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teeth 1a. Accordingly, in turn, supplying the pulse cur- BACKGROUND OF THE
INVENTION                      rent to coils 6a, 6b, 7a, and 7b generates a
mag- netic flux respectively. The magnetic flux and the Field of the
invention                       5   magnetic flux from permanent magnets 8
and 9, in turn, act on respective magnetic poles 4a, 4b, 5a, The present
invention relates to a strong mag-  and 5b, allowing primary member 2 to
travel along netic thrust force type actuator producing a rela-  secondary
member 1 in the longitudinal direction. tively large magnetic thrust for
use in an industrial  Next, in Fig. 2(a) to Fig. 2(d), primary member
robot, or the like.                         1o  2 traveling along secondary
member 1 is described based on the two-phase exciting system which Prior
Art                                        supplies a pulse current to
coils 6a and 6b in one group, and coils 7a and 7b in the other group. This
Conventional linear pulse motors comprise a   pulse current energizes
magnetic poles 4a, 4b, 5a, primary member and secondary member. Gen-  15
and 5b. erally the primary member is an electrically sup-    In Fig. 2(a),
by supplying the pulse current plied member, in other words, an
electromagneti-  from terminal 6c to terminal 6d through coils 6a cally
exciting member. Accordingly, the primary  and 6b as shown by the direction
of the arrow, and member travels along the secondary member in a    also,
by supplying this pulse current from terminal linear to and fro direction
when a pulse current is  20  7d to terminal 7c through coils 7a and 7b, as
supplied to the primary member. In this case, the   shown by the direction
of the arrow, the magnetic primary member is movable, while the secondary
flux generated from coil 6a is added to the mag- member is stationary, but
either the primary or  netic flux generated from permanent magnet 8 at
secondary member can be movable.                  magnetic pole 4a for the
A-phase, and each of Fig. 1 shows an conventional linear pulse mo-  25
these magnetic fluxes at magnetic pole 4b for the tor. Numeral 1 designates
a secondary member     A-phase opposes the other. On the other hand, the
which is an elongate magnetic material plate, the  magnetic flux generated
from coil 7a is added to upper side of which forms rectangular teeth 1a and
the magnetic flux generated from permanent mag- grooves 1b along the
longitudinal direction at an  net 9 at magnetic pole 5a for the B-phase,
and constant pitch. Above the teeth 1a and grooves 1b,  30   each of these
magnetic fluxes at magnetic pole 5b primary member 2 is positioned at a
predetermined  for the B-phase opposes the other. Magnetic flux space
therebetween. This primary member 2 is     [err] is thus generated in the
direction of the arrow movably supported by a supporting member such    as
shown in Fig. 2(a). As a result, the magnetic as a roller, wheel, or the
like.                 field acts on pole teeth 1 4a and 15a facing rectan-
Primary member 2 comprises core 4 for the A-  35  gular teeth 1a to produce
a magnetic thrust. phase and core 5 for the B-phase, both having       In
Fig. 2(b), by supplying the pulse current to magnetic poles 4a and 4b for
core 4, and magnetic  coils 6a and 6b in the same direction as shown in
oles 5a and 5b for core 5; coils 6a and 6b wound  Fig. 2(a), and also, by
supplying this pulse current around magnetic poles 4a and 4b, respectively;
to coils 7a and 7b in the opposite direction against coils 7a and 7b wound
around magnetic poles 5a   40  the direction shown in Fig. 2(a), magnetic
flux [err] is and 5b, respectively; permanent magnets 8 and 9  thus
generated in the direction of the arrow as disposed on cores 4 and 5, in
which the N-pole of  shown in Fig. 2(b). As a result, the magnetic field
permanent magnet 8 faces the upper surface of    acts on pole teeth 14a and
15b facing rectangular core 4, while the S-pole of permanent magnet 9
teeth 1a to produce magnetic thrust. faces the upper surface of core 5;
cover plate 10,  45  In Fig. 2(c), by supplying the pulse current to formed
by a magnetic material, covers permanent   coils 6a and 6b in the opposite
direction against magnets 8 and 9. The lower side of magnetic pole  the
direction shown in Fig. 2(b), and by supplying 4a has pole teeth 14a and
grooves 14c, each of   this pulse current to coils 7a and 7b in the same
which is formed at an constant pitch. The lower   direction as shown in
Fig. 2(b), magnetic flux [err] is side of magnetic poles 4b, 5a, and 5b has
similar  50  thus generated in the direction of the arrow direc- pole teeth
14b, 15a, and 15b, then grooves 14d,  tion as shown in Fig. 2(c). As a
result, the magnetic 15c, and 15d, respectively.                      field
acts on pole teeth 14b and 15b facing rectan- Assuming that the constant
pitch of rectangular  gular teeth 1a to produce the magnetic thrust. teeth
la indicates the distance P, each of the pole  Similarly, in Fig. 2(d), by
supplying the pulse teeth 14b, 15a, and 15b is shifted by a distance of  55
current to coils 6a and 6b in the same direction as P/4 with respect to
rectangular teeth 1a as shown  shown in Fig. 2(c), and to coils 7a and 7b
in the in Fig. 2, and the lower surface of these are posi-  opposite
direction against the direction shown in tioned at a distance of G from the
upper surface of   Fig. 2(c), magnetic flux [err] is thus generated in the
2    



3                EP 0 373 987 B1                       4 direction of the
arrow direction as shown in Fig. 2-  SUMMARY OF THE INVENTION (d). As a
result, the magnetic field acts on pole teeth 14b and 15a facing
rectangular teeth 1a to    It is accordingly an object of the present
inven- produce the magnetic thrust.                     tion to provide a
strong magnetic thrust force type Accordingly, the pulse current is, in
turn, sup-   5   actuator capable of effectively using area of the plied to
respective coils 6a, 6b, 7a, and 7b in the  magnetic poles to produce a
large magnetic thrust. successive order of such Fig. 2(a), Fig. 2(b), Fig.
2-  In an aspect of the present invention, there is (c), and Fig. 2(d).
This allows primary member 2 to  provided a strong magnetic thrust force
type ac- travel toward the right in the drawings, that is, from  tuator
including: magnetic pole 4a to magnetic pole 5b, while the  1o  a primary
magnetic member supported by a pulse current is, in turn, supplied to the
respective  support means moving along a predetermined di- coils in the
decreasing order of such Fig. 2(d), Fig.  rection, the primary magnetic
member generating a 2(c), Fig. 2(b), and Fig. 2(a), causing primary mem-
magnetic field from magnetic poles thereof; and ber 2 to travel toward the
left on the drawing, that  a secondary magnetic member having a plural- is,
from magnetic pole 5b to magnetic pole 4a.  15  ity of facing portions
facing the magnetic poles of Generally, such a linear pulse motor is thus
the primary magnetic member, in which the facing used without a closed-loop
control circuit for ac-  potions are disposed at a constant pitch in the
curately positioning an object at a certain position,  predetermined
direction, thus moving the primary which makes the driving device useful
for office  magnetic member relative to the secondary mag- automation
equipment such as printers. However, it  20  netic member when a magnetic
field acts on the is difficult to use this type of device in industrial
facing portions formed by the secondary magnetic robots because of the high
magnetic thrust re-   member, wherein quired.
the primary magnetic member comprises: According to the linear pulse motor
described     a core member having facing portions and in the above, in
Fig. 2(a), while generating the   25  grooves alternately disposed at a
first constant magnetic thrust at magnetic poles 4a and 5a, each  pitch in
the predetermined direction, the facing of the magnetic fluxes is
counteracted at magnetic  portions and grooves extended to a direction
trans- poles 4b and 5b, respectively. The magnetic thrust  verse to the
predetermined direction; is thus not caused at magnetic poles 4b and 5b. A
a permanent magnet inserted into respective similar magnetic thrust is
generated at magnetic  30  said grooves in a perpendicular direction from a
poles 4a and 5b in Fig. 2(b), magnetic poles 4b  facing surface of the
facing portions so that each of and 5b in Fig. 2(c), and magnetic poles 4b
and 5a  the adjacent permanent magnets is of an opposite in Fig. 2(d). As a
result, the area of magnetic poles  polarity; and 4a, 4b, 5a, and 5b which
can generate the mag-       an insulated wire wound around the core mem-
netic thrust is only 50% of the area thereof. This  35  ber to form said
magnetic pole, wherein area is significant in that it produces the magnetic
the secondary magnetic member comprises: thrust.
the said facing portions being faced to the European Patent Application A-0
352 189, pub-  facing portions of the core member, the facing lished on
January 24, 1990, discloses a strong   portions disposed at a second
constant pitch in the magnetic thrust force type actuator including a   40
predetermined direction, the second constant pitch primary magnetic member
having magnetic poles    is about twice as large as the first constant
pitch of and a secondary magnetic member having facing    the facing
portions formed by the primary magnetic portions facing the magnetic poles.
In a first em-  member. bodiment, the primary magnetic member corn-
In a second aspect of the present invention, prises separate core members
disposed at a first  45  there is provided a strong magnetic thrust force
constant pitch, whereas the facing portions of the  type actuator
including; secondary magnetic member are disposed at a          a primary
magnetic member supported by a second constant pitch about twice as large
as the  support means moving along a predetermined di- first constant
pitch. Permanent magnets are in-   rection, the primary magnetic member
generating a serted between the separate core members. In  50  magnetic
field from magnetic poles thereof; and another embodiment, the primary
magnetic mem-        a secondary magnetic member having a plural- ber
comprise a core member having facing por-    ity of facing portions facing
the magnetic poles of tions disposed at a first constant pitch, whereas the
the primary magnetic member, in which the facing secondary magnetic member
is formed of separate   portions are disposed at a constant pitch in the
elements, between which are inserted the perma-  55  predetermined
direction, thus moving the primary nent magnets. Then, the first constant
pitch is  magnetic member relative to the secondary mag- about twice as
large as a second constant pitch   netic member when a magnetic field acts
on the between said separate elements.                  facing portions
formed by the secondary magnetic 3    



5                 EP0373987B1                       6 member, the
improvement wherein                      Fig. 11 is a plan view shown by
the arrows A-A the primary magnetic member comprises:           in Fig. 10;
a core member having facing portions dis-        Fig. 12 is a side view
showing a linear pulse posed at a first constant pitch in the predetermined
motor of the fourth embodiment; direction, the facing portions being
extended in a   5  Fig. 13 is a time chart showing the wave forms direction
transverse to the predetermined direction;  of a pulse current supplied to
the coils; and                                                  Fig. 14 is
a thrust vector chart showing the an insulated wire wound around the core
mem-     magnetic thrust; ber to form magnetic pole wherein
Fig. 15 is a plan view showing the secondary the secondary magnetic member
comprises:    10   magnetic member of the fifth embodiment; facing portions
and grooves faced to the facing  Fig. 16 is a side view showing the primary
portions of the core member, the facing portions     magnetic member of the
fifth embodiment; and grooves alternately disposed at a second con-    Fig.
17 is a side view, partially cut away, of the stant pitch in the
predetermined direction, and ex-  primary magnetic member shown by the
arrows tended in a direction transverse to the predeter-  15  B-B in Fig.
16; mined direction;                                     Fig. 18 is a side
view showing a linear pulse a permanent magnet inserted into respective
motor of the sixth embodiment; grooves in a perpendicular direction from
each       Fig. 19 is a side view showing a linear pulse facing surface of
the facing portions so that each of  motor of the seventh embodiment; the
adjacent permanent magnets is of an opposite  20  Fig. 20 is a side view
showing a linear pulse polarity, thus the first constant pitch is about
twice  motor of the eighth embodiment; as large as the second constant
pitch of the facing  Fig. 21 is a section view, partially cut away, of a
portions formed by the secondary magnetic mem-       disk-rotor type pulse
motor of the ninth embodi- ber.
ment; Accordingly, when the magnetic poles are ac-  25  Fig. 22 is an
enlarged side view, partially cut tivated by supplying a pulse current to
the in-     away, of the disk-rotor; sulated wires wound around the
magnetic poles        Fig. 23 is a brief section view shown by the formed
by the primary magnetic member, all facing    arrows C-C in Fig. 22;
portions of the magnetic poles can contribute to     Fig. 24 is an enlarged
side view, partially cut produce a strong magnetic thrust, which moves the
30  away, of the stator portion shown by the arrows primary magnetic member
relative to the secon-       D-D in Fig. 21; dary magnetic member.
Fig. 25 is a brief section view showing an outer- rotor type pulse motor of
the tenth embodiment; BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 26 is a side view showing a linear pulse 35     motor of the eleventh
embodiment; Fig. 1 is a side view showing the conventional    Fig. 27 is a
side view showing the operation of linear pulse motor;
the linear pulse motor when the coils are not Fig. 2(a) to Fig. 2(d) are
side views showing an  energized; operation of the conventional linear
pulse motor;  Fig. 28(a) to Fig. 28(d) are side views showing Fig. 3 is a
perspective view showing a linear  40    the operation of the linear pulse
motor when the pulse motor of the first embodiment;              coils are
energized; Fig. 4(a) to Fig. 4(d) are side views showing the  Fig. 29 is a
perspective view showing a linear operation of the linear pulse motor;
pulse motor of the twelfth embodiment; Fig. 5 is a perspective view showing
a linear     Fig. 30 is a side view showing a linear pulse pulse motor of
the second embodiment;      45     motor of the thirteenth embodiment; Fig.
