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ficult to disassemble and rework the motor in an economically efficient
fashion. This invention relates generally to stepper mo-   Thus, the market
demands greater speed; in- tors, and more particularly to a stepper motor
de-  creased accuracy in positioning the transducer signed for use in a
disc drive.               5   over the target track; and lower power
consumption Stepper motors designed to rotate through a    in the stepper
motor. This can best be achieved by predetermined angle upon application of
a pulse of  optimizing the rotor/stator tooth geometry and di- current are
well known. Such stepping motors are  mensioning with improved tolerance
compliance. It useful in fields where positive, accurate, discrete  can
also be achieved by increasing th magnetic movements reliably responsive to
high frequency  10  force between the rotor and stator. The problem pulses
are desired. Applications involving frequent  presented is to achieve this
not by increasing the repositioning of a mechanical member to succes-
coil current, but by decreasing the gap between sively different positions
are ideally adapted for the  the rotor and the stator. The solution to this
prob- use of a stepper motor. Thus, stepper motors are  lem lies in
improved control of rotor and stator commonly used in disc drives to
position the head   15  fabrication, and the provision of better means for
carrying actuator relative to the information storage  maintaining
parallelism between the rotor and sta- disc. Pulsed instructions are
converted directly to  tor in the stepper motor, while reducing cost.
accurate mechanical motions by the stepping mo-       Japanese reference
JP-61-236340 is directed tor.
to a structure for a conventional motor that reduces Typical stepping motor
construction involves a   20  magnetic flux leakage from the motor
interior, to plurality of rotor poles, a number of stator poles,  promote
bearing holding force. The stator and and a number of coils for generating
a magnetic   frame are "integrally molded" with a synthetic resin field.
The magnetic field produces forces that tend  23. Unfortunately this
"integrally molded" stator- to bring the rotor poles into alignment with
the  frame construction does not permit easily accom- particular stator
poles which form the lowest reluc-  25  plished reworking of the motor,
since the wound tance configuration. The phases are pulsed se-    stator is
permanently molded into the frame. quentially to bring each rotor-stator
combination     Japanese reference JP-62-44060 discloses a from
non-alignment into an aligned configuration,  specific motor housing that
includes irregular non- thereby rotating the shaft to which the rotors'
poles  planar surfaces on the housing part, and includes are commonly
joined.                          so  conventional bearing mountings that
provide a The construction of stepper motors has here-   questionable
degree of mounting tolerance. More tofore been complicated and expensive.
The provi-  specifically, bearings are supported in both a front sion of a
large number of poles introduces prob-  section of the housing and a rear
portion of the lems to conventional construction methods. Often  housing.
It is this type of two-bell housing construc- the poles are formed as teeth
on a gear, requiring   35  tion that the present single-housing member
inven- expensive machining. A large number of tedious    tion avoids. steps
customarily are necessary to assemble the      It is an objective of this
invention to provide a pole pieces and connect them with the support
stepper motor design that can be reliably assem- structure, the shaft, and
the like. The stack of    bled with high quality and in large quantities,
and laminations used to form the stator must be pre-  40  to provide a
stepper motor capable of reliable, cisely aligned in a narrow tolerance
relationship  precise high frequency step operation. with the rotor, with
the stator pieces being captured  Another objective is imposed by the need
in between two end bells which are used to hold the  disc drive design to
reduce the space occupied by components together. Achieving the required
par-  the disc drive. Therefore, an objective herein is to allelism of the
stack of laminations, the rotor and   45  provide a high frequency stepper
motor that can be the concentricity of front and rear end bells is very
incorporated in a very small physical package. difficult under these
precise tolerance conditions.   A related objective herein is imposed by
the Accurate alignment is frequently compromised by   constant requirement
in the disc drive industry and irregularities in the stack of laminations,
and by  especially the mass production disc drive industry differences in
tension when tightening the screws   50  to provide a highly reliable
product at the lowest which hold the end bells together. Since the two
possible cost. Therefore, it is a specific objective to end bells each hold
a shaft support bearing, any  provide a stepper motor that can be reliably
as- misalignment can skew the rotor relative to the   sembled at a
relatively low cost. A related objective stack. Also, the end bells are
separately machined  herein is to provide a stepper motor design incor- and
may have tolerance differences, resulting in a   55  porating construction
features such that in the lack of concentricity in the assembled motor.
event of a necessity for reworking of the motor, Further, in the event some
defect occurs in the  such reworking can be easily done. assembly of a
stepping motor, it is extremely dif- 2   



3                 EP 0 315 419 B1                     4 A further objective
herein is to provide a high  an inner wall of the housing adjacent the
front frequency stepper motor in which the alignment of   bearing, the
other end of the stack being held in the rotor and the stator can be
consistently, reliably  place by a bearing holder interposed between the
achieved even with the imposition of very precise  rear bearing and the
edge of the stator, the holding tolerances.
5   forces being precisely defined to accurately align A further and
related objective herein is to    the stator with the rotor of the stepper
motor. A provide a stepper motor for use in a disc drive     precise
definition of this aspect of the invention is which lends itself to a fully
sealed design, to elimi-  given in claim 13. In a preferred embodiment of
nate contamination in the head-disc assembly       this alternative, this
bearing holder includes an an- (HDA).
10  nular groove filled with a silicon rubber or similar This invention
provides an encapsulated step-   semi-compliant material to allow for
thermal dif- per motor comprising: a single housing bell for     ferential
expansion of the surface of the bearing supporting the elements of said
motor, said hous-  against the surface of the bearing holder as well as ing
comprising a single end wall and a cylindrical  to damp out vibrations
between the bearing and the side wall, a support shaft mounted for rotation
In  15  stator. said housing end wall, a rotor of said motor being     The
alignment of the rear bearing in the en- mounted for rotation with said
shaft in said housing  velope of the single bell housing is preferably de-
bell, a stator mounted in said housing and having a  fined using a screw
that is threaded into the inside plurality of coils wound thereon,
selective activation  of the shaft adjacent the rear bearing holder, or a
of said coils causing step-by-step rotation of said  20  ball that is
swaged into an opening in the shaft to rotor, and bearing means mounted
only on one        press the outer surface of the shaft tightly against
side of said rotor between said rotor and said     the inner surface of the
inner race of the bearing. housing end wall to support said rotor for said
The entire assembly, including the rear bear- selective rotation; wherein
the stator is removably  ing, bearing holder and stator support, as well as
mounted in said housing.                       25  the stator is held
together with a star-shaped spring In a preferred embodiment, the stator
lamina-   comprising a plurality of fingers that slide into and tions are
designed with a decagonally interrupted   rotate within slots in the
housing in a bayonet periphery which can be used without changing the
arrangement. These slots allow insertion of the area of the poles, and
allow space for the wires to  star-shaped spring under pressure, and
rotation the poles to be lead out past the lamination stack.    30  under
pressure within the groove to a seated posi- These symmetrically arranged
flats serve a      tion. The same groove then accepts the encap- more
significant function during the fabrication of  sulating plastic cover,
preferably inserted through the stator stack. The final accuracy of the
assem-  the same openings as the bayonet arms of the bled motor is greatly
influenced by the precision   spring, though being rotated in the opposite
direc- with which the stator stack matches the extremely  35  tion.
accurate design. The stator is formed of a plurality   The following is a
description of some specific of individual laminations, each manufactured
with   embodiments of the invention, reference being precision die stamping
equipment from thin sheet    made to the accompanying drawings, in which:
stock. Even the most precisely made manufactur-        FIG 1 is a vertical
sectional view of this inven- ing die set will, however, have variations,
due to  40    tion, the section being along line B-B of FIG 4B; unavoidable
tolerance differences, from  nominal      FIG 2 is an expanded detail view
of the portion ideal design dimensions. The symmetrically ar-        of FIG
1 marked by the arrow B; ranged flat surfaces allow each lamination, as it
FIG 3 is an expanded detail view of the portion exits the stamping die,to
be rotated one tenth of a   of FIG 1 marked by the arrow C; revolution
before it is stacked on the preceding   45  FIGS 4A and 4B are bottom plan
views of the piece, to distribute any dimensional errors radially
encapsulated motor of this invention showing around the stator stack, thus
preventing a flaw in    the relationship of the rotor, shaft and stator of
the fabrication tool from being propagated through-   the assembled motor;
out the height of the stator stack. Further, a pre-   FIG 5 is a vertical,
sectional view of an alter- ferred embodiment comprises a sealing plastic
so     native embodiment of the motor of FIG 1; cover provided with a
special pressure finger to      FIG 6 is a plan view of the spring retainer
used hold the wires running to the stator coils away from  to hold together
the motor of FIGs 1 and 5; the sharp edges of the stack wave spring and
snap     FIG 7 is a bottom plan view of the motor of FIG ring; the cover is
also specifically designed to      5; capture the wires to relieve the
strain on the wires.   55    FIG 8 is a vertical sectional view of a second
In an alternative embodiment, where the bear-      alternative emtodiment;
and ings are located on opposite sides of the rotor, the  FIG 9 is a
vertical sectional view of a third stator is piloted into a precisely
aligned position on  alternative embodiment. 3  



5             EP0315419B1                         6 FIG 1 is a vertical
section of the preferred    misalignment of the rotor shaft are minimized.
