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problem that the life of the sliding bearing is ad- versely affected by
such temperature increase of The present Invention is related to an elec-
the main shaft as described above and shortened. tromagnetic reciprocating
pump, and particularly to   Further, there is a problem that, since the
mag- an electromagnetic reciprocating pump which en-   5   netic poles of
the field core opposite to the ar- ables the piston drive section to be
cooled with a  mature are of only one pair, it is difficult to reduce
simple structure and can be manufactured at a low  the sectional area of
the armature thereby for mak- cost.
ing the armature small size and lightweight. In addition, the present
invention is related to  Another construction of electromagnetic recip- an
electromagnetic reciprocating pump wherein the   10  rocating pump designed
to address the problems piston drive section can effectively be cooled and
associated with an imbalance between the mag- the armature provided in the
piston can be made    netic action between the magnetic poles of the
lightweight.                                       electromagnet and the
armature is disclosed in EP- The electromagnetic reciprocating pump is
A-0,014,817. In this document there is described publicly known in which a
fluid is repetitively  15  an electromagnetic fluid pump, such as an air
sucked and discharged by displacing a piston hav-  pump, in which a piston
assembly carrying an ing a piston head slidably disposed in a cylinder in
armature is reciprocated axially by the operative one direction by means of
a spring, and periodi-   combination of magnetic attraction generated by a
cally attracting the piston in the direction opposite  stator core and
mechanical spring repulsion for to the above-mentioned direction by means
of an   20  cyclic discharge of the fluid from a piston chamber.
electromagnet, which is disposed in a casing so    The piston assembly is
positively supported on that a plurality of magnetic poles are positioned
both axial sides of the stator core and a pneumatic outside of the armature
provided in the piston,    spring is incorporated into the piston assembly.
thereby to reciprocating the piston. In the prior art  Biased movement of
the piston assembly and bias electromagnetic reciprocating pump, if the
mag-  25  in the magnetic attraction are both prevented in netic action
between the magnetic poles of the     order to minimise undesirable
abrasion of the pis- electromagnet and the armature becomes unbal-     ton
assembly and the related parts thereof. anced even in very small amount,
then the ar-         A further construction of electromagnetic fluid mature
is moved to a magnetic pole side where the  operating apparatus, such as an
air compressor, is magnetic action is stronger, so that the piston may   30
disclosed in US-A-4,090,816. In this construction a be partially abraded or
broken. As a countermeas-  piston with an armature axially reciprocates
along a ure for that, it is known to make the axis of the  path
substantially at a right angle to the magnetic piston match the center line
of the corresponding  flux generated by a stator core due to alternate
plural magnetic poles. An example of it is disclosed  operation by
electromagnetic attraction and me- in the Japanese Utility Model
Publication No.(Y2)-  35  chanical repulsion. Collimations are established
be- 57-47437 which is known as an invention providing  tween the armature
and the stator core and be- a remarkable effect of axes alignment.
tween the piston and a cylinder for the piston when In accordance with the
electromagnetic recipro-  they are assembled together thereby minimising
cating pump disclosed in the aforementioned pub-   biased frictional
abrasion of coacting sliding sur- lication, the opening for introducing air
is commu-  40  faces. An internal air reservoir is provided at the air
nicating with a pressure chamber with the shortest  outlet terminal in
order to reduce pulsation of air distance, and thus the frictional heat
between the  supplied by the apparatus. piston and the main shaft for the
piston, the Joule   Yet a further construction of electromagnetic heat and
the heat due to iron loss in the elec-    reciprocating motor is disclosed
in FR-A-842,073 in tromagnetic circuit or the like are not fully dis-  45
which a piston is mounted on a main shaft having a sipated. Even if a port
or introducing the cooling air  hollow portion, the hollow portion defining
a fluid is provided in the rear part of the casing, the    path
therethrough. cooling effect of the introduced air in the casing is  It is
an object of the present invention to pro- not sufficient because of the
closed-type casing   vide an electromagnetic reciprocating pump which and
the heat is confined within the casing, which  so  causes less main shaft
temperature increase, less causes a problem that the main shaft temperature
reduction in the compression/attraction efficiency, increased and the
reciprocating motion becomes    and less abrasion of the piston bearing.
uneven because of thermal expansion or distortion.    It is another object
of the present invention to It is also disclosed in the Japanese
publication  provide an electromagnetic reciprocating pump in that, when
the piston is supported on the main  55  which the sectional area of the
armature can be shaft, a sliding bearing of a small coefficient is  made
smaller to make the armature small size and fitted over the main shaft to
expect a smooth     lightweight, and the hole diameter of the armature
reciprocating motion of the piston, but there is a  can be enlarged without
increasing the outer diam- 
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fluid having passed through the hollow main shaft According to the present
invention there is    may then be guided around the electromagnetic
provided an electromagnetic reciprocating pump    circuit arranged on the
outer periphery of the hol- comprising: a closed-type casing provided with
a  low main shaft cooling the electromagnetic circuit cylinder in the front
end thereof, a main shaft the   5   to suppress its temperature increase,
and there- front end of which is fixed to and supported on the  after may
be guided into the pressure chamber to front wall of said cylinder, and
which main shaft is  be compressed and discharged as in the conven-
disposed so that the central axis thereof matches  tional electromagnetic
reciprocating pump. that of said cylinder, a piston having a piston head
An embodiment of the present invention will in the front end thereof,
fitted over the outer periph-  70  now be described by way of example with
refer- eral surface of said main shaft so that said piston  ence to the
accompanying drawings in which: head reciprocates in said cylinder, and
having an    Figure 1 is a schematic logitudinal sectional armature fixed
and held thereon, a spring disposed  view showing an embodiment of the
present between said piston and casing for biasing said     invention.
