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(54) LIQUID PUMP
(57)  The invention is directed to provide a liquid

pump (lubricant circulation or lubricant supply pump)
that is capable of lubricating a machine or apparatus
even in a case that a passage supplying a liquid (lubri-
cant) is in a vacuum condition. To solve the above, the
invention is characterized in a liquid pump (lubricant
circulation or lubricant supply pump) for delivering a lig-
uid (lubricant) from a liquid storing portion (lubricant
storing portion) to a predetermined position of at least
one location, wherein at least one cylinder chamber is
formed inside of the pump, a piston is arranged to re-
ciprocate by a driving means in the cylinder chamber,
the cylinder chamber is communicated with a liquid (lu-
bricant) delivery port, so that the liquid (lubricant) dis-
charged into a fluid passage communicating with the
predetermined position of at least one location, the driv-
ing means is provided with a solenoid including an axial
portion all of which or at least a part of which is made of
a ferromagnetic substance and a solenoid coil that are
relatively movable to each other, the axial portion all of
which or at least a part of which is made of the ferro-
magnetic substance and the cylinder chamber are fixed
by a predetermined means.

FIG. 9
2 204
205
LS 2 [
] O—gj oﬁgo B\Szos
223—_| | 201

H—210e

B % / -
2ooioi \“\ / 208
—

| ——221

210

211—f—] L1
224 — 9 g % pi:io;s
+1+|/1 T 1 T TR
-

212
213— L1 — 222

' | [izm========]|[[]—216

207 L N e [~—~217
218

L
214—"] ¥
{ \250

Printed by Jouve, 75001 PARIS (FR)



1 EP 1 553 292 A1 2

Description
Technical Field

[0001] The present invention relates to a liquid pump
capable of forming a lubricating path completely isolated
from outside of the lubricating path by using a solenoid
and relates to a liquid pump having pluralities of pistons
and cylinder chambers movable relative to each other
in axial directions and a system using the same.

Background Art

[0002] Various pumps have been disclosed in back
ground arts for delivering a liquid from a certain portion
to other portion. As a condition of such a pump, a liquid
is operated not to leak. Further, there is also a case of
needing a condition that a liquid can be delivered from
a certain portion to other portion by a pertinent flow rate.
[0003] For example, there is a pump of a type using
a mechanism of a rotary pump as a lubricating appara-
tus for supplying a liquid. A rotary pump is a pump for
delivering a liquid by rotating a blade having a function
of a fan or a propeller with motor. Here, a "blade" is
formed in a shape of a vane having an angle which is
packed into a pump. By rotating the blade per se in a
liquid in a constant direction, a flow of the liquid in the
constant direction is produced and the liquid is made to
flow in the constant direction in a conduit.

[0004] There is other type of a shaft rotating type us-
ing a screw type blade. Further, there is also a liquid
pump using an auger or the like in a long spiral shape
used in boring instead of using a comparatively small
blade. According to the screw type shaft rotating pump,
a screw thereof is rotated at high speed. According to a
method of attaching the above-described rotary pump,
as shown by Fig.12, a liquid pump 3 is mounted to an
outer side of a liquid storing tank 1 via a shaft seal 2.
Fig. 12 shows a blade type liquidpump and a liquid is
delivered from a delivery port 7 by driving to rotate a
rotating shaft 5 of a blade 4 by a motor 6.

[0005] Further, according to a rotary vacuum pump, a
lubricant for a bearing or a gear is filled in a space ar-
ranged with the gear and by providing means for guiding
the lubricant to the gear or the bearing (for example,
splash plate), or arranging a portion of the gear to dip
into the lubricant, the lubricant is supplied to the bearing
or the gear by rotating the gear.

[0006] However, when the liquid pump having the
above-described structure is used, there poses a prob-
lem that the liquid is leaked to contaminate from be-
tween the rotating shaft and the shaft seal by sliding the
shaft seal 2 in rotating movement. Further, when wear
of the seal portion is progressed, there poses a problem
that an amount of leakage is increased and a motor con-
stituting a pump storing portion electrically moved is bro-
ken.

[0007] Further, when the liquid pump having the
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above-described rotating portion is used for circulating
a lubricant of a rotary vacuum pump having a structure
in which a bearing or a gear which needs to be lubricated
is arranged in vacuum, although not only the lubricant
for the bearing or the gear arranged at inside of a vac-
uum chamber needs to be prevented from being leaked
to outside of the vacuum pump but also outside air
needs to be prevented from being brought into the
pump, there is a possibility that the shaft seal wears by
driving to rotate the shaft seal, and leakage of the at-
mosphere into the vacuum chamber or leakage of the
lubricant to outside is increased. For example, when the
vacuum pump is used in a semiconductor fabricating ap-
paratus, there is a possibility that a clean room is con-
taminated by oil to significantly damage production of a
semiconductor plant. Further, when a large amount of a
lubricant is leaked, a sufficient amount of the lubricant
cannot be supplied and there is a possibility of destruct-
ing the bearing, the gear or the like.

[0008] As other problem, when a pressure of a bear-
ing portion is increased by delivering a large amount of
a lubricant, there is a possibility that a lubricant or oil
molecules are leaked into an exhaust chamber, further,
a vacuum chamber which is prohibited from being con-
taminated by oil. Further, when oil is circulated in vacu-
um, there poses a problem that not only outside air in-
vades inside of a lubricating path to effect adverse in-
fluence on sucking performance of a vacuum pump but
also a lubricant cannot be delivered by mixing with the
atmosphere. Further, when an amount of a lubricant to
be supplied is increased, there is a possibility that the
lubricant constitutes a resistance at the bearing portion,
the gear or the like, power consumption of the pump is
increased, heat generated at the bearing portion is in-
creased and the bearing is broken, and there also poses
a problem that when the amount is excessively small
conversely, a sufficient lubricating function cannot be
achieved.

