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impeller 2. The strength of the magnetic attraction force F1 generated by
the permanent magnets 2c, This invention relates to a so-called magnet   3b
varies due to the fluid force applied to the pump according to the preamble
of claim 1.        impeller 2, and the magnitude of the thrust force
Examples of a magnet pump are shown in   5   F2 also varies due to the
fluid pressure. A case in Figs. 6 and 7. The magnet pump shown in Fig. 6 is
which the pump impeller is rotating at a constant adapted to rotatably
drive the pump impeller utiliz-  speed will now be explained with reference
to the ing the magnet coupling between permanent mag-    pressure-flow rate
characteristic curve shown in nets and the pump comprises a pump casing 1
Fig. 6(a) of which the ordinate H is the pump including an inlet cover 1a
joined to a back cover  io  discharge pressure and the abscissa Q is the 1b
and including a pump chamber 1c containing     pump flow rate. Since the
centrifugal pump as the impeller 2, a suction port 1d for introducing
shown in Fig. 6 normally starts with the outlet valve fluid to be pumped
and a discharge port 1e for    closed off, the pump operating point is the
point A, discharging the pressurized fluid. The back cover  and when the
outlet valve is gradually open, the 1b is provided on its
non-liquid-contacting portion   15  pump operating point moves along the
solid line a with a magnet yoke 3a fixed to a main shaft 3     to the point
B. Between the points A and B, the rotatably driven by a drive source, such
as a motor  pump impeller 2 rotates, while it is subjected to a (not
shown), and a permanent magnet 3b is an-     thrust force F2 which is
larger than the magnetic nularly provided on a surface of the magnet yoke
attraction force F1, and urged towards the inlet 3a opposing the back cover
1b. An annular perma-  20  cover 1a. At the point B, the magnetic
attraction nent magnet 2c is embedded in a similarly annular  force F1 and
the thrust force F2 are equal to each magnet yoke 2b within the impeller 2
which is     other, and as the valve is further opened the mag- rotatably
contained in the pumping chamber 1c,    netic attraction force F1 becomes
larger than the and the impeller 2 is rotatably driven by the main  thrust
force F2 and the impeller 2 rotates while shaft 3 to displace the fluid.
The annular permanent  25  urged towards the back cover 1b (point C). At
point magnet 2c and permanent magnet 3b may be          C, the impeller 2
is rotating at a position spaced formed in a single ring-like permanent
magnet or of  away from the inlet cover la and therefore the a plurality of
annularly arranged permanent mag-  bearing clearance between the high and
lower nets. In any case, on the mutually opposed sur-   pressure regions
becomes sufficiently large to al- faces of the respective permanent magnets
2c and   30  low the pressurized fluid to escape to the suction 3b, the N-
and S-poles should be alternately and  portion thereby reducing the pump
outlet pressure circumferentially arranged. The force acting on the  below
the point B. When the valve is opened still impeller 2 when it is not moved
is mainly the     further, the pump operating point moves along the
magnetic attraction force F1 of the permanent mag-  solid line to the point
D. When the valve then nets 2c, 3b and thus the impeller 2 is urged to-  35
gradually closes the pump operating point moves wards the back cover 1b and
the pump is activated  to the point E through the point C since the mag- in
such a condition. Therefore, the back cover 1b is  netic attraction force
F1 is larger than the thrust provided on its side with a fixing-part
bearing 1f  force F2. At point E, the magnetic attraction force and the
impeller 2 also on its back surface with a  F1 and the thrust force F2 are
equal to each other. rotating-part bearing 1g to thereby support the   40
When the valve is opened further the impeller 2 thrust and radial loads.
rotates while being urged by the thrust force F2 With respect to the
bearing for supporting the  towards the inlet cover 1a and the operating
point impeller for rotation, a slide member on the rotating  reaches the
point F. In this manner, according to part (bearing 1g) and a slide member
on the fixed  the magnet pump of Fig. 6, the pump pressure-flow part
(bearing 1f) are each referred to as a bearing   45  rate characteristics
curve depicts a hysteresis and a pair of such slide members also to simply
be  curve, and accordingly the impeller 2 rotates while referred to as a
bearing herein.                  biased either towards the inlet cover 1a
or towards In Fig. 6, the arrow indicating the magnetic   the back cover 1b
depending upon the operating attraction force F1 acting on the impeller 2
does  condition, as described above. not exactly indicate where the force
acts upon, but  50  A further conventional magnet pump shown in merely
shows a component of the magnetic attrac-  Fig. 7 is adapted to directly
rotatably drive the tion force in the direction of the rotary shaft axis.
magnet embedded in the impeller with the elec- As the impeller 2 rotates,
the fluid is pressurized  tromagnetic force generated by the stator. The
and the fluid pressure acts as a thrust force F2 for  basic structure of
the casing 1 and impeller 2 is the urging the impeller 2 towards the inlet
side. Thus,  56  same as those of the conventional pump shown in the inlet
cover 1a is provided with a fixed-part  Fig. 6, but it differs in that the
driving magnetic bearing 1 h, and a rotating-part bearing 2j is pro-  force
mechanism  constituting the means for vided on a part opposing the bearing
1 h of the   rotatably driving the impeller 2 is a stator 5. The 2 



3                 EP 0 401 761 B1                     4 stator 5 for
driving the magnet embedded in the    debris entering into such a fluid,
and if a special impeller is mounted on the non-liquid-contacting   surface
treatment such as a corrosion resistance is portion of the back cover lb at
a position opposing  applied to the bearing, the layer of surface treat-
the magnet of the impeller, the stator 5 having coils  ment may be peeled
off; these represent poten- 5a wound on an annularly arranged core 5b, the
5   tially serious problems which are likely to occur coils 5a being
supplied with power from a power    even if the pump is well maintained.
source control circuit not shown, thereby rotatably    According to the
document US-A-3 867 655, driving the impeller 2 on the operating principle
of  there is known a magnet pump which does not a so-called brushless
motor. The magnet pump of    comprise a closed impeller, but a so-called
semi- Fig. 7 also exhibits similar behavior on the char-  10  open
impeller. A plate on the outlet side of the acteristic curve to those of
the pump of Fig. 6    impeller blades is stationary and therefore no ele-
described above, and the impeller 2 rotates while  ment of the impeller.
The pump pressure created based either towards the inlet cover la or
towards  by the impeller rotation in a perimeter space does the back cover
1b depending upon the pump op-       not act onto the outlet side surface
of the impeller. erating condition.                             15
However, the pump pressure may act onto the In the aforementioned magnet
pumps, the im-     impeller on its inlet side in a gap between the rotor
peller 2 is, in operation, shifted in the direction of  and the cover part.