piston in one direction, an electromagnet fixed  15  Figure 2 is a side
view of the field core having within said casing for attracting said piston
and    only a single pair of magnetic poles and the armature in the
opposite direction against the bias-  armature core which can be used for
the elec- ing force of said spring, a pressure chamber de-    tromagnetic
reciprocating pump shown in Fig. 1. fined by said cylinder and piston head,
and a        Fig. 3 is a partly sectional side view of the field suction
port, a suction valve, a discharge port and   20  core and armature a
discharge valve of a fluid provided in said cyl-   Fig. 4 is a partly
sectional side view of an inder and piston head, respectively, wherein said
electromagnet in which one of the two pairs of main shaft is a hollow
cylindrical body having both  magnetic poles are constructed to be
removable ends opened, and fluid flows in a path of the hollow  from the
york of the field core. portion of said main shaft, the space between said
25  Fig. 5 is a partly sectional view of the elec- piston and casing, said
suction ports, suction      tromagnet for showing the shape of the bobbins
valves, pressure chamber, discharge port and dis-   for winding the coil in
substantially the shape of charge valve.
a conical form. Advantageously the electromagnet for attract-    Fig.6 is a
cross-sectional view of another em- ing the armature is of a multipolar
structure and   30  bodiment of the present invention. has a plurality of,
preferably, an even number equal  In Fig. 1, coils 2 are wound around a
plurality to four or larger of magnetic poles, and a coil is  of magnetic
poles 1 to form electromagnets, and wound around each of at least every
other mag-    the york of each magnetic pole is airtightly pinched netic
poles so that a closed magnetic path is     and fixed between a front
casing 3 having cylinder formed between the adjacent two magnetic poles  35
3A in the front end thereof and a rear casing 4, through the armature and
york.                    thereby forming a closed casing. The electromag-
In a preferred arrangement an inlet port for   nets are radially disposed
in substantially the cen- introducing the fluid is provided so as to open
to  tral part of the closed casing and around a piston 6 the side of the
intial position of the piston biased  to be described later. The
electromagnets may be by the spring, the main shaft is formed into a   40
fixed to and supported on the inner wall of the hollow cylinder and the
inside and outside of the  casing. casing communicate with each other
through the       A hollow main shaft 5 is fixed to the front central
through hole of the hollow main shaft and  casing 3 so that its central
axis coincides with the the inlet port, and the piston is provided with the
central axis of the cylinder 3A formed in the front suction ports and
suction valves for sucking the   45  end of the front casing 3. A front
opening 5F of the fluid into the pressure chamber, whereby the fluid
hollow main shaft 5 is located at a position of introduced into the casing
can be guided to the   substantially the shortest distance from an opening
rear part of the casing through the internal passage  52 formed in a front
face of a cover 51 for introduc- of the hollow main shaft, thereafter
caused to pass  ing air, and allows the outside air to be introduced by the
electromagnet and armature, and then intro-  so  into a fluid passage 5A in
the hollow main shaft 5. duced into the suction ports of the piston.
A rear opening 5B of the fluid passage 5A is open Advantageously the fluid
introduced into the   to the internal space of the rear casing 4, and the
closed casing is not directly introduced into the  sucked air flows in
fluid passage 5A from the front pressure chamber, but guided to the
internal pas-  end to the rear end. 



sage of the hollow main shaft, and caused to pass  55  Preferably, on the
inner surface of the fluid through the hollow main shaft in the axial
direction  passage 5A, fins (not shown) for heat dissipation of to cool it,
thereby preventing the temperature of  the hollow main shaft 5 are formed
axially of the the hollow main shaft itself from increasing. The  main
shaft, and the introduced air flows between 3    5                EP 0 499
367 B1 the fins toward the rear opening 5B. The fins may   Fig. 2 is a side
view of a field core 100 having be Integrally formed in the fluid passage
5A of the  only single pair of magnetic poles 1 and an ar- main shaft 5, or
may be formed by embedding the   mature 8, which can be used for the
electromag- separately formed ones in the inner surface of the  netic
reciprocating pump of Fig. 1. The field core fluid passage 5A in a
thermally contact state.  5   100 has a york 101 forming a closed magnetic
The piston 6 having a piston head 6A is slidab-  path, and a pair  of
magnetic poles 1 inwardly ly fitted over the outer peripheral surface of
the  projecting radially therefrom to the armature 8 posi- hollow main
shaft 5. A sliding bearing 7 is prefer-  tioned in the center. A coil 2 is
wound around each ably provided between the outer peripheral surface  of
magnetic poles 1. In Fig. 2, the flows of mag- of the main shaft 5 and the
inner peripheral surface  10  netic flux are shown by broken arrow line,
and the of the piston 6 for reciprocating piston 6 more   piston, main
shaft and the like which are  to  be smoothly.. A sliding bearing 6D is
also preferably  placed within armature 8 are omitted. disposed between the
inner peripheral surface of     In the embodiment  of the present invention
the cylinder 3A and the piston head 6A, but they  described above, when the
coils 2 are energized, may be airtightly contacted with each other with a
15  the armature 8 is attracted in the direction of mag- very small gap.
netic poles 1 against the resilient force of the A pressure chamber 12 is
defined by. the cyl-  compressing spring 9 and the volume of pressure inder
3A and piston head 6A. The piston head 6A   chamber 12 increases, and thus
a suction valve 6C is provided with a suction port 6B which is open to
opens and the   air in the closed casing is sucked the direction of
electromagnets 1 or to the internal  20  . into the pressure chamber 12 via
the suction ports space of the casing, and the suction port 6B is   6B.
