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Electromagnetic actuator having a cylindrical ttanslation coil and a toroidal rotation coil, 

actuator unit· comprising tJU:·• llCtuator and a meaSurement system, and macb;ne comprising the. 

· actuator or the actuator unit. 

The inverition 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 actua~r section comprising a coil system 

5 and a second actuator section comprising a permanent magnet system for cooperation with 

the coil system via an air gap. 

DE-A 24 51 718 (herewith incorporated by reference) diagrammatically 
. . 

10 shows an electric motor having an armature capable of performing both rotational and 

15 

translational movements relative to a stator. The armature comprises a plurality 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 invention to provide an electromagnetic actuator 

which in a simple manne:r is capable of performing translational and rotational movements. 

To this end the electromagnetic actuator in accordance with the invention 

is characterised in that the coil system is amnged on a magnetically conductive yoke and 

20 comprises a cylindrical translation coil and a toroidal rotation coil, which are coaxial with the . 

actuator axis, and the permanent magnet system comprises an annular magnet, which is 

coaxial with the actuator axis, for cooperation with both the ttanslation coil and the rotation 

coil, which magnet has a radial magnetisation which is· interrupted by an annular segme1:11, 

the magnetically conductive yoke having a central core around which the translation coil is 

25 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 magneticiilly conductive yoke 

comprising a bridge connecting the central core and the shell. 

In an actuator or motor eapable of performing ttanslational ·and rotational 

movements two mutually perpendicular driving forces ire needed, one of the8e forces being 
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used for translatk.a 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 

mumally 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 

5 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 

translational movements when energised. The turns of the in itself discontinuous toroidal coil 

10 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 

15 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 

20 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 

25 independently of one another without any problem. 

Preferably. the actuator bas an end surface oriented transversely of the 

actuator axis for guiding a drive member, which is secured to the movable actuator section, 

in an outward direction. The bridge connecting the central core and the shell is preferably 

disposed at an end surface opposite the open end surface. The central core of the 

30 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 cilrrent through the tranSlation coil <is substantially independent of the relative 

rotational position of tbC actuatar sections. hi°this respect, it is preferred that the shell has a 

slot-Shaped gap situated near the bridge ind extending parallel tO the actuator axis. For the 

rigidity of the shell the gap may be filled with. a non-magnetisable nlaterial. 

s An embodimerit of' the· actuator in accordance with the invention is 

10 

characterised in that the anmdar segment is formed by a discontinuity in the annular magnet. 

In order to obtain a homogeneous mass distribution over the circumference of the magnet 
. . . 

system tbC discontinuity may be filled by a non-magnetic annular segment. The last-

mentioned step also improves the rigidity of the magnet system. 

An einbodhnent of the· actuatQr in accordance with the· invention is 

characterised in that the annular magnet and the annular segment together form a continuous 

ring, the annular segment being 'magnetised oppositely to the annular magllet. The segment __ . . . 

completing the ring, which segDlent is magnetised oppositely to the re~ of the ring, produces 

a' larger torque, particUlarly a tofque which iS twice as lar.e. in the cfu.ecuon of rotation 

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

toroidal coil in comparison 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 cbaracteristics of the actuator. 

· An embodiment of the actuator in accordance with the invention is 

20 characterised in that the f'mt actiJator section is. a stationary section.·· In this practical 

embodiment the magnet syStem, which may comprise a permanent magnet of a material 

· known per se, for example NbFeB, is arranged to be movable relative to the coil system. 
. . 

This bas the advantage J)Jat no connecting wiles are connected to movable pans.· . 

