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The invention relates to an eléctrodynamic device comprising a movable
permanent-magnetic member (rotor) and an electromagnetic stator comprising a
substrate such as a sheet or foil, a plurality of windings comprising spiral first and
second coils which are electrically connected in series with one another via
interconnections and which are situated, respectively, on the first and the opposite
second side of the substrate, and a plurality of phases each comprising at least one
winding.

As is common usage, "rotor” is to be understood to mean the moving
member of the device. This implies that it need not be a rotating member although it
may be such a member. Apart from being rotating the rotor may be translating or may
perform a combined translation and rotation. The rotor may be disc-shaped or
cylindrical. If the device forms an electric motor it may be of the axial-field type or the
radial-field type.

It is known (WO 90/07220, herewith incorporated by reference) to
provide a device of the type defined in the opening paragraph with a stator comprising a
plurality of stacked substrates, each substrate carrying a plurality of series-connected
coils together forming one of the phases of the device. Said device forms an
electronically commutated axial-field motor of flat construction. Motors of this type are
used increasingly, for example, for driving information discs which can be read without
mechanical contact, such as optical discs or magnetic discs of magnetic disc storage
units with aerodynamically floating magnetic heads (so-called Winchester drives).

In the known device the number of stacked substrates is always equal to
or a multiple of the number of phases. To avoid loss of space the coils on each
substrate are arranged on the substrates in a regular pattern which is as compact as
possible. This pattern should correspond to the pattern of the magnetic poles of the
rotor. This is because all the coils belonging to one phase are always energized at the

same time. Thus, with the known device it is not possible to have a number of coils per
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or the rotor. This is of particular importance in the case of small motors having a low-

5 mass rotor in order to guarantee the desired stable operation of the device.

Particularly in the case of a rotor of small dimensions the magnitude of
the magnetic-field component contributing to the Lorentz forces depends strongly on the
distance from the rotor. In the known device the driving force exerted on the rotor will
therefore differ per phase, depending on the distance of the relevant substrate from the

10 rotor, for a phase current of the same magnitude per phase. This has also an adverse

ﬂ effect on the stability of operation.

It is an object of the invention to provide a device of the type defined in

the opening paragraph, which combines an effective use of the available space with a
15 satisfactory stability of operation. To this end the invention is characterized in that the
substrate carries all the phases.

The advantage of the invention is that the number of substrates used does
not depend on the number of phases. Indeed, all the phases are present on each
substrate. As required, the devices may be provided with a single substrate or a stack of

20 a plurality of substrates.

Per substrate all the phases are situated in the same plane and hence at the
same distance from the rotor. Therefore, also when a stack of a plurality of substrates is
used all the phases always provide the same contribution to the driving force exerted on
the rotor. This is because each phase comprises coils on all the substrates of the stack.

25 In contradistinction to said known device the device in accordance with the invention
may be provided with a rotor having eight or ten poles in combination with a stator
having three phases and two coils per phase, i.e. with six coils on each side of a

substrate. Likewise, it is possible to combine, for example, twelve poles with nine coils.

An advantageous embodiment of the invention is characterized in that the
30 windings comprise electrically conductive tracks on the substrate, the interconnections
comprise at least one electrically conductive track, and each interconnecting track is
situated on the first side of the substrate for a first part and on the second side of said
substrate for a second part. This embodiment enables the device to be manufactured
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the drawings.
Any coil with its interconnecting tracks and feedthrough connections to

the other side of the substrate is identical to any other coil with its interconnecting
tracks and feedthrough connections. Thus, identical current patterns per phase are
obtained in operation. Even the feedthrough connections meet the requirements as
regards the geometrical shift between the phases.

A further embodiment of the invention is characterized in that the rotor is
rotatable about an axis, the coils are arranged uniformly around the axis in a reguiar
pattern, the first and second coils substantially coincide in a projection parallel to the
axis, each interconnecting track is situated on the first side for one half and on the
second side for another half, and the interconnecting tracks form regular patterns which
are identical in plan views of the first and the second side of the substrate.

A device of this construction has some important advantages for small and
flat electric motors, for example for use in magnetic disc storage units. Such a disc
storage unit has already been proposed in the prior non-published European Patent
Application 92201654.8 (PHN 14.087, herewith incorporated by reference). The regular
distribution of the coils enables a compact motor with a favourable operational stability
to be obtained. Since each interconnecting track extends for one half on one side and
for the other half on the other side of the substrate interconnecting tracks situated on the
same side of the substrate need not extend adjacent one another anywhere on the
substrate. This means that the only space to be reserved on the substrate for the
interconnecting tracks is the space to accommodate a single interconnecting track. This
will also become apparent from the déscription with reference to the drawings.

A further embodiment of the invention is characterized in that there are
provided further electrically conductive tracks, and the further electrically conductive
tracks comprise connection tracks at the ends of the phases for individually connecting
each of the phases to external current supply means.

In this embodiment the ends of each of the phases are available for

electrical connections. If the windings are, for example, arranged in star configuration
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the star point can be realized by external interconnection of the windings. However, if
desired it is also possible to arrange the windings in another manner. Another possibility
is to make the arrangement switchable with the aid of suitable external means, for
example from a delta to a star configuration. If desired, each coil may be provided with

5 a connection track for external connection. This freedom may be of importance for a
device which upon starting from the stationary condition should be capable of delivering
a larger driving force than at a later stage in which the device has already exceeded a
given speed. This may be of great importance, for example, for a motor for the drive of
a magnetic disc storage unit comprising a dynamic fluid bearing and magnetic heads

10 which are aerodynamically spaced from the disc.

A preferred embodiment of the invention is characterized in that the stator
comprises a plurality of substantially identical stacked substrates, for each phase the
ends of said connection tracks are situated at different sides of the substrate and
coincide in a projection parallel to the axis, and the ends of like connection tracks on

15 the facing sides of the substrates coincide and are electrically interconnected in such a
manner that all the coils of each phase are connected in series with one another.

In this embodiment the patterns on the substrates may be wholly identical
so that all the substrates can be manufactured by optical means using only a single mask
design. Since the connection tracks are situated above one another magnetic stray fields

20 caused by the electric currents in the connection tracks cancel one another. This means
that externally there is in effect no contribution to undesired fields.
' If desired a modification of this preferred embodiment may be used,
which is characterized in that the stator comprises a stack of a plurality of substantially
identical substrates, the stack comprises a plurality of sub-stacks, for each substrate the
25 ends of said connection tracks are situated at different sides of the substrate and
coincide in a projection parallel to the axis, in each sub-stack the ends of like
connection tracks on the facing sides of the substrates coincide and are electrically
interconnected in such a manner that in the sub-stack all the coils of each phase are
connected in series with one another, and the sub-stacks are electrically connected to
30 one another externaily.
The sub-stacks may be arranged in parallel, temporarily or permanently,

in order to obtain a, temporarily or permanently, higher driving force. For practical
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5 example, with reference to the drawings, which show possible embodiments to which
the invention is not limited and in which:

Figure 1 is a diagrammatic sectional view showing an embodiment of the

invention in the form of a data storage unit,
Figure 2 is a sectional view taken on the line II-I in Fig. I,
10 Figure 3 is a view of a substrate in the form of a foil with a

diagrammatically shown conductor pattern,

Figure 4 is a view of a foil with a conductor pattern in accordance with

the diagram of Fig. 3,

Figure 5 is a view of the other side of the foil shown in Fig. 4,
15 Figure 6 is a diagram of a stator comprising three sub-stacks I-III of
substrates, |
Figure 7 is a view of a foil with a deviating conductor pattern, and
‘ Figure 8 is a diagram similar to Fig. 3 but showing a deviating conductor
: pattern.

20

The data storage unit shown in Figs. 1 and 2 comprises a housing 1
having two parallel main walls 3 and 4 and four side walls S, 6, 7 and 8 interconnecting
the main walls. The housing 1 forms an at least substantially imperforate cartridge
accommodating an information disc 9 which is rotatable about an axis of rotation 9a, an

25 electrical drive unit 11 for rotating the information disc 9, and a scanning device for
scanning the information disc 9.