In embodiment of an encapsulated stepper motor dis-    contrast, where two
end bells are used, construc- closed and claimed herein. All the components
of    tion of the motor incorporates two different pieces. this stepper
motor are mounted in a single machin-  The assembler of the motor must
control the par- ed housing 10, which could be cast and machined   5
allelism of the stack when it is inserted in the as an integral part of the
base casting of the disc  housing, and the concentricity of the front and
rear drive. The essential elements of the encapsulated   end bells. This is
a difficult task, entailing working motor of this design comprise the shaft
12 carrying  with precision tolerances on a mass production a rotor 14,
rotating past a stator 16 formed as a   level This invention, by
eliminating this problem, laminated stack. An end plan view of the stator
16   10  lends itself to mass production of high reliability is shown in
FIG 4A, where the laminated stack is    stepper motors. shown to have an
outer surface in the shape of an      A further advantage of this design is
that it is a interrupted decagon. That is, the outer surface of  sealed
design-a requirement of disc drive manu- the stack has ten flat sides
18A-18J, so that the  facturers. The seal is accomplished in part by
individual laminations that form the stack may be   15  providing that the
upper bearing 40 of the bearing properly aligned. The flats of this
ten-sided sym-  pair whose top surface is flush with the upper metrical
figure are each opposite a pole 20A-J of   surface of the housing includes
an integral bearing the stator.
seal. The open end of the housing below the rotor Windings 22A, B, C for
each phase are wound     14 and stator 16 and on the opposite side of the
the stator poles 20. As appears clearly in the   20  rotor from the
bearings is covered with a plastic, illustration of FIG 4B, each stator
pole 20A-J has a  snap-on cap 44 that covers the housing 10 below winding
22A-C thereon for selective energization to  the end of the shaft 12. The
advantage of incor- cause rotation of the rotor 24. The end of each
porating the snap-on cap 44 is that if rework of the stator pole has a
plurality of teeth 26 facing the  motor becomes necessary, the cap can be
easily rotor teeth 27, the number of stator teeth 26 and   25  snapped off.
Typically, a slot can be provided in the pitch between the rotor and stator
teeth effec-  the cap 44 which can be engaged by a screw ting the total
rotation of the rotor 24 for each step.  driver to snap the cap off the
housing. An advantage herein is that clearance between the      As shown in
detail in FIG 2, identified by arrow stator teeth 26 and the rotor teeth 27
is minimized  B in FIG 1, the lower portion of the housing 10 because the
rotor/stator tolerances are precise.  30  includes a flange 50 having a
circumferential Returning to FIG 1, one can see that the stator  groove 52.
The circumferential groove 52 receives sections are accurately aligned with
rotor 14 by the  a circumferential protrusion 54 carried on the cap
insertion of a stator section 16 between internal   44, which protrusion 54
is pressure fit or snapped and external cylindrical surfaces 30, 32 of the
into the groove to hold the cap in place. housing 10. In this way, the
alignment between the   35  FIG 3, which is the detail identified by arrow
C stator stack 16 and the rotor 14 is maintained,     in FIG 1, illustrates
a different section through the while encompassing the stator 16 within a
single    cap 44 and housing 10. Specifically, FIG 3 illus- housing
envelope 10, rather than using a pair of    trates incorporation of a
strain relief 56 to reduce [err] bells as Is required by the prior art. It
can also  the strain on the ribbon cable 36. A tongue 56, be seen, as will
be discussed further below, that  40  provided to function as this strain
relief is defined the lead wires 36 to the stator coils 22 are led out  in
the upper end of the cap 44, which pushes the past one of the flat surfaces
18 of the stator so that  cable 36 up into a pocket 58 In the housing 10 in
a the wires are not unduly crimped or stressed.      limited region of the
housing 10 where the flange In the preferred embodiment of the present
50 shown in FIG 2 is not present. By pushing this design shown in FIG 1,
the rotor shaft 12 is sup-  45  tongue 56 against the cable 36, the cable
is de- ported by a pair of bearings 40, 42, both mounted  formed and
captured tightly between the elastic within the housing 10 toward the same
end of the    cap 44 and the housing 10, insuring that no undue rotor shaft
12 and on the opposite side of the rotor  strain can be conveyed from the
wires as they run 14 from the encapsulating cap 44. In FIG 1, both
through the housing back to the coils 22. Just ball bearings 40, 42 are
shown guided into a single  50  inside the strain relief tongue 56, an
extended machined cylindrical opening 46 in the housing 10.  finger 60 is
provided reaching up from the top The bearings are separated by a pair of
Belleville  surface 62 of the cap 44 to contact and press springs 47, 48
arranged to establish a biasing force  against the ribbon cable 36. This
elastic finger 60 against the outer race of each bearing toward the  is
provided so that its distal end 64 contacts the outer ends of the shaft in
order to maintain the   55  ribbon cable 36 in an area adjacent to the wave
alignment of the shaft. By using the single cylin-  washer 66 and snap ring
68 which are used to hold drical opening 46 in the cast housing 10 and
locat-  the stator laminations 16 in place In this way, the ing bearings
40, 42 side by side, the chances of    ribbon cable is biased away from and
kept out of 4 



7                 EP0315419B1                         8 contact with the
wave washer 66 and snap ring 68,   adhesive or by shrink fitting. When the
adhesive is both of which have sharp edges which could cut or   cured or
the temperature differential withdrawn, the damage the cable 36.
Belleville springs 47, 48 will define the permanent It should be noted here
that the cable 36 is    diverging preload force factors of the bearings 40,
routed between the machined inner surface (32 in   5   42. At this point,
the pulley 90 incorporating pins FIG 1) of housing 10, and one of the flat
surfaces  92, 94 used to attach the pulley to a typical band (18A-J in FIG
4) on the outside of the stator 16 in  of an actuator in a disc drive is
press fitted on the opening 69 shown here.                             end
of the shaft. Prior to this step, if the bearing 40 Several other features
and advantages will be-  is a magnetic bearing, the magnetic fluid is in-
come apparent by consideration of the assembly of  70  serted. With the
pressing on of the pulley, a very the invention. For example, a classic
problem in    concentric rotor assembly is achieved. One should the
assembly of a motor of this type is keeping the  note that this assembly
makes use of a rotor shaft stator concentric with the rotor for free and
clear  which does not have any steps, i.e., a single diam- rotation of the
rotor relative to the stator.       eter rotor shaft. Referring again to
FIG 1, the stator 16 is pi-  15  With completion of the rotor assembly, the
loted on a machined cylindrical internal surface 30  stator 16 can now be
inserted in place, piloted into the housing 10, as well as a machined
cylin-   against the cylindrical surface 30 for precise loca- drical
internal surface 32 which defines a portion of  tion relative to the rotor
14, and resting against the the outer upright wall of the housing 10. These
machined surface 96 to maintain the stator lamina- housing surfaces are
machined so that the sur-  20  tion stack 16 perpendicular to the central
bore. A faces, and especially the surface 30, are very con-  plastic bobbin
98 is used to help hold the stator 16 centric with the surface 70 that
defines the position  in place, although the primary closure mechanism of
the bearings 40, 42. In this way, the tolerances  is the wave washer 66 and
the circular retaining at the inside diameter of the stator 16 can be set
to  ring 68 (FIG 4B) that snaps into place in the very closely match the
machine surfaces, so that  25   machined annular channel 100 of housing
flange when the stator 16 is inserted, it centers itself on  50. The wires
36 to the coils are led out through a the piloting surface 30. This is
significant in the  special wiring channel provided by one of the flat
assembly of the motor of this invention, as the     surfaces 18 adjacent to
this portion of the housing design is defined by very small air gaps
between    10 adjacent to the stator stack 16. It should be the stator 16
and the rotor 14. The shaft 12 itself is  30  noted from FIG 1 that the
teeth of the stator ex- centered by the bearings 40, 42 which are, as
tends beyond the area of rotor 14/stator 16 inter- explained above,
precisely located by the cylin-    face to provide piloting on the
cylindrical surface drical surface 70 defining the edge of the common   30.
