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Electromagnetic actuator haVing' a cylindrical translation coil and a toroidal rotation coil,
actuator unit comprising the actuator and a measurement systein, and machine compnsmg the.

actuator or the actuator umt ' :

' The invention relates to an electromagnetic actuator comprising two
actuator sections which__are translatable relative to one another along an actuator axis and
which are rotatable about the actuator axis, a first actuator section comprising a coil system |
and a second actuator section comprising a permanent magnet system for cooperation with
thecoﬂ system vzaanalrgap

DE-A 2451 718 (herewith incorporated by reference) dlagrammancally
shows an electnc motor havmg an armature capable of performmg both rotational and
translational movements relative to a stator. The armature compnses a plurahty of permanent
magnets and the stator _is' made up of a plurality of stator segments' with driving coils. An

~ electronic circuit is proposed for the selective energisation of the driving coils.

It is an object of the invenﬁon to provide an electromagnetic actuator

. which in a simple manner is eapable of performing translational and rotational moverhents.

20

To this end the electromagnetic actuator in accordance with the invention
is chamcteﬁsed in that the coil system is arranged on a magnetically conductive yoke and
compnses a cylindrical translauon coil and a toroidal rotatxon coil, which are coaxial with the _
actuator axis, and the permanent magnet system comprises an annular magnet which is
coaxial w1th the actuator axis, for cooperation with both the translatxon‘coﬂ and the rotation
coil, which magnet has a radial magnetisation which is interrupted by an annular segment,
the magneticélly conductive yoke having a central core around which the translatien coil is

 arranged and a shell on which the rotation coil is disposed, which core and shell bound a

space within which the annular magnet is disposed, the magnetically conductive yoke'
comprising a bndge connectmg the central core and the shell. -

 In an actuator or motor capable of performing translatlonal and rotational
movements two mutually perpendicular driving forces are needed, one of these forces being |
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used for translatica and the other force being used for generating a torque for the purpose of
rotation. When in the actuator in accordance with the invention the coils are'energised two
mutually perpendicular driving forces can be generated by coil sections which extend
transversely of one another and pass through one magnetic field. An advantage of this is that
a compact and simple construction is possible because the required coils, i.e. the cylindrical
coil and the toroidal coil, are not superposed. Both coils are situated at the same level or in
the same area, the annular magnet extending preferably between the two coils. The helical
turns of the cylindrical coil, which are arranged around the central core, produce
transiational movements when energised. The turns of the in itself discontinuous toroidal coil
produce rotational movements when energised. Advantages are that the moving mass can be
small and the production costs of the actuator are low owing to its simplicity. Another
advantage is that the driving forces thus generated can be highly independent of positional
changes of one actuator section relative to the other actuator section.

The actuator in accordance with the invention has a translational excursion
dictated by the axial dimensions of the magnet and the cylindrical coil and a rotational
excursion dictated by the tangential dimensions of the annular segment and the toroidal coil,
i.e. the dimensions viewed in the circumferential direction of the actuator. To minimise the
power dissipation it may be desirable to use more than one translation coil element and/or
rotation coil element in the case of a comparatively large translational excursion and/or
rotational excursion, so that less electric power is needed to obtain a given force or torque.

Since the annular segment of the actuator in accordance with the invention
produces a flux variation in the toroidal coil during rotations this segment should always be
disposed within the solid angle defined by the toroidal coil. The translational and rotational
movements of one actuator section relative to the other actuator section can be performed
independently of one another without any problem.

- Preferably, the actuator has an end surface oriented transversely of the
actuator axis for guiding a drive meniber, which is secured to the movable actuator section,
in an outward direction. The bridge conrecting the central core and the shell is preferably
disposed at an end surface opposite the open end surface. The central core of the
magnetically conductive yoke, particularly a yoke of a soft-magnetic material, may have a
central channel for receiving bearing means for the movable actuator section.

An embodiment of the actuator in accordance with the invention is
characterised in that the shell is formed by an interrupted cylindrical wall of a magnetically
conductive material. Thus, it is achieved that the torque generated for a given value of the

(
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 electric current through the translation coil is substantially independent of the relative

rotational position of the actuator- sectlons In this respect, it is preferred that the shell has a .