[0009] Further, the rotary pump of the background art
needs to rotate at high speed in order to deliver the liquid
from a certain portion to other certain portion, the rotary
pump cannot be controlled to drive for delivering a small
amount of the liquid, finely controlling an amount to be
delivered, stopping the rotary pump for stopping a flow
of the liquid, swiftly increasing a rotational number for
delivering the liquid or for delivering the liquid intermit-
tently and a delicate control of flow rate for resolving the
problem is difficult.

[0010] When the liquid is supplied to a plurality of por-
tions, there also poses a problem that by only branching
the liquid supply path at one portion, the liquid is made
to flow to a portion easy to flow and the liquid cannot
firmly be supplied to the respective portions. Hence, al-
though it is conceivable to add an apparatus of distrib-
uting the supplied liquid to the plurality of liquid supply
portions, in that case, there poses a new problem that
a mechanism is complicated, expense is taken and an
installing location therefor is needed. Further, according
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to a general one of the above-described distributing ap-
paratus, there also poses a problem that when a lubri-
cating path is brought into vacuum, distribution is diffi-
cult.

[0011] Further, according to means for lubricating a
bearing or a gear of a vacuum pump of the background
art, there poses a problem that a rotating shaft or the
gear is dipped into oil and therefore, a resistance is con-
stituted thereby in rotating and power consumption is
increased.

Disclosure of the Invention

[0012] Theinvention is characterized in a liquid pump
for delivering a liquid from a liquid storing portion to a
predetermined position of at least one location, wherein
atleast a cylinder chamber for introducing the liquid from
the liquid storing portion is formed, a piston is arranged
at the cylinder chamber, the cylinder chamber is formed
with a liquid delivery port, and the piston includes driving
means for driving a cylinder in an axial direction in the
cylinder chamber. The piston of the cylinder chamber
may be arranged vertically or may be arranged horizon-
tally. Further, the piston and the cylinder chamber may
be arranged at inside of the liquid storing portion.
[0013] Theinventionischaracterized inthatthe piston
is inserted from one end of the cylinder chamber and
other end portion of the cylinder chamber is arranged
with the liquid delivery port. Although the delivery port
may be arranged at an endmost portion, by opening the
delivery port at a side face of the cylinder chamber at
which a vicinity of the endmost portion of the cylinder
chamber remains slightly, after closing the delivery port
of the cylinder chamber by the piston, the liquid stored
at the endmost portion of the cylinder chamber serves
as a cushion and it can be prevented that an end portion
of the piston and the cylinder chamber are brought into
contact with each other to be destructed or produce dust
and dirt.

[0014] The invention is characterized in that a pair of
the cylinder chambers are arranged at both ends of the
piston, the piston is inserted from one end of each of the
cylinder chambers, and other end of each of the cylinder
chambers is opened with the liquid delivery port. Al-
though when the cylinder chamber is arranged horizon-
tally, an influence on a projecting force by a gravitational
force is made to be difficult to be effected, the pair of
cylinder chambers may be arranged by changing an an-
gle thereof as necessary.

[0015] The invention is characterized in that sectional
shapes and/or lengths of the piston and the cylinder
chamber are optimized in accordance with an amount
of supplying the liquid in the piston and the cylinder
chamber. Further, the amount of supplying the liquid can
also be controlled further finely by partitioning the cylin-
der chamber into a plurality of chambers along an axial
direction and providing the pistons and projected ports
of the respective chambers in accordance with the
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shape of the cylinder chamber arranged with the plural-
ity of chambers.

[0016] Theinventionis characterized in that the piston
is inserted into the cylinder chamber and the cylinder
chamber is formed with a single or a plurality of the liquid
delivery ports. Such a constitution can also be achieved
by providing a plurality of portions enlarging axial sec-
tional areas at constant intervals in the axial direction.
[0017] The invention is characterized in that a struc-
ture of forming a single of a plurality of stages of stepped
portions at the cylinder chamber is constituted, the pis-
ton is formed by a shape to be substantially equal to a
shape of the cylinder chamber, and the liquid delivery
ports are arranged at the single or the plurality of re-
spective stepped portions formed at the cylinder cham-
ber are arranged.

[0018] Theinvention is characterized in that the single
or the plurality of stepped portions of the cylinder cham-
ber are formed to be substantially symmetrical in an ax-
ial direction, the piston is formed by a shape substan-
tially equal to shapes of the substantially symmetrical
stepped portions, and the single or the plurality of re-
spective stepped portions formed at the cylinder cham-
ber are formed with the liquid delivery ports.

[0019] The invention is characterized in that the cyl-
inder chamber is arranged with a member for forming
the single or the plurality of stepped portions substan-
tially symmetrically.

[0020] The invention is characterized in that relative
lengths in the axial direction and/or sectional areas or-
thogonal to an axis of the cylinder chamber and the pis-
ton are optimized in accordance with an amount of sup-
plying the liquid by a shape of a liquid storage formed
between the cylinder chamber and the piston. Further,
the amount of supplying the liquid can also be controlled
further finely by partitioning the cylinder chamber into a
plurality of chambers along the axial direction, and pro-
viding the piston and the delivery ports of the respective
chambers in accordance with the shape of the cylinder
chamber arranged with the plurality of chambers.
[0021] The invention is characterized in that the cyl-
inder chamber is provided with a liquid drawing hole. Al-
though the liquid drawing hole is connected to the liquid
storing tank, the liquid drawing hole may be made to
constitute a liquid delivery hole.

[0022] Theinvention is characterized in that a plurality
of structures each formed with the single or the plurality
of stages of stepped portions at the cylinder chamber
are arranged in series.

[0023] Theinventionischaracterized inthatpluralities
of the pistons and the cylinder chambers are provided
for single driving means.

[0024] The invention is characterized in that the driv-
ing means is constituted by a solenoid including a shaft
portion a total or a portion of which comprises a mag-
netic member and a solenoid coil capable of moving rel-
ative to each other, the shaft portion and the solenoid
coil isolated by a partition wall therebetween are brought
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into noncontract with each other, and the shaft portion
and the piston are cooperatively moved by predeter-
mined connecting means.

