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respectively. These magnetic flux and magnetic flux from permanent magnets
8 and 9, in turn, act on re- BACKGROUND OF THE INVENTION
spective magnetic poles 4a, 4b, 5a, and 5b, allowing primary member 2 to
travel along secondary member Field of the Invention
5   1 in the longitudinal direction. Next, in Fig. 2, primary member 2
traveling along The present invention relates to a strong magnet-
secondary member 1 is described based on the 2- ic thrust force type
actuator producing a relatively  phase exciting system when supplying a
pulse cur- large magnetic thrust for use in an industrial robot, or  rent
to coils 6a and 8b in one group, and coils 7a and the like.
10  7b in the other group. This pulse current energizes magnetic poles 4a,
4b, 5a, and 5b. PriorArt                                            In Fig.
2(a), by supplying the pulse current from terminal 6c to terminal 6d for
coils 6a and 6b as shown Conventional linear pulse motors comprise a pri-
by the arrow, and also, supplying this pulse current mary member and
secondary member. Generally the  15  from terminal 7d to terminal 7c for
coils 7a and 7b as primary member is an electrically supplied member,
shown by the arrow direction, the magnetic flux gen- in other words, an
electromagnetically exciting mem-  erated from coil 6a Is added to the
magnetic flux gen- ber. Accordingly, the primary member travels along
erated from permanent magnet 8 at magnetic pole 4a the secondary member in
the linear to and fro direc-  for the A-phase, and each of these magnetic
flux at tion when a pulse current is supplied to the primary  20  magnetic
pole 4b for the A-phase is counteracted member. In this case, the primary
member is mov-  each other. On the other hand, the magnetic flux gen- able,
while the secondary member is stationary, but  erated from coil 7a Is added
to the magneticflux gen- either the primary or secondary member can be mov-
erated from permanent magnet 9 at magnetic pole 5a able.
for the B-phase,. and each of these magnetic flux at Fig. 1 shows an
conventional linear pulse motor.  25  magnetic pole 5b for the B-phase is
counteracted Numeral 1 designates a secondary member which is  each other.
Magnetic flux [err] is thus generated in the an elongate magnetic material
plate, the upper side of  arrow direction as shown in Fig. 2(a). As a
result, the which forms rectangular teeth 1a and grooves 1b   magnetic
field acts on pole teeth 14a and 15a facing along the longitudinal
direction at an equal pitch.  rectangular teeth Ia to produce a magnetic
thrust. Above the teeth 1 a and grooves 1 b, primary member  30  In Fig.
2(b), by supplying the pulse current to coils 2 is positioned at a
predetermined space therebetw-  6a and 6b in the same direction as shown in
Fig. 2(a), een. This primary member 2 Is movably supported by  and also,
supplying this pulse current to coils 7a and a supporting member as a
roller, wheel, or the like.  7b in the opposite direction against the
direction Primary member 2 comprises core 4 for the A-phase  shown in Fig.
2(a), magnetic flux [err] is thus generated and core 5 for the B-phase,
both having magnetic  35  in the arrow direction as shown In Fig. 2(b). As
a re- poles 4a and 4b for core 4, and magnetic poles 5a and  suit, the
magneticfield acts on pole teeth 14a and 15b 5b for core 5; coils 6a and 6b
wound around magnetic  facing rectangular teeth 1a to produce the magnetic
poles 4a and 4b, respectively; coils 7a and 7b wound  thrust. around
magnetic poles 5a and 5b, respectively; per-  In Fig. 2(c), by supplying
the pulse current to coils manent magnets 8 and 9 disposed on cores 4 and
5,  40  6a and 6b in the opposite direction against the direc- in which the
N-pole of permanent magnet 8 faces the  tion shown in Fig. 2(b), and
supplying this pulse cur- upper surface of core 4, while the S-pole of
perma-  rent to coils 7a and 7b in the same direction as shown nent magnet
9 faces the upper surface of core 5, re-  in Fig. 2(b), magnetic flux [err[
is thus generated in the spectively; cover plate 10, formed by a magnetic
ma-  arrow direction as shown in Fig. 2(c). As a result, the terial, covers
permanent magnets 8 and 9. The lower  45  magnetic field acts on pole teeth
14b and 15b facing side of magnetic pole 4a has pole teeth 14a and
rectangular teeth la to produce the magnetic thrust. grooves 14c, each of
which is formed at an equal     Similarly, In Fig. 2(d), by supplying the
pulse cur- pitch. The lower side of magnetic poles 4b, 5a, and 5b  rent to
coils 6a and 6b in the same direction as shown has the similar pole teeth
14b, 15a, and 15b, then  in Fig. 2(c), and supplying this pulse current to
coils grooves 14d, 15c, and 15d, respectively.     so  7a and 7b in the
opposite direction against the direc- Assuming that the equal pitch of
rectangular teeth  tion shown In Fig. 2(c), magnetic flux [err] is thus
gen- 1a indicates the distance of P, each of the pole teeth  erated In the
arrow direction as shown in Fig. 2(d). As 14b, 15a, and 15b is shifted by
the distance of P/4  a result, the magneticfield acts on pole teeth 14b and
with respect to rectangular teeth 1a as shown In Fig.  15a facing
rectangular teeth 1a to produce the mag- 2, and the lower surface of these
are positioned atthe   55  netic thrust distance of G from the upper
surface of teeth 1a.    Accordingly, the pulse current is, in turn,
supplied Accordingly, In turn, supplying the pulse current  to respective
coils 6a, 6b, 7a, and 7b in the order of to coils 6a, 6b, 7a, and 7b
generates a magnetic flux  such Fig. 2(a), Fig. 2(b), Fig. 2(c), and Fig.
2(d). This 2    
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member 2 to travel toward the right di-  direction, in which said plate
members have facing rection on the drawings, that is, from magnetic pole
portions extending in a direction transverse to the 4a to magnetic pole 5b.
While the pulse current is, in  predetermined direction; turn, supplied to
respective coils in orderof such Fig.  a plurality of permanent magnets
inserted be- 2(d), Fig. 2(c), Fig. 2(b), and Fig. 2(a), causing pr-   5
tween side surfaces of the plate members in a direc- mary member 2 to
travel toward the left direction on  tion perpendicular to the facing
portions so that adja- the drawing, that is, from magnetic pole 5b to
magnet-  cent permanent magnets are of an opposite polarity; ic pole 4a.
The motor of Figures 1 and 2 is of a type  and disclosed in the reference
FR-A- 2 606 951.             an insulated wire wound around the cores so
Generally, such a linear pulse motor is thus used   10   as to form
magnetic poles, and wherein without closed-loop control circuit for
accurately pos-  said secondary magnetic member further Itioning an object
at a certain position, which makes  comprises: use of a driving device for
office automation equip-    facing portions facing the facing portions
ments such as a printer. However, it Is difficult to use  formed with the
primary magnetic member, said fac- for such as an industrial robot because
of the high   15  ing portions disposed at a second equal pitch in the
magnetic thrust required.                          predetermined direction,
said second equal pitch of According to the linear pulse motor described In
the facing portion formed with thesecondary magnet- the above, in Fig.
2(a), while generating the magnetic  ic member Is approximately twice as
large as the first thrust at magnetic poles 4a and 5a, each of the mag-
equal pitch of the facing portion formed with the pri- netic flux is
counteracted at magnetic poles 4b and   20  mary magnetic member, 5b,
respectively. The magnetic thrust is thus not gen-  whereby when the
Insulated wire is energized, erated at magnetic poles 4b and 5b. The
similar mag-  said facing portions of the primary magnetic member netic
thrusts are generated at magnetic poles 4a and  which are disposed toward
the facing portions formed 5b in Fig. 2(b), magnetic poles 4b and 5b in
Fig. 2(c),  with the secondary magnetic member contribute to and magnetic
poles 4b and 5a in Fig. 2(d). As a result,  25  produce a magnetic thrust
for moving the primary the area of magnetic poles 4a, 4b, 5a, and 5b which
magnetic member relative to the secondary magnetic can generate the
magnetic thrust is, only 50% area  member. thereof. This area is
significant to produce the mag-  In a second aspect of the present
invention, there netic thrust.                                     is
provided in a strong magnetic thrust force type ac- 30  tuator which
comprises: SUMMARY OF THE INVENTION                                a
primary magnetic member supported by a support means for movement along a
predetermined It is accordingly an object of the present invention
direction, the primary magnetic membergenerating a to provide a strong
magnetic thrust force type actua-  magnetic field in a direction transverse
to the prede- tor capable of effectively using area of the magnetic  35
termined direction through magnetic poles thereof, poles to produce a large
magnetic thrust           and In a first aspect of the present invention,
there is  a secondary magnetic member having a plur- provided ina strong
magnetic thrust force type actua-  ality of facing portions facing the
primary magnetic tor which comprises:                               member,
In which the facing portions are disposed at a primary magnetic member
supported by a   40  an equal pitch in the predetermined direction, thus
support means moving along a predetermined direc-  moving the primary
magnetic member relative to the tion, the primary magnetic member
generating a     secondary magnetic member when a magnetic field magnetic f
ield In a direction transverse to the prede-  acts upon the facing portions
formed with the second- termined direction through magnetic poles thereof;
ary magnetic member, and                                           45
said strong-magnetic-thrust-force-type actua- a secondary magnetic member
having a plur-   tor being characterized in that said primary magnetic
ality of facing portions facing the primary magnetic  member further
comprises: member, in which the facing portions are disposed at    a core
having facing portions disposed at a an equal pitch in the predetermined
direction, thus  first equal pitch in the predetermined direction and ex-
moving the primary magnetic member relative to the   50  tending In a
direction transverse to the predetermined secondary magnetic member when a
magnetic field    direction; and acts upon the facing portions formed with
the second-   an insulated wire wound around the core so as ary magnetic
member,                              to form magnetic poles, and wherein
said strong-magnetic-thrust-force-type actua-      said secondary magnetic
member further tor being characterized in that said primary magnetic  55
comprises: member further comprises:                               facing
portions facing the facing portions cores having a plurality of plate
members    formed with the core, said facing portions separated separated
by first equal pitches in the predetermined  by a second equal pitch In the
predetermined direc- 3    



5                   EP 0 352 189 B1                    6 tion; and
Fig. 16 is asideviewshowing alinearpulsemotor a plurality of permanent
magnets inserted be-   in the fourth embodiment; tween side surfaces of the
facing portions in a per-  Fig. 17(a) to Fig. 17(d) are side views showing
the pendicular direction with respect to a facing surface  operation of the
linear pulse motor; of the facing portions so that adjacent permanent   5
Fig. 18(a) to Fig. 18(d) are sideviews showing an- magnets are of an
opposite polarity, and wherein said  other operation of the linear pulse
motor; first equal pitch of the facing portions formed with the  Fig. 19 is
a side view showing another type of the primary magnetic member is
approximately twice as    linear pulse motor; large as the second equal
pitch of the facing portions  Fig. 20 is a perspective view showing a
linear formed with the secondary magnetic member,    10      pulse motor in
the fifth embodiment; whereby when the insulated wire Is energized,    Fig.
21 is a plan view showing teeth of respective said facing portions of the
primary magnetic member   magnetic poles as shown in Fig. 20; which are
disposed toward the facing portions formed  Fig. 22(a) to Fig. 22(d) are
side views showing the with the secondary magnetic member contribute to
operation of the linear pulse motor; produce a magnetic thrust for moving
the primary  15  Fig. 23 is a perspective view showing a linear magnetic
memberrelative to the secondary magnetic     pulse motor in the sixth
embodiment; member.                                               Fig. 24
is a section view showing a disk-type Accordingly, as long as facing
portions formed     pulse motor in the seventh embodiment; with the primary
magnetic member are faced to the      Fig. 25 is an enlarged side view,
partially cut facing portions formed with the secondary magnetic  20  away,
of the rotor; member, the magnetic field generated from all facing  Fig. 26
is an enlarged side view, partially cut portions acts on the facing
portions of secondary     away, of the stator; magnetic member, making a
strong magnetic thrust      Fig. 27 is a perspective view showing another
to move the primary magnetic member relative to the   type of the primary
magnetic member; and secondary magnetic member.                    25
Fig. 28 is a side view showing a another type of the primary magnetic
member. BRIEF DESCRIPTION OF THE DRAWINGS DESCRIPTION OF THE PREFERRED Fig.
