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transl ati onOI2%Ad a toroidal rotation coil, act uat GCTJRY00532
conprising the actuator and a neasurenent Bystem and machi ne conpri sing

t he: actuator or the actuator unit. The

i nvent i on ERt@éesgetc atuaiof baviagagytitdrica cansiition cogud ioreidalwtation coil,
actuat or- sections which_ are.translatable relative to one another alopg an

act uat or a3GtRAteN-Enit compriying: the Actuagasand ameasusemient sysiem, 4nd mashing comprising e

actuat or sgatl N CRPREMuSloRYnfl. COI | system 5 -and a second actuator section
conprising a pernanent nagnet system for cooperation with the coil .

systemvia-an air gap. : : DE-A 24 51 718 (herewith
i ncorporated by reference) diagrammtically 10 shows an electric notor
havi ng an armature capable of perform ng both rotati-onal and

transl ati onal novenents relative to a stator. The armature conprises a
plurality of pernmanent . magnets and the stator |s made up of  a

plurality of stator segkahinyenphiqmreiates toan eleptiomagpetic actuatn GOMNTSHISAWS r cui t
'S proposegol by deBfomWith aeeribisbie RiddVe 18fonk Bodled MbRY afi Akdustor axis and
' which are rotatable about the actuator axis, a first actuator 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
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.
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| It is an object of the invention to provide an electromagnetic actuator
" which in a simple manner 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 arranged on a magnetically conductive yoke and
20 comprises a cylindrical translation coil and a toroidal rotation coil, which are coaxial with the
actﬁétor axxs, and the permanent magnet system comprises an annular inagnet, which is
coaxial with the actuator axis, for cooperation with both the translation‘coil 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 translatidn coil is
25 arranged and a sh_eli on which the rotation coil is :disp’osed,_ which core and shell bound a
space within which the annular magnet is disposed, the magnetically conductive yoke
coniprising a bﬁdge :connecting the central core and the shell. _
 In an actuator or motor capable of performing translational and rotational
movements two mutually perpendicular driving forces are needed, one of these forces being
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for the purpose of rotation. Wien in the tor in ac rdance wth
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advantage of this is tfmeacﬁmrdmmmanwwm thid lisvention hig/s tianslaticnaD efcursibe
because t he reambred cQils, i tﬂ%e cylindri cal coil and the toroidal

coi |, 18r edigtateds @er?é?émqpsé}f magpetand the gylindrical coikandoa rtadgnal;
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 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

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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the sane area, the annul ar magnet extending preferably between the two
coils. The helical turns of the cylindrical coil, which are arranged
around the Wa#60A2core, produce - translational novenentRETABES00532
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section. Moreo\'wer', the annular magnet hadva omkiopdneons imass distributioh wad @rhigho rigidity,
accordance with the _inven . characteri sed | that the shell i :
formed by él‘fhl%hﬂiritfﬂyp% %P‘F%dmc thgjactuator.  conductive

material. Thus, Tt Ts a%s&s&hﬁﬁat_oﬁth@awﬁpﬁ:%a%@m% fvehdicifisV 2l ue

20 characterised in that the first actuator 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.
Thrs has the a_dvantage that no connecting wires are connected to movable parts.-
" Itis tobe noted that from EP 0,482,321 (herewith incorporated by
25 reference) a eombmauon motor is known, havrng 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 sectxons 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
about its central axis. A disadvantage of this known motor is the large axial dimension of the - |
| 30 construction as a result of two stacked motor sections. Another disadvantage is the large
mass of the mdrableseetion owing to the necessity of using two rotors. A further
| disadvantage is that for each motor sector at least two arnphfiers are needed to enable the
desired translations and rotations to be realrsed
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An enbodi nent of the actuator.: |n accor dance With the i nvention i

char act ef¢o8d TaRSRagAt aress, mﬂek@mtwglefﬁtsamwt 8eeas.i on.
':c)'grﬁr;ilrin' Phidfd bEt?Jeen {mrl W sg'ga%rl\own per se, s???grrn exar?‘b@%g se :
arranged sysncm%emﬂ_ybbompnsestal plnrallty ohndmuoh segrseseznd the sensor system compnscs a
plurality of sensors. 'l'hc rotation of the mformatton carrier will result m mtensrty transmons
being observed in the sensors If a visible radlanon beam 1 e a hght beam is used the
mtensrty transitions will be dark-light transitions. The measurement system can detect both
20 translational and rotauonal movents Translattonal movements are detected in that the
.sensors can observe the radiation sources, e.g. light sources, vta the second uansparent areas.
in the mask through the information carner
Theﬁrsttransparentareasmaybeformedbysmallapermresandthe
second transparent areas preferably take the form of shts In the case of slits which extend
25 perpendrcularly to the translational movements mtcnslty transmons will be observed when the -
information carrier is translated In the case of slits. whtch extend perpendrcularly to the

rotational movements intensity transmons wxll be observed when the mformatxon carner is
rotated. These intensity transitions are uttlmd to detect the posmons of sald transparent areas
relative to one another. _ L

