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(54) Reciprocating pump having two diaphragms

(57) In a reciprocating pump, drive power of a drive-
power supply member is transmitted to a diaphragm with-
in a diaphragm drive chamber via operating fluid. An op-
erating-fluid-flow regulation chamber for regulating the
flow of operating fluid is located between the drive-power
supply member and the diaphragm drive chamber. A first
gas discharge member and a second gas discharge
member are respectively located in an upper part of the
inside of the operating-fluid-flow regulation chamber and
an upper part of the inside of the diaphragm drive cham-
ber. The first gas discharge member is held in fluid com-
munication with the second gas discharge member so
as to constitute a single gas discharge mechanism. This
single gas discharge mechanism is provided with a re-
verse-flow prevention member for preventing a reverse
flow of fluid from the first gas discharge member to the
second gas discharge member.
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Description

BACKGROUND OF THE INVENTION

1.Field of the Invention

[0001] The present invention relates to a reciprocating
pump and more particularly to a reciprocating pump that
is capable of discharging gas therefrom and a check
valve used for the reciprocating pump.

2. Related Art

[0002] A reciprocating pump for delivering fluid by driv-
ing a diaphragm has been hitherto known, which is gen-
erally designed to convert rotational motion produced by
a driving means such as a motor into linear motion via a
cam so as to drive the diaphragm by this linear recipro-
cating motion. A more specific construction hitherto
known is that linear reciprocating motion based upon a
motor or the like is transmitted to the diaphragm via op-
erating fluid as an operating medium.
[0003] The thus constructed reciprocating pump is so
operated that an elastically deformable diaphragm is re-
ciprocated by using operating fluid, which reciprocating
motion causes suction and discharge of fluid to be deliv-
ered (target fluid). In order to achieve the required degree
of elastic deformability and reciprocating motion, the di-
aphragm is formed with a thinner wall.
[0004] The above conventional reciprocating pump,
which is constructed by using such a thin diaphragm,
may cause undesirable deformation or cracks of the di-
aphragm, or any other damage thereto due to excessive
load applied to the diaphragm.
[0005] A known reciprocating pump, which employs a
technique to prevent such a deformation or clack of the
diaphragm, is disclosed in for example Japanese Patent
Application Laid-open No. Sho-61-61990 (Reference 1).
The disclosed reciprocating pump is provided with a
valve unit which is operated along with the diaphragm so
that the valve unit limits the motion of the diaphragm and
hence controls inflow of operating fluid before excessive
load is applied to the diaphragm.
[0006] In a fluid delivery passage according to a prior
art arrangement, a check valve, which is made up by
using a ball or the like, is provided so as to prevent reverse
flaw of delivery fluid. Particularly, for delivering high vis-
cous fluid (sticky fluid), a know construction as disclosed
in for example Japanese Patent Application Laid-open
No. 2000-356274 (Reference 2) employs an urging mem-
ber such as a spring for moving the ball so as to securely
close a fluid passage. That is, when delivering high vis-
cous fluid, frictional resistance is caused on the ball serv-
ing as a valve element, which in turn causes delay in
seating the ball, during which delay fluid reversely flows
in the passage. As a result, the discharge rate of the
pump is decreased, thus affecting on the performance
of the pump to constantly deliver fluid. Therefore, as de-

scribed above, the urging member such as a spring is
provided on an upper portion of the ball so as to enhance
quick seating of the ball in the conventional arrangement.
[0007] However, the conventional reciprocating pump
as disclosed in the Reference 1 requires a relief valve
(an escape valve 27) for controlling the flow of operating
fluid and a degassing member (a discharge valve 18) for
removing gas such as air mixed into or generated in op-
erating fluid, and therefore has a problem of causing a
troublesome work particularly in degassing operation by
using this degassing member
[0008] Since the above conventional reciprocating
pump is so designed to make the diaphragm reciprocate
by means of operating fluid, gas such as air may be mixed
into operating fluid during assembling or driving the
pump. It is desirable to avoid such mixing of gas into
operating fluid in the reciprocating pump having an ar-
rangement with the diaphragm reciprocated by operating
fluid. Therefore, the conventional reciprocating pump
employs a degassing mechanism (a degassing member)
provided between the diaphragm and the valve unit so
as to properly remove gas in an initial operation subse-
quent to assembling of the pump and at the time when
gas intrudes during the drive of the pump.
[0009] The degassing operation by using the above
mechanism involves removing a lid member such as a
bolt disposed on the degassing member and bringing a
suction device or the like into communication with this
degassing member. During this degassing operation, op-
erating fluid may overflow from the degassing member
along with gas, and therefore an oil pan or the like must
be disposed around the degassing member.
[0010] Also, gas, which has been mixed into along with
operating fluid, may be removed from the relief valve pro-
vided near the valve unit. However, in the prior art tech-
nique as disclosed in the Reference 1, the construction
of the relief valve cannot be ascertained from the disclo-
sure of this Reference so that the relationship between
adjustment of operating fluid and degassing cannot be
clearly understood.
[0011] That is, according to the prior art technique, of
the degassing member for gas removal and the relief
valve for resultingly enabling degassing, the former in-
volves a troublesome work in gas removing operation,
and the latter is of an unknown construction and seems
not to be designed for positive degassing operation, and
therefore poses a problem that its effect cannot be clearly
expected.
[0012] Also, in the check valve according to the prior
art technique as disclosed in the Reference 2, the move-
ment of the ball as a valve element is enhanced by the
urging member such as a spring so as to securely close
the flow passage. This arrangement causes increased
resisting force between the valve element and a valve
seat and hence cavitation during a suction step, which
may deteriorate the pumping performance. Also, when
a spring or the like exerting a strong spring force is used,
it is necessary to prime fluid into the pump before actu-
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ating the pump due to lack of self-feeding of fluid. As
another problem, the pressing force, which presses the
ball against the valve seat by the spring or the like for
closing the flow passage, may cause local or uneven
wear-out of the ball, valve seat or the like.
[0013] In case of using the reciprocating pump accord-
ing to the prior art technique for delivering high viscous
fluid (sticky fluid), it also causes a problem that fluid can-
not be delivered at a constant rate in a proper manner
even if the check valve or the like is employed. Specifi-
cally, if fluid has high viscosity, fluid is hard to flow, with
the result that it cannot be properly sucked by driving the
diaphragm or any other reciprocating means, only. Thus,
fluid delivery at a constant rate is hardly achieved.
[0014] Therefore, it is an object of the present invention
to provide a reciprocating pump equipped with a gas dis-
charge mechanism that is capable of properly and auto-
matically discharging gas without a troublesome work
involved.
[0015] It is another object of the present invention to
provide a valve seat that is capable of securely closing
a fluid passage, while reducing local or uneven wear-out
of a ball or the valve seat itself without the necessity to
prime fluid.
[0016] It is still another object of the present invention
to provide a reciprocating pump that is capable of deliv-
ering fluid at a constant rate even if fluid has high viscos-
ity.

SUMMARY OF THE INVENTION

[0017] According to the present invention, there is pro-
vided a reciprocating pump for delivering fluid, which in-
cludes: a diaphragm that is reciprocated so as to deliver
fluid; a diaphragm drive chamber provided therein with
the diaphragm; and a drive-power supply member for
supplying drive power for reciprocating the diaphragm,
in which drive power of the drive-power supply member
is transmitted to the diaphragm within the diaphragm
drive chamber via operating fluid, and an operating-fluid-
flow regulation chamber for regulating the flow of oper-
ating fluid is located between the drive-power supply
member and the diaphragm drive chamber. A first gas
discharge member and a second gas discharge member
are respectively located in an upper part of the inside of
the operating-fluid-flow regulation chamber and an upper
part of the inside of the diaphragm drive chamber. The
first gas discharge member is held in fluid communication
with the second gas discharge member so as to consti-
tute a single gas discharge mechanism. The single gas
discharge mechanism is provided with a reverse-flow
prevention member for preventing a reverse flow of fluid
from the first gas discharge member to the second gas
discharge member.
[0018] With the reciprocating pump having the above
arrangement, which constitutes the single gas discharge
mechanism by a plurality of gas discharge members (the
first and second gas discharge members) that are held

in fluid communication with each other, gas discharged
from the plurality of gas discharge members can be prop-
erly discharged only by adjusting the single gas dis-
charge mechanism.
[0019] Preferably, the operating-fluid-flow regulation
chamber is provided with a valve element that is provided
adjacent to the diaphragm to be driven along with the
diaphragm, and a valve seat that is brought into engage-
ment with the valve element so as to regulate operating
fluid supplied into the diaphragm drive chamber. The first
gas discharge member has a first end located between
the drive-power supply member and the valve seat within
the operating-fluid-flow regulation chamber, and the sec-
ond gas discharge member has a first end located be-
tween the valve seat and the diaphragm within the dia-
phragm drive chamber.
[0020] With the above preferable arrangement, an ex-
cessive load applied to the diaphragm can be properly
limited by using such as the valve element. Also, since
the first gas discharge member and the second gas dis-
charge member are provided on the upstream and down-
stream sides of the valve element and the valve seat (i.e.,
the diaphragm drive chamber and the operating-fluid-
flow regulation chamber), gas around the diaphragm can
be properly discharged therethrough.
[0021] Preferably, the first gas discharge member and
the second gas discharge member respectively have
second ends, which are located closer to each other; and
the reverse-flow prevention member is provided above
the second end of the second gas discharge member so
that when fluid is discharged from the first gas discharge
member, the reverse-flow prevention member is pressed
against the second end of the second gas discharge
member upon receiving the pressure of the fluid so as to
close the second end of the second gas discharge mem-
ber, and when fluid is discharged from the second gas
discharge member, the reverse-flow prevention member
is lifted up from the second end of the second gas dis-
charge member so as to open the second end of the
second gas discharge member.
[0022] With the above preferable arrangement, gas
and operating fluid, which may reversely flow due to the
arrangement with the two gas discharge members fluidly
communicated with each other, can be prevented from
flowing to the diaphragm drive chamber, and hence allow
the reciprocating pump to be properly driven.
[0023] Preferably, the single gas discharge mecha-
nism is made up by using the first gas discharge member,
the second gas discharge member, the reverse-flow pre-
vention member and a fluid-discharge-adjusting mem-
ber; and the fluid-discharge-adjusting member is made
up by using a ball member provided above the reverse-
flow prevention member, and an adjustment valve for
adjusting a lift amount of the ball member.
[0024] With the above preferable arrangement, it is
possible to properly discharge gas by means of the ad-
justment valve when needed.
[0025] Preferably, the lift amount of the reverse-flow
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prevention member and the lift amount of the ball member
are set at given amounts so that gas is automatically
discharged from the first gas discharge member and the
second gas discharge member.
[0026] In the above arrangement, the lift amount of the
reverse-flow prevention member is preferably set at
about 0.5mm-2.0mm and more preferably 1.0mm-
1.5mm, and the lift amount of the ball member is prefer-
ably set at about 0.5mm-2.0mm and more preferably
0.5mm-1.0mm.
[0027] The reverse-flow prevention member is prefer-
ably a ball member that is made of a material having a
specific gravity being approximate to a specific gravity of
operating fluid. As a material having a specific gravity
being approximate to a specific gravity of operating fluid,
polypropylene can be cited.
[0028] Preferably, an operating-fluid replenishing
means is provided so as to replenish the amount of op-
erating fluid discharged from at least one of the first gas
discharge member and the second gas discharge mem-
ber.
[0029] As the operating-fluid replenishing mechanism,
there can be cited an auxiliary plunger mechanism for
supplying the amount of operating fluid discharged along
with gas during the gas discharging operation prepared
based upon expectation of such gas discharge, and an
operating-fluid replenishing valve (an operating-fluid re-
plenishing valve with its replenishing pressure variable)
for supplying operating fluid according to the variation of
the pressure within the diaphragm drive chamber.
[0030] With the above preferable arrangement
equipped with the operating-fluid replenishing mecha-
nism (the auxiliary plunger mechanism, the operating-
fluid replenishing valve, or the like), it is possible to re-
plenish the amount of operating fluid expected to be dis-
charged along with gas during the gas discharging op-
eration, or replenish operating fluid when an excessive
negative pressure is caused in the diaphragm drive
chamber. As a result, the reciprocating pump can be op-
erated in a stabilized manner without deterioration of the
pump efficiency.
[0031] According to another aspect of the present in-
vention, there is provided a check valve, which includes:
a valve body having a fluid communication passage; a
valve element provided within the valve body so as to
open and close the fluid communication passage; and
an urging member provided within the valve body so as
to apply urging force to the valve element. The urging
member is provided so as to urge the valve element to-
wards an inlet side of the fluid communication passage
through which fluid flows; and a given clearance is cre-
ated between the valve element and the urging member
when the fluid communication passage has been closed
by the valve element.
[0032] With the check valve having the above arrange-
ment, the valve element is urged towards the inlet side
of the fluid communication passage through which fluid
flows, so that the fluid communication passage of the