1 is a side view showing a prior art linear  EMBODIMENT pulse motor,
30 Fig. 2 is a side view showing an operation of the  Hereinafter, an
embodiment of the present inven- said prior art linear pulse motor;
tion is described by reference to drawings. Fig. 3 is a perspectiveview
showing a linear pulse  Fig. 3 shows a first embodiment of the invention
motor in the first embodiment;                 as a strong magnetic thrust
force type actuator. This Fig. 4 is a side view showing the operation of
the   35  strong magnetic thrust force type actuator is shown linear pulse
motor,                            as a three-phase linear pulse motor. In
this drawing, Fig. 5 is a time chart showing the wave forms sup-  numeral
21 designates a secondary magnetic mem- plied to the coils;
ber at a fixed position, and numeral 22 designates a Fig. 6 is a thrust
vector chart showing the mag-  primary magnetic member movably supported by
a netic thrust;                             40  support means such as
rollers, wheels, or the like. Fig. 7 is a side view showing the operation
of the  Primary magnetic member 22 thus travels along the linear pulse
motor;                            longitudinal direction, orthe traveling
direction shown Fig. 8 is a plan view showing a linear pulse motor  by
arrow M. The support means Is omitted in Fig. 3. in the second embodiment;
In the upperside of secondary magnetic member Fig. 9 is a section view
showing the linear pulse  45  21, rectangularteeth 21a, 21 b, and 21c are
formed in motor;                                         the triple rows in
a direction transverse to the longi- Fig. 10 is a perspective view showing
a linear  tudinal direction ofsecondary magnetic member 21, pulse motor in
the third embodiment;           respectively. Respective rows of
rectangular teeth Fig. 11 is a side viewshowing the operation of the  21a,
21b, and 21c are formed at equal space intervals linear pulse motor;
so  in the direction transverse to the longitudinal direc- Fig. 12(a) to
Fig. 12(d) are side views showing the  tion, while each tooth of the
rectangular teeth 21a, operation of the linear pulse motor,           21b,
and 21c is formed at an equal pitch, as the dis- Fig. 1 3(a) to Fig. 1 3(d)
are side views showing the  tance of pitch P, In the longitudinal
direction. In addi- operation of the linear pulse motor,           tion,
each position of the rectangular teeth 21b is Fig. 14 Is a perspective view
showing another  55  shifted by the distance of P13 with respect to that of
type of the primary magnetic member;           the rectangular teeth 21a,
and each position of the Fig. 15 is a brief plan view showing another type
rectangular teeth 21c Is shifted by the distance of P/3 of the secondary
magnetic member,              with respect to that of the rectangular teeth
21 b. 4    



7                   EP 0 352 181 B1                    8 Primary magnetic
member 22 comprises E-shap-   plied to coil 30 for the A-phase in the
positive direc- ed cores 24a to 24h separated into the eight portions
tion, and the pulse current is supplied to coil 31 forthe in the
longitudinal direction, or traveling direction M;  B-phase in the negative
direction, and coil 32 for the permanent magnets 25a to 25g inserted
between      C-phase in the negative direction. A magnetic thrust cores 24a
to 24h to fit whole surface area thereof so   5   thus composed of thrust
vector +A, thrust vector -B, that each of the adjacent permanent magnets
25a to  and thrustvector-C to act between primary magnetic 25g is of an
opposite polarity as shown In Fig. 4; coils  member 22 and secondary
magnetic member 21. 30 to 32 wound around the projection portions formed
Atthis time, In Fig. 7, the pulse currentflows point with as magnetic poles
27 to 29 which represent the  X to point Y corresponding to the coil 30
wound A-phase, the B-phase, and the Cphase, respective-  10  around
magnetic pole 27 forthe A-phase. This causes ly.
a magnetomotiveforce at cores 24a to 24f downward- Fig. 4 shows that
magnetic poles 27, 28, and 29  ly to generate a magnetic flux shown by the
broken are faced to rectangular teeth 21a, 21b, and 21c, re-  lines with
the arrow direction. Each magnetic flux spectively, and corresponded to the
A-phase, the B-  flows into each rectangular teeth 21a, and also flows
phase, and the C-phase. In the A-phase, each of the   15  into respective
rectangular teeth 21a away from the teeth 21a is formed at the equal pitch
as the distance  observer. At the same time, the pulse current flows of
pitch PR while cores 24a to 24f which are illustrated  point X to point Y
corresponding to the coil 31 wound a part thereof is formed at the equal
pitch as the dis-  around magnetic pole 28 for the B-phase, and coil 32
tance of P/2. Furthermore, in the B-phase, each of the  wound around
magnetic pole 29 forthe C-phase. This rectangular teeth 21b is shifted by
the distance of P/3  20  causes a magnetomotive force atcores 24a to24f up-
with respect to rectangularteeth 21a for the A-phase,  wardlyto generate a
magneticflux shown by the brok- and in the C-phase, each of the rectangular
teeth 21c  en lines with the arrow direction. Each magnetic flux is shifted
by the distance of P/3 with respect to rec-  flows Into cores 24b, 24d, and
24f. This magnetic flux tangular teeth 21 b.
thus flows from rectangular teeth 21 b and 21 c into re- Accordingly, when
the pulse current is not sup-  25  spective cores 24b, 24d, and 24f,
moreover, flowing plied to the coils, each of the magneticflux caused by
Into cores 24a, 24c, and 24e through permanent mag- permanent magnets 25ato
25f makes amagneticflux    nets 25a to 25f. As a result, as long as the
pulse cur- loop between each of the cores 24ato 24f and the rec-  rent
flows in the coils wound around magnetic poles tangular teeth 21 a as shown
by the broken lines in  27, 28, and 29, all cores 24a to 24h can contribute
to Fig. 4, that is, primary magnetic member 22 remains  30  produce a
magnetic thrust. stationary.
Similarly, In Fig. 5, when the pulse current is, In The operation ofthe
three-phase linear pulse mo-  turn, supplied to coils 30 to 32 in the order
of T2, T3, tor is described, when the pulse current is supplied to  T4, T5,
and T6, a magnetic thrust is generated be- coil 30 for the A-phase, coil 31
for the B-phase, and  tween respective magnetic poles 27 to 29, and re-
coil 32 for the C-phase so that each polarity of the   35  spective
rectangular teeth 21a to 21c. This vetor of magnetic poles 27, 28, and 29
is Inverted at a time.  the magnetic thrust is, In turn, changed in the
order Each time interval is based on an exciting current se-  of T2, T3,
T4, T5, and T6 to transfer the magnetic quence which is determined by the
reference pulses  thrust to the next stage between primary magnetic shown
in Fig. 5. That is, two of the three-phases be-  member 22 and secondary
magnetic member 21. come positive at every other reference pulses known
40  Consequently, In Fig. 7, the pulse current flows as a bipolar driving
system.                       from point X to point Y of the coils 30,31,
and 32. The Fig. 6 shows a thrust vector diagram for the mag-  magnetic
flux flows from cores 24a, 24c, and 24f into neticthrustwhich generates
between magnetic poles  rectangular teeth 21a of secondary magnetic mem- 27
to 29 and rectangular teeth 21a to 21c. In this di-  ber 21. While each
magnetic flux flows from rectan- agram, the +A represents a thrust vector
caused by   45  gular teeth 21 b and 21 c of the secondary magnetic
supplying a pulse current to coil 30 for the A-phase in  member21 into
cores 24b, 24d, and 24f, and also this the positive direction, and the -A
represents a thrust  magnetic flux flows into the adjacent cores 24a, 24c,
vector caused by supplying the pulse current to coil  and 24e through
permanent magnets 25a to 25f. As 30for the A-phase in the negative
direction. Similarly,  a result, all cores can be made use of the
production the +B and the +C represent respective thrustvectors  50  of the
magnetic thrust which is much larger than the caused by supplying the pulse
current to coil 31 for  conventional thereof. the B-phase and coil 32 for
the C-phase In the posi-  Accordingly, by supplying the. pulse current to
tive direction, respectively. The -B and the -C repre-  coils 30, 31, and
32 in the order of T1 to T6, primary sent respective thrust vectors caused
by supplying  magnetic member 22 travels along secondary mag- the pulse
current to coil 31 for the B-phase and coil  55   netic member21 orthe
rightdirection on Fig. 7, while 32 for the C-phase in the negative
direction, respec-  supplying the pulse current in the order of T6 to T1,
tively.                                            primary magnetic member
22 travels to the left direc- Time interval T1 in Fig. 5, the pulse current
is sup-  tion on the drawing. 5    



9                  EP 0 352 189 B1                     10 Figs. 8 and 9
show a second embodiment of the  by the distance of P/3 with respect to the
rectangular Invention. This linear pulse motor is of a double-sided  teeth
of the adjacent row in the above two embodi- type. In these drawings,
numeral 43 designates a first  ments. The magnetic pole can be shifted by
the dis- block having E-shaped cores 44a to 44h and perma-  tance of P/3
with respect to the adjacent magnetic nent magnets 45a to 45g inserted
between cores 44a   5   poles instead of the rectangular teeth. to 44h so
that each of the adjacent permanent mag-   Assuming that the three-phase
alternating cur- nets 45a to 45g is of an opposite polarity. Each pro-
rent Is supplied to each coil instead of the pulse cur- jection of the
E-shaped first block 43 is wound bycoils  rent the linear pulse motor can
be of synchronous 46a for the A-phase, 46b for the B-phase, and 46c for
motor. the C-phase to form magnetic poles. Numeral 53 des-  10  Assuming
that a displacement sensor is attached ignates a second block having
E-shaped cores 54a to  to the primary magnetic member to measure a dis- 54h
similar to cores 44a to 44h, and permanent mag-  placement against the
secondary magnetic member nets 55a to 55g Inserted between cores 54a to
54h.  in the longitudinal direction, a servo-motor can be Each projection
of the E-shaped second block 53 Is  achieved. wound by coils 56a for the
A-phase, 56b for the B-  15  Fig. 10 shows a third embodiment of the Inven-
phase, and 56c for the C-phase to form magnetic   tion. This linearpulse
motorhasA-phase block23 and poles. Both first and second blocks 43 and 53
are con-  B-phase block 33 as primary magnetic member 22. nected by
connecting plate 60, and the end surface  Both A-phase block 23 and B-phase
block 33 are fit- of the first block 43, that is, the magnetic poles face
ted to frame 19 placed on secondary magnetic mem- the upper side of the
secondary magnetic member  20  ber 21. 51, while the magnetic poles of the
second block 53  In upperside of secondary magnetic member 21, face the
lower side thereof. Both first and second  triple-rows rectangular teeth
21a, 21 b, and 21 c are blocks 43 and 53 thus travel along secondary mag-
formed In In the direction transverse to the longitudi- netic member 51
movably supported by a linear bear-  nal direction of secondary magnetic
member 21, re- ing (cross-roller bearing) including roller 61 and re-  25
spectively. Each tooth of the teeth 21a, 21 b, and 21c tainer 62. In
addition, the upper side of secondary  Is formed at the equal pitch, as the
distance of pitch magnetic member 51 has triple rows of rectangular  P, In
the longitudinal direction and each position of the teeth 51a, 51b, and 51c
in the longitudinal direction  rectangularteeth21a isshifted
bythedistanceof P/2 thereof. Each shapeoftherectangularteeth51a, 51b,  with
respect to that of both rectangular teeth 21b and and 51c is similar to the
one in the first embodiment, 30  21c. that Is, each tooth of the
rectangular teeth 51a, 51b,  Frame 19comprisesopening 19a for receiving A-
and 51 c is formed at the equal pitch, as the distance  phase block 23 and
B-phase block 33; and two pair of pitch P In the longitudinal direction.
