
provided between the suction valve and the discharge
valve and a side flow path that connects the inter-valve
flow path to an outer lateral surface of the first guide part.
The side flow path communicates with the pump cham-
ber, when the valve module is attached to a pump head.
[0015] In an embodiment of the present invention,
further provided is a gasket provided on the transport
fluid suction side of the module guide. The gasket has a
circular cylindrical part and a flange part that sticks out
from one end of the circular cylindrical part outwardly in a
radial direction. The circular cylindrical part is attached to
an inner circumferential side of the module guide. The
flange part is positioned along a suction-side end part of
the module guide.

[0016] Inanotherembodimentofthe presentinvention,
the module guide includes a plurality of side flow paths
each being the side flow path and a guide flow path
structured with an annular groove that is formed in an
outer circumferential part of the first guide part and that
keeps the plurality of side flow paths in communication
with one another.

[0017] In yet another embodiment of the present in-
vention, the suction valve is held by the module guide via
a valve holder. Further, the suction valve and the dis-
charge valve are each structured by using one of a ball
valve, an umbrella-type valve, and a poppet valve.

Advantageous Effects of Invention

[0018] The present invention makes it easy to attach
and to detach the suction valve and the discharge valve to
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and from the pump head.
Brief Description of Drawings
[0019]

[Figure 1] Figure 1 is a perspective view showing an
exterior configuration of a pump device according to
a first embodiment of the present invention.

[Figure 2] Figure 2 is an exploded perspective view of
a pump head of the pump device.

[Figure 3] Figure 3 is a cross-sectional view taken at
the line A-A in Figure 1.

[Figure 4] Figure 4 is a cross-sectional view taken at
the line B-B in Figure 3.

[Figure 5] Figure 5 is a partial cross-sectional view
showing an actuator to which a diaphragm of the
pump device is to be attached.

[Figure 6] Figure 6 is a cross-sectional view showing
another valve module used in the pump device.
[Figure 7] Figure 7 is a cross-sectional view showing
yet another valve module used in the pump device.
[Figure 8] Figure 8 is a cross-sectional view showing
yet another valve module used in the pump device.
[Figure 9] Figure 9is an exploded perspective view of
apump headin a pump device according to a second
embodiment of the present invention.

[Figure 10] Figure 10 is atransparent side view of the
pump head.

[Figure 11] Figure 11 is a transparent top view of the
pump head.

[Figure 12] Figure 12 is a cross-sectional view taken
at the line C-C in Figure 11.

[Figure 13] Figure 13 is a cross-sectional view taken
at the line D-D in Figure 11.

[Figure 14] Figure 14 is a cross-sectional view show-
ing a modification example of the pump head.

Description of Embodiments

[0020] Asanexampleofapumpdevice accordingtoan
embodiment of the present invention, the following will
describe an electromagnetic metering pump device and
a valve module in detail, with reference to the accompa-
nying drawings. It should be noted that the following
embodiments are not intended to limit the invention set
forth in the claims. Also, not all the combinations of the
features described in the embodiments are necessarily
requisite for the means for solving the problems of the
invention. In addition, in the following embodiments,
some of the constituent elements that are the same as
orcorrespond to each other will be referred to by using the
same reference characters, and duplicate explanations
thereof will be omitted. Furthermore, inthe embodiments,
the scales and the dimensions of the constituent ele-
ments may be presented differently from those in reality,
and some of the constituent elements may be omitted
from the presentation.
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[First Embodiment]

[An exterior configuration of the electromagnetic meter-
ing pump device]

[0021] Figure 1 is a perspective view showing an ex-
terior configuration of a pump device according to a first
embodiment of the present invention. Figure 2 is an
exploded perspective view of a pump head of the pump
device. Figure 3 is a cross-sectional view taken at the line
A-AinFigure 1. Figure 4 is a cross-sectional view taken at
the line B-B in Figure 3.

[0022] As shown in Figure 1, an electromagnetic me-
tering pump device (hereinafter "pump device") 100 ac-
cording to the first embodiment includes a pump head 10
and a device main body part 50 to which the pump head
10 is to be detachably attached.

[0023] The pump head 10 is structured with a molded
resin product, for example. The device main body part 50
includes aresin casing, forexample, and has, on a side of
one of the lateral surfaces (the right lateral surface in
Figure 1), a head attachment part 51 having a recessed
shape formed by removing parts of the top surface, the
side surface, and the rear surface. The pump head 10 is
attached to the head attachment part 51 in such a manner
thatthe top surface, the side surface, and the rear surface
thereof do not jut out from the device main body part 50.
As explained herein, the pump head 10 is formed to have
dimensions in such a range that, when being attached to
the head attachment part 51, the pump head 10 fits into
and filling a space in the head attachment part 51 so that
the pump device 100 has arectangular shape as a whole.
[0024] The device main body part 50 includes, on the
inside thereof, flexible diaphragms 14 (see Figure 3)
respectively attached to a plurality of pump chambers
13 (see Figure 3) of the pump head 10, which will be
explained later, in a liquid-tight manner and a plurality of
actuators 60 (see Figure 5) that reciprocate the dia-
phragms 14. In the present embodiment, two pump
chambers 13 and two actuators 60 are provided.
[0025] The device main body part 50 includes: an
operation panel part 53 having a display 52 and being
provided on the front surface side; and a plurality of
external input/output ports 54 provided on the lateral
surface opposite from the head attachment part 51 of
the device main body part 50. On the inside of the device
main body part 50, a control unit (not shown) that controls
operations of the pump device 100 is provided. The dis-
play 52 displays various types of information related to
the pump device 100 including a set flow rate of the pump
device 100. For example, it is possible to set the set flow
rate in a flow rate range of 100 ml/min to 0.01 ml/min.
[0026] Together with the display 52, the operation pa-
nel part 53 includes a power supply button 53a, a pump
operation start/stop button 53b, and a cursor/return op-
eration part 53c. Further, the operation panel part 53
includes a calibration button 53d, a mode setting button
53e, a range setting button 53f, a stroke setting button
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53g, and an I/O setting button 53h. With the cursor/return
operation part 53c, a maximum volume designation but-
ton 53ca and an escape button 53cb are provided to-
gether. By carrying out various types of operation inputs
via the operation panel part 53, a user of the pump device
100 is able to perform various types of operations related
to the motion, the settings, and the like of the pump device
100.