valve body can be more securely and hermetically closed
by the valve element. Also, there is created the given
clearance between the urging member and the valve el-
ement when the fluid communication passage has been
closed by the valve element. As a result, the valve ele-
ment is not forcibly pressed against the valve seat by the
urging member and therefore wear-out of the valve ele-
ment, the valve seat and the like can be effectively re-
duced.
[0033] According to still another aspect of the present
invention, there is provided a check valve, which in-
cludes: a valve body having a fluid communication pas-
sage; a valve element provided within the valve body so
as to open and close the fluid communication passage;
and electromagnet means provided at least in or around
the valve body. The valve element is made of a magnetic
material; and at least one of a timing at which electricity
is sent to the electromagnet means and a timing at which
the polarity of electricity sent to the electromagnet means
is switched is determined according to a timing at which
the fluid communication passage is opened and closed
by the valve element. When the electromagnet means is
provided in the valve body in the above arrangement, it
is not provided in the fluid communication passage but
in a wall part defining the fluid communication passage.
Also, as an alternative to separately providing the elec-
tromagnet means, the valve body itself may serve as an
electromagnet means.
[0034] With the above arrangement, the valve element
is moved by means of the electromagnetic means so that
the valve element can be properly moved by such as
adjusting the timing at which electricity is sent to the elec-
tromagnetic means. That is, it is possible to provide the
check valve that exhibits a high response capability in
operation. As a result, the fluid communication passage
can be opened and closed at a proper timing even if fluid
has a high viscosity.
[0035] Also, with the above arrangement, the fluid
communication passage can be opened by lifting up the
valve element, which can be moved by means of the
electromagnetic means. Therefore, a cleaning fluid re-
mained in the line after cleaning, or a target fluid in the
line can be easily discharged and recovered when need-
ed by lifting up the valve element and hence opening the
fluid communication passage.
[0036] Preferably, a capacitor is provided in an electric
power supply line to the electromagnet means. With this
arrangement, it is possible to send a large volume of elec-
tricity to the electromagnetic means in a moment, allow-
ing the electromagnetic means to generate a large elec-
tromagnetic force. As a result, it is possible to provide
the check valve that exhibits a high response capability
in closing operation.
[0037] According to still another aspect of the present
invention, there is provided a reciprocating pump for de-
livering fluid, which includes: a first diaphragm and a sec-
ond diaphragm that are reciprocated to deliver fluid; di-
aphragm drive chambers respectively provided therein
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with the first and second diaphragms; and a drive-power
supply member for supplying drive power for reciprocat-
ing the first and second diaphragms. The drive-power
supply member includes a single eccentric cam, and a
first piston member and a second piston member that
are reciprocated by the rotation of the single eccentric
cam. Drive powers of the first and second piston mem-
bers are respectively transmitted to the first and second
diaphragms via operating fluid; and an auxiliary drive
member is provided so as to deliver fluid into fluid delivery
sections respectively provided within the diaphragm
drive chambers.
[0038] Preferably, the auxiliary drive member includes
a first auxiliary diaphragm and a second auxiliary dia-
phragm that are reciprocated so as to deliver fluid; and
an auxiliary eccentric cam for reciprocating the first and
second auxiliary diaphragms. The auxiliary eccentric
cam is rotated by means of a drive-power transmission
shaft for driving the single eccentric cam. The auxiliary
eccentric cam may be rotated by means of the drive-
power transmission shaft in synchronization therewith.
[0039] According to yet another aspect of the present
invention, there is provided a reciprocating pump for de-
livering fluid, which includes: a diaphragm that is recip-
rocated to deliver fluid; a diaphragm drive chamber pro-
vided therein with the diaphragm; a drive-power supply
member for supplying drive power for reciprocating the
diaphragm; and check valves respectively provided on
the upstream side and downstream side of the dia-
phragm. Each of the check valves includes a valve body
having a fluid communication passage, a valve element
provided within the valve body so as to open and close
the fluid communication passage and an urging member
provided within the valve body so as to apply urging force
to the valve element, in which the urging member is pro-
vided so as to urge the valve element towards an inlet
side of the fluid communication passage through which
fluid flows, and a given clearance is created between the
valve element and the urging member when the fluid
communication passage has been closed by the valve
element.
[0040] According to another aspect of the present in-
vention, there is provided a reciprocating pump for deliv-
ering fluid, which includes: a first diaphragm and a second
diaphragm that are reciprocated to deliver fluid; dia-
phragm drive chambers respectively provided therein
with the first and second diaphragms; and a drive-power
supply member for supplying drive power for reciprocat-
ing the first and second diaphragms. The drive-power
supply member includes a single eccentric cam, and a
first piston member and a second piston member that
are reciprocated by the rotation of the single eccentric
cam. In this arrangement, drive powers of the first and
second piston members are respectively transmitted to
the first and second diaphragms via operating fluid. An
auxiliary drive member is provided so as to deliver fluid
into fluid delivery sections respectively provided within
the diaphragm drive chambers. The auxiliary drive mem-

ber includes a first auxiliary diaphragm and a second
auxiliary diaphragm that are reciprocated so as to deliver
fluid, and an auxiliary eccentric cam for reciprocating the
first and second auxiliary diaphragms. The auxiliary ec-
centric cam is rotated by means of a drive-power trans-
mission shaft for driving the single eccentric cam. In this
regard, the auxiliary eccentric cam may be rotated by
means of the drive-power transmission shaft in synchro-
nization with the drive-power transmission shaft. Check
valves are respectively provided on the upstream side
and downstream side of each of the first and second di-
aphragms. Each of the check valves includes a valve
body having a fluid communication passage, a valve el-
ement provided within the valve body so as to open and
close the fluid communication passage and an urging
member provided within the valve body so as to apply
urging force to the valve element, in which the urging
member is provided so as to urge the valve element to-
wards an inlet side of the fluid communication passage
through which fluid flows, and a given clearance is cre-
ated between the valve element and the urging member
when the fluid communication passage has been closed
by the valve element.
[0041] According to still another aspect of the present
invention, there is provided a reciprocating pump for de-
livering fluid, which includes: a diaphragm that is recip-
rocated to deliver fluid; a diaphragm drive chamber pro-
vided therein with the diaphragm; a drive-power supply
member for supplying drive power for reciprocating the
diaphragm; and check valves respectively provided on
the upstream side and downstream side of the dia-
phragm. Each of the check valves includes a valve body
having a fluid communication passage and a valve ele-
ment provided within the valve body so as to open and
close the fluid communication passage, in which electro-
magnet means is provided at least in or around the valve
body, the valve element is made of a magnetic material,
and at least one of a timing at which electricity is sent to
the electromagnet means and a timing at which the po-
larity of electricity sent to the electromagnet means is
switched is determined according to a timing at which
the fluid communication passage is opened and closed
by the valve element. When the electromagnet means is
provided in the valve body in the above arrangement, it
is not provided in the fluid communication passage but
in a wall part defining the fluid communication passage.
Also, as an alternative to separately providing the elec-
tromagnet means, the valve body itself may serve as an
electromagnet means.
[0042] According to yet another aspect of the present
invention, there is provided a reciprocating pump for de-
livering fluid, which includes: a first diaphragm and a sec-
ond diaphragm that are reciprocated to deliver fluid; di-
aphragm drive chambers respectively provided therein
with the first and second diaphragms; and a drive-power
supply member for supplying drive power for reciprocat-
ing the first and second diaphragms. The drive-power
supply member includes a single eccentric cam, and a
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first piston member and a second piston member that
are reciprocated by the rotation of the single eccentric
cam. In this arrangement, drive powers of the first and
second piston members are transmitted to the first and
second diaphragms via operating fluid. An auxiliary drive
member is provided so as to deliver fluid into fluid delivery
sections respectively provided within the diaphragm
drive chambers. The auxiliary drive member includes a
first auxiliary diaphragm and a second auxiliary dia-
phragm that are reciprocated so as to deliver fluid, and
an auxiliary eccentric cam for reciprocating the first and
second auxiliary diaphragms. The auxiliary eccentric
cam is rotated by means of a drive-power transmission
shaft for driving the single eccentric cam. Check valves
are respectively provided on the upstream sides and
downstream sides of each of the first and second dia-
phragms. Each of the check valves includes a valve body
having a fluid communication passage and a valve ele-
ment provided within the valve body so as to open and
close the fluid communication passage, in which electro-
magnet means is provided at least in or around the valve
body. The valve element is made of a magnetic material.
At least one of a timing at which electricity is sent to the
electromagnet means and a timing at which the polarity
of electricity sent to the electromagnet means is switched
is determined according to a timing at which the fluid
communication passage is opened and closed by the
valve element. When the electromagnet means is pro-
vided in the valve body in the above arrangement, it is
not provided in the fluid communication passage but in
a wall part defining the fluid communication passage. Al-
so, as an alternative to separately providing the electro-
magnet means, the valve body itself may serve as an
electromagnet means.
[0043] Preferably, a capacitor is provided in an electric
power supply line to the electromagnet means. With this
arrangement, it is possible to provide a reciprocating
pump with the check valve that exhibits a high response
capability in closing operation, hence enabling the recip-
rocating pump to deliver fluid at a precisely controlled
constant rate.
[0044] According to another aspect of the present in-
vention, there is provided a reciprocating pump that is
made up by using first and second diaphragms that are
reciprocated in contact with fluid to be delivered, in which
a wetted surface of the first diaphragm and a wetted sur-
face of the second diaphragm are positioned facing each
other substantially in parallel relationship with each other
via a pump head having a fluid delivery passage. A fluid
delivery region is formed by the wetted surfaces of the
first and second diaphragms, and the pump head.
[0045] Herein, the term, "fluid delivery region" is meant
as a region that is capable of delivering fluid by driving
the respective diaphragms (the first and second dia-
phragms) without leaking fluid to any portions other than
a conduit connected with the fluid delivering passage of
the pump head (a passage formed in the pump head
through which fluid is delivered).