6 is a perspective view showing the details  Fig. 31 is a section view,
partially cut away, of a of A-phase block 23;
disk-rotor type pulse motor of the fourteenth Fig. 7 is a side view showing
the operation of    embodiment; the linear pulse motor when the coils are
not     Fig. 32 is a section view shown by the arrows E- energized;
50     E in Fig. 33; Fig. 8(a) to Fig. 8(d) are side views showing the
Fig. 33 is an enlarged side view, partially cut operation of the linear
pulse motor when either   away, of the rotor; coil is energized;
Fig. 34 is an enlarged side view, partially cut Fig. 9(a) to Fig. 9(d) are
side views showing the  away, of the stator portion shown by the arrows
operation of the linear pulse motor when both  55  F-F in Fig. 31; coils
are energized;                              Fig. 35 is a simplified section
view showing an Fig. 10 is a side view showing a linear pulse
outer-rotor type pulse motor of the fifteenth em- motor of the third
embodiment;                    bodiment; and 4    



7                EP0373987B1                        8 Fig. 36 is a side
view showing another type of  magnet 26 is inserted into respective grooves
34a primary magnetic member.                       so that each of the
adjacent permanent magnets 26 is of an opposite polarity. DESCRIPTION OF
THE PREFERRED EMBODI-                In Fig. 3, assuming that a reference
line is set MENT                                         5   at the left
end rectangular teeth 24c of +A-phase magnetic pole 24A as a vertical
center line of the Hereinafter, an embodiment of the present in-
rectangular teeth 24c, the left end rectangular teeth vention is described
by reference to drawings.    24c of -A-phase magnetic pole 24a is
positioned at Fig. 3 shows a first embodiment of the inven-  the distance
of 2P + P/2 with respect to the refer- tion as a strong magnetic force type
actuator. This  10  ence line. The left end rectangular teeth 34c of strong
magnetic force type actuator is shown as a  +B-phase magnetic pole 34B is
positioned at a linear pulse motor. In this drawing, numeral 21  distance
of 5P + P/4 with respect to the reference designates a secondary magnetic
member at a      line. The left end rectangular teeth 34c of -B-phase fixed
position, and numeral 22 designates a pri-  magnetic pole 34b is then
positioned at the dis- mary magnetic member movably supported at a   15
tance of 7P+3P/4 with respect to the reference constant distance G by a
support means such as    line, or 2P+P/2 with respect to a vertical center
rollers, wheels, or the like. Primary magnetic mem-  line of the left end
rectangular teeth 34c formed by ber 22 thus travels along a longitudinal
direction, or  + B-phase magnetic pole 34B. the traveling direction shown
by arrow M. The        Accordingly, when the first and third rectangu-
support means is not shown in Fig. 3 for the sake   20  lar teeth 24c of
+A-phase magnetic pole 24A face of simplicity.
directly above rectangular teeth 21a, each of the In the upper side of
secondary magnetic mem-  rectangular teeth 24c of -A-phase magnetic pole
ber 21, the single-row of rectangular teeth 21a is  24a is shifted by a
distance of P/2 with respect to formed in the longitudinal direction. Each
of the  rectangular teeth 21a, each of the rectangular teeth rectangular
teeth 21a is formed at a constant pitch,  25  34c of + B-phase magnetic
pole 34B is shifted by at the distance of P, and therefore, the
longitudinal  a distance of P/4 with respect to rectangular teeth axis of
rectangular teeth 21a is formed in the    21a, and each of the rectangular
teeth 34c of -B- direction transverse to the longitudinal direction of
phase magnetic pole 34b is shifted by a distance secondary magnetic member
21.                     of 3P/4 with respect to rectangular teeth 21a.
A-phase block 23 comprises U-shaped core 24   30  The operation of this
linear pulse motor is having +A-phase magnetic pole 24A, and -A-
described by reference to Fig. 4(a) through Fig. 4- phase magnetic pole
24a, both of which are faced  (d), in the case in which a pulse current is
supplied to the rectangular teeth 21a of secondary magnetic  to coils 25A
and 25a in one group, and to coils 35B member 21; and coil 25A and coil 25a
both wound  and 35b in the other group, to travel primary mag- around +
A-phase magnetic pole 24A and -A-phase  35  netic member 22 along secondary
magnetic mem- magnetic pole 24a, respectively. Each lower sur-  ber 21 by
the one-phase exciting system. face of the +A-phase magnetic pole 24A and
-A-       In Fig. 4(a), the pulse current flows from point phase magnetic
pole 24a has grooves 24b and      X to point Y corresponding to coils 25A
and 25a. rectangular teeth 24c at constant pitch, at the dis-  This causes
a magnetomotive force in core 24 to tance of P/2, in the longitudinal
direction, in other  40  generate a magnetic flux from -A-phase magnetic
words, the longitudinal axis of teeth 24c is formed  pole 24a to +A-phase
magnetic pole 24A. In +A- in a direction transverse to the longitudinal
direc-  phase magnetic pole 24A, the magnetic flux flows tion. Permanent
magnet 26 is then inserted into  into the S-pole side of permanent magnet
26, and respective grooves 24b so that each of the adja-  emerges from the
N-pole side of permanent mag- cent permanent magnets 26 is of an opposite
po-  45  net 26, then flows into rectangular teeth 24c. This larity.
magnetic flux flows from rectangular teeth 24c to On the other hand,
B-phase block 33 has an    rectangular teeth 21 a of secondary magnetic
mem- identical construction as A-phase block 23, that is,  ber 21, and also
flows into secondary magnetic it has a U-shaped core 34 having +B-phase
mag-    member 21 toward the side of -A-phase magnetic netic pole 34B and
-B-phase magnetic pole 34b,  so  pole 24a as shown by the arrow direction;
the flux both of which are faced to rectangular teeth 21a of  then flows
into the S-pole side of permanent mag- secondary magnetic member 21; and
coil 35B and    net 26 through rectangular teeth 24c of -A-phase coil 35a
both wound around + B-phase magnetic     magnetic pole 24a, then emerges
from the N-pole pole 34B and -B-phase magnetic pole 34b, respec-  side of
the permanent magnet 26, and then passes tively. Each lower surface of the
+ B-phase mag-  55  into the adjacent rectangular teeth 24c to return to
netic pole 34B and -B-phase magnetic pole 34b    the S-pole side of
permanent magnet 26 of +A- has grooves 34a and rectangular teeth 34c at a
phase magnetic pole 24A. This constitutes mag- constant pitch, at distance
of P/2, and permanent  netic flux loop [err] Accordingly, as long as the 5



9                 EP 0 373 987 81                   10 pulse current flows
in the coils wound around A-  dary magnetic member 21 compared with the
first phase block 23, all rectangular teeth 24c can con-  embodiment.
tribute to produce a magnetic thrust which is much   In upper side of
secondary magnetic member stronger than in the conventional linear pulse
mo-  21, triple-row rectangular teeth 21b, 21a, and 21c tor.
5   are formed parallel to the longitudinal direction, and In Fig. 4(b),
the pulse current flows from point  the longitudinal axis of respective
rectangular teeth X to point Y corresponding to coils 35B and 35b.  21b,
21a, and 21c is directed to a direction trans- This causes a magnetomotive
force in core 34 to   verse to the longitudinal direction, respectively.
generate a magnetic flux from -B-phase magnetic   Each of the rectangular
teeth 21b, 21a, and 21c is pole 34b to + B-phase magnetic pole 34B. Thus,
10  formed at a constant pitch, at a distance of P, in this magnetic flux
flows into the S-pole side of  the longitudinal direction. In addition,
each position permanent magnet 26, and emerges from the N-      of the
rectangular teeth 21a in the middle row is pole side of permanent magnet
26, then flows into  shifted by a distance of P/2 with respect to that of
rectangular teeth 34c. This magnetic flux flows   both rectangular teeth 21
b and 21 c. from rectangular teeth 34c to rectangular teeth 21a  15
Primary magnetic member 22 comprises A- of secondary magnetic member 21,
also flows into  phase block 23 and B-phase block 34, both of secondary
magnetic member 21 toward the side of   which are connected by a connecting
means. -B-phase magnetic pole 34b as shown by the arrow     Fig. 6 shows
the details of A-phase block 23. direction, then flows into the S-pole side
of perma-  A-phase block 23 comprises an E-shaped core 24 ment magnet 26 of
-B-phase pole 34b, and   20  having three projecting portions 36, 37, and
38; emerges from the N-pole side of permanent mag-      each end surface of
the projecting portions 36, 37, net 26, then into the adjacent rectangular
teeth 34c  and 38 is faced to respective rectangular teeth 21 b, to return
to the S-pole side of permanent magnet  21a, and 21c, and each end surface
of the projec- 26 of +B-phase magnetic pole 34B. This con-       ting
portions 36, 37, and 38 has grooves 42 in a stitutes magnetic flux loop
[err] Accordingly, all rec-  26  perpendicular direction transverse to each
end sur- tangular teeth 34c of core 34 can contribute to   face thereof;
each permanent magnet 26 is in- produce a magnetic thrust.
serted into respective grooves 42 so that each of Similarly, in Fig. 4(c),
the pulse current flows  the adjacent permanent magnets 26 is of an op-
from point X to point Y corresponding to coils 25A  posite polarity; and
A-phase coil 25A wound around and 25a in the opposite direction in contrast
to the   30o  the middle projecting portion 37. Accordingly, the direction
shown in Fig. 4(a). This constitutes mag-  middle projecting portion 37 has
magnetic poles netic flux loop [err] As a result, all rectangular teeth
37a, 37b, 37c, and 37d for +A-phase, which are 24c can contribute to
produce a magnetic thrust.  sectioned by permanent magnets 26 so that mag-
In Fig. 4(d), the pulse current flows from point  netic poles 37a, 37b,
37c, and 37d are formed at a X to point Y corresponding to coils 35B and
35b in  35  constant pitch, at a distance of P/2, in the longitudi- the
opposite direction in contrast to the direction  nal direction, these
magnetic poles are not shown shown in Fig. 4(b). This constitutes magnetic
flux  in Fig. 6, but are described later by reference to loop [err] The
same result can be achieved as in the  Fig. 7. Similarly, projecting
portion 36 has magnetic above operation.
poles 36a, 36b, 36c, and 36d for -A-phase, which Accordingly, by supplying
the pulse current to  40  are formed at a constant pitch at a same distance
the coils in the order of the parts seen in Fig. 4(a),  as the above
construction, while projecting portion Fig. 4(b), Fig. 4(c), Fig. 4(d), and
Fig. 4(a), primary  38 has magnetic poles 38a, 38b, 38c, and 38d for
magnetic member 22 travels along secondary mag-   -A-phase, which are
formed at a constant pitch as netic member 21, by a distance of P, toward
the   well, in the longitudinal direction. left in the drawing. While by
supplying the pulse  45  In such a case, when magnetic poles 37a, 37b,
current to the coils in the order of Fig. 4(d), Fig. 4-  37c, and 37d are
faced directly above rectangular (c), Fig. 4(b), Fig. 4(a), and Fig. 4(d),
primary  teeth 21a, both groups of magnetic poles 36a, 36b, magnetic member
22 travels along secondary mag-   36c, and 36d; and magnetic poles 38a,
38b, 38c, netic member 21, by a distance of P, toward the   and 38d, are
shifted by a distance of P/2  with right. In other words, changing the
direction of the   so  respect to rectangular teeth 21a, as shown in Fig.
pulse current from A-phase block 23 to B-phase    7. Fig. 7 is described
later. block 33, or vise versa, primary magnetic member     On the other
hand, B-phase block 33 is of a 22 travels along secondary magnetic member
21     similar construction to A-phase block 23. B-phase by a distance of
P/4 in either direction depending  block 33 is therefore described briefly.
B-phase on the direction of current flow.            55  block 33 comprises
an E-shaped core 34 having Fig. 5 shows a second embodiment of the
three projecting portions 39, 40, and 41, these are invention. This linear
pulse motor has different  faced to respective rectangular teeth 21b, 21a,
and types of primary magnetic member 22 and secon-    21c, and have grooves
42; permanent magnets 26 6    



11                EP 0 373 987 B1                  12 inserted into
respective grooves 42; and B-phase  netic poles 37b and 37d, and also flows
into the coil 35B wound around the middle projection por-  adjacent
magnetic poles 37a and 37c through per- tion 40. Accordingly, the middle
projection portion  manent magnets 26. This constitutes magnetic flux 40
has magnetic poles 40a, 40b, 40c, and 40d for  loop [err] which flows from
magnetic poles 36a(38a) +B-phase, projecting portion 39 has magnetic   5
and 36c(38c) to rectangular teeth 21b(21c). As a poles 39a, 39b, 39c, and
39d for -B-phase, while  result, when magnetic poles 37b and 37d are faced
projecting portion 41 has magnetic poles 41a, 41b,  directly above
rectangular teeth 21a, and magnetic 41c, and 41d for -B-phase. Similarly,
when mag-   poles 36a(38a) and 36c(38c) are faced directly netic poles 40a,
40b, 40c, and 40d are faced di-  above rectangular teeth 21b(21c), all
magnetic rectly above rectangular teeth 21a, both groups of  10  poles can
contribute to produce a magnetic thrust. magnetic poles 39a, 39b, 39c, and
39d; and mag-      In Fig. 8(b), the pulse current flows from point netic
poles 41a, 41b, 41c, and 41d are shifted by a  X to point Y corresponding
to B-phase coil 35B. distance of P/2 with respect to rectangular teeth
This constitutes magnetic flux loop [err] in accor- 21 a.
dance with the similar flow of the magnetic flux According to the above
construction, A-phase  15  which has already been described above. As  a
block 23 and B-phase block 33 are connected by a  result, when magnetic
poles 40b and 40d are faced connecting means so that B-phase block 33 is
directly above rectangular teeth 21a, and magnetic shifted by a distance of
P/4 with respect to A-  poles 39b(41b) and 39c(41c) are faced directly
phase block 23.                                  above rectangular teeth
21b(21c), all magnetic Fig. 7 shows that A-phase block 23 and B-  20  poles
can contribute to produce a magnetic thrust. phase block 33 are stationary
with respect to sec-   In Fig. 8(c), the pulse current flows in A-phase
ondary magnetic member 21, that is, both A-phase  coil 25A in the opposite
direction in contrast to the coil 25A and B-phase coil 35B are not
energized at  direction shown in Fig. 8(a). This constitutes mag- this
time. In this case, most of the magnetic flux  netic flux loop [err] As a
result, when magnetic produced by permanent magnets 26 circulates in  25
poles 37a and 37c are faced directly above rectan- A-phase block 23 and
B-phase block 33 as shown    gular teeth 21a, and magnetic poles 36b(38b)
and by the direction of the arrow having dotted lines,  36d(38d) are faced
directly above rectangular teeth and a small amount of the magnetic flux
circulates  21b(21c), all magnetic poles can contribute to pro- from
A-phase block 23 and B-phase block 33 to     duce a magnetic thrust.
rectangular teeth 21a, 21b, and 21c as shown by   30  Similarly, in Fig.
8(d), the pulse current flows in the direction of the arrow having a dashed
lines.  B-phase coil 35B in the opposite direction to the The operation is
described by reference to Fig.  direction shown in Fig. 8(b). This
constitutes mag- 8(a) to Fig. 8(d), in the case where the pulse    netic
flux loop [err] As a result, when magnetic current is supplied to either
A-phase coil 25A or B-  poles 40a and 40c are faced directly above rectan-
phase coil 35B to travel A-phase block 23 and B-  35   gular teeth 21a, and
magnetic poles 39b(41b) and phase block 33 along secondary magnetic member
39d(41d) are faced directly above rectangular teeth 21 by the one-phase
exciting system.             21b(21c), all magnetic poles can contribute to
pro- Fig. 8(a) shows that magnetic poles 37a, 37b,  duce a magnetic thrust.
37c, and 37d are formed by projecting portion 37.    Accordingly, by
supplying the pulse current to In Fig. 8(a), the pulse current flows from
point X to  40  the coils in the order of the parts shown in Fig. 8- point
Y corresponding to A-phase coil 25A. This  (a), Fig. 8(b), Fig  8(c), Fig.
8(d), and Fig. 8(a), causes a magnetomotive force in magnetic poles
primary magnetic member 22 travels along secon- 37a, 37b, 37c, and 37d to
generate a magnetic flux  dary magnetic member 21 by a distance of P in
from magnetic poles 37a, 37b, 37c, and 37d for   the right in the drawings.
While supplying the pulse +A-phase to both groups of magnetic poles 36a,
45  current to the coils in the order of the parts shown 36b, 36c, and 36d;
and magnetic poles 38a, 38b,  in Fig. 8(d), Fig. 8(c), Fig. 8(b), Fig.