Each position  of wheels 17 and 18 as support means 20 engaged of the teeth
51 b is shifted by the distance of P/3 with  to the rail. This frame 19
thus travels along second- respect to that of teeth 51 a, and each position
of the   35  ary magnetic member 21 in the traveling direction teeth 51c is
shifted bythe distanceof P/3with respect  shown by arrow M. to that of
teeth 51b. The similar type of teeth are  A-phase block 23 comprises
E-shaped cores 24a formed on the lower side of secondary magnetic    to 24d
separated into four portions In the longitudinal member 51 as well. Numeral
63 designates a stopper  direction or traveling direction M; permanent mag-
for the first and second blocks 43 and 53 when tray-  40  nets 25a to 25c
inserted between cores 24a. to 24d to eling along secondary magnetic member
51, and nu-  fit whole surface area thereof so that each of the ad- meral
64 designates a adjustable screw for the first  jacent permanent magnets
25a to 25c Is of an oppo- and second blocks 43 and 53 to adjust the
direction  site polarity; A-phase coil 26 wound around the cen- transverse
to the longitudinal direction of secondary  tral projection portion of
E-shaped cores 24a to 24d. magnetic members 51. The orderof polarity of
perma-  45  Accordingly, the central projection portion of A-phase nent
magnets 45a to 45g, and 55a to 55g, is not re-  block 23 is formed with
+A-phase magnetic poles 27a quired to match with each other because the
direction  to 27d, both projection sides thereof are formed with of the
pulse current can be selectively supplied to  -A-phase magnetic poles 28a
to 28d, and another -A- coils 46a to 46c for the first block 43, and coils
56a  phase magnetic poles 29a to 29d, respectively. In this to 56c for
second block 53.                  50   case, when +A-phase magnetic poles
27a to 27d are In the above first and second embodiments, the  faced to
respective rectangular teeth 21a, both sides linear pulse motor is used as
the three-phase. In the  of-A-phase magnetic poles 28a to 28d and 29a to
29d case where the number of rows of the rectangular  are faced to both
rectangular teeth 21b and 21c which teeth is changed, and the number of the
magnetic  are shifted by the distance of P/2 with respect to rec- poles is
also changed, two-phase and four-phase,  s   tangular teeth 21a as shown in
Fig. 11. even more than four-phase linear pulse motor can be  On the other
hand, B-phase block 33 Is a similar achieved.
construction as A-phase block 23. B-phase block 33 Each position of the
rectangular teeth is shifted  therefore comprises E-shaped cores 34a to
34d; per- 6    



11                 EP 0 352 189 B1                12 manent magnets 35a to
35c inserted between cores  similar flow of the magnetic flux already
described 34a to 34d; and B-phase coil 36 wound around the  the above. As a
result, when +B-phase magnetic central projection portion of E-shaped cores
34a to  poles 37b and 37d are faced right above rectangular 34d. This
B-phase block 33 is shifted by the distance  teeth 21a, and -B-phase
magnetic poles 38a(39a) of P/4 with respect to A-phase block 23 as shown in
5   and 38c(39c) are faced right above rectangular teeth Fig. 11. In this
case, the central projection portion of  21b(21c), all magnetic poles can
contribute to pro- B-phase block 23 is formed with +B-phase magnetic  duce
the magnetic thrust. poles 37a to 37d, both projection sides thereof are
In Fig. 12(c), the pulse current flows in A-phase formed with -B-phase
magnetic poles 38a to 38d, and  coil 26 in the opposite direction in
contrast to the di- another -B-phase magnetic poles 39a to 39d, respec-  10
rection shown In Fig. 12(a). This makes magnetic flux tively. When +B-phase
magnetic poles 37a to 37d are  loop [err] As a result, when +A-phase
magnetic poles faced to respective rectangular teeth 21a, both sides  27a
and 27c are faced right above rectangular teeth of -B-phase magnetic poles
38a to 38d, and 39a to  21a, and -A-phase magnetic poles 28b(29b) and 39d
are faced to both rectangular teeth 21 b and 21c  28d(29d) are faced right
above rectangular teeth 21 b which are shifted by the distance of P12 with
respect  15  (21c), all magnetic poles can contribute to produce to
rectangular teeth 21a as shown in Fig. 11. Accord-  the magnetic thrust.
ingly, A-phase block 23 and B-phase block 33 remain  In Fig. 12(d), the
pulse current flows In B-phase stationary so that the magnetic flux caused
by perma-  coil 36 in the opposite direction to the direction shown nent
magnets 25a to 25c, and 35a to 35c makes a  in Fig. 12(b). This makes
magnetic flux loop [err] As a magnetic flux loop as shown by the broken
lines in  20  result, when +B-phase magnetic poles 37a and 37c Fig. 11.
are faced right above rectangular teeth 21a, and -B- The operation of the
linear pulse motor is descri-  phase magnetic poles 38b(39b) and 38d(39d)
are bed by reference to Fig. 12, in the case of the pulse  faced right
above rectangular teeth 21b (21c), all current is supplied to either
A-phase coil 26 or B-pha-  magnetic poles can contribute to produce the
mag- se coil 36 in one direction to travel primary magnetic  25  netic
thrust. member 22 along secondary magnetic member 21,       Accordingly, by
supplying the pulse currentto the known as one-phase exciting system.
coils In the order of Fig. 12(a), Fig. 12(b), Fig. 12(c), In Fig. 12(a),
the pulse currentflows from pointX  Fig. 12(d), and Fig. 12(a), primary
magnetic member to point Y of A-phase coil 26. This causes a magne-  22
travels along secondary magnetic member 21 by tomotive force at cores 24a
to 24d, to generate a mag-  30  the distance of P, toward the right
direction on Fig. 12. netic flux from +A-phase magnetic poles 27a to 27d,
While supplying the pulse current in the order of Fig. to -A-phase magnetic
poles 28a to 28d and -A-phase  12(d), Fig. 12(c), Fig. 12(b), and Fig.
12(a), primary magnetic poles 29a to 29d. This magnetic flux is cir-
magnetic member 22 travels along secondary mag- culatedA-phase block 23
through secondary magnet-  netic member 21 by the distance of P, toward the
left ic member 21. The magneticflux coming from rectan-  35  direction on
Fig. 12. gular teeth 21a flows into +A-phase magnetic poles  Assuming that
primary magnetic member 22 27b and 27d, then into permanent magnets 25a to
travels along secondary magnetic members 21 by 25c, and comes out from
permanent magnets 25a to  two-phase exciting system, the pulse current can
be 25c, and then into +A-phase magnetic poles 27a and  supplied from
pointXto pointYof A-phase coil 26 and 27c, and also into -A-phase magnetic
poles 28a(29a)  40  B-phase coil 36 In the order of Fig. 13(a), Fig. 13(b),
and 28c(29c), while A-phase magnetic poles 27a and  Fig. 13(c), and Fig.
13(d), or vise versa. 27c; and -A-phase magnetic poles 28b(29b) and
In the third embodiment, primary magnetic mem- 28d(29d) are non-acting
against secondary magnetic  ber 22 has three magnetic poles, but two
magnetic member 21. Accordingly, the magnetic flux flows  poles can be used
with wound coils 26a and 26b as from rectangular teeth 21a to +A-phase
magnetic  45  shown in Fig. 14, in which each end portion of two poles 27b
and 27d, and also flowing into the adjacent  magnetic poles has a widened
end to face a large cores 24a and 24c through permanent magnets 25a  area
of the secondary magnetic member. In this case, to 25c. This makes magnetic
flux loop [err] flowing from  the position of respective rectangular teeth
in one -A-phase magnetic poles 28a(29a) and 28c(29c) to  side is shifted by
the distance of P/2 with respect to rectangular teeth 21 b(21 c). As a
result, when +A-pha-  50  that of respective rectangular teeth in the other
side se magnetic poles 27b and 27d are faced right above  as shown in Fig.
15. rectangular teeth 21a, and -A-phase magnetic poles  Fig. 16 shows a
fourth embodiment of the inven- 28a(29a) and 28c(29c) are faced right above
rectan-  tion. In this drawing, secondary magnetic member 21 gular teeth
21b(21c), all magnetic poles can contri-  is a rectangularframe type. The
Inner and lower side bute to produce a magnetic thrust.          55  of
secondary magnetic member 21 has rectangular In Fig. 12(b), the pulse
currentflows from pointX  teeth 21a formed at the equal pitch, as the
distance to point Y corresponding to B-phase coil 36. This  of pitch P. In
the longitudinal direction. While the inner makes magnetic flux loop [err]
In accordance with the  and upper side of secondary magnetic member 21 7
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21 b formed at the equal pitch,  contribute to produce a magnetic thrust.
as the distance of pitch P, in the longitudinal direction,  In Fig. 17(b),
the pulse current flows from pointX each of rectangular teeth 21b is
shifted by the dis-  to point Y corresponding to coil 36. This makes mag-
tance of P12 with respect to each of the rectangular  netic flux loop
[err]. As a result, when +B-phase mag- teeth 21a, and both rectangular
teeth 21a and 21 b are   5   netic poles 37b and 37d are faced right above
rectan- faced to each other.                             gular teeth 21a,
and -B-phase magnetic poles 38a Primary magnetic member 22 comprises A-pha-
and 38c are faced right above rectangular teeth 21 b, se block 23 and
B-phase block 33, both of which are  all magnetic poles can contribute to
produce a mag- connected by a connecting member.                netic
thrust. A-phase block 23 comprises cores 24a to 24d  10  In Figs. 17(c) and
17(d), magnetic flux loops [err] separated Into four portions in the
longitudinal direc-  and [err] similarly makes a magnetic thrust.
According- tion, or traveling direction M; permanent magnets 25a  ly, by
supplying the pulse current to the coils in the or- to 25c inserted between
cores 24a to24d so that each  der of Fig. 17(a), Fig. 17(b), Fig. 17(c),
Fig. 17(d), and of the adjacent permanent magnets 25a to 25c is of  Fig.
17(a), primary magnetic member 22 travels an opposite polarity; and A-phase
coil 26 wound  15  along secondary magnetic member 21 by the dis- around
cores 24a to 24d. In addition, the upper sur-  tance of P, toward the left
direction. While supplying faceofA-phase'block23 hasA-phase magnetic poles
the pulse currentto the coils in the orderof Fig. 17(d), 27a to 27d, and
the lower surface thereof having -A-  Fig. 17(c), Fig. 17(b), Fig. 17(a),
and Fig. 17(d), pri- phase magnetic poles 28a to 28d, and each of the  mary
magnetic member 22 travels along secondary magnetic poles is positioned at
the equal pitch as the  20  magnetic member 21 by the distance of P, toward
the distance of P/2. Accordingly, when A-phase magnetic  right direction.
poles27a and 27cfacerectangularteeth21a, -A-pha-    Assuming that this
linear pulse motor is driven by se magnetic poles 28b and 28d face
rectangularteeth  two-phase exciting system, that is, the pulse current
21b, respectively.                               Is supplied to both coils
26 and 36 from point X to B-phase block 33 is a similar construction as A-
25  point Y, magnetic flux loops are formed between pri- phase block 23. It
comprises cores 34a to 34d; per-  mary magnetic member 22 and secondary
magnetic manent magnets 35a to 35c; and B-phase coil 36.  member 21 as
shown in Fig. 18. This also generates The lower surface of B-phase block 33
therefore has  a large magnetic thrust. B-phase magnetic poles 37a to 37d,
and the upper    Fig. 19 shows the different type of primary mag- surface
thereof having -B-phase magnetic poles 38a  30  netic member 22. This
primary magnetic member 22 to 38d. In addition, B-phase block 33 is shifted
by the  comprisesA-phase block 23 and B-phase block 33. A- distance of P/4
with respect to A-phase block 23. Ac-  phase block 23 comprises U-shaped
cores 24a, 24b, cordingly, A-phase block 23 remains stationary on B-  24c,
and 24d, each of which is laminated in the order phase block 33 so that
magnetic flux caused by per-  of cores 24a, 24b, 24c, and 24d, the both end
surfac- manent magnets 25a to 25c, and 35a to 35c make  35  es of which are
faced to rectangular teeth 21a of sec- magnetic flux loops as shown by the
broken lines in  ondary magnetic member 21; and coil 26 wound Fig. 16.
around the lateral portion of A-phase block 23. B-pha- The operation of the
linear pulse motor is descri-  se block 33 has a similar construction as
A-phase bed by reference to Fig. 17 in the case of one-phase  block 23, and
Is connected with A-phase block 23 by exciting system.
40  connecting member 60. In Fig. 17(a), the pulse currentflows from point
X  Fig. 20 shows a fifth embodiment of the Inven- to point Y corresponding
to coil 26. This causes a  tion. In this case, secondary magnetic member 21
magnetomotive force in cores 24a to 24d to generate  has permanent magnets.
In this drawing, primary a magneticfluxfrom +A-phase magnetic poles 27a to
magnetic member 22 comprises A-phase block 23 27d, to -A-phase magnetic
poles 28a to 28d. This  45  and B-phase block 33, both of which are
connected magnetieflux enhances each otherat +A-phase mag-  by a connecting
member and placed above second- netic poles 27b and 27d, and -A-phase
magnetic   ary magnetic member 21 supported by the support- poles 28a and
28c, while -A-phase magnetic poles  ing means. 28b and 28d are non-acting.
This magneticflux flows  Secondary magnetic member 21 comprises a from
rectangular teeth 21a to +A-phase magnetic  50  plurality of rectangular
bars 72a made of the magnet- poles 27b and 27d and to the adjacent cores
24a and  ic material, which are disposed in the traveling direc- 24d
through permanent magnets 25a to 25c, then   tion M so that their surfaces
are lie in the horizontal from -A-phase magnetic poles 28a and 28c to
rectan-  plane; and permanent magnets 72b inserted be- gular teeth 21 b.