.slot-shaped gap situated near the bridge and extendmg paraliel to the actuator axis. For the

ngtd:ty of the shell the gap may be filled with a non-magnetisable material.

An embodiment of the actuator in accordance with the invention is
characterised in that the annular segment is formed by a discontinuity in ‘the annular magnet.
In order to obtain a homogeneous mass dtstnbunon over the cxrcumference of the magnet
system the drscontmmty may be filled by a non-magneuc annular segment. The last-
mentroned step also improves the rigidity of the magnet system. '

" An embodiment of the actuator in accordance with the- invention 1s
charactensed in that the annular magnet and the annular segment together form a continuous
ring, the annular segment being magnensed oppositely to the annular ‘magnet. The segment _
completmg the ring, which segment is magnensed opposrtely to the rest of the ring, produces

- alargertorque pamcularlyatorquewhtchrsmceaslarge, in the direction of rotation

owing to an increase, i.e. doublmg, of the variation of the magnetic flux linked by the

" toroidal coil in comparlson with the situation in which the segment is not magnetised.

Moreover, the annular magnet has a homogeneous mass distribution and a high rigidity,
which has a favourable effect on the dynamic charactensucs of the actuator.
| | * An embodiment of the actuator in accordance with the invention is

'charactensed in that the first actuator section is a stationary section. In this practical

embodiment the magnet system, which may compnse a permanent magnet of a material

" known per se, for example NbFeB, is arranged to be movable relative to the coil system.
Thts hasthe a_dvantage' that'_no connecting wires are connected to movable parts.-

It to be noted that from EP 0,482,321 (herewith incorporated by
reference) a combination motor is known, havmg a linear section on which a rotational
section is stacked Each section has a separate stator and a separate rotor, the stators of the

| two secnons bemg secured to one another and the rotors being secured to a common drive

. shaft. The drive shaft can perform a translational movement along and a rotational movement

: 30

about its central axis. A disadvantage of this known motor is the large axial dimension of the - |
construction as a result of two stacked motor sections. Another disadvantage is the large
mass of the movable section owing to the necessity of using two rotors. A further

| disadvantage is that for each motor sector at least two amphfiers are needed to enable the

desired translations and rotations to be realtsed
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The mvenuon further relates to an actuator umt compnsmg an actuator in
accordance wrth the invention and a measurement system for determmmg a translauonal
position and a rotational posmon of one actuator sectlon relatxve to the other actuator secuon _
To control the movement of the movable section of the actuator m accordance wrth the
invention it is necessary to determine the posmon of the movable actuator section relative to
the stationary actuator section. dunng operauon For th1s purpose a measurement system is
used which is capable of two-dimensional measurement '_ L |

_ An embodiment of the acmatorumtmaccordance wrth the mvennonrs
characterised in that the measurement System compnses a cyhndncal mformatton carner |
disposed on one of the actuator sections and havmg a pattern of ﬁrst u'ansparent areas, and a
unit disposed on the other actuator section and havmg a mask with a pattern of second
transparent areas, a radiation source system: and a radnatton-sensmve sensor system arranged
opposite the radiation source system the pattern of ﬂrst___ Anspare

nt areas and the pattern of

'second transparent areas, whtch extends parallel to satd pattern of ﬁrst transparent areas,

extend between the radratton source system and the sensor system. The rad:atxon-source
system generally comprises a plurality of radtauon sources and. the sensor system comprises a
plurality of sensors. 'l'he rotation of the mformatton carrier w1ll result m mtensrty transmons
being observed in the sensors If a visible radratlon beam 1 e a hght beam is used the
mtensrty transitions will be dark-light transitions. The measurement system can detect both
transiational and rotatronal movents Translattonal movements are detected in that the

.sensors can observe the radiation sources, e.g. light sources, vra the second transparent areas.

mthemaskthroughthemformauoncamer .