The drive unit 11 is constructed as an axial-field motor comprising a rotor
14 with a permanently magnetised multi-pole rotor magnet 15, preferably a high-energy
magnet, for example of NdFeB. The stator 16 comprises two sections 17 and 18. The

30 rotor magnet 15, which is rotatable about a rotor axis 15a which coincides with the axis
of rotation 9a, is axially magnetised and opposite each of the stator sections 17 and 18 it

has magnetic poles, in the present example eight. The stator sections 17 and 18
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disc comprising a base carrying on both sides a magnetic layer in which information has

5 been stored or can be stored. The information disc has a central opening through which

the rotor magnet 15 extends. An annular body 21, for example made of a material such

as iron, is arranged around the rotor magnet 15, on which body the information disc 9

is centred and is secured by means of a ring 23. The soft-magnetic body 21 also shields

the information disc 9 from stray flux produced by the drive unit 11.

10 In the present example the scanning device comprises one scanning unit
13 on each side of the information disc 9. Each scanning unit 13, which is situated in a
space 25 or 27 between the information disc 9 and one of the respective main walls 3 or
4, comprises a magnetic head, arranged on a pivotal arm 29, for writing and/or reading
information.

15 The data storage unit comprises bearing means for supporting the rotor 14
and the information disc 9 secured to this rotor relative to the housing 1. The bearing
means comprise two hydrodynamic spiral-groove bearings 31 and 32, each comprising a
bearing member 31a and 32a, respectively, shaped as a segment of sphere, and a
bearing member 31b and 32b, respectively, shaped as a hollow segment of sphere. The

20 bearing members 31a and 32a, which each have a smooth bearing surface, are secured
to the rotor 14. The bearing members 31b and 32b each have a bearing surface formed
with a groove pattern and are secured to the main walls 3 and 4, respectively. During
rotation of the rotor 14 the groove patterns produce a pressure build-up in a medium,

such as grease or oil, present between the bearing surfaces of the respective spiral-

25 groove bearings 31 and 32.
Each section 17 or 18 of the stator 16 comprises a plurality of substrates

such as a foil 41, as is illustrated diagrammatically in Fig. 3, which shows an
embodiment having a number of windings differing from that in Fig. 2.
The diagrammatic method of representation in Figure 3 has the advantage
30 that the invention can be explained more easily. In reality, the foil carrying the
windings will be as shown in Figure 4. Since Figures 3 and 4 show the same part
diagrammatically and in a practical representation, respectively, the same references are

used in Figures 3 and 4.
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plurality of windings each comprising spiral first coils 43, electrically interconnected in
series via interconnections, on a first side of the substrate 41 and, situated opposite
these coils, second coils 45, hardly visible in the drawings, on the opposite second side
of the substrate. Figure 5 is a view at the first side of the substrate 41. Each coil 43
10 spirals from the outside toward its centre and a central feedthrough connection 47
connects it to the centre of a second coil 45 on the second side of the substrate 41,
which second coil spirals outwardly from its centre. In projection the pattern of the
second coil coincides exactly with the pattern of the first coil. Thus, each first coil 43
. serially interconnected to a second coil 45 on the other side. Associated first and second
. 15 coils together form windings. In Figure 3, which as already stated diagrammatically
represents the part of the stator shown in Figure 4, the windings have been referenced
W,;, Wy, W;, Uy, Uy, Us and Vy, V,, V;. The windings U, to U; are serially
- interconnected and form a first phase. Likewise, the windings V, to V; and W, to W,
- form a second and a third phase, respectively. Each phase can be connected to external
=20 current supply means by two connection tracks provided on the substrate 41. In Figure
3 the conductors arranged on the first side of the substrate 41 are shown in solid lines.
- Conductors situated on the opposite second side of the substrate are shown in broken
_ lines. The connection tracks for the first phase comprising the windings U, U,, U, are
formed by the tracks u and u*, respectively. The phases formed by the windings V, to
£25-V; and W, to W; can be connected via the connection tracks v, v* and w, w*,
--respectively. For convenience these three phases will be referred to hereinafter as the
-phases U, V and W.
Starting from substrates 41 provided with interconnected phase windings it
: is possible to construct a stator of an electric motor from one or more stacked substrates
. 41. This enables the same substrate provided with the same coil pattern to be used for
- different motors of different power ratings. In this respect it is not essential that the
windings are formed by electrically conductive tracks. According to the invention it is
+-also possible to start from wire-wound windings and filamentary w1nd§—n§;s;él?£}ﬁ%ﬁ~g;§pyﬁw
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As already stated, Figure 4 shows an embodiment in which the windings

consxst of electrically conductive tracks on the substrate 41. The interconnections are

also formed by electrically conductive interconnecting tracks, each interconnecting track

in the present embodiment being arranged on the first side of the substrate 41 for a first

part and on the second side of this substrate for a second part. The connection track U

is connected to the outer end of the coil 45 of the winding U,. The central feedthrough

connection 47 connects the coil 43 to a coil 45 on the other side. At the periphery the
outer end of this second coil of the winding U, is electrically interconnected to the first
coil on the first side of the substrate 41 of the winding U, vig an interconnection 49a,

10 49b. The part 49a of the interconnection is situated on the second side of the substrate
41 and the part 49b on the first side. The two parts 49a, 49b are interconnected vig an
electrically conductive feedthrough connection 51 which extends through the substrate
41. The coils belonging to the windings U, and U, are interconnected in a similar way,
the outer end of the second coil of the winding U, situated on the second side of the

15 substrate 41 being electrically connected to the connection track u* by an
interconnection 53a, 53b via two feedthrough connections 55 and 57 which extend
through the substrate. The windings belonging to the phases V and W are electrically
connected to one another and to the connection tracks v, v* and w, w* in a similar
manner.

20 The substrates 41 provided with the coil patterns and conductor patterns
shown in Figure 4 are intended for motors having a rotor which is rotatable about an
axis through the centre 59. The coils are arranged in a regular pattern around the centre
59. In a projection parallel to an axis through the centre 59 and perpendicularly to the
substrate the first and second coils 43 and 45, respectively, substantially coincide with

25 each other. The iqterwnnecﬁhg tracks 49a, 49b efc. are situated on different sides of

the substrate and have substantially the same length, so that the interconnecting tracks
are situated on the first side for one half and on the second side for another half. The

two parts are interconnected by an electrical feedthrough connection which traverses the
substrate such as the feedthrough connection 51 or 55. The mterconnectmg tracks also
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' 5 the ends of the connection tracks u, v and w on the first side of each substrate coincide
with the ends of the connection tracks u*, v* and w*. As a result, it is very simple to
connect all the coils of each phase in series with one another on the different substrates
by making the ends of like connection tracks on facing sides of the substrates coincide
and electrically interconnecting them. For example, a connection track U of one

10 substrate can be positioned directly underneath a track u* of a second substrate, after
which the respective tracks v, w and v*, w* on the two substrates are also situated
opposite one another and can directly be interconnected electrically in an easy manner.
This yields a stator whose phases each comprise coils in each of the stacked substrates
in a perfectly symmetrical manner.

15 Another possibility is obtained by again forming a stack of a plurality of
substantially identical substrates 41, which stack now comprises a plurality of sub-
stacks. Figure 6 is a diagram of such a stator comprising three sub-stacks I, II and III.
In the same way as in the embodiment just described the ends of the connection tracks
of each substrate at different sides coincide in a projection parallel to the rotor axis. In

20 each sub-stack, just as described above, the ends of like connection tracks on the facing
sides of the substrates are situated above one another and are electrically interconnected
so that all the coils of a phase are connected in series with one another in the sub-stack.
In the diagram shown in Figure 6 it is assumed that each of the sub-stacks comprises
two substrates A and B. The windings U of the substrate A are connected in series with

25 one another to form a phase U,. Likewise, the substrate B carries a phase Up. The
same applies to the windings V and W so that the stack I also comprises phases V,, Vj
and W,, Wj. This also holds for the stacks I and III. Externally the sub-stacks I to III
are electrically connected in series with on another by means of the connections 79-81,
which are represented symbolically in broken lines.

30 Figure 7 shows another example of a substrate having a coil pattern for a
device in accordance with the invention, the coils on opposite sides of the substrate 61
being interconnected similarly to those in Fig. 6 and interconnecting tracks being

provided to connect the coils in series with one another so as to form phases U, V and
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i ded”further électrically conductive, tracks, and the further

trical IM whkigkipasses/dirough the substrate and which is connected to the second coil of the
winding U, via a further connection track arranged on the opposite side of the substrate.
The coil, not shown, situated on the other side of the substrate and belonging to the
second winding U, is similarly connected to the connection track opposite the

10 connection track u on the other side of the substrate by a conductive track on the second
side via a feedthrough connection 73 and a connection 75. The windings belonging to
the phases V and W are similarly connected to the connection tracks v, w and the tracks
situated opposite thereto on the other side of the substrate 61. In the embodiment shown
in Figure 7 the coils as well as the interconnections and connection tracks again form

15 regular patterns, so that the substrates in Figure 7 can be used in a manner similar to
those in the embodiments described hereinbefore with reference to Figure 4.