This makes magnetic flux loop [err] As  tween rectangular bars 72a to fit
the most side sur- a result, when +A-phase magnetic poles 27b and 27d  55
face area thereof so that each of the adjacent perma- are faced right above
rectangular teeth 21a, and -A-  nent magnets 72b is of an opposite
polarity. In addi- phase magnetic poles 28a and 28c are faced right  tion,
Each pitch of the rectangular bars is the distance above rectangular teeth
21b, all magnetic poles can  of P/2, in contrast to the distance of P for
the teeth 8    



15                 EP 0 352 189 B1 formed with primary magnetic member 22.
This dis-   In Fig. 22(b), the pulse current flows in coil 81 in tance of P
is described next.                   the direction as shown bythe arrow.
This makes mag- In primary magnetic member 22, A-phase block  netic flux
[err] As a result, when teeth 80Ba, 80Bb, 23 comprises C-shaped core 70
having +A-phase    80Bc, and 80Bd are faced right above the S-pole side
magnetic pole 70A and -A-phase magnetic pole 70a,   5   of rectangular bars
72a, and teeth 80aa, 80ab, 80ac, both of which are faced to secondary
magnetic mem-  and 80ad are faced right above the N-pole side of rec- ber
21; and coil 71 wound around the lateral portion  tangular bars 72a, all
teeth can contribute to produce of core 70. Each of the +A-phase magnetic
pole 70A  a magnetic thrust. and -A-phase magnetic pole 70a has teeth 70Aa,
In Fig. 22(c), the pulse current flows in coil 71 In 70Ab, 70Ac, and 70Ad,
then, 70aa, 70ab, 70ac, and  10  the opposite direction with respect to
Fig. 22(a). This 7ad, respectively. Respective teeth 70Aa, 70Ab,  makes
magneticflux[err]. As a result, when teeth 70Aa. 70Ac, and 70Ad, then 70aa,
70ab, 70ac, and 70ad are  70Ab. 70Ac. and 70Ad are faced right above the N-
formed at the equal pitch, as the distance of P, In the  pole side of
rectangular bars 72a, and teeth 70aa, longitudinal direction, and also
teeth 70Aa, 70Ab,  70ab, 70ac, and 70ad are faced right above the S-po-
70Ac, and 70Ad are shifted by the distance of P12 with  15  le side of
rectangular bars 72a, all teeth can contri- respect to teeth 70aa, 70ab,
70ac, and 70ad in the  bute to produce a magnetic thrust. longitudinal
direction as shown in Fig. 21.         Similarly, In Fig. 22(d), the pulse
current flows in While B-phase block 33 is a similar construction  coil 81
in the opposite direction with respect to Fig. as A-phase block 23 which
has core 80 having +B-  22(b). This makes magnetic flux [err][ As a result,
when phase magnetic pole 80B and -B-phase magnetic  20  teeth 80Ba, 80Bb,
80Bc, and 80Bd are faced right pole 80b; and coil 81 wound around the
lateral portion  above the N-pole side of rectangular bars 72a, and of core
80. Each of the magnetic poles +B-phase  teeth 80ba, 80bb, 80bc, and 80bd
are faced right magnetic pole 80B and -B-phase magnetic pole 80b  above the
S-pole side of rectangular bars 72a, all also has teeth 80a, 80Bb, 80Bc,
and 80Bd, then   teeth can contribute to produce a magnetic thrust. Ac-
80ba, 80bb, 80bc, and 80bd, respectively. Similarly,  25  cordingly,
primarymagneticmember22travels along all teeth of +B-phase magnetic pole
80B and -B-pha-  secondary magnetic member 21. se magnetic pole 8b are
formed at the equal pitch,  Fig. 23 shows a sixth embodiment of the inven-
as the distance of P, in the longitudinal direction, and  tion. also teeth
80a, 80Bb, 80Bc, and 80Bd are shifted by  In this embodiment, secondary
magnetic mem- the distance of P/2 with respecttothe teeth of-B-pha-  30
ber 21 is a similar construction described in the fifth se magnetic pole
80b in the longitudinal direction as  embodiment, therefore, primary
magnetic member shown in Fig. 21. In the these cases, all grooves be-  22
is only described as the sixth embodiment. This tween the teeth are formed
with a semicircular shape.  primary magnetic member 22 is of a three-phase
In Fig. 21, each pitch of the teeth is the distance  type. This primary
magnetic member 22 comprises A- of P in the longitudinal direction and the
distance be-  35  phase  magnetic pole 73A, B-phase magnetic pole tween
teeth 70aa to teeth 80ba is the distance of  73B, and C-phase magnetic pole
73C, each of which mPP/4 (where m is integer).                     has
teeth 73a formed at the equal pitch, as the dis- The operation of the
linear pulse motor Is descri-  tance of P, in the longitudinal direction,
and each of bed by reference to Fig. 22, in case of the pulse cur-  which
is wound by coils 74A, 74B, and 74C, respec- rent is supplied to either
coil 70 or 80 as the one-pha-  40  tively. In addition, B-phase magnetic
pole 73B is shift- se exciting system.                              ed by
the distance of P/3 with respect to A-phase In Fig. 22(a), the pulse
current flows In coil 71 in  magnetic pole 73A, and C-phase magnetic pole
73C the direction as shown by the arrow. This causes a  is shifted by the
distance of P/3 with respectto B-pha- magnetomotive force at core 70 from
-A-phase mag-  se magnetic pole 73B in the longitudinal direction. netic
pole 70a to +A-phase magnetic pole 70A to gen-  45  Consequently, when
teeth 73a of A-phase magnetic erate magnetic flux loop [err] That is, this
magnetic flux  pole 73A are faced to rectangular bars 72a, teeth 73a flows
from teeth 70Aa, 70Ab, 70Ac, and 70Ad, to the  of B-phase magnetic pole 73B
is shifted by the dis- S-pole side of rectangular bars 72a, and also flows
tance of P1/3 with respect to rectangular bars 72a, into the N-pole side of
adjacent rectangular bars 72a  and teeth 73a of C-phase magnetic pole 73C
Is shift- through permanent magnets 72b, and moreover,  50  ed by the
distance of P2/3 with respect to rectangular flows from rectangular bars
72a to teeth 70aa, 70ab,  bars 72a. 70ac, and 70ad. As a result, when teeth
70Aa, 70Ab,  When a pulse current is supplied to respective 70Ac, 70Ad are
faced right above the S-pole side of  coils 74A, 74B, and 74C, primary
magnetic member rectangular bars 72a, and teeth 70aa, 70ab, 70ac,  22
travels along secondary magnetic member 21 in and 70ad are faced right
above the N-pole side of rec-  55  accordance with the similar manner which
is already tangular bars 72a, all teeth 70Aa, 70Ab, 70Ac, and  described by
reference to Fig. 5 and Fig. 6 in the first 70Ad, then teeth 70aa, 70ab,
70ac, and 70ad can  embodiment. In this case, all teeth 73a can also con-
contribute to produce a magnetic thrust.        tribute to produce a
magnetic thrust. B    



17                  EP 0 352 189 B1                    18 Fig. 24 shows a
seventh embodiment of the in-  can be inserted into the secondary magnetic
mem- vention. Apulse motor in this embodiment is of a disk-  ber, in this
case, the widened ends are faced to the rotor type driven by the disk
rotor. In the drawing, nu-  primary magnetic member. meral 75 designates a
housing, and numeral 76 des-    The preferred embodiment described herein
is il- ignates a shaft rotatably bearing to housing 75   5   lustrative;
the scope of the invention is indicated by through bearings 77 and 78. In
housing 75, shaft 76  the appended claims and all variations which fall
with- has disk-like rotor 79. This rotor 79 is formed around  in the claims
are intended to be embraced therein. the outer peripheral surface of
annular member 85, and this annular member 85 is fixed to shaft 76 by key
82. In addition, the annular type of stators 83 and 84   10   Claims are
fixed to the inside walls of housing 75 so that both lateral surfaces of
rotor 79 face stators 83 and 84.  1. A  strong-magnetic-thrust-force-type
actuator The details of rotor79 shows in Fig. 25. In the per-  which
comprises: ipheral surface of annular member 85, segments 87           a
primary magnetic member (22) support- are extended to the radial direction
and with alternat-  15  ed by a support means moving along a predeter- ing
at an equal arc length such as fan blades. These  mined direction, the
primary magnetic member segments 87 are formed with an outer arc longer
than  generating a magnetic field in a direction trans- an inner arc.
Permanent magnets 88 are inserted into  verse to the predetermined
direction through spaces between segments 87 so that each of the ad-
magnetic poles thereof, and jacent permanent magnets 88 is of an opposite
polar-  20   a secondary magnetic member (21) hav- ity. Then, the
peripheral surfaces of segments 87 and  ing a plurality of facing portions
facing the pri- permanent magnets 88 are covered by outer annular     mary
magnetic member, in which the facing por- member 86.
tions are disposed at an equal pitch in the prede- Fig. 26 shows the
details Is of stator 83 partially.  termined direction, thus moving the
primary mag- Stator 83 comprises an annular type core 89 having   25  netic
member relative to the secondary magnetic rectangular teeth 89X and groove
89Y formed with      member when a magneticfleld acts upon the fac- these
alternating at equal intervals, and disposed in  ing portions formed with
the secondary magnetic the radial direction; and coils 90a to 90d wound
member, around core 89 so that three rectangular teeth 89X          said
strong-magnetic-thrust-force-type are surrounded by one wound coil 89 to
form magnet-  30  actuator being characterized in that said primary ic
poles 89a to 89d.                                  magnetic member further
comprises: In Fig. 25 and Fig. 26, each of the rectangular         cores
(24a, 24h) having a plurality of plate teeth 89X is formed at an equal arc
length as the dis-  members separated by first equal pitches in the tance
of P, while each of the segments 87 is formed   predetermined direction, in
which said plate at the equal arc length as the distance of P/2. Mag-  35
members have facing portions extending in a di- netic pole 89c is not shown
in Fig. 26 because of the  rection transverse to the predetermined direc-
side view, partially cut away. This pulse motor is ro-  tion; tated by the
same principle, which is already descri-      a  plurality  of permanent
magnets bed by reference to Fig 22 in the fifth embodiment    (25a,25g)
inserted between side surfaces of the Fig. 27 shows another type of primary
magnetic  40  plate members in a direction perpendicular to the member 22.
In the case where a sufficient magnetic    facing portions so that adjacent
permanent mag- force can be produced to travel primary magnetic      nets
are of an opposite polarity; and member 22 along secondary magnetic member
21,               an insulated wire (30,32) wound around small lateral
surface of permanent magnets 90 can be  the cores (24a,24h) so as to form
magnetic poles, inserted between cores 91. In the spaces between   45  and
wherein cores 91 except for permanent magnets 90, these             said
secondary magnetic member further spaces can be remained as shown in Fig.
27, and       comprises: also, a non-magnetic material such as stain-less
steel      facing portions (21a,21c) facing the facing plates can be
inserted therebetween to prevent mag-   portions formed with the primary
magnetic mem- netic flux which flows into the adjacent cores 91. This  50
ber, said facing portions disposed at a second stain-less steel can also be
in the purpose of a mech-  equal pitch in the predetermined direction, said
anical support.                                       second equal pitch of
the facing portion formed Fig. 28 shows another different shape of perma-
with the secondary magnetic member Is approx- nent magnets 90 inserted
between cores 91 of the      imately twice as large as the first equal
pitch of primary magnetic member. These permanent mag-  55     the facing
portion formed with the primary mag- nets 90 have a widened end to make a
good passing     netic member, of magnetic flux to the teeth of the
secondary mag-         whereby when the insulated wire is energ- netic
member. These type of permanent magnets 90      ized, said facing portions
of the primary magnetic 10    
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seventh embodiment of the in-  can be inserted into the secondary magnetic
mem- vention. A pulse motor in this embodiment is of a disk-  ber, in this
case, the widened ends are faced to the rotor type driven by the disk
rotor. In the drawing, nu-  primary magnetic member. meral 75 designates a
housing, and numeral 76 des-   The preferred embodiment described herein is
il- ignates a shaft rotatably bearing to housing 75   5   lustrative; the
scope of the invention is indicated by through bearings 77 and 78. In
housing 75, shaft 76  the appended claims and all variationswhich fall
with- has disk-like rotor 79. This rotor 79 is formed around  in the claims
are intended to be embraced therein. the outer peripheral surface of
annular member 85, and this annular member 85 is fixed to shaft 76 by key
82. In addition, the annular type of stators 83 and 84  10   Claims are
fixed to the inside walls of housing 75 so that both lateral surfaces of
rotor 79 face stators 83 and 84.  1. A strong-magnetic-thrust-force-type
actuator The details of rotor79 shows in Fig. 25. In the per-  which
comprises: ipheral surface of annular member 85, segments 87          a
primary magnetic member (22) support- are extended to the radial direction
and with alternat-  15  ed by a support means moving along a predeter- ing
at an equal arc length such as fan blades. These  mined direction, the
primary magnetic member segments 87 are formed with an outer arc longer
than  generating a magnetic field in a direction trans- an inner arc.