When the exciting of the coils 2 is stopped, the closed by a suction valve
6C. Since Fig. 1 shows  piston 6 returns to the initial position by the
resil- the state in the moment when the piston 6 has     ient force of the
compression spring 9, the suction started the forward motion, a suction
valve 6C is  ports 6B are closed by the valves 6C, and the open. A
discharge port 13 is provided in the side   25  volume of the pressure
chamber decreases, so that wall portion of the cylinder 3A, and the
discharge  the air within the pressure chamber 12 is pressur- port 13 is
closed by a discharge valve 14. The    ized. discharge valve 14 is closed
when the piston 6      If the coils 2 are. excited by a half-wave al-
forwardly moves, but for convenience of explana-  ternating current, the
armature 8 is attracted and tion, it is shown in Fig. 1 as opened. An
armature 8   30  the piston 6 moves to the rightward in Fig. 1 when
attached to (substantially the center) of the piston 6  the coils 2 are
excited, while the compression coil may integrally be assembled, for
instance, when  spring 9 acts to cause the piston 6 to leftwardly the
piston is manufactured by aluminium die cast-  move when the coils are
de-energized. This opera- ing.  .    . .   .
tion is repeated in synchronism with the frequency A compression coil
spring 9 is located between   35  of the alternating current. As a result,
the inside the piston 6 and the rear end surface of the rear  space of the
closed casing is in a reduced pres- casing 4 and on the same central axis
as that. of  sure state when piston is attracted rightward, and the piston
6. The end of the compression coil    thus the air is introduced into the
closed casing spring 9 on the piston 6 side is fixed to the piston  through
the fluid inlet port 52 and the fluid passage 6, while the opposite end of
the spring on the rear  40  5A of the hollow main shaft 5. When the piston
6 casing 4 is supported for rotation around the cen-  moves to the initial
position, the suction valve 6C tral axis of the piston 6 by a thrust ball
bearing (not  opens as shown in Fig. 1, and thus the air intro- shown)
fixed to the inner wall portion of the rear  duced into the enclosed casing
is further intro- end of the rear casing 4, or a similar rotatable ring,
duced into the pressure chamber 12 through the and when the piston 6
rotates within the cylinder  45  suction port 6B and the suction valves 6C.
The air 3A, the compression spring 9 can also rotate there-  introduced
into the pressure chamber 12 is pres- with in the same direction.
.  surized in the same chamber at the time of the To the front face of the
front casing 3, the   next leftward motion of the piston 6, opens the cover
51 for forming a closed tank 51B and a port  discharge valve 14 when the
pressure in the cham- 51A for introducing air is attached so as to sur-  50
ber 12 has   reached a   set pressure and is dis- 



round the discharge port 13 and the cylinder por-       charged into the
closed tank 51B through the dis- tion. In the closed tank 51B, a fluid
discharge port  charge port 13 and the discharge valve 14, and 53
communicating with a consumption source (not  then is discharged to the
consumption source via shown) of the pressurized air is formed. The open-
the fluid discharge port 53. ing 52 for introducing air, which  is. not
always  55     In this way, air passes through the fluid pas- necessary, Is
facing the opening 5F of the hollow  sage 5A in the hollow main shaft 5
supporting the. main shaft 5 with the shortest distance.
reciprocating piston 6 while the suction of the air and the discharge of
the pressurized air are repet- 4    7                EP 0 499 367 B1
8 itively performed, whereby the hollow main shaft 5  forms a closed loop
through the armature 8 be- is cooled from the inside thereof. The air,
after  tween any of the adjacent magnetic poles 1 and passing through the
hollow main shaft 5, enters into   1K, as shown by broken arrow lines in
the figure. the rear casing 4, further cools the coils 2, mag-  Thus, as
compared with an electromagnet having netic poles 1, piston 6 and armature
8, and simulta-   5   only one pair of magnetic poles as shown in Fig. 2,
neously prevents the temperature of sliding bearing  the sectional area of
the armature 8 (the sectional supporting the piston 6 from being increased
by   area in a plane perpendicular to the direction in vibrational friction
of the piston.               which the magnetic flux passes, or in a plane
It will be apparent that whilst the main shaft 5  perpendicular to the
paper surface) can be only supporting the piston 6 is formed in a hollow
struc-  10  1/2. ture having the fluid passage 5A, and the fluid       That
is, if the total magnetic flux effective in which is not yet pressurized is
introduced into the  attracting the armature 8 is supposed to be[err], the
rear casing 4 or the pressurized fluid is discharged  attraction force is
the same if the total magnetic through the fluid passage 5A, the cylinder
3A,    flux [err] is the same. Accordingly, as compared with piston 6, and
the electromagnets consisting of the   is  single pair of magnetic poles of
Fig. 2, if two pairs armature 8, magnetic poles 1 and coils 2 are not  of
magnetic poles are provided as shown in Fig. 3, limited to those shown, but
may be constructed in  the total magnetic flux [err] passing through each
any form.                                         magnetic pole only needs
to be 1/2 to obtain the Generally, the mounting of the piston to the   same
attraction force. Thus, the sectional area of armature is accomplished by
fitting into a casting   20  the armature 8 only needs to be 1/2 of the
case of mold an armature consisting of a plurality of lami-  Fig. 2 as
well. Of course, the sectional area of nated donut-like thin plates of a
magnetic material,  magnetic poles 1 only needs to be 1/2. As a result, and
thereafter injecting molten aluminium or the  if the outer diameter of the
armature 8 is the same, like to cast a piston. In the pump shown in Fig. 1,
its inner diameter can be larger. Accordingly, not the piston 6 required a