8(a), and Fig. 38c, and 38d for -A-phase. This magnetic flux is  8(d),
primary magnetic member 22 travels along circulated in A-phase block 23
through secondary  secondary magnetic member 21 by a distance of P magnetic
member 21. The magnetic flux coming     to the left in the drawings. from
rectangular teeth 21a flows into magnetic  so   Assuming that primary
magnetic member 22 poles 37b and 37d, then into permanent magnets   travels
along secondary magnetic member 21 by 26, emerges from permanent magnets
26, and then  the two-phase exciting system, the pulse current is passes
into magnetic poles 37a and 37c, and also  supplied as shown in Fig. 8(a)
through Fig. 8(d). into magnetic poles 36a(38a) and 36c(38c), while  That
is, the pulse current flows from point X to magnetic poles 37a and 37c; and
magnetic poles  55  point Y corresponding to A-phase coil 25A and B-
36b(38b) and 36d(38d) do not act against secon-   phase coil 35B in the
order of Fig. 9(a), Fig. 9(b), dary magnetic member 21. Accordingly, the
mag-    Fig. 9(c), and Fig. 9(d), and vise versa. In this case, netic flux
flows from rectangular teeth 21a to mag-  the magnetic flux is
simultaneously circulated in A- 7    



13                EP 0 373 987 B1                   14 phase block 23 and
B-phase block 33 through      gular teeth 44a face directly above
rectangular secondary magnetic member 21 to produce a mag-   teeth 21a,
rectangular teeth 44b are shifted by a netic thrust, so that all magnetic
poles can contri-  distance of P/3 with respect to rectangular teeth bute
to produce a magnetic thrust.               21a, and rectangular teeth 44c
is shifted by a Fig. 10 and Fig. 11 show a third embodiment   5   distance
of 2xP/3 with respect to rectangular teeth of the invention. This primary
magnetic member 22  21 a. has a solid core 42, this core 42 also has the
right  Secondary magnetic member 21 has rectangu- rectangular solid type of
+ A-phase magnetic pole  lar teeth 21a similar to those of the first
embodi- 24A having rectangular teeth 24C, -A-phase mag-   ment as shown in
Fig. 3. netic pole 24a having rectangular teeth 24C, + B-  10  The
operation of this embodiment is described phase magnetic pole 34B having
rectangular teeth  based on Figs. 13 and 14. When the pulse current 34C,
and -B-phase magnetic pole 34b having rec-  is supplied to coil 43A for
A-phase, coil 43B for B- tangular teeth 34C. these rectangular teeth 24C
phase, and coil 43C for C-phase, the polarity com- and 34C are formed at a
constant pitch, at a      bination of magnetic poles 42A, 42B, and 42C is
distance of P/2, in the longitudinal direction, re-  15  inverted at every
reference pulses having constant spectively. These +A-phase magnetic pole
24A,    time intervals T1 to T6 shown in Fig. 13. That is, -A-phase
magnetic pole 24a, + B-phase magnetic   this linear pulse motor is operated
by the bipolar pole 34B, and -B-phase magnetic pole 34b, are    driving
system which means two of the three- arranged in a square with one block
being placed  phases become a positive state at every other at each vertex
of the square, and perpendicularly  20  reference pulses. - extended from
core 42, and each end surface of      Fig. 14 shows a thrust vector diagram
for the these magnetic poles is faced to rectangular teeth  magnetic thrust
which is generated between mag- 21 a of secondary magnetic member 21. In
addition,  netic poles 42A, 42B, and 42C; and rectangular permanent magnets
26 are inserted into grooves   teeth 21a. In this diagram, the term of "+A"
repre- formed between respective rectangular teeth 24C   25  sents a thrust
vector produced by supplying a and 34C in the direction transverse to the
longitudi-  pulse current to coil 43A for A-phase in the positive nal
direction so that each of the adjacent perma-  direction, and the term of
"-A" represents a thrust nent magnets 26 is of an opposite polarity. Coils
vector produced by supplying a pulse current to 25A, 25a, 35B, and 35b are
then wound around     coil 43A in the negative direction. Similarly, the
+A-phase magnetic pole 24A, -A-phase magnetic  30  terms of "+ B" and "+C"
represent respective pole 24a, +B-phase magnetic pole 34B, and -B-   thrust
vectors produced by supplying the pulse phase magnetic pole 34b,
respectively. Accord-   current to coil 43B for B-phase and coil 43C for C-
ingly, primary magnetic member 22 has two        phase in the positive
direction, respectively. The groups, +A-phase magnetic pole 24A and -A-
terms of "-B" and "-C" represent respective thrust phase magnetic pole 24a
for one group; and + b-  35  vectors caused by supplying the pulse current
to phase magnetic pole 34B and -B-phase magnetic    coil 43B and coil 43C
in the negative direction, oole 34b for the other group.
respectively. Accordingly, Fig. 14 shows a thrust Fig. 12 shows a fourth
embodiment of the       vector in the case that the pulse current is
supplied invention. This linear pulse motor is of a three-  to coil 43A for
A-phase in the positive direction, phase type. This primary magnetic member
22 is  40  and supplied to coil 43B for B-phase in the nega- composed of a
core 42 having A-phase magnetic    tive direction, and also supplied to
coil 43C for C- pole 42A wound by coil 43A, B-phase magnetic     phase in
the negative direction during the time pole 42B wound by coil 43B, and
C-phase mag-     interval T1 as shown in Fig. 13, so that a magnetic netic
pole 42C wound by coil 43C in the longitudi-  thrust is composed of thrust
vector +A, thrust nal direction. A-phase magnetic pole 42A, B-phase  45
vector -B, and thrust vector -C to act between magnetic pole 42B, and
C-phase magnetic pole     primary magnetic member 22 and secondary mag- 42C
have rectangular teeth 44a, 44b, and 44c      netic member 21. Afterward,
the pulse current is formed in the direction transverse to the longitudi-
supplied to respective coils 43A, 43B, and 43C in nal direction,
respectively. Permanent magnets 26  the order of time intervals T2, T3, T4,
T5, and T6, are also inserted into grooves in a similar manner  so  which
changes the thrust vector in the order of T2, to the previous embodiments.
T3, T4, T5, and T6 as shown in Fig. 14. Thus, Assuming that a reference
line is set at the left  when the thrust vector changes in the order of T1,
edge of A-phase magnetic pole 42A, the left edge  T2, T3, T4, T5, and T6,
the primary magnetic of B-phase magnetic pole 42B is positioned at a
member 22 travels along secondary magnetic distance of 3P+P13 with respect
to the reference  55   member 21 in one direction, while if the thrust
line. The left edge of C-phase magnetic pole 42C  vector changes in the
order of T6, T5, T4, T3, T2 is positioned at a distance of 6P + 2/3P with
respect  and T1, primary magnetic member 22 travels in the to the reference
line. In other words, when rectan-  other direction. 8    
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show a fifth embodiment  ment is in the order of +A-phase magnetic pole of
the invention. In this case, triple-row rectangular  42A, -A-phase magnetic
pole 42a, + B-phase mag- teeth 21a, 21b, and 21c are formed on secondary
netic pole 42B, -B-phase magnetic pole 42b, + C- magnetic member 21 in the
longitudinal direction.  phase magnetic pole 42C, and -C-phase magnetic
Each of the rectangular teeth 21a, 21b, and 21c is   5   pole 42c, these
are arranged from the left to right formed at constant spaced intervals in
a direction  in the drawing, and three permanent magnets 26 transverse to
the longitudinal direction, and also at  are inserted into grooves for each
of the magnetic constant pitch, at a distance of P. in the longitudi-
poles. nal direction. In addition, each position of the rec-  According to
the construction of primary mag- tangular teeth 21a is shifted by a
distance of P/3  70  netic member 22, + B-phase magnetic pole 42B is with
respect to that of rectangular teeth 21c, and  positioned at a distance of
6P + (1/3)P with respect each position of the rectangular teeth 21 b is
shifted  to the reference line, and +C-phase magnetic pole by a distance of
P/3 with respect to that of rectan-  42C is positioned at a distance of 12P
+ (2/3)P with gular teeth 21a.                                  respect to
the reference line. In addition, the group Primary magnetic member 22 is of
construc-  15  of + B-phase magnetic pole 42B and -B-phase tion similar to
that which  has been described in the  magnetic pole 42b is shifted by a
distance of P/3 fourth embodiment. That is, rectangular teeth 44a,  with
respect to the group of +A-phase magnetic rectangular teeth 44b, and
rectangular teeth 44c  pole 42A and -A-phase magnetic pole 42a, then the
are faced to rectangular teeth 21a, rectangular   group of +C-phase
magnetic pole 42C and -C- teeth 21b, and rectangular teeth 21c in a
direction   20  phase magnetic pole 42c is shifted by a distance transverse
to the longitudinal direction, respective-  of P/3 with respect to the
group of + B-phase ly. Another construction of primary magnetic mem-
magnetic pole 42B and -B-phase magnetic pole ber 22 is identical with the
one in the fourth em-  42b. bodiment.
The operation is similar to the first embodi- Fig. 18 shows a sixth
embodiment of the inven-  25  ment, the only difference is that this linear
pulse tion. In this embodiment, secondary magnetic      motor is operated
by three-phase in this case. member 21 is of a construction similar to that
Fig. 20 shows a eighth embodiment of the described in the fourth
embodiment, therefore, pri-  invention. The feature of the embodiment is
that mary magnetic member 22 is only described in      permanent magnet 26
is of a wedge-shaped type this embodiment. This primary magnetic member  30
having shorter and longer sides, both of which are 22 is composed of core
42 having six magnetic     parallel to each other, and also, having
opposite poles in the longitudinal direction; in the order of  sides
inclining toward each other when viewed in +A-phase magnetic pole 42A wound
coil 43A, -C-   cross section thereof. Primary magnetic member phase
magnetic pole 42c wound coil 43c, + B-     22 is composed of core 24 having
+A-phase mag- phase magnetic pole 42B wound coil 43B, -A-  35  netic pole
24A wound by coil 25A, and having -A- phase magnetic pole 42a wound coil
43a, + C-      phase magnetic pole 24a wound by coil 25a. Each phase
magnetic pole 42C wound coil 43C, and -B-   of +A-phase magnetic pole 24A
and -A-phase phase magnetic pole 42b wound coil 43b, these     magnetic
pole 24a has a trough-shaped grooves magnetic poles are arranged from the
left to right  24b and 34b, both of which are formed in the in the drawing.
In addition, two permanent magnets  40  direction transverse to the
longitudinal direction of 26 are inserted into grooves of respective
magnetic  primary magnetic member 22. Wedge-shaped per- poles. In such the
construction of primary magnetic  manent magnet 26 is then inserted into
respective member 22, -Cphase magnetic pole 42c is posi-    grooves 24b and
34b so that the shorter and inclin- tioned at a distance of 3P+(1/6)P with
respect to  ing sides of permanent magnet 26 are contacted to the reference
line which is set at a vertical center  45  the dead-end and inclining
walls of grooves 24b line of + A-phase magnetic pole 42A. + B-phase    and
34b, and the longer side thereof is faced to magnetic pole 42B is
positioned at a distance of  secondary magnetic member 21. Secondary mag-
6P+(2/6)P, -A-phase magnetic pole 42a is posi-    netic member 21 has
rectangular teeth 21a similar tioned at a distance of 9P + (3/6)P, +
C-phase mag-  to the construction of the first embodiment. Such netic pole
42C is positioned at a distance of 12P + -  so  the wedge-shaped permanent
magnet 26 can be (4/6)P, and -B-phase magnetic pole 42b is posi-   used for
all previous embodiments. tioned at a distance of 15P + (5/6)P with respect
to  In this embodiment, when each of + A-phase the reference line,
respectively.                 magnetic pole 24A and -A-phase magnetic pole
Fig. 19 shows a seventh embodiment of the     24a moves close to
rectangular teeth 21a and invention. This primary magnetic member 22 is a
55  faces directly above rectangular teeth 21a, the construction similar to
that of the sixth embodiment  magnetic force is strongly exerted between
the as shown in Fig. 18. The only differences in the  magnetic poles and
rectangular teeth 21a so that a order above are that the magnetic pole
arrange-   leakage flux which does not contribute to produce 9    
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thrust is a minimum.                  along the inner peripheral surface
thereof, in which Fig. 21 shows an ninth embodiment of the      each
surface of the rectangular teeth 71a is inter- invention. This embodiment
describes a disk-rotor  seated at each radial axis of the rectangular teeth
type pulse motor. In the drawing, numeral 50 des-  71 a. ignates a housing,
and numeral 51 designates a   5   Stator 74 comprises a circular type core
75 shaft which rotatably supports housing 50 through  having rectangular
teeth 72a and grooves 72b bearings 52 and 53. In housing 50, shaft 51 has
along an outer peripheral surface portion thereof, disk-like rotor 54 of a
back-to-back type. This rotor  these rectangular teeth 72a are formed at a
con- 54 is formed around the outer peripheral surface of  stant pitch, at a
distance of P/2, along the outer annular member 55, and this annular member
55 is  io  peripheral surface of stator 74, in which each sur- fixed to
shaft 51 by key 56. In addition, the annular  face of the rectangular teeth
72a is intersected at type of stators 61 are fixed to the inside walls of
each radial axis of the rectangular teeth 72a, and housing 50 so that both
surfaces of rotor 54 face  also has + A-phase magnetic pole 75A, + B-phase
stators 61.                                      magnetic pole 75B, +
C-phase magnetic pole 75C, The details of rotor 54 are shown in Fig. 22. In
15  -A-phase magnetic pole 75a, -B-phase magnetic both the outside lateral
surfaces of rotor 54, rectan-  pole 75b, and -C-phase magnetic pole 75c;
coils gular teeth 58 and grooves 59 are formed with     76A to 76C, and 76a
to 76c wound around cores these alternating at constant pitch, at a
distance of  + A-phase magnetic pole 75A, + B-phase magnetic P, along a
concentric circle whose radius is mid-  pole 75B, +C-phase magnetic pole
75C, -A-phase way between the outer arc and inner arc of rectan-  20
magnetic pole 75a, -B-phase magnetic pole 75b, gular teeth 58, in which
each radial axis of the  and -C-phase magnetic pole 75c, respectively; and
rectangular teeth 58 is intersected at the concentric  permanent magnets 72
inserted into grooves 72b circle, and the sides of grooves 59 are disposed
so  so that each of the adjacent permanent magnets 72 as to lie on a line
which describes a radial direction  is of an opposite polarity. This stator
74 is fixed to of rotor 54.                                 26  shaft 78.
thus outer rotor 70 can rotate around Fig. 23 shows a sectional view of
rotor 54    stator 74. having rectangular teeth 58 and grooves 59.