Permanent magnets 88 are inserted into  verse to the predetermined
direction through spaces between segments 87 so that each of the ad-
magnetic poles thereof, and >    jacent permanent magnets 88 is of an
opposite polar-  20   a secondary magnetic member (21) hav- ity. Then, the
peripheral surfaces of segments 87 and  ing a plurality of facing portions
facing the pri- permanent magnets 88 are covered by outer annular    mary
magnetic member, in which the facing por- member 86.
tions are disposed at an equal pitch in the prede- Fig. 26 shows the
details of stator 83 partially.  termined direction, thus moving the
primary mag- Stator 83 comprises an annular type core 89 having   25  netic
member relative to the secondary magnetic rectangular teeth 89X and groove
89Y formed with     member when a magnetic field acts upon the fac- these
alternating at equal intervals, and disposed in  ing portions formed with
the secondary magnetic the radial direction; and coils 90a to 90d wound
member, around core 89 so that three rectangular teeth 89X         said
strong-magnetic-thrust-force-type are surrounded by one wound coil 89 to
form magnet-  30  actuator being characterized in that said primary ic
poles 89a to 89d.                                 magnetic member further
comprises: In Fig. 25 and Fig. 26, each of the rectangular        cores
(24a, 24h) having a plurality of plate teeth 89X is formed at an equal arc
length as the dis-  members separated by first equal pitches in the tance
of P, while each of the segments 87 Is formed   predetermined direction, in
which said plate at the equal arc length as the distance of P/2. Mag-  35
members have facing portions extending in a di- netic pole 89c is not shown
in Fig. 26 because of the  rection transverse to the predetermined direc-
side view, partially cut away. This pulse motor is ro-  tion; tated by the
same principle, which is already descri-      a  plurality  of permanent
magnets bed by reference to Fig 22 in the fifth embodiment   (25a,25g)
inserted between side surfaces of the Fig. 27 shows another type of primary
magnetic  40  plate members in a direction perpendicular to the member 22.
in the case where a sufficient magnetic   facing portions so that adjacent
permanent mag- force can be produced to travel primary magnetic      nets
are of an opposite polarity; and member 22 along secondary magnetic member
21,              an insulated wire (30,32) wound around small lateral
surface of permanentmagnets 90 can be  the cores (24a,24h) so as to form
magnetic poles, inserted between cores 91. In the spaces between   45  and
wherein cores 91 except for permanent magnets 90, these            said
secondary magnetic member further spaces can be remained as shown in Fig.
27, and      comprises: also, a non-magnetic material such as stain-less
steel    facing portions (21a,21c) facing the facing plates can be inserted
therebetween to prevent mag-  portions formed with the primary magnetic
mem- neticflux which flows into the adjacent cores 91. This  50   ber, said
facing portions disposed at a second stain-less steel can also be in the
purpose of a mech-  equal pitch in the predetermined direction, said anical
support.                                      second equal pitch of the
facing portion formed Fig. 28 shows another different shape of perma-
with the secondary magnetic member is approx- nent magnets 90 inserted
between cores 91 of the     imately twice as large as the first equal pitch
of primary magnetic member. These permanent mag-  55    the facing portion
formed with the primary mag- nets 90 have a widened end to make a good
passing    netic member, of magnetic flux to the teeth of the secondary
mag-        whereby when the insulated wire is energ- netic member. These
type of permanent magnets 90     ized, said facing portions of the primary
magnetic 10    
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disposed toward the facing             the secondary magnetic member
compris- portions formed with the secondary magnetic        es: member
contribute to produce a magnetic thrust          tripile-row facing
portions facing to the fac- for moving the primary magnetic member relative
ing portions formed with the three projections, re- to the secondary
magnetic member.          5      spective triple-row facing portions
disposed at the second equal pitch in the predetermined di- 2. A strong
magnetic thrust force type actuator ac-   rection, in which each facing
portion of the mid- cording to claim 1 wherein the permanent magnet
dle-row is shifted by 1/2 of the second equal pitch inserted between the
side surfaces of the plate   with respect to each facing portion of both
rows members, in which an area of the permanent  10     in the
predetermined direction.. magnet partially occupies a perpendicular sur-
face close to the facing portions.             6. A strong magnetic thrust
force type actuator ac- cording to claim 5 wherein two identical primary 3.
A strong magnetic thrust force type actuator ac-   magnetic members are
connected by a connect- cording to claim 2 wherein the non-occupied   15
Ing means at a predetermined distance there- parts of the perpendicular
surfaces between the    between in the predetermined direction. plate
members is inserted by a non-magnetic ma- terial.
7. A strong magnetic thrust force type actuator ac- cording to claim 1
wherein 4. A strong magnetic thrust force type actuator ac-  20     the
primary magnetic member comprises: cording to claim 1 wherein
a core having a plurality of plate members the primary magnetic member
comprises:       separated at a first equal pitch in the predeter- a core
having a plurality of plate members   mined direction, in which the plate
members have separated by a first equal pitch in the predeter-  two
projections in a direction transverse to the mined direction, in which the
plate members have   25  predetermined direction, the projections having
three projections in a direction transverse to the  facing portions In the
predetermined direction, predetermined direction, the projection having
wherein facing portions in the predetermined direction;         the
secondary magnetic member compris- and
es: an Insulated wire wound around respec- 30          double-row facing
portions facing the fac- tive projections to form three magnetic poles,
ing portions formed with the two projections, re- wherein
spective double-row facing portions disposed at the secondary magnetic
member compris-       a second equal pitch in the predetermined direc- es:
tion, in which each facing portion of a second row triple-row facing
portions facing the facing   35  is shifted by 1/2 of the second equal
pitch with re- potions formed with the three projections, re-    spect to
each facing portion of the first row. spective triple-row facing portions
disposed at a second equal pitch in the predetermined direc-  8. A strong
magnetic thrust force type actuator ac- tion, in which each facing portion
of the second   cording to claim 1 wherein row is shifted by 1/3 of the
second equal pitch  40     the primary magnetic member comprises: with
respect to each facing portion of a first row,     a core comprising a
plurality of U-shaped and each facing portion of the third row Is shifted
plates which are laminated to form two projec- 1/3 of the second equal
pitch with respect to each  tions, each end face of which has facing
portions facing portion of the second row in the predeter-  separated by a
first equal pitch in the predeter- mined direction.
45       mined direction, and the two identical primary magnetic members
are connected by a connect- 5. A strong magnetic thrust force type actuator
ac   ing means with predetermined space intervals cording to claim 1
wherein                        therebetween in the predetermined direction;
the primary magnetic member comprises:             a permanent magnet
having a U-shape in- a core having a plurality of plate members  50  serted
between the U-shaped plates so that each separated by a first equal pitch
in the predeter-  of the adjacent permanent magnets is of an op- mined
direction, in which the plate members have   posite polarity; and three
projections in a direction transverse to the      an insulated wire wound
around the core to predetermined direction, the projections having   form
magnetic poles, wherein facing portions in the predetermined direction;  55
secondary magnetic member comprises: and
single-row facing portions facing the fac- an insulated wire wound around
the middle    ing portions formed with the two projections, the projection
to form magnetic poles, wherein        single-row facing portions disposed
at a second 11    



21                 EP 0 352 189 B1                     22 equal pitch In
the predetermined direction.       netic member has a rectangular frame
shape so that said primary magnetic member is inserted 9. A strong magnetic
thrust force type actuator ac-  within said secondary magnetic member,
where- cording to claim 8 wherein the insulated wire is  by responsive to
the alternatively varied current wound around a lateral potion of the core
to form    5  flown through the insulated wire, said primary two magnetic
poles.                               magnetic member Is moved within said
second- ary magnetic member in a reciprocating manner. 10. A strong
magnetic thrust force type actuator ac- cording to claim 1 wherein
14. A strong-magnetic-thrust-force-type actuator the primary magnetic
member comprises:  10  which comprises: a core having a plurality of plate
members        a primary magnetic member (22) support- separated by a first
equal pitch in the predeter-  ed by a support means for movement along a
pre- mined direction, in which the plate members have  determined
direction, the primary magnetic parallel facing portions, which face each
other   membergenerating amagneticfield in a direction back to back; and
15      transverse to the predetermined direction an insulated wire wound
around the whole    through magnetic poles thereof; and plate members
parallel to the predetermined di-        a secondary magnetic member (21)
hav- rection, wherein                                  ing a plurality of
facing portions facing the pri- the secondary magnetic member compris-
mary magnetic member, in which the facing por- es:
20      tions are disposed at an equal pitch in the prede- parallel facing
portions, which face the fac-  termined direction, thus moving the primary
mag- ing portion formed with the plate members, and    netic member
relative to the secondary magnetic each of which is shifted by 1/2 of the
second     member when a magnetic field acts upon the fac- equal pitch with
respect to each other.           ing portions formed with the secondary
magnetic 25      member, 11. A strong magnetic thrust force type actuator
ao-       said  strong-magnetic-thrust-force-type cording to claim 10
wherein the two identical pri-  actuator being characterized in that said
primary mary magnetic members are connected by a con-     magnetic member
(22) further comprises: necting means with predetermined space inter-
a core (70,80) having facing portions vals therebetween in the
predetermined direc-  30  (70Aa,70Ad,80Ba,80Bd) disposed at a first equal
tion.                                             pitch In the
predetermined direction and extend- ing in a direction transverse to the
predetermined 12. A strong magnetic thrust force type actuator ac-
direction; and cording to claim 1 wherein                             an
insulated wire (71,81) wound around the primary magnetic member comprises:
35  the core so as to form magnetic poles, and where- a core comprising two
plate member           in groups, each of which is connected by a connect-
said secondary magnetic member (21) ing means in the same plane so that the
groups    further comprises: are at predetermined space intervals, each
plate       facing portions (72a) facing the facing por- memberof a plate
membergroup is separated by  40  tions formed with the core, said facing
portions a first equal pitch in the predetermined direction,  (72a)
separated by a second equal pitch in the each plate member group having a
plurality of     predetermined direction; and projections in a direction
transverse to the prede-    a plurality of permanent magnets (72b) in-
termined direction, the projections having facing  serted between side
surfaces of the facing por- portions in the predetermined direction, thus
45  tions (72a) in a perpendicular direction with re- each facing portion
of the plate member groups    spect to a facing surface of the facing
portions so face each other, wherein                          that adjacent
permanent magnets are of an oppo- the secondary magnetic membercompris-
site polarity, and wherein said first equal pitch of es:
the facing portions formed with the primary mag- two-sided facing portions,
each of which  50  netic member is approximately twice as large as faces
each facing portion formed with each plate  the second equal pitch of the
facing portions member group so that the two-sided facing por-    formed
with the secondary magnetic member, tions are inserted into the
predetermined space        whereby when the insulated wire is energ-
intervals between respective plate member         ized, said facing
portions of the primary magnetic groups.