[0046] With the above arrangement having the two di-
aphragms positioned facing each other via the pump
head, it is possible to greatly reduce the number of con-
stitutional parts of the reciprocating pump in comparison
with a pump having simply two independent pump heads.
Along with this reduction of the number of parts, the
number of sealing members can be reduced so that the
possibility of fluid leakage can be reduced corresponding
to the reduced number of sealing members. Also, this
reduction of the number of parts can reduce the number
of manufacturing errors of these parts and the frequency
of errors during assembling the parts. Furthermore, since
the pump head is located between the diaphragms po-
sitioned facing each other, the motion of the first dia-
phragm is unlikely to cause an undesirable influence on
the second diaphragm, or vice versa, so that the respec-
tive diaphragms can be properly operated as expected.
With the thus formed reciprocating pump, the discharge
rates of the diaphragms can be properly maintained,
while effectively preventing the pulsation of fluid during
its delivery.
[0047] In the reciprocating pump of the present inven-
tion, the diaphragms and the pump head together pref-
erably make up a fluid communication block, which is
detachable from the reciprocating pump without leaking
fluid from the fluid delivery region. With such a detachable
construction, efficient maintenance is possible. That is,
conduits or other parts can be detached from the pump
so as to perform maintenance operation of the drive-pow-
er supply member (e.g., the eccentric cam, the urging
member for positional regulation, or any other replace-
ment parts and members) without necessity to dissemble
the fluid communication block. Therefore, the mainte-
nance can be performed without necessity to dissemble
and assemble two independent pump heads which must
be made in a conventional pump having such two inde-
pendent pump heads. As a result, it is possible to provide
the reciprocating pump that presents excellent mainte-
nance capability, enabling the maintenance operation on
the drive-power supply member, and other parts and
members to be performed without the necessity to pre-
viously remove fluid communicating in the fluid commu-
nication block.
[0048] According to another aspect of the present in-
vention, there is provided a reciprocating pump that in-
cludes a diaphragm that is reciprocated in contact with
fluid to be delivered, and a drive-power supply member
for driving the diaphragm. The drive-power supply mem-
ber includes a single eccentric cam, a first piston member
and a second piston member that are reciprocated by
the rotation of the single eccentric cam, and an adjusting
means for adjusting the positions of the first and second
piston members. The adjusting means is capable of urg-
ing the first and second piston members towards the sin-
gle eccentric cam, and absorbing slippage between the
first and second piston members due to varied width
across corner of the single eccentric cam.
[0049] With the above arrangement enabling the two

9 10 



EP 1 855 004 A1

7

5

10

15

20

25

30

35

40

45

50

55

piston members to be driven by the single eccentric cam,
it is not required to have two eccentric cams for which
the identical shape must be applied, when compared with
the case where two eccentric cams are used. As a result,
the reciprocating pump and the respective parts can be
efficiently manufactured and assembled without requir-
ing a high assembling accuracy unlike the conventional
pump using two eccentric cams.
[0050] Preferably, the second piston member has a
hollowed-out area, in which the single eccentric cam and
the first piston member are located. The adjusting means
is located between an outer surface of the first piston
member and an inner surface of the second piston mem-
ber, so that the first piston member and the second piston
member are reciprocated along with the adjusting means
by the rotation of the single eccentric cam.
[0051] With the above arrangement, the piston mem-
bers are reciprocated, as sliding relative to each other
with the adjusting means (the urging member for posi-
tional regulation) held therebetween by the rotation of
the single eccentric cam. Therefore, the maximum bend-
ing length of the adjusting means can be remarkably
shortened relative to the reciprocating distance of the
piston members. As a result, it is possible to make up
the adjusting means by using an urging member (such
as a spring) having a small size and low strength, and
hence achieve the downsizing of the reciprocating pump.
[0052] Preferably, in the reciprocating pump, the re-
ciprocating direction of the first and second piston mem-
bers is set substantially parallel to the urging direction
and shock-absorbing direction of the adjusting means.
[0053] Preferably, in the reciprocating pump of the
present invention, the adjusting means is made up by
using an urging member such as a single spring.
[0054] Preferably, in the reciprocating pump of the
present invention, a first space is defined between an
end face of the first piston member and a first diaphragm,
and a second space is defined between an end face of
the second piston member and a second diaphragm.
These spaces are substantially hermetically sealed and
filled with operating fluid so that pressure is applied to
the operating fluid based upon the reciprocating motions
of the first and second piston members, thereby recipro-
cating the first and second diaphragms upon receiving
this pressure.
[0055] With the above preferable arrangement, drive
power from the piston members can efficiently be trans-
mitted to the diaphragms. As a result, the reciprocating
pump can be such as downsized by using the drive-power
supply member, which produces various desirable ef-
fects as mentioned above.
[0056] According to still another aspect of the present
invention, there is provided a reciprocating pump that
includes a diaphragm, which is reciprocated in contact
with fluid to be delivered and a drive-power supply mem-
ber for driving the diaphragm. The drive-power supply
member includes a single eccentric cam, a first piston
member and a second piston member that are recipro-

cated by the rotation of the single eccentric cam, and
rotation elements (rotation shafts), which rotate in contact
with the single eccentric cam so as to transmit drive pow-
er of the single eccentric cam to the respective pistons.
The rotation elements (rotational shafts) each have a di-
ameter smaller than the diameter of the single eccentric
cam so as to have a limited pressure angle relative to
the single eccentric cam. That is, in the reciprocating
pump of the present invention, the rotation elements (ro-
tational shafts) each preferably have a minimized size.
[0057] With the above arrangement having the rotation
elements (rotational shafts) minimized in size, the pres-
sure angle relative to the single eccentric cam can be
decreased. As a result, the reciprocating pump can be
used over the long time and operated in such a manner
as to deliver fluid without pulsation for a long time.
[0058] Preferably, in the reciprocating pump of the
present invention, the piston members are respectively
provided with bearings, each of which has an inner ring
unit having a plurality of rings for receiving a correspond-
ing one of the rotational elements (the rotational shafts).
With this preferable arrangement, the single eccentric
cam contacts the rotational elements along an inner di-
ameter side of each of the ring units, so that the pressure
angle between the single eccentric cam and each of the
rotation elements (the rotation shafts) can be decreased
as compared with the arrangement with the eccentric
cam contacting each rotation element along an outer di-
ameter side thereof. As a result, the reciprocating pump
can be used for the long time.
[0059] In the reciprocating pump of the present inven-
tion, the first and second piston members each are pref-
erably provided with two or more bearings, and the rota-
tion elements (the rotation shafts) so as to be supported
by the corresponding bearings and the single eccentric
cam. With this preferable arrangement, it is possible to
provide the rotation elements of a required minimum size
regardless of the size of each bearing or the single ec-
centric cam, provided that the rotation elements (the ro-
tation shafts) have a given strength or the like. Thus, the
reciprocating pump can be used for the long time by de-
creasing the pressure angle.
[0060] Preferably, in the reciprocating pump of the
present invention, an adjusting means may be provided
to adjust the positions of the first and second piston mem-
bers. This adjusting means is preferably capable of urg-
ing the rotation elements provided on the first and second
piston members towards the single eccentric cam, and
absorbing a clearance between the first and second pis-
ton members due to varied width across corner of the
single eccentric cam. The adjusting means may be made
up by using an urging member such as a spring.
[0061] According to another aspect of the present in-
vention, there is provided a reciprocating pump, which
includes a diaphragm that is reciprocated in contact with
fluid to be delivered, and a drive-power supply member
for driving the diaphragm. The drive-power supply mem-
ber includes a single eccentric cam, a first piston member
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and a second piston member that are reciprocated by
the rotation of the single eccentric cam, and rotation el-
ements (rotation shafts), which rotate in contact with the
single eccentric cam so as to transmit drive power of the
eccentric cam to the respective piston members. The re-
ciprocating pump further includes an adjustment mech-
anism for adjusting the drive state of the diaphragm.
[0062] With the adjustment mechanism, which can
properly adjust the drive state of the diaphragm, even if
pulsation or the like is caused on the discharge side of
the reciprocating pump, the diaphragm can be driven so
as to compensate for the flow rate of fluid decreased due
to the pulsation on the discharge side of the reciprocating
pump. Thus, it is possible to provide the reciprocating
pump that is capable of effectively preventing the pulsa-
tion.
[0063] The reciprocating pump of the present invention
is so structured to transmit the drive power of the piston
members to the diaphragm via operating fluid. In this
structure, the aforesaid adjustment mechanism prefera-
bly includes an auxiliary plunger being driven in response
to the motions of the piston members, and an adjustment
plunger for adjusting the operation time of the auxiliary
plunger so as to adjust the drive state of the diaphragm
by applying pressure to operating fluid.
[0064] With the above preferable arrangement, even
if the pulsation or the like is caused on the discharge side
of the reciprocating pump, the diaphragm can be driven
so as to compensate for the flow rate of fluid decreased
due to the pulsation by applying pressure to operating
fluid by the auxiliary plunger. Thus, it is possible to pro-
vide the reciprocating pump that is capable of effectively
preventing pulsation.
[0065] In the reciprocating pump of the present inven-
tion, the adjustment plunger is preferably designed so
that a clearance between the auxiliary plunger and the
adjustment plunger regulates the operation time of the
auxiliary plunger, and this clearance can be optionally
determined. With this preferable arrangement enabling
the operation time of the auxiliary plunger to be optionally
determined, various types of pulsation, which may occur
in each of different pumps, can be effectively prevented
by proper adjustment for each pump by using the adjust-
ment plunger. As a result, it is possible to provide the
reciprocating pump that is capable of effectively prevent-
ing the pulsation.
[0066] The drive-state adjustment mechanism in the
reciprocating pump of the present invention preferably
includes a variable speed motor for driving the single
eccentric cam, a rotational-position detection device for
detecting the rotational position of the single eccentric
cam, and a control means for controlling the variable
speed motor based upon signals representative of the
rotational position of the single eccentric cam detected
by the rotational-position detection device.
[0067] With the above preferable arrangement, in
which the variable speed motor can be properly control-
led by using the positional signals and the control means,

the rotational speed of the single eccentric cam, which
drives the diaphragm, can be properly controlled. Thus,
it is possible to provide a reciprocating pump that is ca-
pable of effectively preventing pulsation by controlling
the drive state of the diaphragm by controlling the rotation
of the single eccentric cam according to needs.
[0068] The reciprocating pump of the present invention
is preferably provided with a pulsation detection means
on the discharge side of a fluid delivery path. This pulsa-
tion detection means detects pulsation and feeds back
signals representative of detected pulsation by the pul-
sation detection means to the control means so that the
variable speed motor is controlled based upon the posi-
tional signals, pulsation signals and the control means.
Herein, as the pulsation detection means, a flow meter,
a pressure gauge, or any other detection means is pref-
erably used, provided that they can detect pulsation of
fluid to be delivered in any form.
[0069] In the reciprocating pump of the present inven-
tion, the variable speed motor is preferably a stepping
motor. Also, the rotational-position detection device is
preferably a rotary encoder or a tachogenerator.

BRIEF DESCRIPTION OF THE DRAWINGS

[0070]

FIG. 1 is a schematic cross section of a reciprocating
pump according to an embodiment of the present
invention.
FIG. 2 is a cross section taken along a line II-II in
FIG. 1.
FIG. 3 is an enlarged view of a fluid delivery path as
a constitutional element of the reciprocating pump
of this embodiment.
FIG. 4 is an enlarged view of a gas discharge mech-
anism as a constitutional element of the reciprocat-
ing member of this embodiment.
FIGS. 5A and 5B are enlarged views of an auxiliary
plunger mechanism as a constitutional element of
the reciprocating pump of this embodiment, respec-
tively illustrating an auxiliary plunger at the start of
and after the operation.
FIGS. 6A and 6B are enlarged views of an auxiliary
plunger mechanism as a constitutional element of
the reciprocating pump of this embodiment with the
flow rate of the auxiliary plunger set at 0, respectively
illustrating the auxiliary plunger at the start of and
after the operation.
FIG. 7 is an enlarged view of a gas discharge mech-
anism as a constitutional element of the reciprocat-
ing pump according to another embodiment.
FIG. 8 is an enlarged view of a gas discharge mech-
anism as a constitutional element of the reciprocat-
ing pump according to still another embodiment.
FIGS. 9A and 9B are schematic cross sections illus-
trating a check valve according to an embodiment
of the present invention.
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FIGS. 10 are schematic cross sections illustrating
the check valve according to a second embodiment
of the present invention.
FIG. 11 is a schematic cross section illustrating the
check valve according to a third embodiment of the
present invention.
FIG. 12 is an outline view illustrating a front side of
the reciprocating pump according to another embod-
iment of the present invention.
FIG. 13 is an outline view illustrating a lateral side of
the reciprocating pump of FIG. 12.
FIG. 14 is a schematic cross section taken along a
line A-A in FIG. 12.
FIG. 15 is a schematic cross section taken along a
line B-B in FIG. 13.
FIGS. 16 illustrate pressure wave profiles of dia-
phragms illustrated in FIG. 12 and other Figures, in
which FIGS. 16A, 16B and 16C respectively illustrate
a pressure wave profile of the diaphragm, a pressure
wave profile of an auxiliary diaphragm and those pro-
files overlapped with each other.
FIG. 17 is a partial cross section of the reciprocating
pump according to another embodiment of the
present invention.