When the magnetic poles formed between per- Fig. 24 shows the details of
stators 61. Stators  manent magnets 72 face rectangular teeth 71a of 61
comprises an annular type core 64; coils 68a to  outer rotor 70, in stator
74, a magnetic flux flows 68d wound around core 64 at constant intervals to
30  into the magnetic poles formed between permanent form magnetic poles
67a to 67d, these magnetic    magnets 72 from the adjacent magnetic poles
poles 67a to 67d having segments 65 and grooves  through permanent magnets
72. This constitutes a 66, formed at a constant pitch, at a distance of
P/2,  magnetic flux to flow into rectangular teeth 71a of along a
concentric circle whose radius is midway  outer rotor 70. As a result, all
magnetic poles can between the outer arc and inner arc of segments  35
contribute to produce a magnetic thrust such as 65, in which each radial
axis of the segments 65 is  the disk-rotor type pulse motor in the eighth
em- intersected at the concentric circle; and permanent  bodiment. In this
case, the wedge-shaped perma- magnets 60 are inserted into respective
grooves 66  nent magnet which is shown in Fig. 20 can be used so that each
of the adjacent permanent magnets 60  in this embodiment. is of an opposite
polarity, and segments 65 face  40  Fig. 26 shows an eleventh embodiment of
the rectangular teeth 58 of rotor 54.                invention. The feature
of this embodiment is that Accordingly, when magnetic pole 67a faces
permanent magnets are inserted into grooves rectangular teeth 58, for
example, a magnetic flux  formed by secondary magnetic member 21. flows
into segments 65 through permanent mag-        Similarly, the single-row of
rectangular teeth nets 60. This constitutes a magnetic flux to flow   45
21 a is formed in the longitudinal direction of secon- into rectangular
teeth 58 of rotor 54. As a result, all  dary magnetic member 21. Each of
the rectangular magnetic poles can contribute to produce a mag-  teeth 21 a
is formed at a constant pitch, at a dis- netic thrust. This is a principle
similar to that which  tance of P/2, in the longitudinal direction, thus,
is described in the first embodiment. In this case,  grooves 26a are formed
between rectangular teeth the wedge-shaped permanent magnet which is  so
21a. Permanent magnet 26 is then inserted into shown in Fig. 20 can be used
in this embodiment  respective grooves 26a so that each of the adja- Fig.
25 shows a tenth embodiment of the in-   cent permanent magnets 26 is of an
opposite po- vention. This pulse motor is of an outer-rotor type.  larity.
In the drawing, numeral 70 designates a cylinder     On the other hand,
primary magnetic member type outer rotor made of a magnetic material, and
55  22 comprises core 24 having +A-phase magnetic having rectangular teeth
71a along an inner periph-  pole 24A, -A-phase magnetic pole 24a, +B-phase
eral surface thereof. These rectangular teeth 71a  magnetic pole 34B, and
-B-phase magnetic pole are formed at a constant pitch, at a distance of P,
34b. These magnetic poles are wound by coils 10    
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35b, respectively. +A-phase    nent magnets 26, then flows to the S-pole
side of magnetic pole 24A has rectangular teeth 24Aa and  permanent magnets
26 arranged at the side of -B- 24Ab, both of which are formed at a constant
pitch,  phase magnetic pole 34b, and also emerges from at a distance of P
each other, and formed in a   the N-pole side of permanent magnets 26, then
direction transverse to the longitudinal direction.   5   flows into
rectangular teeth 34ba and 34bb to re- Similarly, -A-phase magnetic pole
24a has rectan-  turn to -B-phase magnetic pole 34b. This con- gular teeth
24aa and 24ab, and + B-phase mag-    stitutes magnetic flux loop [err].
Accordingly, all rec- netic pole 34B has rectangular teeth 34Ba and
tangular teeth 34Ba, 34Bb, 34ba, and 34bb can 34ba, and -B-phase magnetic
pole 34b has rectan-  contribute to produce a magnetic thrust. gular teeth
34ba and 34bb. These magnetic poles  1o  Similarly, in Fig. 28(c), the
pulse current flows are faced to secondary magnetic member 21 at a    in
coils 25A and 25a in the opposite direction in constant distance G from the
surface of secondary  contrast to the direction shown in Fig. 28(a), and in
magnetic member 21.                               Fig. 28(d), the pulse
current flows in coils 35B and In Fig. 28, all distances from the reference
line  35b in the opposite direction in contrast to the are similar to the
construction of the first embodi-  is  direction shown in Fig. 28(b), which
constitute mag- ment.                                            netic flux
loops [err[ respectively, to produce Fig. 27 shows that primary magnetic
member    the magnetic thrust. 22 is stationary in reference to secondary
magnetic  Assuming that the pulse current is supplied to member 21 with the
flow of magnetic flux between  the coils in the order of the parts in Fig.
28(a), Fig. them. That is, when coils 25A, 25a, 35B, and 35b   20  28(b),
Fig. 28(c), Fig. 28(d), and Fig. 28(a), primary are not energized, magnetic
flux loops are formed  magnetic member 22 travels along secondary mag- from
the N-pole side of permanent magnets 26 to   netic member 21, for a
distance of P, toward the the S-pole side thereof, and also other magnetic
left in the drawing. While supplying the pulse cur- flux loops are formed
from rectangular teeth 21a  rent to the coils in the order of the parts in
Fig. 28- arranged at the N-pole side of permanent magnets  25  (d), Fig.
28(c), Fig. 28(b), Fig. 28(a), and Fig. 28(d), 26, to +A-phase magnetic
pole 24A, -A-phase      primary magnetic member 22 travels toward the
magnetic pole 24a, + B-phase magnetic pole 34B,  right in the drawing. and
-B-phase magnetic pole 34b, then returned to     Fig. 29 shows a twelfth
embodiment of the rectangular teeth 21a arranged at the S-pole side
invention. In this embodiment, secondary magnetic of permanent magnets 26
through the rectangular  30  member 21 is of a similar construction as de-
teeth of primary magnetic member 22.             scribed in the tenth
embodiment, therefore, only The operation is described by reference to Fig.
primary magnetic member 22 is described for the 28(a) to Fig. 28(d).
eleventh  embodiment. This primary magnetic In Fig. 28(a), the pulse
current flows from point  member 22 is of a three-phase type. This primary
X to point Y corresponding to coils 25A and 25a.  35  magnetic member 22
comprises core 42 having A- This causes a magnetomotive force from -A-phase
phase magnetic pole 42A wound by coil 43A, B- magnetic pole 24a to +
A-phase magnetic pole 24A  phase magnetic pole 42B wound by coil 43B, and
to generate a magnetic flux. This magnetic flux   C-phase magnetic pole 42C
wound by coil 43C. A- flows from rectangular teeth 24Aa and 24Ab into
phase magnetic pole 42A, B-phase magnetic pole rectangular teeth 21a
arranged at the S-pole side   40  42B, and C-phase magnetic pole 42C have
rectan- of permanent magnets 26, and emerges from the    gular teeth 44a,
44b, and 44c, respectively. These N-pole side of permanent magnets 26, then
flows  rectangular teeth 44a, 44b, and 44c are formed at a to the S-pole
side of permanent magnets 26 ar-    constant pitch, at a distance of P, in
the longitudi- ranged at the side of rectangular teeth 24aa and  nal
direction. In addition, B-phase magnetic pole 24ab, and also emerges from
the N-pole side of  45  42B is shifted by a distance of P/3 with respect to
permanent magnets 26, then flows into rectangular  A-phase magnetic pole
42A, and C-phase magnetic teeth 24aa and 24ab to return to the -A-phase
pole 42C is shifted by a distance of P/3 with magnetic pole 24a. This
constitutes magnetic flux  respect to B-phase magnetic pole 42B in the lon-
loop [err] Accordingly, all rectangular teeth 24Aa,  gitudinal direction.
Thus, when rectangular teeth 24Ab, 24aa, and 24ab can contribute to produce
a   50   44a are directly faced above rectangular teeth 21a, magnetic
thrust.                                 rectangular teeth 44b are shifted
by a distance of In Fig. 28(b), the pulse current flows from point  P(1/3)
with respect to rectangular teeth 21a, and X to point Y corresponding to
coils 35B and 35b. A  rectangular teeth 44c are shifted by a distance of
magnetic flux is generated from -B-phase magnetic  P(2/3) with respect to
rectangular teeth 21 a. pole 34b to + B-phase magnetic pole 34B. This  56
Accordingly, the pulse current is supplied to magnetic flux flows into
rectangular teeth 21a ar-  respective coils 43A, 43B, and 43C, primary mag-
ranged at the S-pole side of permanent magnets   netic member 22 travels
along secondary magnetic 26, and emerges from the N-pole side of perma-
member 21 in a manner similar to that which is 11    



21                EP 0373 987 B1                    22 already described in
reference to Fig. 13 and Fig.  tric circle whose radius is midway between
an 14 in the fourth embodiment. In this case, all rec-  outer arc and inner
arc of rectangular teeth 65, in tangular teeth 44a, 44b, and 44c can also
contri-  which each radial axis of the rectangular teeth 65 is bute to
produce a magnetic thrust.                intersected at the concentric
circle. This disk-rotor Fig. 30 shows a thirteenth embodiment of the   5
type pulse motor is of a similar operation as de- invention. The feature of
the embodiment is that  scribed by reference to Figs. 21 to 24 in the ninth
permanent magnet 26 is of a wedge-shaped type     embodiment. In this case,
the wedge-shaped per- having shorter and longer sides, both of which are
manent magnet which is shown in Fig. 30 can be parallel to each other, and
also having opposite  used in this embodiment. sides inclining toward each
other when Viewed in  10  Fig. 35 shows a fifteenth embodiment of the cross
section. Secondary magnetic member 21 has   invention. This invention is
partially similar to the trough-shaped grooves 26a and rectangular teeth
tenth embodiment, therefore, the same reference 21a, both of which are
alternately formed in the  numerals indicates in Fig. 35 in case of the
same direction transverse to the longitudinal direction  construction as
shown in Fig. 25, and the feature of thereof. Wedge-shaped permanent magnet
26 is  15  this invention is only described in this embodiment. then
inserted into each groove 26a so that the       This pulse motor in this
embodiment is of an shorter and inclining sides of permanent magnet 26
outer-rotor type. Rotor 70 has rectangular teeth 70a are contacted to the
dead-end and inclining walls  and grooves 70b along an inner peripheral
surface of grooves 26a, and the longer side thereof is   thereof. These
rectangular teeth 70a are formed at faced to primary magnetic member 22.
While pri-  20   a constant pitch, at a distance of P/2, along the mary
magnetic member 22 is composed of core 24    inner peripheral surface
thereof, in which each sur- having + A-phase magnetic pole 24A wound by
face of the rectangular teeth 70a is intersected at coil 25A, which only
shows a part of primary mag-  each radial axis of the rectangular teeth
70a. Per- netic member 22.                                  manent magnets
72 are then inserted into respec- In this embodiment, the magnetic force is
25  tive grooves 70b so that each of the adjacent strongly exerted between
the magnetic poles and   permanent magnets 72 is of an opposite polarity.
rectangular teeth 21 a, which is the same operation  Stator 74 has
rectangular teeth 71 a along an described in the ninth embodiment.
outer peripheral surface thereof, these rectangular Figs. 31 to 34 show a
fourteenth embodiment    teeth 71 a are formed at a constant pitch, at a of
the invention. This invention is partially similar to  30   distance of P,
along the outer peripheral surface of the ninth embodiment, therefore, the
same refer-  stator 74, in which each surface of the rectangular ence
numerals indicates in Fig. 31 in case of the  teeth 71 a is intersected at
each radial axis of the same constructions as shown in Figs. 21 to 24, and
rectangular teeth 71a. The operation of this outer- the feature of this
invention is only described in  rotor type pulse motor is the similar
principle of the this embodiment.                             35  tenth
embodiment. In this case, the wedge-shaped This pulse motor includes a
disk-like rotor 54  permanent magnet which is shown in Fig. 30 can of a
back-to-back type. In rotor 54, magnetic an-  be used in this embodiment.
nular member 57 has grooves 58a formed on both        Fig. 36 shows another
type of primary mag- the lateral surfaces thereof, which are extended
netic member 22. In this case, permanent magnets along the radial direction
of rotor 54, permanent  40  26 are Inserted into grooves 26a leaving a
space at magnets 60 is then inserted into respective       the most distal
portion of grooves 26a. These grooves 58a so that each of the adjacent
perma-   spaces can be maintained as shown in the drawing, nent magnets 60
is of an opposite polarity,       even non-magnetic material can be
inserted into In Fig. 33, segments 62 are formed with an     the spaces.
Furthermore, among the grooves outer arc longer than an inner arc, and at a
con-  45  formed by the secondary magnetic member, a stant pitch, at a
distance of P/2, along a concentric  space can be left at the most distal
portion, and circle whose radius is midway between an outer    again,
non-magnetic material can be inserted into arc and inner arc of segments
62, so that each    the spaces. radial axis of the segments 62 is
intersected at the  In all embodiments described in the above, the
concentric circle. The peripheral surface of seg-  50  constant pitch
between the adjacent facing portions ments 62 or magnetic annular member 57
is then    lacking a permanent magnet is twice that of the covered by outer
annular member 63.               constant pitch between the adjacent facing
portions Fig. 34 partially shows the details of stator 61.  having the
permanent magnets, but one constant An annular type core 64 has rectangular
teeth 65  pitch can be twice that of the other constant pitch, and grooves
66a formed with these alternating at  55  plus or minus thirty percent.