[A configuration of the pump head]

[0027] As shown in Figures 2 to 4, the pump head 10
includes a suction port 11 for the transport fluid, a dis-
charge port 12 for the transport fluid, and the plurality of
pump chambers 13 communicating with the suction port
11 and the discharge port 12. The pump head 10 accom-
modates, on the inside thereof, a plurality of valve mod-
ules 20 arranged along a horizontal direction. Each of the
valve modules 20 includes a suction valve 30 and a
discharge valve 40 (see Figure 3) that are arranged along
a vertical direction and are each structured with a ball
valve, for example.

[0028] To the suction port 11 of the pump head 10, a
suction-side hose is connected via a connection nut (not
shown) so thatthe transport fluid from a tank is introduced
to the inside of the pump chambers 13. To the discharge
port 12 of the pump head 10, a discharge-side hose is
connected via a connection nut (not shown) so that the
transport fluid from the pump chambers 13 is discharged
into the discharge-side hose.

[0029] The pump head 10 includes a first block 15 and
a second block 16 structuring a plurality of pump head
blocks that can be separated in the vertical direction,
between the suction valves 30 and the discharge valves
40 of the plurality of valve modules 20. The first block 15
includes a first suction-side flow path 71 extending hor-
izontally and communicating with the suction port 11
formed in the lateral surface; and a plurality of second
suction-side flow paths 72 each extending vertically up-
ward and communicating with the first suction-side flow
path 71.

[0030] A plurality of first accommodation chambers 73
communicating with the second suction-side flow paths
72 and accommodating certain sections of the valve
modules 20 positioned on the suction valves 30 side
are formed in the first block 15. Each of the first accom-
modation chambers 73 opens toward the top. Further,
diaphragm attachment bores 17 for forming the pump
chambers 13 in collaboration with the diaphragms 14 are
formed in the first block 15 so as to open in the direction
intersecting the first and the second suction-side flow
paths 71 and 72. The diaphragm attachment bores 17 are
provided in certain positions within the first block 15 so
that an upper part of each of the pump chambers 13 is
positioned below a side flow path 27, which will be ex-
plained later, of the corresponding valve module 20.
[0031] The second block 16 includes a first discharge-
side flow path 81 extending horizontally and communi-
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cating with the discharge port 12 formed in the lateral
surface; and a plurality of second discharge-side flow
paths 82 each extending vertically downward and com-
municating with the first discharge-side flow path 81. A
plurality of second accommodation chambers 83 com-
municating with the second discharge-side flow paths 82
and accommodating certain sections of the valve mod-
ules 20 positioned on the discharge valves 40 side are
formed in the second block 16. Each of the second
accommodation chambers 83 opens toward the bottom.
[0032] Further, the first block 15 and the second block
16 structure the pump head 10, by being integrally formed
through screw fastening using a plurality of fastening
bolts 19 that extend vertically and serve as coupling
means. When being integrally formed, the first block
15 and the second block 16 in the present embodiment
have a rectangular shape of which the corner sections
positioned on the operation panel part 53 side of the
device main body part 50 are each chamfered. The pump
head 10 structured in this manner is integrally attached to
the lateral surface side of the device main body part 50,
through screw fastening using a plurality of attachment
screws (not shown) so as to be attached, via attachment
bores 15a, to the head attachment part 51 of the device
main body part 50.

[A configuration of the valve modules]

[0033] Each of the valve modules 20 includes: the
suction valve 30; the discharge valve 40 having the same
configuration as that of the suction valve 30; and a
module guide 23 that, while the suction valve 30 is
located at the lower side, and the discharge valve 40 is
located at the upper side, integrally holds the two valves
in a vertical direction. The module guide 23 includes a
suction valve accommodation chamber 23a at the lower
side and a discharge valve accommodation chamber 23b
atthe upper side. The suction valve 30 is accommodated
in the suction valve accommodation chamber 23a via a
valve holder 21. The discharge valve 40 is accommo-
dated in the discharge valve accommodation chamber
23b. In this situation, the suction valve accommodation
chamber 23a has an inner circumferential surface defin-
ing a larger diameter than that of the discharge valve
accommodation chamber 23b. The inside diameter dif-
ference is absorbed by the valve holder 21.

[0034] The module guide 23 is formed to have the
shape of a stepped circular cylinder including: a first
guide part 24 that is positioned on the suction valve 30
side; and a second guide part 25 that is positioned on the
discharge valve 40 side and has a smaller diameter than
the outside diameter of the first guide part 24. As de-
scribed herein, the module guide 23 is formed so as to
have a step between the first guide part 24 and the
second guide part 25.

[0035] In this situation, the module guide 23 has a
plurality of side flow paths 27 arranged at prescribed
intervals in the circumferential direction, in the vicinity
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of the step of the first guide part 24 formed with the
second guide part 25. The plurality of side flow paths
27 allow an inter-valve flow path 79b formed between the
suction valve 30 and the discharge valve 40 to commu-
nicate with the outer lateral surface of the module guide
23. The module guide 23 includes a guide flow path 26 in
which the transport fluid flows and which is structured
with an annular groove recessed toward the center axis,
for example, the annular groove keeping the plurality of
side flow paths 27 in communication with one another,
over the entire circumference of an outer circumferential
part positioned in the vicinity of the step of the first guide
part 24 formed with the second guide part 25. Further, as
shown in Figure 3, the first block 15 includes a plurality of
pump chamber communication flow paths 74 that extend
diagonally upward from upper sections of the plurality of
pump chambers 13, respectively, and that communicate
with the plurality of first accommodation chambers 73.
[0036] The guide flow path 26 provided in the firstguide
part 24 of the module guide 23 is connected to the pump
chamber communication flow path 74 communicating
with the pump chamber 13, on the inside of the first
accommodation chamber 73 of the first block 15, while
the valve module 20 is set in the first accommodation
chamber 73, for example.