through hole having a   25  only the armature 8 is light-weight, but also
the relatively large diameter because it is fitted over  thickness from the
inner wall of the armature 8 to the hollow main shaft 5, and/or because of
load   the inner wall of the piston 6, namely, the thickness limitation per
unit area of the sliding bearing 7  of the piston can be relatively large,
whereby the disposed between the piston and the main shaft.   piston 6 can
be provided with sufficiently large For this, the armature 8 mounted on the
outer  30  strength. In addition, since the diameter of the main periphery
of the piston also required a hole having  shaft 5 can also be larger, the
abrasion of the a diameter larger than the through hole. If the   sliding
bearing 7 can be reduced. Conversely, if diameter of the hole of the
armature 8 is too large,  the inner diameter of the armature is the same,
its the outer diameter of armature also necessarily   outer diameter can be
smaller. By being the ar- becomes larger, and the armature and hence the
35   mature more lightweight, the piston can be larger electromagnetic
reciprocating pump undesirably   and the frequency of the reciprocating
motion can becomes large-sized and heavyweight.              be higher,
whereby a pump of larger flow rate can Contrarily, if the hole diameter of
the armature  be accomplished. 8 is smaller, the piston thickness after the
armature  The field core 100 shown in Fig. 3 consists of is casted into the
piston becomes smaller in the   40  the rectangular york 101 and the two
pairs of portion to which the armature is attached, and thus  magnetic
poles 1 and 1 K formed so as to inwardly the strength of the piston becomes
more insuffi-  project from the york 101. When the coils 2 and 2K cient.
-                              are wound around the magnetic poles, It is
techni- Fig. 3 is a partly sectional side view of the field  cally
difficult to directly wind a coil around each core and armature which were
designed so as to  45  magnetic pole as shown and the space factor is be
used more advantageously in the electromag-    low. Consequently, it may be
preferable to pre- 



netic reciprocating pump of Fig. 1 and to address  viously wind a coil
around a bobbin and insert the the above described problems. In the same
figure,  bobbin which the coil has been wound around into the piston 6,
sliding bearings 7 and main shaft 5  the magnetic pole 1. are shown in
cross section, and the coils 2 wound   50  In this case, if at least one of
the magnetic around the magnetic poles 1 are shown in a simpli-  poles is
adapted to be removable from the frame of fled form.
the field core, the bobbin is easily inserted into the The field core 100
has two pairs of magnetic   magnetic pole. Fig. 4 is a partly sectional
side view poles 1 and 1 K which are radially projecting in-  of an
electromagnet device, which shows an exam- wardly form the york 101 and
opposed to each   55  ple in which one of two pairs of magnetic poles are
other on a straight line, and the coils 2 and 2K are  removable from the
york of the field core. wound around the individual magnetic poles 1 and
In Fig. 4, a field core 200 comprises a substan- 1 K The coils 2 are wound
so that a magnetic flux  tially square-shaped york 201 and a pair of mag- 5
EP 0 499 367 B1                   10 netic poles 202 which are inwardly
projecting from  porting the piston 6 is cantilevered by the front the
centers of a pair of the subtenses of the york  casing 3, the main shaft
may be supported at both 201, and it is provided with a pair of recesses
204  ends thereof. in each center of the remaining pair of the subten-
Fig. 6 is a cross-sectional view of another em- ses. Into the respective
recesses 204, a pair of   5   bodiment of the present invention in which
both magnetic poles 203 having convex portions 203A    ends of the hollow
main shaft are supported, and of substantially the same shape as the
recesses   the same symbols as Fig. 1 represent the same or 204 are fitted,
respectively, whereby a magnetic  identical portions. The rear end of the
fluid passage pole arrangement which is essentially the same as  5A within
the hollow main shaft 15 is closed, and Fig. 3 is obtained. In accordance
with this arrange-  10  supported by the rear casing 4. A rear end opening
ment, with the pair of magnetic poles 203 being   15B is formed in the rear
end side of the fluid removed from the york 201, the bobbins 85 having
passage 5A. the coils 2 wound around them can be very easily    Also in
this example, when the piston 6 recip- fitted over the magnetic poles 203
from a direction  rocates, the fluid passes in the fluid passage 5A via
perpendicular to the paper surface. By attaching   15  the opening 52 for
introducing air and the front end the magnetic poles 203 with bobbins 85
having the  opening 15F, and is discharged via the rear end coils 2 to the
york 201 after the bobbins 85 has  opening 15B into the closed casing. been
fitted, an electromagnet device is completed.   In the case that the main
shaft 15 is supported When coils are wound around four magnetic      at
both ends thereof as described above, if the poles as shown in Fig. 4, the
number of turns can   20  main shaft 15, front casing 3 and rear casing 4
are be increased to get larger ampere-turn if the coils  formed of
electrically conductive material, an in- are conically wound around the
individual magnetic  duced current may flow in a closed circuit consist-
poles. Fig. 5 shows an example in which the coils  ing of the main shaft
15, front casing 3 and rear are conically wound, and for instance, one
bobbin  casing 4 by the magnetic flux generated from mag- 86 has two
sections in which two coils (coils 2A   25  netic poles 1 when the coils
are energized. In orer and 2B) of different outer diameter sized are wound
to prevent this current, it is desirable to dispose an around. And the
other bobbin 87 has three sections  electrical insulating material in part
of the closed in which three coils (coils 2C to 2E) of different  circuit.