55        member which are disposed toward the facing portions formed with
the secondary magnetic 13. A strong-magnetic-thrust-force-type actuator as
member contribute to produce a magnetic thrust recited in claim 1 wherein
said secondary mag-    for moving the primary magnetic member relative 12
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magnetic member.              Patentanspriiche 16. A strong magnetic thrust
force type actuator ao-  1. Betitiger der Bauart mit starker magnetischer
cording to claim 14 wherein                        Schubkraft, der
folgendes aufwelst the primary magnetic member comprises:   5   ein
primares magnetisches Element (22), das a core having three projections in
a direc-  von elner Trageeinfichtung getragen wird, die tion transverse to
the predetermined direction, in  sich entlang einer vorbestimmten Richtung
be- which the projections having facing portions dis-  wegt, wobei das
primare magnetische Element posed at a first equal pitch in the
predetermined  durch seine Magnetpole ein Magnetfeld in einer direction,
and a second projection of the three  io  Rlchtung transversal zu
dervorbastimmten Rich- projections is shifted by 1/3 of thefirstequal pitch
tung erzeugt und with respect to a first projection, and a third pro-  ein
sekundires magnetisches Element (21) mit jection of the three projections
is shifted by 1/3 of  elner Vielzahl von gegeniberilegenden Ab- the first
equal pitch with respect to the second   schnitten, die dem primaren
magnetischen Ele- projectidn in the predetermined direction.  15    ment
gegenflberliegen, wobei die gegenflberlie- genden Abschnitte In der
vorbestimmten Rich- 16 . A strong magnetic thrust force type actuator ac-
tung in gleichen Abstinden angeordnet sind, wo- cording to claim 14 wherein
durch das primare magnetische Element relativ K i          the primary
magnetic member comprises:        zu dem sekundiren magnetischen Element
be- a core having two projections In a direction   20  wegt wird, wenn ein
Magnetfeld auf die gegen- transverse to the predetermined direction, in
fiberliegenden Abschnitt einwirkt, die mit dem which the projections have
facing portions dis-   sekundiren magnetischen Element ausgebildet posed at
a first equal pitch in the predetermined  sind, direction, and a second
projection of the two pro-  wobei der Betitiger der Bauart mit starker ma-
jections is shifted by 1/2 of the first equal pitch  25  gnetischer
Schubkraft dadurch gekennzeichnet with respect to a first projection of the
two projec-  ist, dag das primire magnetische Element we!- tions in the
predetermined direction.              terhin folgendes aufweist Kerne (24a,
24h) mit einer Vielzahl von Platten- 17. A strong magnetic thrust force
type actuator ao-  elementen, die um erste gleiche Abstinde in der cording
to claim 14 wherein the primary magnetic  30  vorbestimmten Richtung
beabstandet sind, wo- member comprises:
be! die Plattenelemente gegenflberiiegende Ab- an annular core having
facing portions dis-  schnitte haben, die sich in einer Richtung trans-
posed at a first equal arc length in a rotating di-  versal zu der
vorbestimmten Richtung er- rection and extended to a radial direction;
strecken; an insulated wire wound along the annular  35  eine Vlelzahl von
Permanentmagneten (25a, core to form magnetic poles, wherein
25g), die zwIschen Seitbnflichen der Plattenele- the secondary magnetic
member compris-       mente in einer Richtung rechtwinklig zu den ge- K>
es:                                                geniberliegenden
Abschnitten eingef~gtsind, so the facing portions facing the facing por-
daB benachbarte Permanentmagnete sin ent- tions formed with the annular
core, the facing por-  40  gegengesetzte Polaritat aufweisen; und tions
separated by a second equal arc length in    elnen isolierten Draht (30.
32), der um die Kerne the rotating direction; and
(24a, 24h) gewickelt ist, um Magnetpole auszu- a permanent magnet inserted
between          bilden, und wobei side surfaces of the facing portions in
the perpen-  das sekundire magnetische Element weiterhin dicular direction
to a facing surface of the facing   45  aufweist portions so that each of
the adjacent permanent   gegenilberliegende Abschnitte (21a, 21c), die
magnets Is of an opposite polarity, thus the first  den gogenilberliegenden
Abschnitten gegen- equal arc length of the facing portions formed
uberliegen, die mit dem primaren magnetischen with the annular core is
about twice as large as   Element ausgebildet sind, wobel die gegenfiber-
the second equal arc length of the facing portions  s0  liegenden
Abschnitte mit einem zweiten gleichen formed with the secondary magnetic
member.         Abstand in dervorbestimmten Richtung angeord- net sind,
wobei der zwelte gleiche Abstand des 18. A strong magnetic thrust force
type actuator ac-  gegenuiberliegenden Abschnitts, der mit dem se- cording
to claim 17 wherein each facing portion    kundiren magnetlechen Element
ausgebildet ist, of two identical annularcoresfaces each side-by-  S5  etwa
zweimal so groB Istwie dererste gleicheAb- side facing portion of the
secondary magnetic     stand des gogenflberliegenden Abschnitts, der
member, and an axis of the secondary magnetic      mit dem primaren
magnatischen Element ausge- member is rotatably mounted on a shaft.
bildet let, 13    25                 EP 0 352 189 B1                 26 



wobei dann, wenn der isolierte Draht stromf Oh-  5. 5. Betatiger der Bauart
mit starker magnetischer rend ist, die gegenflberliegenden Abschnitte des
Schubkraft nach Anspruch 1, wobei primfiren magnetischen Elements, die in
Rich-     das primare magnetische Element fdgendes tung zu den
gegenfgberliegenden Abschnitten       aufweist angeordnet sind, die mit dem
sekundiren ma-   5   elnen Kern mit elner Vielzahi von Plattenelemen-
gnetischen Element ausgebildet sind, dazu bei-    ten, die um einen ersten
gleichen Abstand in der tragen, einen magnetischen Schub zum Bewe-
vorbestimmten Richtung getrennt sind, wobel die gen des primaren
magnetischen Elements reiativ    Plattenelemente drel Vorspr(inge in elner
Rich- zu dem sekundaren magnetischen Element zu         tung transversal zu
der vorbestimmten Richtung erzeugen.                                 10
haben, wobel die Vorspr(inge gegenfiberliegen- deAbschnitte in
dervorbestimmten Richtung ha- 2. Betitiger der Bauart mit starker
magnetischer      ben; und Schubkraft nach Anspruch 1, wobel der Perma-
einen isolierten Draht, der um den mittleren Vor- nentmagnet zwischen den
Seitenflichen der         sprung gewickelt ist, um Magnetpole auszubil-
Plattenelemente eingefugt ist, wobel eln Bereich   *5  den, wobei des
Permanentmagneten elne senkrechte Ober-       das sekundare magnetische
Element folgendes flache nahe den gogenibertiegenden Abschnit-
aufweist ten abschnittweise belegt.                        dreireihige
gogen0berliegende Abschnitte, die den gegeniborliegenden Abschnitten gegen-
3. Betatiger der Bauart mit starker magnetischer  20  Oberliegen, die mit
den drei Vorsprungen ausge- Schubkraft nach Anspruch 2, wobel in die nicht
bildet sind, wobei jeweilige dreireihige gegen- belegten Teile der
senkrechten Oberflichen zwl-   Oberliegende Abschnitte mit dem zweiten
glel- schen den Plattenelementen ein nichtmagneti-      chen Abstand in
dervorbestimmten Richtung an- aches Material eingefugt ist
geordnet sind, wobel jeder gegenfiberilegende 25      Abschnitt der
mittleren Reihe um 112 des zweiten 4. Betitiger der Bauart mit starker
magnetischer     glelchen Abstands in bezug auf jeden gegen- Schubkraft
nach Anspruch 1, wobei                 Ciberliegenden Abschnitt belder
Reihen in der dus primire magnetische Element fdgendes
vorbestimmten Richtung verschoben !st. aufweist: einen Kern mit einer
Vielzahi von Plattenelemen-  3o  6. Betfitiger der Bauart mit starker
magnetlecher ten, die urn einen ersten gleichen Abstand in der  Schubkraft
nach Anspruch 5, wobsi zwei identi- vorbestimmten Richtung
getrenntsind,wobei die     ache primare magnetische Elemente durch eine
Plattenelemente drei Vorspr(Inge In elner Rich-   Verbindungseinrichtung
mit elnern vorbestimm- tung transversal zu der vorbestimmten Richtung
ten Abstand dazwischen In der vorbestimmten haben, und wobei der Vorsprung
gegeniberlie-  35  Richtung verbunden sind. gende Abschnitte In der
vorbestimmten Richtung hat; und                                       7.
Betaitger der Bauart mit starker magnetischer elnen isolierten Draht,
derumjewellgeVorsprOn-   Schubkraft nach Anspruch 1, wobel ge gewickelt
ist, um drel Magnetpole auszubil-    des primare magnetische Element
folgendes den, wobei                                40      aufwelst das
sekundare magnetische Element folgendes       einen Kern mit einerVieizahl
von Plattenelemen- aufweist:                                        ten,
die mit elnem ersten glelchen Abstand in der dreireihige gegenOberliegende
Abschnitte, die     vorbestimmten Richtung getrennt sind, wobei die den
gegenriberliegenden Abschnlttn gegen-         Plattenelemente zwei
Vorsprunge in einer Rich- Gberlegen, die mit den drei Vorsprflngen ausge-
45  tung transversal zu der vorbestimmten Richtung bildet sind,
entsprechende dreireihige gegen-     haben, wobei die Vorspr(Inge
gegenriberlegen- Gberliegende Abachnitte, die In einem zweiten     de
Abschnitte in der vorbestimmten Richtung ha- gleichen Abstand in der
vorbestimmten Richtung    ben; wobei angeordnetsind,
wobeijedergegenuberilegende       das sekundire magnetische Element
foigendes Abschnitt der zweiten Reihe um 113 des zweiten  co  aufweist
glebchen Abstands in bezug auf jeden gegen-       doppelrelhige
gegen0berliegende Abschnitte, Oberliegenden Abschnitt elner ersten Reihe
ver-   die den gegenflberilegenden Abschnitten gegen- schoben ist, und
wobei jeder gegenuberliegende    Gberilegen, die mit den zwei Vorsprrngen
ausge- Abschnitt der dritten Reihe um 1/3 des zweiten    bildet sind, wobel
jeweilige doppelreihige gegen- gleichen Abstands in bezug auf jeden gegen-
c5  13berilegende Abschnitte mit dem zweiten glei-
GberliegendenAbschnittderzweiten Reihe in der     chenAbstand in
dervorbestimmten Richtung an- vorbestimmten Rlchtung verschoben !st.
geordnet sind, wobei jeder gegenfiberliegende Abschnitt einer zwelten Reihe
um 1/2 des zwei- 14 1 1111111111111111111 11111 H111 *   C   L  M4  S  *   
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In bezug aufJeden gegen-    gen, die mit den Plattenelementen ausgebildet
Oberliegenden Abschnitt der ersten Reihen ver-    sind, und von denen jeder
um 1/2 des zweiten schoben ita
gleichen Abstands in bezug aufeinanderverscho- ben Ist. 8. Betatiger der
Bauart mit starker magnetischer   5 Schubkraft nach Anspruch 1, wobel
11. Betatiger der Bauart mit starker magnetischer das primare magnetische
Element folgendes         Schubkraft nach Anspruch 10, wobei die zwet
aufweist:                                         identischen primiren
magnetischen Elemente einen Kern mit einer Vielzahl von U-formigen
durch eine Verbindungseinrichtung mit vorbe- Platten, die so laminiert
sind, dam sle zwei Vor-  10  stimmten Abstandaintervallen dazwischen in der
sprOnge ausbilden, von denen Jede Endflache       vorbestimmten Richtung
verbunden sind. gegeniberliegende Abschnitte hat, die um einen ersten
gleichen Abstand in der vorbestimmten   12. Betatiger der Bauart mit
starker magnetischer Richtung getrennt sind,
Schubkraft nach Anspruch 1, wobei wobei die zwei identlschen primaren
magneti-  f5  das primire magnetische Element folgendes schen Elemente
durch eine Verbindungseinrich-     aufweist tung mit vorbestimmten
Abstandaintervallen da-    elnen Kern mit zwei Plattenelementen-Gruppen,
zwischen in dervorbestimmten Richtung verbun-     von denen Jede durch elne
Verbindungseinrich- den sind;                                         tung
in derselben Ebene verbunden ist, so daf3 einen Permanentmagneten mit einer
U-Form,  20     die Gruppen vorbestimmte Abstandsintervalle der zwischen
den U-1frmigen Platten eingefugt     aufwebsen, wobei jedes Plattenelement
einer ist, so daM jeder der benachbarten Permanent-
Plattenelementen-Gruppe um einen ersten glel- magneten eine
entgegengesetzte Polaritat hat;     chen Abstand In dervorbestimmten
Richtung ge- und                                               trennt ist,
wobel jede Plattenelementen-Gruppe einen isolierten Draht, der um den Kern
gewickelt  25  elne Vieizahl von Vorsprfingen in elner Richtung Iat, um
Magnetpole auszubilden, wobei             transversal zu der vorbestimmten
Richtung hat, das sekunddre magnetische Element foigendes       wobel die
Voreprflnge gegenflberliegende Ab- aufweist:
schnitte in der vorbestimmtbn Richtung haben, einreihlge gegeniberliegende
Abschnitte, die      weshalb jeder gegeniberliegende Abschnltt der den
gagenflberliegenden Abschnitten gegen-  30    Plattenelementen-Gruppen
Jedem anderen go- ulberliegen, die mit den zwei Vorsprflngen ausge-
genflberliegt; wobei blidet sind, wobel die einrelhigen gegenflberlie-  das
sekundire magnetische Element foigendes genden Abschnitte mit einem zweiten
gleichen      aufwelst Abstand in dervorbestimmten Richtung angeord-
zweiseitige gegenflberliegende Abschnitte, von net aind.