To illustrate that by means of the inventive concepts it is also possible to
manufacture electrodynamic devices which differ from the examples described
hereinbefore Figure 8 very diagrammatically shows that it is also possible to use

20 substrates carrying two phases U and V each comprising four windings U, to U, and V,
to V,, respectively. In the present case it is also possible to realize highly regular
patterns of both the coils and the electrically conductive interconnecting tracks.

Further advantages of the invention, which have not yet been mentioned

hereinbefore, may be obtained depending on the actual implementation and the field of
25 use. Further advantages may also become apparent upon a comparison of the invention
with prior-art other than cited.

Although the invention has been described hereinbefore with reference to
the drawings this does not imply that the invention is limited to the embodiments shown
in the drawings. The invention likewise relates to all embodiments which deviate from

30 those shown in the drawings but fall within the scope defined by the Claims and utilize
the basic idea of the invention, which entails that all the phases are present on each

substrate in an electrodynamic device having a permanent-magnetic rotor and windings

arranged on one or more substrates. ; .
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For example, in contradistinction to what is shown in the drawings, it is
possible to use the invention in a translatory motor. It is also possible to use entirely
different coil patterns and different numbers of windings.

In contrast to what is shown in Figures 4 and 5 the interconnecting tracks

5 may be arranged at the side facing the axis of rotation instead of at the side which is

remote from the axis of rotation.
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thé nt can be realized by external interconnection of the w ndi ngs.é))
Howg ;- 1f desired it is also possible to arrange the.w ndings in another
mang " Anot her possibility is to make the arrangenent: switchable with the

ai dJEf suitable externalusﬁnaﬁssBeﬁrDRePﬁ%é nple froma delta té a star

“mmm ':raylpe provided with a conpggiy @9

confggur at i OﬁyL Sir
tragek for eRbEY conn eedom may be of inportance for
evige

romthe stationary condition shoul d be capabl e

devigee starting

of |verrﬁé—g‘gﬁ|&arger driving force than at a later stage

devigie has plready eXoedddédynagnioeavispeenprising:s may be of M E’mﬁ ’
for @xanpl e,” for r for the drive of a € |scs ﬂ”W’
comii sing a dynén’f‘ﬁvaﬁ’f%@e&mm %Wd“ﬁ%?{edfmg)r(i@@ whi ch are

aer ggynam cal |y spagedombgigtit Reid# (36) comprisin A preferred enbodi mant
of te invention“i's characterized in tha% t e stator

a substrate (41) such as a sheet or foil,

5 - a plurality of windings (U;-U,, V,-V;, W-W,) comprising spiral first and
second coils (43, 45) which are electrically connected in series with one another
X via interconnections and which are situated, respectively, on the first and the
opposite second side of the substrate, and

a plurality of phases (U, V, W) each comprising at least one winding,

10 characterized in that the substrate carries all the phases (U, V, W). (Figs. 4, 5).
_ 2. An electrodynamic device as claimed in Claim 1, characterized in that
2 the windings (U;-U,, V,-V;, W-W,) comprise electrically conductive tracks on
the substrate (41),

the interconnections comprise at least one electrically conductive track (49A,
B), and
each interconnecting track is situated on the first side of the substrate (41) for a

first part and on the second side of said substrate for a second part.

An electrodynamic device as claimed in Claim 2, characterized in that
the rotor is rotatable about an axis,
the coils (43, 45) are arranged uniformly around the axis in a regular pattern,
the first and second coils (43, 45) substantially coincide in a projection parallel
to the axis,
each interconnecting track (49A, 49B) is situatéd on the first side for one half
and on the second side for another half, and
the interconnecting tracks form regular patterns which are identical in plan
views of the first and the second side of the substrate (41).

An electrodynamic device as claimed in Claim 3, characterized in that
there are provided further electrically conductive tracks, and
the further electrically conductive tracks comprise connection tracks (u, u*; v
V¥, w, w¥) at the ends of the phases for individually connecting each of the
phases to external current supply means.

An electrodynamic device as claimed in Claim 4, characterized in that
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rises a plurality of substantially identical
h phase the ends of said connection tracks are situated at different
es of the substrate and coincide in a projeéction parallel
the ends of |ike connection tracks on the:facing sides-of the

strates I nei and are electrically,interconnected in suc

t all tﬁgﬁcg‘f'ﬁg?of each phase are corHect ed in series with ghlgoa
this enbodi t the patt.erns .on.the.substrate e I.ly_identical
that aiT i he 04 se0F sPRoHEET pERRENSr SFaR L iertit ARttty oni y
i ngl e mask dest &th phafctelenas SOANEESneRidn! teeks (Bne; &, vwaked xphgve one
ther magnetic stray fields caused by the electric currents in the

necti on trackBuagehasledifferent sides ofcthe substraterand eoincivdgtin axprejeation paraligdte i s
effect no co%ri butign to undesired fields. If desired a

i fication of

ractgrized i mhd &iids df Nike ToAkRtior B8k iee FackigasillesOdf the Bhbstrates tyinbille
supstantially identical substrates, the stack conprises a plurality of
f or apdare eetmeally iaterepanected in such a manner that all the coils of each

HES

ferred enbodi nent may be used, which is

phase are connected in series with one another.

An electrodynamic device as claimed in Claim 4, characterized in that

the stator comprises a stack of a plurality of substantially identical substrates,

the stack comprises a plufality of sub-stacks,

for each substrate the ends of said connection tracks are situated at different

sides of the substrate and coincide in a projection parallel to the axis,

in each sub-stack the ends of like connection tracks on the facing sides of the

substrates coincide and are electrically interconnected in such a manner that in

the sub-stack all the coils of each phase are connected in series with one

another, and
the sub-stacks are electrically connected to one another externally.
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dE of said connection tracks are situated at different sides of the

trate and coincide in a projection parallel to the axis, in each

Ist ack the ends of |ike connection tracks on the facing sides of the

trates coincide and are electrically interconnected in such a manner

L i n thepgMpissgk all the coils of egagh phase are connect ed |rb7slegrgbes

one anot her, and the sub-stacks are electrically connected to 6n

kher eXtRBB@_kgLT- The sub-stacks may be arranged in
ll1el, tenmporariTy or permanently, in order to obtain a, tenporarily or
anent | yEletfrofypamdrdevicag f orce. For practi cal

An electrodynamic device such as an electric motor has a stator (16)
comprising a substrate (41) in the form of a sheet or foil carrying a plurality of
windings (U,-U,, V,-V;, W,-W,) comprising spiral coils (43, 45) on its upper and its
lower side connected in series with one another, which stator has a number of phases

5 (U, V, W) each comprising at least one winding. The device in accordance with the
invention may comprise one or a plurality of such substrates (41), but each substrate

always carries all the phases (U, V, W) present.
(Fig. 3)
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it may then be advantageous to arrange the el ectrical

ns of the sub- stacks geonetrically spaced: from one anot her.
ntion will now be described in nore detai
with reference to the draw ngs,

nmerely by way of
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t g nis not limted and in which: .. .. Figure 1is a

di-s 4 c sectional view show ng an enbodi nent Zof: the invention in the
- .data storage unit, Figure-2 is a sectional view

t Rt the line I11-111 in Fig. 1, Figure 3 is a view of a
sujrdte in the formof a foil with 2 zl agranmatically shown conduct or
patEr n, Figure 4 is a dfew of a foil with a conductor

| S3§
Fi &

g n in accordance with the diagramof Fig. 3, Figure 5
wiew of the otj1er side of tihg foil shown in Fig. 4,
e - 6 _is a di agrflm of a statoryconprising three sub-stacks I-111 of
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trates, Figure 7 is a viewof a foil with a deviating
uctor pattern, and Figure 8 is a diagramsimlar to Fig.
t showi ng a devi ating conductor pattern. The data

age unit shown in Figs. | and 2 conprises a housing 1 having two

|lel main walls 3 and 4 and fourﬁi 3p walls 5, 6, 7 and 8

rconnecting the main walls. The ing 1 forns an at | east

tantially inperforate cartridge accommodating an information disc 9

h is rotatable about an axis of rotation 9a, an electrical drive unit
or rotating the information disc 9, and a scanni ng device for scanning
I nformation disc 9.
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gsfic unit 11 is constructed as an axi al

a permanently magneti sed multi-pole rotor
for exanple of NdFeB. The stator
magnet 15, which is rotatable about a rotor

rotation 9a,

f-hergy magnet ,
gons 17 and 18. The rotor

Ptic poles,

-field notor

The st at or

conprising a rotor
'+ -magnet 15, preferably a
16 conprises two

is axially

F 15a which coincides with the axi 2
Bt i sed and opposite each of the s r sections 17 and 18 it has
in the present exanpl e eight.