DETAILED DESCRIPTION OF THE PREFERRED EM-
BODIMENT

[0071] The description will be made for the embodi-
ments of the present invention with reference to the ac-
companied drawings.
[0072] FIG. 1 is a schematic cross section of the re-
ciprocating pump according to an embodiment of the
present invention. As illustrated in FIG. 1, the reciprocat-
ing pump of this embodiment includes fluid delivery paths
10A, 10B for delivering fluid by reciprocating diaphragm
means (first diaphragm 1A and second diaphragm 1B),
drive-power supply member 40 for supplying operating
fluid at a proper timing intervals so as to drive these di-
aphragms 1A, 1B, and drive member 70 for driving ec-
centric cam 42 of the drive-power supply member 40.
[0073] The drive member 70 as a constitutional ele-
ment of the reciprocating pump includes electric motor
71 producing rotational motion, and gear member 72 for
transmitting rotational power from the electric motor 71
to drive-power transmission shaft 41. Also, in this em-
bodiment, auxiliary plunger mechanisms 100A, 100B
(corresponding to operating-fluid replenishing mecha-
nism of the present invention), and operating-fluid replen-
ishing valves 150A, 150B (corresponding to the operat-
ing-fluid replenishing mechanism of the present inven-
tion) are provided on the lateral sides of the drive-power
supply member 40. These members will be later de-
scribed in detail.
[0074] The reciprocating pump of this embodiment
employs two fluid delivery paths 10A, 10B for the purpose
of preventing pulsation. These members basically have
the same construction except for difference in actuation

timing. In order to match the reciprocating pump of this
embodiment to these two fluid delivery paths 10A, 10B,
two elements for each function (e.g., the auxiliary plunger
mechanisms 100A, 100B and the operating fluid replen-
ishing valves 150A, 150B) are also arranged.
[0075] Accordingly, in the following description, corre-
sponding or identical elements have been given the same
reference characters, while "A", "B" are given to those
reference characters when a different description will be
needed for each element.
[0076] FIG. 2 is a cross section taken along a line II-II
in FIG. 1, and more specifically a cross section of the
drive-power supply member 40. In FIG. 2, an auxiliary
plunger is not illustrated.
[0077] As illustrated in FIG. 2, the drive-power supply
member 40 includes drive-power transmission shaft 41
for receiving drive power from the aforesaid drive mem-
ber 70, eccentric cam 42 mounted on the drive-power
transmission shaft 41, piston means in the form of first
piston member 43 and second piston member 44 that
are reciprocated in response to the motion of the eccen-
tric cam 42, first rotation shaft 45 supported by an inner
ring unit of bearing 47 within the first piston member 43,
second rotation shaft 46 supported by an inner ring unit
of bearing 48 within the second piston member 44, urging
member 49 as an adjusting means for positional regula-
tion, which properly urges the first piston member 43 and
the second piston member 44 within the second piston
member 44 so as to bring the respective rotation shafts
45, 46 disposed within the piston members 43, 44 into
contact with the eccentric cam 42, and casing member
50 for enclosing these elements. The drive-power supply
member 40 having these elements forms a sealed space
between an inner wall of the casing member 50 and the
piston members 43, 44. The sealed space is filled with
operating fluid.
[0078] In the drive-power supply member 40 of this
embodiment, the second piston member 44 has a hol-
lowed-out area. Specifically, the second piston member
44 is formed so as to be capable of accommodating in
the hollowed-out area the drive-power transmission shaft
41, the eccentric cam 42, the first piston member 43, the
bearing 48, the urging member 49, and the like. The urg-
ing member 49 is held between inner wall (inner surface)
44a of the second piston member 44 and an outer wall
(outer surface) 43a of the first piston member 43. Spe-
cifically, the first and second piston members 43, 44 are
urged towards the eccentric cam 42 by the urging mem-
ber 49. In other words, the first rotation shaft 45 within
the first piston member 43 and the second rotation shaft
45 within the second piston member 44 are urged so as
to constantly contact the outer circumference of the ec-
centric cam 42 through proper urging force exerted by
the urging member 49.
[0079] The casing member 50 forms operating-fluid
supply port means (first supply port 51 and second supply
port 52) so as to provide fluid communication between
respective conduits (later described). A space, which ex-
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tends from end faces of the piston members 43, 44 to
diaphragms 1, 2 through the supply ports 51, 52, conduits
21, 22 and the like, is substantially hermetically sealed
and filled with operating fluid. Accordingly, in this embod-
iment, positive and negative pressures are applied to op-
erating fluid in response to the motions of the piston mem-
bers 43, 44, so that this pressure variation enables com-
munication of operating fluid via the first and second sup-
ply ports 51, 52. Thus, this operating fluid causes the
diaphragms 1, 2 to be reciprocated.
[0080] FIG. 3 is an enlarged view of a portion of the
reciprocating pump of FIG. 1, and more specifically an
enlarged view of fluid delivering paths 10. As described
above, the reciprocating pump of this embodiment is
made up by using the two fluid delivery paths 10A, 10B,
which basically have the identical structure. Accordingly,
"A", "B" given to the reference codes for distinguishing
the right one from the left one will be omitted in FIG. 3.
When the needs arises to distinguish the left and right
elements from each other, "A" for the left one and "B" for
the right one are respectively given to the reference
codes in the following description, as illustrated in FIG. 1.
[0081] As illustrated in FIG. 3, in this embodiment, the
diaphragms 1A, 1B are clamped by using pump head 32,
and left and right operating-fluid supply members 31A,
31B, thereby making up the fluid delivery paths 10A, 10B.
Specifically, the fluid delivery path 10 includes the dia-
phragms 1, the pump head 32, the operating-fluid supply
members 31 clamping and supporting the diaphragms 1
in cooperation with the pump head 32, and gas discharge
mechanisms 20 disposed on an upper portion of the op-
erating-fluid supply members 31.
[0082] Diaphragm drive chambers 2 respectively
equipped with the diaphragms 1 are formed by the op-
erating-fluid supply members 31 and the pump head 32.
Operating-fluid-flow regulation chambers 5, which are re-
spectively formed within the operating-fluid supply mem-
bers 31, are respectively equipped with valve elements
3 adjacent to the corresponding diaphragms 1 and cor-
responding valve seats 4. The aforesaid gas discharge
mechanisms 20 are provided to properly discharge gas
such as air mixed into operating fluid within the dia-
phragm drive chambers 2 and the operating-fluid-flow
regulation chambers 5. The pump head 32 is also pro-
vided with inflow-side check valve 33 for allowing inflow
of fluid and outflow-side check valve 34 for allowing out-
flow of fluid. These are communicated with fluid deliver-
ing sections 2a of the diaphragm drive chambers 2 re-
spectively via inflow passages 33a and outflow passages
34a.
[0083] In the diaphragm drive chambers 2, drive power
from the aforesaid drive member 70 is received by the
diaphragms 1 via the drive-power supply member 40.
The diaphragms 1 are thus reciprocated upon receiving
this drive power. Specifically, the drive-power supply
member 40 is communicated with the operating-fluid sup-
ply members 31 via the operating-fluid conduits 35, in
which the operating-fluid conduits 35 and the operating-

fluid supply members 31 are filled with operating fluid,
so that reciprocating motions of the first piston member
43 and the second piston member 44 in the drive-power
supply member 40 are transmitted to the diaphragms 1
via operating fluid within the operating-fluid conduits 35
and the operating-fluid supply members 31. Now, it is to
be noted that the diaphragms 1 each are not limited in
shape to a corrugated cross section, but may be shaped
in various forms according to needs.
[0084] As described above, each of the operating-flu-
id-flow regulation chamber 5 is provided therein with the
valve element 3 and the valve seat 4 provided as corre-
sponding thereto, in which the valve element 3 is mount-
ed to valve-element support member 6 via biasing means
7 such as a coil spring, and then secured to shaft 8 ex-
tending between the operating-fluid-flow regulation
chamber 5 and the diaphragm drive chambers 2. The
shaft 8 has first end 8a urged towards the diaphragms 1
via the biasing means 7 and the valve element 3, enabling
the shaft to contact a side of the diaphragm 1 closer to
the operating-fluid supply member 31 during a normal
operation.
[0085] The operating-fluid-flow regulation chambers 5
are provided to regulate the flow of operating fluid sup-
plied to the diaphragms 1, thereby preventing the dia-
phragms 1 from being excessively reciprocated over a
given reciprocating range. The detailed description on
this operation will be later described.
[0086] The description hereinbelow will be made for
the elements in one of the fluid delivery paths 10A, 10B
so that only one of the two elements for each function
will be discussed. Accordingly, the same description will
be applied to another fluid delivery path, unless a contrary
provision is made.
[0087] Shaft-support member 9 is provided between
the operating-fluid-flow regulation chamber 5 and the di-
aphragm drive chamber 2, which forms through-hole 9a
for communication of operating fluid. The valve-element
support member 6 also forms through-hole 6a for com-
munication of operating fluid.
[0088] In this embodiment, as illustrated in FIG. 3 and
other Figures, if gas such as air is mixed into operating
fluid, it is likely to stay in an uppermost region of the di-
aphragm drive chamber 2 and the operating-fluid-flow
regulation chamber 5, since the diaphragm drive cham-
ber 2 and the operating-fluid-flow regulation chamber 5
are formed. In order to properly discharge the gas from
the diaphragm drive chamber 2 and the operating-fluid-
flow regulation chamber 5, the gas discharge mechanism
20 is provided. Next, the structure of the gas discharge
mechanism 20 will be described with reference to FIG. 4.
[0089] FIG. 4 is an enlarged view of the gas discharge
mechanism of this embodiment. In the gas discharge
mechanism 20 of this embodiment, the operating-fluid-
flow regulation chamber 5 is provided with first gas-dis-
charge passage 21 (corresponding to a first gas dis-
charge member of the present invention), while the dia-
phragm drive chamber 2 is provided with second gas-
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discharge passage 22 (corresponding to a second gas
discharge member of the present invention), as illustrat-
ed in FIG. 4.
[0090] More specifically, the first gas-discharge pas-
sage 21 has first end 21a located in an upper part of the
inside of the operating-fluid-flow regulation chamber 5
closer to the operating-fluid conduit 35 than the valve
seat 4 (see FIG. 3), while the second gas-discharge pas-
sage 22 has first end 22a located in an upper part of the
inside of the diaphragm drive chamber 2 between the
diaphragm 1 and the valve seat 4 (see FIG. 3). These
discharge passages 21, 22 also have second ends 21b,
22b located closer to each other so as to be communi-
cated with communication member 24 formed by fluid-
discharge-adjusting member 25 and the operating-fluid
supply member 31. Also, first ball member 23 (corre-
sponding to a reverse-flow prevention member of the
present invention) rests on the second end 22b of the
second gas-discharge passage 22, and regulation mem-
ber 26 for regulating a lift amount or movable range of
the first ball member 23 is provided above the fist ball
member 23.
[0091] The fluid-discharge-adjusting member 25 has
first-adjustment-member-discharge passage 25a provid-
ed with second ball member 28 (corresponding to a ball
member of the present invention) for stopping outflow of
gas discharged from the communication member 24 or
discharging a given amount of gas discharged therefrom,
and is provided with adjustment valve 27 for regulating
a lift amount or movable range of the second ball member
28 and communicating gas discharged via the first-ad-
justment-member-discharge passage 25a.
[0092] The adjustment valve 27 has inside discharge
passage 27a and an outer circumference on which an
outwardly threaded portion is formed so as to be threaded
with the fluid-discharge-adjusting member 25. The lift
amount of the second ball member 28 is adjusted based
upon the screw-in depth of this adjustment valve 27. The
inside discharge passage 27a of the adjustment valve
27 is designed to be capable of being communicated with
second-adjustment-member-discharge passage 25b
formed in the fluid-discharge-adjusting member 25. The
second-adjustment-member-discharge passage 25b is
in turn communicated with gas discharge conduit 36 con-
nected with an operating-fluid storing member of the
drive-power supply member 40 (within the casing mem-
ber 50). Provided above the adjustment valve 27 of the
fluid-discharge-adjusting member 25 is protection cover
29, which is detachably attached over the adjustment
valve 27 or is provided so that it can be opened and
closed, for the adjustment of the adjustment valve 27.
[0093] Now, the description will be made for the func-
tion of the reciprocating pump in the normal operation
with reference to FIGS. 1-4.
[0094] In the reciprocating pump of this embodiment,
the electric motor 71 is first rotated so as to transmit ro-
tational power to the drive-power transmission shaft 41
via the gear member 72.