It is to be Doted.that from EP 0,482,321 (herewith incorporated by 

25 reference) a combination· motor is known, having a linear section on which a rotational 

section is stacked. Each Section has ?I separate stator and a separate rotor, the· stators of the 

two sections being 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 

about its ~ axis. A disadvantage of this known motor is the large axial dimension of the · 

30 construction as a result of two stacked inot9r 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 amplifiers are needed to enable the 

desired traDSlations and rotations to be realised. 
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The invcmtion further rel•s to an a~r UIPt comprlSirig an actuator in . . . . ·~ :· . . . .: . : :;. . . . . . . . . . . . 

accordanCe with dle invention and a.m~e~ sysumifor•determitting a t:ra.DS1ational 

position and a rotational p~jti(>il of olX' ~tOr ~~p~ re18tive to the odier actuator section. 

To control the movement .of the movable section of ~--~tor in:accordance with. the 
.. '. 

S invention it is nCcessary to deterinine die position,.9f tl1cuiiova1>le. ~tor section relative to 

the stationary ~tor section during opemtion. Fo~ tht;i;. p~ a DleaSUrelilent system· is 

used which is capable of _two-dimensional.~~ . 

An embodiment of the aClu&tor unit in acComance with the inveiltion is . . . . . . . .. · .. · . .. . . .. . . ~- =.· .. : • . . . . : . . . . . ~ 

characterised in that the measurement system comprjses a cy .. cal information carrier 
. .. . ·-,: ·:- . : .. 

10 disposed on one of the ~tOr sections al)d lulvi.ng ;t. P.t•m of first transparent areas, and a 
. . . ' ~·: .. : .. :· · .. : .'·' ··. .' : . . 

unit disposed on the other actuatol' section and having_ • .mask with a pattern of second 
. • · ...• :·i· .,: ·. •·•·. .. 

trimsparent areas, a radiation source system· and a, rad~~n,.~nsitive sensor ~ystem arranged 

opposite the radiation source system., the pattepi pf ~;.~nt areas ind the pattern of 
. . . . .. . .. ·.· .. · .. · ··:·. . ·. .. . 

second transparent areas, whiCh extends parallel to.~"~~ of fll'St iransparent areas, 
. . . . . . -·:· • .... :. ·. ' . . 

lS extend between the radiation._source system and the $CQSOr •ystem· The radiation-source 
. . .. ·· . .. :' .. . ... 

system generally comprises a_ plurality. of radiaµe>n .-~ and .. the __ sensor system comprises a 
. . ... . ··.· .... :· .:· .: .· I .·. . 

plurality of sensors. The rotation of the informtio!l ca.rrier. WW ·res,u1t in. intenSity transitions 
. . .. ·.·• .. . .. . ·. : · .. ' · .. -

being observed in the sensors. If a visible radiatio~ beam •. i.~. a light. beam, iS used the 
. . ..... ·, . . 

intensity transitions. will be dark-light transjtions .. The -~ent system can detect both 
. . . . ......... : .. •·' · .. ·.· . . 

20 translational and rotational movements. Translational m.ovenients ·are detected in that the 
. . .. . ,· . . . . ... 

. sensors can observe the radiation sources, e.g. light~. via th!= second transparent areas 

in the mask through the infonnation .carrier., ... _· . 

The first transparent areas may _be f~ .1>Y small apermres and the 

second transparent areas preferably take the follJl.Of slifs. fu·~ ~of slits whi~h extend 
. . 

25 perpendicularly to the translational movements ~ity q"ansitions will be observed when the 

30 

. . ..... · . .. .. ·. .··· . 

information carrier is translated .. In the case q( sUts:_,w)tjc~ extend perpendicularly to the 

rotational mov~ments intensity transitions. will _be ob~c:d Wlteil :the info~tion carrier is 

rotated; These intensity. transitions are utilised to ·cle~t tb.e .. positi~~ of said transparent areas 
. .. . ·... . .: . . 

relative to one another. 

The optical measure~ ~s~ ~'1 ~--~·.actuator systeM in accordance . . . .. . . . ,·. ·: . . · ... 

with the invention has the special advantage that it. can measure translational movements and 
• . . . . . . . •j"" ... :·. ·. . ·. . 

rotation8J. movements simultaneously and independeJttly of 9ne ll;D<Jther .. · 

' 
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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 8nd the sensor 

is a photodiode. 