sections 17 and 18
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apsoperate with the rotor magnet 15 via an air gap 19 and 20,

ectively, and are arranged on the main walls 3 and 4, respectively.

he present exanple the information disc 9 is-a-so-calied-mgnetic hard
conprising a base carrying on both sides a nmagnetic |ayer in which
rmation has been stored or rSIZ? stored. The information disc has a
ral opening through which the or magnet 15 extends. An annul ar body

for exanple nmade of a material such as iron, is arranged around the

r magnet 15, on which body the information dISC 9 is centred and is
red by neans of a ring 23. The soft-magnetic body 21 al so shields the
i #brmation disc 9 fromstray flux produced by the drive unit 11
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&' he present exanple the scanning device conprises one scanning unit 13
seach side of the information disc 9. Each scanning unit 13, which is

M uated in a space 25 or 27 between the information disc 9 and one of the

3ot al

&§ri ng neans conpri
xgh conprising a begring ne
glimrent of sphere,
42 hol | ow Segment_lf _spher
fe a snDothLbeaH
¥bers 31b and 32b egch hav
gt ern and af ()

gpective main walls 3 or 4,
arm 29,

for witing

and/ or

rel ative

surfac

€ Secur to t

and a bearji ng nenbe

- groove

respect i

r 3Ib and 32b

conprises a magnetic head, arranged on a
L& re g information.
&a storage unit conprises bearing nggfg for supporting the rotor
® information disc_ 9 secured to this rotor

e two hydrodynam c spiral

The
14 and
t he housing 1. The

arings 31 and 32,

ly,
réspectively

shaped as a
shaped

14. The bearing

ormed with a groove

er 3la and 32a, [ :
_The_bearjng ndnbers 31a and 32a, whi ch each
are sedured tp thp rotor 14. i

9 beari surfpce |

e’ fain |TA 3 and @, respectively. During
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r 3l on of the rotor 14 the groove patterns produce a pressure build-up in

li um such as grease or oil, present between the bearing surfaces of
-t espective spiral- groove bearings 31 and 32. Each section
18 of the stator 16 conprises a plurality of substrates such as a
fo 41, as is illustrated diagrammatically in Fig. 3, which shows an
e I ment havi ng a nunber of mﬁnding7(Ziffering fromthat in Fig. 2.
di agramati c met hod of representa nin Figure 3 has the advantage

the invention can be explained nore easily. In reality, the
ing the windings will ‘be as shown in Figure 4. Since Figures 3 and 4
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the sane part di agrammati cally-gm mama practical representation,
z SRR Rt R
s HSEeg: $13 and 4.

This Sheet HasB

IR

PR

P

———_

L

ORRPIPP

TRIS SHEET HAS BEE

PLEPLACED

>
7

7-VII-PHN 14450

Nvoe s e




7 The foil 41 consists o‘ﬁ@gel ectrically insulating
material, for exanple polyimde. On bot ‘Ues the foil &g @pui tably
con‘ductlve netal |ayer, for exanple of ' r. By neans of_ﬁ_]ﬁa sk-apd a
sui tabl e photolithographic nethod a coil pgttern i j ﬁﬂm eERted IVEHT Est |
copying the desired pattern in a photoresi’st coatec % e.mstai— Iﬁayers

after which the patterns are etched o he el ect rjonagnet | C .S o|r has a
Electrodynamic device uﬁ; 93 é,‘[} %8 !-” Jrfi"}

The invention relates to an eléctrodynamic device comprising a movable
permanent-magnetic member (rotor) and an electromagnetic stator comprising a
substrate such as a sheet or foil, a plurality of windings comprising spiral first and
second coils which are electrically connected in series with one another via
mterconnectmns and which are suuated respectively, on the first and the opposite
second side of the substrate, and a plura.hty of phases each comprising at least one
winding.

_ As is common usage, "rotor” is to be understood to mean the moving
member of the device. This implies that it need not be a rotating member although it
may be such 2 member. Apart from being rotating the rotor may be translating or may
perform a combined translation and rotation. THe rotor may be disc-shaped or
cylindrical. If the device forms an electric motor it may be of the axial-field type or the

radial-field type.

It is known (WO 90/07220, herewith incorporated by reference) to
provide a device of the type defined in the opening paragraph with a stator comprising a
plurality of stacked substrates, each substrate carrying a plurality of series-connected
coils together forming one of the phases of the device. Said device forms an
electronically commutated axial-field motor of flat construction. Motors of this type are
used increasingly, for example, for driving information discs which can be read without
mechanical contact, such as optical discs or magnetic discs of magnetic disc storage
units with aerodynamically floating magnetic heads (so-called Winchester drives).

In the known device the number of stacked substrates is always equal to
or a multiple of the number of phases. To avoid loss of space the coils on each
substrate are arranged on the substrates in a regular pattern which is as compact as
possible. This pattern should correspond to the pattern of the magnetic poles of the
rotor. This is because all the coils belonging to one phase are always energized at the

same time. Thus, with the known device it is not possible to have a number of coils per

PNt
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plurality of w ndings each conprising spiral first cdils 4? e;ctrl cal ly
interconnected in series via interconnections, on a fil 8t S‘ ”‘of the
subStrate 41 and, situated opposite these coils, sec.o.ad_.ce+~l-s-4)5~—‘h rdly
visible in the drawi ngs, on the opposite second side of the substrit]e.
Figure 5is a viewat the first side of the substra . ' 3
spirals fromthe outside toward its centre and a central feedthrough
connection 47,,6QMTEEAS frbin ﬂu@ nh%eﬁ@fnfo&ﬁ ;S?Jlesawﬁlﬂﬁl@l&s %P'sﬂ)acé5H@We¢e|Bemsecond
side of the %strate 41, which second coil spirals outwar fromits
centre. In pmg@swmuchedﬁﬁﬁrcmwmbtr ishdesirahde om drdeptd mmmmmi@n@waotthgz

ith th tt f t [ Th h.f t. I i al :
't er connbct atsxeried e SuPT S0 gpseiendl; fanaioden TRspe of BRRALYF an
second coil fhe el Rt Hels i OF ?hﬂcﬂﬁf ifiortanBe ff Gie/@se3of WHICHOREs Rdvirpadloust at ed

di agrammatically represen he part of the stator shown in Figure 4, the
wi ndi ngs havmaksemtonr mf@d%@@@@rﬂ’t? desied stable ajesation, OfLB[l@ﬁlelCC U[ err]

U d V| Th U
ser a1y i nt or connectAESHRIDE B S5, 9fh it Gnsdhs b aabn i o6
Vlerr] to V[ %rﬂmgfﬁ@ﬂc-‘%ﬂrédmﬁoﬂer\ﬂc@h&ibunng to the Lorentz forces depends strongly on the

distance from the rotor. In the known device the driving force exerted on the rotor will

w

therefore differ per phase, depending on the distance of the relevant substrate from the

rotor, for a phase current of the same magnitude per phase. This has also an adverse

effect on the stability of operation.

It is an object of the invention to provide a device of the type defined in
the opening paragraph, which combines an effective use of the available space with a
satisfactory stability of operation. To this end the invention is characterized in that the
substrate carries all the phases.

The advantage of the invention is that the number of substrates used does

" not depend on the number of phases. Indeed, all the phases are present on each
substrate. As required, the devices may be provided with a single substrate or a stack of
a plurality of substrates.

Per substrate all the phases are situated in the same plane and hence at the
same distance from the rotor. Therefore, also when a stack of a plurality of substrates is
used all the phases always provide the same contribution to the driving force exerted on
the rotor. This is because each phase comprises coils on all the substrates of the stack.
In contradistinction to said known device the device in accordance with the invention
may be provided with a rotor having eight or ten poles in combination with a stator
having three phases and two coils per phase, i.e. with six coils on each side of a
substrate. Likewise, it is possible to combine, for example, twelve poles with nine coils.