Theﬁrsttransparentareasmaybeformedbysmallapermresandthe
second transparent areas preferably take the form of shts In the case of slits which extend
perpendtcularly to the translational movements mtensrty transmons will be observed when the -
information carrier is translated In the case of slits. whrch extend perpendrcularly to the
rotational movements intensity transmons wrll be observed when the mformatton carner is
rotated. These intensity transitions are uulmd to detect the posmons of sald transparent areas
relative to one another. _ _ L

- The optical measurement system used m the actuator systcm in accordance

wrth the invention has the special advantage that it can measure translanonal movements and
rotational movements slmultaneously and mdependently of one another
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A practical embodiment of the actuator unit in accordance with the
invention is characterised in that the radiation source is a light-emitting diode and the sensor
is a photodiode. '

~ An embodiment of the actuator unit in accordance with the invention is

characterised by the presence of a control system comprising means for the comparison of an
output signal of the measurement system, which output signal is representative of an actual
translational position, with a signal representative of a desired translational position (set-
point; Sollwert), resulting in a first difference signal, and for the comparison of an output
signal of the measurement system, which output signal is representative of an actual
rotational position, with a signal representative of a desired rotational position (set-point;
Sollwert), resulting in a secon_d difference signal, which difference signals are applied to a
control unit for controlling the translation coil and the rotation coil. |

An advantage of thxs embodiment is the absence of glectﬁcal wiring
between the two actuator sections. Moreover, carbon brushes and/or wipers can be dispensed

with. Besides, each coil requires only a single-phase drive.

The invention further relates to a machine for picking up and positioning
an object, such as for example a manipulator or a machine for mounting electronic
components on a printed circuit board.

" Such a machine for mounting electronic components has several functions.
A first function may be the accurate placément and alignment of a componént insucha
manner that the terminal contact coincide with the printed conductors of the printed circuit
board. A second function may be to press the relevant component onto the printed circuit
board. | - i .
According to the invention the machine for picking up and positioning an
object comprises an actuator in accordance with the invention or an actuator unit in

.accordance with the invention.

It is to be noted that EP 0,235,045 (herewith incorporated by reference)

discloses a machine for picking up and mounting components, which comprises a housing

accommodating a linear motor and a rotary motor, and gripper means secured to the housing.
Two hollow drive shafts are telescopically connected to a vacuum device via a vacuum tube.
The linear motor comprises a coil mounted on a first drive shaft and a fixedly arranged set of
cylindrical permanent magnets. When said coil is energised the drive shafts can be moved in
an axial direction. The rotary motor comprises a coil mounted on an inner wall of the
housing and a rotor mounted on the second drive shaft. When the last-mentioned coil is
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energised the second drive shaft can be rotated about its longitudinal axis. The gripper means
secured to the housing comprise t'mgers which can be opened or closed by an axial .
movement of the dnve shafts and which can be rotated by a rotation of the second dnve shaft
about the longltudmal axis of the machine. A dxsadvantage of the known machine is the large
axial dimension owing to the stacked motors. Another ‘disadvantage is the large mass of the

| common translatable and rotatable element of the two. motors..

The invention wﬂl now be descnbed in more detatl by way of example,
with reference to the drawings, in which _ .

' Figure 1 is a diagrammatic perspecnve view showmg a stationary actuator
section of a ﬁrst embodiment of the electromagnetrc actuator in accordance with the
invention, : | o

- Figure 2 is a diagrammatic persp_ective view showing a movable actuator
section of the first embodiment, - -
Figure3 is a longttudmal sectional view taken on the line III-III in thure