[0095] Then, the eccentric cam 42 is rotated by the
drive-power transmission shaft 41 so as to reciprocate
the first and second piston members 43, 44. Herein, the
first and second piston members 43, 44 are integrally
reciprocated by the single eccentric cam 42 according to
the above described structure. The reciprocating motions
of these piston members 43, 44 cause a given magnitude
of force and a directional pressure on operating fluid,
which is then fed/discharged to the conduits 35A, 35B
via the first and second supply ports 51, 52.
[0096] Then, the diaphragms 1A, 1B are reciprocated
at proper timings based upon the operating fluid circulat-
ing via the conduits 35A, 35B, thereby actuating the in-
flow-side check valve 33 and the outflow-side check
valve 34 so as to deliver a given fluid.
[0097] In the normal operation, the reciprocating pump
of this embodiment is capable of constantly delivering
fluid by repeated reciprocating motions of the dia-
phragms 1A, 1B by the operation of the respective ele-
ments as describe above. For coping with cracks or dam-
ages of the diaphragm 1 due to excessive pressure ap-
plied thereto via operating fluid from the drive-power sup-
ply member 40, or an excessive volume of operating fluid
supplied to the diaphragm drive chamber 2, resulting
from any defects, the operating-fluid-flow regulation
chamber 5 is provided in this embodiment, a concrete
explanation of which will be hereinbelow described.
[0098] The valve element 3 is moved along with the
diaphragm 1 by operating fluid flowing into the operating-
fluid supply member 31 via the operating-fluid conduit
35, in this embodiment. Therefore, when operating fluid
of a volume larger than that for the normal operation flows
into the operating-fluid supply member 31, not only the
diaphragm 1 but also the valve element 3 move towards
the diaphragm 1 due to excessive operating fluid. In this
embodiment, the valve element 3 is designed to be held
in contact with the valve seat 4 before the diaphragm 1
is cracked or suffered any other damages. The contact
of this valve element 3 with the valve seat 4 can achieve
a proper limitation of the supply of operating fluid to the
diaphragm drive chamber 2.
[0099] In this embodiment, as described above, the
valve element 3 is driven along with the diaphragm 1
according to the feed rate (pressure) of operating fluid,
and contacts the valve seat 4 according to needs so that
operating fluid to be distributed into the diaphragm drive
chamber 2 via the through-hole 9a of the shaft-support
member 9 can be shut off. Thus, pressure applied to the
diaphragm 1 via operating fluid can be properly limited.
[0100] The operating fluid thus properly limited by the
operating-fluid-flow regulation chamber 5 (or the valve
element 3 and the valve seat 4 constituting the chamber
5) has nowhere to flow. This operating fluid with nowhere
to flow is properly escaped by a relief mechanism (not
shown) between the drive-power supply member 40 and
the operating-fluid-flow regulation chamber 5, and then
returned to the casing member 50, which constitutes the
drive-power supply member 40, or any other place.
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[0101] The operating fluid restrained from flowing by
using the valve element 3 and the valve seat 4 also over-
flow from the first gas-discharge passage 21 provided in
the operating-fluid-flow regulation chamber 5. When the
second ball member 28 is pressed against the fluid-dis-
charge-adjusting member 25 with causing no clearance
therebetween by the adjustment valve 27 at this moment,
the operating fluid overflowed from the first gas-dis-
charge passage 21 is stored in the communication mem-
ber 24. In this embodiment, an upper end (the second
end 22b) of the second gas-discharge passage 22 is pro-
vided with the first ball member 23, so that operating fluid,
even if it has overflowed via the first gas-discharge pas-
sage 21, does not reversely flow into the second gas-
discharge passage 22.
[0102] Where a given clearance is set between the
second ball member 28 and the adjustment valve 27,
operating fluid overflowed to the first gas-discharge pas-
sage 21 is returned into such as the casing member 50
via the communication member 24, the first-adjustment-
member-discharge passage 25a, the inside discharge
passage 27a, the second-adjustment-member-dis-
charge passage 25b and the gas discharge conduit 36.
Also, in this case, the first ball member 23 provided on
the upper end (the second end 22b) of the second gas-
discharge passage 22 prevents operating fluid from re-
versely flowing into the second gas-discharge passage
22 in the same manner as above.
[0103] In this embodiment, for the diaphragm 1, which
is likely to receive excessive load due to any fault, the
valve element 3 and the like thus function to protect the
diaphragm 1, as described above.
[0104] Now, the description will be made for the dis-
charging operation of gas, which may intrude into the
diaphragm drive chamber 2 and the operating-fluid-flow
regulation chamber 5 of the reciprocating pump accord-
ing to this embodiment.
[0105] First, it is to be noted that the gas discharge
operation of the both chambers 2, 5 can be manually and
automatically made by means of the gas discharge
mechanism 20, which includes the fluid-discharge-ad-
justing member 25 and the like.
[0106] The manual gas discharge operation is made
in the following manner.
[0107] As illustrated in FIG. 4 and other Figures, for
the manual operation, the second ball member 28 is
pressed against the upper end of the first-adjustment-
member-discharge passage 25a by means of the adjust-
ment valve 27. In this pressing state, gas within the dia-
phragm drive chamber 2 and the operating-fluid-flow reg-
ulation chamber 5 is discharged respectively through the
second gas-discharge passage 22 and the first gas-dis-
charge passage 21 into the communication member 24
and then stored therein. In this stored state, the first ball
member 23, which is provided on the second gas-dis-
charge passage 22 with a given clearance (e.g., 1mm)
between the first ball member 23 and the regulation mem-
ber 26, is lifted up upon receiving the pressure of the

discharged gas, thereby enabling gas to be discharged
therethrough and stored in the communication member
24.
[0108] In this embodiment, a given clearance is pro-
vided between the second ball member 28 and the ad-
justment valve 27 by adjusting the screw-in depth of the
adjustment valve 27 and hence moving the adjustment
valve 27 upward, according to needs and more specifi-
cally if there arises a need to discharge gas. The thus
provided clearance can allow the second ball member
28 to be lifted up by the pressure of the discharged gas
within the communication member 24 and gas within the
diaphragm drive chamber 2 and the operating-fluid-flow
regulation chamber 5 to be properly discharged through
the first-adjustment-member-discharge passage 25a,
the inside discharge passage 27a, the second-adjust-
ment-member-discharge passage 25b and the gas dis-
charge conduit 36. Upon finishing the gas discharge op-
eration, the adjustment valve 27 is again screwed in so
as to set a clearance between the second ball member
28 and the adjustment valve 27 or lifting range, within
which the second ball member 28 can be lifted, at 0.
[0109] The arrangement with the second ball member
28 having a lifting range (the clearance between the ad-
justment valve 27 and the second ball member 28, or the
lifting range within which the second ball member 28 can
be lifted) usually set at "0" can secure a hermetically
sealed condition of the diaphragm drive chamber 2 and
the operating-fluid-flow regulation chamber 5 in a normal
operation, preventing leakage of gas and operating fluid
to the outside. Therefore, the reciprocating pump can be
driven in a condition allowing the pump to exhibit a max-
imum performance.
[0110] Also, as described above, it is enough to oper-
ate the single adjustment valve 27 for discharging gas
from the two difference places according to needs. This
arrangement makes the gas discharge (degasification)
operation easier than the conventional arrangement. The
gas discharge operation or the adjustment operation of
the adjustment valve 27 herein described is not basically
required to be made somewhat frequently, provided it is
made at the time of manufacturing the reciprocating
pump.
[0111] Now, the description will be made for the auto-
matic gas discharge operation.
[0112] For the automatic operation, it is necessary to
set each of the clearance L1 between the first ball mem-
ber 23 and the regulation member 26 (the lift range within
which the first ball member 23 can be lifted) (hereinafter
referred to "first lift amount"), and the clearance L2 be-
tween the second ball member 28 and the adjustment
valve 27 (the lift range within which the second ball mem-
ber 28 can be lifted) (hereinafter referred to "second lift
amount), which is the one as illustrated in chain double-
dashed line (phantom line), at a given clearance. Herein,
the "given clearance" is meant as a clearance which en-
ables gas discharged through the first and second gas-
discharge passages 21, 22 to be properly discharged
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therethrough without a substantial deterioration of the
pump discharge efficiency, as well as enables the recip-
rocating pump to be driven with suppressing pulsation.
This "given" clearance is therefore varied according to
the discharge rate of the pump and the like. For example,
the first lift amount L1 is preferably set at about 0.5mm-
2.0mm and more preferably about 1.0mm-1.5mm, while
the second lift amount L2 is preferably set at about
0.5mm-2.0mm and more preferably about 0.5mm-
1.0mm. In this embodiment, the regulation member 26
is of a fixed type and has the first lift amount L1 set at
about 1.0mm. Since the second lift amount L2 is variable
by the adjustment valve 27, it may be set to for example
about 1.0mm or a more proper value according to needs
so as to properly discharge gas without deterioration of
the pump discharge efficiency. In order to secure a prop-
erly and hermetically sealed condition while performing
a proper gas discharge operation, it may be necessary
to properly select materials from which the respective
ball members 23, 28 are formed. For example, the first
ball member 23 is preferably made of polypropylene or
any other material having a specific gravity being approx-
imate to that of operating fluid.
[0113] The arrangement with the first lift amount L1
and the second lift amount L2 thus set at given values
can allow gas to be properly and automatically dis-
charged (degasification or the like) via the first gas-dis-
charge passage 21, the second gas-discharge passage
22, the communication member 24, the first-adjustment-
member-discharge passage 25a and the inside dis-
charge passage 27a even if gas intrudes into the dia-
phragm drive chamber 2 and the operating-fluid-flow reg-
ulation chamber 5 in the normal operation thanks to the
ball members 23, 28 which can be lifted by given
amounts.
[0114] As described above, in this embodiment, there
is likelihood that not only gas but also operating fluid are
simultaneously discharged during the gas charge oper-
ation in either of the manual and automatic operations.
Discharging of operational fluid may deteriorate the pump
discharge efficiency and increase pulsation. In order to
avoid these problems, the auxiliary plunger mechanism
100 is provided in this embodiment to replenish the
amount of operating fluid discharged along with gas and
hence prevent the deterioration of the pump efficiency
during the degasification (see FIG. 1). Hereinafter, the
description will be made for the plunger mechanism 100
with reference to FIGS. 1, 5 and 6.
[0115] As illustrated in FIG. 1, in this embodiment, the
auxiliary plunger mechanisms 100A, 100B, which are lo-
cated near the first and second piston members 43, 44
with the eccentric cam 42 therebetween, have basically
the identical structure. Accordingly, the following descrip-
tion with reference to FIGS. 5 and 6 will be made only
for the auxiliary plunger mechanism 100A, which is lo-
cated at the left-hand side. In FIGS. 5 and 6, the symbol
"A" affixed to elements for representing the elements at
the left hand side will be omitted.