[0037] As described above, the guide flow path 26 is
provided between the suction valve 30 and the discharge
valve 40 over the entire circumference corresponding to
360° and is structured so as to be connected to the pump
chamber 13 via the pump chamber communication flow
path 74. Accordingly, at the time of attaching and detach-
ing the valve module 20 to and from the pump head 10,
the orientation in terms of the rotation direction centered
on the axial direction can be arbitrary. Thus, ease of work
in module replacement and the like is enhanced. Further,
the valve modules 20 are each structured so that the
section on the suction valve 30 side and the sectionon the
discharge valve 40 side can be positioned close to each
other so as to be contiguous in the vertical direction.
Accordingly, it is possible to reduce dead spaces by
designing the valve modules 20 compact, while keeping
small the number of component parts used therein.
[0038] The suction valve 30 in each of the valve mod-
ules 20 is structured with one valve ball 31 and a valve
seat 32 positioned underneath the valve ball 31. The
suction valve 30 is accommodated in the suction valve
accommodation chamber 23a while being attached to the
valve holder 21. The valve ball 31 is accommodated
between the valve holder 21 and the valve seat 32 so
as to be slightly movable in up-and-down direction. A
lower end part of a tubular space 79a inside the valve seat
32 communicates with the second suction-side flow path
72, while an upper end thereof is in communication with
the lower end side of the discharge valve 40.

[0039] The valve holder21 is formed to have the shape
of astepped circular cylinder having a small diameter part
21a and a large diameter part 21b and is structured so
that the small diameter part 21a is fitted into a space
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defined by a small-diameter inner circumferential surface
of the suction valve accommodation chamber 23a,
whereas a step part thereof formed with the large dia-
meter part 21b abuts against a step part formed between
the small-diameter inner circumferential surface and a
large-diameter inner circumferential surface of the suc-
tion valve accommodation chamber 23a. The valve
holder 21 has a holder flow path 33 that is formed in a
position slightly below an upper end part of the valve
holder 21 and that communicates with the side flow paths
27 formed in the module guide 23 and with the inter-valve
flow path 79b positioned above the valve ball 31.
[0040] A gasket 34 made of PTFE, for example, is
attached to a space between the outer circumferential
part of the large diameter part 21b of the valve holder 21
and a lower end inner circumferential part of the module
guide 23. The gasket 34 includes a circular cylindrical
part 34a and a flange part 34b that sticks out radially
outward from a lower end of the circular cylindrical part
34a. The circular cylindrical part 34a is sandwiched and
held between the valve holder 21 and the module guide
23. The flange part 34b is positioned along a lower end
(the end part on the suction side) of the module guide 23,
so as to cover the lower end.

[0041] When the valve holder 21 is set with the module
guide 23 via the gasket 34, the gasket 34 is in close
contact with the lower outer circumference of the valve
holder 21 and the lower inner circumference of the mod-
ule guide 23. When the firstblock 15 and the second block
16 are coupled together up and down, the gasket 34 is in
close contact with the bottom surface of the first accom-
modation chamber 73 of the first block 15. With this
configuration, the gasket 34 seals the first accommoda-
tion chamber 73 on the suction valve 30 side and on the
pump chamber 13 side.

[0042] Similarly to the suction valve 30, the discharge
valve 40in each of the valve modules 20 is structured with
one valve ball 41 and a valve seat 42 positioned under-
neath the valve ball 41. The valve ball 41 is accommo-
dated in the discharge valve accommodation chamber
23b so as to be slightly movable in up-and-down direction
between the module guide 23 and the valve seat 42. A
lower end part of a tubular space 79cinside the valve seat
42 is in communication with the upper end side of the
suction valve 30, while an upper end thereof is in com-
munication with a lower end part of a circular truncated
cone space 84 formed above the second accommoda-
tion chamber 83 via a plurality of vertical flow paths 79d,
so as to further communicate with the second discharge-
side flow path 82.

[0043] Anupperend partof the valve holder 21 accom-
modated in the suction valve accommodation chamber
23a upwardly presses a lower end part of the valve seat
42 of the discharge valve 40. Accordingly, it is possible to
assemble each of the valve modules 20 with a simple
process such as setting the valve ball 41 and the valve
seat 42 with the module guide 23, attaching the valve ball
31 and the valve seat 32 to the valve holder 21, and
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subsequently fitting the valve holder 21 and the gasket 34
into the module guide 23. In this situation, the gasket 34
may be fitted into the valve holder 21 in advance, may be
fitted into the module guide 23 in advance, or may be
fitted into a space between the module guide 23 and the
valve holder 21 after these two have been fitted together.
With this configuration, it is possible to form the valve
modules 20 in each of which the suction valve 30 and the
discharge valve 40 are positioned so as to be contiguous
in the vertical direction. Further, because it is possible to
assemble and modularize the valve modules 20 as de-
scribed above, itis possible to enhance ease of assembly
while keeping small the number of component parts used
therein and to also keep the structure thereof compact. In
addition, the suction valve 30 and the discharge valve 40
do not necessarily need to have mutually the same con-
figuration, and it is possible to modularize the valve
modules 20 while combining mutually-different valve
styles (e.g., an umbrella-type valve, a poppet valve, etc.).
[0044] Each of the valve modules 20 structured as
described above is provided inside the pump head 10
while being sandwiched and held by the first and the
second blocks 15 and 16 in the up-and-down direction, so
that the first guide part 24 is accommodated in the first
accommodation chamber 73 whereas the second guide
part 25 is accommodated in the second accommodation
chamber 83. In this situation, leakage of the transport
fluid from a mating surface between the first block 15 and
the second block 16 in the pump head 10 is prevented by
an O-ring 89 that is positioned on the upper end surface
side of the first guide part 24 and serves as a sealing
member.

[0045] The flange part 34b of the gasket 34 is posi-
tioned on the bottom surface side of the first accommo-
dation chamber 73. The flange part 34b seals the space
formed between the lower end surface of the module
guide 23 of the valve module 20, the bottom surface of the
first accommodation chamber 73, and the inner circum-
ferential surface contiguous to the bottom surface of the
first accommodation chamber 73. The O-ring 89 is posi-
tioned on the upper end surface side of the first guide part
24. The O-ring 89 seals the space formed between the
upper end surface of the first guide part 24, the inner
circumferential surface of the firstaccommodation cham-
ber 73, and the outer circumferential surface of an in-
verted circular truncated cone part of the second block 16
protruding relative to the mating surface toward the first
accommodation chamber 73. Alternatively, in place of the
O-ring 89, it is also acceptable to use a gasket (not
shown) made of PTFE or the like, as a sealing member.
[0046] As explained above, while being sandwiched
and held between the first block 15 and the second block
16, the valve module 20 realizes a seal design concept
entirely with a so-called abutting structure (a structure in
which the sealing is realized with pressure in the up-and-
down direction). Accordingly, as compared with a struc-
ture in which the sealing is realized in the radial direction,
sealability is higher, and the sealing member wears out
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less. In addition, unlike the sealing structure in the radial
direction, there is no possibility that the sealing member
may move in up-and-down direction due to pulsation of
the transport fluid. As a result, the precision level of the
discharging will not be degraded, and the flow rate will not
be lowered thereby, either. Furthermore, there is no need
toreserve a space for providing a groove part or the like to
install the sealing member. It is therefore possible to
reduce dead spaces and air pocket locations. In addition,
because the seal has the abutting structure, itis easier to
attach and detach the valve modules 20, as compared to
lateral surface seal. Consequently, it is possible to pre-
ventinconveniences such as the flow rate being lowered
when a high-pressure load is applied, while enhancing
the precision level of the discharging, sealability, and
ease of assembly. Further, it is also possible to reduce
dead spaces.