5 and showing a machme in accordance with the invention comprising a second embodiment

of the actuator in accordance with the invention, S
_ ~ Figure 4 shows the machme comprising a second embodiment of the
actuator in accordance with the invention partly in a longitudinal sectional V1ew taken on the
line IV-IV in Figure 5,
~ Figure Sis a cross-secnonal view. taken on the hne V-Vin Frgure 4 and
showing the machine comprising the second embodiment of the actuator, '
Figure 6 shows diagrammatically an acmator._ unit in accordance with the
mventxon, comprising a control system, :
thure 7 shows a developed part of a cylmdncal mformauon carrier of a
measurement system of the actuator unit in accordance with the invention,
| Flgure 8 shows diagrammatically a mask of the above-mentioned
measurement system, and _ L .
Frgure 9 shows dlagrammaucally an arrangement for sard measurement

system.
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The electromagnetic actuator in accordance with the invention shown in
Figures 1 and 2 comprises a stationary first actuator section 1 and a second actuator section 3
which is movable relative to this first part. The stationary actuator section 1 comprises a
soft-magnetic yoke 5 e.g. an iron yoke, having a cylindrical wall or shell 5a, a central core
5b and a bridge Sc connecting the cylindrical shell 5a to the central core 5b. The actuator 1
has an actuator axis 1a and two end surfaces 1b and 1c, the bridge Sc extending near or in

- the plane of the end surface 1c. The shell 5a is provided with turns opposite the bndge 5cto
form a toroidal coil 7. The core 5b is provided with turns to form a cylindrical coil 9. The

movable acmator section 3 compnses an annular permanent magnet 11 which, except for an
annular segment 13 has an outwardly directed radial magnet field B. The magnet 11 is
preferably made from a high-grade magnetic material, such as neodymium-iron-boron. The
annular segment 13 may be of a non-magnetic material but is preferably made of a magnetic

‘material which is radially magnetised in an opposite direction relative to the annular magnet

11.

In the assembled condition the actuator section 3 extends in a space
present between the shell 5a and the core 5b of the actuator section 1. For this purpose the
actuator section 1 comprises bearing means, for example an axial through-bore 15 in the core
15 for rotatably and translatably mounting a bearing shaft 17 of the second actuator section
3. Air gaps are formed between the magnet 11 and the toroidal coil 7 and between the
magnet 11 and the cylindrical coil 9. The magnet 11 is oriented in such a manner relative to
the toroidal coil 7 that the annular segment 13 is always disposed opposite turns of the

_ toroldal coil 7 for a continuous development of power. For thls purpose means lnmtmg the

rotauonal excursxon may be provided. _

When the cylindrical coil 9 is energised an axially directed continuous
force on the magnet 11 is exerted for moving the second actuator section 3 in the Z
direction. The shell 5a and the core 5b are at the same magnetic potential owing to the

_presence of the bndge Sc. When the coil 9 is energxsed the field lines of this coil propagate

from the core 5b, viag the bridge 5c, to the shell 5a and subsequently cross the space 6 in’
which the magnet 11 is disposed. The filed lines from the magnet 11 take a similar path to .
that of the coil 9. The axially directed Lorentz force is produced because the number of turns
of the energised coil 9 linked by the magnetic flux changes when the magnet 11 is moved in
the Z direction. When the turns are arranged regularly the magnitude of the generated
Lorentz force is substantially independent of the location of the magnet 11 in the space 6.
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The shell 5a has an axial slot-shaped gap or slot 19. When the toroidal
coil 7 is energised a magnetic field is. produced in this coil,; whose fie_ld line_s propagate from
the shell 5a, via the space 9, to the core 5b, from where they return to the shell 5a via the

~ bridge Sc. The gap 19 in the shell 5a ensures that the magneﬁc flux passes to the bridge 5c

through the shell 5a in only one direction. The field lmes from the magnet 11 take a path

_whlchextendsfromthemagnetlltotheshellSavzaanaxrgap, fromtheshellSatothe

core Sb via the bridge Sc, and finally from the core 5b to the magnet 11 vig an air gap. |
Owing to the presence of the annular segment 13 the flux linkage in the coil 7changes when
the actuator section 3 is rotated in the ¢ direction. This flux variation is neCessary for the
development of a force in the tangential direction. When :iae.coil 7 is energised a tangentxally
directed force is produced the Lorentz force, which leads to a torque for rotation m the ¢
direction. L : L
As is apparent from Figures 1 and_z,__the'_elech'ic_currenta through the
coils, i.e. the rotation coil or ¢ coil 7 and the translation coil or Z coil 9, which s disposed
within the ¢ coil 7, are at least mamly perpendicular to each other when the coils are