30 .~ The optical measurement system used m thc acmator system in accordance
wrth the invention has the special advantage that it can measure translatxonal movements and
rotational movements slmultaneously and mdependently of one another
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For this purpose a neasurenent :systemis used which I's capable o
t wo- di nenscmlumﬁafgm@mmngthemnslamﬂcoﬂandtherotatwnmﬂerrbodu ment of the
actuator unit in accord n%e ﬁlel h ' %
that the measurement sy$ emco rlsesacylnrlc ormalon carrier 10
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trans pf}r en %%ssldes? relglt:h 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 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
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 drive shaft and a fixedly arranged set of
cylindrical permanent magnets. When said coxl 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 dtivé shaft. When the last-mentioned coil is



uni.t di sposed on the other actuator section and havi ng a mask with a

pattern OfyoRe9 t ranspar ent areas a radi ation source systemand a
radi ati on-sensor system arranged EOSI te the radi at i ¥/IBSUPSE sy st em
the pattern of first transparent areas aRd the pattern of second
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transl ati onal and rotational novenents. Translational  novenents are-.
det ect edcqQmmOR sranglaiable and rotatably element ofifhe twe matersy adi ati on sources, e.g.

l'i ght sources, via the second transparent areas - in the mask through
the information carrier. ' . ‘The first transparent
areas may be forned by small apertures and the- second transparent
areas preferably takel‘i‘ae for.m of. sui In . the case of slits which extend
25 perpendi cul arly t o FofdvERtoR Wil FB‘H dpénqrﬁtdsﬁﬂpby wayafaxamples
will 1pe QRRAGefeRhcdVs the!l di@wings, inf Whigh™ation carrier is transl ated. -In the
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The optiimekntiohasur enent system used in the actuator sy_stem i n accordance’

wth the invention haf_, t he sgoeclal advanta e that it can nmeasure :
transl ati onal novenen 1agFaIRInat ive: view showing ;2 movable sictuatond

| ndepgndapiidy of the et aﬁaédiﬁt-.m . WO 96/ 02972
PCT/I895/00532 . : N .
Figure 3 is a longitudinal sectional view taken on the line III-III in Figure
5 and showing a maehme in accordance with the invention comprising a second embodiment
of the actuator in accordance with the mventlon, _
_ ~ Figure 4 shows the machme compnsmg a second embodiment of the
20 actuator in accordance with the invention partly in a longitudinal sectional vrew taken on the
line IV-IV in Figure 5, : _
~ Figure Sis a cross-secnonal view. taken on the hne V-Vin Frgnre 4 and.
showing the machine comprising the second embodiment of the actuator, '
Figure 6 shows diagrammatically an aemator._ unit in accordance with the
25 mventxon, comprising a control system, |
Fxgure 7 shows a developed part of a cylmdneal 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
30 Fxgure 9 shows dlagrammaucally an arrangement for sard measurement
system. '
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A first functlon may be the agcf‘urate | acenment  and al i gnment of a_ conponent
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According 1b the invention t he machi ne for picking up and positioning an 25
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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
20 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
25 force on the magnet 11 is exerted for movmg the second actuator section 3 in the Z
direction. The shell 5a and the core 3b are at the same magnetic potential owmg 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 magn_et 11 is disposed. The filed lines from the magnet 11 take a similar path to .
30 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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di agr anmwdrjvpsmmodmdvmmmfngeamiﬁwalﬂp @cqueaionrotauon isthetd on of

a first enbo% ment of the elect rorragnet i c act uat or | n accordance with the
i nventi 8

As is apparent from Figures 1 and 2, the electnc currents through the
coils, i.e. the rotation coil or ¢ coil 7 and the translation coil or Z coil 9, which is disposed
15 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 ex_ample comprises the magnet 11 and the annular segment 13. The coils 7 and 9
can be energised simultaneously or independently ef one another. Energisation is possible '
with a current whose dxrecnon and/or magnitude can change dependmg on the required force
20 or the required torque. : )
The machine in accordance wrththernvennonshowanrgures 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
25 - 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 pwotal 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 in the first actiator section 101 so as be
translatable and rotatable. The first actuator section 101 has a soft-magnetic yoke._l(:)s !
30 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 remforee 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