constant intervals and disposed in the radial direc-  The preferred
embodiment described herein is tion. Each of rectangular teeth 65 is formed
at a  illustrative and onto restrictive; the scope of the constant pitch,
at a distance of P, along a concen-  invention is indicated by the appended
claims and 12    
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fall within the claims are in-  3. A strong magnetic thrust force type
actuator tended to be embraced therein.                        according to
claim 1, wherein the permanent magnet (26) is inserted into respective
grooves Claims                                                (26a) leaving
a space at the most distal portion 5      of the grooves. 1. A strong
magnetic thrust force type actuator including:
4. A strong magnetic thrust force type actuator a primary magnetic member
(22) support-       according to claim 3, wherein a non-magnetic ed by a
support means moving along a pre-         material is inserted into the
non-occupied determined direction (M), the primary magnetic  10  space of
the grooves (26a). member generating a magnetic field from magnetic poles
(24a,24A,34b,34B) thereof; and  5. A strong magnetic thrust force type
actuator a secondary magnetic member (21) having        according to claim
1, wherein two identical a plurality of facing portions (21a,21b,21c) fac-
primary magnetic members (23,33) are con- ing the magnetic poles of the
primary mag-  is    nected by a connecting means at a predeter- netic
member, in which the facing portions are    mined distance therebetween in
the predeter- disposed at a constant pitch in the predeter-     mined
direction (M). mined direction (M), thus moving the primary magnetic member
(22) relative to the secon-   6. A strong magnetic thrust force type
actuator dary magnetic member (21) when a magnetic  20     according to
claim 1, wherein field acts on the facing portions formed by the      the
primary magnetic member (22) com- secondary magnetic member, wherein
prises: the primary magnetic member (22) co m-            the core member
(24,34) having three pro- prises:
jections (39,40,41) in the direction transverse a core member (24,34)
having facing por-  25  to the predetermined direction (M), each pro- tions
(24c,34c) and grooves (24b,34a) alter-     jection having facing portions
(36a,..d,39a,..d) nately disposed at a first constant pitch in the  and
grooves alternately disposed at the first predetermined direction (M),
these facing por-    constant pitch in the predetermined direction; tions
and grooves extending in a direction        and transverse to the
predetermined direction;  30. .    the insulated wire (25A,35B) wound
around a permanent magnet (26) inserted into re-     the middle projection
(37) to form magnetic spective said grooves (24b,34a) in a perpen-
poles, and wherein dicular direction from a facing surface of the       the
secondary magnetic member (21) facing portions so that each of the adjacent
comprises: permanent magnets is of an opposite polarity;  35    triple-row
facing portions (21a,21b,21c) and
faced to the facing portions of respective pro- an insulated wire
(25a,25A,35b,35B) wound     jections of the core member (24,34), in which
around the core member (24,34) to form said       each facing portion of
the middle-row is shifted magnetic pole (24a,24A,34b,34B), and wherein
by 1/2 of the second constant pitch with re- the secondary magnetic member
(21)  40         spect to each facing portion of the other two comprises:
rows in the predetermined direction (M). the said facing portions
(21a,21b,21c) be- ing faced to the facing portions (24c,34c) of  7. A
strong magnetic thrust force type actuator the core member (24,34), the
facing portions of   according to claim 6, wherein two identical the second
magnetic member being disposed   45    primary magnetic member (23, 33) are
con- at a second constant pitch in the predeter-       nected by a
connecting means at a predeter- mined direction, the second constant pitch
be-    mined distance therebetween in the predeter- ing about twice as
large as the first constant    mined direction (M). pitch of the facing
portions formed by the primary magnetic member.                 50  &  A
strong magnetic thrust force type actuator according to claim 1, wherein
the primary 2. A strong magnetic thrust force type actuator       magnetic
member (22) comprises four identical according to claim 1, wherein the
facing por-     primary magnetic members arranged in a tions (21a,21b,21c)
of the second magnetic        square magnetic plate (42) with one primary
member are shifted by approximately thirty  55   magnetic member being
placed at each vertex percent of the second constant pitch, with re-    of
the square magnetic plate. spect to the facing portions (24c,34c) of the
core member (24,34). 13    



23                EP 0 373 987 B1                   24 all variations which
fall within the claims are in-  3. A strong magnetic thrust force type
actuator tended to be embraced therein.                        according to
claim 1, wherein  the permanent magnet (26) is inserted into respective
grooves Claims                                                (26a) leaving
a space at the most distal portion 5      of the grooves. 1. A strong
magnetic thrust force type actuator including:
4. A strong magnetic thrust force type actuator a primary magnetic member
(22) support-        according to claim 3, wherein a non-magnetic ed by a
support means moving along a pre-         material is inserted into the
non-occupied determined direction (M), the primary magnetic  10  space of
the grooves (26a). member generating a magnetic field from magnetic poles
(24a,24A,34b,34B) thereof; and  5. A strong magnetic thrust force type
actuator a secondary magnetic member (21) having        according to claim
1, wherein two identical a plurality of facing portions (21a,21b,21c) fac-
primary magnetic members (23,33) are con- ing the magnetic poles of the
primary mag-  15    nected by a connecting means at a predeter- netic
member, in which the facing portions are    mined distance therebetween in
the predeter- disposed at a constant pitch in the predeter-     mined
direction (M). mined direction (M), thus moving the primary magnetic member
(22) relative to the secon-    6. A strong magnetic thrust force type
actuator dary magnetic member (21) when a magnetic  20     according to
claim 1, wherein field acts on the facing portions formed by the       the
primary magnetic member (22) com- secondary magnetic member, wherein
prises: the primary magnetic member (22) co m-            the core member
(24,34) having three pro- prises:
jections (39,40,41) in the direction transverse a core member (24,34)
having facing por-  25  to the predetermined direction (M), each pro- tions
(24c,34c) and grooves (24b,34a) alter-      jection having facing portions
(36a,..d,39a ... d) nately disposed at a first constant pitch in the  and
grooves alternately disposed at the first predetermined direction (M),
these facing por-    constant pitch in the predetermined direction; tions
and grooves extending in a direction        and transverse to the
predetermined direction;  30        the insulated wire (25A,35B) wound
around a permanent magnet (26) inserted into re-     the middle projection
(37) to form magnetic spective said grooves (24b,34a) in a perpen-
poles, and wherein dicular direction from a facing surface of the       the
secondary magnetic member (21) facing portions so that each of the adjacent
comprises: permanent magnets is of an opposite polarity;  35    triple-row
facing portions (21a,21b,21c) and
faced to the facing portions of respective pro- an insulated wire
(25a,25A,35b,35B) wound      jections of the core member (24,34), in which
around the core member (24,34) to form said       each facing portion of
the middle-row is shifted magnetic pole (24a,24A,34b,34B), and wherein
by 1/2 of the second constant pitch with re- the secondary magnetic member
(21)  4o         spect to each facing portion of the other two comprises:
rows in the predetermined direction (M). the said facing portions
(21a,21b,21c) be- ing faced to the facing portions (24c,34c) of  7. A
strong magnetic thrust force type actuator the core member (24,34), the
facing portions of   according to claim 6, wherein two identical the second
magnetic member being disposed   45    primary magnetic member (23, 33) are
con- at a second constant pitch in the predeter-       nected by a
connecting means at a predeter- mined direction, the second constant pitch
be-    mined distance therebetween in the predeter- ing about twice as
large as the first constant    mined direction (M). pitch of the facing
portions formed by the primary magnetic member.                  50  8. A
strong magnetic thrust force type actuator according to claim 1, wherein
the primary 2. A strong magnetic thrust force type actuator       magnetic
member (22) comprises four identical according to claim 1, wherein the
facing por-     primary magnetic members arranged in a tions (21a,21b,21c)
of the second magnetic        square magnetic plate (42) with one primary
member are shifted by approximately thirty  55    magnetic member being
placed at each vertex percent of the second constant pitch, with re-    of
the square magnetic plate. spect to the facing portions (24c,34c) of the
core member (24,34).    25                EP 0 373 987 B1
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. A strong magnetic thrust force type actuator        comprises: according
to claim  1, wherein the primary           the facing portions (58) faced
to the facing magnetic member (22) comprises:                   portions
(65) of the annular core member, the the core member (24,34) having a
plurality    facing portions of the secondary magnetic of projections
(24a,24A, 34a,34A) in the pre-   5  member being disposed at a second
constant determined direction, each projection having      arc length along
a circular lateral surface of the facing portions (24c,34c) and grooves
(24b)       secondary magnetic member. alternately disposed at a first
constant pitch in the predetermined direction; and               12. A
strong magnetic thrust force type actuator the  insulated  wire
(25a,25A,35b,35B)   10   according to claim 11, wherein the secondary wound
around respective projections to form       magnetic member is of a
back-to-back type magnetic poles.                                   rotor
(54), one side of which faces one primary magnetic member (61), and the
other side of 10. A strong magnetic thrust force type actuator      which
faces the other primary magnetic mem- according to claim 1, wherein
15      ber (61), respectively, which rotates the secon- the primary
magnetic member (22) com-         dary magnetic member by activating the
pri- prises:                                           mary magnetic
member. the core member (24,34) having three pro- jections (39,40,41) in
the direction transverse  13  A strong magnetic thrust force type actuator
to the predetermined direction, each projection   20  according to claim 1,
wherein having facing portions (36a,..d,39a..d) and          the primary
magnetic member (74) com- grooves alternately disposed at the first con-
prises: stant pitch in the predetermined direction; and      the annular
core member (75) having fac- the  insulated  wire  (25a,25A,35b,35B)
ing portions (72a) and grooves (72b) alter- wound around respective
projections to form   25  nately disposed at first constant arc length
magnetic poles, wherein                           along an outer peripheral
surface thereof; the secondary magnetic member (21)                the
permanent magnet (72) inserted into comprises:
respective grooves (72b) in a radial direction triple-row  facing portions
(21a,21b,21c)     from a facing surface of the facing portion so faced to
the facing portions of respective pro-  30  that each of the adjacent
permanent magnets jections of the core member (24,34), in which     is of
the opposite polarity; and each facing portion of a second row is shifted
a plurality of windings (76a,bA,B) dispos- by 1/3 of the second constant
pitch with re-      ed along a concentric circle of the circular spect to
each facing portion of a first row, and  lateral surface of the annular
core member to each facing portion of a third row is shifted by   35  form
magnetic poles (75a,75b,75c,75A,B,C) 1/3 of the second constant pitch with
respect     and wherein to each facing portion of the second row in the
the secondary magnetic member (70) predetermined direction.
comprises: the facing portions (71a) faced to the fac- 11. A strong
magnetic thrust force type actuator  40  ing portions of the annular core
member, the according to claim 1 wherein                      facing
portions of the secondary magnetic the primary magnetic member (50) com-
member being disposed at a second constant prises:
arc length along an inner peripheral surface of the annular core member
(64) having fac-      the secondary magnetic member, ing portions (65) and
grooves (66) alternately  45    whereby the secondary magnetic member
disposed at a first constant arc length along a   is rotated by activating
the primary magnetic circular lateral surface thereof, and the facing
member. portions and grooves extended to a radial di- rection of the
circular lateral surface thereof;  14. A strong magnetic thrust force type
actuator the permanent magnet (60) inserted into  50    according to claim
3, 5, 7, 8, 9, 10, 12, or 13, respective grooves (66) so that each of the
wherein the permanent magnet (26) is of a adjacent permanent magnets is of
the opposite     wedge-shaped plate type having shorter and polarity; and
longer sides, both of which are parallel to each a plurality of windings
(68a,..d) disposed     other, and having opposite sides inclining to- along
a concentric circle of the circular lateral  55  ward each other in cross
section, and the surface of the annular core member to form        primary
magnetic member (22) having a plural- magnetic poles (67a,..d), and wherein
ity of trough-shaped grooves, each of which is the secondary magnetic
member (54)             alternately formed in a direction transverse to 14
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the predetermined direction thereof, whereby      tions (24Aa) of the
primary magnetic member the permanent magnet is inserted into each
(22) are shifted by approximately thirty percent trough-shaped groove so
that the longer side      of the first constant pitch, with respect to the
of the permanent magnet faces the secondary       facing portions (21a) of
the secondary mag- magnetic member (21).                     5       netic
member (21). 15. A strong magnetic thrust force type actuator  17. A strong
magnetic thrust force type actuator including:
according to claim 15, wherein the permanent a primary magnetic member (22)
support-       magnet (26) is inserted into respective grooves ed by a
support means moving along a pre-  10     (26a) leaving a space at the most
distal portion determined direction (M), the primary magnetic    of the
grooves. member generating a magnetic field from magnetic poles (24a,24A,
34b,34B) poles        18 A strong magnetic thrust force type actuator
thereof; and                                      according to claim 17,
wherein a non-magnetic a secondary magnetic member (21) having   is
material is inserted into a non-occupied space a plurality of facing
portions (21a) facing the   of the grooves (26a). magnetic poles of the
primary magnetic mem- ber, in which the facing portions are disposed  19. A
strong magnetic thrust force type actuator at a constant pitch in the
predetermined direc-   according to claim 15, wherein the primary tion (M),
thus moving the primary magnetic  20     magnetic member (22) comprises:
member (22) relative to the secondary mag-           the core member (24)
having a plurality of netic member (21) when a magnetic field acts
projections in the predetermined direction, on the facing portions formed
by the secon-       each  projection  having  facing  portions dary
magnetic member, wherein                     (24Aa,Ab,ab,Ba,Bb,ba) disposed
at the first the primary magnetic member (22) com-  25      constant pitch
in the predetermined direction; prises:
and a core member (24) having facing portions         the insulated wire
(25A,a,35B,b) wound ar- (24Aa,24Ab,24aa,24ab..) disposed at a first
ound respective projections to form magnetic constant pitch in the
predetermined direction,    poles (24A,a,34B,b). these facing portions
being extended in a di-  30 rection transverse to the predetermined direc-
20. A strong magnetic thrust force type actuator tion; and
according to claim 15, wherein an insulated wire (25A,a,35B,b) wound ar-
the primary magnetic member (22) com- ound the core member to form a said
mag-          prises: netic pole (24A,a,34B,b) and wherein      35
the core members (24) having three pro- the secondary magnetic member (21)
jections (44a,44b,44c) in the direction trans- comprises:
verse to the predetermined direction, each pro- facing portions (21a) and
grooved (26a)       jection having facing portions disposed at the being
faced to the facing portions of the core    first constant pitch in the
predetermined direc- member, the facing portions and grooves of  40
tion, in which a second projection (44b) among the second magnetic member
being alternately      the three projections is shifted by 1/3 of the
disposed at a second constant pitch in the        first constant pitch with
respect to a first pro- predetermined direction, and extended in a
jection (44a) in the predetermined direction, direction transverse to the
predetermined di-     and a third projection (44c) among the three rection;
45      projections is shifted by 1/3 of the first con- a permanent magnet
(26) inserted into re-     stant pitch with respect to the second projec-
spective said grooves (26a) in a perpendicular    tion (44b) in the
predetermined direction; and direction from each facing surface of the
facing     the insulated wire (43A,43B,43C) wound portions of the second
magnetic member so         around respective projections to form magnetic
that each of the adjacent permanent magnets  50   poles (42A,42B,42C). is
of an opposite polarity, in such a way that the first constant pitch is
about twice as large  21. A strong magnetic thrust force type actuator as
the second constant pitch of the facing        according to claim 15,
wherein portions formed by the secondary magnetic            the primary
magnetic member (50) com- member.                                   55
prises: the annular core member (64) having fac- 16 A strong magnetic
thrust force type actuator      ing portions (65) disposed at a first
constant according to claim 15, wherein the facing por-    arc length along
a circular lateral surface there-    29                EP 0 373 987 B1
30 of; and                                            of the adjacent
permanent magnets is of the a plurality of windings (68a,..d) disposed
opposite polarity, 



along a concentric circle of the circular lateral     whereby the secondary
magnetic member surface of the annular core member to form        is
rotated by activating the primary magnetic magnetic poles, and wherein
5       member. the secondary magnetic member (57) comprises:
24. A strong magnetic thrust force type actuator the facing portions (62)
and grooves (58a)     according to claim  17, 19, 20, 22, or 23, faced the
facing portions (65) of the annular      wherein the permanent magnet (26)
is of a core member, the facing portions and grooves  io   wedge-shaped
plate type having shorter and of the secondary magnetic member being al-
longer sides, both of which are parallel to each ternately disposed at a
second constant arc        other, and having opposite sides inclining to-
length along a circular lateral surface of the     ward each other in cross
section thereof, and secondary magnetic member, and these facing        the
secondary magnetic member (21) having a portions and grooves being extended
to a ra-  is   plurality of trough-shaped grooves, each of dial direction
of the circular lateral surface of  which is alternately formed in a
direction trans- the secondary magnetic member; and                 verse
to the predetermined direction thereof, the permanent magnet (26) inserted
into        whereby the permanent magnet is inserted into respective
grooves (58a) so that each of the       each trough-shaped groove so that
the longer adjacent permanent magnets is of the opposite  20  side of the
permanent magnet faces the pri- polarity.
