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57 ABSTRACT 
An electromagnetic drive unit comprises a stator (2) 
and an armature (4) which is pivotable about a pivotal 
axis (5) and which cooperates with the stator via an air 
gap. In order to minimize the volume and to obtain a 
maximum efficiency, the armature is arranged coaxially 
around the stator, the stator comprising at least two 
polepieces (6A) which are interconnected by a stator 
member (6B) carrying a coil (8). The armature com 
prises a plurality of radially magnetized poles (28A, 
28B) which correspond in number to at least the num 
ber of polepieces, which poles are tangentially juxta 
posed with alternately opposite polarities. 

15 Claims, 4 Drawing Figures 
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1. 

ELECTRO-MAGNETIC DRIVE UNIT 
COMPRISING A PIVOTABLE ARMATURE 

The invention relates to an electro-magnetic drive 
unit comprising a stator and an armature which is pivot 
able about a pivotal axis and which cooperates with said 
stator via an air gap. 
The invention also relates to a pivotal-arm device for 

recording and/or reading record tracks in an optical 
disc by means of a radiation beam. The device includes 
a stationary frame, an optical scanning unit comprising 
a lens system which is movable along an optical axis, a 
pivotal arm which is supported in the frame to carry the 
optical scanning and an electro-magnetic drive unit for 
driving the pivotal arm so as to be pivotable in a plane 
transverse to said optical axis. The drive unit comprises 
a stator which is secured to the frame and an armature 
which is connected to the pivotal arm. 
Such a pivotal-arm device is disclosed in European 

Patent Application EP No. 0,074,131 U.S. Pat. No. 
4,403,316 corresponds (herewith incorporated by refer 
ence) and is provided with a drive unit of the above 
type. 

In the known pivotal-arm device the optical scanning 
unit can perform a limited pivotal movement over the 
information surface of an optical disc. The movement is 
effected about a pivotal axis which extends parallel to 
the axis of rotation of the optical disc. The optical disc 
may be a video disc, an audio disc or a data-storage disc. 

Optical-disc players provided with a pivotal-arm 
device generally include a focussing-control device and 
a tracking control device. The focussing-control device 
serves to ensure that a light spot emitted by a light 
source is automatically kept focussed on the informa 
tion surface of the disc. The tracking device serves for 
automatically correcting deviations in the position of 
the light spot within the information plane and trans 
verse to the direction of the information track. For this 
purpose the pivotal arm is included in an automatic 
control loop and is driven by the electromagnetic drive 
unit to correct tracking errors by means of pivotal 
movements of the pivotal arm. 

In the known drive unit the stator comprises two 
permanent magnets having the shape of circular seg 
ments, which magnets are secured to an iron yoke and 
extend transversely of the pivotal axis of the armature. 
The armature comprises two cylindrical coils which are 
secured to the pivotal arm and which are movable 
through an axially oriented magnetic field in an air gap 
formed between the permanent magnets and a part of 
the yoke. 

In a pivotal-arm device of the type defined in the 
foregoing it is important that the electromagnetic drive 
unit has such a power and torque that a detected devia 
tion in the position of the light spot in the plane of the 
information surface of the optical disc can be corrected 
rapidly regardless of the instantaneous position of the 
pivotal arm relative to the disc. In the known drive unit 
this has resulted in comparatively large dimensions of 
the drive unit, in particular the diameter of the segment 
shaped magnets, so that the drive unit occupies much 
space. For larger apparatus this does not present a prob 
lem, but currently there is a trend to construct at least 
specific optical-disc players in such a way that they are 
compact and light-weight, enabling them to be used as 
portable or built-in apparatus. 

5 

10 

15 

20 

25 

30 

35 

40 

45 

50 

2 
Further, the known drive unit has the disadvantage 

that the magnets must be made of high-quality and 
therefore expensive materials, such as samarium-cobalt, 
in order to meet the required motor specifications. This 
is mainly a consequence of the arrangement of the coils 
in the air gap between the magnets. 