An advantageous embodiment of the invention is characterized in that the
windings comprise electrically conductive tracks on the substrate, the interconnections
comprise at least one electrically conductive track, and each interconnecting track is
situated on the first side of the substrate for a first part and on the second side of said

substrate for a second part. This embodiment enables the device to be manufactured
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forma second and a third phase, respectively. Each b HRER ASEHIEE Cﬁéﬁne‘t ed
to external current supply neans by two connection §ra3 rovitded-pni t he
substrate 41. In Figure 3 the conductors arranged o heg glm*ﬁ ‘*%‘Isj,de o t he
substrate 41 are shown in solid lines. Conductors siitdated on the o ioposite
second side of the substrate are shown in3droken |ifnesT The TUONNECTH! oh

tracks for the first phase conprising the wi ndings Ujerr] U[err] [ 1 ]

—+

ar ed formed R r] gl f6ddrh afidtRods dfgdrmlfhg traelssoere b iswtestrpte, -« fis ; 7 t he
wi ndi n Vierr|"to V[err] an t rr t
connectg ;Son[ tpmcdmhagraﬁ[lﬂc a\]¢3109!ﬁ 3\/0\! Mﬂ‘&&@%’"“&ﬂg %@gﬁﬂlgﬁggﬁ%@\& ﬁgggs

three phases w esmarrg¥ ?;1%5}:18919} Qb 6F ﬁfe%hgtﬁrw #ds kﬁ&bl@ bg@sveld compdedaly

Startlngfrdrlﬁ rovided wt nt er connect ed phase wi'ndings it
i's possible 0. .CQUfpl phtfernd, a8 aﬁlbbecmfneaappeieecfmmthmdbmnphommxﬂjrrefcmncme
stacked substrates 41. This enabl es the sanme substrate provided with the
sanme coil pahtéraviags.-be used for different notors of different power

ratings. In this respagl dofj with ROin&esRER trhdk8tand Fedthrough connections to
| the other side of the substrate is identical to any other coil with its interconnecting
tracks and feedthrough connections. Thus, identical current patterns per phase are
obtained in operation. Even the feedthrough connections meet the requirements as
regards the geometrical shift between the phases.

A further embodiment of the invention is characterized in that the rotor is
rotatable about an axis, the coils are arranged uniformly around the axis in a regular
pattern, the first and second coils substantially cdincide in a projectiomr parallel to the
axis, each interconnecting track is situated on the first side for one half and on the
second side for another half, and the interconnecting tracks form regular patterns which
are identical in plan views of the first and the second side of the substrate.

A device of this construction has some important advantages for small and
flat electric motors, for example for use in magnetic disc storage units. Such a disc
storage unit has already been proposed in the prior non-published European Patent
Application 92201654.8 (PHN 14.087, herewith incorporated by reference). The regular
distribution of the coils enables a compact motor with a favourable operational stability
to be obtained. Since each interconnecting track extends for one half on one side and
for the other half on the other side of the substrate interconnecting tracks situated on the
same side of the substrate need not extend adjacent one another anywhere on the
substrate. This means that the only space to be reserved on the substrate for the
interconnecting tracks is the space to accommodate a single interconnecting track. This
will also become apparent from the déscription with reference to the drawings.

A further embodiment of the invention is characterized in that there are
provided further electrically conductive tracks, and the further electrically conductive
tracks comprise connection tracks at the ends of the phases for individually connecting
each of the phases to external current supply means.

In this embodiment the ends of each of the phases are available for

electrical connections. If the windings are, for example, arranged in star configuration



- —

wi ndings are formed by electrically conductive tracks. R&c‘bﬁ@h* g‘\*‘t 6*(?\?—3 :
invention it is also possible to start from wi re-wound wmdrngs—ane ~-

filamentary wi ndings (??). 03 MAR 157 E :
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the star point can be realized by external interconnection of the windings. However, if

desired it is also possible to arrange the windings in another manner. Another possibility
is to make the arrangement switchable with the aid of suitable external means, for
example from a delta to a star configuration. If desired, each coil may be provided with
a connection track for external connection. This freedom may be of importance for a
device which upon starting from the stationary condition should be capable of delivering
a larger driving force than at a later stage in which the device has already exceeded a
given speed. This may be of great importance, for example, for a motor for the drive of
a magnetic disc storage unit comprising a dynamic fluid bearing and magnetic heads
which are aerodynamically spaced from the disc.

A preferred embodiment of the invention is characterized in that the stator
comprises a plurality of substantially identical stacked substrates, for each phase the
ends of said connection tracks are situated at different sides of the substrate and
coincide in a projection parallel to the axis, and the ends of like connection tracks on
the facing sides of the substrates coincide and are electrically interconnected in such a
manner that all the coils of each phase are connected in series with one another.

In this embodiment the patterns on the substrates ma); be wholly identical
so that all the substrates can be manufactured by optical means using only a single mask
design. Since the connection tracks are situated above one another magnetic stray fields
caused by the electric currents in the connection tracks cancel one another. This means
that externally there is in effect no contribution to undesired fields.

If desired a modification of this preferred embodiment may be used,
which is characterized in that the stator comprises a stack of a plurality of substantially
identical substrates, the stack comprises a plurality of sub-stacks, for each substrate the
ends of said connection tracks are situated at different sides of the substrate and
coincide in a projection parallel to the axis, in each sub-stack the ends of like
connection tracks on the facing sides of the substrates coincide and are electrically
interconnected in such a manner that in the sub-stack all the coils of each phase are
connected in series with one another, and the sub-stacks are electrically connected to
one another externally.

The sub-stacks may be arranged in parallel, temporarily or permanently,

in order to obtain a, temporarily or permanently, higher driving force. For practical



e e e
it S

mﬁw“m SocT |

As already stated, Figure 4 shows an enbodi ment in whi i

consi st of electrically conductive tracks on the substfrate 41" The——- |
i‘nt'erconnections are also fornmed by electrically co dugct& wepan ey 4o

i nterconnecting tracks, each interconnecting track iin.ithe present” | |
embodi ment being arranged on the first side of the sufpstrate 41 tor-al first
part and on the second side of this subst Pate for a s art. The+hL
connection track U is connected to the outer end.of the coil .45

wi ndi ng Ul ergdsonsThenayethen be advaatrgpous g rrangs figed gonnehins &f éhet?i:g coi |

43 to a coil 45 on the ath |fp|1§ peri phery the outer end of this
second coi l smk%ﬁ@%“ﬁc&ﬂﬁﬁs{ﬁférr iog‘éé{“ge}'g%r?i cally interconnected to the -
first coil on the first side of the substrate 41 of the winding Uerr]

via an interconnection 49a, . 49h. The part, 49a of the.jntercaonnection is
situated on the secoribhesinvention Willenow,be fleseribed mymorg dptail, masely Dy Mgy @f, '+ he

first side. The two. i ; R &b @tchi cal |y
conduct i ve EE&BRIfir 8&8%5%%8%2&?% Ehgﬁﬂg\?{ngiﬁ »2&1‘3@)%%?2&% gﬂgg%(ﬂt ﬁrétssubs§dr}lat e

the invention is not limited and in which:

Figure 1 is a diagrammatic sectional view showing an embodiment of the
invention in the form of a data storage unit,

Figure 2 is a sectional view taken on the line III-TI in Fig. 1,

Figure 3 is a view of a substrate in the form of a foil with a

diagrammatically shown conductor pattern,
Figure 4 is a view of a foil with a conductor pattern in accordance with

the diagram of Fig. 3,
Figure 5 is a view of the other side of the foil shown in Fig. 4,

Figure 6 is a diagram of a stator comprising three sub-stacks I-III of
substrates, . _
Figure 7 is a view of a foil with a deviating conductor pattern, and

Figure 8 is a diagram similar to Fig. 3 but showing a deviating conductor

pattern.

The data storage unit shown in Figs. 1 and 2 comprises 2 housing !
having two parallel main walls 3 and 4 and four side walls 5, 6, 7 and 8 interconnecting
the main walls. The housing 1 forms an at least substantially imperforate cartridge
accommodating an information disc 9 which is rotatable about an axis of rotation 9a, an
electrical drive unit 11 for rotating the information disc 9, and a scanning dev.ice for
scanning the information disc 9.