This results in a pressure thrust the rotary shaft axis 20 thereof
depending upon the  force to the outlet side while the magnetic attrac-
operating condition. Namely, in respect to the axial  tion force is
directed to the inlet side. This creates force acting on the impeller 2,
there are operating   20   a hysteresis phenomenon in the pump pressure-
regions, i.e., an operating region (A[err]B, F[err]A on the  flow rate
characteristic curve and causes the dis- characteristic curve) in which the
resultant force of  advantages of the aforementioned magnet pumps the
magnetic attraction force F1 acting between the  discussed above. permanent
magnet 2c embedded in the impeller 2         The document DE-B-20 58 062
discloses a and the driving-part permanent magnet 3b (or sta-  25  generic
magnet pump according to the preamble of tor 5) for rotatably driving it
and the thrust force F2  claim 1. In the case of this known magnet pump,
due to the fluid acting on the impeller is directed  the fluid inlet
passage for communicating between towards the inlet cover 1a, an operating
region     a suction port and a pumping chamber passes (C-D, D-E) in which
the resultant force is re-     through the center portion of the magnetic
force versely directed towards the back cover 1b, and an   30  driving
mechanism. In addition, the impeller is of unstable region (B-C, E-F) which
is the transient  the closed type, i.e. impeller vanes are sandwiched
region between the operating regions, and the posi-  between a front
element and a rear element. This tion of the impeller may vary depending
upon the   arrangement of the impeller results in that the pump operating
conditions in various ways. Upon    pump pressure acts onto the rear
element and such an axial shift of the impeller 2, an impact load   35
creates a pressure thrust force acting on the impel- is applied to the
bearing and, since the impeller is  ler directed towards the suction port.
The magnetic then rotated with eccentricity at a corresponding  attraction
force acting on the impeller is also di- speed, uneven contact occurs on
the sliding sur-    rected towards the suction port. Thus, the magnetic
face of the bearing which causes damage. Such a     attraction force and
the pressure thrust force cre- phenomenon creates problems, particularly
when   40  ated by the rotation of the impeller always act in air bubbles
are contained in the fluid to be       the same direction and, therefore,
no hysteresis pumped. Namely, when fluid containing air bubbles  phenomenon
is caused in the pump pressure-flow is pressurized under the action of the
centrifugal  rate characteristic curve. Therefore, even if the force of the
impeller 2, the discharge pressure     pump operating point is at any
position during widely varies and accordingly the thrust force F2   45
operation, the impeller is not shifted in the axial caused by the fluid
pressure also varies. Thus, the  direction along its rotational axis. This
results in the impeller 2 is vibrated in the axial direction, which
avoidance of numerous disadvantages mentioned can cause undesirable pump
vibration and the pos-  above. sibility of bearing failure. In the
aforementioned     The bearing of this known magnet pump com- prior art
examples, moreover, bearings are pro-  so  prises a stationary part fixed
to the casing and a vided in the respective positions on the sides of the
moving part fixed to the impeller. The gap between inlet cover 1a and back
cover 1b and these bear-   these two bearing parts forms a hydrodynamic
ings must be assembled parallel or perpendicular   bearing. The gap of this
bearing and the surfaces to each other and this causes problems in the
of the two bearing parts are spherical. The bearing machining and
assembling processes of the parts.   55  surfaces extend up to the outer
circumference of In the case that extremely high purity fluid is to  the
impeller. Due to this geometry of the bearing 



be delivered without being contaminated, an easily  parts, the impeller has
a substantial length in its damageable bearing involves the risk of bearing
axial direction and the bearing surfaces of the 3    5                 EP 0
401 761 B1                    6 bearing parts cover a substantial surface
of the   ing an impeller 2, a rotating-part bearing 1g and a impeller.
These properties result in that the rota-  fixed-part bearing 1f serving as
a moving part and tional axis of the impeller is unstable and tends to  a
stationary part, respectively, being provided on be out of the centre line
of the known pump, which  the impeller 2 and inlet cover 1a, and the
pumping greatly reduces the pump performance.            5   chamber 1c and
the suction port 1d being in com- It is an object of the present invention
to pro-  munication with each other through an inlet pas- vide a magnet
pump in which the rotation of the    sage 1k. The material of those parts
which con- impeller is further stabilized.                    stitute the
casing 1 should have corrosion resis- This object is achieved by the magnet
pump      tance to a delivery fluid. It is also desirable for at defined in
claim 1. According to the characterizing   io  least the inlet cover 1a
positioned in the magnetic features of claim 1, the magnetic means consists
of  field of a high flux density to be made of a non- a permanent magnet
embedded in the impeller, the   magnetic material. The impeller 2 rotatably
con- permanent magnet being disk shaped and being       tained in the
pumping chamber 1c has an annular oriented perpendicular to the axis of the
impeller.  permanent magnet 2c serving as magnetic means Further, the outer
diameter of the bearing is small-  15  bonded to and embedded in a surface
of an an- er than the inner diameter of the permanent mag-   nularly formed
magnet yoke 2b adjacent to the net.
inlet cover 1a, which is usually sealed by a known Preferable embodiments
of the invention are     means, such as thermal bonding or welding, using
defined in the claims 2 to 8.                      a non-magnetic material,
such as nylon or fluorine The above and other objects, features and ad-  20
plastic, to prevent the fluid from reaching the me- vantages of the present
invention will become more  tallic portion. Furthermore, the impeller 2 is
pro- apparent from the following description of the pre-  vided with vanes
2g for establishing the predeter- ferred embodiments thereof, taken in
conjunction   mined pump performance and which are attached with the
accompanying drawings, in which like ref-  with a main plate 2h for
enhancing the pumping erence numerals denote like elements and, of  25
efficiency in the shown embodiment. Fixedly se- which:
cured on or screwed into the inner surface or the Fig. 1 is a vertical
sectional view of an embodi-  portion facing the pumping chamber 1c, of the
inlet ment of the magnet pump;                         cover 1a is the
fixed-part bearing 1f the concave Fig. 1(a) is a schematic illustration of
the essen-  surface of which faces the side of the impeller 2, tial part of
Fig. 1;                        30  and the portion of the impeller 2 facing
it in the Fig. 1 (b) is a plan view of the part of Fig. 1 (a);  direction
of the axis 20 of the rotary shaft thereof is Fig. 2 is a vertical
sectional view of another   fixedly fitted with or screwed with the
rotating-part embodiment of the magnet pump;                   bearing 1g,
the convex surface of which corre- Fig. 2(a) is a schematic illustration
showing the  sponds to the concave surface of the fixed-part arrangement of
the magnet of Fig. 2;        35  bearing 1f and faces it, and the thrust
load in the Fig. 2(b) is a sectional view taken along line X -  direction
of the axis 20 and the radial load per- Y of Fig. 2(a);
pendicular thereto are supported by the sliding Fig. 3 is a vertical
sectional view showing a    contact of the bearings 1f and 1g. Located on
the further embodiment of the magnet pump;           non-liquid-contacting
portion of the inlet cover 1 a is Figs. 4(a) - (c) respectively are
schematic il-  40  a stator 5 for serving as a magnetic force driving
lustration showing an embodiment of the bearing  mechanism or means for
rotatably driving the im- of the magnet pump;
peller under the action of magnetic force to the Fig. 5 is a vertical
sectional view showing the  permanent magnet 2c embedded in the impeller 2,
essential part of an embodiment of the impeller  it being adapted to
generate magnetic force by the of the magnet pump;
45  power from a power supply not shown, and the Fig. 6 is a vertical
sectional view showing a    fluid inlet passage 1k communicating between
the conventional magnet pump;                        suction port 1d and
the pumping chamber 1c is Fig. 6(a) is the pressure-flow rate
characteristic  formed in the center portion of the stator 5 along curve of
the conventional magnet pump; and       the rotary shaft axis 20 of the
impeller 2. Thus, the Fig. 7 is a vertical sectional view of another  50
fluid entering into the pump passes through the conventional magnet pump.
