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@ Electromagnetic oscillation pump.

@ An electromagnetic oscillation pump comprising a pipe-
like oscillating member (22) freely expansible in the axial
direction thereof and through which a liquid is fed, a
movable valve (33) arranged inside the intermediate portion
(28) of the oscillating member, an armature (35) fixed around
the intermediate portion of the oscillating member, a
solenoid (36) attached to a framework and enclosing the
armature, and a ring-shaped permanent magnet (43)
arranged adjacent to the solenoid, wherein the armature is
driven in a direction by the electromagnetic force of the
solenoid and the solenoid-driven armature is returned from
its driven position in the reverse direction by the drawing
force of the permanent magnet.
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Electromagnetic oscillation pump

The present invention relates to an electromagnetic
oscillation pump comprising a pipe-like oscillating
member provided with a pair of expansible portions
and an intermediate portion interposed between these
expansible portions, a valve arranged inside the inter-
mediate portion, an armature fixed around the intermediate
portion, and a solenoid, wherein the oscillating member
with the armature fixed therearound is oscillated by
the electromagnetic force of the solenoid in a direction
along an axial line to pump a liguid therethrough.

In the case of this type pump in which the armature
is drawn to drive the oscillating member in one direction
along the axial line when the solenoid is excited,

a return spring is employed to return the oscillating
member from its driven position to its original position.
A coil or leaf spring is used as this return spring and
arranged outside the oscillating member with its one

end attached to a frame while with its other end to

the oscillating member. A publicly well-known pump

of this type is disclosed by US Patent 3,136,257.

However, the pump of this type has various problems
because the above-mentioned spring is used. Namely,
the oscillating member is oscillated at relatively
high speed and the spring is therefore liable to be
broken because of repeating stress, thus making it
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necessary to do the troublesome work of exchanging

the broken spring with a new one every time when the
spring is broken. Further, the spring must be attached
and fixed reliably enough to the frame and oscillating
member and if not, the attached or fixed ends of the
spring will become loose and detached at the time of
high speed oscillation. This makes the spring-attaching
work very troublesome and asks considerable attention

to be paid to the shape and design of the attaching ends
of the spring. Therefore, the portions to which the
spring is attached become complicated in construction
and the assembly is very troublesome with many attaching
parts needed. Furthermore, the spring must have a
certain length in the axial direction, thus preventing
the whole of the pump from being small-sized. When the
pump is used at the film-developing site to feed the
developer, the spring employed as a mechanical part

is quickly corroded under this atmosphere. The fixed
portions of the spring can be easily coated to prevent
its corrosion, but it is difficult to apply such coating
process to the movable portion of the spring. This

may be solved by using a spring made of anti-corrosion
material, but its cost becomes high.

The present invention is therefore intended to
eliminate the above-mentioned drawbacks and the object
of the présent invention is to provide an electromagnetic
oscillation pump highly durable and reliable in operation,
simple in construction, easy in assembly, small in size
and low in cost.

In order to achieve this object, the present
invention employs not the mechanical coil or leaf spring
but the drawing force of a permanent magnet. Namely,
the magnet is arranged in a manner to correspond to
an armature on the oscillating member and after the
armature is drawn and driven by the electromagnetic
force of a solenoid, it is returned to its original

position by the drawing force of the permanent magnet.
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The pump of the present invention thus arranged can
solve the above-mentioned problems caused when the
mechanical return spring is used, and also can achieve
excellent operation and effects which could not be
attained by the conventional pumps.

This invention can be more fully understood from
the following detailed description when takin in
conjunction with the éccompanying drawings, in which:

Fig. 1 is a longitudinally-sectioned viéw showing
a first embodiment of an electromagnetic oscillation
pump according to the present invention.

Fig. 2 shows the right side end of the first
embodiment shown in Fig. 1.

Fig. 3 is a sectional view taken along the line 3-3
in Fig. 1.

Fig. 4 shows how the solenoid and permanent magnet
act.

Fig. 5 is a longitudinally-sectioned view showing
a second embodiment of an electromagnetic oscillation
pump according to the present invention.