Fi gure 2 is a di agr ammat i c per spective view showi ng a novabl e actuator 15 -

section of {pe A enbodi nent Figure 3 is a

| engi t udi nal seé‘% {Onal view taken on the line Il11-111 in Fi &F@B’s’“‘m’j and
showi ng a machine in accordance with the i®wvention conprising a second
enbodi ment of the actuatar+in accordance with tHe i nvention,

Fi gure 4 shas\an a¢matomaxis rl@la:(wlpch isi defined by(amcdlmlrimrdllmﬁm thefcdréleﬂﬂﬂ The bore

SCC 1 528N e S T S e e v

Figure 5 i alaosmimw seeiiogV103\ith extreimbly 1bwrmci{oam Irékxéﬁxﬁer Thé dAvé
showi ng the nmachi ne conprising the second enbodi nent of the actuator,

Figure 6 sBeafl1Hi isdiollewsandches ap axial savityal M Which: vigposis 446 dn theewall OF thendrives

!sﬂ\c/)\irgt; devﬂeﬁ?{g%égﬂ%a m£%‘|:“§%?| cg% | m‘%r rraqmo segpoxb}og i Vactum

measur emenspacgstlsris odupﬁdﬂetoau:Valw 122 viaid dioo 1aomrctmnemommh vadBurh Pagip. IO the
Figure 8 s tlcal I mask of .the above-nenti oned

rreasurerrenB ’!@’éﬁé’%‘giw patl 124'15 mounted. Figure 9 shows |

di agrammatical |y an arr qHgesend ab@ator 3eioT103 CoRipRisds a perman¥it'fifBnet system for

WD 96/ 02972
PCT/ | B95/ O¢&speration with the coils 107 and 109 via an air gap. The magnet system comprises a
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second act gisrsisting of tired stacked annular phrts. smasmﬁlhenfagheltlllsewh&htéheﬁd& bé:%ieen
part. The stati onar y actuator section 1 conprises
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 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

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
eomponents are glued and soidered 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
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 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 system for determining a translational position and a rotational position of the
one actuator section relative to the other actuator section. The measurement sysiem can



soft-magnetic yoke 5 e.g. an i.ron ydke having a cylindrical wall or shell

5a, a cen L 5 5b and a bridge 5c connecting the cylindrical shell’
5a to the cen?ra core 5b. The actuator 1 has an act uBEHB%A9532| a and
two end surfaces |b and 1c, the bridge 5 extendi ng near or in t he

pl ane of the end surface 1c. The shell 5a is provided with turns opposite
t he bri dgepmy atfirst outputfsignal represeatativve ofcani actifal titinslationab pbsitiors amd/ov a desdndi t h

conpr i 5oSUR MRl of b oL Pyl posfon i $95h dSSE a0 ol o,

segnent i dvhfaterandandedisyd siccesfitly mﬁlahxaﬁaﬂﬂﬁtwﬁicslﬁﬁdmﬂﬁ%riﬁ&“ﬂ 11

IS preferably nade from a, hi gh-grade magnetic material, such

neody i uASHALSR iRcerdanae, with the u&ﬁmnaal%emmes azontrol systent for th@ncmagnethl c
mat erigal but is prefeﬁéﬂrg{
radi alsl y magnetised in an ggggg’."gg ‘gaéﬁﬂ tr o%e?‘na?m@@%ﬁn #@ﬁrc?gﬁ"ﬁ&’r%gnet

11. 15 accordance with the invention, whith may hernsovided withia load, 4 heasrémertayste@dli on

he act ulFoRPEY s siemafs FepRtmaFle B0 hoti Wikulgno Pition of Migrpcmator”

conpr i segnd)g 3édod signaN$ representitive1Of An ABmaAKiottionkl Position st e ITe COTE ©
15 for rotatably and trdrﬁﬁsl at-abl m)untl ng a bear] ng shaft 17 otP e second