center portion of the magnetic force driving mecha- Fig. 1 is a vertical
sectional view of a first  nism in the rotary shaft axis 20 of the impeller
2 embodiment and also a third embodiment of the      and is pressurized by
the action of the impeller 2 



magnet pump, comprising a pump casing 1 includ-    rotating within the
pumping chamber 1c and di- ing an inlet cover 1a having a suction port 1d
for  55  rected therethrough to the discharge port 1e and fluid and a back
cover 1b having a discharge port  out to the exterior of the pump. 1e for
pressurized fluid, the inlet and back covers    Figs. 1(a) and (b) are
schematic representa- la and 1b defining a pumping chamber 1c contain-
tions diagrammatically showing the power trans- 4    7                 EP 0
401 761 B1                     8 mission of the magnet pump of the
embodiment of   sure on the bearings is also not described because Fig. 1,
Fig. 1(a) being a vertical sectional view  if the bearings are operating
normally a reaction showing the stator 5 and the magnet yoke 2b and   equal
to the load applied thereto is being created. Fig. 1(b) being a side
elevation as viewed from the  The following effects and obtained in the
afore- right in Fig. 1(a) and the magnet yoke 2b being   5   mentioned
embodiment. removed. A ring-shaped core 5b of a ferromagnetic   (A) The
direction of the axial component of the material is provided with six
projections S1 - S6   magnetically attracting force acting between the
formed on its side adjacent to the permanent mag-    permanent magnet 2c
embedded in the impeller net 2c, and coils k1 - k6 are wound on the projec-
2 and the magnetic force driving mechanism 5 tions S1 - S6, respectively.
In this embodiment, the   10    is always the direction to urge the
impeller 2 permanent magnet 2c includes eight segmented        towards the
magnetic force driving mechanism permanent magnets M1 - M8 arranged in an
an-        5, and the direction of the fluid force acting on nular array,
each of the permanent magnets M1 -     the impeller created by the rotation
of the impel- M8 being premagnetized and located so that S-       ler is
also always the direction to urge the poles and N-poles are alternately
positioned on the   15    impeller towards the magnetic force driving
surface facing the stator 5. Although the permanent  mechanism, so that
even if the pump operating magnet 2c is divided into the segmented magnets
point is at any position the impeller is rotated in Ml - M8 to form one
annular magnet, if necessary,   a stable position with respect to the axial
direc- a single magnet can be used by forming it into an   tion, and thus
no impact load is applied to the annulus and magnetizing it to provide an
altemat-  20  bearing and the bearing is prevented from being ing
arrangement of S- and N-poles, and this is also  damaged. true of permanent
magnets 12, 22 and 32 which           Moreover, there is caused no such
hyster- will be described below. The stator 5 is integrally  esis
phenomenon on the pump pressure-flow formed together with the projections
S1 - 56 by      rate characteristic curve, as caused in the con- laminating
silicon steel plates or sintering iron pow-  25  ventional magnet pumps.
der, and a different number of poles, such as six   (B) Even if the fluid
to be pumped contains air poles in this embodiment, from those of the
perma-  bubbles which cause a fluctuation in pump out- nent magnet 2c
(eight poles in this embodiment) is  let pressure, the impeller can always
be rotated usually selected to ensure the staring operation    at a stable
position and abnormal vibration is and smooth rotation of the impeller 2.
30    suppressed, because no hysteresis phenom- The rotation of the
permanent magnet 2c is       enon exists on the pump pressure-flow rate
caused by appropriately changing the supply of      characteristic curve.
direct current to the coils kl - k6 in accordance   (C) Since the impeller
rotates while it is urged with signals from a magnetic pole detecting
means,  towards the magnetic force driving mechanism, such as a Hall effect
element, not shown.    35    the magnetic gap between the magnetic force In
this manner, the magnet pump of Fig. 1 is     driving mechanism and the
impeller is held as so operated that the impeller 2 is rotated by sup-
small as possible. Accordingly, the force for plying power to the stator 5
to pressurize and       rotating the impeller is always at a maximum
deliver the fluid. At this time and if the impeller 2 is  value to allow
the pump performance to be running at a rated speed of revolution, the
fluid  40  maximized. pressure acting on the impeller 2 will create a
(D) Since the impeller is always running while thrust force for urging the
impeller 2 leftward as   being magnetically attracted to the magnetic
viewed in Fig. 1. On the other hand, the axial      force driving
mechanism, only a pair of bearings component of the force acting from the
stator 5 on   1f, 1g for supporting the loads may economical- the impeller
2 always forces the impeller 2 leftward,  45    ly be provided between the
impeller 2 and the so that the impeller 2 can continue the operation in
casing 1a of the magnetic force driving mecha- a stable position without
changing its position at  nism. any operating point.
(E) Since no hysteresis is on the pump pres- In addition to the magnetic
force of the stator 5  sure-flow rate characteristic curve, no offset con-
and the fluid force pressurized by the pump, fur-  50    tact phenomenon is
caused on the sliding sur- 



thermore, the impeller 2 is subjected to the gravity  faces of the bearing
and possible occurrence of and the fluid force acting between the bearings
1f   damage thereto can substantially be avoided. and 1g. The gravity has
practically no effect, al-  (F) Since the stator is used for the magnetic
though the direction of the gravitational action var-  force driving
mechanism, the only moving part ies depending upon the horizontal or
vertical posi-  55  of this magnet pump is the impeller thereof and tioning
of the magnet pump of Fig. 1. Therefore,    the remaining parts are
stationary, so that no the effect of the gravity thereon is not further
particles are expelled to the exterior and no described herein. The
magnitude of the fluid pres-  application of oil is necessary, thus
enabling the 5    9                 EP 0401 761 B1                    10
pump to be used in an environment which must    nent magnet 2 of the
impeller 2, as the permanent remain free from contamination.
magnet 12 of the magnetic force driving mecha- (G) The magnet pump can be
extremely com-       nism rotates the impeller 2 is also rotated in syn-
pact in form.                                   chronism therewith. The
permanent magnet 12 of (H) Since the fluid inlet passage is formed to   5
the magnetic force driving mechanism not only pass through the center
portion of the bearing  directly rotatably drives the impeller 2, but also
fixed in the pump casing, the bearing is posi-  receives the magnetic
action for rotating itself from tioned between the impeller and the
magnetic    the stator 5. Thus, the magnetization of the perma- force
driving mechanism in the direction of ro-  nent magnet 12 is so made that
the axially aligned tary shaft axis of the impeller and supports the   10
poles on the opposite surfaces of the annular per- impeller thereat. Thus,
every forces acting on  manent magnet 12 have opposite polarities to each
the impeller such as a magnetic attraction force  other as shown in Figs.