The drive unit 11 is constructed as an axial-field motor comprising a rotor
14 with a permanently magnetised multi-pole rotor magnet 15, preferably a high-energy
magnet, for example of NdFeB. The stator 16 comprises two sections 17 and 18. The
rotor magnet 15, which is rotatable about a rotor axis 152 which coincides with the axis
of rotation 9a, is axially magnetised and opposite each of the stator sections 17 and 18 it

has magnetic poles, in the present example eight. The stator sections 17 and 18
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41 The coils belonging to the windings U2 and U3 arecinterconnected in a
simlar way, the outer end of the second coil of t epgpq.grkfn% U3"'S1~t~-ue}t ed
en‘'the second side of the substrate 41 being el ectrjfi Cm‘nﬁeét

t he connection track u* by an interconnection 53a, 53b{via tvvo Tewdt hréyugh
connections 55 and 57 which extend through the substyfa ﬂﬁ'ﬁéfwm ngs;

bel onging to the phases V and Ware electrically conphe

and to the connection tracks v, ﬁnd W, W ip%ati1

The substrat@,'i,péﬁtepwnmdtfe@t%’f‘ﬁg“?h &4i3" PLeiRtna" aafr%er ns
shown in Figure l1;‘39156'%{;@|ngarotor V\/mch |s table
about an amm%ﬁﬁﬁhe[ ﬁ’é&cr\gﬁgr%%%mme gm Ys are arranged in a regular

pattern around the cem e fF6sent examgher tiedoformatiqradia¢ Pds a sse-caliedampgnetit hardgh
the centre 59 and per pendl cularly to t ubstrate fir
coi | s 43 andgiéGeomprigirgct @%I"f”y b‘é"t%‘ﬁp sﬁ% g TRENRLS &gg thg%%ﬂgp %gﬁ?’gsrhe
i nter connect ng £ acks 49, 4. THe infdtnftioh KRt Qndill dgening inougipahich

the rotor magnet 15 extends. An annular body 21, for example made of a material such

as iron, is arranged around the rotor magnet 15, on which body the information disc 9

is centred and is secured by means of a ring 23. The soft-magnetic body 21 also shields

the information disc 9 from stray flux produced by the drive unit 11.
In the present example the scanning device comprises one scanning unit
13 on each side of the information disc 9. Each scanning unit '13 which is situated in a
space 25 or 27 between the information disc 9 and one of the respecuve main walls 3 or
4, comprises a magnetic head, arranged on a pivotal arm 29, for wntmg and/or reading
information. '

The data storage unit comprises bearing means for supporting the rotor 14
and the information disc 9 secured to this rotor relative to the hous‘ing 1. The bearing
means comprise two hydrodynéunic spiral-groove bearings 31 and 32, each comprising a
bearing member 31a and 32a, respectively, shaped as a segment of sphere, and a
bearing member 31b and 32b, respectively, shaped as a hollow segment of sphere. The
bearing members 31a and 32a, which each have a smooth bearing surface, are secured
to the rotor 14. The bearing members 31b and 32b each have a bearing surface formed
with a groove pattern and are secured to the main walls 3 and 4, respectively. During
rotation of the rotor 14 the groove patterns produce a pressure build-up in a medium,
such as grease or oil, present between the bearing surfaces of the respective spiral-
groove bearings 31 and 32.

Each section 17 or 18 of the stator 16 comprises a plurality of substrates
such as a foil 41, as is illustrated diagrammatically in Fig. 3, which shows an
embodiment having a number of windings differing from that in Fig. 2.

The diagrammatic method of representation in Figure 3 has the advantage
that the invention can be explained more easily. In reality, the foil carrying the
windings will be as shown in Figure 4. Since Figures 3 and 4 show the same part
diagrammatically and in a practical representation, respectively, the same references are

used in Figures 3 and 4.
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the substrate and have substantially the same | ength, so
I nterconnecting tracks are situated on the first side for

t he 'second side for another half. The two parts are intergco ng:cgt (?{.q% ﬁu_zn,
el ectrical feedthrough connection which traverses the sulystyate, &tic s§

regul ar pattern. These regul ar patterns have been selectdgd in such a vvay
that they are identicalthe rﬁoxphamwmfmfelbd:tﬂcﬂlyrmtulstl@emata W GRS Gl

Subst rate 41 guiyimideOn bih syt e a8 2cSienle Cardighve el P e
copper. By means of a mask and a suitable photolithographic method a coil pattern is
generated by first copying the desired pattern in a photoresist coated onto the metal — _
layers, after which the patterns are etched out. The electromagnetic stator has a
plurality of windings each comprising spiral first coils 43, electrically interconnected in
series via interconnections, on a first side of the substrate 41 and, situated opposite
these coils, second coils 45, hardly visible in the drawings, on the opposite second side
of the substrate. Figure 5 is a view at the first side of the substrate 41. Each coil 43
spirals from the outside toward its centre and a central feedthrough connection 47
connects it to the centre of a second coil 45 on the second side of the substrate 41,
which second coil spirals outwardly from its centre. In projection the pattern of the
second coil coincides exactly with the pattern of the first coil. Thus, each first coil 43
serially interconnected to a second coil 45 on the other side. Associated first and second
coils together form windings. In Figure 3, which as already stated diagrammatically
represents the part of the stator shown in Figure 4, the windings have been referenced
W, W,, W;, U, U, U; and V), V,, V. The windings U, to Uj are serially
- interconnected and form a first phase. Likewise, the windings V, to V; and W, to W,
form a second and a third phase, respectively. Each phase can be connected to external
current supply means by two connection tracks provided on the substrate 41. In Figure
3 the conductors arranged on the first side of the substrate 41 are shown in solid lines.
Conductors situated on the opposite second side of the substrate are shown in broken
lines. The connection tracks for the first phase comprising the windings U;, U,, U; are
- formed by the tracks u and u*, respectively. The phases formed by the windings V, to
"~ V;and W, to W; can be connected via the connection tracks v, v* and w, w¥,
-tespectively. For convenience these three phases will be referred to hereinafter as the
‘phases U, V and W.
Starting from substrates 41 provided with interconnected phase windings it
 is possible to construct a stator of an electric motor from one or more stacked substrates
' 41. This enables the same substrate provided with the same coil patter to be used for
- different motors of different power ratings. In this respect it is not essential that the
windings are formed by electrically conductive tracks. According to the invention it is

:also possible to start from wire-wound windings and filamentary windings (27).
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The substrates as shown in Figures 3 to 5 provided wif
patterns are very suitable for formng a stator for an el dg/l;‘l‘,amwc iy

device, which stator conprises a stack of a plurality o |"Hém“r~eaL ,QI’" at

| east substantially identical substrates. In a projeg¢tijord pa fealbl »eJ.gt(D an
axi s perpendicular to the drawing in projection the of the CffnnEctlon
tracks u, v and won the first side of each substratef coi nci
ends of the connection tracks u*, v* and w. As ab&ﬁ 'ﬁé’@/ﬁﬁi ijnpl e
to connect all the cohs sireafly stated, Figuse 4isHows an smbafimen

different submstsrstat electrically conductive tracks on the substrate 41. The interconnections are

> Tespective
i

also formed by electrically conductive interconnecting tracks, each interconnecting track
in the present embodiment being arranged on the first side of the substrate 41 for a first
part and on the second side of this substrate for a second part. The connection track U
is connected to the outer end of the coil 45 of the winding U,. The central feedthrough
connection 47 connects the coil 43 to a coil 45 on the other side. At the periphery the
outer end of this second coil of the winding U, is electrically interconnected to the first
coil on the first side of the substrate 41 of the winding U, via an interconnection 49a,
49b. The part 49a of the interconnection is situated on the second side of the substrate
41 and the part 49b on the first side. The two parts 49a, 49b are interconnected via an
electrically conductive feedthrough connection 51 which extends through the substrate
41. The coils belonging to the windings U, and U, are interconnected in a similar way,
the outer end of the second coil of the winding U, situated on the second side of the
substrate 41 being electrically connected to the connection track u* by an
interconnection 53a, 53b via two feedthrough connections 55 and 57 which extend
through the substrate. The windings belonging to the phases V and W are electricaily
connected to one another and to the connection tracks v, v* and w, w* in a similar
manner.