act uat or sigaals z@nd ¢ are applied o am M. Imadqunetmgmland the

%ﬁé°k§3k§?ﬁﬂ‘¥sﬁ§%=§§*§*ﬁﬁ?aﬁ%3’°ﬁﬁ B o Bl lagkd 8y ot Wil i

coi |l 7 tfram nhbaddern&lmapp@dmacmﬂmﬂerdmﬂm cdnmlmem mm&ltheuhw]atibnOf the
t or oi dal 7 for . a co nuous, devel opnent wer . For thls pur pose
roans. |1 i ph e s, T didon o e Siggalh & el g, Felied iy dasied roratonal o
Wien t hepgsitidnid'apRéd Otk aldérsAZ, “chﬁhémbrqv 3 witidhy el d'ée&EﬁQ @ﬁi

ct uat sec |on 3

force on the magnet 11 is exerted for nDV|ng t he secon

in the zadder A2isapplieds ¢ontrols theratatiopcoilof theactaton 5b are at t he same
rmonyic potent | o v e sk BRAAF B Flndd T, YK oSapni T e
core 5b, cylindritdldnformaien Earrie 201. l’ﬂmshﬂiﬂnaﬁm cartiers 205 coniprises 4 tedspdrenthe
ot 1 hedrica Bl i s IR oS OF A FUREHE FYRDRE: TebD, oTmEGh sony
glmra?;lt gg:éinggl I aﬂa?ﬁ]ﬁ?%%ﬁ&gnet | c%hagggéﬁgﬁfb#%ﬁaﬁnd%% fit i
noved i nin which apestures|203arei formed,/fon example by ablation bymeans of arlasgr beanh,yint he
g nbb udgrdglf tpt f&?mga paq:{e?ﬁ 39 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 Figuré 2, where the movable second actq_a__tbfsection 3 includes such an
25 information carrier 201. The information carrier 201 is connected to the ‘magnet 11 and in
the éase of energisation of the toroidal coil 7 and/or the cylmdncalcoﬂ 9, see also Figure 1,
it consequently performs the same movements as the magnet 11 The ﬁattem 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 actuator
30 section. The measurement system in accordance with the invention further comprises a mask
207 with a pattern of transpétent areas 209. The pattern of transparent areaé 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



Lor ent z force i s substantially independent.‘of the I ocation of the magnet 11

in.the space 6 WO 96/ 02972
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The shell 5a has an axial sl ot-shaped gaplbr slot 19. Wen the toroidal
coil 7 is energised a magnetiic field is produced i#ithis coil, whose field

| }' nes \Mqr Opmﬁﬁdcmaidmnon beam&.'esraﬂetdncsaumma 1t hhephﬂnjg ogggnmmmmm
t t to t 19

1 e ohediFposkd ahRt 1BS PRR 3P GES ARGk Fectih d,ang. pithid e hende belaéegéﬁn

t hr ough t*@éﬂﬁ@ﬁ%ﬁh&ﬂ&d&%@i@@ﬁd%&e THeopaird $d 6f theRMafor RB2tidACl AR net

11 take a ch extends fromthe magnet 11 to the shell 5a via an
air gap, fmmsﬂtﬂmmedlerd‘ykndﬂi frheamngemmressshmmm ma@gecmleramand

finally_fromth he
presenc@ o‘?’ H?égém ﬁsé’%&ﬁ%ﬁt OWt% lﬁ:dkﬁ]eal age I N the CM?%%S
when - Rdid, @l piivkediodescThis nrﬁnganemumsm synirhetricaily, theilightesmitting dibdes
flux variat.ion |€sqenecessar ‘Lgr oéeq @ﬂgﬁlfg& t?e!-—t a force in the

t angent i al being gefl angential ly

directed force i's produpgGrehlt il ibistreniaf Systetf ubdd fiB6isceistorukip e f of

rotation in the [err] |rect|on
appar ent facgordancpuwith the mvdntﬁm lt iseptlssblﬁt 10j dctmmneemmﬂrmmhaonal

SOt Gl S o o G ke U b A B804

mei nly per %rﬁuhﬂiudn)useei@m mmwmaewmm extend &ansversel?rlifrtﬂe directiom of
that both col I s can _cooperate with one an he same net system Whl chin