2(a) and (b). In this man- Fl, an impeller thrust force F2, a radial force
ner, the permanent magnet 12 has the function of a and a gravity acting on
the impeller are sup-   driving source relative to the impeller 2 and also
a ported near the point of application or center of  15  function of the
driven member relative to the stator the impeller and, therefore, effective
load bear-  5. Although the permanent magnet 12 is shown in ing may be
effected.                            the form of an integral ring-shaped
magnet, it may Fig. 2 shows the second inventive embodiment   be formed by
arranging a plurality of divided per- and the fourth inventive embodiment
described be-  manent magnets in an annulus in which the N- and low, the
magnetic force driving mechanism thereof  20  S-poles are alternately
positioned. having a different structure from that of the afore-  In the
Fig. 2 embodiment, furthermore, the inlet mentioned embodiments. In the
second embodi-      passage 1k for communicating between the pump- ment,
there is provided a permanent magnet for    ing chamber 1c and the suction
port 1d passes the magnetic force driving mechanism constituting  through
the center portions of the stator 5 and the means for rotatably driving the
impeller 2 em-  25  permanent magnet 12 of the magnetic force driving
bedding the permanent magnet under the action of  mechanism along the axis
20 of the impeller 2. In an exterior magnetic force, the permanent magnet
this invention, however, the means for rotating the is rotatably mounted in
the non-liquid-contacting  magnetic force driving mechanism may, for exam-
portion of the casing so that the magnetic force  p1e, be constituted by a
turbine or motor which is thereof directly acts on the permanent magnet em-
30  arranged to rotate the permanent magnet 12 bedded in the impeller 2 to
rotatably drive the   through gears, and there is no need for such a
latter. The following description is an outline of this  turbine or motor
to be arranged on the same axis embodiment with the common parts to those
as that of the magnetic force driving mechanism. shown in Fig. 1 not being
described in further       In this embodiment too, both of the magnetic
detail.                                      35  attraction force F1 acting
on the impeller 2 and the As shown in Fig. 2, in this embodiment, the
thrust force F1 due to the fluid pressure act to urge casing 1 having the
suction port 1d, the discharge  the impeller 2 towards the magnetic force
driving port 1e and the pumping chamber 1c includes the   mechanism and the
load is supported on the slid- inlet cover 1a and the back cover 1b, and
the     ing surfaces between the rotating-part bearing 1g impeller 2 is
contained in the pumping chamber 1 c.  40  secured to the impeller 2 and
the fixed-part bearing The outside of the casing 1 is reinforced by a back
1f facing thereto and fixed to the inlet cover 1a, casing cover 11b, an
inlet casing cover 11a, and a  and the impeller 2 can be rotated in a
stable reinforcing plate 11c secured to the inlet casing  position similar
to that of the embodiment of Fig. 1. cover 11 a. A ball bearing 10 is
secured to the inner  The pump shown further comprises a motor cover
periphery of the inlet casing cover 11a positioned   45  7 for containing
the stator 5, a connector 7b for on the non-liquid-contacting portion of
the casing 1,  receiving power from the power supply not shown and an
annular permanent magnet 12 is secured to  and an air supply port 7c for
supplying cooling air 



the inner race of the bearing. Thus, the annular  to portions of the stator
5. permanent magnet 12 or magnetic force driving        The following
effects can be obtained in the mechanism for rotatably driving the impeller
2 is  50  second embodiment. rotatably provided in the
non-liquid-contacting por-  Since the magnetic force driving mechanism
tion.                                             for rotatably driving the
impeller 2 is the permanent The permanent magnet 12 is basically in mag-
magnet, the magnetic attraction force acting on the netical and mutual
attraction with the permanent  impeller also has a centralizing function
for holding magnet 2c embedded in the impeller 2. Since the  55  the
impeller in a constant position in a direction permanent magnet 12 of the
magnetic force driving  perpendicular to the rotary shaft axis, so that the
mechanism also has the alternate pole arrange-    impeller can be held in
an appropriate position by ment as shown in Fig. 2(a), similar to the
perma-  the centralizing function due to the magnetic force, 6    11
EP 0 401 761 B1                   12 even when there is no specific shaft
for holding it  In this manner, in the embodiment of Fig. 3 the in a
predetermined radial position.               permanent magnet is provided
in the magnetic Fig. 3 shows an embodiment of the fourth      force driving
mechanism for directly rotatably driv- invention which has a different
structure of the  ing the permanent magnet embedded in the impel- magnetic
force driving mechanism from that of the   5   ler 2, and the stator is
provided as a means for embodiment of Fig. 1. Thus, the difference will
rotating the magnetic force driving mechanism, and mainly be described
below.                        the inlet passage 1k for communicating
between In Fig. 3, the casing 1 having the suction port  the suction port
and the pumping chamber 1c is 1d, the discharge port 1e and the pumping
cham-   formed in their center portion, i.e., along the rotary ber 1 c
includes the inlet cover la and the back  10  shaft axis of the impeller 2.
cover 1b, and the impeller 2 is rotatably contained  In this case too, the
thrust force F2 due to the in the pumping chamber 1c. The outside of the
fluid pressure acting on the impeller 2 and the axial casing 1 is
reinforced by a back casing cover 11b,  component F1 of the magnetic
attraction both act an inlet casing cover 11a, and a reinforcing plate  in
the direction to urge the impeller 2 towards the 11c secured to the inlet
casing cover 11a. A ball  15   magnetic force driving mechanism, and the
load is bearing 10 is secured to the inner periphery of the  supported on
the sliding surfaces between the ro- inlet casing cover 11a positioned on
the non-liquid-  tating-part bearing 1g and the fixed-part bearing 1f
contacting portion of the casing 1, and a magnet  fixed to the inlet cover
1a and opposed thereto, so yoke 23 attached with a permanent magnet 22 of
that the impeller 2 can be rotated in the stable the magnetic force driving
mechanism is secured   20  position similarly in the embodiments shown in
to the inner race of the bearing. A magnet yoke 34  Figs. 1 and 2. attached
with a driven-side permanent magnet 32      In this embodiment, further,
the power trans- for receiving the magnetic force from the stator 5 is
mission  between  the magnetic force driving secured at a screw-threaded
portion 35 to an op-  mechanism and the impeller 2 utilizes the same posite
side of the magnet yoke 23 to the impeller 2   25  principle of permanent
magnet coupling as that of so that the permanent magnet 22 of the magnetic
the second embodiment and thus the power loss in force driving mechanism
and the driven-side per-  the course of transmitting the power (magnetic
manent magnet 32 are rotated together with each   force) is almost
negligible as long as the material other.