Figs. 1 through 4 show a first embodiment of
an electromagnetic oscillation pump according to the
present invention, in which a pump 10 has an end
member 12 provided with an inlet 11 and connected to
an external pipe 15 shown by a two-dot and dash line
in Fig. 1, and another end member 14 provided with
an outlet 13 and connected to an external pipe 16
shown by a two-dot and dash line in Fig. 1. Liquid
such as water and medical liquid is fed from a tank
(not shown) into the inlet 11 through the pipe 15
as shown by an arrow A and discharged through the
outlet 13 into the pipe 16 in a direction shown by an
arrow B to be used at an appropriate section (not shown).
The end members 12 and 14 are fixed by means of plural
bolts 19 and 20 to their respective rectangular frames 17
and 18, respectively. A casing 21 is sandwiched between
these frames and fixed integral to the frame 18 by the
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bolts 20.
casing 21 form a pump framework.

These end members 12, 14, frames 17, 18 and

End portions 23 and 24 of a pipe-like oscillating
member 22 are fixed to the frames 17 and 18 of the pump
framework, respectively. These fixation are achieved
by pressing flanges of said end portions to the frames
17 and 18, respectively. The end portions of said
oscillating member 22 are communicated with the inlet 11
and outlet 13, respectively. Therefore, liquid to be
fed through the pump flows through the oscillating
member 22 along an axial line 25 shown by a dot and
dash line in Fig. 1. The oscillating member 22 has
a pair of expansible portions 26 and 27 continuous
from its end portions, and an intermediate portion 28
between these expansible portions. The oscillating
member 22 is made integral of a resilient material
such as rubber. The expansible portions 26 and 27 are
formed in bellows shape in the case of this embodiment
and the expanding and contracting movement of these
expansible portions along the axial line 25 causes
the intermediate portion 28 to be oscillated in the
direction of axial line 25. The oscillating member 22
is symmetrical on both sides of the center of said

intermediate portion 28, which is positioned in the

center of the pump or pump

The pump framework is
support plate 30, which is
work by means of screws 29
thereof by springs 32 from
Therefore, the oscillation
absorbed by the springs 32
to the base plate‘3l.

framework.

supported by a floating
attached to the pump frame-
and suspended at both ends
a fixed base plate 31.

of the operating pump is
and not transmitted directly

A valve 33 made of same material as that of the

intermediate portion 28 is

mediate portion 28 of said

arrandged inside the inter-

oscillating member and made

integral to the intermediate portion 28 at its axial

portion 33a, with its wing portion 33b usually
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press-contacted with the inner circumferential wall of
the intermediate portion 28 to stop the flow of liquid.
When liquid pressure becomes different on both sides
of the valve 33 or higher on the upper or left side

of the valve 33 in Fig. 1, however, the wing portion
33b is resiliently deformed as shown by a two-dot and
dash line, allowing liquid to flow. This valve 33 is
moved integral to the intermediate portion 28 and will
be hereinafter referred to as movable valve.

A sleeve- or cylinder-shaped armature 35 is fixed
around the outer circumference of the intermediate
portion 28 and along the whole length thereof. The
armature is therefore moved integral to the intefmediate
portion 28 and will be hereinafter referred to as
movable armature.

A solenoid 36 is arranged concentric with the
armature and in the center of the framework, enclosing
the movable armature 35. The solenoid 36 is connected
through a line 37 to a commercially available external
AC power supply (not shown), and a half-wave rectifier
or diode 38 is arranged to another line. Since direct
current half-wave-rectified is therefore supplied to
the solenoid 36, the armature 35 is drawn along the
axial line 25 only in one direction (or in the right
or liquid-flowing direction in Fig. 1) when the solenoid
is excited, thus enabling so-called electromagnetic
drive of DC solenoid type to be achieved. When the
solenoid 36 is excited, effective drawiné force is
caused particularly between the armature 35 and a
slanted surface 3%9a formed on a yoke 39 for the
solenoid. Another yoke 40 for the solenoid 36 is
formed in L-shape to guide the armature 35 in the
axial direction and provided with an auxiliary guide 41.