35      denen Jeder jedem gegenuberlegenden Ab- schnitt gogenrlberlogt, der
mit jeder Plattenele- 9. Betatiger der Bauart mit starker magnetischer
menten-Gruppe ausgebildet et, so dm1 die zwei- Schubkraft nach Anspruch 8,
wobel der isolierte   seitigen gegenflberilegenden Abschnitte In die Draht
um olnen lateralen Abschnitt des Kerns ge-  vorbestimmten
Abstandsintervalle zwischen je- wickelt lst, um zwei Magnetpole
auszubilden.  40  weiligen Plattenelementbn-Gruppen eingefigt sind. 10.
Betitiger der Bauart mit starker magnetischer Schubkraft nach Anspruch 1,
wobei              13. Betitiger der Bauart mit starker magnetischer das
primire magnetische Element folgendes         Schubkraft nach Anspruch 1,
wobel das sekun- aufwelst:                                 45      dire
magnetische Element elne rechtwinklige aenen Kern mit einer Vielzahl von
U-formigen      Rahmenform hat, so dall das primire magneti- Platten, die
um elnen ersten gleichen Abstand in  sche Element in das sekundare
magnetische Ele- der vorbestimmten Richtung getrennt sind, wo-     ment
elngeftlgt let, wobei das primire magneti- bei die Plattenelemente
parallele gegenoberite-   sche Element in Antwort auf den Wechselstrom,
gendeAbschnitte haben, die einanderRiicken an   so  der durch den
isolierten Draht fiiolet, In dem se- Riicken gogeniberliegen; und
kundaren magnetischen Element hin und her be- einen isolierten Draht, der
um die gesamten Plat-  wegt wird. tenelemente parallel zu dervorbestimmten
Rich- tung gewickelt lat, wobei                      14. Betitiger der
Bauart mit starker magnetischer- das sekundare magnetische Element
foigendes  S5   Schubkraft, das folgendes aufweist: aufweist
ein primares magnetiaches Element (22), das parailele gegenfiberliegende
Abschnitte, die den  von elner Trageeinrichtung fMr eine Bewegung
gegen~iberliegenden Abschnitten gegenfiberlie-    entlang einer
vorbestimmten Richtung getragen 15 *                         1'1111111
~~~~~~~~~~~111111 111l11111 111 1111.  
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primlre magnetische Element      zu dem sekundiren magnetischen Element zu
durch seine Magnetpole in eaner zu der vorbe-    erzeugen. stimmten
Rlchtung transversalen Richtung ein Magnetfeld erzeugt; und
15. Betatiger der Bauart mit starker magnetischer ein sekundires
magnetisches Element (21) mit  5  Schubkraft nach Anspruch 14, wobel einer
Vielzahl von gegenfiberliegenden Ab-       das primire magnetische Element
folgendes schnitten, die dem primiren magnetischen Ele-    aufwelst ment
gegenriberliegen, wobei die gegenaberlie-   elnen Kern mit drei
Vorsprlingen in einer Rich- genden Abschnitte mit elnem glelchen Abstand In
tung transversal zu der vorbestimmten Richtung, der vorbestimmten Richtung
angeordnet sind,  1O  wobal die VorsprOnge gegenfberliegende Ab- wodurch
das primare magnetische Element rela-    schnitte haben, die mit einem
ersten gleichen Ab- tiv zu dam sekundaren magnetischen Element       stand
in dervorbestimmten Rlchtung angeordnet bewegt wird, wenn ain Magnetfeld
auf die gegen-  sind, und sin zweiter Vorsprung der drel Vor- Oberliegenden
Abschnitte wirkt, die mit dam se-  sprfnge um 113 des ersten glelchen
Abstands in kundaren magnetischen Element ausgebildet  i5    bezug auf
oinen ersten Vorsprung verschoben sind,
ist, und ein dritter Vorsprung derdrei Vorspringe wobei der Betlitiger der
Bauart mit starker ma-  um 113 des erstenvorbestimmten Abstands in be-
gnatischer Schubkraft dadurch gekennzeichnet     zug auf den zweiten
Vorsprung in der vorbe- 1st, daS das primire magnetische Element (22)
atimmten Richtung verschoben Ist. weiterhin aufwelst:
20 elnen Kern (70, 80) mit gegenilberllegenden Ab-  16. Betatiger der
Bauart mit starker magnetischer schnitten (7OAa, 7OAd, 801a, 80Bd), die mit
ei-  Schubkraft nach Anspruch 14, wobei nem ersten gleichen Abstand in der
vorbestimm-   das primare magnetiache Element folgendes ten Richtung
angeordnet sind und sich In einer   aufwebst Richtung transversal zu
dervorbestimmten Rich-  25  eanen Kern mit zwel Vorspriingen in einer Rich-
tung erstracken; und einen isolierten Draht (71,  tung transversal zu
dervorbestimmten Richtung, 81), der um den Kern gewickelt ist, um Magnet-
wobel die Vorsprflnge gegenfberilegende Ab- pole auszubilden, und wobei
schnitte haben, die miteinern ersten gleichen Ab- das sekundare magnetische
Element (21) weiter-   stand in dervorbestimmten Richtung angeordnet hin
aufweist:                            30      sind, und ean zweiter
Vorsprung der zwei Vor- gegenrlberliegende Abschnitte (72a), die den ge-
sprOnge um 1/2 des erstbn gleichen Abstands in genfberliegenden Abschnitten
gegenflberlie-      bezug auf eonen ersten Vorsprung der zwei Vor- gen, die
mit dem Kern ausgebildetaind, wobei die  sprOnge in dervorbestimmten
Richtung verscho- gegenOberliegenden Abschnitte (72a) um einen     ben ist.
zwelten gleichen Abstand in der vorbestimnten   35 Richtung getrennt sind;
und                   17. Betitiger der Bauart mit starker magnetischer
eine Vlelzahl von Permanentmagneten (72b), die    Schubkraft nach Anspruch
14, wobei das primire zwischen Seltbnflichen der gegenfiberliegen-
magnetische Element folgendes aufwebst den Abschnitte (72a) in einer
rechtwinldigen     einen ringformigen Kern mit gegenflberliegen- Richtung
in bezug auf sine gegenfberliegende   4o  den Abschnitten, die in eaner
ersten gleichen Bo- Oberfliche der gegenuberlaegenden Abschnitte
genlinge In elner Drehrlchtung angeordnet sind eingefligt ist, so daB
benachbarte Permanentma-  und sich in elner radialen Richtung erstrecken;
gnete ane entgegengesetzte Polaritit haben,      enen isollerten Draht, der
entlang des ringfOrmi- und wobei der erstb gleich Abstand der gegen-    gen
Kerns gewickelt ist, um Magnetpole auszu- Oberilegenden Abschnitte, die mit
dam prlmiren  45  bilden, wobel magnetischen Element ausgebildet sind, etwa
das sekundire magnetische Element folgendes zweimal so groM ist wle der
zwelte glelche Ab-   aufweist stand der gegenuberliegenden Abschnitte, die
die gegenflberliegenden Abschnitte, die den ge- mit dem sekundfiren
magnetischen Element aus-    genfiberilegenden Abschnitten gegenifberhie-
gebildet sind,                           50      gen, die mit dam
ringformigen Kern ausgebildet wobei dann, wenn der isolierte Draht
stromfih-   sind, wobei die gegenuberliegenden Abschnitte rend ist, die
gegenulberliegenden Abschnitte des  um aine zwelte gleiche Bogenlinge in
der Dreh- primiren magnstischen Elements, die in Rich-     richtung
getrennt sind; und tung zu den gegenflberflegenden Abschnitten     eanen
Permanentmagneten, der zwischen Sei- angeordnet sind, die mit dam
sekundaren ma-  55  tenflichen der gegenOberliegenden Abschnitte gnetischen
Element ausgebildet sind, dazu bei-   in der rechtwinkdigen Rlchtung
zuelner gegen- tragen, eanen magnetischen Schub zum Bewe-
Oberliegenden Oberflache der gegenlberilegen- gen des priniaren
magnetischen Elements relativ  den Abschnitte eingeffigt ist, so damjsder
der be- 16  



31                  EPO35218BBI                    32 nachbarten
Permanentmagnete sine entgegen-              et dans lquel ledit element
magnetique gesetzte Polaritat hat, wodurch die ersat gleiche  secondaire
comprend en outre: Bogenlange der gegenflberilegenden Abschnit-
des parties de face (21a, 21c) faisant face te, die mit dem ringformigen
Kern ausgebildet      aux parties de face formees avec lelement ma- sind,
etwazweimal sogrogwie diezweitegleiche   5   gnitique primaire, lesdites
parties de face 6tant Bogenlange der gogenfberliegenden Abschnitte
disposees A un second pas igal dane la direction ist, die mit dem
sekundaren magnetischen Ele-      predeterminee, ledit second pas egal des
parties ment ausgebildet sind.                             de face formies
avec I'l lment magnitique se- condaire etant approximativement egal au dou-
18. Betatiger der Bauart mit starker magnetiacher  10  ble du premier pas
igal des parties de face for- Schubkraft nach Anspruch 17, wobel j6der ge-
mess avec l'6elment magnitique primaire, geniberhiegende Abschnitt der zwel
Identischen          lesdites parties de face de Il elment ma- ringf8rmigen
Kerne jedem Seite an Selte gegen-     gnitique primaire qui sont disposees
vers les Oberliegenden Abschnitt des sekundaren ma-         parties de face
formees avec l'ldment magneti- gnetischen Elements gegenfberiiegt, und elne
15  quo secondalre contribuant ainsi A produire une Achse des sekundaren
magnetlachen Elements         poussee magnetique, quand Ie fil isole est
excite, drehbar an einer Wells montlert 1t.                pour deplacer
l'element magnitique primaire par rapport A lelement magnetique secondaire.
Rewvndlcatlons                                20  2. Actionneur du type A
forte poussee magnetique selon la revendlcation 1, dane lequel I'aimant
per- 1. Actionneur du type A forte pousses magnetique      manent est
insere entre lesdites surfaces des qui comprend:
elements en plaque, ob une zone de l'aimant per- un element magnetique
primaire (22) sup-     manent occupe partiellement une surface per- porte
par un moyen de support ae deplacant le  25  pendiculaire proche des
parties de face. Iong d'une direction predeterminee, Ielement magnetique
primalre generant un champ magne-   3. Actionneur du type A forte poussee
magnetique tique dans une direction traneversale par rapport  selon la
revendication 2, dans lequel les parties A la direction prideterminbe par
ses poles ma-     non occupbes des surfaces perpendiculaires en- gnetiques;
et,                            30      tre les elbments en plaque sont
insbrees par un un blement magnetique secondaire (21)        materiau non
magnetique. comportant une plurallti de parties de face fal- sant face A
l'ielment magnetique primaire, dana  4. Actionneur du type A forte poussie
magnitique lequel les parties de face sont disposees a pas    selon la
revendication 1, dana lequel egal dane la direction predeterminie, en
dipla-  35     I'iNbment magnitique primaire comprend: gant ainailel'ement
magnetique primaire par rap-        un noyau comportant une pluralitb
d'6l6- port A l6Nementmagnetique secondaire quand un      ments en plaque
separis parun premier pas egal champ magnetique agit sur les parties de
face      dans la direction prediterminee, ob les elements formees avec
liiiment magnitique secondaire,      en plaque comportent trois parties
saillantes ledit actionneur du type A forte poussee   40  dans une
direction transversale par rapport A la magnitique etant caracterisb en ce
quo ledit elb-  direction prdetermrinee, les parties saillantes ment
magnbtique primaire comprend en outre:        comportant des parties de
face dans la direction des noyaux (24a, 24h) comportant une
prideterminee; et, pluralitb d6i1iments en plaque separis par des
un fil isolb enroule autour des parties sail- premiers pas igaux dans la
direction prbdetermi-  45  lantes respectives pour former trois pbles ma-
nee, dans lesquels lesdits ilbments en plaque      gnetiques, comportent
des parties de face s9'tendant dane          dans lequel 1'61ement
magnetique secon- une direction transversale par rapport a la direc-  daire
comprend: tion prideterminee;                                     des
parties de face de trois rangies fai- une pluraliti d'aimantb permanents
(25a,  50  sant face aux parties de face formees avec lea 25g) Insiris
entre des surfaces latirales des iii-  trois parties salilantes, les
parties de face de ments en piaque dana une direction perpendlcu-    trois
rangies itant disposies A un second pas lairs aux parties de face de telle
sorts que les ai-  6gal dans la direction priditerminie,, ob chaque mants
permanents voisins sont de polariti oppo-    partie de face de la deuxieme
rangie est decalbe sme; et,                                  ss       de
1/3 du second pas igal par rapport A chaque un fil isoli (30, 32) enrouli
autour des     partle de face d'une premiere rangee, et chaque noyaux (24a,
24h) de maniere A former des p~les    partle de face de la trolsieme rangie
est dicalie magnitiques,                                       de 1/3 du
second pas igal par rapport A chaque 17 1      L111  1111 1|1  11111  
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deuxieme rang6e dane la di-  8. Actionneur du type A forte pouss6e
magn6tique rection pred6terminee.                           selon la
revendication 1, dans lequel l'6l6ment magn6tique primaire comprend: 5.