[0025] The invention is characterized in that a parti-
tion wall comprising a nonmagnetic member is used for
the partition wall. As a material of the partition wall, there
is brass, aluminum, stainless steel, ceramics, plastic
resin or the like.

[0026] The invention is characterized in a vacuum
pump using the solenoid as driving means, using the
liquid pump as a lubricant circulating or lubricant sup-
plying pump, and a portion needing to lubricate and a
lubricating path of an essential portion of delivering a
lubricant of the lubricant circulating or lubricant supply-
ing pump is hermetically sealed. As the vacuum pump,
there is a rotary type, a piston type or the like thereof.
[0027] The invention is characterized in an apparatus
having a rotating portion needing a lubricant to lubricate,
formed with a lubricant storing tank communicated to
the apparatus having the rotating portion to make the
lubricant flow thereto for storing the lubricant, and ar-
ranged with a lubricant circulating or lubricant supplying
pump and a supply path for supplying the oil to the pre-
determined portion from the lubricant storing tank. As
the apparatus having the rotating portion, there is a ro-
tary type vacuum pump, a reduction gear or the like.
[0028] The invention is characterized in that an es-
sential portion of delivering the lubricant of the lubricant
circulating or lubricant supplying pump is integrally
formed at inside of the lubricant storing portion.

[0029] The invention is characterized in that the lubri-
cant storing tank is arranged at a position at which the
lubricant of the apparatus having the rotating portion is
made to flow by a gravitational force.

[0030] The invention is characterized in that the liquid
pump is used as the lubricating or lubricant supplying

pump.
Brief Description of the Drawings
[0031]

Fig.1 is a view of connecting a liquid pump accord-
ing to a first embodiment of the invention as a pump
for circulating a lubricant of a vacuum pump or sup-
plying the lubricant thereto.

Fig.2 shows other embodiment of a piston portion
of the first embodiment.

Fig.3 is a view of connecting a liquid pump accord-
ing to a second embodiment of the invention as a
pump for circulating a lubricant of a vacuum pump
or supplying the lubricant thereto.

Fig.4 is a sectional view in a horizontal direction in
parallel with an axis of a liquid pump according to a
third embodiment of the invention.

Fig.5 is a sectional view in a vertical direction in par-
allel with the axis of the liquid pump according to
the third embodiment of the invention.
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Fig.6 is a sectional view of a piston and a cylinder
chamber of a liquid pump according to a fourth em-
bodiment of the invention.

Fig.7 is a sectional view of a piston and a cylinder
chamber of a liquid pump according to a fifth em-
bodiment of the invention.

Fig.8 is a sectional view of a piston and a cylinder
chamber of a liquid pump according to a sixth em-
bodiment of the invention.

Fig.9 is a view adapting the pump for circulating the
lubricant or supplying the lubricant of the first em-
bodiment to an oil lubrication circulating system of
a screw type vacuum pump.

Fig.10 shows an example of a lubricant circulating
pump of a background art.

Best Mode for Carrying Out the Invention

[0032] An explanation will be given of cases of using
a liquid pump according to the invention as a lubricant
circulating or lubricant supplying pump in reference to
the drawings as follows.

[0033] Fig.1 is a view of connecting the lubricant cir-
culating or lubricant supplying pump of the invention to
avacuum pump. In Fig.1, numeral 100 designates a first
embodiment of the lubricant circulating or lubricant sup-
plying pump according to the invention.

[0034] Numeral 101 designates a housing and inside
thereof is filled with a liquid 103. Numeral 102 desig-
nates a plunger comprising a magnetic member and a
base 104 comprising a magnetic member is provided to
a lower portion of the plunger 102. Numeral 105 desig-
nates a solenoid coil. An interval between the plunger
102 and a solenoid coil 105 comprising the magnetic
members is partitioned by the housing 101 and a non-
magnetic cylinder (partition wall) 109.

[0035] Further, a space for storing a lubricant is com-
pletely isolated from an outside atmosphere space by
sealing by O rings at the case 101, the nonmagnetic cyl-
inder 109 and the base 104 to prevent the lubricant from
flowing to outside and outside atmosphere from invad-
ing. A spring 106 is provided between the plunger 102
and the base 104, and when a magnetic force is not ex-
erted to the plunger 102 and the base 104, the plunger
102 and the base 104 are separated from each other.
When a current is made to flow to the solenoid coil 105,
the plunger 102 and the base 104 comprising magnetic
members magnetized, a suction force is exerted there-
between and the plunger 102 can be moved downward.
Therefore, by making the current flowing in the solenoid
coil ON/OFF, the plunger can be driven continuously in
an up and down direction. Coupling portions of a lower
end of the plunger 102 and an upper end of the portion
of the base are constituted by a taper shape in order to
achieve the large suction force regardless of a position
of the plunger 102. Further, when the plunger 102 and
the base 104 are brought into contact with each other,
the suction force is lost and therefore, in order to avoid



7 EP 1 553 292 A1 8

the contact, there is provided a contact preventing struc-
ture between the plunger 102 and the base 104 such
that a small gap can be produced necessarily therebe-
tween. In the case of the embodiment, there is provided
a catch stepped portion 108 for stopping to the move
the plunger 102 before bringing the plunger 102 and the
base 104 into contact with each other at an upper portion
of the plunger. A plate 122 integrated with the plunger
102 is fixed with a plurality of pistons 110.

[0036] The pistons 110 are arranged to be inserted
into a plurality of respective cylinder chambers 112. Fur-
ther, the cylinder chambers 112 are disposed in the lig-
uid. The cylinder chambers 112 are connected with
pipes 114, 115 for delivering the liquid. The pipes 114,
115 are connected to a vacuum pump 130 to deliver the
lubricant to the vacuum pump 130. The lubricant is
dropped from the vacuum pump 130 to a lubricant
chamber 150 (liquid storing portion). Therefore, since
the plunger 102 and the pistons 110 are integrally
moved, by making a power source of the solenoid coil
ON/OFF, the pistons 110 are reciprocated in the cylinder
chambers 112 and the liquid in the cylinder chambers
112 are continuously be discharged from the pipes 1.14,
115. The delivered liquid is prevented from returning to
the cylinder chambers by check valves 116, 117. There-
by, a rectified amount of the lubricant can also be sup-
plied firmly.