mary magnetic member (22). 22. A strong magnetic thrust force type actuator
PatentansprUche according to claim 21, wherein the secondary magnetic
member (57) is of a back-to-back   25  1. Ein Betitigungsgerat mit starker
magnetischer type rotor, one side of which faces one pri-
Schiebekraft, das folgende Merkmale aufweist: mary magnetic member (61),
and the other           ein erstes Magnetteil (22), das durch eine Trd-
side of which faces the other primary magnetic     gereinrichtung getragen
ist, das sich entlang member (61), respectively, which rotates the
einer vorgegebenen Richtung (M) bewegt, wo- secondary magnetic member by
activating the   30   bei das erste Magnetteil ein Magneffeld von primary
Mnagnetic member.                          seinen Magnetpolen
(24a,24A,34b,34B) ausge- hend erzeugt; und 23. A strong magnetic thrust
force type actuator      ein zweites Magnetteil (21), das eine Vielzahl
according to claim 15, wherein                     von
gogen~berliegenden     Bereichen the primary magnetic member (74) com-   35
(21a,21b,21c) aufweist, die den Magnetpolen prises:
des ersten Magnetteils gegeniberliegend aus- the annular core member (75)
having fac-       gerichtet sind, wobel die gegenUberliegenden ing portions
(71a) disposed at a first constant    Bereiche mit einem konstanten
Zwischenraum arc length along an outer peripheral surface       in einer
vorgegebenen Richtung (M) angeord- thereof; and
40       net sind, wobei sich das erste Magnetteil (22) a plurality of
windings (76a,b,c,A,B,C) dis-   relativ zu dem zweiten Magnetteil (21)
bewegt, posed along a concentric circle of the circular    wenn ein
Magneffeld auf die gegenlberliegen- lateral surface of the annular core
member to      den Bereichen, die durch das zweite Magnet- form  magnetic
poles  (75a,b,c,A,B,C) and         teil gebildet sind, einwirkt, wobel
wherein                                   45       das erste Magnetteil
(22) folgende Merkmale the secondary magnetic member (70)
aufweist: comprises:                                         ein Kernteil
(24,34), das gegenUberliegende the facing portions (70a) and grooves (70b)
Bereiche  (24c,34c)  und  Ausnehmungen faced to the facing portions (71a)
of the an-      (24b,34a) aufweist, die alternierend mit einem nular core
member, these facing portions and   so  ersten konstanten Zwischenraum in
der vorge- grooves being alternately disposed at a second     gebenen
Richtung (M) angeordnet sind, wobei constant arc length along an inner
peripheral      diese gegenaberliegenden Bereiche und Aus- surface of the
secondary magnetic member;          nehmungen in einer Richtung transversal
zu and                                                der vorgegebenen
Richtung erstreckt sind; the permanent magnet (72) inserted into  55
einen Permanentmagneten (26), der in ent- respective grooves (70b) in a
radial direction     sprechende Ausnehmungen (24b.34a) in elner from a
facing surface of the facing portion of    rechtwinkligen Richtung von
einer gegen~ber- the secondary magnetic member, so that each
liegenden Flache der gegenliberliegenden Be-    31                EP 0373
987 B1                     32 reiche so eingesetzt ist, daB jeder der
benach-    (3Ba,..d,39a,...d) und Ausnehmungen aufweist, barten
Permanentmagnete von entgogenge-            die alternierend mit dern
ersten konstanten setzter Polaritat ist; und
Zwischenraum in der vorgegebenen Richtung einen isoliorten Draht
(25a,25A,35b,35B), der      angeordnet sind; und 



um das Kernteil (24,34) gewickelt ist, urn den   s  wobei der isolierte
Draht (25A,35B) um den Magnetpol (24a,24A,34b,34B) zu bilden, und
mittleren Vorsprung (37) gewickelt ist, um ma- wobei
gnetische Pole zu bilden, und wobei das zweite Magnetteil (21) folgende
Morkmale       das zweite Magnetteil (21) folgende Merkmale aufweist:
aufweist: die     gegenilberliegenden     Bereiche   7o     in drei Reihen
angeordnete, gegentberliegen- (21a,21b,21c) sind zu den gegenfborliegenden
de Bereiche (21 a,21 b,21 c), die zu den gegen- Bereichen (24c,34c) des
Kerntoils (24,34) hin      Uberliegenden Bereichen der jeweiligen Vor-
ausgerichtet, wobei die gogeniberliegenden         sprtnge des Kernteils
(24,34) hin ausgerichtet Bereiche des zweiten Magentteils mit einern
sind, In denen jeder gogentberliegende Be- zweiten konstanten Zwischenraum
in der vor-  15   reich der mittleren Reihe um 1/2 des zweiten gegebenen
Richtung angeordnet sind, wobel          konstanten Zwischenraums in Bezug
auf jeden der zweite konstante Zwischenraum zwoimal
gogentiberliegenden Bereich der anderen zwei so groB wie der erste
konstante Zwischenraum       Reihen in der vorgegebenen Richtung (M) ver-
der gegentberliegenden Bereiche, die an dern       schoben ist. J>
ersten Magnetteil gebildet sind, ist.     20 7. En Betatigungsgerat mit
starker magnetischer 2. En Betatigungsgerat mit starker magnetischer
Schiebekraft nach Anspruch 6, wobei zwei Schiebekraft nach Anspruch 1,
wobei die go-       Identische erste Magnetteile (23,33) Uber eine
gonGberliegenden Bereiche (21a,21b,21c) des        Verbindungseinrichtung
in einem vorgogebe- zweiten Magnetteils um etwa dreifig Prozent  25    nen
Abstand dazwischen in der vorgegebenen des zweiten konstanten Zwischenraums
in Be-        Richtung (M) miteinander verbunden sind. zug auf die
gogenlberliegenden Bereiche (24c,34c) des Kernteils (24,34) verschoben
&  Ein Betgtigungsgerit mit starker magnetischer werden.
Schiebekraft nach Anspruch 1, wobei das erste 30      Magneteil (22) vier
identische Magnetteile auf- 3  En Betatigungsgerat mit starker magnetischer
weist, die in einer quadratischen Magnetplatte Schiebekraft nach Anspruch
1, wobel der Per-      (42) mit einem ersten magnetischen Teil, das
manentmagnet (26) in die jeweiligen Ausneh-        an jeder Ecke der
quadratischen Magnetplatte mungen (26a) unter Belassung eines Zwi-
plaziert ist, angeordnet sind. schenraumes an dem am weitesten distalen
36 Bereich der Ausnehmungen eingesetzt ist.       9. En Betatigungsgorit
mit starker magnetischer Schiebokraft nach Anspruch 1, wobei das erste >
4. En Betatigungsgerdt mit starker magnetischer         Magnetteil (22)
folgende Merkmale aufweist: Schiebekraft nach Anspruch 3, wobei ein nicht-
das Kemteil (24,34) besitzt eine Vielzahl von magnetisches Material in don
nichtbelogten   40    Vorsprtngen (24a,24A,34a,34A) in der vorge-
Zwischenraum der Ausnehmungen (26a) ein-           gebenen Richtung, wobei
jeder Vorsprung ge- gesetzt ist.
gentiberliegonde Bereiche (24c,34c) und Aus- nehmungen (24b) besitzt, die
alternierend mit 5. Ein Betftigungsgerat mit starker magnetischer
einem ersten konstanten Zwischenraum in der Schiebekraft nach Anspruch 1,
wobel zwei  45       vorgegebenen Richtung angeordnet sind; und identische
orate Magnetteile (23,33) Ober ein      wobel der isolierte Draht
(25a.25A,35b,35B) um Verbindungsteil In einem vorgogebenen Ab-
entsprechende Vorsprlnge gewickelt ist, urn stand dazwischen in einer
vorgegebenen Rich-       magnetische Pole zu bilden. tung (M) mitoinander
verbunden sind. 50  10. Ein BetAtigungsgerit mit starker magnetischer 6.
Ein BetftigungsgerAt mit starker magnetischer      Schiebekraft nach
Anspruch 1, wobei Schiebekraft nach Anspruch 1, wobel                das
erste Magnetteil (22) folgende Merkmale das erste Magnetteil (22) folgende
Merkmale        aufweist: aufweist:
das Kernteil (24,34) besitzt drei Vorsprange das Kernteil (24,34) besitzt
drei VorsprOnge  s5  (39,40,41) in der Richtung transversal zu der
(39,40,41) in der Richtung transversal zu der      vorgagebenen  Richtung,
wobel jeder Vor- vorgegebenen Richtung (M), wobei jeder Vor-        sprung
gogeniberliegende    Bereiche sprung    gegeniborliegende    Bereiche
(36a,..d,39a,..d) und Ausnehmungen aufweist, 17 I     L!11  111! 111 11!1
33                EP 0 373 987 B1                    34 die alternierend
mit dem  ersten konstanten    12. Ein Betatigungsgerat mit starker
magnetischer Zwischenraum der vorgegebenen Richtung an-
Schiebekraft nach Anspruch 11, wobel das geordnet sind; und
zweite Magnetteil ein Rotor (54) vom stegver- 



wobei der isolierte Draht (25a,25A,35b,35B) um     bundenen Typ ist, wobei
eine Seite davon ei- entsprechende VorsprUnge gewickelt ist, um    5    nem
ersten Magnetteil (61) gegenlberliegend magnetische Pole zu bilden, wobei
angeordnet ist und die andere Seite davon das zweite Magnetteil (21)
folgende Merkmale       dem  anderen ersten Magnetteil (61) jeweils
aufweist:                                          gagenUberliegend
ausgerichtet ist, das das in drel Reihen angeordnete, gegen~berliegen-
zweite Magnetteil be! Betftigung des ersten de Bereiche (21a,21b,21c), die
zu den gegen-   io  Magnetteils dreht. aberliegenden Bereichen der
jeweiligen Vor- sprUnge des Kernteils (24,34) hin ausgerichtet  13. Ein
BeflitigungsgerAt mit starker magnetischer sind, in denen jeder
gogen~berliegende Be-         Schiebekraft nach Anspruch 1, wobei reich
einer zweiten Reihe um 1/3 des zweiten       das erste Magnetteil (74)
folgende Merkmale konstanten Zwischenraums in Bezug auf jeden   15
aufweist: gegenlberliegenden Bereich einer ersten Rei-       das
ringf6rmige Kernteil (75), das gegenaber- he verschoben ist und jeder
gegenflberliegen-      liegende Bereiche (72a) und (72b) und Aus- de
Bereich einer dritten Reihe um 1/3 des          nehmungen (72b) aufweist,
die alternierend mit zweiten konstanten Zwischenraums in Bezug
einer ersten konstanten Bogenl~nge entlang J)    auf jeden
gogenUberliegenden Bereich der  2o        der auBeren Umfangsflache davon
angeordnet zweiten Reihe in der vorgegebenen Richtung         sind;
verschoben ist.                                    der Permanentmagnet (72)
lst in entsprechen- de Ausnehmungen (72b) in einer radialen Rich- 11. Ein
Betatigungsgerdt mit starker magnetischer     tung von einer
gegen~berliegenden Flache des Schiebekraft nach Anspruch 1, wobel       25
gegentberliegenden Bereichs so eingesetzt, das erste Magnetteil (50)
folgende Merkmale        daB jeder der benachbarten Permanentmagne-
aufweist:                                         te von entgegengesetzter
Polaritat ist; und das ringfdrmige Kernteil (64), das gegentber-      elne
Vielzahl von Windungen (76a,b,A,B) sind liegende Bereiche (65) und
Ausnehmungen            entlang elnes konzentrischen Kreises der kreis-
(66) aufweist, die altemierend mit einer ersten   30  formigen, lateralen
Oberflache des ringformi- konstanten BogenlInge entlang einer kreisfdr-
gen  Kernteils angeordnet, um  Magnetpole migen, lateralen Oberfl~che davon
angeordnet      (75,75b,75c,75AB,C) zu bilden, und wobel sind, und wobei
die gegenlberliegenden Be-         das zweite Magnetteil (70) folgende
Merkmale reiche und Ausnehmungen in miner radialen          autweist:
Richtung der kreisf6rmigen, lateralen Flache   35  die gegenlberliegenden
Bereiche (71a) sind davon erstreckt sind;                              zu
den gegenUberliegenden Bereichen des der Permanentmagnet (60) ist in die
entspre-       ringf6rmigen Kernteils hin ausgerichtet, die ge- chenden
Ausnehmungen (66) so eingesetzt,           genlberliegenden Bereiche des
zweiten ma- daB jeder der benachbarten Permanentmagne-         gnetischen
Tells sind mit einer zweiten kon- te eine entgegengesetzte Polaritft
aufweist;  40   stanten Bogenlinge entlang einer Inneren Urn- und
fangsfl~che des zweiten Magnetteils gegen- eine Vielzahl von Windungen
(68a,..d) ist ant-     Oberliegend ausgerichtet, lang eines konzentrischen
Kreises der kreisftr-    wobei das zweite Magnetteil durch Betatigung
migen, lateralen Flache des ringformigen Kern-     des ersten Magnetteils
gedreht wird. tells angeordnet, um Magnetpole (67a,..d) zu   45 bilden, und
wobel                              14. Ein Betitigungsgerdt mit starker
magnetischer das zweite Magnetteil (54) folgende Merkmale
Schiebekcraft nach Anspruch 3, 5, 7, 8, 9, 10, aufweist:
12 oder 13, wobei der Permanentmagnet (26) die gogen~berliegenden Bereiche
(58) sind zu       ein keilf8rmig geformter Plattentyp ist, der kUr- den
gegenUberliegenden Bereichen (65) des   6o     zere und langere Seiten
aufweist, von denen ringformigen Kernteils hin ausgerichtet, wobel
beide parallel zueinander verlaufen, und der die gegenUberliegenden
Bereiche des zweiten        gegenUberliegende Seiten aufweist, die zuein-
Magnetteils mit einer zweiten konstanten Bo-       ander im Querschnitt
geneigt sind, und wobei genlange entlang einer kreisfdrmigen, lateralen
das erste Magnetteil (22) eine Vielzahl von Flache des zweiten Magnetteils
angeordnet  ss     trogfdrmig geformten Ausnehmungen aufweist, sind.