In the example of Fig. 6, an electrical in- outer diameter sized are wound
around. By using   sulator 16 is inserted between the joint surfaces of
such bobbin which a coil is wound around in mul-  30  the magnetic poles 1
and rear casing 4. tiple steps, the coil can be wound effectively in the
In the embodiments of Figs. 1 and 6, the fluid shape of a cone. Although
coils are shown to be   sucked into the air introducing chamber 51A is
wound around only two of the four magnetic poles  discharged from the
discharge port 53 through the in Fig. 5, coils are naturally be mounted on
all of  fluid passage 5A, Inside of the casing, pressure the four magnetic
poles, respectively, as in Fig. 4.  35  chamber 12 and closed tank 51B. The
direction of Incidentally, bobbins of the same shape may be    the fluid
flow in the pump may be reversed. That used for all the magnetic poles, or
bobbins of    is, it is possible that the directions of the suction
different shapes may be used.                     valves, discharge valve
and the like are reversed, Although coils, are wound around all of the four
and the fluid is sucked from the closed tank 51 B magnetic poles in the
above description, for in-  40  (in this case, not closed) and the
pressurized fluid stance, coils may be wound around the every other  is
discharged from the air introducing chamber 51A magnetic poles. Obviously,
such arrangement is   (in this case, it should be closed). This has an 



equivalent to an example that, for instance, in Fig.  advantage that the
pulsation of the pressurized 2, a pair of magnetic poles having no coil
wound  fluid is smoothed by the resistance of the fluid around them are
provided right above and below   45  passage 5A. armature 8 and the
directions of the magnetic        As apparent from, the foregoing, the
following fluxes generating in the two coils 2 are made     effects are
achieved by the described embodiment. opposite to each other. The number of
magnetic     (1) During the operation of the electromagnetic poles is not
limited to four, but it may be an even  reciprocating pump, the fluid
passing through number equal to four or greater. Also in this case, if  so
the hollow main shaft supporting the piston, a' magnetic flux forms closed
loops through the     cools the main shaft from the inside and si- armature
between each of adjacent magnetic poles,  multaneously cools the
electromagnetic circuit it is not required to wind a coil around all the
and the piston disposed in the airtight casing, magnetic poles, but coils
may be wound around       thereby preventing temperature increase of the
every other magnetic poles. The york may be in  ss  piston bearings.
Accordingly, even if the pump the shape of a cylinder.
is operated for a long time, the temperature of Although, in the embodiment
of Fig. 1, only     the bearings would not so increase and undesir- one end
of the hollow main shaft 5 slidably sup-    ably thermally expand, and
excessive abrasion    11                EP0499367B1
12 of the bearings and reduction in the compres-        tion,
sion/attraction efficiencies of the pump can be         an electromagnet
(1, 2) fixed within said prevented.
casing for attracting said piston (6) and ar- (2) Since the inside of the
hollow main shaft        mature (8) in the opposite direction against the
constitutes the fluid passage, the radiating sur-   5  biasing force of
said spring (9), face area of the main shaft becomes large and           a
pressure chamber (12) defined by said the cooling effect of the bearings
further in-       cylinder and piston head, and creases.
a suction port (6B), a suction valve (6C), a (3) Since the fluid is
introduce into the closed     discharge port (13) and a discharge valve
(14) casing through the hollow main shaft or the   10     of a fluid
provided in said cylinder (3A) and pressurized fluid is discharged through
the hol-     piston head (6A), respectively, wherein low main shaft, the
distance between the fluid          said main shaft is a hollow cylindrical
body introducing portion/pressurized fluid discharging    having both ends
opened, and portion and the pressure chamber is longer as        fluid
flows in a path of the hollow portion (5A) compared with the conventional
electromagnetic  15   of said main shaft, the space between said
reciprocating pump, which produces a pulsation       piston and casing,
said suction ports, suction absorption effect, and the pulsation sound of
the    valves, pressure chamber, discharge port and fluid generated in
compression/ attraction of the    discharge valve. fluid less often leaks
out, which can contribute to the noise eliminating effect.               20
2. An electromagnetic reciprocating pump as set (4) If the number of
magnetic poles opposed to       forth in claim 1 wherein the rear end of
said the armature is an even number of four or            main shaft is a
free end. greater, and a closed magnetic path is formed with the york of
the electromagnet, adjacent     3. An electromagnetic reciprocating pump as
set magnetic poles and the armature, then the sec-   25  forth in claim 1
wherein the rear end of said tional area of the armature can also be made
main shaft is supported on the rear end wall of smaller, whereby the inner
diameter of the ar-       said casing. mature can be made larger. If the
inner diameter of the armature becomes larger, the thickness    4. An
electromagnetic reciprocating pump as set from the inner wall of the
armature to the inner  30  forth in claim 1 or 2 wherein the fluid is
sucked wall of the piston, namely, the thickness of the     into the
pressure chamber through the hollow piston in the portion to which the
armature is       portion of said main shaft, the space between attached
becomes larger. In addition, since the      the piston and casing, and the
suction ports attraction force on the armature is dispersed and    and
suction valves, and the pressurized fluid is averaged by increase in the
number of the mag-   35  discharged through the discharge port and dis-
netic poles, it is difficult for the piston to partially  charge valve.
abrade, and as a result, the life of the piston gets longer.