SUMMARY OF THE INVENTION 

It is an object of the invention to provide an electro 
magnetic drive unit which in addition to excellent 
motor properties has a small volume, so that it is very 
suitable for use in advanced apparatuses and devices, 
such as pivotal-arm devices in optical-disc players. 
To this end the stator has at least one pair of pole 

pieces which are interconnected by a magnetisable sta 
tor member carrying at least one coil, and the armature 
has a cylindrical armature member arranged coaxially 
around the stator. The armature has a plurality of axi 
ally and tangentially extending radially magnetised 
poles which correspond in number to at least the num 
ber of stator polepieces and which are juxtaposed and 
have alternately opposite polarities viewed in the cir 
cumferential direction of said armature member. Each 
pole of the armature has tangentially opposed bounding 
surfaces, at least one of the bounding surfaces of each 
pole being juxtaposed with a respective bounding sur 
face of the juxtaposed pole. The juxtaposed bounding 
surfaces are tangentially spaced at least substantially the 
same as the centers of the respective stator poles. 
The drive unit combines a high efficiency with a 

small volume when the stator is dimensioned correctly. 
Moreover, this drive unit has a limited number of parts, 
allowing an easy-to-automate assembly of these parts. 
The combination of the present steps with respect to 

the stator and distinct magnetic pole definition in the 
armature enable the driving torque of the drive unit to 
remain substantially constant as a function of the pivot 
ing angle over a comparatively large pivoting angle. 
Moreover, if care is taken that the magnetic resistance 
of the polepieces is equal to the magnetic resistance of 
the stator member interconnecting the polepipes, the 
amount of magnetic energy in the stator will, in princi 
ple, not change when the armature is pivoted, so that 
the armature can assume an arbitrary position when the 
drive unit is not energised. This means that the armature 
has no preferred positions, which has substantial advan 
tages, in particular with respect to the control of the 
drive unit. 

Since the coils in the drive unit are arranged around 
the magnetisable stator member, a high efficiency can 
be achieved without the need to use high-quality mag 
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netic materials. 
A particularly suitable embodiment is characterized 

in that the pair of polepieces of the stator are diame 
trally arranged and together with said stator member 
constitute a double T-shaped stator element, the pole 
pieces each having a cylindrically curved surface on the 
side facing the armature member. 
A preferred embodiment which can be manufactured 

advantageously is characterized in that the armature 
member comprises a magnetisable ring and a perma 
nent-magnetic annular magnet body arranged inside the 
ring and provided with poles. 
The ring, which need not be closed entirely and 

which serves to return the magnetic flux, may be manu 
factured from soft-iron. It is important that the perma 
nent-magnet body has a high degree of homogeneity 
and a radially oriented preferred magnetic direction. 
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Therefore, the magnet material is preferably an aniso 
tropic material such as a plastoferrite. 

Because of its special properties, the electromagnetic 
drive unit in accordance with the invention is particu 
larly suitable for use wherein accurately defined rapidly 
reciprocating movements have to be performed, such as 
in a carburetor. However, the drive unit is particularly 
suitable for driving the pivotal arm of a pivotal-arm 
device of the type defined in the foregoing. 

BRIEF DESCRIPTION OF THE DRAWING 

FIG. 1 is a longitudinal sectional view showing an 
electromagnetic drive unit in a first embodiment of the 
invention, 

FIG. 2 is a sectional view of the drive unit taken on 
the lines II-II in FIG. 1, 
FIG.3 is a plan view of a pivotal-arm device in accor 

dance with the invention employing the drive unit 
shown in FIG. 1, and 

FIG. 4 is a cross-sectional view of the drive unit in a 
second embodiment of the invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

The drive unit shown in FIGS. 1 and 2 comprises a 
stator 2 and an armature 4 mounted coaxially around 
the stator 2. The stator 2 comprises a double T-shaped 
stator element 6 and two coils 8 electrically arranged in 
series. The stator element 6, which is constructed as a 
lamination assembly, has two diametrally disposed pole 
pieces 6A, and a stator member 6B interconnecting the 
pole-pieces 6A. In the stator member 6B a central open 
ing 10 is formed for the passage of the armature spindle 
4A of the armature 4. The coils 8 are wound around a 
portion of the stator member 6B which is situated be 
tween the central opening 10 and the polepieces 6A. 
The stator 2 is secured to a frame plate 12A by means of 
for instance an adhesive. 