FIG 4B also helps illustrate the means for bearing bore in the housing 10.
The rounded cor-    holding the stator stack 16 in place in the housing ner
72 at the base of the cylindrical piloting surface   35  10. Typically, the
means of stator attachment is to 30 allows the stator stack 16 to be
pressed into   simply glue it in place. In this embodiment, the position
and rest on the cylindrical surface 30.    stator stack is retained under
tension with the wave A further advantage of this design is that be-
washer 66 held in place using a snap ring 68 which cause of the minimal
tolerances, the bearings 40,   is fitted into a machined annular channel
100 in the 42 can be inserted in place using a 4-surface lock.  40  housing
flange 50. The snap ring 68 includes eye That is, inner surfaces 74, 76 of
the inner races,  holes (one is shown as 102) which can be used to and
outer surfaces 78, 80 of the outer races of the  compress the diameter of
the snap ring to press it bearings 40, 42 are locked to the shaft 12 and
against the wave washer and into the machined housing 10, even though the
bearings 40, 42 and     annular channel 100, while leaving an opening in
housing 10 may be made of dissimilar materials.  45  the snap ring through
which the coil wires 36 can This design can be adopted, leading to further
be passed. manufacturing economies, because the center-to-        FIG 5
shows an alternative embodiment of a center distance of the two bearings
40, 42 is so    stepper motor using a single housing to hold all the small
as opposed to known designs wherein one       elements of the stepper
motor. In the embodiment bearing is located on each end of the motor.   so
of FIG 5, the housing 70 incorporates a structure in In assembling the
motor, the shaft 12, before   which the shaft 12 is supported for rotation
by front its placement in the housing 10, has the rotor tooth  and rear
bearings 104, 106, respectively. These segments 82, 84, separated by spacer
85, placed     bearings 104, 106 straddle the rotor indicated gen- thereon
with the teeth of the rotor segments 82, 84  erally at 14. In such an
arrangement, it is important precisely aligned [err] out of phase. Then the
55  to note that a primary achievement in this invention shaft 12 is placed
in the housing 10 and the       is combining the two ball bearings 104, 106
in the bearings 40, 42, together with the loading Belleville  single
housing 10, although the front and rear bear- springs 47 and 48, are locked
in place either by   ings 104, 106 are located on opposite sides of the 
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contrast to the prior art wherein two  performance of the motor due to
stator misalign- separate end bells were screwed together or other-  ment.
This balanced thermal expansion is also im- wise attached to form the motor
housing which       portant because of the fact that the stator 16 and
supports the stack of stator laminations 16, in this  housing 10 are
effectively piloted on a relatively invention a unique method of supporting
the stator   5   small surface using this rear bearing holder 116. stack 16
is provided within the single housing en-     A further significant feature
of this invention is velope 10. This prevents skewing of the rotor 14   the
provision of an annular channel 124 in rear relative to the stator 16, a
common deficiency of   bearing holder 116 surrounding the rear bearing the
prior art.                                      and filled with a silicon
rubber material. The pur- Of critical importance to present design in  10
pose of providing this annular channel 124 filled achieving alignment of
stator 16 and rotor 14 is the  with a resilient material is to perform two
functions. piloting of the stator stack 16 at its front undercor-  First,
this allows for differential thermal expansion nor on the front inner wall
portion 110 of the      of the outer surface of the rear bearing of the
motor housing 10. The right, or outer front portion 112 of  relative to the
rest of the motor. This is important the stator 16 rests against a machined
circumferen-   15  because in the present design, all elements of the tial
surface 114 of the housing 10. Finally, the rear  motor are effectively
mechanically coupled, where- bearing holder 116 also pilots against the
rear inner  by a differential expansion of this outer surface edge 118 of
the stator 16. In this way, opposing    could result in a modification of
the alignment of forces represented by the arrows 119, 120 are set  the
stator 16 relative to the rotor 14. Further, the [err] on the outer front
and inner rear portions of the   20  provision of this resilient material
constrains the stator stack. These forces 119, 120 combine with    outer
bearing surface such that any vibrations that the piloting effect of the
facing surfaces 109, 110 to  may occur in the rear bearing are damped out
forcibly and positively align the stator stack 16 in  rather than being
transmitted through the bearing the housing 10.
support 116 to the remaining elements and specifi- In an alternative
embodiment, the recessed re-  25  cally the stator of the motor. gion 121
above the front inner corner 109 of the       The entire motor is assembled
using a unique stator stack could be filled in as shown on the left
preload arrangement that relies in part on a snap of FIG 5, forming
machined circumferential surface  ring 126 inserted in an annular channel
128 in the 115 which will support the stator 16 at its front  front portion
of the shaft 12 at the front of the inner corner 109. As a consequence, the
machined   30  housing. This snap ring 126 is used to restrain the
circumferential surface 114 could be eliminated as  position of a sleeve
130 which in turn is pressed also shown at the left side of FIG 5 at 117,
as the  against the inner race 132 of front ball bearing 104. force
indicated by arrow 120 necessary to balance   This ball bearing 104 is
supported and locked in the force indicated at arrow 119 could now be
place between the shaft 12 and an inner surface balanced by a new force
which is created at the   35  136 of the housing 10. This snap ring 126 and
filled-in shoulder as indicated by the arrow 122.   sleeve 130 arrangement
is combined with a dead Another significant element of this embodiment
weight mechanism to achieve desired preload in is the rear ball bearing
holder 116, and manner in  this system. This preload is achieved by
position- which it supports the stator 16 in place and is in  ing the inner
race 138 of lower bearing 106 using a turn cooperatively supported with the
rear bearing   40  sleeve or washer 140 which presses against the 106 which
is supporting the shaft 12. As a prelimi-  lower surface of the inner race
138 of that bearing nary matter, it is important in this and the following
106. The appropriate tension to define the preload embodiments that the
rear bearing support 116 be   is achieved by providing a pair of Belleville
springs of a non-magnetic material. This is important be-   141, 142 at the
upper surface of the rear bearing cause it is located close to both the
stator 16 and   45  106, the ends of the upper Belleville springs 142 in
the rotor 14. If the rear bearing support 116 were of  turn pressing
against the bearing support 116, magnetic material, it could have a
negative effect  whereby  a mechanical coupling  is achieved on the
magnetic fields created during operation of  through the piloted stator 116
and housing 10. The the motor, and thereby negatively influence the
preload is locked in place with a screw 144 which positioning of motor. The
same is true of the hous-  50  is threaded and seated in a bore 146
internal to the ing 10 which supports the motor structure. It is also
shaft 12. Positioning of the screw 144 by threading important to select the
material of the housing 10  it in an appropriate selected depth forms a DB
and rear bearing support 116 to have a thermal      configuration of a type
known in this technology coefficient of expansion as close as possible to
that  which effectively defines diverging forces from the of the material
of the stator 16. In this way, the disc  55  rotor toward the ends of the
shaft to provide a drive and motor can be operated over the full
highly stable drive shaft for the stepper motor. In defined temperature
range for which a disc drive   this configuration, the outer races 147, 148
of the 



must be useful, without negative effects on the    rear and front bearings
104, 106 are effectively 6    11                EP 0 315 419 B1