5. An electromagnetic reciprocating pump as set forth in one of claims 1 to
4 wherein cooling 



Claims                                        40       fins are formed on
the inner surface of the hollow portion of said main shaft. 1. An
electromagnetic reciprocating pump com- prising:
6. An electromagnetic reciprocating pump as set a closed-type casing (3, 4)
provided with a     forth in one of claims 1 to 4 wherein sliding cylinder
(3A) in the front end thereof,    45      bearings are interposed at least
either between a main shaft (5) the front end of which is     the outer
periphery of said main shaft and said fixed to and supported on the front
wall of said    piston or between the outer peripheral surface cylinder,
and which main shaft is disposed so      of said piston head and the inner
surface of that the central axis thereof matches that of       said
cylinder. said cylinder,                             60 a piston (6) having
a piston head (6A) in   7. An electromagnetic reciprocating pump as set the
front end thereof, fitted over the outer       forth in claim 1 wherein
said electromagnet peripheral surface of said main shaft (5) so that
consists of a plurality of magnetic poles which said piston head (6A)
reciprocates in said cyl-    are radially fixed within said casing so as to
be inder (3A), and having an armature (8) fixed  55   opposed to said
armature with a predeter- and held thereon,
mined gap therebetween, and coils wound ar- a spring (9) disposed between
said piston       ound at least every other said magnetic poles. and casing
for biasing said piston in one direc- 7    EP 0 499 367 B1               12
{err] *   C   L   M   S   * of the bearings and reduction in the compres-
tion, sion/attraction efficiencies of the pump can be         an
electromagnet (1, 2) fixed within said prevented.
casing for attracting said piston (6) and ar- (2) Since the inside of the
hollow main shaft       mature (8) in the opposite direction against the
constitutes the fluid passage, the radiating sur-   5  biasing force of
said spring (9), face area of the main shaft becomes large and           a
pressure chamber (12) defined by said the cooling effect of the bearings
further in-       cylinder and piston head, and creases.
a suction port (6B), a suction valve (6C), a (3) Since the fluid is
introduce into the closed    discharge port (13) and a discharge valve (14)
casing through the hollow main shaft or the   io    of a fluid provided in
said cylinder (3A) and pressurized fluid is discharged through the hol-
piston head (6A), respectively, wherein low main shaft, the distance
between the fluid          said main shaft is a hollow cylindrical body
introducing portion/pressurized fluid discharging  having both ends opened,
and portion and the pressure chamber is longer as       fluid flows in a
path of the hollow portion (5A) compared with the conventional
electromagnetic  is  of said main shaft, the space between said
reciprocating pump, which produces a pulsation      piston and casing, said
suction ports, suction absorption effect, and the pulsation sound of the
valves, pressure chamber, discharge port and fluid generated in
compression/ attraction of the    discharge valve. fluid less often leaks
out, which can contribute to the noise eliminating effect.               20
2. An electromagnetic reciprocating pump as set (4) If the number of
magnetic poles opposed to      forth in claim 1 wherein the rear end of
said the armature is an even number of four or            main shaft is a
free end. greater, and a closed magnetic path Is formed with the york of
the electromagnet, adjacent     3  An electromagnetic reciprocating pump as
set magnetic poles and the armature, then the sec-  25  forth in claim 1
wherein the rear end of said tional area of the armature can also be made
main shaft is supported on the rear end wall of smaller, whereby the inner
diameter of the ar-      said casing. mature can be made larger. If the
inner diameter of the armature becomes larger, the thickness    4. An
electromagnetic reciprocating pump as set from the inner wall of the
armature to the inner  30  forth in claim 1 or 2 wherein the fluid is
sucked wall of the piston, namely, the thickness of the     into the
pressure chamber through the hollow piston in the portion to which the
armature is      portion of said main shaft, the space between attached
becomes larger. In addition, since the     the piston and casing, and the
suction ports attraction force on the armature is dispersed and   and
suction valves, and the pressurized fluid is 



averaged by increase in the number of the mag-  35  discharged through the
discharge port and dis- netic poles, it is difficult for the piston to
partially  charge valve. abrade, and as a result, the life of the piston
gets longer.                                     5. An electromagnetic
reciprocating pump as set forth in one of claims 1 to 4 wherein cooling
Claims                                        40       fins are formed on
the inner surface of the hollow portion of said main shaft. 1. An
electromagnetic reciprocating pump com- prising:
6  An electromagnetic reciprocating pump as set a closed-type casing (3, 4)
provided with a     forth in one of claims 1 to 4 wherein sliding cylinder
(3A) in the front end thereof,    45      bearings are interposed at least
either between a main shaft (5) the front end of which is     the outer
periphery of said main shaft and said fixed to and supported on the front
wall of said   piston or between the outer peripheral surface cylinder, and
which main shaft is disposed so      of said piston head and the inner
surface of that the central axis thereof matches that of      said
cylinder. said cylinder,                             50 a piston (6) having
a piston head (6A) in   7. An electromagnetic reciprocating pump as set the
front end thereof, fitted over the outer       forth in claim 1 wherein
said electromagnet peripheral surface of said main shaft (5) so that
consists of a plurality of magnetic poles which said piston head (6A)
reciprocates in said cyl-    are radially fixed within said casing so as to
be inder (3A), and having an armature (8) fixed   65  opposed to said
armature with a predeter- and held thereon,
mined gap therebetween, and coils wound ar- a spring (9) disposed between
said piston       ound at least every other said magnetic poles. and casing
for biasing said piston in one direc- 7    13                EP 0 499 367
B1                   14                  [err] 8. An electromagnetic
reciprocating pump as set      daB Fluid auf elnem Weg mit dem hohlen forth
in claim 7 wherein  the number of the       Abschnift (5A) der
Hauptlagerstange, dem magnetic poles is an even number equal to
Raum zwischen dem Kolben und dem Gehlu- four or greater, and any two
magnetic poles of    so, den Saugdffnungen, den Saugventilen, der them are
paired and disposed on a straight   5    Druckkammer, der AuslaBoffnung und
dem line passing through the center axis of the       AuslaBventil, flieet.