Actionneur du type A forte pouss6e magn6tique          un noyau comprenant
une pluralite de pla- selon la revendlcation 1, dans loquol     6      ques
en U qui sont lamin6ees pour former deux I'element magn6tique primalre
comprend:     parties saillantos dont chaque face d'extr6mit6 un noyau
comportant une pluralit6 d'e6l-    comporte des parties de face separees
par un mentse on plaque separ6s par un premier pase 6gal  premier pas egal
dans la direction pr6d~termi- dans la direction pred6termin6e, ob) les
6e6ments  nee, et les deux el6ments magn6tiques primaires en plaque
comportent trols parties saillantes  *o  identiques sont connectes par un
moyen de dana une direction transversale par rapport a la  connexion avec
des intervalles d'espacement direction pred6termin6e, les parties
saillantes  prddetermines entre eux dans la direction pred6- comportant des
parties de face dans la direction  tormin6e; pr6d6termin6e; et,
un aimant permanent ayant une forme en un fil isole enroul6 autourde la
partle sail-  15  U insere entre les plaques en forme de U de telle lante
centrale pour former des poles magnetl-    sorte quo chacun des almants
permanents voi- ques,                                            sins est
de polarit, oppose e; et, dans loquel l'6l6ment magnetique secon-
un fil isol6 enroul6 autour du noyau pour daire comprend:
former des poles magn6tiques, des parties de face de trois rang6es fai-  20
dans loquel l'6l6ment magn6tique secon- sant face aux parties de face
form6es avec les   daire comprend: trois parties saillantes, les parties de
face de       des parties de face d'une seuls rang6e fal- trots rang6es
respectives etant dispos6es au se-  sant face aux parties de face formees
avec les cond pas egal dana la direction predeterminee,   deux parties
saillantes, los parties de face d'une obi chaque partie de face de la
rang6e centrale  25  saule rang6e etant disposees A un second pas est
d6cal6e de 1/2 du second pas egal par rap-   egal dans la direction
pr6d6termin6e. port a chaque partie de face des deux rangees dana la
direction preddtermin6e.              9. Actionneur du type a forte poussee
magn6tlque selon la revendication 8, dana lequel Is f i isole 6. Actionneur
du type A forte poussee magnbtique  3N  est enroul6 autour d'une partie
latrerle du noyau solon la revendication 5, dana lequel deux 616-   pour
former deux poles magnetiques. ments magn6tiques primalres identiques sont
connectes par un moyen de connexion A une dis-  10. Actionneur du type a
forte pouss6e magnetique tance pred6termin6e entre eux dans la direction
selon la revendication 1, dane lequel l'el6ment pr6d6termin6e.
35      magn6tique primaire comprend: un noyau comportant une pluraiit6
d'6e6- 7. Actionneur du type A forte poussee magn6tique     ments en plaque
s6parea par un premier pas 6gal KJ     selon la revendication 1, dans
lequel l'el6ment   dans la direction pr6d6termin6e, obD les 61ements
magnetique primaire comprend:                    en plaque ont des parties
de face paralleles, qui un noyau comportent une pluralite d'616-  4o  so
font face les unes avec lee autres dos A dos; ments en plaque s6par6s par
un premier pas 6gal  et, dans la direction pr6d6termin6e, ob) les 6l6ments
un fil isole enrould autour de tous les 61e- en plaque comportent deux
parties saillantes     ments en plaque parallbles A la direction prhdh-
dans une direction transversale par rapport A Ia  terminee, direction
pr6d6termin6e, les parties sallantes  45    dans lequel l'6l6ment
magnetique secon- comportant des parties de face dans ia direction  daire
comprend: pr~ddtermin6e,                                         des
parties de face paralhlels, qui fontrface dans lequel l'6l6ment magn6tique
secon-     aux parties deface form6es avec les 6l6ments en daire comprend:
plaque et dont chacune est d6cal6e de 112 du seo- des parties de face de
deux rangees fai-  6o  cond pas 6gal par rapport A une autre. sant face aux
parties de face formmes avec les deux parties saillantes, les parties de
face de  11. Actionneur du type A forte poussee magnetique deux rang6es
respectives etant disposees A un    selon la revendication 10, dans lequel
lea deux second pas egal dans la direction pr6detbrmin6e,  6l6ments
magn6tiques primaires Identiques sont ob chaque partie de face d'une
seconde rang6e  6S  connectes par un moyen de connexion avec des esat
d6cal6e de 1/2 du second pas 6gal par rap-  intervalles d'espacement
pr6d6termin6s entre port A chaque partie de face de la premiAre ran-  eux
dane la direction preddtermin6e. gee. 1 8                  _ _ _ _ _ _ _ _
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 1 1111111 111111 11111 11111 11 1111 
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12. Actionneur du type a forte pouss6e magnetique    magn6tique etant
caracterie6 en ce que ledit 616- selon la revendication 1, dans lequel
1'616ment  ment magndtique primaire (22) comprend en ou- magn6tique
primaire comprend:                    tre: un noyau comprenant deux groupes
d'e6l-          un noyau (70, 80) comportant des parties ments en plaque
dont chacun eat connect6 par   c  de face (70Aa, 7OAd, 80Ba, 80Bd)
dispos6es a un moyen de connexion dans le meme plan de       un premier pas
egal dans la direction pr6dtebrmi- telle sorts quo lea groupes sont A
intervallees d'es-  n6e et s'6tendant dans une direction transversale
pacement pred6termines, chaque el6ment en        par rapport a la direction
pr6d6termin6e ; et, plaque d'un group. d'6e6ments en plaque etant
un fil isole (71, 81) enroul6 autour du s6pare par un premier pas 6gal dans
la direction  io  noyau de manibre A former des poles magn6ti-
pr6d6terminie, chaque groupe d'6l6ments en       ques, plaque comportant
une plurallte de parties sall-       dans lequel ledit element magnetique
so- lantes dans une direction transversal. par rap-  condalre (21) comprend
en outre: port a la direction pr6d6terminds, lee parties sail-   des
parties de face (72a) faisant face aux lantes comportant des parties de
face dans la di-  15  parties de face formees avec le noyau, lesdites
rection pr6d6termin6e, chaque partie deface des  parties de face (72a)
etant s6par6es par un so- groupes d'6l6ments en plaque faisant ainsl face
cond pas egal dans la direction pr6dtebrmin6e; A un autre,
et, dans lequel l'6l6ment magnetique secon-          une pluralit6
d'almants permanents (72b) daire comprend:                          20
lns6res entre des surfaces laterales des parties des parties de face des
deux cotes dont     de face (72a) dans une direction perpendiculaire
chacune fait face & chaque partie de face formme  par rapport A une surface
de face des parties de avec chaque group. d'6l6ments en plaque, de
face, do tells sorts quo les almants permanents telle sorts que lee parties
de face des deux cotes  voisins sont de polarit6 oppos6e, sont inserees
dans les intervalles d'espacement  25    et dans loquel ledit premier pas
6gal des pred6termin6s entre lea groupes d'6l6ments en    parties de face
form6es avec I'element magn6ti- plaque respectife.
quo primalre estapproximativementegal au dou- ble du second pas egal des
parties de face for- 13. Actionneur du type A forte pouss6e magnetique
m6es avec l'eldment magnetlque secondaire, solon la revendication 1, dans
lequel ledit 616-  30  lesdites parties de face de l'el6ment ma- ment
magn6tique secondaire a une forms de ca-    gn6tique primaire qui sont
dispos6ss vers lea dre rectangulaire de tolle sortb quo ledit el6ment
parties de face form6es avec l'6l6ment magneti- magnetique primaire est
ins6re dans ledit 616-   quo secondaire contribuant ainsi A produire une
ment magn6tique secondaire, en r6agissant alnsl  pouss6e magn6tique, quand
le fil isol6 estexcite, au courant A variation alternative passant dans le
35  pour d6placer l'6lement magn6tique primaire par fil bsol6, ledit
6l6ment magnetique primaire est  rapport A l'6lement magn6tique secondaire.
d6place A I'interieur dudit 6lement magn6tique >      asecondaire solon une
maniere de reciprocit6.  15. Actionneur du type A forte pouss6e magn6tique
selon Ia revendication 14, 14. Actionneur du type a forte pouss6e
magn6tique  40     dans lequel l'6l6ment magnetique primai- qui comprend:
re comprend: un el6ment magn6tique primalre (22) sup-         un noyau
comportant trois parties saillan- porte par un moyen de support pour un
d6place-   tes dens une direction transversale par rapport A ment le long
d'une direction prndtermin6e, I'616-  Ia direction preddterminee, ou lesa
parties saillan- ment magn6tique primalre g6nbrant un champ   45  tes
comportent des parties de face dispos6es A magnetfque dans une direction
transversale par   un premier pas egal dans la direction pr6d6terml-
rapport a la direction predeterminee par ses po-  n6e, et une deuxibme
partie saillante des trois les magnetiques; et,
parties saillantes est d6cal6e de 1/3 du premier un el6ment magn6tique
secondalre (21)       pas egal par rapport A une premiere partie sail-
comportant une pluralit6 de parties de face fai-  5o  lants, et une
troisieme partle saillante des trois santface A l'6l6ment magn6tique
primaire, oO lee  parties saillantes est decal6e de 1/3 du premier parties
de face sont dispos6ees A un pas 6gal dans  pas 6gal par rapport A la
deuxibrne partle saillan- la direction pred6terminee, en d6plarant ainsi
to dens la direction prhd6terminie. 1'6l6ment magnitique primalre par
rapport A l'616- ment magnetique secondaire quand un champ   55  16.
Actionneur du type A forte poussee magn6tique magn6tique agit sur les
parties de face form6es  salon la revendication 14, dans lequel l'6l6ment
avec l'element magn6tique secondaire,            magn6tique primaire
comprend: ledit actionneur du type A forte pouss6e         un noyau
comportant deux parties saillan- 
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38 tes dans une direction transversale par rapport A la direction
pred6termin6e, ob lea parties saillan- tes comportent des parties de face
disposdes A un premier pas egal dans la direction predeterml- nhe, et une
seconds partie saillante des deux   5 parties saillantes eat decalee de 1/2
du premier pas egal par rapport A une premiere partie sail- lante des deux
parties saillantes dans la direction pr~determinee. fo 17. Actionneur du
type a forte poussee magnetique solon la revendication 14, dans lequel
I'element magnhtique primalre comprend: un noyau annulaire comportant des
par- ties de face dispos6es A une premlbre longueur  i1 d'arc egale dans un
sons de rotation et etendu dans une direction radiale; un fil isMM enroule
le long du noyau annu- i       laire pour former des poles magnetiques,
dans lequel l'el6ment magnetique secon-  20 daire comprend: lea parties de
face falsant face aux parties de face formees avec le noyau annulaire, [es
par- ties de face etant separees par une seconds Ion- gueur d'arc egale
dans to sens de la rotation ; et,  25 un aimant permanent insere entre des
surfaces laterales des parties de face dans la di- rection perpendiculaire
A une surface de face des parties de face, de telle sorts quo chacun des
ai- mants permanents voisins eat de polarite oppo-  3o sae, la premibre
longueurd'arc egale des parties de face formees avec le noyau annulaire
etant sinsi egale A environ le double de la seconds Ion- gueur d'arc egale
des parties de face form6es avec l'element magnetique secondaire.     35
18. Actionneur du type A forts poussee magnetique J>      solon la
revendication 17, dans lequel chaque partie de face de deux noyaux
annulaires identi- ques fait face A chaque partle de face cOte-a-oots  40
de 1`6tement magnetique secondaire, et un axe de l'element magnetique
secondaire eat monte pour tourner sur un arbre. 45 50 65 20 *   C L  l    S
i    