[0116] As described above, in the reciprocating pump
of this embodiment, a slight amount of operating fluid is
discharged along with gas during the gas discharge op-
eration. Therefore, the plunger mechanism 100 of this
embodiment adjusts a pressure magnitude applied to op-
erating fluid basically for the purpose of replenishing the
amount of operating fluid discharged and properly driving
the diaphragm 1.
[0117] FIGS. 5A and 5B are enlarged views of the aux-
iliary plunger mechanism subjected to the adjustment
and designed to replenish a given amount of operating
fluid, in which FIGS. 5A and 5B respectively illustrate the
auxiliary plunger at the start of and after the operation.
Herein, the "given amount" is meant as an amount which
enables the reciprocating pump to be operated with main-
taining proper pumping efficiency and pulsation state
even if operating fluid is discharged along with gas during
the gas discharge operation.
[0118] In FIGS. 5, the auxiliary plunger mechanism of
this embodiment includes operating-fluid pressure
means 110 and replenishing-amount adjustment means
120. The operating-fluid pressure means 110 in turn in-
cludes auxiliary plunger 111 to be pressed by pressure
member 115 attached to the first piston member 43,
plunger retaining member 112 by which the auxiliary
plunger 111 is slidably retained, spring retaining member
113 secured to the auxiliary plunger 111, and spring
member 114 mounted between the plunger retaining
member 112 and the spring retaining member 113 so as
to urge the auxiliary plunger 111 towards the eccentric
cam 42.
[0119] The replenishing-amount adjustment means
120 includes adjustment plunger 121 for adjusting the
operation time of the auxiliary plunger 111, adjustment-
plunger retaining member 122 by which the adjustment
plunger 121 is slidably retained, spring retaining member
123 secured to the adjustment-plunger retaining member
122, and spring member 124 mounted between the ad-
justment plunger 121 and the spring retaining member
123 so as to urge the adjustment plunger 121 towards
the operating-fluid pressure means 110 or towards the
eccentric cam 42.
[0120] The adjustment-plunger retaining member 122
has an outer circumference on which an outwardly
threaded portion is formed so as to be threaded with an
inwardly threaded portion formed on an inner circumfer-
ence of adjustment-means insertion member 125. Spe-
cifically, in this embodiment, the screw-in depth (screw-
in relationship) of the adjustment-plunger retaining mem-
ber 122 relative to the adjustment-means insertion mem-
ber 125 is adjusted so that the replenishing-amount ad-
justment means 120 can be moved in the direction of X
(see FIG. 5A). In this embodiment, distance t between
an end face of the auxiliary plunger 111 and an end face
of the adjustment plunger 121 can be easily adjusted.
[0121] In the auxiliary plunger mechanism of this em-
bodiment, a step of replenishing operating fluid is extend-
ed before the end face of the auxiliary plunger 111 con-
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tacts the end face of the adjustment plunger 121. That
is, the distance t between the end face of the auxiliary
plunger 111 and the end face of the adjustment plunger
121 regulates the amount of operating fluid to be replen-
ished. As described above, in this embodiment, the dis-
tance t (the operation time of the auxiliary plunger 111)
can be easily adjusted and therefore the replenishing
amount of operating fluid can also be easily adjusted.
[0122] As described above, FIG. 5A illustrates the aux-
iliary plunger 111 at the start of the operation, in which
the auxiliary plunger 111 is pressed by the pressure
member 115 in response to the motion of the first piston
member 43, and slides in the direction of P (see FIG.
5A). As illustrated in FIG. 5B, by the contact of the aux-
iliary plunger 111 with the adjustment plunger 121, the
auxiliary plunger 111 is brought into a state performing
no action on operating fluid or applying no pressure or
the like to operating fluid. Thus, the state with the plung-
ers 111, 121 contacting to each other represents the time
at which the drive of the auxiliary plunger 111 is finished.
[0123] That is, in the reciprocating pump of this em-
bodiment, the discharge rate of operating fluid for driving
the diaphragm is increased upon determination of the
clearance between the plungers 111, 121 so as to re-
plenish the amount of operating fluid discharged along
with gas during the gas discharge operation. That is, ac-
cording to the reciprocating pump of this embodiment,
the amount of operating fluid discharged along with gas
through the gas discharge mechanism 20 can be replen-
ished by means of the auxiliary plunger mechanism 100.
Therefore, the gas discharge operation can be manually
or automatically performed in a proper manner without
deterioration of the pump efficiency and occurrence of
pulsation in the normal operation.
[0124] With the above arrangement, when making the
amount of operating fluid discharged from the gas dis-
charge mechanism 20 equal to the amount of operating
fluid replenished by the auxiliary plunger mechanism
100, the reciprocating pump of this embodiment can se-
cure 100% of the pump efficiency. Also, in the arrange-
ment enabling the automatic gas-discharge operation
(having the first lift amount L1 and the second lift amount
L2 set at given amounts), air, which may intrude into the
operating-fluid-flow regulation chamber 5 during the op-
eration of the reciprocating pump, can be instantly dis-
charged to the outside of the pump without deterioration
of the operation efficiency.
[0125] With reference to FIGS. 5 and 6, the description
was made for the case where the auxiliary plunger mech-
anism 100 replenishes only the amount of operating fluid
discharged from the gas discharge mechanism 20. How-
ever, the present invention is not necessarily limited to
this arrangement. The amount of fluid to be replenished
by the auxiliary plunger mechanism 100 may be adjusted
corresponding to increase and decrease of operating flu-
id in difference portions. For example, in the reciprocating
pump, a slight amount of fluid may reversely flow into the
inflow-side in a short time before a checking ball rests on

the inflow-side valve seat. Also, there may cause dete-
rioration in efficiency of operating fluid due to compres-
sion of a slight amount of air remained in operating fluid,
variation or decrease in volume of operating fluid itself
under ultra-high pressure. In order to replenish the
amount of operating fluid corresponding to the flow rate
resulting from the reverse flow or deteriorated efficiency
of operating fluid, the auxiliary plunger mechanism may
be adjusted.
[0126] FIGS. 6A and 6B are enlarged views of the aux-
iliary plunger mechanism with its flow rate set at 0, re-
spectively illustrating the auxiliary plunger at the start of
and after the operation
[0127] The auxiliary plunger 111 and the adjustment
plunger 121, which have been adjusted in the manner
as illustrated in FIGS. 6, are basically driven by the pres-
sure member 115 attached to the first piston member 43
in the same manner as that described with reference to
FIGS. 5. However, in FIGS. 6, the difference lies in that
the auxiliary plunger 111 and the adjustment plunger 121
are so adjusted as to contact each other even before the
pressure member 115 contacts the auxiliary plunger 111
(see FIG. 6A). Specifically, by the adjustment of the
screw-in depth or relationship between the adjustment-
plunger retaining member 122 and the adjustment-
means insertion member 125, the replenishing-amount
adjustment means 120 is moved in the direction ofY (see
FIG. 6A) from the position as illustrated in FIG. 5A, or the
replenishing-amount adjustment means 120 (the adjust-
ment-plunger retaining member 122) is moved to such a
position as to enable the auxiliary plunger 111 to contact
the adjustment plunger 121.
[0128] Accordingly, the adjustment made in the man-
ner as illustrated in FIGS. 6 allows the auxiliary plunger
111 to be held in contact with the adjustment plunger 121
from the start of the operation of the auxiliary plunger 111
(FIG. 6A) to the end of the operation of the same (see
FIG. 6B). That is, the adjustment state as illustrated in
FIGS. 6 causes the distance between the end faces of
the auxiliary plunger 111 and the adjustment plunger 121
to be at 0, so that the auxiliary plunger 111 performs no
action on operating fluid.
[0129] As illustrated in FIGS. 5 and 6, the auxiliary
plunger mechanism of this embodiment can easily adjust
the operation time of the auxiliary plunger 111 when
needed. Therefore, in this embodiment, the replenishing-
amount adjustment means 120 is properly adjusted ac-
cording to the pumping performance, pulsation state and
the like of each reciprocating pump. As a result, it is pos-
sible to provide the reciprocating pump capable of oper-
ating with a high pumping efficiency, while effectively pre-
venting pulsation.
[0130] Moreover, the reciprocating pump of this em-
bodiment is provided with operating-fluid replenishing
valves 150A, 150B near the first and second piston mem-
bers 43, 44, as illustrated in FIG. 1. These operating-fluid
replenishing valves 150A, 150B are designed to supply
a proper amount of operating fluid to the diaphragm drive
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chambers 2 when the negative pressure is caused there-
in by the performance of the gas discharge mechanism
or the like, and therefore be capable of varying pressure
to be fed. According to this embodiment, the operating-
fluid replenishing valves 150A, 150B can start replenish-
ing operating fluid therethrough according to a given
pressure even if an excessive pressure is caused due to
any problem in each of the diaphragm drive chamber 2,
so that the reciprocating pump of this embodiment can
maintain a stabilized performance without deterioration
of the pump efficiency.
[0131] It is to be noted that the present invention is not
necessarily limited to this embodiment, but may be sub-
jected to various modifications without departing from the
spirit and scope of the present invention. For example,
while this embodiment was explained by taking for ex-
ample the case where a diaphragm is used at a portion
contacting a target fluid, the present invention is not nec-
essarily limited to this arrangement. Rather, the recipro-
cating pump may be made up by using a piston or plunger
at a portion contacting the target fluid.
[0132] FIG. 7 is an enlarged view of the gas discharge
mechanism as an constitutional element of the recipro-
cating pump according to a second embodiment. The
reciprocating pump of this embodiment as illustrated in
this Figure basically has the identical structure as that of
the above embodiment as illustrated in FIG. 4 and other
Figures except for a structure around inwardly threaded
portion 271 formed on the fluid-discharge-adjusting
member 25 for providing mainly the adjustment valve 27.
The reason for employing this structure will be described
in comparison with the above embodiment.
[0133] For the degasification operation in the gas dis-
charge mechanism as illustrated in FIG. 4 and other Fig-
ures at the time of starting-up the reciprocating pump,
the pressure of an operating-fluid replenishing valve,
which makes up the operating-fluid replenishing mech-
anism, is set as low as possible, and the pump is driven
with the lift amount of the adjustment valve 27 maximized.
By driving the pump in this condition, gas within the dia-
phragm drive chamber 2 and the operating-fluid-flow reg-
ulation chamber 5 is compressed by the drive power of
the drive-power supply member 40 and discharged
through the inside discharge passage 27a. Once the
pressures within the diaphragm drive chamber 2 and the
operating-fluid-flow regulation chamber 5 are lowered af-
ter gas has been discharged, operating fluid is replen-
ished thereinto via the operating-fluid replenishing valve.
The gas discharging operation and fluid filling operation
can be made at the time of starting-up the reciprocating
pump upon repeating this operation.
[0134] Where volume displacement per one rotation
of the reciprocating pump is small because the piston
members or the like have relatively smaller diameters, it
may take a long time (e.g., several tens of minutes) to
discharge the entire amount of gas. Also, the gas dis-
charge mechanism as illustrated in FIG. 4 and other Fig-
ures, which is designed to be capable of discharging gas