The substrates 41 provided with the coil patterns and conductor patterns
shown in Figure 4 are intended for motors having a rotor which is rotatable about an
axis through the centre 59. The coils are arranged in a regular pattern around the centre
59. In a projection parallel to an axis through the centre 59 and perpendicularly to the
substrate the first and second coils 43 and 45, respectively, substantially coincide with
each other. The interconnecting tracks 49a, 49b etc. are situated on different sides of
the substrate and have substantially the same length, so that the interconnecting tracks
are situated on the first side for one half and on the second side for another half. The
two parts are interconnected by an electrical feedthrough connection which traverses the
substrate, such as the feedthrough connection 51 or 55. The interconnecting tracks also
form a regular pattern. These regular pattems. have been selected in such a way that
they.are identical in plan views of the first side and the second side of the substrate. To
1lustrate this, Figure 5 shows the second side of the substrate 41 with the coil pattern
and conductor pattern arranged thereon,
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by meki ng the ends of like connection tracks on facing sideB:®f- Lhe
substrates coincide and electrically interconnecting them 'Fe’r—-—exaf’rpl €, @ |
connection track U of one substrate can be positioned dirfedtly,underneath
a track u* of a second substrate, after \/\gich t he respect|i e i‘tracks v w
and v*, w* on the two substrates are also Situated opposi|te—one- *aﬁﬁf'"hef“”l

|
and can directly be interconnected el ectri.cal Ig in an egig ner. .This ;
yi el ds a stator whose %%@é“%ﬁ‘cﬁ %’BWﬂrmfég‘Héﬁ 40 Prprayd K&t
substrates in,a f R r
possibility pNe %fgfcn\ge BMtagYal ntfé ﬁgE 2& ?{OEC e}?amd%qaumrma ewén%m
subst anti al | yzicdeadmpades &Ldmkr(ﬁtaqﬂuxélity othidedtical archt lammsuMmpnaH,}esiemcal

plurality of sub- stacks, é is a di agPF suc st at or
P onpri 51 gt RSB OUGE AToleetPr DRI 3 s PAPEICHOIS Jrdhe g e rproiggtion
embodi ment | H%It g?%?rtﬁeb&ﬁt E&’Eﬁn%@ﬁs @f v bhé v oD iR P fidk bﬁ%ﬁ sg@ﬁ(tra?ea%ncxde

substrate at THiTTerent a1 des Col nci de in a projection parall the rotor
axis. In eaq,hhah&)esdmﬂqhepmmecm nlacks ui*p et and ow*e At heeselhdid isovery iskeple to

connection tracks on . the, faci :
connect 281 the coils o? each phase in series with one another on the different substrates

by making the ends of like connection tracks on facing sides of the substrates coincide
and electrically interconnecting them. For example, a connection track U of one
substrate can be positioned directly underneath a track u* of a second substrate, after
which the respective tracks v, w and v*, w* on the two substrates are also situated
opposite one another and can directly be interconnected electrically in an easy manner.
This yields a stator whose phases each comprise coils in each of the stacked substrates
in a perfectly symmetrical manner.

Another possibility is obtained by again forming a stack of a plurality of
substantially identical substrates 41, which stack now comprises a plurality of sub-
stacks. Figure 6 is a diagram of such a stator comprising three sub-stacks I, II and III.
In the same way as in the embodiment just described the ends of the connection tracks
of each substrate at different sides coincide in a projection parallel to the rotor axis. In
each sub-stack, just as described above, the ends of like connection tracks on the facing
sides of the substrates are situated above one another and are electrically interconnected
so that all the coils of a phase are connected in series with one another in the sub-stack.
In the diagram shown in Figure 6 it is assumed that each of the sub-stacks comprises
two substrates A and B. The windings U of the substrate A are connected in series with
one another to form a phase U,. Likewise, the substrate B carries a phase Uy. The
same applies to the windings V and W so that the stack I also comprises phases V,, Vj
and W,, W;g. This also holds for the stacks I and ITI. Externally the sub-stacks I to III
are electrically connected in series with on another by méans of the connections 79-81,
which are represented symbolically in broken lines.

Figure 7 shows another example of a substrate having a coi! pattem for a
device in accordance with the invention, the coils on opposite sides of the substrate 61
being interconnected similarly to those in Fig. 6 and interconnecting tracks being

provided to connect the coils in series with one another so as to form phases U, V and
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sides of the substrates are situated above one ‘another and r@ﬁ 15C] sLL_y__*__
i nterconnected so that all the coils of a phase are connecfed’i *«'Sséfyﬂa%gcﬁ,]
' ]

wi tth one another in the sub-stack. |In the diagramshown inf F gu'f“é“"ﬁ»«i«--LwL_“é_; J
assumed that each of the sub-stacks conprises two substratles A gngB..,The!
wi ndings U of the substrate A are connectelflin series with e_another-t o /

forma phase Uerr] Likewi se, the substrate B carries a phpse UB. "‘The-- e |
appl i es to t Né CRMREFIAG WY wingingy easht Fhe connsctionatzackiu & coon theso;bbi,;fj\-/

V[err], V[errh:.uo r Thi hol ds., f or { he stacks

T Bt e nathietie Selly Conndthl I e EPhe Bt 3 S:eB50 E50. 5 cbVtn are e e e
series with oftmbitette by vieaneletticilRedtRDLKE tordBetoh%6Passiny Mo p R iR
represented synbolically in broken |ines. Figure 7 shows

anot her exanphtstrate. Ahis eand-goil efathe wgnding 8 lis praneatetto be fustcp?ﬂi f;\%oﬁ uh; t

d ' | . Il .0pposi t e sides the substrate
acoordance viuhi0, VDS ORech, S BuRl AR RO 2 oRu e oY,
tracks bei ng7pmhidhdgdses ahwoph € subigate @nd Svhidh iS @bhrREteritd fheOREoRNESiNGT theO as

to form phases U, V and ) L.
winding U, via a further connection track arranged on the opposite side of the substrate.
The coil, not shown, situated on the other side of the substrate and belonging to the
second winding U, is similarly connected to the connection track opposite the

connection track u on the other side of the substrate by a conductive track on the second

side via a feedthrough connection 73 and a connection 75. The windings belonging to
the phases V and W are similarly connected to the connection tracks v, w and the tracks
situated opposite thereto on the other side of the substrate 61. In the embodiment shown
in Figure 7 the coils as well as the interconnections and connection tracks again form
regular patterns, so that the substrates in Figure 7 can be used in a manner similar to
those in the embodiments described hereinbefore with reference to Figure 4.

To illustrate that by means of the inventive concepts it is also possible to
manufacture electrodynamic devices which differ from the examples described
hereinbefore Figure § very diagrammatically shows that it is also possible to use
substrates carrying two phases U and V each comprising four windings U, to U, and V,
to V,, respectively. In the present case it is also possible to realize highly regular
patterns of both the coils and the electrically conductive interconnecting tracks.

Further advantages of the invention, which have not yet been mentioned
hereinbefore, may be obtained depending on the actual implementation and the field of
use. Further advantages may also become apparent upon a comparison of the invention
with prior-art other than cited.

Although the invention has been described hereinbefore with reference to
the drawings this does not imply that the invention is limited to the embodiments shown
in the drawings. The invention likewise relates to all embodiments which deviate from
those shown in the drawings but fall within the scope defined by the Claims and utilize
the basic idea of the invention, which entails that all the phases are present on each
substrate in an electrodynamic device having a permanent-magnetic rotor and windings

arranged on one or more substrates.
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10 W conprising two wi ndings each. The connection trac Bﬁ@(ﬁ@pggc}“e‘d:ﬁ
to the.coil 63, which is centrally connected to the ceptre—ql rdT |
coil, not shown, on the other side of the substrate 61 pi ﬁm, eLgptrl"C“al !’
f eedt hrough connection 65 passing through the MER 1997 !
e ]
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For example, in contradistinction to what is shown in the drawings; ‘t‘rs*—]
possible to use the invention in a translatory motor. It is also possible to use entirely

different coil patterns and different numbers of windings.
In contrast to what is shown in Figures 4 and 5 the interconnecting tracks

may be arranged at the side facing the axis of rotation instead of at the side which is

remote from the axis of rotation.
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substrate. This second coil of the winding Uerr] is connected to the first

coil 69 of the winding Uerr] via an connection 67. The
made via a feedthrough connection 71 whi ch passes throu
and which is connected to the second coil @ the w nding
further connection track arranged on the opposite side of
The coil, not@m, situated on the other side.of the su
bel onging to 'second winding U2 is sim]arly connect
connection track opposAn@lwﬁ@dyna@W&qmnﬂS%k u on the

ciTan: bserr |

gﬁﬁ} Eg(’ﬂksﬁé‘tr e |

orerr]” vi a, a, i

t LeQ R A%, |

bstrate _and i !
bd to the

ot her side_of TlleJ

substrate by ‘a conductive track o a feedthrough
connection 73 and &Wﬁwggf?%ﬂmféﬂaéﬂ%gcﬁ &mmb ﬁ%%\éllllﬁg to the phases V.