12 forced away from each other and biased toward     rework can generate
undesirable particulate con- points on the shaft axis beyond the ends of
the   tamination. Their elimination is clearly highly desir- shaft,
providing an extended effective area of the  able. The cover 170 appears in
sectional form in biasing force to stabilize the shaft 12 as defined  FIG 5
and can be seen inserted and closed in the above. Of course, the Belleville
springs 141, 142   5   housing in FIG 7. The edges of the cover are can be
replaced by other known resilient means    defined by the line indicated at
171. This cover such as wave washers the like that can provide the
completely covers and seals the housing against proper force distribution
between two facing as   the entry of dirt. The cover also includes four
required. this extended effective region is achieved  fingers 172A-D which
are inserted through the by providing a contact point of the inner races
10  same notches 158A-D as the fingers 156A-D. After against the shaft,
while the contact point of the  insertion, they may be rotated, preferably
in the bearing support and spring is against the outer   same direction as
the bayonet fingers 156A-D of races. The lines of force indicating contact
of the  the starshaped spring 150 are rotated. Thus, the bearing balls with
inner and outer races appear to  cover is seated behind the star spring 150
in the extend from a point adjacent the outside of rotor 14   15  housing
annular channel 160, and prevents the which is near the center of the shaft
extending   spring 150 from moving due to vibration or the like inward
toward the outer ends of the shaft 12, as  back toward the entry notches
158A-D. indicated by arrows 144.                             It should also
be noted that it is important that As a means of holding this motor
together      the sleeve 130 which is used to position the front under
appropriate tension and minimizing the pos-  20  bearing 104 be
hermetically sealed against the sibility of movement of the parts while
allowing for  shaft 12, and that the magnetic seal 180 be sealed ease of
assembly and access to the interior of the  at its outer edge against the
housing 10 to maintain motor, a star-shaped spring 150 is provided shown
the integrity of the entire system. in cross section in its assembled form
in FIG 5, in   The embodiment of FIG 5 comprises a dual a plan view in FIG
6, and as it appears inserted in  25  pole magnetic seal 180 affixed at one
end typically housing 10 in FIG 7. As clearly appears in the plan  by an
adhesive to the housing 10, the other end view of FIG 6, the star-shaped
spring 150 includes  being separated by a narrow gap 182 from the a central
framing portion 154 having an opening at  magnetic material of the spacer
130. This gap 182 the center thereof 152, where the spring may be   is
filled with a ferro-fluidic magnetic material to fitted over the shaft 12
and outer race 147 of the   30  form the magnetic seal and close the
magnetic rear bearing 106 or directly over the rear bearing  path. It
should be noted that since the shaft 12 is of support 116 as shown in FIG
5. Thus, the framing  a non magnetic material, it is essential to provide a
portion 154 of the star-shaped spring 150 biases  sleeve 130 rotating with
the shaft and the inner the rear bearing support 116 up against the rear of
race of the bearing to close the magnetic path. As the stator 16 along the
line of force 119 discussed   35  can be seen, the magnetic path closes
upon itself above to aid In maintaining the position and piloting  in this
embodiment, with path generally being of the stator 16 within the housing
10. A plurality of  traced from one end plate 184 through the mag- fingers
156A-D are provided which, as appears      netic seal and the sleeve 130 to
the other end plate most clearly in FIG 7, are inserted in notches    186.
It would be possible to replace the embodi- 158A-D in the outer edge of the
housing 10, the   40  ment shown herein with a magnetic seal compris-
notches 158A-D opening into an annular channel    ing solely a magnetic
piece without pole pieces, 160. After insertion, the fingers 156A-D may be
wherein the seal relies on fringing fields for the rotated through the
annular channel 160 in the    magnetic effect. lower portion of the housing
10 to be seated in a     FIGS 8-9 illustrate further alternative embodi-
position from which they cannot be easily dis-  45  ments hereof, and
specifically of the rear bearing turbed. The star-shaped spring is made of
a       support holder and means for defining the preload spring-like
material such as a high tensile stainless  in the motor. In FIG 8, the rear
ball bearing support steel in order to provide a considerable tensile  200
is smaller than that shown in previous embodi- force that will last over a
long term upward against  ments, although it is still fitted between the
rear the bearing and stator support 116.           50  ball bearing 202 and
the stator 16 to support the In summary, the star spring of FIGs 6-7 allows
stator 16 in place. The inner corner 217 of the rear all the elements of
this invention to be constrained  bearing support 200 is ground concentric
with the and maintain a constant relative relationship without  rear
bearing 202 and the outer corner 218 concen- the use of screws. This is
important, as screws can  tric with the stator laminations 16 in order to
sup- be tightened with variation, they are additional parts  55  port the
corner edge of the stator laminations. Note to handle, and therefore, add
additional cost both in  that the rear ball bearing support 200 and the
rear 



terms of materials and assembly time. Also, re-   bearing 202 must be
separate pieces, as known moval and reinsertion of screws during any needed
bearing materials are magnetic, while the rear bear- 7    13
EP 0 315 419 B1                    14 ing support is non-magnetic.
for rotation with said shaft (12) in said housing Highly  efficient
approaches to fixing the          bell (10), preload in the motor can be
seen illustrated in            a stator (16) mounted in said housing (10)
FIGS 8-9. Referring to FIG 9, assuming the base of     and having a
plurality of coils (22) wound the shaft 206 can be supported, and further
assum-   5  thereon, selective activation of said coils (22) ing that the
inner race 208 of the front bearing 136   causing step-by-step rotation of
said rotor (14), is already glued in place, and further assuming that
and bearing means (40, 42) mounted only the outer race 210 of the front
bearing is also        on one side of said rotor (14) between said pressed
in place, then by placing a holding force      rotor (14) and said housing
end wall to support against the combination rear bearing 202 and stator  10
said rotor for said selective rotation; support 200, using the star spring
of FIG 7 or an          characterised in that the stator (16) is re-
equivalent approach, then the inner race 212 of the    movably mounted in
said housing. rear bearing 214, which is a sliding fit on the shaft 12 can
be placed. Then a ball 216 which is of an    2. An encapsulated stepper
motor as in Claim 1, appropriate size relative to the hole 218 in the shaft
15  characterised in that said stator (16) includes can slide into place.
This ball is swaged or pressed   inner and outer circumferential surfaces
and into place. This swaging operation using the sphere    said housing
includes internal planar surfaces 216 locks the preload in place by fixing
the inner     (30, 32) adapted to guide said stator into a race of the rear
bearing against the shaft. This       predetermined position in said
housing and assembly is accomplished with a dead weight force   20  hold
said stator in said position. against the inner race 212 of the rear
bearing which effectively forces this inner race against the  3. An
encapsulated stepper motor as in Claim 1 outer surface of the shaft while
the sphere is being   or Claim 2, characterised in that said cylin- wedged
in place.                                       drical side wall of said
housing (10) is jointed In the embodiment shown in FIG 9, a metallic  25
to said end wall at one end and is open at the Belleville spring 218 is
added surrounding the base    other end, and in that a plastic cover (44)
is of the shaft 21 and beneath the inner race 212 of      press fitted over
said open end of said side the rear bearing in order to provide additional
sup-   wall to seal the region enclosed by said hous- port to this bearing.