armature. 2. Elektromagnetische  Hubkolbenpumpe  nach 9. An electromagnetic
reciprocating pump as set      Anspruch 1, dadurch gekennzeichnet, daB das
forth in claim 3 wherein said main shaft, said  io  hintere Ende der
Hauptlagerstange ein freles front casing .and. rear  casing are made  of
elec-   Ende ist. . trically conductive materials, an electrical in-
sulating material is interposed on at least one  3  Elektromagnetische
Hubkolbenpumpe  nach of the joint surfaces of them.
Anspruch 1, dadurch gekennzelchnet, daB das hintere Ende der
Hauptlagerstange auf der hin- 10. An electromagnetic reciprocating pump as
set     teren Endwand des Gehauses gelagert ist. forth in claim 7 wherein
at least one coil is wound around the magnetic pole in conical     4.
Elektromagnetische  Hubkolbenpumpe  nach shape.
Anspruch 1 oder 2, dadurch gekennzeichnet,       Q 20      daB das Fluid
durch den hohlen Abschnitt der PatentansprUche
Hauptlagerstange, den Raum zwischen dem Kolben und dem Gehiuse, die
Saugoffnungen 1. Eine elektromagnetische Hubkolbenpumpe, die       und
Saugventile, in die Druckkammer gesaugt folgendes aufweist:
wird, und das mit Druck beaufschlagte Fluid ein geschlossenes Gehause (3,
4), das an sei-  25  durch die AuslaBoflnung und das Auslalventil nem
vorderen Ende mit einem Zylinder (3A)         ausgelassen wird. versehen
ist. eine Hauptlagerstange (5), deren vorderes     5. Elektromagnetische
Hubkolbenpumpe nach ei- Ende an der Vorderwand des Zylinders befe-
nem der AnsprOche 1 bis 4, dadurch gekenn- stigt und darauf gelagert ist,
wobei diese  3o    zeichnet, daB auf der inneren Oberflache des 



Hauptiagerstange so angeordnet lst, daB ihre      hohlen Abschnitts der
Hauptlagerstange K~hl- Mittelachse mit der des Zylinders Oberein-
rippen ausgebildet sind. stimmt, einen Kolben (6) mit elnem Kolbenkopf (6A)
an  6. Elektromagnetische Hubkolbenpumpe nach ei- selnem vorderen Ende, der
so Ober die AuBere  35  nem der AnsprOche 1 bis 4, dadurch gekenn-
Umfangsoberflache der Hauptlagerstange (5)        zeichnet, daB Gleiflager
zumindest entweder angebracht ist, daB sich der Kolbenkopf (6A) in
zwischen dem SuBeren Umfang der Hauptla- dem Zylinder (3A) hin- und
herbewegt, und der     gerstange und dem Kolben odor zwischen der
einen.darauf befestigten und gehaltenen Anker     auBeren Umfangsoberfllche
des Kolbenkopfes (8) aufweist,                             40      und der
inneren Oberflache des Zylinders an- eine Feder (9), die zwischen dem
Kolben und       geordnet sind. dem Gehause zur Vorspannung des Kolbens in
einer Richtung angeordnet ist,             7. Elektromagnetische
Hubkolbenpumpe  nach einen Elektromagneten (1, 2), der innerhalb
Anspruch 1, dadurch gekennzeichnet, daB der des Gehauses befestigt let, um
don Kolben (6)  45  Elektromagnet aus einer Vielizahl von Magnet- und den
Anker (8) in der entgegengesetzten        polen, die innerhalb des Gehluses
radial so Richtung gogen die Vorspannungskraft der Fe-      befestigt sind,
daB sie dem Anker mit einem der (9) anzuziehen,
vorher festgelegten Abstand dazwischen ge- eine Druckkammer (12), die durch
den Zylin-       genUberliegen, und aus Spulen besteht, die der und den
Kolbenkopf begrenzt ist, und  5o      urn zumindest jeden zweiten Magnetpol
gewik- eonen Saugdffnung (6B), emn Saugventil (6G),.     kelt sind. elne
Ausla80ffnung (13) und ein AuslaBventil (14) elnes in dem Zylinder (3A)
bzw. in dem   8. Elektromagnetische  Hubkolbenpumpe  nach Kolbenkopf (6A)
vorgesehen. Fluids, dadurch       Anspruch 7, dadurch gekennzeichnet, daB
die gekennzelchnet, daB                 .     s       Anzahl an Magnetpolen
eine gerade Zahl die Hauptlagerstange ein hohler zylindrischer     gleich
vier oder gro8er ist, und daB immer Kdrper ist, bei dem beide Enden
gedffnet sind,    zwei dieser Magnetpole gepaart und auf einer und
geraden Unie angeordnet sind, die durch die 8    15
EP0499367B1                       1B6  II11 IIII Mittelachse des Ankers
verlauft.                  chambre de pression, orifice de d~charge et
soupape de decharge. 9. Elektromagnetische  Hubkolbenpumpe  nach Anspruch
3, dadurch gekennzeichnet, daB die    2. Pompe volum~trique
6lectromagn~tique solon Hauptlagerstange, das vordere Gehause und   5
la revendication 1, dans laquelle l'extrdmit6 das hintere Gehause aus
elektrisch leitonden      arribre dudit arbre principal est une extr~mitd
Materialien hergestelit sind und ein elektri-     libre. sches
Isoliermatierial auf mindestens einer ih- rer Verbindungsoberfl~chen
dazwischen ange-   3. Pompe volum~trique dlectromagndtique selon bracht
ist.                              io       la revendication 1, dans
laquelle l extr6mit6 arribre dudit arbre principal est support~e sur 10.