t he pr esentransiatiopize lightdark easitioes Willjbe pbserved in the,Bbotn Flhof 83 The
_;gl)lt ?ler7 andeaiﬂf’gﬂ?veﬁ’%gf QPB@ Q%ﬁeﬂn&tﬂé'ﬁpkﬁﬂlggt‘ig?r en Mﬁgﬁir ect oﬁi one
and/ or magpnikewke, tigh-datia ngmxdmsemlli egobmservetl dn ithecase off rétatioreb@movoas 8 mesult of
requir ed t or c1at1ve 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 pm, 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 |
20 201. In the present example a comparatively large length equal to sixteen times the pitch has
beenselectedinerdertominimisetheinﬂucnceofamovementinoneofthedirectionsin
the other direction. It is to be noted that the pitch p’ in the direction of translation need not
be equal to the pltch p in the direction of rotation. _
The present measurement system uses four photodiodés 217 and one set of
25 two pairs of sub-pattemé 211A, 211B or 213A, 213B for measuring a movement in each '
dﬁecﬁon of movement. Each of the sub-patterns has a plurality of parallel slits 211, or 213,,
so that each set has four groups 'qf _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
pxtch also (p+ %p). By measunng two phase-shifted signals per direction it is possible to |
30 determine the direction of movement of the movable actuator section. The (relauve) position
of the movable actuator section with respect to the statxonary actuator section is determined
by coummg the number of light-dark transitions.
It is to be noted that the invention is not limited to the exemplary

| embodiments shown herem



The machine in accordance with the-invention shown in Figures 3,. 4 and

5 i's capaweeen29m2i cki ng up, hol ding, nmoving and positioni nﬂﬁ*ﬁ!&?)ﬂ%ﬁft such
as an electronic conponent. The ma ne conprises a frane shown
only diagrammmatically, an - electromagnetic act uat or 10 in accordance
W th thﬁ%on secured to the frame 10 -vacuum system 108.
The fra y be a stati-onary frane or y..f.orm par
transport nechani smand. may be constructed a J"Mmm " sI ide or a
pi votal arm The el ectromagneti c act uat Im muma first.
actuator section 101 nounted on the frame 102 ~and"a $econd act uat or
section 103 which is nounted in the first act uator section 101 so as be

transl atable and rotatable: The first actuator secti:on 101 has a .
soft - magnetlc yoke 105 30 .conprising a cyI indrical shell 105a, a central

core 105 and a bridge 105¢c connectin the shell 105a to the central
core 105h. The shell m ot IR IFUBIOF Seqpions, P‘Frﬁ

the pr esaaﬁsmﬂae rélative ol Giié adothier along ranrﬁaﬂﬁﬁirla&ﬁtﬂrﬂ WHIER i otitablé ‘ib&lt%&e

the shell. The first act uag or sectlon 1Q1 further has a coil- system

conpri si ARIURLOF XS & First @StuAtoT SGCtiOR COMPEAING A kAtsystem and segond |actuaty segtiona
cy) 1 ndr | € 3hnfifihd a pAthnatiehf fidghk: 3 4iA Gof BoopeRition WP te U 5kt 'an 4 gap,

WO 96/ 02
PCT/ | BO5¢Kpacierised in that the coil system 1s arranged ona magnetrcally conductive yoke aﬁd

has an actuator axis,10]la, f| ne -a, cent;ral bore 115 in the
core 105rpmnmﬁssacﬁybndm}“ﬁ$ %?‘8 &hich arg caaxial with the

ai r - bear jags o ?ﬁﬂﬁ’*ﬂg‘“ﬁ?ﬁ {nP fmﬁfgﬁ@t %
actuator sectlon ﬁg extrene Iowfr|010naafnre5|sta ce %@ﬁe rive {

shaft 11Goaxial hwith thwaamton Mafprasopaerau@n/mth ‘bt thet transiation goiband thelrbfation t he

1 ot ki e B 103 ciaf BRI Suith o R . SR B8 elat 1

122 qpa eeQnsgneticilly’condacive kenavrngaaz:emﬂwm ﬁtﬂiiﬁdv@iellhﬁtranslan&%érl)‘l!
shaft 117 a suction_ pad 124 is nmounfe
arranged and a shell on which the rotatron corl is drsposed whrch core and shell bound a
space within which the arinular magnet is disposed, the magneucally conducuve yoke

comprising a bridge connecting the central core and the shell

2. AnacmatorasclarmedmClalml eharacterrsedmthattheshellrs

15 formed by an interrupted cylindrical wall of a magnetically conducnve material.
3. : AnaematorasclarmedmClalmlorz charactensedmthattheshellhas
a slot-shaped gap situated near the bridge and extendmg parallel to the actuator axis.
4. AnaetuatorasclarmedmClarml 2or3 charactensedmthatthe
annular segment is formed by a discontinuity in the annular magnet _

20 S. AnactuatoraselarmedmClatml 2 3or4 characterrsedmthatthe

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 Claun 1, 2 3, 4 or 5 charactensed in that the
first actuator sez’ion is a stationary section. )
25 1. ‘An actuator unit comprrsrng an actuator as clarmed in any one of the

precedmg Claims and a measurement system for determrmng a translatmn 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 mformauon camer drsposed on one of the