Spindle 4A serves to provide the pivotal movment of 
the armature 4 relative to the stator 2 about a pivotal 
axis 5. For this purpose the armature spindle 4A has 
recesses 14 in two end portions, in which recesses a ball 
16 engages with a moderately tight fit. In the frame 
plate 12A opposite one of the ends of the armature 
spindle 4A a bearing race 18 with balls 20 is mounted 
and rotatably supports one of the balls 26. At the other 
end of the armature spindle 4A a similar bearing race 18 
with balls 20 is arranged. This bearing race 18 extends 
through a resilient member 22 which by means of bolts 
24 is secured with a specific pretension to a construc 
tional member connected to the deck plate 12A (see also 
FIG. 3), so that the armature 4 is supported without 
play. When the armature 4 is mounted care must be 
taken that the pivotal axis 5 of the armature 4 coincides 
exactly with the central axis of the stator 2. 
The armature 4 further comprises a cylindrical arma 

ture member 4B comprising a soft-iron ring 26 and an 
annular permanent magnet 28 of an anisotropic mate 
rial, for example a plastoferrite, which is glued inside 
the ring. The magnet 28, which is radially magnetised, 
has two poles 28A and 28B of opposite polarity. In FIG. 
2 the direction of magnetisation of the poles 28A and 
28B, which each cover 180' in a circumferential direc 
tion, is indicated by means of arrows. The stator 2 and 
the armature 4 are positioned in such a way relative to 
each other that in the central position of the armature 4 
the bounding surfaces 30 between the poles 28A and 
28B are situated in a plane which coincides with the 
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4. 
plane of symmetry of the stator 2 which extends 
through the polepieces 6A perpendicularly to the cross 
sectional view of FIG. 2. 
Between the polepieces 6a of the stator 2, which have 

cylindrically curved surfaces at their sides facing the 
magnet 28, and the poles 28A and 28B of the armature 
4 an air gap 2 is formed in which a radially directed 
magnetic field exists. 
By suitably dimensioning the electromagnetic drive 

unit 1, in particular the stator member 6, preferred posi 
tions of the armature 4 can be avoided, so that in princi 
ple the armature can assume any arbitrary position 
when the coils 8 are not energised. When the coils are 
energised the armature 4 will perform a pivotal move 
ment about the pivotal axis 5, in a direction which de 
pends on the direction of the current in the coils. In the 
present embodiment the armature 4 can pivot clockwise 
and anticlockwise through an angle of 37 out of its 
central position without the driving torque changing 
significantly during this movement. 
The drive unit is suitable for use in equipment of 

various types in which limited rotational or reciprocat 
ing movements have to be performed. The drive unit 
described here can be used in an optical disc player 
equipped with a pivotal-arm device for optically read 
ing and recording record tracks in an optical disc. 
The pivotal-arm device of FIG. 3 is intended for use 

in a player by means of which an optical audio disc 
(compact disc) having a diameter of approximately 120 
mm. The pivotal-arm device comprises a frame 12 in 
which a spindle 40 with a supporting surface 42 for the 
optical disc is journalled. The spindle 40 is driven about 
an axis of rotation 41 by means of an electric motor 
which, like the optical disc, is not shown. The optical 
disc is read in reflection by means of an optical scanning 
unit 44 comprising a lens system 48 which is movable 
along an optical axis 46. The optical scanning unit 44 is 
mounted in a pivotal arm 50 of the pivotal-arm device. 
The scanning unit 44 may comprise a semiconductor 
laser as a light source and optical and opto-electronic 
means necessary for reading and processing the optical 
information read from the disc. 
The pivotal arm 50 has a first end 50A with securing 

means for the optical scanning unit and a second end 
50B carrying a counter-weight. For radially moving the 
scanning unit 44 relative to the optical disc the pivotal 
arm 50 is secured to the electromagnetic drive unit and 
is thus pivotable about the pivotal axis 5 of the armature 
4. The drive unit itself is secured to the frame 12 by its 
frame plate 12A. This may be effected by means of an 
adhesive or by screwthread means. However, it is alter 
natively possible to manufacture the frame plate 12A 
and the frame 12 integrally, for example by injection 
moulding, so that a further reduction of the number of 
parts and a reduction of the assembly time can be ob 
tained. For the sake of completeness it is to be noted 
that the axis of rotation 41 of the spindle 40, the pivotal 
axis 5 of the pivotal arm 50 and the optical axis 46 of the 
lens system 48 extend parallel to one another. 