von denen jede alternierend in elner Richtung transversal zu der
vorgogebenen Richtung da- von gebildet ist, wobei der Permanentmagnet 18
II1I1111111111 11111 111111111111 *   C L   M   S   *    35
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eingesetzt ist, daB die lfngere Seite des Per-     che, die durch das
zweite Magnetteil gebildet manentmagneten dern zweiten Magnetteil (21)
sind, ist. gegenUberliegend ausgerichtet ist. 5   16. Ein Betatigungsgerat
mit starker magnetischer 15. Ein Betatigungsgerat mit starker magnetischer
Schiebekraft nach Anspruch 15, wobel die ge- Schiebekraft, das folgende
Merkmale aufweist:      gentberliegenden Bereiche (24Aa) des ersten ein
erstes Magnetteil (22), das durch eine Tra-    Magnetteils (22) um etwa
dreil3ig Prozent des gereinrichtung getragen wird, die sich entlang
ersten konstanten Zwischenraums verschoben einer vorgegebenen Richtung (M)
bewegt, wo-  1O    werden in Bezug auf die gegenriberliegenden bei das
erste Magnetteil ein Magneffeld von        Bereiche (21a) des zweiten
Magnetteils (21). seinen Magnetpolen (24a,24A,34b,34B) ausge- hend erzeugt;
und                              17. Ein Betitigungsgerdt mit starker
magnetischer ein zweites Magnetteil (21), das eine Vielzahl
Schiebekraft nach Anspruch 15, wobei der Per- von gogentberliegenden
Bereichen (21a) auf-  15    manentmagnet (26) in entsprechende Ausneh-
weist, die zu den Magnetpolen des ersten Ma-       mungen (26a) eingesetzt
ist, die einen Zwi- gnetteils gogentberliegend ausgerichtet sind,
schenraum an dem am weitesten distalen Be- in denen die gegentiberliegenden
Bereiche mit     reich der Ausnehmungen belassen. einem konstanten
Zwischenraum in der vorge- gebenen Richtung (M) angeordnet sind, wo-  20
1. Ein Betatigungsgerat mit starker magnetischer durch sie das erste
Magnetteil (22) relativ zu     Schiebekraft nach Anspruch 17, wobel ein dem
zweiten Magnetteil (21) bewegen, wenn          nichtmagnetisches Material
in omen nichtbe- ein Magnetfeld auf die mgenhberliegenden Be-       setzten
Zwischenraum  der Ausnehmungen reiche, die durch das zweite Magnetteil
gebil-    (26a) eingesetzt ist. dot sind, wirkt, wobei
25 das erste Magnetteil (22) folgende Merkmale    19. Ein Bet~tigungsgerat
mit starker magnetischer aufweist:
Schiebekraft nach Anspruch 15, wobei das er- ein Kernteil (24), das
gegentiberliegende Be-      ste Magnetteil (22) folgende Merkmale auf-
reiche (24Aa,24Ab,24aa,24ab..) aufweist, die       weist: mit einem ersten
konstanten Zwischenraum in  30    das Kernteil (24), das eine Vielzahl von
Vor- der vorgegebenen Richtung angeordnet sind,         sprUngen in der
vorgegebenen Richtung be- wobei diese gegenliberliegenden Bereiche in
sitzt, wobei jeder Vorsprung gegenlberliegen- einer Richtung transversal zu
der vorgegebe-       de Bereiche (24Aa,Ab,ab,Ba,Bb,ba) aufweist, nen
Richtung erstreckt sind; und                   die mit elnem ersten
konstanten Zwischenraum einen isolierten Draht (25A,a,35B,b), der um   35
in der vorgogebenen Richtung angeordnet das Kernteil herum gewickelt ist,
um den Ma-       sind; und gnetpol (24A,a,34B,b) zu bilden, und wobel
den isolierten Draht (25A,a,35B,b), der urn ent- das zweite Magnetteil (21)
folgende Merkmal        sprechende Vorsprtnge gewickelt ist, um Ma-
aufweist:                                          gnetpole (24Aa,34B,b) zu
bilden. gagentberliegende Bereiche (21a) und Aus-  40 nehmungen (26a), die
zu den gegentiberlie-     20. Ein Betatigungsgerdt mit starker magnetischer
genden Bereichen des Kernteils hin ausgerich-      Schiebekraft gemrB
Anspruch 15, wobei tet sind, wobei die gegentiberliegenden Berei-     das
erste Magnetteil (22) folgende Merkmale che und die Ausnehmungen des
zweiten Ma-           aufweist gnetteils alternierend mit einem zweiten
kon-  4S  das  Kernteil (24), das. drei VorsprUnge stanten Zwischenraum  in
der vorgegebenen          (44a,44b,44c) in der Richtung transversal zu
Richtung angeordnet sind und in einer Rich-        der vorgegebenen
Richtung besitzt, wobei je- tung transversal zu der vorgegebenen Rich-
der Vorsprung gagenUberliegende Bereiche tung erstreckt sind;
autweist, die mit dem ersten konstanten Zwi- eonen Permanentmagneten (26),
der in die ent-  50  schenraum in der vorgegebenen Richtung an- sprechenden
Ausnehmungen (26a) in elner            geordnet sind, in dern ein zweiter
Vorsprung rechtwinkligen Richtung von jeder gegentber-      (44b) von den
drei Vorsprtingen urn 1/3 des liegenden Fliche der gegentborliegenden Be-
ersten konstanten Zwischenraums in Bezug auf reiche des zweiten Magnetteils
eingesetzt ist,     einen ersten Vorsprung (44a) in der vorgege- so daB
jeder der benachbarten Permanentma-  5S     benen Richtung verschoben ist,
und ein dritter gnete eine entgagengesetzte Polaritat aufweist,
Zwischenraum (44c) von den drel VorsprOngen wodurch der erste konstante
Zwischenraum           um 1/3 des ersten konstanten Abstandes in etwa
zweimal so groB wie der zweite konstante      Bezug auf den zweiten
Vorsprung (44b) in der 19 1111111 111111 11111 11111111111 *   C   L  M   S
*    



37                EP 0 373 987 B1                    38 vorgegebenen
Richtung verschoben ist; und          RuBeren  Umfangsflfche davon
angeordnet den isolierten Draht (43A,43B,43C), der um         sind; und
entsprechende Vorspr~nge gewickelt ist, um         eine VieIzahl von
Windungen (76a,b,cA,BC), Magnetpole (42A,42B,42C) zu bilden.
die entlang eines konzentrischen Kreises der 5       kreisformigen,
lateralen Flache des ringformi- 21. Ein Betatigungsgerat mit starker
magnetischer     gen Kernteils angeordnet sind, um Magnetpole Schiebekraft
nach Anspruch 15, wobel               (75ab,c,ABC) zu bilden, und wobei das
erste Magnetteil (50) folgende Merkmale        das zweite Magnetteil (70)
folgende Merkmale aufweist:
aufweist: ein ringformiges Kemteil (64), das gegenaber-  1o  die
gegen~berliegenden Bereiche (70a) und liegende Bereiche (65) aufweist, die
mit einer     Ausnehmungen (70b), die zu den gegenUber- ersten konstanten
Bogenlange entlang einer        liegenden Bereichen (71 a) des ringf6rmigen
kreisf8rmigen, lateralen Fliche davon angeord-     Kemteils ausgerichtet
sind, wobei die gegen- net sind; und
Oberliegenden Bereiche und die Ausnehmun- eine Vielzahl von Windungen
(68a,..d), die ent-  is  gen altemierend mit einer zweiten konstanten lang
eines konzentrischen Kreises der kreisfor-    Bogenlange entlang einer
inneren Oberfliche migen, lateralen Oberflache des ringformigen       des
zweiten Magnetteils angeordnet sind; und Kernteils angeordnet sind, um
Magnetpole zu        den Permanentmagneten (72), der in entspre- bilden,
und                                        chende Ausnehmungen (70b) in
elner radialen wobei das zweite Magnetteil (57) folgende   20     Richtung
von einer gegenilberliegenden Ober- Merkmale aufweist:
fliche des gegenUberliegenden Bereichs des die gegentberliegenden Bereiche
(62) und die       zweiten Magnetteils hin ausgerichtet sind, so
Ausnehmungen (58a), die zu den gogenlber-          daB jeder der
benachbarten Permanentmagne- liegenden Bereichen (65) des ringformigen
te von entgegengesetzter Polaritit ist, wobei c Kernteils gogenUberliegend
ausgerichtet sind,  25  das zweite Magnetteil durch Betatigung des wobel
die gegenUberliegenden Bereiche und          ersten Magnetteils gedreht
wird. die Ausnehmungen des zweiten magnetischen Tells alternierend mit
einer zweiten konstanten  24. Ein BetItigungsgerit mit starker magnetischer
Bogenlinge entlang einer kreisformigen, late-      Schiebekraft nach
Anspruch 17, 19, 20, 22 ralen Oberflache des zweiten Magnetteils an-  9o
oder 23, wobel der Permanentmagnet (26) ein geordnet sind und wobei diese
gegenlberlie-        keilformig geformter Plattentyp ist, der elne genden
Bereiche und Ausnehmungen in eine           kUrzere und eine Ifingere Seite
aufweist, die radiale Richtung der kreisformigen, lateralen      beide
parallel zueinander verlaufen, und der Oberfliche des zweiten Magnetteils
erstreckt       gegentberliegende Seiten aufweist, die zuein- sind; und
35       ander im Querschnift geneigt sind, und wobei den Permanentmagneten
(26), der in entspre-        das zweite Magnetteil (21) eine Vielzahl von
chende Ausnehmungen (58a) so eingesetzt ist,      trogformig geformten
Ausnehmungen aufweist, daB jeder der benachbarte Permanentmagnete
von denen jede alternierend in einer Richtung von entgegengesetzter
Polaritat ist.              transversal zu der vorgegebenen Richtung ge- 40
bildet ist, wobei der Permanentmagnet in jede 22. Ein Betitigungsgerit mit
starker magnetischer     trogfdrmige Ausnehmung so eingesetzt ist, daB
Schiebekraft nach Anspruch 21, wobei das           die lingere Seite des
Permanentmagneten zu zweite Magnetteil (57) von einem stegverbun-       dem
ersten Magnetteil (22) hin ausgerichtet ist. denen Rotortyp ist, wobel eine
Seite davon einem  ersten Magnetteil (61) gegenUberlie-  45
Revendicatlons gend ausgerichtet ist und die andere Site davon dem anderen
ersten Magnetteil 61 je-     1. Actionneur & force de poussee magn6tique
wells gegenUberliegend ausgerichtet ist, die       4lev6e incluant: das
zweite Magnetteil durch Wirkung des er-          - un organe magnetique
primaire (22) sup- sten Magnetteils dreht.                   50
port4 par des moyens de support, se deplagant le long d'une direction
prdd6- 23. Ein Betitigungsgerit mit starker magnetischer          termin6e
(M), I'organe magn~tique pri- Schiebekraft nach Anspruch 15, wobei das er-
maire engendrant un champ magnetique ste Magneffeil (74) folgende Merkmale
auf-             '   partir  de   p8les  magnetiques weist:
55           (24a,24A,34b,34B) de celui-ci; et das ringf6rmige Kernteil
(75), das gogenaber-        - un organe magnetique secondaire (21) liegende
Bereiche (71a) aufweist, die mit elner         ayant une pluralit6 de
portions en vis-a- ersten konstanten BogenlInge entlang einer
vis (21a,21b,21c) faisant face aux p8les 20 * C   L  M   S*   



39                EP 0 373 987 B1                   40 magnetiques de
l'organe magnetique pri-   3. Actionneur A force de poussde magnetique
maire, dans lequel les portions en vis-a-    elevee selon la revendication
1, dans lequel les vis sont disposees avec un ecartement        aimants
permanents (26) sont inseres dans les constant dans la direction
pr~determinee     rainures respectives (26a), laissant un espace (M),
faisant donc so d6placer l'organe   5   au niveau de la portion la plus
distale des magndtique primaire (22) par rapport A       rainures. I'organe
magnetique secondaire (21) lorsqu'un champ magn6tique agit sur les   4.
Actionneur a force de pouss~e magn6tique portions en vis-a-vis formees par
I'orga-    elevee selon la revendication 3, dans lequel un ne magnetique
secondaire, dans lequel    10  mat6riau non magn6tique est insere dans Pes-
Iorgane magnetique primaire (22)          pace non occupe des cannelures
(26a). comprend: - un organe formant noyau (24,34) ayant     5. Actionneur
A force de poussee magn~tique des portions en vis-&-vis (24c,34c) et des
6levee selon la revendication 1, dans lequel rainures (24b,34a) disposees
en alteman-  is  deux organes magnetiques primaires (23,33) ce avec un
premier ecartement constant       identiques sont connectes par des moyens
de dans la direction predetormin6e (M), ces     connexion avec une distance
predetermin~e portions en vis-k-vis et ces rainures        entre eux dans
la direction pr6ddterminee (M). s'etendant dans une direction transversa-
J..-'       le par rapport a la direction predetormi-  20  6. Actionneur a
force de pouss~e magnetique n6e;
elev6e selon la revendication 1, dans lequel - des aimants permanents (26)
insdres              l'organe magn6tique primaire (22) corn- dans  lesdites
rainures  respectives        prend: (24b,34a) dans une direction perpendi-
l'organe formant noyau (24,34) ayant culaire a partir de chaque surface en
vis-  25    trois projections (39,40,41) dans la direc- A-vis des portions
en vis-&-vis, de telle         tion transversale par rapport A la direc-
sorte que chacun des aimants perma-               tion predeterminee (M),
chaque projec- nents adjacents a une polarite opposee;           tion ayant
des portions en vis-a-vis (36a- et
d,39a-d) et des rainures disposees en - un fil isole (25a,25A,35b,35B)
enroule au-  30    alternance avec le premier ecartement tour de l'organe
formant noyau (24,34)            constant dans la direction predeterminee;
pour former ledit p81e  magnetique                et (24a,24A,34b,34B), et
dans lequol               - le fil isolW (25A,35B) enroul6 autour de la
l'organe magnetique secondaire (21)            projection du milieu (37)
pour former des comprend:                            35           p8les
magn6tiques, et dans lequel - lesdites    portions   en    visea-vis
l'organe magnktique secondaire (21) (21a,21b,21c) faisant face aux portions
comprend: J>          en vis-a-vis (24c,34c) de l'organe for           -
des portions en vis-k-vis (21a,21b,21c) mant noyau (24,34), les portions en
vis-          formant une triple rangee, faisant face &-vis de l'organe
magnetique secondaire  40       aux portions en vis-k-vis des projections
etant dispos6es avec un deuxieme ecar-            respectives de l'organe
formant noyau tement constant dans la direction prede-          (24,34)
dans lequel chaque portion en termin6e,  le  deuxieme  6cartement
vis-h-vis de la rangee du milieu est d6ca- constant valant environ le
double du pre-         lee de la moitie du deuxieme ecartement mier
ecartement constant des portions  45         constant par rapport a chaque
portion en en vis-a-vis form6es par l'organe magn6-          vis-k-vis des
deux autres rangdes dans tique primaire.
Ia direction pr~ddterminee (M). 2. Actionneur a force de poussde magnetique
7. Actionneur a force de poussee magnetique elevee selon la revendication
1, dans lequel les  so  6lev~e selon la revendication 6, dans lequel
portions en vis-a-vis (21a,21b,21c) de l'organe   deux organes magn6tiques
prlmaires (23,33) magnetique secondaire sont ddcales d'ap-
identiques sont connectes par des moyens de proximativement trente pour
cent du deuxibme      connexion avec une distance predetermin6e dcartement
constant, par rapport aux portions     entre eux dans la direction
preddterminde (M). en vis-a-vis (24c,34c) de l'organe formant  56 noyau
(24,34).                                a  Actionneur a force de poussee
magn6tique elevee salon la revendication 1, dans lequel l'organe magn6tique
primaire (22) comprend 21 1 11111111111111111111111 111111 *   C   L  M   S
*  



41                 EP 0 373 987 B1                   42 quatre organes
magnetiques primaires identi-       prend: ques arrang6s dans une plaque
magn6tique              - l'organe formant noyau annulaire (64) carree
(42), un organe magn6tique primaire              ayant des portions en
vis-&-vis (65) et 6tant place dans chaque angle de la plaque
des rainures (66) disposees en alternan- magnetique carree.