. _
The second act uat or f"lﬂllllﬁunﬂmul ses a pernmanent magnet system for
cooperation with theld® | I IW9 via an air gap. The_nagnet system
conpri ses WOR§O2¥Rgnet 151 With & radially inward or out waPGTAEHMRsati on
and in the present exanple - consistildg of three.stacked annular parts. .
The annul ar magnet 113, whi¢h«extends between ““t'he coils 107 and 109,

has a pe&é@ilsf‘kecﬁ&ﬁ'ﬁidm?éﬂeﬁoﬂmmmmmmndaunitﬂisgosedimthéon is .
opposed to that of ‘the rest q tkwgﬁt 111. ghe g&% is secured to
a suppor othepactugips section and baying a @ PIETA QL SgCO etting -
disc 128_ .5. a radiati ivesBEsdp s %lag§ oSitétheON coOI |
107 span?@%ﬁ?os%tsgmmf&g aaﬁgmnbﬂ's-édtgﬁgeannul a}rlﬁesiggrren 113 covers

appr oxi mpddidtion2sbbfce rsydtem; the patternt ofofirst transpatent-angasand the rpattera of secondxi al gap

119 and the annul ar se nt, 113 bei |. i 0.0 Qr { ned by
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al ways dpaiyeef theOfaBiatibh Sodrbe system and tiet sensorapsttm107 t he angl e ‘of rotation

of the actuator section 103 can_ be |i,m tedéfg/impéo i di ng. 20, t-ogiiggn bot h

act uat or 9secti ons 101 AGAFUALT unit as claimed in » C Ctei‘Fng“hé’@. h n

accordance.wi i h. ' td OR:oks | LR r . hourning
?ﬁ“%ﬁg&"tﬁg q{ 148" fildiation Sbﬁrké‘.%nfa pBoar ’ d ak @' sensor

el ectron NtS on a printed circult particul arly when Surface

‘Mount ed Poyvi ce (SMD) tAmcdvtuakargsnit as claipied\in lainvE,n8 8ivB, charagterised \byithe used

rbandOof PRFRMRLREH SROROh IS oSS, meaty fon Ut Eorfesblsbf of fin Culebh binal 33 e, >/
be pi ckeg, systbMC WhichStipataigral istréresentative WftanAutuab tansiationsieposition,

positioned relativé to the conponent by neans of the actuator_in_
accor danevithy signalrepresentative of a desized transiatiops] nosition, mesulting v afjryt diffgence

conponent. can f he. Bal ? BEB e
rel ative$ ﬁgg&rcmel!fg@)‘g‘%gb%?%@gﬁ on of tiig?l(;) t eer O{i_gt?ﬁl(,)?ﬂ(gﬁé{‘? QE')t?.
Subs equegighal isrégreseanrios of an acwalwotationaicpositionh withausignah gepressintativei 088 on
the printed circuit board and %gessed i %o.’ n_adhesi ye L’%ﬁ?ﬁ rovi ded, on
the pkS ndesired; rotatippal positiop,resyjting in a second difference signal, w ff ;Eﬁeﬁxg_qa#e
actuator i i ﬁne(‘j)" ' (M trdnSlafi6f 86 Gfid el ftation codl.

measur em%a@/@éﬁgggr e‘?{eitrfr#%?irlltgmgﬁ%ransl ational position and a
rotationdl. position ofA machine for pickingwp and pesitioning 8n objsrtacomprisiag @ahleagh her
actuator oxslee gct:tlugtgi' asT&ginq&aﬁuarn?'rBengtof e CEhE 3o 6 or comprising at least one actuator

unit as claimed in any one of the Claims 7 to 10.
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supply a fW®/03put signal representative of an actual translational
position and/or a second out put signal representative of an actual
rotational position at desired instants during use of t he actuator

and can be used successfully in an act qafer unit which, in addition to the
actuator in accordance with the invention-al.so conprises a control system
for the actuator. 5 Figure 6 is a bl ock diagram
- showi ng an enbodi nent | of the actuator in accordance with the
invention, which may be provided withlgg oad, a neasurenent systeml|
for supplylng a first signal a regﬁeséhtatlwe of an actual tanslational
position of the actuator g 0 RoNeEaE -~ gnal [err] representative of
an-actual rotational p05|t|o rfOPS signals z and [err]
are applied to an adder Al Y 1S S | p addition, a signal z, -
10 related to a deS|red t ﬁz : } S applied to the adder A1l.
g plied to a controller