[0037] Further, when there is constructed a structure
in which a spring 118 is arranged at a portion of the pis-
ton 110 as shown by Fig.2, the plunger 102 only presses
the piston 110 and the piston is returned by the spring
118, it is not necessary to fixedly attach the piston 110
to the plunger 102.

[0038] The pipes 114, 115 communicate with lubricant
delivery ports 111.

[0039] The invention is characterized in that a shaft
portion a total or a portion of which comprises a ferro-
magnetic substance is divided and elastic means of the
spring 106 or the like is formed between divided portions
of the shaft portion. By constructing the constitution in
this way, the cylinder chamber can be moved by making
the power source of the solenoid coil ON/OFF. As the
ferromagnetic member, iron, cobalt, nickel or the like is
pointed out. Further, there is rubber or the like as elastic
means in place of the spring. Further, as the nonmag-
netic member, there is brass, aluminum, stainless steel,
ceramics, plastic resin or the like.

[0040] Although according to the example, an expla-
nation has been given of the case of the plurality of pis-
tons, the invention can naturally be embodied even in
the case of a single piston. Further, an amount of the
lubricant necessary for portions to be supplied can be
controlled by changing lengths in an axial direction of
the pistons and the cylinder chambers and/or axial sec-
tional areas thereof. In this case, when a number of con-
stituent parts is large in the axial direction, a dimensional
error or an attaching error in the axial direction is in-
creased and therefore, by constructing a constitution of
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making a stroke of the piston as long as possible, an
influence of the attaching error in the axial direction is
made to be difficult to be effected, a variation in the
amount of delivering the lubricant can be restrained fur-
ther accurately for a necessary amount and for the plu-
rality of pistons. Further, although according to the ex-
ample, the case and the nonmagnetic cylinder 109 as
well as the nonmagnetic cylinder 109 and the base 104
are sealed by O rings, the sealing can naturally be car-
ried out by bonding means capable of hermetically seal-
ing the intervals such as welding, adhering or the like.
Further, there is also a case in which when the plunger
and the housing portion brought into contact with the
plunger comprise the magnetic members, the plunger
and the housing are formed into permanent magnets by
the magnetic force to be difficult to be separated from
each other and therefore, it is preferable to construct a
constitution of interposing the nonmagnetic member of
at least 0.2 mm or more between the contact portions.
[0041] Next, a second embodiment of a lubricant cir-
culating or lubricant supplying pump of the invention will
be explained in reference to Fig.3.

[0042] Fig. 3 is other view of connecting a lubricant
circulating or lubricant supplying pump of the invention
to a vacuum pump.

[0043] Numeral 300 designates a second embodi-
ment of a lubricant circulating or a lubricant supplying
pump of the invention.

[0044] The lubricant circulating or lubricant supplying
pump of the second embodiment differs from the first
embodimentin that a plurality of pistons 310 are directed
to a side of a vacuum pump 320 and other constitution
thereof is the same as that of the first embodiment. Fur-
ther, by combining the first embodiment and the second
embodiment, there can be constituted a structure in
which cylinder chambers are arranged on both ends of
the pistons and the lubricant can be delivered even
when the plunger are moved in either of directions. In
this case, there can also be constituted an arrangement
in which the cylinder chambers and the pistons are
moved vertically relative to a gravitational force and in
that case, an influence of a delivery force of each cylin-
der chamber by the gravitational force can be dispensed
with.

[0045] Next, a third embodiment of the invention will
be explained in reference to Fig.4 and Fig.5.

[0046] Fig.4 is a sectional view in a horizontal direc-
tion in parallel with an axis of a liquid pump (lubricant
circulating or lubricant supplying pump) according to a
third embodiment of the invention. Fig.4 shows a state
in which a current is conducted to a solenoid coil 405
and a plunger 402 and a piston 410 fixedly thereto are
moved mostly to a side of a base by a magnetic force.
Fig.5 is a sectional view in a vertical direction in parallel
with the axis of the solenoid of the lubricant circulating
or lubricant supplying pump (liquid pump) according to
the third embodiment of the invention. Fig. 5 shows a
state in which a current is not made to flow to the sole-
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noid coil 405 and the plunger 402 and the piston 410
fixedly thereto are mostly remote from the base 404.
[0047] Numeral 402 designates a plunger comprising
a magnetic member arranged at inside of a housing 401
and there is the base 404 comprising a magnetic mem-
ber at an end portion of the plunger 402. Numeral 405
designates the solenoid coil. An interval between the
plunger 402 and the solenoid coil 405 comprising the
magnetic members is partitioned by a nonmagnetic cyl-
inder (partition wall) 419 and the base 404. An interval
between the nonmagnetic cylinder 419 and the base
404 are completely isolated by an 0 ring 403 and an in-
terval between the nonmagnetic cylinder 419 and a
member 409 fixedly to the housing 401 are completely
isolated by an O ring 418. Further, a lubricant stored at
an interval between the plunger 402 and the base 404
is returned to a drain, not illustrated, from a discharge
port 407 such that the lubricant does not constitute a
resistance in rocking the plunger 402. The lubricant in-
jected from the discharge port 407 can also be supplied
to a portion needing the lubricant by providing a check
valve and an oil introducing port.

[0048] There is a projecting portion 413 in a shape of
a circular disk at an end portion of an opposed side of
the plunger 402.