[A configuration around the pump head]

[0047] Figure 5 is a partial cross-sectional view show-
ing an actuator to which the diaphragm of the pump
device is to be attached. As shown in Figure 5, the
actuator 60 is an electromagnetic actuator, for example,
and includes an actuator main body 61 having a circular
cylindrical exterior shape; and a control substrate 62
provided on the basal end side of the actuator main body
61 and connected to an electrical wiring 62a and a signal
wiring 62b. To the tip end side of the actuator main body
61, which is the opposite side from the control substrate
62, an attachment panel 63 to be attached to an internal
attachment part (not shown) of the device main body part
50 is attached by screw fastening or the like, for example.
[0048] A drive shaft 64 which has a bar-like shape and
extends toward the tip end side of the actuator main body
61 is driven by driving force of the actuator 60, so as to
reciprocate in the directions shown with the arrow in the
drawing. At the tip end of the drive shaft 64, the dia-
phragm 14 serving as a reciprocating member is at-
tached via an insert bolt 19a. A central rear surface part
of the diaphragm 14 is supported by a retainer 18 at-
tached to the drive shaft 64.

[0049] Between the diaphragm 14 and the attachment
panel 63, a bracket 66 having a circular cylindrical shape
is attached. The bracket 66 has, on the inside thereof, a
bush 65 for a water-proof purpose and is fitted into one of
the diaphragm attachment bores 17 formed in the first
block 15 of the pump head 10. A circumferential rim part
of the diaphragm 14 is sandwiched and held between a
bottom part of the diaphragm attachment bore 17 and the
bracket 66. A front surface central part of the diaphragm
14 forms the pump chamber 13, in collaboration with the
first block 15 of the pump head 10.

[Operation of the pump device]

[0050] Next, operation of the pump device 100 struc-
tured as described above will be explained.
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[0051] On the basis of setting information input via the
operation panel part 53, the control unitin the device main
body part 50 executes, in parallel, suction operation
where the diaphragm 14 is retreated horizontally together
with the drive shaft 64 of one of the two actuators 60 and
discharge operation where the diaphragm 14 is ad-
vanced horizontally together with the other drive shaft
64, in order to transport the transport fluid at a prescribed
flow rate. In other words, the actuators 60 are configured
to be able to drive the plurality of diaphragms 14 indivi-
dually in a phase shifted manner.

[0052] During the suction operation, the suction valve
30 of the valve module 20 opens, whereas the discharge
valve 40 closes. Thus, the transport fluid is introduced
from the tank (not shown) to the inside of the pump
chamber 13, via the suction port 11, the first suction-side
flow path 71, the second suction-side flow path 72, the
suction valve 30, the inter-valve flow path 79b, the holder
flow path 33, the side flow paths 27, the guide flow path
26, and the pump chamber communication flow path 74.
Atthattime, in the discharge valve 40, because the valve
ball 41 is in close contact with the valve seat 42, the
transport fluid is prevented from flowing in toward the
discharge side.

[0053] During the discharge operation, the discharge
valve 40 of the valve module 20 opens, whereas the
suction valve 30 closes. Thus, the transport fluid is dis-
charged from the pump chamber 13 into the discharge-
side hose, via the pump chamber communication flow
path 74, the guide flow path 26, the side flow paths 27, the
holder flow path 33, the inter-valve flow path 79b, the
discharge valve 40, the circular truncated cone space 84,
the second discharge-side flow path 82, the first dis-
charge-side flow path 81, and the discharge port 12.

[Advantageous effects of the embodiment]

[0054] In the pump device 100 according to the first
embodiment, itis possible to separate the pump head 10,
up and down, into the first block 15 and the second block
16, at an intermediate section of each of the valve mod-
ules 20, i.e., at the section between the suction valve 30
and the discharge valve 40. It is therefore easy to attach
and to detach the valve modules 20. Consequently, it is
possible to enhance ease of maintenance including re-
placement of the valve modules 20 and the like.

[0055] Further, the valve modules 20 each have the
structure in which the suction valve 30 and the discharge
valve 40 are integrally formed as a unit. Thus, as com-
pared to a structure in which the suction valve 30 and the
discharge valve 40 are individually attached to the pump
head 10, the attaching and detaching processes to and
from the pump head 10 is significantly simplified. Further-
more, because the guide flow path 26 structuring a part of
the flow path for the transport fluid is formed over the
entire circumference of the module guide 23 of the valve
module 20 corresponding to 360°, the orientation (direc-
tionality) at the time of attaching the valve module 20 to
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the first accommodation chamber 73 of the first block 15
can be arbitrary, which makes the attachment easy.
[0056] In the pump head 10 according to the present
embodiment, the volumes of the flow paths 26, 27, and 33
in the valve modules 20 reaching the pump chambers 13
are kept small in the spaces between the suction valves
30 and the discharge valves 40. Itis therefore possible to
keep dead volume small. As explained herein, by using
the pump device 100 according to the first embodiment,
while keeping the dead volume small, it is possible to
facilitate the processes of attaching and detaching the
suction valve 30 and the discharge valve 40 to and from
the pump head 10.

[Configurations of other valve modules]

[0057] Figures 6, 7, and 8 are cross-sectional views
showing other valve modules used in the pump device
described above. As shown in Figure 6, another valve
module 20A has a structure in which a suction valve 30A
and a discharge valve 40A each configured with a poppet
valve are arranged along a vertical direction.