I1l. The controller |11 coil of the actuator:
In addition to the sig ; B8ed to a desired
r ot at.i onal position i§ ied- theladder A2, A controller IV, to

i ; : lied, controls the
The neasur ement
cyljyndrical information
rent
nthetic resin, on
mniumis forned,

rotation coil of the actuat
systen1shown in Figures 7,.
carrier 201. The |nfornat|u
cylindrical body, for exanplJy
whi ch a non- t ranspar ent 7
for exanple by vacuum depositi o thpertures 205 are forned,
for exanple.by abl ation by means of a aser be in 20 order to forma
pattern of transparent areas 205. The pattern of transparent areas 205

ext ends regularly in two directi nd [err], the apertures having
a square or circular shape. The Mtion carrier 201, which is also
referred to as an encoder cylinder, forns part of the novabl e act uat or

section of the actuator in accordance with the invention. In this respect




reference is made to Figure 2, where the novabl e second actuator section 3

I ncl udes such an 25 information carrier 201. The |nfornat|on carr 201
i s connect SMOPYIPFe nagnet 11 and in the case of energh the
toroidal coil 7 and/or the cylindrical coil 9, see also Flgure 1
consequently perfornms the sane nnvenegi as the magnet 11. The pattern of
t ranspar ent areas 205 need not b ZEOV|ded over the entire

circunference of the information carrier 201 but only over a
circunferential angle equal to the angle of rotation of the novable
actuator 30 section. The neasurenent systemin accordance with the

I nvention further conprises a nmask 207 with a pattern of transparent
areas 209. The pattern of transparent areas 209 has sub- - patterns 211A
and 211B wi th-slits 211[err] WBbch extendﬂlm ﬂﬂb ZZﬂlrectlon and
sub- patterns 213A andg Aot 20300008 1 ? xE=wigich extend in the
[err] direction. The nq§$ 407 s secu& 't ﬁ the sk qngonary act uat or
section of the actjuator ?acco&danceg Jh :h |nvent dh, in Figure 1
V\O 96/ 02972 . :: ........... OU0OTRN ) I R P A P PSS l.‘E )
PCT/ 1 B95/ 00532 - | R qt2lon d?> t el E nurmeral 1
A plurality of lid e S zﬁjs part 5b of
t he actuator secti ngod Y, quny'f equal -
plurality of photd b Vet partAb ct uat or
section 1 and cyli %//3(/ a f is such
that the informati tthe §g1& 2 en, on the
one hand, the |igh Ion ; t he
phot odi odes. . Thi_s emtting -
diodes . bell3g elph enced 217.
By nmeans of the ng iin
accordance with th si|bl nal and
transl ati onal 3
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10 novenents of the novabl e actuator section relative top the stationary

act uat or secw(pﬁ, 4

213[ err] which extend transversely of the direction of
| i ght-dark transitions wll

t he case of transl at

ion use is nade of the slits
¥n z,

be observed in the photodiodes as a result of a

relative-novenent of the slits 213[err] and the apertures 203 in the

information carrier

observed in the case of
novenent between the slits 211,
and the apertures 203.
211[err] and 213[err] nmay have a transverse di nension of,

of - rotation,

201. Li kew se, 32
rotation but now

whi ch ext end

-dark transitions will be
result of 15 a relative’
transversely of the direction

' The slits
for exanple

50 [err]m corresponding to the size of the apertures 203. The | ength of

the slits may

correspond to a fewtines the pitch p and p',

respectively, used in the information carrier 20 201128n the present
exanpl e a conparatively.J.ar '

26 he pitch has

been selected in ordef to iy |n1%e t he influe se of almovgnent in one of
the directions in i the dther di rection. |It |s to be ted that the
pitch p' in the direetro8s d == : t he
pitch pinthe direction of rotation. resent
measur enent systgm-uses four phot odi odes 21 e e irs
of sub-patterns 2114 211B or 213A, 213B fOL urA189 gn -each
direction of noveément. Each of the sub-pattler S sa paral |l e
slits 211[err] err},. _ sQ t lits.
In each set the groups of slits are offset fr a
miltiple of the sumlof the pitch used in the i i [err] of
this pitch, alqdo (p+ [err]p). By neasuri a ignals ™
per direction it is |possible to 30 determhe vr ment of
t he novabl e actuatorf section. . The (relative A o )/ vabl e
actuator section wtlh respect to the stati C ?%Q’ '
det er m ned by dounting the nunber of Ilig r
It is to be noted tHat the invention is not| |ijN 04 y
enbodi nents shown hdrein. f rrrrry