for the inlet cover 1 a and reinforcing plate 11 c is The stator 5 for
rotating the driven-side perma-  30  appropriately selected. Both of the
magnetic force nent magnet 32 is fixedly contained in the motor  driving
mechanism and the stator 5 functioning as cover 7 integrally connected with
the inlet casing  the means for rotating it are at the non-liquid- cover
11a positioned in the non-liquid-contacting  contacting portion. in
general, the energy conver- portion of the casing 1, and a projection S of
the  sion involving the stator 5 from electric power to core 5b of the
stator 5 is opposed to the driven-  35  the rotary torque is a process
which involves a side permanent magnet 32. When power from the
considerable energy loss usually resulting from the power supply not shown
is supplied through the    magnetic gap. In this embodiment, however, as is
connector 7b to the coil 5a, a magnetic field is  clear from the Fig. 3,
the structure for generating created on the projection S of the core 5b to
rotate  the rotary torque in the stator 5 is positioned in the v    the
driven-side permanent magnet 32 opposed to  40  non-liquid-contacting
portion, whereby the magnet- and spaced away from the projection S in the
ic gap can be minimized to make the magnetic direction of the rotary shaft
axis 20 thereof, and the  pump highly effective. magnet yoke 23 for the
magnetic force driving         The pump shown also has the motor cover 7
mechanism rotatably supported together with the   for containing the stator
5, the connector 7b for 



driven-side magnet yoke 34 is also rotated together  45  receiving power
from the power supply not shown, with the driven-side magnet yoke 34. Thus,
the    the air supply port 7c for supplying cooling air to permanent magnet
22 of the magnetic force driving  portions of the stator 5 and the
discharge port 7d mechanism is rotated to create a magnetic driving  of the
cooling air. force for rotating the impeller 2. In this embodiment  In the
embodiment shown in Fig. 3, the follow- of Fig. 3, it is preferable for the
permanent magnet  50  ing effects can be obtained in addition to the ef- 2c
embedded in the impeller 2 and the permanent   fects above stated regarding
the embodiment of magnet 22 of the magnetic force driving mecha-    the
second invention. nism to be provided with the same number of          The
magnetic force driving mechanism has the poles and the permanent magnet 32
to also be      magnet for applying magnetic force to the impeller provided
with an appropriate number of alternately  55  for rotation, and there is
almost no power loss polarized poles to provide an optimum power trans-
during the power transmission between the impel- mission in relation to the
stator 5.              ler and the magnetic force driving mechanism, if the
material of the casing and its reinforcing mem- 7    13                 EP
0 401 761 B1                        14 bers interposed between the impeller
and magnetic  rigid fluid film is formed on the sliding surface 50 force
driving mechanism is appropriately selected,  to provide a balance in
response to the load. Due irrespective of the output of the magnet pump and
to the spherical shape, the cliding surface 50 can the dimension of the
magnetic gap with the result  support both the thrust and radial loads.
that no heat is generated in the course of the   5     Fig. 4(b) shows the
rotating-part bearing of a power transmission. Also the magnetic force
driv-  conical, spirally grooved bearing, and the sliding ing mechanism and
the stator for rotating it are   surface of the fixed-part bearing not
shown has a located in the non-liquid-contacting portion so that
complementarily concaved surface. As the rotating- highly efficient power
transmission (energy conver-  part bearing rotates in the direction of the
arrow 52, sion) can be achieved, thus, any heat generation   io  the
conical, spirally grooved bearing can also sup- due to the power loss can
be avoided, and a highly  port the thrust and radial loads. Particularly,
it se- efficient magnet pump can be provided.             cures the
position of the impeller 2 more positively. Figs. 4 and 5 are to explain
the components of     Fig. 4(c) shows the rotating-part of a quill type the
preferred embodiment of the magnet pump of     spirally grooved bearing
described in the prior art the present invention, Fig. 4 being for the
bearing   15  and which has a flat spirally grooved bearing por- and Fig. 5
being for the impeller.                 tion 56 for supporting the thrust
force and a cylin- Fig. 4 schematically shows a bearing suitable   drical
spirally grooved bearing portion 57 for sup- for use with the magnet pump
of the present inven-  porting the radial force. It is also necessary that
the tion. In the magnet pump of the invention, the     sliding surface of
the fixed-part bearing should be bearing is desirably constituted by a
dynamic pres-  20  complementary to the sliding surfaces 56, 57 of the sure
bearing of own-liquid lubricating system using  rotating-part bearing. the
fluid in the pumping chamber 1c for lubricant,    In the spirally grooved
bearings, furthermore, and most preferably a spirally grooved bearing
the spiral grooves may be provided either on the formed with grooves of
about 10 microns in depth   sliding surface of the rotating-part or
fixed-part in one of the sliding surfaces, in view of the large   25
bearing, and the rotating-part bearings of Figs. 4- load capacity. The
bearing material is preferably a  (a), (b) and (c) can also be attached to
the fixed- ceramic which is a brittle material not easily defor-  parts.
mable, and usually may be a ceramic sintered           Fig. 5 is a
sectional view of the essential part material, such as a silicon carbide
sintered ma-   of the impeller 2, and the iron magnet yoke 2b and terial, a
silicon nitride sintered material, an alu-  30  the permanent magnet 2c
fixed thereto are both of minum oxide sintered material. When used with
a easily corrosive material. Thus, they are not only strongly active
chemicals, a thin layer of a highly  sealed by an organic polymer material
(nylon, pure ceramic should be formed the entire surface   PTFE, PFA,
etc.), but also covered by a highly air- of the ceramic sintered material.
In particular, a  tight inorganic material to enhance the corrosion
spirally grooved bearing produced by forming a   35  resistance of the
metallic material. Upper and lower layer about 100 to 200 micron thick of
silicon     stream side covers 60b and 60c are made of a carbide on the
surface of a silicon carbide sintered  good corrosion-resisting resin, such
as PFA, the material by a thermal CVD process and then for-    magnet yoke
2b and permanent magnet 2c being ming spiral grooves in the surface of the
CVD layer  contained in the upper and lower stream side cov- has excellent
corrosion and wear resistance, and   40  ers BOb and 60c, their joined
surface 60d is welded the physical property of the substrate of silicon  to
embed the metal parts therein, these being 



carbide sintered material and the thin layer of sili-  further contained in
ceramic containers 61b, 61c con carbide formed thereon is analogous which
the outermost periphery of which is covered with provides a high mutual
bonding strength and high   upper and lower stream side impellers 62b and
62c thermal and physical shock resistances and high   45   made of PTFE,
and their joined surface 62d being reliability. The below-described
bearings can be   welded to seal the rotor portion. Blades 63 for formed of
the above-described materials and are     pressurizing the fluid are
integrally performed with basically self-lubricating type dynamic pressure
the lower stream side impeller 62c and a main bearings. Fig. 4(a) only
shows the rotating-part   shroud 64 is welded to the blades 63. With this
bearing of the spherical surface type dynamic  50  arrangement, even if
fluid which is in a gaseous or pressure bearing shown in respect of the
afore-    liquid state tends to penetrate through the outer mentioned
embodiment and the sliding surface 50    peripheral PTFE impellers 62b,
62c, such fluid pen- has a spherical configuration and is formed with
etration is prevented by the containers 61b, 61c of spiral grooves 51
therein. On the other hand, the  inorganic material to protect the
permanent magnet surface of the fixed-part bearing not shown has a   55  2c
and magnet yoke 2b. The containers 61b, 61c complementarily concaved
spherical configuration.  shown in Fig. 5 are arranged thin films of
silicon An arrow shows the direction of rotation the bearing  carbide
produced by a thermal CVD process and B, and as the bearing rotates in that
direction of  so their joined portion 61d is sealed by an inter- 8    15
EP 0 401 761 B1                    16 posed thin film of PFA.