A valve 42 having same construction as that of
the movable valve 33 is arranged inside the end member
14 positioned on the side of the outlet 13. This is

a fixed valve not movable in the axial direction but
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cooperative with the movable valve 33 to define a
pumping chamber therebetween and to forcedly feed
liquid, thus enabling a pump of self-supply type to
be formed.

A permanent magnet 43 is arranged in the framework
along the axial line and adjacent to the solenoid 36.
This magnet 43 is ring=- or cylinder-shaped as shown
in Fig. 3 and arranged concentric with and around the
movable armature 35. The magnet 43 has a pair of left
and right yokes 44 and 40 to converge its flux, and
the yoke 40 is common to the solenoid 36. This is made
possible by juxtaposing the magnet 43 with the solenoid
36 on one side thereof without any clearance interposed
therebetween. However, it may be arranged as a variation
that the permanent magnet 43 is separated a little from
the solenoid 36 and has a pair of its exclusive yokes.

The permanent magnet 43 serves to return the
armature 35 from its driven position to its original
position shown in Fig. 1 after the armature is drawn
and driven by the electromagnetic force of the solenoid
36. The magnet 43 therefore makes it unnecessary to
employ the conventional mechanical return spring. The
drawing force with which the armature 35 is drawn by
the solenoid 36 is set to have a practical value about
twice that of the permanent magnet, and the drawing
force of the solenoid can be therefore obtained as
desired even if the drawing force of the permanent
magnet 43 usually acts on the armature 35.

Practically, the drawing and driving action of
the solenoid 36 and the drawing and returning action
of the permanent magnet 43 are alternately acted on
the armature 35, thus enabling the armature 35 to be
oscillated together with the intermediate portion 28
at high speed along the axial direction. The movable
valve 33 is also cooperated at the same time to pump
liquid out of the pumping chamber defined between the

movable and fixed valves 33 and 42.
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Fig. 4 shows the directions in which the armature
35 is drawn by the solenoid 36 and permanent magnet 43
and the directions in which their lines 45 and 46 of
magnetic force flow. It should be noted that the line
of magnetic force generated when the solenoid 36 is
excited generates a strongest flux between both of
yokes 39 and 40 but that leaking fluxes are generated
as shown by two-dot and dash lines 47 between both of
yokes 40.and 44 because the adjacent permanent magnet
43 and yoke 44 are magnetic materials and effect same
action as that of the solenoid yokes. In addition,
the direction of the leaking fluxes is reverse to the
direction in which the line 46 of magnetic force of
the permanent magnet 43 is directed. Namely, when the
solenoid 36 effects its drawing and driving force, the
magnetic energy of the permanent magnet 43 with which
the drawing force is generated in the direction D is
reduced by that of the leaking fluxes of the solenoid
36. This is a preferable effect but can be achieved
in the case under which the magnetic pole of the
permanent magnet 43 is arranged as shown in Fig. 4.

As described above, the reduction of drawing and
driving force of the solenoid because of reversely
directed drawing force of the permanent magnet can be
made small when the solenoid effects its drawing and

driving force, but all of drawing force of the permanent
magnet 43 can be acted on the armature when it is returned
from its driven position. This is an extremely desirable
effect. Fig. 4 is a sectional view but hatching in each
of parts is omitted for the clarity of description.

A second embodiment of electromagnetic oscillation
pump according to the present invention and shown in
Fig. 5 is same in fundamental construction as the
first one. Therefore, each of its parts is represented
by a reference numeral expressed by adding one hundred
to its corresponding original numeral and detailed
description on these parts will be omitted.
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In the case of this second embodiment of a pump 110,

a pipe-like oscillating member 122 has diaphragms which
serve as a pair of expansible portions 126 and 127 and
which are supported by a pump framework via end portions
123 and 124. Both of diaphragm-shaped expansible
portions 126 and 127 allow the space to be made smaller
in the axial direction as compared with the bellows-
shaped expansible portions 26 and 27, and this is
suitable for a pump whose length is shortened.