[0049] There is a spring 406 between the projecting
portion 413 and the member 409, and when the plunger
402 and the base 404 are not exerted with a magnetic
force, the plunger 402 and the base 404 are separated
from each other. Further, when a magnetic member is
used for the projecting portion 413, there is also a case
in which when the housing portion brought into contact
with the plunger 402 is constituted by a magnetic mem-
ber, the projecting portion 413 is formed into a perma-
nent magnet by the magnetic force to be difficult to sep-
arate therefrom and therefore, it is preferable that the
projecting portion 413 is constituted by a nonmagnetic
member of at least 0.2 mm or more. When a current is
made to flow to the solenoid coil 405, the plunger 402
and the base 404 comprising the magnetic members are
magnetized, a suction force is exerted to each other and
the plunger 402 can be moved in a direction of the base
404. Therefore, the plunger 402 can continuously be
driven by making the current flowing in the solenoid coil
405 ON/OFF. Coupling portions of an end portion of the
plunger 401 and an end portion of the base 404 are con-
stituted by a taper shape in order to achieve a sufficient
suction force regardless of a position of the plunger 402.
Further, when the plunger 402 and the base 404 are
brought into contact with each other, the suction force
is lost and therefore, in order to avoid the contact, a con-
tact preventing structure is provided between the plung-
er 402 and the base 404 such that a slight gap is nec-
essarily produced therebetween. In the case of the em-
bodiment, by bringing the projecting portion 413 in the
circular disk shape with the member 409, the plunger
402 is stopped to move before bringing the plunger 402
and the base 404 into contact with each other.
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[0050] The piston 410 is integrated with the plunger
402. The piston is provided with a portion 426 (bold por-
tion) at which a sectional area orthogonal to the axis is
increased at a middle portion thereof and a portion 427
at which a sectional area orthogonal to the axis is re-
duced at an end portion thereof. The piston 410 is in-
serted into a cylinder chamber portion 424 formed at a
cylinder chamber member 423. The cylinder chamber
portion 424 is constituted by a portion 426 (narrow por-
tion) having a sectional area substantially equal to that
of the portion 427 (slender portion) of the piston at which
the sectional area orthogonal to the axis is reduced at
an end portion thereof, a portion 429 (wide portion) hav-
ing a sectional area substantially equal to that of the por-
tion 426 of the piston 410 at which the sectional area
orthogonal to the axis is increased, and a portion 431 of
inserting a supplied lubricant storing space constituting
member (supplied liquid storing space constituting
member) 430. Further, a length in the axial direction of
the wide portion 429 is constituted to be longer than the
length in the axial direction of the bold portion 426 and
the lubricant stored in spaces 434 and 440 between the
piston 410 and the wide portion 429 is delivered from
lubricant supply ports 432 and 433. Numeral 441 des-
ignates a check valve for preventing the supplied lubri-
cant from flowing back. By constructing such a consti-
tution, the lubricant can be supplied by moving the pis-
ton in either sense of the axial direction. Further, an
amount of supplying the lubricant can be controlled by
changing a size of the space 434 or/and a width of a
relative space of axis sections of the cylinder chamber
portion 424 and the piston 410.

[0051] Further, an end portion of the cylinder chamber
portion 424 is opened with a lubricant drawing hole 435
to a drain such that by moving the piston 410 to the side
of the base 404 the lubricant stored at the narrow portion
428 does not constitute a resistance when the piston
410 is moved in a direction of being remote from the
base 404. Further, the lubricant from the drain is sup-
plied to the liquid pump from a supply port 436.

[0052] According to the liquid pump of the embodi-
ment, the portions filled with the lubricant by the O rings
403, 418, 437 and 438 or the like can completely be
sealed hermetically from outside air and a possibility of
contaminating outside by the lubricant can be re-
strained. Further, rocking portions of the plunger 402,
the piston 410 and the like are completely filled with the
lubricant and therefore, an impurity of a metal powder
or the like by wear by friction can be restrained from be-
ing produced and a failure by a metal wear powder or
the like can be reduced. Therefore, it is necessary to
use an axial seal at the rocking portion and a failure by
wear of the axial seal can also be eliminated. As an ex-
ample, when the liquid pump is used as a lubricant cir-
culating or lubricant supplying pump for a bearing or a
gear potion of a vacuum pump, there can hermetically
be sealed completely a portion of circulating the lubri-
cant in vacuum including a portion of driving the pump
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at which the problem of leaking the lubricant or the like
has been posed in the background art and therefore,
leakage of the lubricant or leakage of the atmosphere
to the vacuum portion can be prevented.

[0053] Further, by arranging the pluralities of the cyl-
inder chamber portions and the pistons to a single so-
lenoid in series or in parallel, the lubricant can be sup-
plied to a larger number of portions.

[0054] Next, a fourth embodiment of the invention will
simply be explained in reference to Fig.6. In Fig.6,
whereas in the third embodiment, the cylinder chamber
and the piston are provided with two stages of wide
width portions in sections orthogonal to the axis, three
stages of wide width portions are constituted therefor.
Further, also the lubricant drawing hole as the lubricant
drain can also be made to constitute a lubricant supply
port. Numeral 601 designates a cylinder chamber por-
tion, numeral 602 designates a piston, numeral 603 des-
ignates a supplied lubricant storing space constituting
member and numeral 604 designates a check valve for
preventing the supplied lubricant from flowing back. By
constituting in this way, lubricant supply ports 605 can
be provided at six locations.

[0055] By further increasing a number of the stages,
the lubricant can be supplied to a larger number of por-
tions per the single solenoid. Further, also by arranging
pluralities of cylinder chamber portions and pistons in
parallel to per single solenoid, the lubricant can be sup-
plied to a larger number of portions.

[0056] Fig.7 shows a fifth embodiment of the inven-
tion. Fig.7 shows a type of aligning a plurality of the con-
stitutions of the third embodiment of providing two stag-
es of the wide width portions to the cylinder chamber
and the piston at sections orthogonal to the axis in se-
ries. Numeral 701 designates a cylinder chamber por-
tion, numeral 702 designates a piston, numeral 703 des-
ignates a supplied lubricant storing space constituting
member and numeral 704 designates a check valve for
preventing the supplied lubricant from flowing back. By
constituting in this way, lubricant supply ports 705 can
be provided at six locations.