Claims With such an arrangement, even in the case that the pump is used to
deliver a highly penetra-  1. A magnet pump, comprising a closed type ble
and corrosive fluid, such as hydrofluoric acid,  impeller (2) having a
magnetic means (2c) and for example, the metal parts embedded in the   5
being rotatably driven by a magnetic force impeller 2 suffer virtually no
corrosion even over   from the outside of said impeller; long periods of
time.                                 a pump casing (1) including a suction
port (1d) If the fluid to be pumped does not attack         and a discharge
port (1e) and a pumping quartz, such as sulfuric acid, nitric acid or hy-
chamber (1c); the impeller (2) being rotatably drochloric acid, the
containers 61b, 61c may be   10  contained in said pumping chamber (1c) of
formed of quartz and the joined surface 61d can be    said casing (1);
welded by a known means, such as by a laser, to       a bearing (1f, 1g)
provided on the suction side provide a complete seal.
of the impeller (2) and having a stationary part The containers can also be
prevented from         (1f) fixed to said casing (1) and a moving part
being damaged by the aforementioned interposition   15  (1g) fixed to said
impeller, said bearing (1f, 1g) of the upper and lower stream side covers
60b and     being shaped to support radial force and thrust 60c of a
resilient material between the metal mem-    force acting on said impeller
(2); bers, such as the permanent magnet 2c and the         a magnetic force
driving mechanism (5, 12, 22, magnet yoke 2b, and the brittle containers
61b,       32) constituting a means for affording the mag- 61 c.
20       netic force on said magnetic means (2c) of Furthermore, if the
aforementioned containers      said impeller (2) to rotatably drive the
latter, are formed of a glass material, such as quartz, and   said magnetic
force driving mechanism (5, 12, the joined surface is completely sealed by
welding    22, 32) being mounted on a non-liquid-contact- or thermal
bonding means, there will be no need to   ing portion of said casing (1) on
the suction sealingly encapsulate the metal members as in the   25  side of
said impeller (2) and facing said impel- case of the upper and lower stream
side cover 60b     ler (2) in respect to the direction of the rotary and
60c, but only provide shock absorbing ability     shaft axis (20) of said
impeller (2); and a fluid to avoid point contact of the metal members and
inlet passage (1k) for communicating between containers.
said suction port (1d) and said pumping cham- The above description in
respect of Figs. 4 and   30  ber (1c), said fluid inlet passage (1k) being
5 is commonly applicable to any of the magnet        formed to pass through
the center portion of pumps of the present invention.
said magnetic force driving mechanism (5, 12, By adopting the arrangements
shown in Figs. 4     22, 32) and the center of the bearing (1g, 1f) and 5,
the following effects can be obtained.         as defined by the rotational
axis (20) of the (A) The spirally grooved bearing of sintered sili-  35
impeller (2), con carbide material coated with a thin layer of
characterized in that silicon carbide by a thermal CVD process
said magnetic means is formed by a perma- causes no elution of the
components to almost      nent magnet (2c) embedded in said impeller 



all kinds of fluid in the temperature range of     (2), that said permanent
magnet (2c) is a disk lower than 200 C, and thus the pump is suitable  40
shaped one and is oriented perpendicular to a for use in pumping chemicals
of extremely high     rotational axis (20) of said impeller (2), and in
purity.                                            that an outer diameter
of said bearing (1f, 1g) (B) Since the metal members, such as the mag-
is smaller than an inner diameter of said per- net contained in the
impeller 2 and the magnet     manent magnet (2c) embedded in said impel-
yoke, are contained in the inorganic containers,  45  ler (2). the
penetration of a corrosive component of the fluid can be effectively
blocked or minimized to  2. A magnet pump according to claim 1, char-
prolong the pump life, and the possibility of      acterized in that said
magnetic force driving expelling rust produced by metal members into
mechanism (5, 12, 22, 32) comprises a perma- a fluid can be minimized.
50      nent magnet (12, 32) rotatably mounted on The magnetic force
driving mechanism  is          said non-liquid-contacting portion of said
cas- mounted on a non-liquid-contacting portion of the     ing (1). casing
at a position facing the impeller in respect to the direction of the rotary
shaft axis of the  3.  A magnet pump according to claim 1, char- impeller.
A fluid inlet passage for communicating   55  acterized in that said
magnetic force driving between the suction port and the pumping cham-
mechanism (5, 12, 22, 32) comprises a stator ber is formed to pass through
the center portion of  (5) fixed to said non-liquid-contacting portion of
the magnetic force driving mechanism.                 said casing (1). 9
15                EP 0 401 761 B1                    16 posed thin film of
PFA.                            Claims With such an arrangement, even in
the case that the pump is used to deliver a highly penetra-  1. A magnet
pump, comprising a closed type ble and corrosive fluid, such as
hydrofluoric acid,   impeller (2) having a magnetic means (2c) and for
example, the metal parts embedded in the   5       being rotatably driven
by a magnetic force impeller 2 suffer virtually no corrosion even over
from the outside of said impeller; long periods of time.
a pump casing (1) including a suction port (1d) If the fluid to be pumped
does not attack          and a discharge port (1 e) and a pumping quartz,
such as sulfuric acid, nitric acid or hy-      chamber (1c); the impeller
(2) being rotatably drochloric acid, the containers 61b, 61c may be   10
contained in said pumping chamber (1c) of formed of quartz and the joined
surface 61 d can be    said casing (1); welded by a known means, such as by
a laser, to        a bearing (1f, 1g) provided on the suction side provide
a complete seal.                               of the impeller (2) and
having a stationary part The containers can also be prevented from
(1f) fixed to said casing (1) and a moving part being damaged by the
aforementioned interposition   15  (1g) fixed to said impeller, said
bearing (1f, 1g) of the upper and lower stream side covers 60b and
being shaped to support radial force and thrust 60c of a resilient material
between the metal mem-     force acting on said impeller (2); bers, such as
the permanent magnet 2c and the          a magnetic force driving mechanism
(5,12, 22, magnet yoke 2b, and the brittle containers 61b,        32)
constituting a means for affording the mag- 61c.