[0058] A module guide 23A, a first guide part 24A, and
a second guide part 25A of the valve module 20A are
formed to have the same exterior shapes and the same
exterior dimensions as those of the module guide 23, the
first guide part 24, and the second guide part 25 of the
valve module 20 described above. The guide flow path 26
is also formed in the same position. Accordingly, similarly
to the valve module 20, it is possible to accommodate the
valve module 20A in the firstaccommodation chamber 73
and the second accommodation chamber 83 in the first
block 15 and the second block 16 of the pump head 10.
[0059] The suction valve 30A of the valve module 20A
is structured with: one poppet valve 31A: and a valve
holder 21A to which the poppet valve 31A is attached so
as to be able to open and close and which also functions
as a valve seat. The valve holder 21A forms a tubular
space in which the poppet valve 31Ais attached in such a
manner that a valve body 31Aa of the poppet valve 31Ais
slightly movable in up-and-down direction.

[0060] The discharge valve 40A of the valve module
20A is structured with: one poppet valve 41A; and the
module guide 23A to which the poppet valve 41A is
attached so as to be able to open and close and which
also functions as a valve seat. The module guide 23A
forms a tubular space in which the poppet valve 41A is
attached in such a manner that a valve body 41Aa of the
poppet valve 41A is slightly movable in up-and-down
direction.

[0061] In this situation, a chamber 28 forming an inter-
valve flow path is provided between the poppet valves
31Aand 41A positioned up and down. To the chamber 28,
the side flow paths 27 radially communicating with the
guide flow path 26 are connected. Further, between the
valve holder 21A and the suction valve accommodation
chamber 22, the gasket 34 having the flange part 34b is
attached so as to be in close contact therewith.
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[0062] Further, as shown in Figure 7, another valve
module 20B has a structure in which, for example, a
suction valve 30B and a discharge valve 40B each struc-
tured with an umbrella-type valve are arranged along a
vertical direction. In this situation, a module guide 23B, a
first guide part 24B, and a second guide part 25B of the
valve module 20B are formed to have the same exterior
shapes and the same exterior dimensions as those of the
module guides 23 and 23A, the first guide parts 24 and
24A, and the second guide parts 25 and 25A of the valve
modules 20 and 20A described above. The guide flow
path 26 is also formed in the same position. Accordingly,
similarly to the valve modules 20 and 20A, itis possible to
accommodate the valve module 20B in the first accom-
modation chamber 73 and the second accommodation
chamber 83 in the first block 15 and the second block 16
of the pump head 10.

[0063] The suction valve 30B of the valve module 20B
is structured with: one umbrella-type valve 31B; and a
valve holder 21B which is positioned underneath the
umbrella-type valve 31B and which also functions as a
valve seat to which a valve body 31Ba of the umbrella-
type valve 31B is attached so as to be able to open and
close. Formed above the suction valve accommodation
chamber 22 ofthe module guide 23B is a tubular space 29
in which the valve body 31Ba of the umbrella-type valve
31B is movable in up-and-down direction.

[0064] The discharge valve 40B of the valve module
20B is structured with: one umbrella-type valve 41B of
which a valve body 41Ba is attached to an upper end part
of the module guide 23B so as to be able to open and
close; and the module guide 23B that also functions as a
valve seat. While being accommodated in the second
accommodation chamber 83 of the second block 16, the
valve body 41Ba of the umbrella-type valve 41B is able to
be movable in up-and-down direction in the tubular space
formed in an upper part of the interior space of the second
accommodation chamber 83.

[0065] A central circular space 21Bc communicating
with the second suction-side flow paths 72 in the first
block 15 and a vertical flow path 21Bb communicating
with the central circular space 21Bc are formed in the
valve holder 21B. Between the valve holder 21B and the
suction valve accommodation chamber 22, the gasket 34
having the flange part 34b is attached so as to be in close
contact therewith. Further, a vertical flow path 23Bb
forming an inter-valve flow path communicating with
the tubular space 29, the guide flow path 26, and the
side flow paths 27 are formed in the module guide 23B.
[0066] Asshown in Figure 8, yet another valve module
20C has the same structure as the valve module 20
previously described in which the suction valve 30 and
the discharge valve 40 each structured with a ball valve
are arranged along a vertical direction. In other words, a
module guide 23C, a first guide part 24C, and a second
guide part 25C of the valve module 20C are formed to
have the same exterior shapes and the same exterior
dimensions as those of the module guides 23, 23A and
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23B, the first guide parts 24, 24A, and 24B, and the
second guide parts 25, 25A, and 25B of the valve mod-
ules 20, 20A, and 20B described above. The guide flow
path 26 is also formed in the same position. Accordingly,
similarly to the valve modules 20, 20A, and 20B, it is
possible to accommodate the valve module 20C in the
firstaccommodation chamber 73 and the second accom-
modation chamber 83 in the first block 15 and the second
block 16 of the pump head 10.

[0067] Inthe valve module 20C, a gasket 34A made of
PTFE, forexample, is attached to an inside positionin the
vicinity of a lower end of the suction valve accommoda-
tion chamber 23a of the module guide 23C, so as to cover
a lower end part of the valve holder 21 and a lower end
part of the valve seat 32. Similarly to the gasket 34
described above, the gasket 34A includes the circular
cylindrical part 34a and the flange part 34b. The circular
cylindrical part 34a has, in a central part thereof, a tubular
space 34d communicating with a lower end part of the
tubular space 79a inside the valve seat 32 and with the
second suction-side flow path 72 (not shown). The cir-
cular cylindrical part 34a is, for example, press-fitted on
the inner circumferential side of the suction valve accom-
modation chamber 23a. The flange part 34b is positioned
along alower end (the end part on the suction side) of the
module guide 23C, so as to cover the lower end.
[0068] The gasket 34A is attached after the valve
holder 21 is set with the module guide 23C, is in close
contact with the bottom inner circumference of the suc-
tion valve accommodation chamber 23a, and comes into
close contact with the bottom surface of the first accom-
modation chamber 73 of the first block 15 when the first
block 15 and the second block 16 are coupled together up
and down. With this configuration, the gasket 34A seals
the firstaccommodation chamber 73 on the suction valve
30 side and on the pump chamber 13 side.

[0069] The gasket 34A described above makes it easy
to manage the dimension of the circular cylindrical part
34a in the radial direction. In other words, because the
gasket 34A is structured so that the circular cylindrical
part 34a is inserted on the inside of the suction valve
accommodation chamber 23a of the module guide 23C,
as for the dimension management of the gasket 34A, itis
possible to assemble the valve module 20C by only
taking into consideration dimension management of
the inside diameter of the suction valve accommodation
chamber 23a. Consequently, it is possible to easily man-
ufacture the gasket 34A and to thus reduce costs.
[0070] Further, by using the gasket 34A structured as
described above, it is possible to ensure sealability with-
outthe needtoinsert the circular cylindrical part 34a deep
into the suction valve accommodation chamber 23a.
Accordingly, it is possible to attach and to detach the
gasket 34A to and from the module guide 23C. As a
result, because it is possible to easily assemble and
disassemble the valve module 20C, it is possible to
enhance ease of work in the assembly.