5            ce avec une premiere longueur d'arc constante le long d'une
surface laterale 9. Actionneur A force de poussee magn~tique
circulaire de celui-ci, ces portions en vis- elevee selon la revendication
1, dans lequel            a-vis et ces rainures s'etendant dans une
l'organe magnetique primaire (22) comprend:             direction radiale
par rapport A sa surface - Porgane formant noyau (24,34) ayant une   l0
laterale circulaire; pluralit6 de projections (24a,24A,34a,34A)       - les
aimants permanents (60) inseres dans la direction pr6determin6e, chaque
dans les respectives (66) de telle sorte projection ayant des portions en
vis-&-vis         que chacun des aimants permanents ad- (24c,34c) et des
rainures (24b) disposees          jacents a une polarite opposee; et en
alternance avec un premier ecarte-  17        - une pluralite
d'enroulements (68a-d), dis- ment constant dans la direction predeter-
poses le long d'un cercle concentrique minee; et
de la surface laterale circulaire de l'orga- - le fil isole
(25a,25A,35b,35B) enrould au-          ne formant noyau annulaire, pour
former tour des projections respectives pour for-         des p8les
magnetiques (67a-d), et dans mer des p8les magnetiques.            20
lequel l'organe magn6tique secondaire (54) 10. Actionneur a force de
poussde magnetique                comprend: 6levde selon la revendication
1, dans lequel          - lee portions en vis-a-vis (58) faisant face
l'organe magndtique primaire (22) corn-              aux portions en
vis-h-vis (65) de l'organe prend:                                     25
formant noyau annulaire, les portions en - I'organe formant noyau (24,34)
ayant                vis-a-vis de l'organe magnetique secon- trois
projections (39,40,41) dans la direc-        daire etant disposees avec une
deuxie- tion transversale par rapport a ia direc-          me longueur
d'arc constante le long tion predetermin6e, chaque projection
d'une surface laterale circulaire de l'orga- ayant des portions en
vis-a-vis (36a-  30          ne magnetique secondaire. d,39a-d) et des
cannelures disposees en alternance avec le premier ecartement      12.
Actionneur a force de poussee magn6tique constant dans la direction
predeterminee;     elevee selon la revendication 11, dans lequel et
l'organe magnetique secondaire est un rotor & - le fil isole
(25a,25A,35b,35B) enroule au-  35  opposition (54), un c8te de celui-ci
faisant face tour des projections respectives pour for-     & un organe
magnetique primaire (61), I'autre mer des p8les magnetiques, et dans le-
c8te de celui-ci faisant face a l'autre organe quel
magnetique primaire (61), respectivement, ce l'organe magnetique secondaire
(21)        qui fait toumer l'organe magn6tique secondaire comprend:
40      par l'activation de l'organe magn6tique primal- - des portions en
vis-a-vis (21a,21b,21c)        re. formant une triple rangee, faisant face
aux portions en vis-a-vis des projections  13. Actionneur & force de
pouss6e magnetique respectives de l'organe torment noyau         dlev6e
selon la revendication 1, dans lequel (24,34) dans lequel chaque portion en
45       l'organe magn6tique primaire (74) corn- vis-a-vis d'une deuxieme
rangee est de-        prend: calee du tiers du deuxieme ecartement
- I'organe formant noyau annulaire (75) constant par rapport A chaque
portion en           ayant des portions en vis-a-vis (72a) et vis-a-vis
d'une premiere rangee, et cha-           des rainures (72b) disposees en
alternan- que portion en vis-a-vis d'une troisibme   5o      ce avec une
premibre longueur d'arc rangee est decalee du tiers du deuxibme
constante le long d'une surface pdriph6- 6cartement constant par rapport a
cha-             rique exterieure de celui-ci; que portion en vis-&-vis de
la deuxieme          - les aimants permanents (72) inseres rangee, dans la
direction predeterminee.           dans les rainures respectives (72b) dans
55           une direction radiale A partir d'une surfa- 11. Actionneur a
force de poussee magnetique                ce en vis-a-vis de la portion en
vis-a-vis elevee selon la revendication 1, dans lequel            de telle
sorte que chacun des aimants l'organe magnetique primaire (50) corn-
permanents adjacents a une polarit4 op- 22 I   1111111  III S11 111 
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magnetique secondaire (21) lorsqu'un - une pluralite d'enroulements
(76a,b,A,B),         champ magnetique agit sur les portions disposes le
long d'un cercle concentri-           en vis-a-vis formees par l'organe
magne- que de la surface lat6rale circulaire de          tique secondaire,
dans lequel l'organe formant noyau annulaire, pour   s           l'organe
magnetique primaire (22) former   des   p8les   magnetiques
comprend: (75a,75b,75c,75A,75B,75C), et dans le-          - un organe
formant noyau (24) ayant des quel
portions        en         vis-a-vis l'organe magnetique secondaire (70)
(24Aa,24Ab,24aa,24ab .... ) disposees avec comprend:
10           un premier ecartement constant dans la - les portions en
vis-a-vis (71a) faisant           direction pr6determinee, ces portions on
face aux portions en vis-a-vis de l'organe        vis-&-vis s'4tendant dans
une direction formant noyau annulaire, les portions en
transversale par rapport a la direction vie a-vis de l'organe magn6tique
secon-           pred6terminee; et daire etant disposees avec une deuxiA-
is     - un fil isol6 (25A-a,35B-b) enroule autour me longueur d'arc
constante le long               de l'organe formant noyau, pour former
d'une surface p~ripherique int6rieure de          ledit p81e magn6tique
(24A-a,34B-b), et l'organe magnetique secondaire,                   dans
lequel de tolle sorte quo l'organe magneff-              l'organe
magnetique secondaire (21) quo secondaire tourne par l'activation de   20
comprend: l'organe magnetique primaire.                   - des portions en
vis-a-vis (21 a) et des rainures (26a) faisant face aux portions 14.
Actionneur & force de poussee magnetique              en vis-a-vis de
I'organe formant noyau, elev6e solon la revendication 3, 5, 7, 8, 9, 10,
les portions en vis-a-vis et les rainures 12 ou 13, dans lequel l'aimant
permanent (28)  25      de l'organe magnetique secondaire etant est une
plaque en forme de coin ayant un c8te          disposees en alternance avec
un deuxie- plus court et un c8t6 plus long, tous deux             me
6cartement constant dans la direction etant paralleles l'un a l'autre,
ayant des c8tes       preddterminde, s'etendant dans une di- opposes
inclines l'un vers l'autre en coupe            rection transversale par
rapport a la di- transversale, et l'organe magn6tique primaire 30o
rection predeterminee; (22) ayant une pluralite de rainures en forme
- des aimants permanents (26) inser6s d'auge, chacune d'elles 6tant formee
en alter-         dans lesdites rainures respectives (26a) nance dans une
direction transversale par rap-         dans une direction perpendiculaire
a par- port h la direction pr6determinee de cot orga-        tir de chaque
surface en vis-a-vis des no, de telle sorte quo les aimants permanents  35
portions en vis-a-vis de l'organe magneti- sont ins6res dans chaque rainure
en forme              quo secondaire, de telle sorte quo cha- d'auge de
sorte quo le cTot4 le plus long de           cun des aimants permanents
adjacents a l'aimant permanent fait face a l'organe magn6-         une
polarite opposee, d'une maniere telle tique secondaire (21).
quo le premier ecartement constant vaut 40           environ le double du
douxieme 6carte- 15. Actionneur a force de poussee magnetique
ment constant des portions en vis-a-vis elevee incluant:
formees par l'organe magnetique secon- - un organe magnetique primaire (22)
sup-           daire. porte par des moyens de support, se deplagant le long
d'une direction pred6-  45  16& Actionneur a force de pouss~e magn~tique
terminee (M), l'organe magnetique pri-       elevee solon la revendication
15, dans lequel maire engendrant un champ magnetique         les portions
en vis-a-vis (24Aa,...) de l'organe a   partir  de  p8les  magnetIques
magnetique primaire (22) sont ddcaldes d'ap- (24a,24A,34b,34B) de celui-ci;
et            proximativement trente pour cent du premier - un organe
magnetique secondaire (21)  so      6cartement constant, par rapport aux
portions ayant une pluralite de portions en vis-A-    en vis-a-vis (21a) de
l'organe magn~tique se- vis (21a) faisant face aux p8les magneti-
condaire (21). ques de l'organe magn~tique primaire, dans loquol les
portions en vis-a-vis sont  17. Actionneur & force de poussde magnetique
dispos6es avec un dcartement constant  55    6lev6e solon la revendication
15, dans loquel dans la direction priddterminde (M), fai-    les aimants
permanents (26) sont inseres dans sant donc se deplacer l'organe magneti-
les rainures respectives (26a), laissant un es- quo primalre (22) par
rapport & l'organe     pace au niveau de la portion la plus distale des 23 
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46 rainures.                                               ne formant noyau
annulaire, pour former des p8les magnetiques, et dans lequel 18. Actionneur
a force de pouss6e magn6tique                   l'organe magnetique
secondaire (57) 6levee selon la revendication 17, dans lequel
comprend: un materiau non magnetique est ins6r4 dans   5        - les
portions en vis-a-vis (62) et les rainu- Iespace non occupe des rainures
(26a).                  res (58a) faisant face aux portions en vis- &-vis
(65) de Iworgane formant noyau an- 19. Actionneur a force de pouss6e
magnetique                nulaire, les portions en vis-&-vis et les elev6e
selon la revendication 15, dans lequel           rainures de l'organe
magnetique secon- I'organe magn6tique primaire (22) comprend:    10
daire etant disposees en alternance avec - I'organe formant noyau (24)
ayant une               une deuxibme longueur d'arc constanto pluralite de
projections dans la direction         le long d'une surface laterale
circulaire predeterminee, chaque projection ayant             de l'organe
magnetique secondaire, ces des portions en  vis-&-vis (24Aa-Ab-
portions en vis-a-vis et ces rainures ab,Ba-Bb-Ba) dispos~es avoc un
premier  15         s'etendant dans une direction radiale par 6cartement
constant dans la direction              rapport & la surface lat6rale
circulaire de pr~ddtermin6e; et                                  I'organe
magndtique secondaire; et - le flil lsoI (25A-a,35B-b) enroul6 autour
les almants permanents (26) inser6s des projections respectives pour former
dans les rainures respectives (58a) de des p8les magnetiques (24A-a,34B-b).
20           telle sorte que chacun des aimants per- manents adjacents a
une polariti oppo- 20. Actionneur a force de poussee magn6tique
see. 6levde selon la revendication 15, dans lequel l'organe magndtique
primaire (22) corn-     22. Actionneur a force de poussee magndtique prend:
25      elevee selon la revendication 21, dans lequel - I'organe formant
noyau (24) ayant trois        l'organe magnetique secondaire (57) est un
projections (44a,44b,44c) dans la direc-       rotor & opposition, un c8t6
de celui-ci faisant tion transversale par rapport A la direc-     face & un
organe magnetique primaire (61), tion prdeterrminee, chaque projection
l'autre c8te de celul-ci faisant face a l'autre ayant des portions en
vis-a-vis disposees   30  organe magnetique primaire (61), respective- avec
le premier ecartement constant            ment, ce qui fait toumer l'organe
magn6tique dans la direction predeterminee, dans le-      secondaire par
l'activation de l'organe magne- quel une deuxibme projection (44b) par-
tique primaire. mi les trois projections est decalee du biers du premier
ecartement constant par  35  23 Actionnour a force de poussee magnetique
rapport a une premiere projection (44a)       elevee selon la revendication
15, dans lequel dans la direction pred6termin6e, et une           l'organe
magnetique primaire (74) corn- J.>        troisibme projection (44c) parmi
les trois     prend: projections est decalee du tiers du pre-         -
Iorgane formant noyau annulaire (75) mier ecartement constant par rapport a
4o        ayant des portions en vis-a-vis (71a) dis- la deuxibme projection
(44b) dans la di-           posees avec une premiere longueur rection
predeterminee; et                          d'arc constante le long d'une
surface pe- - le fil isole (43A,43B,43C) enroule autour
ripherique exterieure de celul-ci; et des projections respectives pour
former          - une       pluralit6    d'enroulements des p8les
magnetiques (42A,42B,42C).    45         (76a,b,c,A,B,C), disposds le long
d'un corcle concentrique de la surface laterale 21. Actionneur A force de
poussee magndtique                circulaire de l'organe formant noyau an-
6levde selon la revendication 15, dans lequel           nulaire, pour
former des p8les magndti- l'organe magn6tique primaire (50) corn-
ques (75a,b,c,A,B,C), et dans loquel prend:
50              l'organe magnetique secondaire (70) - l'organe formant
noyau annulaire (64)               comprend: ayant des portions en
vis-&-vis (65) dis-        - les portions en vis-&-vis (70a) et Bes ral-
posees avec une premiere longueur                  nures (70b) faisant face
aux portions en d'arc constante le long d'une surface la-
vis-a-vis (71a) de l'organe formant noyau terale circulaire de celui-ci; et
65           annulaire, ces portions on vis-a-vis at ces - une pluralit6
d'enroulements (68a-d), dis-          rainures 6tant disposdes on
alternance poses le long d'un cercle concentrique             avec  une
deuxibme  longueur d'arc de la surface laterale circulaire de l'orga-
constante le long de la surface p~riphdri- 
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magn6tique secondaire; et - les aimants permanents (72) inseres dans les
rainures respectives (70b) dans une direction radiale a partir d'une surfa-
6 ce en vis-a-vis de la portion en vis-&-vis de lorgane magnetique
secondaire, de telle sorte que chacun des aimants per- manents adjacents a
une polarlt6 oppo- see,                                  10 de telle sorte
que Porgane magndti- que secondaire tourne par l'activation de l'organe
magnetique primaire. 24. Actionneur a force de poussee magnetique   15
6lev~e selon la revendication 17, 19, 20, 22 ou 23, dans lequel I'aimant
permanent (26) est une plaque en forme de coin ayant un c8te plus court et
un c8td plus long, tous deux 6tant parallbles l'un h I'autre, ayant des
c8tes   20 opposds inclines l'un vers l'autre dans sa cou- pe transversale,
et l'organe magnetique secon- daire (21) ayant une pluralite de rainures en
forme d'auge, chacune d'elles 6tant formee en alternance dans une direction
transversale par  25 rapport a la direction pr6d6termin6e de cet organe, de
telle sorte que les aimants perma- nents sont inseres dans chaque rainure
en forme d'auge de sorte que le c8t6 le plus long de l'aimant permanent
fait face A l'organe ma-  30 gnetique primaire (22). 35 40 45 50 55 25
1 1111111111111*   C   L  N   S   *    