FIG. 4 is a schematic representation of an alternative 
drive unit, which includes a stator 102 having two sta 
tor-element portions 103A and 103B which extend 
transversely of each other and which are intercon 
nected. The portions 103A and 103B carry polepieces 
106A and 106B respectively and coils 108A and 108B 
respectively. The stator 102 further has an opening 110 
for the passage of an armature spindle 104A. The arma 
ture spindle 104A forms part of cylindrical armature 
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104 mounted coaxially around the stator 102. When the 
coils 108A and 108B are energised the armature 104 can 
pivot about axis 105. For this purpose the armature 104 
comprises a cylindrical magnet 128 which is spaced at a 
small distance from the polepieces 106A and 106B and 
which is magnetised radially so that three poles 128A, 
128B and 128C face the polepieces. The poles 128A, 
128B and 128C are magntized as indicated by means of 
arrows. In order to close the magnetic circuit when the 
coils 108A and 108B are energised the armature 104 
include a soft-iron member 126 in the form of a cylindri 
cal segment against whose inner side the magnet 128 is 
arranged. As a result of the asymmetrical shape of the 
stator 102, a cylindrical segment can be removed from 
the magnet 128 and the soft-iron member 126 without 
the operation of the actuating unit being affected signifi 
cantly. The armature 104 can be secured to a pivotal 
arm 150 of the pivotal-arm device, not shown. The 
dimensions of the polepieces 106A and 106B and of the 
magnet 128 enable a 90' pivotal. As a result of its asym 
metrical construction the present embodiment is partic 
ularly suitable for use in cases where only a limited 
space for the drive unit is available. 

Other constructions based on the inventive principle 
are possible. For example, it is possible to provide the 
electromagnetic drive unit with two pairs of polepieces 
in combination with four poles. Such a construction is 
particularly suitable where a large driving torque is 
required but the armature need only be pivotable 
through a comparatively small pivoting angle. 
What is claimed is: 
1. An electromagentic drive unit comprising a stator 

and an armature which is pivotable about a pivotal axis 
and which cooperates with a stator via an air gap, char 
acterized in that 

the stator comprises at least one pair of polepieces 
having respective centers which are intercon 
nected by a magnetizable stator member carrying 
at least one coil, and 

the armature comprises a cylindrical armature mem 
ber which is arranged coaxially around the stator, 
which armature has a plurality of axially and tan 
gentially extending radially magnetized poles 
which correspond in the number at least to the 
number of stator polepieces and which are juxta 
posed and alternately have opposite polarities 
viewed in the circumferential direction of said 
armature member, said poles cooperating with said 
polepieces via said air gap, each pole of said arma 
ture having tangentially opposed bounding sur 
faces, at least one of said bounding surfaces of each 
pole being juxtaposed with a respective bounding 
surface of the juxtaposed pole, said juxtaposed 
bounding surfaces being tangentially spaced at 
least substantially the same as the centers of the 
respective stator poles. 

2. A drive unit as claimed in claim 1, characterized in 
that the pair of polepieces of the stator are diametrically 
opposed and together with said stator member consti 
tute a double T-shaped stator element, the polepieces 
each having a cylindrically curved surface facing the 
amature. 
3.A drive unit as claimed in claim 2, characterized in 

that the armature member comprises a magnetisable 
ring and a permanent-magnetic annular magnet body 
which is arranged on the inside of the ring and which is 
provided with said poles, the bounding surfaces of each 
pole being 180' apart. 
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4. A pivotal-arm device for recording and/or reading 

record tracks in an optical disc by means of a radiation 
beam, comprising 

a stationary frame, 
an optical scanning unit comprising a lens system 
which is movable along an optical axis, 

a pivotal arm which is supported in the frame to carry 
the optical scanning unit, 

an electromagnetic drive unit for driving the pivotal 
arm so as to be pivotable in a plane transverse to 
said optical axis, which drive unit comprises a sta 
tor which is secured to the frame and an armature 
which is connected to the pivotal arm, character 
ized in that the electromagnetic drive unit is a unit 
as claimed in claim 3. 