20       netic force on said magnetic means (2c) of Furthermore, if the
aforementioned containers      said impeller (2) to rotatably drive the
latter, are formed of a glass material, such as quartz, and    said
magnetic force driving mechanism (5, 12, the joined surface is completely
sealed by welding     22, 32) being mounted on a non-liquid-contact- or
thermal bonding means, there will be no need to    ing portion of said
casing (1) on the suction sealingly encapsulate the metal members as in the
25  side of said impeller (2) and facing said impel- case of the upper and
lower stream side cover 60b      ler (2) in respect to the direction of the
rotary and 60c, but only provide shock absorbing ability      shaft axis
(20) of said impeller (2); and a fluid to avoid point contact of the metal
members and        inlet passage (1k) for communicating between containers.
said suction port (1d) and said pumping cham- The above description in
respect of Figs. 4 and   30  ber (1c), said fluid inlet passage (1k) being
5 is commonly applicable to any of the magnet         formed to pass
through the center portion of pumps of the present invention.
said magnetic force driving mechanism (5, 12, By adopting the arrangements
shown in Figs. 4      22, 32) and the center of the bearing (1g, 1f) and 5,
the following effects can be obtained.          as defined by the
rotational axis (20) of the (A) The spirally grooved bearing of sintered
sili-  35  impeller (2), 



con carbide material coated with a thin layer of    characterized in that
silicon carbide by a thermal CVD process            said magnetic means is
formed by a perma- causes no elution of the components to almost       nent
magnet (2c) embedded in said impeller all kinds of fluid in the temperature
range of      (2), that said permanent magnet (2c) is a disk lower than
[err], and thus the pump is suitable  40  shaped one and is oriented
perpendicular to a for use in pumping chemicals of extremely high
rotational axis (20) of said impeller (2), and in purity.
that an outer diameter of said bearing (1f, 1g) (B) Since the metal
members, such as the mag-       is smaller than an inner diameter of said
per- net contained in the impeller 2 and the magnet      manent magnet (2c)
embedded in said impel- yoke, are contained in the inorganic containers,
45  ler (2). the penetration of a corrosive component of  the fluid can be
effectively blocked or minimized to  2. A magnet pump according to claim 1,
char- prolong the pump life, and the possibility of       acterized in that
said magnetic force driving expelling rust produced by metal members into
mechanism (5, 12, 22, 32) comprises a perma- a fluid can be minimized.
50      nent magnet (12, 32) rotatably mounted on The magnetic force
driving mechanism  is           said non-liquid-contacting portion of said
cas- mounted on a non-liquid-contacting portion of the      ing (1). casing
at a position facing the impeller in respect to the direction of the rotary
shaft axis of the   3. A magnet pump according to claim 1, char- impeller.
A fluid inlet passage for communicating  55  acterized in that said
magnetic force driving between the suction port and the pumping cham-
mechanism (5, 12, 22, 32) comprises a stator ber is formed to pass through
the center portion of   (5) fixed to said non-liquid-contacting portion of
the magnetic force driving mechanism.                  said casing (1). 9
17                 EP 0 401 761 B1                    18 4. A magnet pump
according to claim 1, char-            (5, 12, 22, 32), der ein Mittel zum
Aufbringen acterized in that said magnetic force driving       der
Magnetkraft auf das magnetische Mittel mechanism (5, 12, 22, 32) comprises
a perma-        (2c) des Pumpenrades (2) darstellt, um das nent magnet (22)
rotatably mounted on said          letztere drehbar anzutreiben, wobei der
Ma- non-liquid-contacting portion of said casing (1)   5
gnetkraft-Antriebsmiechanismus (5, 12, 22, 32) and a stator (5)
constituting a means for trans-    in einem  der Fltssigkeit nicht
ausgesetzten mitting rotation to said magnetic force driving     Abschnitt
des Gehouses (1) auf der Saugseite mechanism, said stator (5) being fixed
to said      des Pumpenrades (2) befestigt ist und dem
non-liquid-contacting portion of said casing (1).   Pumpenrad (2) in bezug
auf die Richtung der 10      Drehachse (20) des Pumpenrades (2) gegen- 5. A
magnet pump according to one of claims 1           Uberliegt; und einen
FluideinlaBdurchgang (1k) to 4, characterized in that said permanent
zur Verbindung zwischen dem SauganschluB magnet (2c) embedded in said
impeller (2) is       (1 d) und der Pumpenkammer (1 c), wobei der contained
in a container made of an inorganic       Fluid-EinlaBdurchgang (1k) so
ausgebildet ist, material.                                  15       daB er
durch den zentralen Abschnitt des Ma- gnetkraft-Antriebsmechanismus (5, 12,
22, 32) 6. A magnet pump according to one of claims 1           und die
Mitte des Lagers (1g, 1f) tritt, wie sie to 5, characterized in that said
inlet passage      durch die Drehachse (20) des Pumpenrades (1k) passes
through the center portion of said      (2) definiert ist, stationary part
(1f) of said bearing (1f, 1g) fixed   20  dadurch gekennzeichnet, daB to
said casing (1).                                 das magnetische Mittel
durch einen Perma- nentmagnet (2c) gebildet ist, der in dem Pum- 7. A
magnet pump according to one of claims 1           penrad (2) eingebettet
ist, daB der Permanent- to 6 characterized in that the material of said
magnet (2c) scheibenformig und rechtwinkelig bearing parts (1f, 1g) is
ceramic, and one of  25   zu einer Drehachse (20) des Pumpenrades said
bearing parts is formed in its sliding sur-    orientiert ist, und daB ein
auBerer Durchmesser face with grooves (51) for generating dynamic       des
Lagers (if, 1g) kleiner als ein innerer pressure.
Durchmesser des Permanentmagnets (2c) ist, der in dem Pumpenrad eingebettet
ist. 8. A magnet pump according to claim 7, char-  3o acterized in that
said ceramic includes a sub-  2. Magnetpumpe nach Anspruch 1, dadurch ge-
strate of silicon carbide sintered material and a   kennzelchnet, daB der
Magnetkraft-Antriebs- 



thin layer of silicon carbide coated on the         mechanismus (5, 12, 22,
32) einen Permanent- surface of the substrate by a thermal CVD
magnet (12, 32) umfaBt, der drehbar in dem process.