and Ware sim| arl%(rh Wﬁ&dmmh@l@@,ﬁmpﬁtmg)n tracks v,
situated oppdsite e

w and t he tracks

reto on the other side of the substrate 61. In the

embodi ment. shown a subsEatgu# b srch peasbeat orfailwel | as the interconnections

and connection track ai hAky P L r]%m it fi&t strates
in Figure 7 ean be? H@é’g ﬁpwgr% 3 (U';Qﬂm I‘é’r” '?%W t sﬁﬁm%hs?Le enbodi ment s
descri bed herei nbefpsf ¥dils(43,045 metiicteareeldeiripatle cénnected in series with one another

via interconnections and which are situated, respectively, on the first and the

opposite second side of the substrate, and

characterized in that the substrate carries all the phases (U, V, W).

a plurality of phases (U, V, W) each comprising at least one winding,

(Figs. 4, 5).

2. An electrodynamic device as claimed in Claim 1, characterized in that

the windings (U,-Us, V,-V;, W,-W;) comprise electrically

the substrate (41),

B), and

conductive tracks on

the interconnections comprise at least one electrically conductive track (49A,

each interconnecting track is situated on the first side of the substrate (41) for a

first part and on the second side of said substrate for a second part.

3. An electrodynamic device as claimed in Claim 2, characterized in that

- the rotor is rotatable about an axis,

- the coils (43, 45) are arranged uniformly around the axis in a regular pattern,

- the first and second coils (43, 45) substantially coincide in

to the axis,

a projection parallel

- each interconnecting track (49A, 49B) is situatéd on the first side for one half

and on the second side for another half, and

- the interconnecting tracks form regular patterns which are identical in plan

views of the first and the second side of the substrate (41).

4. An electrodynamic device as claimed in Claim 3, characterized in that

- there are provided further electrically conductive tracks, and

- the further electrically conductive tracks comprise connection tracks (u, u*; v

v¥; w, w*) at the ends of the phases for individually connecting each of the

phases to external current supply means.

3. An electrodynamic device as claimed in Claim 4, characterized in that

Iy

i
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To illustrate that by nmeans of the inventive concepts it iwgm_ﬂxé‘@ﬁﬁ%&ﬁ*"b
to manufacture el ectrodynam c devices which differ fromjt I
descri bed hereinbefore Figure 8 very diagrammatically sho igaﬁmﬁt'ﬁi‘,s
al so possible to use substrates carrying two phases U arld {V eac .
conprising four wwndings Uerr] to Uerr],,and Verr] to.jV —
respectively. In the present case it is é?so possible to
regul ar patterns,_of both the coils,and.th t.r i call

i nt er connecting t%URGT comprses a plurliy %sr‘ﬁbg%'ﬁlagg\}%éﬁ@%e%“o ] %gent i on,
whi ch have not yeé LeRphaRthe eidofhQidtdasdtivharack®f, he; 9bvaj wed*empendi ng
on the actual inplenentation and the field of use, Further advantages nay
al so becone appaskvatedigtotiffareobsiges ofsthe sulfstratecant woiagidedn aprelgctinn paraligl to

ot her than cited, . Al t hough the invention has been descri bed
herei nbefore wit 5% fce to the drawings this does not inply that the
invention is |imieeghds @f liRe conRREbATEREIS chltBefacing Side oirthevsutgaated beincide

invention |ikew se relates to all enbodi pents which deviate from
and are electrically interconnected in such a manner that all the coils of each
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phase are connected in series with one another.

6. An electrodynamic device as claimed in Claim 4, characterized in that

- the stator comprises a stack of a plurality of substantially identical substrates,

- the stack comprises a plui'ality of sub-stacks,

- for each substrate the ends of said connection tracks are situated at different
sides of the substrate and coincide in a projection parallel to the axis,

- in each sub-stack the ends of like connection tracks on the faciné sides of the
substrates coincide and are electrically interconnected in such a manner that in
the sub-stack all the coils of each phase are connected in series with one
another, and

- the sub-stacks are electrically connected to one another externally.
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those shown in the drawings but fall within the scope deflimead sbysihe Ll.ains
and utilize the basic idea of the invention, which entaills fhat all" tH&"" |
phases are present on each substrate in an el ectrodynani¢ deyice havir
per manent - magneti ¢ rotor and w ndi ngs arranged on one or | npr Suat raves;
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ABSTRACT:
Electrodynamic device

An electrodynamic device such as an electric motor has a stator (16)
comprising a substrate (41) in the form of a sheet or foil carrying a plurality of
windings (U,-Us, V,-V;, W,-W;) comprising spiral coils (43, 45) on its upper and its
lower side connected in series with one another, which stator has a number of phases
(U, V, W) each comprising at least one winding. The device in accordance with the
invention may comprise one or a plurality of such substrates (41), but each substrate
always carries all the phases (U, V, W) present.

Fig. 3
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CLAI MS: 1. An el ectrodynani ¢ devi ce conpri sing: REPLAGL'}Q,?,
per manent - magneti ¢ nenber (rotor) (14) and an elecfr n@_tj Sy
stator (16) conprising: a substrate (41) such as S t or Tofts— f
a plurality of windings (Uerr]-Uerr], V[err]-V[err], W rr]ﬁg\?et""‘?ﬂ}?)?ggg? i H
conprising spiral first and second coils (43, 45) reh-are | /
electrically connected in series with one anot her vi a e
i nterconnections and which are situated, respectively, on i and th
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opposite second side of the substrate, and a pIuraI PU@” ‘3@ gHEET
(U V, W each conprising at |east one w nding, characterizedfin that the ;
substrate carries all the phases (U, V, W. (Figs. 4, 5). {2.i 3 M:‘4‘5An(

el ectrodynanmi c device as clained in Caim1, characterized|in_that -

the windings (Uerr]-Uerr] Verr]-V[err], Werr]-Werr]) donprise

el ectrically conductive tracks on the substrate (41). t he
i nt erconnections conprise at | east ongéelectrically conductive track (49A,
B), and - each interconnecting track is situated on the first side of
the substrate (41) for a first part and on the second side of said
substrate for a second part. 3. An el ectrodynam c device as
claimed in Claim2, characterized in that - the rotor is rotatable

about an axi s,
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- the coils (43, 45) are arranged uniformy around the
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regul ar pattern, - the first and second coils (43, 45)

coincide in a projection parall el to the axis, - ach ™ o

i nterconnecting track (49A, 49B) is situated on the first sifejf@r3 dgne hatif ! j

and on the second side for another half, and - the intefcpnnecting |
]

tracks formregular patterns which are identical in plan vi ews “of

the first and the second side of the sq&strate (41). 4. ] An ﬁj
el ectrodynanmi c device as clained in dafm3, characterized in that -

there are provided further electrically conductive tracks, and - t he
further electrically conductive tracks conprise connection tracks (u, u*;’
Vv, v¥; w, w) at the ends of the phases for individually connecting
each of the phases to externa 0T 7 e appl y nmeans. 5. An

ized in that

el ectrodynam ¢ devi ce as cl ai T
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situated at different sides of the substrate and coincide in ;}Qﬁ@ﬁ-@%&;lfiffi“
parallel to the axis, and - the ends of like ¢ SHEET

npect A St
tracks on the facing sides of the substrates coincide : g? re e
Ha i

a
electrically interconnected in such a manner that all the co[lj Je 159;

phase are connected in series with one_another. 6.

el ectrodynam c device as clained in g m4, characterized
the stator conprises a stack of a plurality of substantjally-
substrates, - the stack conprises a plurality of b- st acks, -
for each substrate the ends of{said connectiron tracks afe situated at
di fferent sides of theg substrat a projection
parallel to the axis,{- ___ _ lin each_gqub-stadk the ends of Iike connection
tracks on the facing kides of lthe subgtrayes coincide and are
electrically intercomnected ip such a ner that|in t he sub-stack

all the coils ¢f eac hase a eVQonnec etdAin series wth one
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anot her, and - t he sub-stacks are electrically connected t®e9
anot her externally. i}
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