[0057] By further increasing a number of steps, the
lubricant can be supplied to a larger number of portions
per the single solenoid. Further, also by arranging plu-
ralities of cylinder chamber portions and the pistons in
parallel per the single solenoid, the lubricant can be sup-
plied to a larger number of portions.

[0058] Fig.8 shows a sixth embodiment of the inven-
tion. Fig.7 shows a type in which a center portion is slen-
der contrary to the fourth embodiment. Numeral 801
designates a cylinder chamber portion, numeral 802
designates a piston, and numeral 804 designates a
check valve for preventing the supplied lubricant from
flowing back. By constituting in this way, lubricant supply
ports 805 can be provided at six locations. Further, by
constituting such a structure, the piston is facilitated to
arrange to the cylinder chamber and is facilitated to
mount to the plunger, also an end portion may be sealed
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by covering the end portion by a flange 803 and a simple
structure can be constituted.

[0059] Fig.9 shows an embodiment of adapting the
liquid pump according to the first embodiment of the in-
vention to a lubricant circulating system of a vacuum
pump.

[0060] Numeral 200 designates a screw type vacuum
pump, numeral 250 designates a lubricant circulating or
a lubricant supplying pump of the invention. The screw
type vacuum pump 200 is provided with a pair of screw
rotors 201 and 202. The screw rotors 201, 202 are con-
tained in an exhaust side rotor containing chamber
formed at inside of a housing 203. Describing in details,
the screw rotor 201 is rotatably supported by the hous-
ing 203 by bearings 204 and 206, and the screw rotor
202 is rotatably supported by the housing 203 by bear-
ings 205 and 207. Further, seals 208, 209, 210 and 211
isolate the bearings 204, 205, 206 and 207 and an ex-
haust chamber 210e in the housing 203, prevent the lu-
bricant of the bearings 204, 205, 206 and 207 from leak-
ing into the housing 203, and prevent a foreign matter
from invading the bearings 204, 205, 206 and 207 from
the exhaust chamber 210e of the housing 203.

[0061] Further, end portions on one side of the screw
rotor 201 and the screw rotor 202 are fixed with timing
gears 212 and 213 for rotating other of the screw rotor
201 and the screw rotor in accordance with rotation of
one of the screw rotor 201 and the screw rotor 202 to
be brought in mesh with each other. Further, one end
portion of the screw rotor is integrally connected with a
motor 214.

[0062] The lubricant 217 is stored to a bottom portion
of a lubricant storing tank 216 in a lubricant circulating
or lubricant supplying pump 218 contiguous to a gear
chamber 215 containing the timing gears 212 and 213.
The lubricant storing tank 216 is arranged with the lubri-
cant circulating or lubricant supplying pump 218 accord-
ing to the invention, and the lubricant is supplied to the
bearings 204, 205, 206, 207 at four locations by deliv-
ering the lubricant to lubricant supply paths 221, 222,
223 and 224. Further, according to a vacuum pump hav-
ing a structure in which the gear chamber and the bear-
ing portion are brought into a vacuum state, by using a
lubricant supply system capable of forming the circulat-
ing paths of the lubricant including the pump portion ac-
cording to the invention into hermetically sealed spaces
completely, the lubricant can be prevented from being
leaked from the lubricant circulating pump drive portion
to outside and the atmosphere can be prevented from
leaking into the vacuum pump. Further, by using the lu-
bricant circulating pump of the invention, an amount of
supplying a liquid can easily be controlled from a small
amount. Further, by constituting a structure in which the
lubricant storing tank 216 is arranged on a lower side of
the gear chamber 215 in a gravitational force direction
and the lubricant of the gear chamber 215 is made to
flow to the lubricant storing tank 216 naturally by the
gravitational force, the rotating shaft and the gear are
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arranged not to dip to the lubricant, thereby, a resistance
by the lubricant can be eliminated to thereby save en-
ergy.

[0063] Further, although according to the example, an
explanation has been given of the screw type vacuum
pump, the invention is naturally applicable to a vacuum
pump of any type needing to lubricate a bearing, a gear
or the like regardless of a mechanism of vacuuming.

Industrial Applicability

[0064] As has been explained above, the liquid pump
according to the invention is the liquid pump for deliver-
ing the liquid to the predetermined position of at least
one location from the liquid storing portion, and is con-
structed by the constitution in which at least one cylinder
chamber introduced with the liquid from the liquid storing
portion is formed, the piston is arranged at the cylinder
chamber, the cylinder chamber is formed with the liquid
delivery port, and the driving means for driving the cyl-
inder in the axial direction in the cylinder chamber by the
piston is provided. Thereby, for example, a constant
amount and a small amount of the lubricant necessary
for a bearing, a gear or the like can firmly be supplied,
heat generation at a portion to be supplied therewith can
be restrained and power consumption of the apparatus
can be restrained to be low.

[0065] The liquid pump according to the invention is
inserted with the piston from one end of the cylinder
chamber, and the other end portion of the cylinder cham-
ber is arranged with the liquid delivery port. By consti-
tuting in this way, it is possible to deliver a small amount
of the liquid, to finely control an amount to be delivered,
stopping the liquid pump instantaneously to stop a flow
of the liquid, and control to drive to deliver the liquid in-
termittently.

[0066] The liquid pump according to the invention is
arranged with the pair of cylinder chambers at the both
ends of the piston, the piston is inserted from one end
of each cylinder, and other end of the cylinder chamber
is opened with the liquid delivery port.

[0067] By constituting in this way, the liquid can be
supplied to two locations per single piston.

[0068] According to the liquid pump of the invention,
in the piston and the cylinder chamber, the sectional
shapes and/or the lengths of the piston and the cylinder
chamber are optimized in accordance with the amount
of supplying the liquid. By constituting in this way, even
when a frequency of operating the piston stays the
same, the amount of supplying the oil can be controlled.
Further, even when pluralities of the cylinder chambers
and the pistons are operated by the same frequency,
the amounts of supplying the oil for the respective cyl-
inder chambers can be changed.