" energised so that both coils can cooperate with one and the same magnet system, which in

the present example comprises the magnet 11 and the annular segment 13. The corls 7 and 9
can be energised simultaneously or independently of one another. Energxsatlon is possible
with a current whose dxrectron and/or magnitude can change dependmg on the required force
or the required torque. : )
The machine in accordance mththemvennonshowanlgures 3,. 4and
5 is capable of picking up, holdmg, moving and positioning an object such as an electronic
component. The machine comprises a frame 102 shown only dragrammatxcally,
electromagnetic actuator 10 in accordance with the invention, secured to the frame 102, and

' a vacuum system 108. The frame 102 may be a stationary frame or it may form part of a

transport mechamsm and may be constructed as, for example, a shde ora prvotal arm. The
electromagnetic actuator 104 comprises a first actuator section 101 mounted on the frame 102
and a second actuator section 103 which is mounted i in the first actiator section 101 so as bé
translatable and rotatable. The first actuator section 101 has a soft-magnetic yoke._l(:)s
comprising a cylindrical'shell 105a, a central core 105b, and a bridge -105c conriecting the

~ shell 105a to the central core 105b. The shell 105a has a slot-shaped axial gap 119 which in

the present case is filled with a non-magnetisable matenal to remforce the shell. The first
actuator section 101 further has a coil system comprising a toroidal coil 107 arranged around
the shell 105a and a cylindrical coil 109 arranged around the core 105b. The actuator 104
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has an actator axis 101a}’ ftiich is defined by a central bore 1 15 in the core 105b. The bore
115 accommodates a bearing sleeve 110 with air-bearings 112 for supporting a drive shaft
117 of the second actuator section 1_03 with extremely low frictional resistance. The drive
shaft 117 is hollow and has an axial cavity 114 which, via ports 116 in the wall of the drive
shaft, communicates with a vacuum space 118 in the first actuator section 101. The vacuum
space 118 is coupled to a valve 122 via a duct 120 for connection to a vacuum pump. On the
hollow shaft 117 a suction pad 124 is mounted. | |

The second actuator section 103 comprises a permanent magnet system for _
cooperation with the coils 107 and 109 via an air gap. The magnet system comprises a
magnet 111 with a radially inward or outward magnetisation and in the present example
consisting of three stacked annular parts. The annular magnet 113, which extends between
the coils 107 and 109, has a permanent magnet segment 113 whose direction of .
magnetisation is opposed to that of the rest of the magnet 111. The magnet 111 is secured to
a support 126, which is secured to the drive shaft 117 via a connecting disc 128.

In the present example the rotation coil 107 spans approximately 200° and
the annular segment 113 covers approximately 215°, the rotation coil extending from the
axial gap 119 and the annular segment 113 being disposed within the sector defined by the
rotation coil 107. In order to guarantee that the segment 113 is always disposed opposite the
rotation coil 107 the angle of rotation of the actuator section 103 can be limited by providing
stops on both actuator sections 101 and 103. | |

The machine in accordance with the invention is suitable, for example, for
mounting electronic components on a printed circuit board, particularly when Surface
Mounted Device (SMD) technology is employed. When SMD technology is used the
¢6mponents are glued and soidered onto a printed circuit board. By means of the machine in
accordance with the invention a component can be picked up from a feed system after the
suction pad has been posmoned relative to the component by means of the actuator in
accorda_nce with the invention used in the machine. Subsequently, the component can be
moved towards the p.c. board and can be oriented relative to the p.c. board by energisation
of the rotation coil 107. Subsequently, the compone'nt can be moved to the mounting position
on the printed circuit board and pressed into an adhesive layer provided on the printed circuit
board. . - | N |

Preferably, the actuator in accordance with the invention is combined with
a measurement system for determining a translational position and a rotational position of the
one actuator section relative to the other actuator section. The measurement system can |
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supply a first output signal representative of an actual .ti'anslational position and/or a second
output signal representative of an actual rotational pos_ition.;et desired instants during use of
the actuator and can be used successfully in an actuator unit which, in addition to the
actuator in accordance with the invention also eompnses a control system for the actuator.