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

5 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 

10 rotational position, with a signal representative of a desired rotational position (set-point; 

Sollwert), resulting in a second difference signal, which difference signals are applied to a 

control unit for controlling the ttanslation coil and the rotation coil. 

An advantage of this embodiment is the absence of electrical wiring 

between the two actuator sections. Moreover, carbon brushes and/or wipers can be dispensed 

IS 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. 

20 A first function may be the accurate placement a11d alignment of a component in such a 

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. 

According to the invention the machine for picking up and positioning an 

25 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. 

30 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 di-ive 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 ~ longitudinal axis. The gripper means 

sf:cured to the housing comp~ fingers which. can be opene_d. or closed by an axial 

movement of the drive shafts and which can be rotated by a rotation of die second drive shaft 
about the longitudinal axis of the machine. A disadvantage of the known machine is the large 

S axial dimension owing to the stacked motors. Another disadvantage is the large mass of the 
common translatable and ·ro~table element of the two motors •. 

The invention will .. now be described in 111ore.detail, by way of example, 
10 with reference to the drawings, in which 

Figure ·1 is a. diagrammatic persJ>ective .. view showing a stationary actuator 
section of a first embodiment of the electromagnetic actua~or in aceordance with the 

invention, 

Figure 2 is a diagrammatic perspective view showing a movable actuator 

15 section of the first embodiment, 

Figure 3 is alongitudinal sectional vjew taken on the line m-m in Figure 

S and showing a machine in accordance with the inventi~ comprising a second embodiment 

of the actuator in accordance with the invention, 

Figure 4 shows the machine compriiing .a second embodiment of the 

20 actuator in accordance with the invention partly in a longitudinal sectional view taken on the 

line IV~IV in Figure S, 

Figure S is a cross-sectional view. taken on the line V-V in Figure 4 and 

showing the machine comprising the second embodiment. of the actuator, 

Figure 6 shows· diagrammatically 1u1 -.ctuator unit in accordance with the 

25 invention, comprising a conttol system, 

Figure 7 shows a developed part of a cylindtjcal information carrier of a 

measurement system of. the actuator unit in accordance with the invention, 

Figure 8 shows diagrammatically a IJlalSk of the above-mentioned 

measurement system, and . , .. 

30 Figure 9 shows diagrammatically an arrangement for said measurement 

system. 
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The electtoinagnetic actuator in accordarice 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 S e.g. an iron yoke, having a cylindric81 wall or shell Sa, a central core 

S Sb and a bridge Sc connecting the cylindricil shell Sa to the central core Sb. The actuator 1 

has an actuator axis la and iwo end surfaces lb.and le, the bridge Sc extending near or in 

the plarie of the end surface le. The shell Sa is provided with turns opposite the bridge Sc to 
. . 

form a toroidal coil 7. The core Sb is provided with turns to form a cylindrical coil 9. The 

movable actuator section 3 comprises an annular permanent magnet 11 · which, except for an 

10 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. 

15 In the assembled condition the actuator section 3 extends in a space 

present between the shell Sa and the core Sb of the actuator section 1. For this purpose the 

actuator section 1 comprises beariilg means, for example an axial through-bore lS 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 

20 magnet 11 and the cylindrical coil 9. ·The inagnet 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 

toroidal coil 7 for a continuous development of power. For this purpose means limiting the 

rotational excursion may be provided. 