These springs are held in        ing against contamination. place by the
base of the screw 206 which is  30 threaded into the bottom of the shaft as
has pre-   4. An encapsulated stepper motor as in Claim 3, viously been
explained. It should also be noted that   characterised in that said open
end of said the bearing and stator support 200 in this embodi-     side
wall includes a flange (50) having a ment includes a pair of metallic
elements 223, 225     matching recess (52) on the inside thereof and lining
the machined grooves which abut the stator  35  said plastic cover (44)
includes a lip (54) 16 and rear bearing 42. These elements 223, 255
adapted to fit within said recess to close said which are magnetic but
non-conductive, support         opening. the spindle holder and give it
added rigidity. The inclined plate 218 constitutes the modified  5. An
encapsulated stepper motor as in Claim 3 metallic Belleville spring which
provides the de-  40  or Claim 4, including a plurality of control wires
sired DB preload. As can be seen, the spring force     (36) connected to
said coils (22) for selectively is inserted against the outer end of the
rear inner    energizing said coils, said wires being led out bearing race
212, creating the required diverging      of said housing bell (10) between
the open end forces along the length of the shaft 21. FIG 8 also    of said
bell and said cover (44), and said clearly shows the location of the
star-shaped spring   45  plastic cover is provided with a finger (60, 64)
150 which is used to bias the stator support into      extending above said
cover against said hous- engagement with the stator.
ing to hold said wires against said housing. Claims
6. An encapsulated stepper motor as in Claim 5, 50      characterised in
that the outer surface of said 1. An encapsulated stepper motor comprising:
stator (16) defines a regular decagon, said a single housing bell (10) for
supporting       control wires (36) being led between the cir- the elements
of said motor, said housing (10)       cular interior walls (30, 32) of
said housing and comprising a single end wall and a cylindrical      the
surface of said decagon. side wall,                                 55 a
support shaft (12) mounted for rotation in  7. An encapsulated stepper
motor as in Claim 6, 



said housing end wall,                              characterised in that
said flange (50) of said a rotor (14) of said motor being mounted
side wall is interrupted by a wire channel (58) 8    13                 EP
0 315 419 B1                     14 ing support is non-magnetic.
for rotation with said shaft (12) in said housing Highly  efficient
approaches to  fixing the         bell (10), preload in the motor can be
seen illustrated in            a stator (16) mounted in said housing (10)
FIGS 8-9. Referring to FIG 9, assuming the base of      and having a
plurality of coils (22) wound the shaft 206 can be supported, and further
assum-   5  thereon, selective activation of said coils (22) ing that the
inner race 208 of the front bearing 136    causing step-by-step rotation of
said rotor (14), is already glued in place, and further assuming that
and bearing means (40, 42) mounted only the outer race 210 of the front
bearing is also         on one side of said rotor (14) between said pressed
in place, then by placing a holding force      rotor (14) and said housing
end wall to support against the combination rear bearing 202 and stator
10  said rotor for said selective rotation; support 200, using the star
spring of FIG 7 or an          characterised in that the stator (16) is re-
equivalent approach, then the inner race 212 of the     movably mounted in
said housing. rear bearing 214, which is a sliding fit on the shaft 12 can
be placed. Then a ball 216 which is of an    2. An encapsulated stepper
motor as in Claim 1, appropriate size relative to the hole 218 in the shaft
15  characterised in that said stator (16) includes can slide into place.
This ball is swaged or pressed   inner and outer circumferential surfaces
and into place. This swaging operation using the sphere     said housing
includes internal planar surfaces 216 locks the preload in place by fixing
the inner      (30, 32) adapted to guide said stator into a race of the
rear bearing against the shaft. This          predetermined position in
said housing and assembly is accomplished with a dead weight force   20
hold said stator in said position. against the inner race 212 of the rear
bearing which effectively forces this inner race against the  3. An
encapsulated stepper motor as in Claim 1 outer surface of the shaft while
the sphere Is being    or Claim 2, characterised in that said cylin- wedged
in place.                                        drical side wall of said
housing (10) is jointed In the embodiment shown in FIG 9, a metallic  25
to said end wall at one end and is open at the Belleville spring 218 is
added surrounding the base     other end, and in that a plastic cover (44)
is of the shaft 21 and beneath the inner race 212 of       press fitted
over said open end of said side the rear bearing in order to provide
additional sup-    wall to seal the region enclosed by said hous- port to
this bearing. These springs are held in        ing against contamination.
place by the base of the screw 206 which is  30 threaded into the bottom of
the shaft as has pre-   4. An encapsulated stepper motor as In Claim 3,
viously been explained. It should also be noted that    characterised in
that said open end of said the bearing and stator support 200 in this
embodi-      side wall includes a flange (50) having a ment includes a pair
of metallic elements 223, 225      matching recess (52) on the inside
thereof and lining the machined grooves which abut the stator  35   said
plastic cover (44) includes a lip (54) 16 and rear bearing 42. These
elements 223, 255         adapted to fit within said recess to close said
which are magnetic but non-conductive, support          opening. the
spindle holder and give it added rigidity. The inclined plate 218
constitutes the modified  5. An encapsulated stepper motor as in Claim 3
metallic Belleville spring which provides the de-  40   or Claim 4,
including a plurality of control wires sired DB preload. As can be seen,
the spring force     (36) connected to said coils (22) for selectively is
inserted against the outer end of the rear inner     energizing said coils,
said wires being led out bearing race 212, creating the required diverging
of said housing bell (10) between the open end forces along the length of
the shaft 21. FIG 8 also     of said bell and said cover (44), and said
clearly shows the location of the star-shaped spring   45  plastic cover is
provided with a finger (60, 64) 150 which is used to bias the stator
support into       extending above said cover against said hous- engagement
with the stator.                            ing to hold said wires against
said housing. Claims                                              6. An
encapsulated stepper motor as in Claim 5, so      characterised in that the
outer surface of said 1. An encapsulated stepper motor comprising:
stator (16) defines a regular decagon, said a single housing bell (10) for
supporting        control wires (36) being led between the cir- the
elements of said motor, said housing (10)       cular interior walls (30,
32) of said housing and comprising a single end wall and a cylindrical
the surface of said decagon. side wall,                                 55
a support shaft (12) mounted for rotation in  7. An encapsulated stepper
motor as in Claim 6, 



said housing end wall,                              characterised in that
said flange (50) of said a rotor (14) of said motor being mounted
side wall is interrupted by a wire channel (58) 8    15                 EP
0 315 419 B1                      16 for leading said control wires (36)
out of said           means within said single housing bell (10) housing,
said finger (60, 64) being located ad-       for supporting said rear
bearing on said shaft, jacent said channel.
and means (116) between said stator (16) and 8. An encapsulated stepper
motor as in any of   5         said rear bearing (106) for positioning said
Claims 3 to 7, including spring means (66)            stator (16) relative
to said bearing (106) and located at the base of said stator above the
said rotor (14) and thereby defining a close opening for said cover (44)
for biasing the           tolerance relationship of the elements of said
stator into said predetermined position in said       rotor; housing.
10           characterised in that the stator (18) is re- movably mounted
in the housing. 9. An encapsulated stepper motor as in Claim 8,
characterised in that the housing comprises a     14. An encapsulated
stepper motor as in Claim 13, groove defined in said flange, said spring
characterised in that said stator (16) includes means comprising a flexible
member (66) lo-   15      inner and outer circumferential surfaces and
cated below said stator for urging said stator        said housing includes
an internal planar pilot- into position, and a snap ring (68) held/biased
ing surface (110) adapted to guide said stator in said groove (100) for
holding said flexible        into a predetermined position in said housing,
member in position.                                   said stator being
held in said position by said 20       piloting surface (110) and said
means (116) for 10. An encapsulated stepper motor as in Claim 9,
positioning said stator. characterised in that said flexible member (66)
comprises a wave washer supported against a        15. An encapsulated
stepper motor as in Claim 14, shelf below said stator by said snap ring
(68).       characterised in that said means for positioning 25      the
stator comprises an annular non-magnetic 11. An encapsulated stepper motor
as in any of            support (116) having a groove (118) for piloting
the preceding claims, characterised in that said      said stator on said
support, whereby said sta- rotor shaft (12) has an unstepped, constant
tor is closely aligned with said rotor by the diameter shaft, said motor
including a pulley         piloting effect of said housing and said sup-
pressed on said shaft outside said housing on   30    port. the same side
of said rotor as said bearings. 16. An encapsulated stepper motor as in
Claim 15, 12. An encapsulated stepper motor as in Claim 11,
including a star-shaped spring (150) aligned characterised in that said
bearings (78, 80) are      with said rear bearing (106) and said bearing
locked between said housing (10) and said   36        holder (116) to
support said bearing, said hold- shaft (12) for supporting said shaft
between          er and said stator in aligned relationship in said said
pulley and said rotor.                           housing. 13. An
encapsulated stepper motor comprising:           17. An encapsulated
stepper motor as in Claim 16, a single housing bell (10) for supporting
40     characterised in that said star-shaped spring the elements of said
motor, said housing (10)         (150) includes a central portion (154)
compris- comprising a single end wall and a cylindrical        ing a
ring-like section and a plurality of fingers side wall,
(156 A to D) extending radially from said cen- a support shaft (12) mounted
for rotation in      tral portion, said housing comprising an an- said
housing end wall,                       45       nular groove (160)
cooperating with said radial a rotor (14) of said motor being mounted
fingers to capture said spring and restrain the for rotation with said
shaft (12) in said housing     elements of said motor. bell (10), a stator
(16) fixedly mounted in said hous-    18 An encapsulated stepper motor as
in Claim 17, ing (10) and having a plurality of coils (22)   50
characterised in that said housing (10) includes wound thereon, selective
activation of said           a plurality of openings (158 A to D) allowing
coils (22) causing step-by-step rotation of said      entry of the ends of
said radial fingers (156 A rotor (14),
to D), rotation of said spring (150) relative to front (104) and rear (106)
bearing means           said housing capturing said spring in said mounted
on either side of said rotor (14) within  55  groove and thereby the
elements of said motor said single housing bell (10) to support said
in aligned relationship in said housing. 