[0071] As explained above, by using the structures in
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which the valve modules 20A, 20B, and 20C are config-
ured to have the same shape and the same dimensions
as those of the valve module 20, while the suction valves
30, 30A, and 30B and the discharge valves 40, 40A, and
40B are each integrally formed as a unit, it is possible, in
the pump head 10, to switch into or replace with an
appropriate valve style (e.g., a ball valve, a poppet valve,
an umbrella-type valve, etc.) corresponding to various
types of conditions such as, for example, the type of the
transport fluid, viscosity of the transport fluid, a set flow
rate, and/or the like. Itis therefore possible to easily apply
various valves of mutually-different styles to the pump
head 10. Further, within the valve modules 20, 20A, 20B,
and 20C, the suction valves 30, 30A, and 30B and the
discharge valves 40, 40A, and 40B do not necessarily
need to have the same configurations as described
above and may be configured with mutually-different
valve styles.

[Second Embodiment]
[A configuration of another pump head]

[0072] Figure 9 is an exploded perspective view of a
pump head in a pump device according to a second
embodiment of the present invention. Figure 10 is a
transparent side view of the pump head. Figure 11 is a
transparent top view of the pump head. Figure 12 is a
cross-sectional view taken at the line C-C in Figure 11.
Figure 13 is a cross-sectional view taken atthe line D-Din
Figure 11. In the description below including Figures 9 to
13, some of the constituent elements that are the same as
those in the first embodiment and the modification ex-
amples thereof will be referred to by using the same
reference characters. Thus, duplicate explanations will
be omitted below.

[0073] As shown in Figures 9 to 13, unlike the pump
head 10 according to the firstembodiment attached to the
lateral surface side of the device main body part 50, a
pump head 10A of the pump device according to the
second embodiment is structured so as to be detachably
attached onto the upper surface side of the device main
body part (not shown). By using the pump head 10A
structured in this manner, it is possible to realize a so-
called upright pump device.

[0074] The pump head 10Ais structured with a molded
resin product, for example and is to be detachably at-
tached to the upper surface side of the device main body
part. The pump head 10A includes a first block 15A in
which the suction port 11, the first and the second suction-
side flow paths 71 and 72, the first accommodation
chamber 73, and the pump chamber 13 on the lower
surface thereof, are formed; and a second block 16A in
which the discharge port 12, the first and the second
discharge-side flow paths 81 and 82, and the second
accommodation chamber 83 are formed. It is possible to
separate the first block 15A and the second block 16Ain
the vertical direction at the section between the suction
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valve 30 and the discharge valve 40 in each of the
plurality of valve modules 20.

[0075] The first block 15A of the pump head 10A in-
cludes: a pedestal part 91 attached to the device main
body part; and a threaded engagement part 92 in a
circular columnar shape which stands on the pedestal
part 91, has a plurality of first accommodation chambers
73 arranged inwardly along the horizontal direction
formed therein, and has a threaded part 92a formed in
an outer circumferential part thereof. The pedestal part
91 of the first block 15A is formed to have a horizontally
longitudinal octagonal shape in a top view, for example.
[0076] The pedestal part91 has the suctionport11ina
longer-side lateral surface and includes the first suction-
side flow path 71 extending horizontally from the suction
port 11 and a plurality of second suction-side flow paths
72 extending vertically upward from the first suction-side
flow path 71 and communicating with the plurality of first
accommodation chambers 73. Further, the pedestal part
91 has a plurality of diaphragm attachment bores 17 that
open downwardly and that form the pump chambers 13in
collaboration with the diaphragms 14 attached to the
actuators 60. Formed in the range from a part of the
pedestal part 91 to the threaded engagement part 92
are the plurality of first accommodation chambers 73 that
open upwardly and thataccommodate certain sections of
the valve modules 20 positioned on the suction valves 30
side.

[0077] In this situation, the plurality of actuators 60 are
positioned below the valve modules 20, while the drive
shaft 64 is reciprocating in the vertical direction, within the
device main body part (not shown). Further, as shown in
Figure 11, the plurality of actuators 60 are arranged along
a horizontal direction intersecting the arrangement direc-
tion of the first accommodation chambers 73 described
above in such a manner that the plurality of valve mod-
ules 20 are interposed therebetween when being viewed
in a vertical direction, so as to drive the diaphragms 14 to
reciprocate in the vertical direction. The second suction-
side flow paths 72 communicate with the first suction-side
flow path 71 and also communicate with the first accom-
modation chambers 73.

[0078] The pump chamber communication flow paths
74 communicating with the pump chambers 13 are
formed in the range from the pedestal part 91 to the
threaded engagement part 92 of the first block 15A, so
as to each extend diagonally upward in mutually-different
directions, from the plurality of pump chambers 13 toward
the firstaccommodation chambers 73. The second block
16A of the pump head 10A is formed to have a circular
columnar shape protruding like a mound, while a lower-
end circumferential rim part thereof is formed to have a
flange shape of which the diameter is substantially equal
to the outside diameter of the threaded engagement part
92 of the first block 15A.

[0079] Thesecondblock 16A hasthe discharge port 12
in a lateral surface of the mound partand includes the first
discharge-side flow path 81 extending horizontally from
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the discharge port 12 and the plurality of second dis-
charge-side flow paths 82 extending vertically downward
from the first discharge-side flow path 81 and commu-
nicating with the plurality of second accommodation
chambers 83. In this situation, the mound part may be
formed to have any of various types of shapes including a
circular truncated cone shape, a polygonal frustum, and
an elliptic truncated cone. In the second block 16A, the
plurality of second accommodation chambers 83 that
open downwardly and that accommodate certain sec-
tions of the valve modules 20 positioned on the discharge
valves 40 side are formed so as to communicate with the
second discharge-side flow paths 82 via the circular
truncated cone space 84.