Elektromagnetische  Hubkolbenpumpe  nach          la parol dextr6mit6
arribre dudit bottler. Anspruch 7, dadurch gekennzeichnet. daB min- destens
eine Spule konisch um den Magnetpol    4. Pompe volumetrique
dlectromagn6tique salon gewickelt ist.                            is
la revendication 1 ou 2, dans laquelle le fluide est aspire dans la chambre
de pression via la Revendlcations
portion crouse dudit arbre principal, Iespace entre le piston et le botler
et les orifices 1. Pompe volum~trique 6lectromagndtique corn-         d
aspiration et les soupapes d'aspiration, et le prenant:
20      fluide sous pression est d6charg6 va l orifice un boltier de type
ferm6 (3, 4) dot* d'un      de decharge et la soupape de d~charge. cylindre
(3A) dans son extr~mit6 avant, un arbre principal (5) dont l extr6mitd
avant  5. Pompe volum6trique 6lectromagnrtique solon est fixde et supportae
sur la paroi avant dudit  Ilune quelconque des revendications 1 A 4.
cylindre, et lequel arbre principal est dispos6   2S  dans laquelle des
ailettes de refroidissement de manibre quo son axe central cobhcide avec
sont formdes sur la surface interne de la por- 



celui dudit cylindre,                             tion creuse dudit arbre
principal. un piston (6) comportant une tote de pis- ton (8A) dans son
extrimit4 avant, ajust6e sur  8. Pompe volum~trique 6lectromagn~tique solon
la surface p~riphdrique exteme dudit arbre  30    lune quelconque des
revendications 1 a 4, principal (5) de manibre quo ladite t~to de
dans laquelle des paliers h glissoment sont piston (6A) solt animde d'un
mouvement de         disposcs au moins entre la pdriphnire exteme
va-et-vient dans lodit cylindre (3A), et compor-  dudit arbre principal et
lWdit piston ou entre la tant une armature (8) fix~e et maintenue sur
surface pdriphdrique externe de ladite t~te de lui,
35      piston et la surface Interne dudit cylindre. un ressort (9) dispos6
entro ledit piston et ledit boltier pour solliciter ledit piston dans une
7. Pompe volum~trique 6lectromagndtique sclon direction,
la revendication 1, dans laquelle ledit dlectro- un 1lectro-aimant (1, 2)
fix4 au soin dudit   aimant consiste en une pluralite de p8les ma- bottier
pour attirer ledit piston (6) et ladite  40  gn~tiques qui sont fixds
radialement au sein armature (8) dans la direction opposce h I'en-    dudit
botUer de manibre a 8tre opposds a contre de la force de sollicitation
dudit ressort  ladite armature avec un espace pr~d6termln6 (9),
entre eux, et en des bobines enroulees autour une chambre de pression (12)
d6finie par       d'au moins un pole magn6tique sur deux. lodit cylindre et
ladite tote de piston, et  4S un orifice d'aspiration (6B), une soupape  &
Pompe volumdtrique 6lectromagndtique sclon d'aspiration (6C), un orifice de
ddcharge (13)    la revendication 7, dans laquelle le nombre de et une
soupape de d6charge (14) dun fluide        poles magn6tiques est un nombre
pair sup6- admis dans ledit cylindre (3A) et ladite tete de  niour ou dgal
& quatre, et deux p81es magn6ti- piston (6A), respectivement,
so      ques quelconques parmi les p8les sont appa- dans laquelle
rlds et disposcs sur une ligne droite passant ledit arbre principal est un
corps cylindri-   par l'axe central de l armature. quo creux dont les deux
extrdmit~s sont ouver- tes, et                                        9.
Pompe volumrtrique 6lectromagndtique sclon le flulde s'ecoule dans un
passage de la  6S  la revendication 3, dans laquelle ledit arbre portion
creuse (5A) dudit arbre principal, I'es-  principal, ledit bolUer avant et
ledit boftier ar- pace entre ledit piston et le boltier, lesdits    ribre
sont faits de mat~riaux conducteurs orifices d'aspiration, soupapes
d'aspiration,     d'4lectricit6, un matdriau conducteur d'dlectri- 9    17
EP 0 499 367 B1                    18 cite est dispos4 sur au moins une de
tours surfaces de lointement.
1              Hill ro  I, *       L  M 10. Pompe volum~trique
dlectromagndtique selon la revendicatlon 7, dans. laquelle au moens une 6
bobine est enroulde autour du p8le magn~ti- que de forme conique. 10 15 20
25 30 35 40 45 50 55 10    