[0069] The liquid pump according to the invention is
inserted with the piston at inside of the cylinder chamber,
and the cylinder chamber is formed with a single or a
plurality of the liquid delivery ports. By constituting in this
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way, the liquid can be supplied to a plurality of portions
of two portions or more per single piston.

[0070] The liquid pump according to the invention is
constituted by a structure formed with a single or a plu-
rality of stages of the stepped portions at the cylinder
chamber, the piston is formed by a shape substantially
equal to the shape of the cylinder chamber, and the lig-
uid delivery paths are arranged at the single or the plu-
rality of stepped portions formed at the cylinder. By con-
stituting in this way, the liquid can be supplied to a plu-
rality of portions of two or more portions per the single
piston by a simple structure.

[0071] According to the liquid pump of the invention,
a single or a plurality of the stepped portions of the cyl-
inder chamber are formed substantially symmetrically
in the axial direction, the piston is formed in a shape
substantially equal to shapes of the substantially sym-
metrical stepped portions, and the liquid delivery ports
are formed at the single or the plurality of respective
stepped portions formed at the cylinder chamber. By
constituting in this way, the liquid can be supplied to a
plurality of portions of two portions or more per the single
piston by a simple structure.

[0072] According to the liquid pump of the invention,
a member for forming the single or the plurality of
stepped portions substantially symmetrically is ar-
ranged at the cylinder chamber. By constituting in this
way, after inserting the piston having the symmetrical
stepped portions at the cylinder, the liquid pump can
easily be integrated by arranging the member for form-
ing the stepped portions substantially symmetrically.
[0073] According to the liquid pump of the invention,
with regard to a shape of the liquid storage formed be-
tween the cylinder chamber and the piston, relative
lengths in the axial direction and/or sectional areas or-
thogonal to the axis of the cylinder chamber and the pis-
ton are optimized in accordance with the amount of sup-
plying the liquid. By constituting in this way, the amount
of supplying the oil can be controlled even when the fre-
quency of operating the piston is the same. Further,
even when pluralities of the cylinder chambers and the
pistons are operated by the same frequency, the
amounts of supplying the oil at the respective cylinder
chambers can be changed.

[0074] The liquid pump according to the invention is
provided with the liquid drawing hole at the cylinder
chamber. By constituting in this way, in driving the liquid
stored between the end portion of the piston and the cyl-
inder chamber by the piston, the liquid can be removed
such that the piston is not prevented from being moved.
[0075] According to the liquid pump of the invention
there are arranged a plurality of structures for forming a
single or a plurality of stages of the stepped portions at
the hollow portion of the cylinder chamber and gradually
increasing the sectional area orthogonal to the axis of
the stepped portions along the axial direction in series.
By constituting such a structure, the liquid can be sup-
plied to a plurality of potions of two portions or more per
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single piston by a simple structure.

[0076] According to the liquid pump of the invention,
pluralities of the pistons and the cylinder chambers are
provided per single driving means. By constituting in this
way, it is not necessary to provide a plurality of the driv-
ing means for moving pluralities of the pistons and the
cylinder chambers and a number of parts can be re-
duced.

[0077] According to the liquid pump of the invention,
the driving means is constituted by the solenoid includ-
ing the shaft portion a total of a portion of which com-
prises a magnetic member and the solenoid coil which
are movable relative to each other, an interval therebe-
tween is isolated by the partition wall to thereby bring
the shaft portion of the solenoid coil into a noncontact
state and the shaft portion and the piston are coopera-
tively moved by predetermined connecting means. By
constituting in this way, even when the shaft portion and
the piston constituting the portion of driving the liquid
pump are dipped in the liquid in a space which is her-
metically sealed completely, the shaft portion and the
piston can be operated by the solenoid coil in noncon-
tact and therefore, the liquid can be prevented from leak-
ing from the liquid piston pump. That s, by the invention,
a rotating shaft as in a rotating pump is dispensed with,
it is not necessary to rotate or slide the rotating shaft at
the O ring or the shaft seal portion for isolating the liquid
from the outside atmosphere and therefore, there is not
a possibility of leaking the liquid from shaft portion or
invading the lubricating path by the atmosphere when
the lubricating path is in vacuum.

[0078] According to the liquid pump of the invention,
as the partition wall, the partition wall comprising the
nonmagnetic member is used. By constituting in this
way, a magnetic field generated at the solenoid coil can
be made to pass only a plunger made of a magnetic
member and an attracting force between the plunger
and the base can be increased.

[0079] According to the vacuum pump of the inven-
tion, the solenoid is used as driving means, further, the
above-described liquid pump is used as the lubricant cir-
culating or lubricant supplying pump, and a portion
needing the lubricant and the lubricating path and an
essential portion of delivering the lubricant of the lubri-
cant circulating pump are hermetically sealed. By con-
stituting in this way, a portion lubricated by the lubricant
and the piston constituting a rocking portion of the lubri-
cant circulating pump and a portion of driving the piston
can be sealed hermetically, it is not necessary to seal
the rocking or/and rotating portion and a possibility of
leaking the lubricant can be reduced. Particularly, when
the lubricant circulating portion is disposed in vacuum,
a concern that the outer air invades from the seal of the
rocking or/and rotating portion to deteriorate a degree
of vacuum can be reduced as less as possible.

[0080] According to the lubricant circulating or lubri-
cant supplying pump of the invention, in the apparatus
having the rotating portion needing the lubricant for lu-
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bricating a bearing or the like, there is formed the lubri-
cant storing tank communicated with the apparatus hav-
ing the rotating portion for making the lubricant flow
thereto for storing the lubricant, and the lubricant circu-
lating or lubricant supplying pump and the supply path
for supplying the oil from the lubricant storing tank to a
predetermined portion of the bearing, the gear or the like
are arranged. By constituting in this way, the rotating
shaft, the gear or the like is not dipped in the lubricant,
the resistance in driving can be reduced, and conserva-
tion of energy can be achieved. As apparatus having
such a constitution, there are the rotary type vacuum
pump, the reduction gear and the like.