[0080] The second block 16A is integrally fixed with the
first block 15A while the valve modules 20 are sand-
wiched and held, as being capped by a union nut 93,
for example, and screwed together with the threaded
engagement part 92 of the first block 15A, which serves
as coupling means in place of the abovementioned fas-
tening bolts 19. The pump head 10A structured in this
manneris integrally attached to the device main body part
(not shown) by being screw-fastened to the upper sur-
face side viaa plurality of attachment screws (not shown).
Because the other configurations of the valve modules 20
and the other configurations of the functional units of the
pump head 10A are the same as those of the pump head
10 to which the valve modules 20 explained in the first
embodiment are attached, explanations thereof will be
omitted.

[0081] It is also possible to separate the pump head
10A according to the second embodiment up and down
into the first block 15A and the second block 16A, at an
intermediate section of each of the valve modules 20. Itis
therefore possible to easily attach and detach the valve
modules 20 and to thus enhance ease of maintenance
including replacement of the valve modules 20 and the
like. Further, it is also possible to easily perform the
process of switching to a different valve module such
as a valve module 20A, 20B, or 20C.

[0082] Further, because each of the valve modules 20
integrally structures the suction valve 30 and the dis-
charge valve 40 into a unit, the attaching and detaching
processes to and from the pump head 10A are easy.
Further, a pump device including the pump head 10A is
able to have a so-called upright structure, in contrast to
the pump device 100 according to the first embodiment.
Thus, even in an installation space having a small in-
stallation width for a pump device, it is possible to install
the pump device capable of realizing functions equivalent
to those of the pump device 100. As explained herein, the
pump head 10A according to the second embodiment is
able to exert the same function effects as those of the first
embodiment.

[A modification example]

[0083] Figure 14 is a cross-sectional view showing a
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modification example of the pump head 10A.

[0084] As shown in Figure 14, a pump head 10B ac-
cording to a modification example is similar to the pump
head 10A described above for being attached to the
upper surface side of the device main body part 50,
but is different in that the discharge port 12 in a second
block 16B is formed in the upper surface of a mound part,
as compared to the pump head 10A in which the dis-
charge port 12 is formed in a lateral surface of the second
block 16A. Because the configurations of the other func-
tional unit are the same as those in the pump head 10A,
explanations thereof will be omitted.

[0085] When the pump head 10B is used, becauseiitis
possible to provide the discharge port 12 so as to open
upwardly, it is possible to realize a structure in which air
bubbles do not easily accumulate. In this situation, be-
cause the discharge port 12 opens upwardly, the first
discharge-side flow path 81, which horizontally extends
from the discharge port 12 in the second block 16A, is
omitted from the second block 16B. The second dis-
charge-side flow paths 82 extend diagonally upward from
the circular truncated cone space 84 toward the dis-
charge port 12.

[0086] In the pump heads 10A and 10B according to
the second embodiment and the modification example, it
is possible to integrally fix the first block 15A and the
second block 16A (16B) together, manually by using the
union nut 93, for example. ltis therefore possible to carry
outthe attaching process, without the need to additionally
use an attachment-purpose tool or the like. Further,
because the pump chambers 13 are formed facing up-
ward, so that the pump chamber communication flow
paths 74 starting therefrom and being connected to the
valve modules 20 are formed diagonally upward facing
upward. Thus, itis possible to realize a structure in which
air bubbles do not easily enter the pump chambers 13
and, even if air bubbles have entered, it is possible to
easily eliminate the air bubbles.

[0087] Further, itis possible to attach the pump heads
10A and 10B, with the attachment orientation in the
horizontal direction turned by 180°. It is therefore possi-
ble to easily change the opening direction of the suction
port 11 by 180°. In addition, because the pump heads 10A
and 10B are attached to the top surface side of the device
main body part 50, for example, when the second block
16A (16B) is detached from the first block 15A, it is
possible to easily check, from above, the state of the
valve modules 20 provided therein, which makes the
work easier at the time of replacement or the like. Further,
when the first block 15A and the second block 16A (16B)
are formed by using transparent resin or the like, so that it
is possible to visually check the interior, it is possible to
easily check the valve modules 20 provided therein,
without the need to detach the second block 16A (16B).
[0088] A numberof embodiments of the presentinven-
tion have thus been explained. However, these embodi-
ments have been presented as examples and are not
intended to limit the scope of the invention. Itis possible to
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carry out these novel embodiments in other various

modes

and to make various omissions, substitutions,

and changes without departing from the gist of the in-

vention.

The embodiments and modifications thereof are

included in the scope and the gist of the invention and are
also covered by the inventions set forth in the claims and
equivalents thereof.

Reference Signs List

[0089]

10:
11:
12:
13:
14:
15:
16:
20:
21:
22:
23:

pump head
suction port
discharge port
pump chamber
diaphragm

first block
second block
valve module
valve holder
suction valve accommodation chamber
module guide

23a: suction valve accommodation chamber
23b: discharge valve accommodation chamber

24:
25
26:
27:
30:
34:
40:
50:
60:
71
72:
73:
74.
81:
82
83:

first guide part

: second guide part

guide flow path

side flow path

suction valve

gasket

discharge valve
device main body part
actuator

: first suction-side flow path

second suction-side flow path

first accommodation chamber

pump chamber communication flow path
first discharge-side flow path

: second discharge-side flow path

second accommodation chamber

100: pump device

Claims

1. A pump device comprising:

a pump head; and

a device main body part to which the pump head
is to be detachably attached, wherein

the pump head includes:

a valve module including a suction valve, a
discharge valve, and a module guide that
integrally holds the suction valve and the
discharge valve while the suction valve is
located at a lower side and the discharge
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22

valve is located at an upper side so as to
transport a transport fluid from the lower
side to the upper side and that has a side
flow path allowing an inter-valve flow path
formed between the suction valve and the
discharge valve to communicate with an
outer lateral surface;

afirst block including a first accommodation
chamber accommodating a lower part of the
valve module, a suction port through which
the transport fluid is suctioned, a suction-
side flow path that connects the suction port
to a lower part of the suction valve, a pump
chamber of which an upper part is posi-
tioned below the side flow path of the valve
module, and a pump chamber communica-
tion flow path that connects the pump cham-
ber to the side flow path of the valve module;
a second block including a second accom-
modation chamber accommodating an
upper part of the valve module, a discharge
port through which the transport fluid is
discharged, and a discharge-side flow path
that connects the discharge portto an upper
part of the discharge valve; and

coupling means for coupling the first block
and the second block together, while the
valve module is accommodated inside, and
the device main body part includes a dia-
phragm accommodated in the pump cham-
ber of the first block and an actuator that
drives the diaphragm to reciprocate.