- Figure 6 is a block dlagram showing - an embodxment I of the actuator in.
accordance wnh the mventlon, which may be prov:ded thh a load a measurement system II
for supplying a first signal z represen_tatlve of an aemal translational position of the actuator
and a second signal ¢ representative of an actual rotational position of the actuator. The
signals z and ¢ are applied to an adder Al and A2, respectively. In addition, a signal z,
related to a desired translational position is applied to the adder Al. ‘The difference signal -'
from the adder Al is applied to a controller III. The controller III controls the translation
coil of the actuator. In addition to the signal ¢a signal @&, 'related to a desired rotational o
position is applied to the adder A2. A controller IV, to which the dxfferenee slgnal from the
adder A2 is applied, controls the rotation coil of the actuator.

. The measurement system showr_;_.m Figures 7, 8 and 9 comprises a

cylindrical information carrier 201. The information carrier 201 comprises a transparent

cylindrical body, for example from glass or a suitable _symhetie_::esi_n, on which a nen- _

transparent layer of, fer example, aluminium is formed, for example by vacuum-deposition,
in which apertures 205 are formed, for example by ablation by means of a laser beam, in
order to form a pattern of transparent areas 205. The pattern of transparent areas 205 extends
regularly in two directions z and ¢, the apertures having a square or circular shape. The

 information carrier 201, which is also referred to as an encoder cylinder, forms part of the

movable actuator section of the actuator in accordance with the invention. In this respect
reference is made to Figure 2, where the movable second aetq_a__tm."seetion 3 includes such an
information carrier 201. The information carrier 201 is connected to the magnet 11 and in
the ease of energisation of the toroidal coil 7 and/or the cylind_;iea_l'coﬂ 9, see also Figure 1,
it consequently performs the same movements as the magnet 11 The eattem of transparent
areas 205 need not be provided over the entire circumference of the information carner 201
but only over a circumferential angle equal to the angle of rotatlon of the movable aetuator
section. The measurement system in accordance with the invention further compnses a mask
207 with a pattern of transpatent areas 209. The pattern of transparent areas 209 has sub-
patterns 211A and 211B with shts 211, which extend. in the Z direction and sub-pattems
213A and 213B with slits 213, which extend in the ¢ direction. The mask 207 i is secured to
the stationary actuator section of the actuator in accordance with the invention; in Figure 1
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~ disposed above the part 5b of the actuator section 1 and within the encoder cylmder An

equal plurality of photodlodes are disposed above the part Sa of the actuator section 1 and
outsrde the encoder cylinder. The arrangement is such that the information carrier 201 and
the mask 207 extend between, on the one hand the light-emitting diodes and, on the other
hand the ‘photodiodes. This arrangement is shown symmetrically, the hght-emxmng diodes
being referenced 215 and the photodrodes being referenced 217.

Bymeansofthemeamementsystemusedmtheactuatorumtm
accordance with the invention it is possible to determine rotational and translational
movements of the movable actuator section relative top the stationary actuator section. In the
case of translation use is made of the slits 213, which extend transversely of the direction of
translation z, light-dark transitions will be observed in the photodiodes as a result of a |
relative movement of the slits 213, and the apertures 203 in the information carrier 201.
Likewise, light-dark transitions will be observed in the case of rotation but now as a result of '
a relative movement between the slits 211, which extend transversely of the direction of
rotatxon, and the apertures 203. _

The slits 211, and 213, may have a transverse dimension of, for example
50 um, correspondmg to the size of the apertures 203. The length of the slits may
correspond to a few times the pitch p and p’, respectively, used in the information carrier
201. In the present example a comparatively large length equal to sixteen times the pitch has
beenselectedinordertominimisetheinﬂuenceofamovementinoneofthedirectionsin
the other direction. It is to be noted that the pitch p’ in the direction of translation need not
be equal to the prtch p in the direction of rotation. _

The present measurement system uses four photodiodes 217 and one set of
two pairs of sub-patterne 211A, 211B or 213A, 213B for measuring a movement in each i
direction of movement. Each of the sub-patterns has a plurality of parallel slits 211, or 213,,
so that each set has four groups 'of _slits.' In each set the groups of slits are offset from one
another by a multiple of the sum of the pitch used in the information carrier + % of this
pitch, also (p+%p). By measuring two phase-shifted signals per direction it is possible to
determine the direction of movement of the movable actuator section. The (relative) position
of the movable actuator section with respect to the étationary actuator section 1s determined
by counung the number of light-dark transitions.