through the inside discharge passage 27a only until the
second ball member 28 contacts the end of the adjust-
ment valve 27 by the gas pressure, may pose a problem
that the inside discharge passage 27a is closed and
hence gas is not properly discharged, if the second ball
member 28 happens to contact the adjustment valve 27
due to any cause. Thus, the gas discharge mechanism
as illustrated in FIG. 4 and other Figures may not properly
discharge gas in a short time.
[0135] In order to address the above problem, the gas
discharge mechanism as illustrated in FIG. 7 has the in-
wardly threaded portion 271 for attaching the adjustment
valve 27, which is different in structure from the corre-
sponding portion as illustrated in FIG. 4 and other Fig-
ures. That is, in FIG. 7, the inwardly threaded portion 271
has upper part 271a and lower part 271b respectively
formed in different sizes or different inner diameters. Spe-
cifically, the lower part 271b of the inwardly threaded por-
tion 271 has an inner diameter sized and shaped so as
to be sealed by O-ring 27c mounted to the adjustment
valve 27, thereby preventing fluid such as gas from com-
municating between the adjustment valve 27 and the in-
wardly threaded portion 271. Also, the upper part 271a
of the inwardly threaded portion 271 has an inner diam-
eter sized and shaped so as to be capable of releasing
the sealing engagement of the O-ring 27c when the lift
amount of the adjustment valve 27 has been increased.
[0136] That is, with the gas discharge mechanism of
this embodiment as illustrated in FIG. 7, the adjustment
valve 27 can be adjusted so as to communicate fluid such
as gas between the adjustment valve 27 and the inwardly
threaded portion 271 according to needs. Therefore,
even if the inside discharge passage 27a has been
sealed by the contact of the second ball member 28 with
the adjustment valve 27, as illustrated in solid line of FIG.
7, gas or the like can be properly discharged through a
clearance between the adjustment valve 27 and the in-
wardly threaded portion 271, and discharge bypass pas-
sage 25c.
[0137] Also, with the above arrangement as illustrated
in FIG. 7, it is possible to forcibly discharge gas by ap-
plying the negative pressure to the gas discharge conduit
36 from the outside where the reciprocating pump has a
low pumping performance (gas discharge performance)
due to the smaller diameter of the piston members or the
like.
[0138] FIG. 8 is an enlarged view of the gas discharge
mechanism as a constitutional element of the reciprocat-
ing pump according to a different embodiment. The gas
discharge mechanism of FIG. 8 has basically the identical
structure as that of FIG. 7 except for ball members 231,
232 provided above the first gas-discharge passage 21
and the second gas-discharge passage 22.
[0139] With the arrangement as illustrated in FIG. 8, it
is not necessary to limit a material of the ball members
231, 232 to that having a specific gravity approximate to
that of operating fluid. Accordingly, ceramics or any other
materials having a specific gravity greater than that of
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operating fluid and high sphericity can be used. That is,
according to the arrangement with the ball members 231,
232 provided above the gas-discharge passages 21, 22,
for example, even if operating fluid has been overflowed
through the first gas-discharge passage 21, the ball
member 232 blocks a reverse flow, preventing operating
fluid from reversely flowing into the second gas-dis-
charge passage 22.
[0140] The gas discharge mechanism having the ar-
rangement with the ball members made of polypropylene
or the like as described with reference to FIGS. 4 and 7
is preferably applied to constitute a relatively low pres-
sure pump, while the gas discharge mechanism having
the arrangement with the ball members made of ceramics
as described with reference to FIG. 8 is preferably applied
to constitute a high pressure pump. That is, according to
the gas discharge mechanism of FIG. 8, which has the
ball members 231, 232 made of ceramics or the like hav-
ing a relatively great specific gravity provided above the
first and second gas-discharge passages 21, 22, a re-
verse flow can be properly prevented even for a high
viscous fluid.
[0141] FIGS. 9A and 9B are schematic cross sections
illustrating a check valve according to an embodiment of
the present invention. Specifically, FIG. 9A illustrates the
check valve with a valve element resting on a valve seat,
thereby closing a fluid passage, and FIG. 9B illustrates
the same with the valve element positioned away from
the valve seat, thereby opening the fluid passage.
[0142] As illustrated in FIGS. 9, the check valve of this
embodiment includes upper body member 311 and lower
body member 312 that together make up valve element
310, packing 313 mounted between the upper and lower
body members 311, 312, valve element 314, upper guide
member 315 and lower guide member 316 for guiding
this valve element 314, and urging member 317 such as
a spring mounted between the upper body member 311
and the upper guide member 315. The body members
311, 312 as constitutional elements of the check valve
respectively form communication passages 311A, 312A
for fluid communication.
[0143] In this embodiment, the lower guide member
316 is secured to the lower body member 312, while the
upper guide member 315 is attached to the upper body
member 311 via the urging member 317. When the thus
formed check valve lies in a closing state as illustrated
in FIG. 9A, the upper guide member 315 contacts the
lower guide member 316 (see a portion indicated by "S"
in FIG. 9A), thereby creating a given clearance t1 (see
FIG. 9A) between the upper guide member 315 and the
valve element 314.
[0144] When fluid is not supplied to the thus formed
check valve, the valve element 314 rests on valve seat
312B of the lower body member 312 so as to close the
communication passages 311A, 312A, as illustrated in
FIG. 9A. At this moment, as described above, the upper
guide member 315 is so designed to have the given clear-
ance t1 relative to the valve element 314, so that the

valve element 314 is not pressed against the valve seat
312B.
[0145] On the other hand, when fluid is supplied in the
check valve from the side of the lower body member 312,
as illustrated in FIG. 9B, the valve element 314 of the
check valve is moved away from the valve seat 3128 in
response to the applied pressure of fluid, as well as lifting
up the upper guide member 315 against the urging force
of the urging member 317 so as to open the communi-
cation passages 311A, 312A of fluid within the check
valve.
[0146] When fluid supply is stopped with the commu-
nication passages 311A, 312A of the check valve in the
opened state, the valve element 314 subsequently rests
on the valve seat 312B by its own weight and the urging
force of the urging member 317 due to the stoppage of
fluid supply. As a result, the communication passages
311A, 312A of the check valve are again closed. That is,
the check valve or its communication passages 311A,
312A are repeatedly brought into the closed state and
opened state in response to changes in the supplying
state or pressure state of fluid.
[0147] The check valve of FIGS. 9, which functions in
the above manner, produces desirable effects as men-
tioned below.
[0148] That is, in the check valve of this embodiment,
the valve element 314 is not forcibly pressed against the
valve seat 312B by the urging member 317 even during
the communication passages 311A, 312A are in the
closed state. Rather, the given clearance t1 is created
between the upper guide member 315 attached to the
urging member 317 and the valve element 314. There-
fore, the valve element 314 (spherical valve element) it-
self is easily rotated by fluid communicated therethrough
with the result that the surface of the valve element 314
is evenly worn out. As compared with this, a conventional
valve element, which is pressed against a valve seat by
an urging means, may be unevenly worn out.
[0149] Also, in this embodiment, the urging member
can be set to have a more strengthened urging force than
by a conventional member since the given clearance t1
is provided, enabling the valve element 314 to be rotated.
Thus, a check valve that exhibits a high response capa-
bility in closing operation can be provided. On the con-
trary, in the conventional arrangement, a given limit must
be applied to the urging force of the urging member so
as to suppress an uneven wear-out of the valve element,
and therefore the urging force of the urging member can-
not be strengthened as desired, which leads to deterio-
ration in responsibility in closing operation.
[0150] Furthermore, the check valve of this embodi-
ment can achieve constant fluid delivery even for a high
viscous fluid, thanks to a high response capability in clos-
ing operation.
[0151] FIGS. 10A and 10B are schematic cross sec-
tions illustrating the check valve according to a second
embodiment of the present invention. Specifically, FIG.
10A illustrates the check valve with a valve element rest-
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ing on a valve seat, thereby closing a fluid passage, and
FIG. 10B illustrates the same with the valve element po-
sitioned away from the valve seat, thereby opening the
fluid passage.
[0152] As illustrated in FIGS. 10, the check valve of
this embodiment includes valve body 320, valve element
324, upper guide member 325 for guiding this valve el-
ement 324, and urging member 327 such as a spring
mounted to the upper guide member 325. The valve body
320 of the check valve forms communication passage
320A for fluid communication.
[0153] In this embodiment, the urging member 327 is
mounted to the upper guide member 325 and is designed
to have a given clearance t2 relative to the valve element
324 (see FIG. 10A) during the check valve lies in the
closed state (during the valve element 324 rests on the
valve seat 320B) (see FIG. 10A).
[0154] In a similar manner as the check valve of FIG.
9, when no fluid is supplied through the check valve as
illustrated in FIGS. 10, the valve element 324 rests on
valve seat 320B so as to close the communication pas-
sage 320A, and the valve element 324 is not pressed
against the valve seat 320B by the urging member 327,
since it has the given clearance t2 relative to the valve
element 324.
[0155] On the other hand, when fluid is supplied
through the check valve, the valve element 324 of the
check valve is moved away from the valve seat 320B as
illustrated in FIG. 10B, in response to the applied pres-
sure of fluid, as well as bending the urging member 327
upward against the urging force of the urging member
327 so as to open the communication passage 320A with-
in the check valve.
[0156] When fluid supply is stopped with the commu-
nication passage 320A of the check valve in the opened
state, the valve element 324 subsequently rests on the
valve seat 320B by its own weight and the urging force
of the urging member 327. As a result, the communication
passage 320A of the check valve is again closed. That
is, the check valve of this embodiment is also repeatedly
brought into the closed state and opened state in re-
sponse to changes in the supplying state or pressure
state of fluid, in the same manner as the check valve of
FIGG. 9.
[0157] The check valve as illustrated in FIGS. 10 is
designed to make the urging member 327 contact the
valve element 324, while the given clearance t2 is pro-
vided between the valve element 324 and the valve seat
320B during the valve element 324 rests on the valve
seat 320B in the same manner as the aforesaid check
valve (see FIGS. 9). Therefore, the check valve of FIGS.
10 also produces the same desirable effects, in the same
manner as those in FIGS. 9.
[0158] In FIGS.10, any guide member for the valve el-
ement 324 is not provided near the valve seat 320B of
the valve body 320. However, the present invention is
not necessarily limited to this arrangement, and therefore
a guide member may be provided near the valve seat

320B according to needs.
[0159] FIG. 11 is a schematic cross section illustrating
the check valve according to a third embodiment of the
present invention, in which valve element 334 in broken
line is illustrated as being in such a position as to close
communication passage 330A by resting on valve seat
330B, and the valve element 334 in solid line is illustrated
as being in such a position as to open the communication
passage 330A by moving away from the valve seat 330B.
[0160] As illustrated in FIG. 11, the check valve of this
embodiment includes valve body 330, the valve element
334, upper guide member 335 for guiding this valve el-
ement 334, and coil member 339 mounted outside of the
valve body 330. The valve body 330 of the check valve
forms the communication passage 330A for fluid com-
munication.
[0161] In the check valve thus formed as illustrated in
FIG. 11, electromagnetic force, which acts on the valve
element 334, is generated by electric power supplied to
the coil member 339, so that the valve element 334 can
be forcibly moved (in the vertical direction in this embod-
iment as indicated by the arrow Y in FIG. 11) by properly
switching the polarity of the supplied electric power.
[0162] That is, the check valve of this embodiment is
made of a material which can be magnetized or attracted
by a magnetic force so that an electromagnetic force of
the coil member 339 mounted outside of the valve body
330 acts on the valve element 334. Therefore, by properly
controlling or reversing the polarity of the electric current
supplied to the coil member 339, it is possible to achieve
the check valve that exhibits a high response capability
in operation according to this embodiment. If a need aris-
es, a capacitor is provided in an electric power supply
line for the coil member 339 (an electromagnet) so as to
shorten the time for supplying electric current. As a result,
it is possible to provide the check valve that exhibits a
higher response capability.
[0163] That is, according to the check valve of this em-
bodiment, the valve element 334 can be forced to be
moved in the vertical direction without using an urging
member such as a spring, and is not pressed against the
valve seat 330B by supplying no electricity to the coil
member 339 during seating. Therefore, in the same man-
ner as that of the check valve of FIGS. 9 and 10, the
check valve of FIG. 11 can achieve a constant delivery
of fluid in an efficient manner even if it has a high viscosity,
while preventing an uneven wear-out of the valve ele-
ment 334.
[0164] It is to be noted that the reciprocating pump of
the present invention is not necessarily limited to the
structures as illustrated in FIGS. 1 to 7, and therefore
can employ the arrangements as illustrated in FIGS. 12
to 14, when needed. In the following description, the basic
structure is the same as that illustrated with reference to
FIGS. 1 to 7, so that corresponding or identical parts to
those of the embodiments have been given the same
reference characters, and therefore description will be
mainly made for different constitutional elements.
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[0165] FIG. 12 is an outline view illustrating a front side
of the reciprocating pump according to another embod-
iment of the present invention. FIG. 13 is an outline view
illustrating a lateral side of the reciprocating pump of FIG.
12. FIG. 14 is a schematic cross section taken along a
line A-A in FIG. 12. FIG. 15 is a schematic cross section
taken along a line B-B in FIG. 13.
[0166] The reciprocating pump as illustrated in FIGS.
12 to 15 has the identical structure as that of the recip-
rocating pump as described above except for an auxiliary
drive member provided so as to deliver fluid into a fluid
delivery chamber within the diaphragm drive chamber.
Therefore, the following description will be made mainly
for the auxiliary drive member.
[0167] As illustrated in FIGS. 14 and 15, the recipro-
cating pump of this embodiment includes fluid delivery
path 10 for delivering fluid by reciprocating the diaphragm
1, drive-power supply member 40 for supplying operating
fluid at a proper timing so as to drive the diaphragm 1,
drive member 70 for driving the eccentric cam 42 of the
drive-power supply member 40, and auxiliary drive mem-
ber 400 for delivering fluid to fluid delivery section 2a of
the fluid delivery path 10.
[0168] In this embodiment, the drive member 70 in-
cludes electric motor 71 for generating rotational motion,
and gear member 72 for transmitting rotational power
from this electric motor 71 to drive-power transmission
shaft 410. This drive-power transmission shaft 410 is de-
signed to supply rotational power to the eccentric cam
42, which constitutes the drive-power supply member 40,
and auxiliary eccentric cam 402, which constitutes the
auxiliary drive member 400. Specifically, the drive-power
transmission shaft 410 of this embodiment is constituted
by the integral arrangement of first shaft member 411 for
rotating the eccentric cam 42 and second shaft member
412 for rotating the auxiliary eccentric cam 402, as illus-
trated in FIG. 14.
[0169] The auxiliary drive member 400 includes the
auxiliary eccentric cam 402 mounted on the second shaft
member 412, which is drivingly rotated in the manner as
described above, and auxiliary diaphragms 401 (corre-
sponding to a first auxiliary diaphragm and a second aux-
iliary diaphragm of the present invention) for being driven
in response to the motion of the auxiliary eccentric cam
402. More specifically, the auxiliary drive member 400
includes auxiliary movable member 403 that is held in
contact with the auxiliary eccentric cam 402 so as to re-
ciprocate in a lateral direction in response to the rotation
of the auxiliary eccentric cam 402, and movable shaft
means (a first movable shaft 405 and a second movable
shaft 406) mounted on the auxiliary movable member
403 so as to reciprocate the diaphragms 1 in response
to the motion of the auxiliary movable member 403.
[0170] On the upstream side of the diaphragms 1 are
respectively provided inflow-side auxiliary check valves
430, which are opened and closed based upon the re-
ciprocating state of the diaphragms 1. In this embodi-
ment, in order to prevent an excessive amount (pressure)