rotor for said selective rotation in response to energization of said
stator coils,    17                EP 0 315 419 B1                    18
19. An encapsulated stepper motor as in Claim 18,  2. Gekapselter
Schrittmotor nach Anspruch 1, da- including a cover (170) for said
encapsulated      durch gekennzeichnet, daB der Stator (16) in- motor
having a plurality of prongs (172 A to D)    nere und AuBere Umfangsflachen
und das Ge- located in spaced positions on said cover to be    hiuse innere
planparallele Flichen (30, 32) inserted in said groove (160) in said
housing,   5  aufweist, die geeignet sind, den Stator in eine whereby said
cover is captured in said groove      vorher festgelegte Position in dem
Gehause zu to seal said motor against the environment.        f0hren und
den Stator in der Position zu hal- ten. 20. An encapsulated stepper motor
as in Claim 19, including means for capturing said rear bearing   10  3
Gekapselter Schrittmotor nach Anspruch 1 in said housing comprising an open
sleeve          oder Anspruch 2, dadurch gekennzelchnet, daB (218)
extending up the center of said shaft,       die zylindrische Seitenwand
des Geh~uses and a ball (216) wedged into said sleeve adja-     (10) mit
ihrem einen Ende mit der Stirnwand cent to said rear bearing (106), the
pressure of   verbunden und an ihrem anderen Ende offen said ball against
the outer surface of said  15   ist und daB eine Kunststoffabdeckung (44)
im sleeve and the inner race of said rear bearing     Pregsitz Ober dem
offenen Ende der Seiten- positioning said rear bearing on said shaft.
wand angeordnet ist, um den von dem Gehau- se eingeschlossenen Bereich
gegen Verunrei- 21. An encapsulated stepper motor as in Claim 14,
nigung abzudichten. wherein said bearing support includes an an-  20 nular
groove in the side of said support adja-  4. Gekapselter Schrittmotor nach
Anspruch 3, da- cent the outer race of said rear bearing, said     durch
gekennzeichnet, daB das offene Ende groove including an annular ring-like
form (218)   der Seltenwand einen Flansch (50) mit einer held in said
groove and pressed between said       Palnut (52) auf seiner Innenseite und
die rear bearing and said bearing support to damp   25  Kunststoffabdeckung
(44) eine Lippe (54) auf- out vibrations of said motor and allow for dif-
weist, die in die Nut zum SchlieBen der Off- ferential thermal expansion of
said bearing and    nung einpalbar ist. said bearing support. 5.
Gekapselter Schrittmotor nach Anspruch 3 PatentansprUche
30      oder Anspruch 4 mit einer Vielzahl von Steuer- drahten (36), die
mit den Wicklungen (22) fUr 1. Gekapselter Schrittmotor
die selektive Aktivierung der Wicklungen ver- - mit einer einzigen
Gehduseglocke (10)          bunden sind, wobei die Dr~hte aus der Gehlu-
zum AbstUtzen der Elemente des Mo-            seglocke (10) zwischen dem
offenen Ende der tors, wobel das Gehiuse (10) eine einzi-  35  Glocke und
der Abdeckung (44) herausgefUhrt ge Stirnwand und eine zylindrische Sei-
sind und die Kunststoffabdeckung mit elnem tenwand hat,
Finger (60, 64) versehen ist, der sich Ober der - mit einer Lagerwelle
(12), die fUr elne        Abdeckung gegen das Gehiuse erstreckt, urn
Drehung in der Gehlusestirnwand ange-         die Drdhte an dem Gehause zu
halten. bracht ist,                           40 - mit einem Rotor (14) des
Motors, der fir   6. Gekapselter Schrittmotor nach Anspruch 5, da- elne
Drehung mit der Welle (12) in der        durch gekennzeichnet, daB die
AufenflAche Gehluseglocke (10) angeordnet ist,            des Stators (16)
ein regelmaBiges Zehneck - mit einem Stator (16), der in dem Gehiu-
bildet, wobei die Steuerdrihte (36) zwischen se (10) angeordnet ist und
eine Vlelzahl  4s  den kreisfdrmigen Innenwanden (30, 32) des von darauf
gewikkelten Wicklungen (22)        Gehauses und der Oberfliche des Zehnecks
hat, wobei eine selektive Aktivierung der     gefUhrt sind. Wicklungen (22)
die schrittweise Dre- hung des Rotors (14) herbeifthrt, und      7.
Gekapselter Schrittmotor nach Anspruch 6, da- - mit Lagereinrichtungen (40,
42), die nur  so   durch gekennzeichnet, daB der Flansch (50) auf einer
Seite des Rotors (14) zwischen      der Seitenwand durch einen Drahtkanal
(58) dem  Rotor (14) und der Gehiusestim-          zum FUhren der
Steuerdrihte (36) aus dem wand zur Lagerung des Rotors fir die
Gehause heraus unterbrochen ist, wobei der selektive Drehung angeordnet
sind,            Finger (60, 64) angrenzend an den Kanal ange- dadurch
gekennzelchnet,                    55      ordnet ist. - daB der Stator
(16) in dem Gehbuse ent- 



fernbar angebracht ist.                    8. Gekapselter Schrittmotor nach
einem der An- sprOche 3 bis 7 mit Federeinrichtungen (66), 10    ;
I IIIIID IDIII ~~~~~~~~~~~~~~~111111111111111l111 11111 19
EP 0 315 419 B1                    20       * c   L         S die an der
Basis des Stators Uber der Offnung           des Rotors (14) in der
einzigen Gehluse- fUr die Abdeckung (44) zum Vorspannen des
glocke (10) angeordnet sind, urn den Ro- Stators in die vorher festgelegte
Position in          tor fUr die selektive Drehung anspre- dem Gehause
positioniert sind.                          chend auf die Aktlivierung der
Statorwick- s           lungen zu lagem, 9. Gekapselter Schrittmotor nach
Anspruch 8, da-         - mit Einrichtungen in der einzigen Gehau- durch
gekennzeichnet, da0 das Gehause eine              seglocke (10) zum
AbstUtzen des hinte- von dem Flansch gebildete Aussparung auf-
ren Lagers auf der Welle und weist, wobel die Federeinrichtungen ein flexi-
- mit Einrichtungen (116) zwischen dem bles Element (66), das unter dern
Stator ange-  10      Stator (16) und dem hinteren Lager (106) ordnet ist,
urn den Stator in Position zu drUk-         zurn Positionieren des Stators
(16) be- ken, und einen Schnappring (68) aufweisen,              zlglich
des Lagers (106) und des Rotors der   in    der    Aussparung    (100)
(14), urn dadurch eine enge Toleranzbe- gehalten/vorgespannt ist, urn das
flexible Ele-         ziehung der Bauteile des Rotors zu defi- ment in
Position zu halten.                16           nieren, dadurch
gekennzeichnet, 10. Gekapselter Schrittmotor nach Anspruch 9, da-     daB
der Stator (18) entfernbar in dem Gehause durch gekennzeichnet, daS das
flexible Ele-        angebracht ist. ment (66) elne Wellenscheibe aufweist,
die ge- * i ~' gen elne Leiste unter dem Stator durch den   20  14.