5. A drive unit as claimed in claim 1, characterized in 
that the armature member comprises a magnetisable 
ring and a permanent-magnetic annular magnet body 
which is arranged on the inside of the ring and which is 
provided with said poles, the bounding surfaces of each 
pole being 180' apart. 

6. A pivotal-arm device for recording and/or reading 
record tracks in an optical disc by means of a radiation 
beam, comprising 

a stationary frame, 
an optical scanning unit comprising a lens system 
which is movable along an optical axis, an electro 
magnetic drive unit 

for driving the pivotal arm so as to be pivotable in a 
plane transverse to said optical axis, which drive 
unit comprises a stator which is secured to the 
frame and an armature which is connected to the 
pivotal arm, 

characterized in that the electromagnetic drive unit is a 
unit as claimed in claim 5. 

7. A pivotal-arm device for recording and/or reading 
record tracks in an optical disc by means of a radiation 
beam, comprising 
a stationary frame, 
an optical scanning unit comprising a lens system 
which is movable along an optical axis, an electro 
magnetic drive unit 

for driving the pivotal arm so as to be pivotable in a 
plane transverse to said optical axis, which drive 
unit comprises a stator which is secured to the 
frame and an armature which is connected to the 
pivotal arm, - 

characterized in that the electromagnetic drive unit is a 
unit as claimed in claim 2. 

8. A pivotal-arm device for recording and/or reading 
record tracks in an optical disc by means of a radiation 
beam, comprising 

a stationary frame, 
an optical scanning unit comprising a lens system 
which is movable along an optical axis, an electro 
magnetic drive unit 

for driving the pivotal arm so as to be pivotable in a 
plane transverse to said optical axis, which drive 
unit comprises a stator which is secured to the 
frame and an armature which is connected to the 
pivotal arm, 

characterized in that the electromagnetic drive unit is a 
unit as claimed in claim 1. 

9. An electromagnetic drive circuit as in claim 1 
wherein there is a discrete coil for each polepiece. 

10. A pivotal-arm device for recording and/or read 
ing record tracks in an optical disc by means of a radia 
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tion beam while said disc rotates about an axis, said 
device comprising 

a stationary frame, 
an optical scanning unit comprising a line system 
which is movable along an optical axis, 

a pivotal arm which is supported in the frame to carry 
the optical scanning unit, said pivotal arm pivoting 
about a pivotal axis which extends parallel to the 
axis of rotation of the optical disc, 

an electromagnetic drive unit comprising a stator 
which is fixed to said frame and an armature which 
is fixed to said pivotal arm, said stator comprising a 
magnetizable stator member and at least one pair of 
polepieces having respective centers which are 
interconnected by said stator member, said stator 
member carrying at least one coil, said armature 
comprising a cylindrical armature member which 
is arranged coaxially around the stator, and a plu 
rality of axially and tangentially extending radially 
magnetized poles which correspond in number at 
least to the number of stator polepieces, said poles 
being juxtaposed and alternately having opposite 
polarities viewed in the circumferential direction of 
the armature member, said poles cooperating with 
said polepieces via an air gap each pole of said 
armature having tangentially opposed bounding 
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8 
surfaces, at least one of said bounding surfaces of 
each pole being juxtaposed with a respective 
bounding surface of the juxtaposed pole, said juxta 
posed bounding surfaces being tangentially spaced 
at least substantially the same as the centers of the 
respective stator poles. 

11. A pivotal arm device as in claim 10 wherein the 
pair of polepieces are diametrically opposed and to 
gether with said stator member constitute a double 
T-shaped stator element, the polepieces each having a 
cylindrically curved surface facing the armature. 

12. A pivotal arm device as in claim 10 wherein the 
armature member comprises a magnetizable ring and an 
annular permanent magnet arranged inside the ring and 
provided with said poles, the bounding surfaces of each 
pole being 180° apart. 

13. A pivotal arm device as in claim 10 wherein the 
armature member comprises a magnetizable ring seg 
ment and an annular permanent magnet ring segment 
arranged therein and provided with said poles. 

14. A pivotal arm device as in claim 13 wherein the 
stator has but two polepieces and the armature has but 
three poles. 

15. A pivotal arm device as in claim 10 wherein there 
is a discrete coil for each polepiece. 
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