of fluid from being delivered to the fluid delivery chamber,
auxiliary leak members 440 are provided, which are dis-
posed on the downstream sides of the check valves 430
and each include leak support member 441, closing
member 443 disposed closer to this leak support member
441 for opening and closing a fluid passage, and urging
member 442 such as a spring for urging the closing mem-
ber 443 into contact with the leak support member 441.
[0171] The thus formed reciprocating pump of this em-
bodiment will be operated in the following manner.
[0172] That is, in each of the fluid delivery paths of the
reciprocating pump as illustrated in FIGS. 12 to 15, fluid
is delivered into the fluid delivery section 2a not only by
the diaphragm 1, but also the auxiliary drive member 400.
More specifically, for example, the diaphragm 1 and the
auxiliary diaphragm means 401, which are placed in the
same fluid delivery path (e.g., those being placed in the
left hand side in FIG. 15), are so operated that when one
of them proceeds with a discharging step, another pro-
ceeds with a suction step.
[0173] FIGS. 16 illustrate pressure wave profiles of the
diaphragm 1 and the auxiliary diaphragm 401, in which
FIGS. 16A, 16B and 16C respectively illustrate a pres-
sure wave profile of the diaphragm 1, a pressure wave
profile of the auxiliary diaphragm 401 and those profiles
overlapped with each other.
[0174] In FIGS. 16, wave profiles in broken line and
solid line respectively represent those for the diaphragm
1 and the auxiliary diaphragm 401 in the same fluid de-
livery path. For example, the solid line represents the
diaphragm 1B (a right pump) and the auxiliary diaphragm
401B (a right pressure pump) located in the right hand
side in FIG. 15, while the broke line represents the dia-
phragm 1A (a left pump) and the auxiliary diaphragm
401A (a left pressure pump) located in the left hand side
in FIG. 15.
[0175] As described above, in this embodiment, the
discharging and sucking operations of the diaphragm 1
and the auxiliary diaphragm means 401 are alternately
and repeatedly performed so that when the diaphragm
1 proceeds with the sucking operation, the auxiliary dia-
phragm means 401 proceeds with the discharging oper-
ation. As a result, a necessary amount of fluid is properly
delivered to the fluid delivery section 2a.
[0176] When a high viscous fluid or the like is to be
delivered, a pump with only the diaphragm 1 driven may
not be able to suck a necessary amount of fluid and de-
liver the same to the fluid delivery section 2a due to a
high viscosity of the fluid, and hence may not achieve a
constant delivery. However, in this embodiment, even if
poor suction of fluid occurs due to driving of only the
diaphragm 1, the amount of fluid to be replenished to the
fluid delivery section 2a can be delivered by driving the
auxiliary drive member 400, thus achieving a constant
delivery of fluid in a proper manner.
[0177] In this embodiment, the auxiliary drive member
400 designed to properly replenish fluid is driven by the
drive member 70 as a driving source, which also drives
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the drive-power supply member 40. That is, according to
this embodiment, the auxiliary drive member 400 can be
achieved with omitting the necessity to use an additional
driving source.
[0178] Moreover, in this embodiment, the auxiliary leak
member 440 is actuated when the pressure on the down-
stream side of the inflow-side auxiliary check valve 430
has increased to a value greater than a given pressure
(e.g., 0.45MPa), so as to remove the closing member
443 from the leak support member 441. That is, adjust-
ment is made to the urging force of the urging member
442 so as to allow leakage of fluid when the pressure
within the fluid passage has been increased to a value
higher than a given pressure.
[0179] The above arrangement omits the possibility of
increasing the pressure within the fluid delivery section
2a to an unnecessarily high value, and therefore prevents
damages of the diaphragm 1 and the auxiliary diaphragm
401. A given pressure of the auxiliary leak member 440
is determined according to the constant rate of fluid,
which the diaphragm 1 delivers. That is, in the present
invention, consideration has bee made to avoid exces-
sive supply of fluid, and therefore it is possible to achieve
fluid delivery at a precisely controlled constant rate by
providing the auxiliary leak member 440.
[0180] It is a matter of course that the present invention
is not limited to this embodiment, and may be subjected
to various modification without departing from the spirit
and scope of the present invention.
[0181] For example, the reciprocating pump as illus-
trated in FIGS. 1-7 and that as illustrated in FIGS. 12-15
each are provided with plural check valves 33, 34, 430,
each of which is designed to have the valve element (ball
member) to be moved away from the valve seat to open
the communication passage by the fluid pressure and to
rest on the valve seat by its own weight along with de-
crease in fluid pressure, thereby closing the communi-
cation passage. The present invention is not necessarily
limited to this structure. For example, the reciprocating
pump may be made up by using the check valves as
illustrated in FIGS. 9-11 according to needs. In each of
these check valves, the valve body is forcibly moved to
the valve seat at the start of closing the communication
passage, so that each can exhibit a high response ca-
pability in closing operation. As a result, it is possible to
provide the reciprocating pump that has the above de-
sirable effects produced by the check valve, and more
specifically the reciprocating pump that is capable of de-
livering fluid at a precisely controlled constant rate, and
the reciprocating pump that can be used for a prolonged
period of time by the prevention of uneven wear-out of
the valve element.
[0182] Where the reciprocating pump is made up by
using the coil member 339 or utilizing the electromagnetic
force, as illustrated in FIG. 11, it is preferable to utilize
encoder 500 as illustrated in FIG. 17. Specifically, by us-
ing this encoder 500, it is possible to detect the timing at
which the valve element 334 rests on the valve seat within

the check valve or any other timing, and control the timing
at which an electric power is supplied to the coil member
339, the timing at which the polarity is reversed or any
other timing based upon the detected result. In this re-
gard, the timing at which the valve element rests on the
valve seat can be observed by, for example, detecting
the rotational positions of the drive-power transmission
shafts 41, 419.
[0183] Thus, it is possible to provide the reciprocating
pump equipped with the gas discharge mechanism that
is capable of properly and automatically discharging gas
without involving a troublesome work. Also, according to
the present invention, it is possible to provide the check
valve that is capable of securely closing the fluid passage,
while reducing local or uneven wear-out of the ball mem-
ber and the valve seat without priming fluid thereinto.
Also, it is possible to provide the reciprocating pump that
is capable of delivering fluid at a constant rate even if
fluid has a high viscosity.

Claims

1. A reciprocating pump for delivering fluid comprising:

a first diaphragm and a second diaphragm that
are reciprocated to deliver fluid;
diaphragm drive chambers respectively provid-
ed therein with said first and second dia-
phragms;
a drive-power supply member for supplying
drive power for reciprocating said first and sec-
ond diaphragms; wherein
said drive-power supply member includes a sin-
gle eccentric cam, and a first piston member and
a second piston member that are reciprocated
by the rotation of said single eccentric cam;
drive powers of said first and second piston
members are respectively transmitted to said
first and second diaphragms via operating fluid;
and
an auxiliary drive member is provided so as to
deliver fluid into fluid delivery sections respec-
tively provided within said diaphragm drive
chambers.

2. A reciprocating pump according to claim 1, wherein:

said auxiliary drive member includes a first aux-
iliary diaphragm and a second auxiliary dia-
phragm that are reciprocated so as to deliver
fluid, and
an auxiliary eccentric cam for reciprocating said
first and second auxiliary diaphragms; and
said auxiliary eccentric cam is rotated by means
of a drive-power transmission shaft for driving
said single eccentric cam.
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3. A reciprocating pump for delivering fluid comprising:

a first diaphragm and a second diaphragm that
are reciprocated to deliver fluid;
diaphragm drive chambers respectively provid-
ed therein with said first and second dia-
phragms;
a drive-power supply member for supplying
drive power for reciprocating said first and sec-
ond diaphragms;
said drive-power supply member including a sin-
gle eccentric cam, and a first piston member and
a second piston member that are reciprocated
by the rotation of said single eccentric cam;

wherein drive powers of said first and second piston
members are respectively transmitted to said first
and second diaphragms via operating fluid;
an auxiliary drive member provided so as to deliver
fluid into fluid delivery sections respectively provided
within said diaphragm drive chambers, said auxiliary
drive member including a first auxiliary diaphragm
and a second auxiliary diaphragm that are recipro-
cated so as to deliver fluid, and an auxiliary eccentric
cam for reciprocating said first and second auxiliary
diaphragms, and said auxiliary eccentric cam being
rotated by means of a drive-power transmission shaft
for driving said single eccentric cam;
check valves respectively provided on the upstream
side and downstream side of each of said first and
second diaphragms; and
each of said check valves including a valve body
having a fluid communication passage, a valve ele-
ment provided within said valve body so as to open
and close said fluid communication passage and an
urging member provided within said valve body so
as to apply urging force to said valve element, in
which said urging member is provided so as to urge
said valve element towards an inlet side through
which fluid flows, and a given clearance is created
between said valve element and said urging member
when said fluid communication passage has been
closed by said valve element.

4. A reciprocating pump for delivering fluid comprising:

a first diaphragm and a second diaphragm that
are reciprocated to deliver fluid;
diaphragm drive chambers respectively provid-
ed therein with said first and second dia-
phragms;
a drive-power supply member for supplying
drive power for reciprocating said first and sec-
ond diaphragms;
said drive-power supply member including a sin-
gle eccentric cam, and a first piston member and
a second piston member that are reciprocated
by the rotation of said single eccentric cam;

wherein drive powers of said first and second piston
members are transmitted to said first and second
diaphragms via operating fluid;
an auxiliary drive member being provided so as to
deliver fluid into fluid delivery sections respectively
provided within said diaphragm drive chambers, said
auxiliary drive member including a first auxiliary di-
aphragm and a second auxiliary diaphragm that are
reciprocated so as to deliver fluid, and an auxiliary
eccentric cam for reciprocating said first and second
auxiliary diaphragms, and said auxiliary eccentric
cam being rotated by means of a drive-power trans-
mission shaft for driving said single eccentric cam;
check valves respectively provided on the upstream
sides and downstream sides of each of said first and
second diaphragms; and
each of said check valves including a valve body
having a fluid communication passage and a valve
element provided within said valve body so as to
open and close said fluid communication passage,
in which electromagnet means is provided in at least
in or around said valve body, said valve element is
made of a magnetic material, and at least one of a
timing at which electricity is sent to said electromag-
net means and a timing at which the polarity of elec-
tricity sent to said electromagnet means is deter-
mined according to a timing at which said fluid com-
munication passage is opened and closed by said
valve element.
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