When the cylindrical Coil 9 is energised an axially directed continuous 

25 force on the magnet 11 is exerted for moving the second actuator section 3 in the Z 

direction. The shell. Sa Ind the core Sb are at the same magnetic potential owing to the 

presence of the bridge Sc. When the coil 9 is energised the field lines of this coil propagate 

from the core Sb, via.the bridge Sc, to the·shell Sa and subsequelitly cross the space 6 in 

which the magnet 11 is disposed. The tlled lines from the magnet· 11 take a similar path to 

30 that of tbC 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· fc:>rce is substantially independent of the location of the magnet 11 in the space 6. 
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The. shell Sa .. has an axial slot-s~ped Bap or slot 19. When the toroidal 

coil 7 is energised a magnetic field is produced in this coil,: whose fie_ld lines propag~te from 

the shell Sa, via the space. 9, to the core Sb, from wllere tlley return to the shell Sa via the 

. bridge Sc. The gap .19 in, the shell Sa ensures that the-~~tjc flux passes to the bridge Sc 

.S through the shell Sa· in only one direction. The field ·1iries (fom. the. magnet 11 take a path 

which extends frOO;i the1.nagnet 11 to the shell Sa via an air pp, from the shell Sa to the 

core Sb via the bridge Sc,. and finally from the core Sb to the magnet 11 via an air gap. 

Owing to the presence of the annular segment· 13 the flux linJcage in the coil 7 changes when 

the actuator section 3 is rotated· in the q, direction. This fluX variation is necessary for the 

10 development of a force in.the·tangeritial direction. When ~4e-coil 7 is energised a tangentially 

directed force is produced, the Lorentz force, which leads to a torque for rotation in the q, 
direction. 

As is apparent from Pigures 1 and 2, the. electric currents through the 

coils, i.e. the rotation coil or q, coil 7 and the transiation ~il or Z coil 9, which is disposed 

15 within the ti> coil 7. are at least mainly perpendicular to each C>ther 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 ~gment 13. The coils 7 and 9 

can be energised simultaneou,sly or independently of one another. Energisation is possible 

with a current whose. direction and/or magnitude can clJan8e (fqx:nding on the required force 

20 or the required torque. 

The machine in accordance.with the inv=tiQIJ. shown in Figures 3,. 4 and 

S is capable of picking up, holding, moving and positioning an object such as an electronic 

component. The machine comprises a frame 102, shoWJl e>nlY diagrammatically, an 

electromagnetic· actuator 10-in accordance wiUl the ~vention, secured to the frame 102, and 

25 · a vacuum system 108. The t)'.ame 102 may be a stationary frame or it may form part of a 

transpon ~chanism and llUlY be constructed as, for example, a slide or a pivotal ann. The 

electromagnetic actuator 104 comprises a first actuator section· 101 mounted on the frame 102 

and a second actuator section 103 which is mounted in the first acniator section 101 so as be 

translatable and rotatable. The first actuator section 101 has a soft-magnetic yoke lOS 

30 comprising a cylindrical shell 105a, a central core 105b; and a bijdge lOSc connecting the 

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

the present case is filled with a non-magnetisable materiaJ to reinforce the shell. The first· 

actuator section 101 further has a coil system comprisillg a. toroidal coil 107 arranged around 

the shell lOSa and a Cylindrical coil 109 arranged around the core 105b. The actuator 104 

f 
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bas an acmator axis 1oia:::wiiich is defined by a central bo~ 115 in the core lOSb. The bore 

115 accommod&tes a bearing sleeve 110 with air-bearings 112 for supporting a drive shaft 

117 of the Second actuator section 103 with extremely low frictional resistance. The drive 

shaft 117 is hollow and bas an axial cavity 114 which, via ports 116 in the. wall of the drive 

S 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 
10 magnet 111 with a radially inward or outward magnetisation and in the present example 

consisting of three stacked annular parts. The anmlar 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. 

15 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 gualantee 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 

20 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 

components are glued and soldered onto a printed circuit board. By means of the machine in 

25 accordance with the invention a component can be· picked up from a feed system after the 

suction pad has been positioned relative to the component by means of the actuator in 

accordance with the inveniion 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 component can be moved to the mounting position 

30 on the printed circuit board and pressed into an adhesive layer provided on the printed circuit 

board. 