A movable valve 133 is arranged inside an inter-
mediate portion 128 and to one side thereof. A fixed
valve 142 is arranged inside an end member 114 and
opposite to the movable valve 133. A sleeve-shaped
movable armature 135 fixed around the intermediate
portion corresponds to a solenoid 136 and a permanent
magnet 143 arranged concentric with and around the
armature 135. The permanent magnet 143 uses its drawing
force to return the armature 135, which has been drawn
and driven by the solenoid, from its driven position
to its original position shown in Fig. 5. The conven-
tional mechanical return spring is therefore made
unnecessary. Same thing as in the first embodiment
can be said about the positional relation between the
solenoid 136 and permanent magnet 143 and the action
of their electromagnetic and magnetic forces.

As described above, any of embodiments according
to the present invention allows the armature to be.
returned not by the conventional mechanical spring
but by the drawing force of the permanent magnet.

Since no member such as the spring which may break
because of its fatigue when the oscillating member is
oscillated at high speed is used, the durability and
reliability of the pump can be enhanced. In addition,
it is made unnecessary to design the complicated
attaching portions of the spring and to do the trouble-
some work of attaching it. Further, the whole of the

pump can be easily smaller-sized and the problem of
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corrosion can be solved substantially even if the pump
is used under specific atmosphere because no spring

is employed as movable mechanical part. As apparent
from the above, the present invention can provide

an electromagnetic oscillation pump capable of achieving
various excellent effects.

It should be understood that the present invéntion

-is not limited to the above-described embodiments.

i
The permanent magnet may not be connected or arranged
adjacent to the solenoid and is not limited to those
of ring-shaped or annular type.
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Claims:

1. An electromagnetic oscillation pump comprising
a pump framework (12, 14, 17, 18; 112, 114, 117, 118)
having an inlet (11, 111) and an outlet (13, 113),
a pipe-like oscillating member (22, 122) supported
at both ends thereof by said framework and having a
pair of expansible portions (26, 27; 126, 127) and
an intermediate portion (28, 128) between said expansible
portions and oscillated along an axial line (25) in
cooperation with the expanding and contracting movement
of said expansible portions to feed a liquid there-
through, a movable valve (33, 133) supportéd inside the
intermediate portion and movable with the intermediate
portion, a movable armature (35, 135) fixed around the
intermediate portion and movable with the intermediate
portion between an original position and a driven
position, a solenoid (36, 136) arranged in the framework
enclosing the armature and exerting its electromagnetic
force to draw and drive the armature together with the
intermediate portion from the original position to the
driven position in a direction along the axial line,
characterized in that a permanent magnet (43, 143) is
arranged in the framework (12, 14, 17, 18; 112, 114,
117, 118) in a manner to correspond to the armature
(35, 135) thereby to return by the drawing force of
the permanent magnet the solenoid-driven armature from
the driven position to the original position along the
axial line (25).

2. An electromagnetic oscillation pump according
to claim 1, wherein said permanent magnet (43, 143)
is arranged adjacent to the solenoid (36, 136) and to
one side thereof along the axial line.

3. An electromagnetic oscillation pump according
to claim 2, wherein said permanent magnet (43, 143)
has a pair of yokes (39, 40; 139, 140) for sandwiching
the permanent magnet from both sides thereof, and
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one (40, 140) of said yokes is commonly used as one of
paired yokes (40, 44; 140, 144) for the solenoid.

4. An electromagnetic oscillation pump according
to any of claims 1, 2 and 3, wherein said permanent
magnet (43, 143) is ring-shaped to enclose the armature
(35, 135).

5. An electromagnetic oscillation pump according
to claim 1, further comprising a fixed valve (42, 142)
disposed remote from the movable valve (33, 133).

6. An electromagnetic oscillation puhp according
to claim 1, wherein the expansible portions (26, 27)
of said oscillating member (22) are bellows-shaped.

7; An electromagnetic oscillation pump according
to claim 1, wherein the expansible portions (126, 127)
of said oscillating member (1225 are diaphragm-shaped.
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