35       nicht mit der Fllssigkeit in Kontakt kommen- den Abschnitt des
Gehluses (1) befestigt ist. PatentansprUche 3. Magnetpumpe nach Anspruch 1,
dadurch ge- 1. Magnetpumpe, umfassend ein Pumpenrad (2)
kennzelchnet, daB der Magnetkraft-Antriebs- vom  geschlossenen Typ mit
magnetischen   40        mechanismus (5, 12, 22, 32) einen Stator (5)
Mitteln (2c), das durch eine Magnetkraft dreh-      umfaet, der an dem
nicht mit der FlUssigkeit in bar angetrieben wird, die von auBerhalb des
Kontakt tretenden Abschnitt des Gehiluses (1) Pumpenrades wirkt;
befestigt ist. ein Pumpengehluse (1) umfassend einen SauganschluB (1d) und
einen Ausgangsan-   45  4. Magnetpumpe nach Anspruch 1, dadurch go- schluB
(1e) und eine Pumpenkammer (1c); wo-         kennzelchnet, daB der
Magnetkraft-Antriebs- bei das Pumpenrad (2) drehbar in der Pum-
mechanismus (5, 12, 22, 32) einen Permanent- penkammer (11c) des Gehiuses
(1) aufgenom-          magnet (22) umfalt, der drehbar an dem nicht men
ist;                                            mit der Fl~ssigkeit in
Kontakt tretenden Ab- ein Lager (If, ig), das auf der Saugseite  60
schnitt des Gehauses (1) befestigt ist, sowie des Pumpenrades (2)
vorgesehen ist, und das         einen Stator (5), der ein Mittel zur
Obertragung einen feststehenden Tell (If) der am Gehause        der Drehung
auf den Magnetkraft-Antriebsme- (1) befestigt ist, und einen beweglichen
Teil       chanismus bildet, wobei der Stator (5) in dem (1g) aufweist, der
auf dem Pumpenrad befe-          nicht mit der Fllssigkeit in Kontakt
tretenden stigt ist, wobei das Lager (if, 1g) so geformt   55  Abschnitt
des Gehauses (1) befestigt ist. ist, daB es die Radialkraft und die
Druckkraft aufnimmt, die auf das Pumpenrad (2) wirken;     5. Magnetpumpe
nach einem der AnsprOche 1 einen   Magnetkraft-Antriebsmechanismus
bis 4, dadurch gekennzelchnet, daB der Per- 10    19                EP 0
401 761 B1                    20 manentmagnet (2c), der in dem Pumpenrad
(2)        rer la communication entre l'orifice d'aspiration eingebettet
ist, in einen Behilter aufgenom-       (Id) et la chambre de pompage (1 c),
l passa- men ist, der aus anorganischom Material her-       ge (1k)
d'entreo de fluide etant form6 afin qu'il gestellt ist.
passe dans la partle centrale du mecanisme 5       (5, 12, 22, 32)
d'entratnement par une force 6. Magnetpumpe nach einem der AnsprUche 1
magndtique et le centre du palier (1g, 1f) telle bis 5, dadurch
gekennzelchnet, daB der Emn-        que definie par l'axe de rotation (20)
de la roue laBdurchgang (1k) durch einen zentralen Ab-        (2), schnift
des feststehenden Teiles (if) des La-          caract6ris~e en ce que gers
(if, 1g) tritt, der an dem Gehluse (1)  io       le moyen magn6tique est
formd par un befestigt ist.                                     aimant
permanent (2c) enrobe dans la roue (2), en ce quo l'aimant permanent (2c) a
une 7. Magnetpumpe nach einem der AnsprUche 1              forme de disque
et est oriente porpendiculaire- bis 8, dadurch gekennzelchnet, daB das Ma-
ment & l'axe de rotation (20) de la roue (2), et terial der Lagerteile (If,
Ig) keramisch ist und   15  en co que le diametre exteme du pallor (If, daB
einer der Lagerteilo eine Gleifflache mit      1g) est infdrieur au
diametre interne de I'ei- Nuten (51) aufweist, ur einen dynamischen
mant permanent (2c) qui est enrobe dans la Druck zu orzeugen.
roue (2). 8  Magnotpumpe nach Anspruch 7, dadurch ge-  20  2. Pompe &
entraihement magnetique selon la kennzoichnet, daB die Keramik ein Substrat
revendication 1, caracteriseo en co quo le me- aus gesintertem
Siliziumkarbidmaterial und        canisme (5, 12, 22, 32) d'entratnement
par une eine dOnne Schicht aus Siliziumkarbid auf-         force magndtique
comprend un aimant perma- weist, die auf die Oberflache des Substrates
nent (12, 32) mont6 afin qu'il tourne sur la durch ein thermisches
CVD-Verfahren aufge-  25     partie du carter (1) qui n'est pas au contact
bracht ist.                                        d'un liquide.
Revendicatlons                                     3. Pompe & ontratnement
magnetique selon la revendication 1, caracterisee en co quo le m6- 1. Pompe
a entratnement magnetique, compre-  s0        canisme (5, 12, 22, 32)
d'entratnement par une nant une roue (2) de type ferm6 ayant un
force magndtique comporte un stator (5) fixd a 



moyen magnetique (2c) et entratnd on rotation      la partie du carter (1)
qui n'est pas au contact par une force magnetique depuis l'exterieur de
d'un liquide. Ia roue, un carter (1) de pompe comprenant un   35  4. Pompe
& entratinement magn6tique solon la orifice d'aspiration (1d) et un orifice
d'evacua-  revendication 1, caracteris6e en ce quo le m6- tion (1e) et une
chambre de pompage (1c), la       canisme (5, 12, 22, 32) d'entratnement
par une roue (2) etant logde dans la chambre de pom-       force magn~tique
comporte un aimant perma- page (1c) du carter (1) afin qu'elle toume,
nent (22) montd afin qu'il puisse tourner sur la un pallor (if, 1g) plac4
du c8te d'aspiration   4o  partie du carter (1) qui n'est pas au contact de
la roue (2) et ayant une partie stationnaire    d'un liquide, et un stator
(5) constituant un (if) fixeo au carter (1) et une partie mobile (1g)
moyen de transmission de la rotation ou mdca- fixee b la roue, le pallor
(if, 1g) ayant une      nisme d'entratnement de la force magnetique,
configuration telle qu'il encaisse la force radia-  le stator (5) dtant
fixe a la partie du carter (1) le et la force de poussee agissant sur la
roue   45  qui n'est pas au contact d'un liquide. (2), un m6canisme (5, 12,
22, 32) d'entratne-    5. Pompe a entratnement magndtique solon l'une ment
par une force magnetique constituant un       des revendications 1 & 4,
caracterisee en co moyon destine a appliquer la force magnetique      quo
l'aimant permanent (2c) enrobe dans la au moyen magnetique (2c) de la roue
(2) afin  5o   roue (2) est loge dans un r6cipient forme d'un quo celle-ci
soit entratnee en rotation, le meca-  matdriau mindral. nisme (5, 12, 22,
32) d'entrathement par une force magn6tique etant mont4 dans une partlo
8. Pompe & entratnement magnetique solon l'une du carter (1) qui n'est pas
au contact du liqui-   des revendications 1 a 5, caracterisee on ce de, du
cbte d'aspiration de la roue (2) et etant  55  quo le passage d'entree (1k)
passe dans la tourne vers la roue (2) dans la direction de       partie
centrale de la partie fixe (1f) du pallor l'axe (20) de I'arbre rotatif de
la roue (2), et un  (if, 1g) fixde au carter (1). passage (1k) d'entrde de
fluide destine a assu- 11            11111111    11111 IllI 11 1f11    21
EP 0 401 761 B1                    22 7. Pompe & entratnement magndtique
salon l'una des revendications 1 a 6, caracterisde en co que le mat6riau
des parties (If, 1g) de palier est une cdramique, et l'une des parties de
Qts   pallor comporte, dans sa surface de glisse-   5 ment, des gorges (51)
formees afin qu'elles creent une pression dynamique. & Pompe a entratnement
magn~tique salon la revendication 7, caractdrisde en co quo la c6-  10
ramique comporte un substrat d'un materiau de carbure de silicium fritte et
une mince cou- che de carbure de silicium revitant la surface du substrat
qui est d~pos4 par un procdd4 de ddp8t chimique en phase vapeur thermique.
15 20 25 30 35 40 45 50 55    