O Kw

FIG.4
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PCT/ |1 B95/ 00532 : - :

CLAI MVS: WO 96/02972 1 - An el ectromagneti.c act BEFVES8MADr i si ng
two actuator sections which are transl atable relative to one anot her
al ong an actuator axis and which are rotatabl e about the act uat or
axis, a first actuator section conpri shgaﬁ coil systemand a second

actuat or section conprising a per t magnet system for cooperation

with the coil systemvia an air gap, 5
systemis arranged on a nmagnetically con conprises a
cylindrical translation coil and_z whi ch are

SO 8

coaxial with the actuatq *“\\-\i\\\%% N magnet system -
conprises an annular magn Qw\\\ \ 3 W h the actuator axis,
for cooperation with bot r\\\,&g\\\\\ ' i coil,
whi ch magnet has a radi :‘\sa NS 2 NNO OV an annul ar
segnent, 10 the magng \\:\\\\Q}*‘\:“\I‘ A '\ core around
QBT

oL 1y

202
FERER RPN
whi ch the annul %e\\\‘ %‘. ;

quterised in that the coil

Y Rl space wthin
Q/, ¢ | ve yoke
conprising a bridge/ ey -\\,/ \ 2.
“An actuator as cl difred i g} RS \\\\\ ‘ is 15
formed by an inteffupted J{nd {',, 4, mpgnaliflal | y confuctive
‘material. 3. f 27 upt IO ; &1 i i1l or 2,
characterised in i SV SEX uptef near

t he bridge and exgendi ng
An actuator as cldinmed in




annul ar segnent is forned by a discontinuity in the annular magnet. 20 5.
An actuator as clained in daim1l1l, 2, 3 or 4,characterised in that the

annul ar magn®O W he annul ar segment together form a conti MEFIBIFWSY, t he

annul ar segnent bei ng magneti sed oppositely to the annul ar nagnet.

6. An actuator as clainmed in Claiml1l, 2, 3, 4 or 5,
characterised in that the first act@f@or section is a stationary
section. 25 7. An actu r unit conprising an actuator as

precedi ng. C ai ns and a neasurenent system for
rotation position of
8. .

clained in any one of the
det er m ni ng a translation position and a
t he one actuator section relative to the other actuator section.’
An actuator unit as clained in Caim?7, characterised in that the
measur ement system conprises a cyli ndr| cal information carrier disposed on
one of the WD 96/ 02972 )
PCT/ | B95/ 00532

actuat or sections and haV| ng a pattern of fi rst transparent areas, and a

uni t di sposed on the - [J O llErDa@uEt@ E&ci] &b @nd]h@yl.@ [Iﬂag with a

13

pattern of second tran Se um; q%ul l-AhsauLce. Sy nd a
radi ati on-sensitive se iy Ll o)

source system the patt@rn)-¢i- 5 T3tCY @ngpaﬁjeﬁg ar @sﬂar@ mqug;tern of

second 5 transparent e,_,vlph,e.xt,_gn@ “““ arlé jat t ern of _
first transparent ar eaiﬁ ¥a t@é%m and
the sensor system .0.4. ELA&II t[EaEpr fpimed in

Claim 8, characterised |n that aEE T e..|.s..used as a

htreennn.. emtt.in 0
Lg] Gdeld ddl QQnEﬂrD
B o By ey o o B AT

radi ati on source and a Ha&hfadgjl

2114

FIG.7

"An actuator unit as cI@r@QrDC@
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10 presence of a control system conprising neans for the conparison of an

out put signal of the measur enent system which output signal is

repi esent atWQ&/P7%n actual translational position, - Wi RET/EBSNAGA |
representative of a desired translational position, resulting in a first

di fference si.gnal, and for the corrparl son of an output signal of the
measur ement system V\/ni ch out put s@g IS representative of an actual
rotational position, with a signal repr ntative of a 15 desired-

rotational position, resulti ng in a second dlfference signal, which

di fference signals ﬁﬁq_@ ’ a] c SO Ztl?ﬂ controlling the
translation coil and the g shs7s | f . A machi ne
for picking up and positionin Agigct | g )l at | east one
actuator as clained in ah HRH| O ai 1F fllor conprising at | east
one act uat or unit as clg Hiany| oy #|Cl aims 7 to 10.
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