2. The pump device according to claim 1, comprising:

a plurality of valve modules each being the valve
module; a plurality of first accommodation
chambers each being the first accommodation
chamber and a plurality of second accommoda-
tion chambers each being the second accom-
modation chamber accommodating the plurality
of valve modules; and a plurality of pump cham-
bers each being the pump chamber, a plurality of
diaphragms each being the diaphragm, and a
plurality of actuators each being the actuator
corresponding to the plurality of valve modules,
wherein

the plurality of valve modules are arranged
along a horizontal direction,

the suction port is formed in a lateral surface of
the first block,

the suction-side flow path includes a first suc-
tion-side flow path extending horizontally and
communicating with the suction port and a plur-
ality of second suction-side flow paths that allow
the first suction-side flow path to vertically com-
municate with the plurality of first accommoda-
tion chambers,
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the discharge port is formed in a lateral surface
of the second block,

the discharge-side flow path includes a first
discharge-side flow path extending horizontally
and communicating with the discharge port and
a plurality of second discharge-side flow paths
that allow the first discharge-side flow path to
vertically communicate with the plurality of sec-
ond accommodation chambers, and

the actuators drive the plurality of diaphragms
individually in a phase shifted manner.

3. The pump device according to claim 1, comprising:

a plurality of valve modules each being the valve
module; a plurality of first accommodation
chambers each being the first accommodation
chamber and a plurality of second accommoda-
tion chambers each being the second accom-
modation chamber accommodating the plurality
of valve modules; and a plurality of pump cham-
bers each being the pump chamber, a plurality of
diaphragms each being the diaphragm, and a
plurality of actuators each being the actuator
corresponding to the plurality of valve modules,
wherein

the plurality of valve modules are arranged
along a horizontal direction,

the suction port is formed in a lateral surface of
the first block,

the suction-side flow path includes a first suc-
tion-side flow path extending horizontally and
communicating with the suction port and a plur-
ality of second suction-side flow paths that allow
the first suction-side flow path to vertically com-
municate with the plurality of first accommoda-
tion chambers,

the discharge port is formed in an upper surface
of the second block,

the discharge-side flow path is provided so as to
allow the discharge port to diagonally commu-
nicate with each of the plurality of second ac-
commodation chambers, and

the actuators drive the plurality of diaphragms
individually in a phase shifted manner.

4. The pump device according to claim 1, wherein

the valve module includes a gasket that is pro-
vided in an integral manner with the module
guide at a lower end of the module guide,

the module guide is formed to have a shape of a
stepped circular cylinder including: a first guide
part that is to be fitted in the first accommodation
chamber and is positioned on the suction valve
side; and a second guide part thatis to be fitted in
the second accommodation chamber, is posi-
tioned on the discharge valve side, and has a
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smaller diameter than an outside diameter of the
first guide part, and

a sealing member is provided between an upper
end of the first guide part and the second block.

5. The pump device according to claim 4, wherein

the gasket has a circular cylindrical part and a
flange part that sticks out from a lower end of the
circular cylindrical part outwardly in a horizontal
direction,

the circular cylindrical partis attached toaninner
circumferential side of the module guide, and
the flange part is positioned along a lower end
part of the module guide.

6. The pump device according to claim 4, wherein

the module guide includes a plurality of side flow
paths each being the side flow path and a guide
flow path structured with an annular groove that
is formed in an outer circumferential part of the
firstguide part and that keeps the plurality of side
flow paths in communication with one another.

7. The pump device according to any one of claims 1 to
6, wherein

the pump chamber is provided on a lateral sur-
face of the first block, and

the actuator drives the diaphragm to reciprocate
in horizontal direction.

8. The pump device according to any one of claims 1 to
6, wherein

the pump chamber is provided on a lower sur-
face of the first block, and

the actuator is provided in a position below the
valve module and drives the diaphragm to re-
ciprocate in vertical direction.

9. The pump device according to claim 8, comprising:

a plurality of valve modules each being the valve
module; a plurality of first accommodation
chambers each being the first accommodation
chamber and a plurality of second accommoda-
tion chambers each being the second accom-
modation chamber accommodating the plurality
of valve modules; and a plurality of pump cham-
bers each being the pump chamber, a plurality of
pump chamber communication flow paths each
being the pump chamber communication flow
path, a plurality of diaphragms each being the
diaphragm, and a plurality of actuators each
being the actuator corresponding to the plurality
of valve modules, wherein
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the plurality of valve modules are arranged
along a horizontal direction, and

the plurality of actuators are arranged along a
horizontal direction intersecting the arrange-
ment direction of the valve modules, in such a
manner that the plurality of valve modules are
interposed therebetween when being viewed in
a vertical direction.

A valve module comprising:

a suction valve;

a discharge valve; and

a module guide that integrally holds the suction
valve and the discharge valve, while the suction
valve is positioned on a transport fluid suction
side, whereas the discharge valve is positioned
on a transport fluid discharge side, wherein
the module guide is formed to have a shape of a
stepped circular cylinder including: a first guide
part that has a first outside diameter and is
positioned on the suction valve side; and a sec-
ond guide part that has a second outside dia-
meter smaller than the first outside diameter and
is positioned on the discharge valve side,

the module guide includes an inter-valve flow
path provided between the suction valve and the
discharge valve and a side flow path that con-
nects the inter-valve flow path to an outer lateral
surface of the first guide part, and

the side flow path communicates with the pump
chamber, when the valve module is attachedto a
pump head.

The valve module according to claim 10, further
comprising: a gasket provided on the transport fluid
suction side of the module guide, wherein

the gasket has a circular cylindrical part and a
flange part that sticks out from one end of the
circular cylindrical part outwardly in a radial di-
rection,

the circular cylindrical partis attached toaninner
circumferential side of the module guide, and
the flange partis positioned along a suction-side
end part of the module guide.

The valve module according to claim 10, wherein
the module guide includes a plurality of side flow
paths each being the side flow path and a guide flow
path structured with an annular groove that is formed
in an outer circumferential part of the first guide part
and that keeps the plurality of side flow paths in
communication with one another.

The valve module according to claim 11, wherein
the suction valve is held by the module guide via a
valve holder.
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14. The valve module according to any one of claims 10
to 13, wherein
the suction valve and the discharge valve are each
structured by using one of a ball valve, an umbrella-
type valve, and a poppet valve.
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