It is to be noted that the invention is not limited to the exemplary

| embodiments shown herem
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CLAIMS:

translatable relatrve to one another along an actuator axts and whxch are rotatable about the
actuator axis, a first actuator section compnsmg a corl system and a second actuator section
comprising a permanent magnet system for cooperatton thh the coxl system viag an air gap,
characterised in that the coil system is arranged ona magnettcally eonduetwe yoke and _
comprises a cylindrical translation coil and a torotdal rotauon corl whxch are coaxial with the
actuator axis, and the permanent magnet system compnses an annular magnet, whrch is
coaxial with the actuator axis, for cooperanon thh both the translatton coil and the rotauon -
coil, which magnet has a radial magnetisation wluch 1s xnterrupted by an annular segment,

- the magnetically conducttve yoke having a eentral core around whreh the translation coil is

arranged and a shell on which the rotation coil is dlsposed whrch eore and shell bound a
space within which the arinular magnet is disposed, the magneueally conducuve yoke
comprising a bridge connecting the central core and the shell '

2. AnacmatorasclalmedmClatml charactensedtnthattheshellxs
formed by an interrupted cylindrical wall of a magnetically conducuve material.

3. : AnaematorasclarmedmClatmlorz eharaetensedmthattheshellhas
a slot-shaped gap situated near the bridge and extendtng parallel to the actuator axis.

4. AnaetuatorasclarmedmClalml 2or3 eharactensedmthatthe
annular segment is formed by a discontinuity in the annular magnet _

5. AnaetuatoraselarmedmClatml 2 3or4 charactensedmthatthe

annular magnet and the annular segment together form a contmuous nng the annular
segment being magnetised opposrtely to the annular magnet

6. An actuator as claimed in Clarm 1, 2 3, 4 or 5 charactensed in that the
first actuator se=*ion is a stationary section. _
7. ‘An actuator unit compnsxng an actuator as claxmed in any one of the

precedmg Claims and a measurement system for determtmng a translatxon position and a
rotation position of the one actuator section relattve to the other actuator secuon

8. An actuator unit as claimed i in Clarm 7 charactensed in that the
measurement system comprises a cylindrical mformatron camer drsposed on one of the
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actuator sections and having a pattern of first transparent areas, and a unit disposed on the -
other actuator section and having a mask with a pattern of second transparent areas, a
radiation source system and a radiation-sensitive sensor system arranged opposite the
radiation source system, the pattern of fli'st transparent areas and the pattern of second
transparent areas, which extends parallel to said pattern of first. transparent areas, extend
between the radiation source system and the sensor system.

9. ~ An actuator unit as claimed in Claim 8, characterised in that a light- |
emitting diode is used as a radiation source and a photodiode is used as a sensor.
10. An actuator unit as claimed in Claim 7, 8 or 9, characterised by the

presence of a control system comprising means for the comparison of an output signal of the
measurement system, which output signal is representative of an actual translational position,

~ with a signal representative of a desired translational position, resulting in a first difference

signal, and for the comparison of an outp‘ut signal of the measurement system, which output
signal is representative of an actual rotational posiﬁon, with a signal representative of a

desired rotational position, resixlting in a second difference signat, which difference signals
‘are applied to a control unit for controlling the translation ccil and the rotation coil.

11. A machine for picking up and positioning an object, comprising at least
one actuator as claimed in any one of the Claims 1 to 6 or comprising at least one actuator
unit as claimed in any one of the Claims 7 to 10. '