Gekapselter Schrittmotor nach Anspruch 13, Schnappring (68) abgestUtzt ist.
dadurch gekennzeichnet, daB der Stator (16) Innere und AuBere
Umfangsfldchen und das 11. Gekapselter Schrittmotor nach einern der vor-
Gehause eine innere planparallele Leitfliche hergehenden  Ansprache,
dadurch  gekenn-           (110) hat, die zum FUhren des Stators in eine
zeichnet, daB die Rotorwelle (12) eine stufen-  25  vorher festgelegte
Position in dem Gehause freie Welle mit konstantem Durchmesser ist,
geeignet lst, wobel der Stator durch die Leitfia- wobel der Motor eine
Riemenscheibe aultweist,      che (110) und die Einrichtungen (116) zurn
die auf die Welle auSerhalb des Gehauses auf       Positionieren des
Stators in der Position gehal- der gleichen Seite des Rotors wie die Lager
ten !st. aufgepreet ist.                           30 15 Gekapselter
Schrittmotor nach Anspruch 14, 12. Gekapselter Schrittmotor nach Anspruch
11,        dadurch gekennzeichnet, daB die Einrichtun- dadurch
gekennzeichnet, daB die Lager (78,         gen zum Positionieren des
Stators eine ringf6r- 80) zwischen dem Gehause (10) und der Welle
mige, nicht-magnetische Halterung (116) mit (12) zum Lagern der Welle
zwischen der Rie-  36    einer Nut (118) zum Leiten des Stators auf der
menscheibe und dem  Rotor eingeschlossen           Halterung aufweist,
wodurch der Stator eng sind.
fluchtend zu dem Rotor durch die Leitwirkung des Gehauses und der Halterung
ausgerichtet >  13. Gekapselter Schrttrnotor                           !st.
- mit einer einzigen Gehauseglocke (10)  40 zurn AbstUtzen der Elemente des
Mo-        16. Gekapselter Schrittmotor nach Anspruch 15 tors, wobei das
Gehause (10) eine einzi-      mit einer sternf6rmigen Feder (150), die zu
ge Stirnwand und eine zylindrische Sel-       dem hinteren Lager (106) und
dem Lagerhalter tenwand aufweist,                             (116)
fluchtend ausgerichtet !st, urn das Lager, - mit einer Lagerwelle (12), die
far eine   45   den Halter und den Stator in fluchtender Bezae- Drehung in
der Gehausestirnwand ange-         hung in dem Gehause zu halten. bracht
ist, - mit elnem Rotor (14) des Motors, der far   17. Gekapselter
Schrittmotor nach Anspruch 16, eine Drehung mit der Welle (12) in der
dadurch gekennzeichnet, daB die stemf6rmige Gehluseglocke (10) angeordnet
ist,    so      Feder (150) einen zentralen Abschnitt (154) mit - mit einem
Stator (16), der In dem Gehau-       einem ringf6rmigen Abschnitt und einer
Viel- se (10) festgelegt 1st und eine Vielzahl      zahl von Fingern (156 A
bis D) aufweist, die von auf ihn gewikkelten Wicklungen (22)       sich
radial von dem zentralen Abschnitt aus aufweist, wobei die selektive
Aktivierung     erstrecken, wobei das Gehause aine Ringnut 



der Wicklungen (22) eine schrittweise   55    (160) hat, die mit den
radialen Fingern so Rotation des Rotors (14) herbeifahrt,
zusammenwirkt, daB die Feder gefangen und - mit vorderen (104) und hinteren
(106)          die Bauteile des Motors zurUckgehalten wer-
Lagereinrichtungen, die auf jeder Seite       den. 11    21
EP0315419B1                        22     1  !     L  11111   III0 18.
Gekapselter Schrittmotor nach Anspruch 17,        a pas dudit rotor (14),
dadurch gekennzeichnet, dall das Gehause              et des moyens a
pallers (40, 42) mont6s (10) eine Vielzahl von Offnungen (158 A bis D)
uniquement sur un c8te dudit rotor (14) entre hat, die den Eintritt der
Enden der radialen      ledit rotor (14) et ladite paroi extreme du bot-
Finger (156 A bis D) erm6glichen, wobel eine   5  tier afin de supporter
ledit rotor pour ladite Drehung der Feder (150) relativ zu dem Ge-
rotation s6lective; hause die Feder in der Nut und dadurch die
caract~ris6 en ce que le stator (16) est Bauteile des Motors in fluchtend
ausgerichteter   monte de fagon amovible dans ledit boltier. Beziehung in
dem Gehause einfangt. ;o   2. Moteur pas a pas encapsule selon la revendi-
19. Gekapselter Schrittmotor nach Anspruch 18         cation 1, caract6rise
en ce que ledit stator (16) mit einer Abdeckung (170) fOr den gekapselten
presente des surfaces circonferentlelles int6- Motor, die eine Vielzahl von
Klauen (172 A bis    rieure et extnrieure et ledit bottier pr~sente des D)
aufweist, die in Abstanden an der Abdek-       surfaces planes interieures
(30, 32) congues kung fOr den Einsatz in der Nut (160) in dem   is  pour
guider ledit stator jusque dans une posi- Gehause angeordnet sind, wodurch
die Abdek-       tion predeterminee dans ledit boltier et pour kung in der
Nut eingefangen wird, urn den         maintenir ledit stator dans ladite
position. Motor gegen die Umgebung abzudichten. 3 Moteur pas a pas
encapsul4 selon la revendi- W0, Gekapselter Schrittmotor nach Anspruch 19
20      cation 1 ou la revendication 2, caracteris6 en mit Einrichtungen
zum Fangen des hinteren         ce que ladite paroi latdrale cylindrique
dudit Lagers in dem Gehause, welche eine offene         botlier (10) est
relie6 & ladita parol extreme & HUlse (218), die sich bis zur Mitte der
Welle     une extrrmit4 et est ouvertea A 'autre extr6mi- erstreckt, und
eine Kugel (216) aufweisen, die    t4, et en co qu'un capot (44) en matibre
plasti- in die HUlse angrenzend an das hintere Lager  25  qua est ajust6 &
force sur ladite extremite (216) eingakeilt ist, wobei der Druck der Kugel
ouverte de ladite paroi lat6rale pour proteger gogen die Au~enflAche der
HUlse und die in-       herm6tiquement de la contamination la zone nere
Laufflache des hinteren Lagers das hinte-    renfermee par ledit boWtier.
re Lager auf der Welle positioniert. 30  4. Moteur pas a pas encapsule
selon la revendi- 21. Gekapselter Schrittmotor nach Anspruch 14,
cation 3, caracterise en ce que ladite extremIt6 bel welchem die
LagerabstUtzung eine Ringnut      ouverte de ladite paroi lat6rale comporte
un In der Seite der AbstOtzung angrenzend an die     rebord (50) presentant
un dvidement (52) auBere Laufflache des hinteren Lagers auf-
d'adaptation sur son c8te interieur et ledit ca- weist, wobei die Nut ein
ringformiges Form-  36   pot (44) en matiere plastique comporte une stOck
(218) hat, das in der Nut gehalten ist und  lbvre (54) congue pour
s'ajuster dans Wedit zwischen das hintere Lager und die Lagerab-
vide~ment afin de fermer ladite ouverture. stUtzung gedrUckt ist, um
Vibrationen des Mo- K..-"  tors zu dImpfen und um eane unterschiedllche  5.