[0081] The apparatus having the rotating portion ac-
cording to the invention is characterized in that the es-
sential portion for delivering the lubricant of the lubricant
circulating or lubricant supplying pump is integrally
formed at inside of the lubricant storing tank. By consti-
tuting in this way, it is not necessary to provide means
for supplying the oil to the lubricant circulating or lubri-
cant supplying pump, and also a space of arranging the
lubricant circulating or lubricant supplying pump can be
reduced.

[0082] The apparatus having the rotating portion ac-
cording to the invention is arranged at the position at
which the lubricant of the apparatus in which the lubri-
cant storing tank is provided with the rotating portion
flows by the gravitational force. By constituting in this
way, it is not necessary to provide complicated means
for returning the lubricant to the lubricant storing tank.
[0083] The apparatus having the rotating portion ac-
cording to the invention uses the liquid pump according
to anyone of Claims 1 through 15 as the lubricant circu-
lating or lubricant supplying pump. By constituting in this
way, a simple structure can be constituted.

Claims

1. A liquid pump characterized in a liquid pump for
delivering a liquid from a liquid storing portion to a
predetermined position of at least one location,
wherein at least a cylinder chamber for introducing
the liquid from the liquid storing portion is formed,
apiston is arranged at the cylinder chamber, the cyl-
inder chamber is formed with a liquid delivery port,
and the piston includes drivingmeans for driving a
cylinderin an axial direction in the cylinder chamber.

2. The liquid pump according to Claim 1, character-
ized in that the piston is inserted from one end of
the cylinder chamber and other end portion of the
cylinder chamber is arranged with the liquid delivery
port.

3. The liquid pump according to Claim 1 or 2, charac-
terized in that a pair of the cylinder chambers are
arranged at both ends of the piston, the piston is
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inserted from one end of each of the cylinder cham-
bers, and other end of each of the cylinder cham-
bers is opened with the liquid delivery port.

The liquid pump according to Claim 2 or 3, charac-
terized in that sectional shapes and/or lengths of
the piston and the cylinder chamber are optimized
in accordance with an amount of supplying the lig-
uid in the piston and the cylinder chamber.

The liquid pump according to Claim 1, character-
ized in that the piston is inserted into the cylinder
chamber and the cylinder chamber is formed with a
single or a plurality of the liquid delivery ports.

The liquid pump according to Claim 5, character-
ized in that a structure of forming a single of a plu-
rality of stages of stepped portions at the cylinder
chamber is constituted, the piston is formed by a
shape to be substantially equal to a shape of the
cylinder chamber, and the liquid delivery ports are
arranged at the single or the plurality of respective
stepped portions formed at the cylinder chamber
are arranged.

The liquid pump according to Claim 6, character-
ized in that the single or the plurality of stepped
portions of the cylinder chamber are formed to be
substantially symmetrical in an axial direction, the
piston is formed by a shape substantially equal to
shapes of the substantially symmetrical stepped
portions, and the single or the plurality of respective
stepped portions formed at the cylinder chamber
are formed with the liquid delivery ports.

The liquid pump according to Claim 7, character-
ized in that the cylinder chamber is arranged with
a member for forming the single or the plurality of
stepped portions substantially symmetrically.

The liquid pump according to any one of Claims 5
through 8, characterized in that relative lengths in
the axial direction and/or sectional areas orthogonal
to an axis of the cylinder chamber and the piston
are optimized in accordance with an amount of sup-
plying the liquid by a shape of a liquid storage
formed between the cylinder chamber and the pis-
ton.

The liquid pump according to any one of Claims 5
through 9, characterized in that the cylinder cham-
ber is provided with a liquid drawing hole.

The liquid pump according to any one of Claims 5
through 10, characterized in that a plurality of
structures each formed with the single or the plural-
ity of stages of stepped portions at the cylinder
chamber are arranged in series.
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13.

14.

15.

16.

17.

18.

19.
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The liquid pump according to any one of Claims 1
through 11, characterized in that pluralities of the
pistons and the cylinder chambers are provided for
single driving means.

The liquid pump according to any one of Claims 1
through 12, characterized in that the driving
means is constituted by a solenoid including a shaft
portion a total or a portion of which comprises a
magnetic member and a solenoid coil capable of
moving relative to each other, the shaft portion and
the solenoid coil isolated by a partition wall there-
between are brought into noncontract with each
other, and the shaft portion and the piston are co-
operatively moved by predetermined connecting
means.

The liquid pump according to Claim 13, character-
ized in that a partition wall comprising a nonmag-
netic member is used for the partition wall.

A vacuum pump characterized in that the liquid
pump according to Claim 13 or 14 is used as a lu-
bricant circulating or a lubricant supplying pump,
and a portion needing to lubricate and a lubricating
path of an essential portion for delivering a lubricant
of the lubricant circulating or the lubricant supplying
pump are hermetically sealed.

An apparatus having a rotating portion character-
ized in an apparatus having a rotating portion need-
ing a lubricant to lubricate the rotating portion,
wherein a lubricant storing tank for storing the lubri-
cant communicating with the apparatus having the
rotating portion to make the lubricant flow thereto is
formed, and a lubricant circulating or a lubricant
supplying pump and a supply path for supplying the
oil from the lubricant storing tank to a predetermined
portion needing to lubricate are arranged.

The apparatus having a rotating portion according
to Claim 16, characterized in that an essential por-
tion for delivering the lubricant of the lubricant cir-
culating or lubricant supplying pump is integrally
formed at inside of the lubricant storing tank.

The apparatus having a rotating portion according
to Claim 16 or 17, characterized in that the lubri-
cant storing tank is arranged at a position at which
the lubricant of the apparatus having the rotating
portion is made to flow by a gravitational force.

The apparatus having a rotating portion according
to any one of Claims 16 through 18, characterized
in that the liquid pump according to any one of
Claims 1 through 14 is used as the pump.
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