Preferably, the actuator in accordance with the invention is combined with 

a measurement syste1D for determining a translational position and a rotational position of the 

one acmator section relative to the other actuator section. The measurement system can 
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supj>ly a first output signal.representative of an actual ~ational position and/or a second 

output signal repreSen.tative of an actual rotational position:at ~~sired instants dUring use of 

the actuator and can be Used successfully in an actuator unit '1'/hich, in addition to the 

actuator in accordance with the invention also comprises ·a control sy~ for the actuator. 

s Figure 6 is a block diagram shQwing an embodiment I of the actuator in 

accordance with the invendon,:which may be provided with a·1c)ad, a measurement system n 
for supplying a first signal z representative of an actu81 -~a~onal position of the actuator 

and a second signal .·q, representative of an acQJal l'Qtational position of the actuator. The 

signals z and q, are applied to·an adder Al and.Al~ respectiyely. In addition, _a signal r.. 
10 related to a desired translational pasition is applied to the~ Al. The difference signal 

from the adder Al is applied· to a controller m. The COntn)ll~ ID controls the translation 

coil of the actuator. In addition to the signal f/J a signal q,i related to a desired rotational 

position is applied to the adder A2. A controller IV, to which qte difference signal from the 

adder A2 is applied, controls the rotation coil ·of~ ac~r~ 

lS The measurement sy~ shoWJ1 in Fi~ 7, 8 and 9 comprises a 

cylindrical information Carrier 201. The information carrier 2Ql _comprises a transparent 

cylindrical body, for example from glass or a S\Jita)>le synthetic resin, on which a non- . 

transparent layer of, for example, aluminium is f~, fo~ eX211Dple by vacuum-depo~ition, 

in which apenures 205 are formed, for example by ablation by means of a laser beam, in 

20 order to form a pattern of transparent areas 205. The pattern of transparent areas 205 extends 
regularly in two directions z and. q,, the apertureS having a ~ 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 ac~tor section 3 includes such an 

25 information canier 201. The information grrier 20~ is co~~ to the"magiiet 11 and in 

the case of energisation of the toroidal coil 7 and/or: the cylim:~tjcalcoil 9, see also Figure 1, 

it consequently perform$ the same movements as the magnet l l. The pattern of transparent 

areas 205 need not be provided over the entire circumference of the information carrier 201 
·~ . . . . 

but only over a circumferential angle equal to the angle of rotatiQn of the movable actuator 

30 section. The measuremeiit system in accordance wi:th the invention further comprises a mask 

207 with a pattern of transparent areas 209. The pattern of transparent areas 209 has sub­

pattems 211A and 2llB with slits 211_ which extend in the Z direction and sub-patterns 

213A and 2138 with slits 2131 which extend in the q, _dkection. 'The mask 207 is secured to 

the stationary actuator section of the actuator· in accordance . with the invention; in Figure 1 

f 



... ~····. '• .. 

W096/02972 PCT/IB95/00532 

ll 

this actuator section ~, tfie.· reference numeral 1. A pl~i~ of light-emitting diodes are 

disposed above the part Sb of the actua~ section 1 and within the encoder cylinder. An . 

equal plurality of photodiodes are disposed above the part Sa of the actuator section 1 and 

outside the encoder cylinder. The arrangement is such that the information carrier 201 and 

S the ~ 207 extend betweent on the one hand, the light-emitting diodes and, on the other 

hand, the photodiodes. This arrangement is shown symmetrically t the light-emitting diodes 

being referenced lli and the photodiodes being referenced 217. 

By means of the measurement system used in the actuator unit in 

accordance with the invention it is possible to determine rotational and translational 

10 movements of ihe movable actuator section relative top the stationary actuator section. In the 

case of translation use is made of the slits 213z 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 213z and the apertures 203 in the infoflI:IBtion carrier 201. 

Likewise, light-dark transitions will be observed in the case of rotation but now as a result of 

lS a relative movement between the slits 2ll+t which extend transversely of the direction of 

rotation, and the apertures 203. 