Motaur pas a pas encapsul6 selon la revendi- thermische Ausdehnung des
Lagers und der  40      cation 3 ou la revendication 4, comprenant
Lagerabstatzung zu erm6glichen.                   plusieurs fils (36) de
commando connect~s auxdits enroulements (22) pour exciter selecti-
Revendlcatlons                                        vement lesdits
enroulements, lesdits fils sor- tant dudit bottier en cloche (10) entre
l'extremi- 1. Moteur pas a pas encapsule comportant:     45     te ouverte
de ladite cloche et ledit capot (44), un boltier unique en cloche (10)
destine a     et ledit capot en matibre plastique 6tant pourvu supporter
les 6lments dudit moteur, ledit boi-   d'un doigt (60, 64) s'6tendant
audessus dudit tier (10) comportant une seule paroi extreme et   capot
contre ledit botler pour maintenir lesdits una paroi lat6rale cylindrique,
fils contre ledit bottier. un arbre (12) de support mont6 de fagon a   so
tourner dans ladite paroi extr8me du bottler,  6. Moteur pas a pas
encapsule selon la revendi- un rotor (14) dudit moteur 6tant mont6 de
cation 5, caract6ris4 en ce quo la surface fagon & toumer avec ledit arbre
(12) dans ledit   ext~rieure dudit stator (16) ddfinit un decagone 



boltier en cloche (10),                           r~gulier, lesdits fils
(36) de commande etant un stator (16) mont6 dans ledit bottier (10)  55
pass6s entre les parois interieures circulaires et sur (equel sont bobines
plusieurs enroule-     (30, 32) dudit bottier et la surface dudit d6ca-
ments (22), une excitation selective desdits      gone. enroulements (22)
provoquant une rotation pas 12    23                 EP 0 315 419 B1
24           c   L       S 7. Moteur pas A pas encapsul6 selon la revendi-
enroulements (22), une excitation sdlective cation 6, caracterise en ce que
ledit rebord         desdits enroulements (22) provoquant une ro- (50) de
ladite parol laterale est interrompu par     tation pas a pas dudit rotor
(14), un canal (58) pour fil pour faire sortir lesdits fils   des moyens &
paliers avant (104) et arribre (36) de commande dudit boltier, ledit doigt
(60,   5  (106) mont~s sur chaque c8t6 dudit rotor (14) 64) etant place de
fagon & 8tre adjacent audit       a l'interieur dudit bolder unique en
cloche (10) canal.                                               pour
supporter ledit rotor pendant ladite rota- tion selective en r6ponse a une
excitation des- . Moteur & pas & pas encapsul6 selon lune
dits enroulements du stator, quelconque des revendications 3 & 7, compre-
io        des moyens a lPint6rieur dudit bolder uni- nant un moyen a
ressort (66) place a la base         que en cloche (10) pour supporter
ledit palier dudit stator au-dessus de l'ouverture pour ledit     arribre
sur ledit arbre, et capot (44) afin de rappeler le stator dans ladite
des moyens (116) entre ledit stator (16) et position preddterminde dans
ledit bolder.           ledit paliar arribre (106) pour positionner ledit
15      stator (16) par rapport audit paliar (106) et 9. Motaur pas & pas
ancapsul6 selon la revendi-          audit rotor (14) et d6finir ainsi une
relation de cation 8, caractdris6 en ce qua le bolder pre-       tolErance
Etrolts entre les 6l6ments dudit rotor sente une gorge definie dans ledit
rebord, ledit moyen a ressort comportant un element flexi-
caract6rise en co qua le stator (18) ast ble (66) place au-dessous dudit
stator pour   20     monte de fagon amovible dans le bolder. rappeler ledit
stator en position, et un anneau a encliqueter (68) maintenu/rappele dans
ladite  14. Moteur pas a pas encapsule selon la revendi- gorge (100) pour
maintenir ledit ElEment flexi-      cation 13, caracterise en ce qua ledit
stator ble en position.                                     (16) presente
des surfaces circonfdrentielles 25      int~rieure et ext~rieure et ledit
boltder pr~sente 10. Moteur pas A pas encapsul6 selon la revendi-
une surface plane interieure (110) de guidage cation 9, caractdris6 an ce
qua ledit Eldment        destinae A guider ledit stator Jusque dans une
flexible (66) comporte une rondelle ondulee          position pr~d6terminde
dans ledit bolder, ledit support6e contre un epaulement au-dessous
stator 6tant maintenu dans ladite position par dudit stator par ledit
anneau & encliqueter (88).  30  ladite surface (110) de guidage et lesdits
moyens (116) pour positionner ledit stator. 11. Moteur pas A pas encapsul6
selon Pune quel- conque des revendications prdc~dentes, carac-   1. Moteur
pas & pas encapsul6 selon la revendi- tnrisE an ce que ledit arbre (12) du
rotor corn-     cation  14, caractris6 en ce qua lesdits porte  un  arbre
non  Epaule, a  diametre   35      moyens destin~s h positionner le stator
corn- constant, ledit moteur comprenant une poulie         prennent un
support annulaire non magndtique emmanchee a force sur ledit arbre a l
extdnieur      (116) ayant une gorge (118) pour guider ledit dudit boltier,
sur le m8me c8t6 dudit rotor qua      stator sur ledit support, grace a
quoi ledit J>    lesdits paliers.
stator est aligne 6troitement avec ledit rotor 40      par leffet de
guidage dudit bolder et dudit 12. Moteur pas a pas encapsul6 selon la
revendi-        support. cation 11, caract6ris6 en ce qua lesdits paliers
(78, 80) sont bloqu6s entre ledit boftler (10) et  16. Moteur pas A pas
encapsul6 salon la revendi- ledit arbre (12) afin de supporter ledit arbre
cation 15, comprenant un ressort (150) en for- entre ladite poulie et ledit
rotor.         45       me d'etoile align6 avec ledit paliar arribre (106)
et ledit support (116) de paliar pour supporter 13. Moteur pas & pas
encapsule comportant:               lWdit palier, ledit support et ledit
stator dans un bolder unique en cloche (10) destinE &        une
disposition alignde dans ledit botider. supporter les 6lments dudit moteur,
ledit boi- tier (10) comportant une paroi extreme unique   5o   17. Moteur
pas & pas encapsul6 selon la revendi- et un paroi laterale cylindrique,
cation 16, caract~rise en co qua ledit ressort un arbre (12) de support
montE de fagon h        (150) en forma d'6toile comprend une partie 



toumer dans ladite parol extreme du boltier,         centrale (154)
comportant une section analo- un rotor (14) dudit moteur dtant montd de
gue a un anneau et plusieurs doigts (156 A a fagon & tourner avec ledit
arbre (12) dans ledit  55  D) qui partent radialement de ladite partie can-
bolder en cloche (10),                              trale,. ledit bolder
pr6sentant une gorge annu- un stator (16) montd fixement dans ledit
laire: (160) cooperant avec lesdits dolgts ra- bolder (10) et sur loquel
sont bobin~s plusieurs     diaux pour emprisonner ledit ressort et retenir
13    25                 EP 0 315 419 B1                    28           c
1111111liii les 6l1ments dudit moteur. 18. Moteur pas a pas encapsul. selon
la revendi- cation 17, caractbris6 en ce que ledit boitier (10) prdsente
plusleurs ouvertures (158 A a D)   5 permettant l'entree des extremites
desdits doigts radiaux (156 A a D), une rotation dudit ressort (150) par
rapport audit boitier empri- sonnant ledit ressort dans ladite gorge et
donc L_,   les 616ments dudit moteur dans une disposition   io allgnde dans
ledit boltier. 19. Moteur pas a pas encapsule selon la revendi- cation 18,
comprenant un capot (170) pour ledit moteur encapsul6, ayant plusieurs
griffes  i5 (172 A a D) placees dans des positions espa- coes sur ledit
capot pour 6tre inserdes dans ladite gorge (160) dudit botter, grace a quo!
ledit capot est emprisonn6 dans ladite gorge pour prot~ger herm~tiquement
ledit moteur  20 contre l'environnement. 20. Moteur pas a pas encapsul4
selon la revendi- cation 19, comprenant des moyens destin6s a emprisonner
ledit palier arribre dans ledit bof-  25 tier, comportant un manchon ouvert
(218) s'6levant jusqu'au centre dudit arbre, et une bille (216) coincge
dans ledit manchon a proxi- mite imm~diate dudit palier arribre (108), la
pression de ladite bille contre la surface ext6-  30 rieure dudit manchon
et la bague interieure dudit pallor arrdere posit7onnant ledit paller ar-
ribre sur ledit arbre. 21. Moteur pas h pas encapsul6 selon la revendi-  35
cation 14, dans loquel ledit support de palier prdsente une gorge annulaire
dans le c8te dudit support adjacente A la bague extlrieure K\    dudit
palier arribre, ladite gorge comprenant une forme (218) analogue b une
bague annu-  40 laire maintenue dans ladite gorge et press~e entre ledit
pallor arribre et ledit support de pallor pour amortir des vibrations dudit
moteur et permettre une dilatation thermique differen- tielle dudit palier
et dudit support de paller.  45 50 55 14    