The slits 211+ and 213z may have a transverse dimension of, for example· · 

SO µm, corresponding to the size of the apertures 203. The length of the slits may 

correspond to a few times the pitch p and p', respectively t used in the information carrier 

20 201. In the present example a comparatively large length equal to sixteen times the pitch has 

been selected in order to minimise the influence of a movement in one of the directions in 

the other direction. It is to be noted that the pitch p' ·in the direction of translation need not 

be eqUal to the pitch p in the direction of rotation. 

The present measurement system uses four photodiodes 217 and one set of 

2S two pairs of sub-patterns 211A, 211B or 213A, 213B for measuring a movement in each 

direction of movement. Each of the sub-patterns has a plurality of parallel slits 211• or 213z, 

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 ihe pitch used in the information carrier + lA of this 

pitch, also (p+ JAp). By measuring two phase-shifted signals per direction it is possible to 

30 determine the direction of movement of the movable aCtuator section. The (relative) position 

of the movable actuator section with respect to the stationary actuator Section is determined 

by countillg the number of light-dark transitions. 

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

embodiments shown herein. 
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1. _An electromapetic ~or COIJlP!"iSing. two. actwlt<>r sectio~ which are 

translatable relative to one another along an actuato~·-axis· and .. which: are rotatable ~bout the 
. . . .·.· ···i"" 

actuator axis, a first actuator section comprising a coil system i.nd a second actuator section 
. . . . · .. ::'.:: . 

comprising a permanent magnet system·for cooperatio~ with.~ .. coil system via an air gap, 

S characterised in that the coil system is arranged on a ~~Y conductive yoke and 
. . . . . 

comprises a cylindrical. translation coil and a toroidal rotatjo11 coll, which are coaxial with the 
.. . .. :; .. · .. 

actuator axis, and the permanent magnet system comp~ an anJUllar magnet, which is 
. ·r .. ."·::::: .. · ' . · .... 

coaxial with the actuator axiS, for cooperation with :both. the translation coil and the rotation -· 

coil, which magnet has a radial magnetisatiol) which .is. inlml1Ptec1 by an annular segment, . 
. . . . ·::·· .. ··: . 

10 the magnetically conductive yoke having a central core ~ which the translation 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 bridge connecting the central core and the ~- . 
2. An .. actuator as clainled in Claim .1, .. characterised in that. the shell is 

15 formed by an intenupted cylindrical wall of a magnetically conductive material. 
.. ·.. . . ., . :· 

3. An actuator 8$ claimed in Clainl 1_o~2, clmac~ in that the shell bas 

a slot-shaped gap situated near the bridge and ex~ing parallel to the actuator axis. 

4. An actuator as claimed in Claim 1, 2.or 3, characterised in that the 
' .! • . . 

annular segment is formed by a discontinuity. in ~ annular JD8gnet. 
20 S. An actuator as claimed in Cla~_l, 2,} or 4, characterised in that the 

ann~ar magnet and. the annum.z- segment together f~rm a continu~ ring, the annular 

segment being magnetised oppositely to the annulat,' · ma111et. 

6. An actuator as claimed in Claim 1, 2, 3, 4 or 5, characterised in that the 
., 

first actuator scv3on is a stationary section. 

25 7. . An ·actuator unit comprising an. act:uator as claimecf" in any one of the 

preceding Claims and a measurement system for ~. a translation position and a 

rotation position of the one actuator section relative to d1e o~ actuator section. 

8. An actµator unit as claimed _in .Claim 7, c~c~rised in that the 

measurement system comprises a cylindrical informatipn carrier disposed on one of the 
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actuator sections and having 8. pattern of first transparent areas, ·and a unit disposed on the 

other actuator section and baving 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 first transparent areas and the pattern of second 

5 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 ~ 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 

10 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 output signal of the measurement system, which output 

signal is representative of an actual rotational position, with a signal representative of a 

15 desired rotational position, resulting in a second difference signal, which difference signals 

are applied to a control unit for controllliig the translation coil and the rotation call. 
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. 


