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*159159* POSI TI ONI NG DEVI CE CROSS- REFERENCE TO
RELATED APPLI CATI ONS This application clains priority
to Application No. 10 2005 057 865.9, filed in the
Federal Republic of Germany on Decenber 2, 2005, which

is expressly incorporated herein in its entirety by
reference thereto. 5 FIELD OF THE | NVENTI ON The

present invention relates to a positioning devi

whi ch may be suitable, e.g., for the premse nﬂmmm’mm"
of a swvel armfor a servo track wi “159]50%
BACKGROUND | NFORMATI ON Posi tioni ng deV| ces of this

type are often used in servo track witers (STW,

where the tracks for PEyTEONINgGDEVIDEr d di sks are
formatted or witten. For this purpose, a positioning

device in the STWswi vels a shaft, to which a sw vel
armis attached. At its end, a wite head is provided

MBS 8 Ak eENIR SR ARYEoBY i vel notion of the

hly preci se manner,
so t Hafs applieatiey daime logorty tpdnpiidsitien Ner 1018005 85 885 filed in the
Hd@ﬂ\l REpdbhe oh@érﬁhaqy 8k De@bmb& £ 965 AHIR G ex }t%slgmgforﬁgd herein

f t
rﬁ ?rlﬁ'(?t?‘ g%%gerﬁrécre ﬂge%tﬁ?ulr Sageﬁg;gﬁr eugi‘ t ge st or age

capacity of hard disks. For this reason, efforts are

Fqgmb@ﬁ{,_]Ele gﬁrd,\gken to achieve a track allocation
IS as S possible. For a hard disk

man ufT B%P{‘?Péﬁ‘f ipvgnting relgtes te @ Pepitiviingedevize dwhitts ey i stitadle, e.g., for

tokeprecisd mavdmet od dvada i forlalkeAR tREORAR] Cal manner, it
nmust be possible to position the swi vel arm of t he

STWin an exact manner within a very short tine (seek

EMHKGRIOUNI INFORMATION man Publ i shed Pat ent Application
NO 20si @\% c@%geégpthge@&é Eltéec?f}?ﬁ L%gé 'lr* L%Wé ngck vgr%?gsc(g’TW) where

th g( 1‘a not or I n ormof a so-ca
Forads st |mar$8?t8Pb'ev@?6§éi i Frarigrmatisd pefr writtes. £ Fpfrdldls spgrpose, a
pesitiapirgrdelvicain the Sai ﬁn/lt/eﬂs S\8hafelto QﬁlB@SlstMi/ef ér?heig attached At its end,

ate t w vel
SREETORTY, RS 1P SR Sk PSR i St
Pesificsed in pdighly Pr@plsmrbbmarssw&maéd wapy trackded dossible Iper unit surface

a@a&ﬁttﬁé Iﬁ‘eﬁa disRRES BE 'cQﬁ\‘ng@Fedt hﬁerﬁwer BPtr?ck§ ﬁ‘cﬁﬁw'aﬁé@%gr surface area

W[] L % ? e? ?%lnter ere 1n ver
PHIA PRSI ST DR N ﬁa%/ms?sur%gfﬁa%ﬁtarqu cApachy pHeard disks. For
thisxmesorp e§ortsi e corgtavtly Uhderawer @l achicre eftrat:lh@uosa \% that s as tight as

p&és‘b‘lel I torld flmérd ldlsk anL\JaLtluler t$ Le able Jfol %gbwldlelharcl dtsks with a dense track

aliocation in an economical manner, it must be possible to position the swivel arm of the

[

STW in an exact manner within a very short time (seek and settle time).

- German Published Patent Application No. 10 2004 030 500 describes a positioning -
device, which has a swivel motor in the form of a so-called voice coil motor, whose primary
part is formed as a rotor that is able to swivel opposite fixed permanent magnets. To
activate the swivel motor, the rotor has to be supplied with electric current. For this purpose,
a cable is usually provided for the electrical connection of the rotor to a stationary unit. Such
a cable may interfere in a very short time with the operational behavior, espécially with the
exact positioning of the swivel arm of the STW.
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*G0002* SUMVARY  Exanpl e enbodi nents of the present
i nvention provide a positioning device which nmakes
possi bl e an i nprovenent of the positioning accuracy
conpared to conventional units, as well as an
%ERﬁE¥$ﬁtlon of the seek and settle tinmes, e.g., even
shaft of the 5 positioning deV|ce has a
cabl eBxomireenbaimetacf the riésestingentioadravideya positisingl gevice which
Aak&y @s&gle%ﬂ iR eVEPhént @ﬁh@gb%ﬂtngQJcc&rQ@y Rnfpafddito conventional units,

i nventi on, positionin evi ce i ncludes a housing

aneeh ag ﬁafﬁbbfﬁ"\?m’hbﬁ tge rsg%??q/ getfiy ipRe %%u?i’?fgw%&fbiﬁ‘ﬁ spaft of the
peditioging degtd haars, cadle contsztien hagis aiiettadradibn@ivartly. abl e

to be attached that is to be positioned. Mreover, the

10 positioning device has a pivot drive that includes

a st adeserdingdamexanrlg embpdimedt &rtheairesgnt imserdiohea positioning device

melddd ¥ Bodsthgt 413 asél'%tft%votdb% t%faqgé tot PeMBashy Sodlg center posmon at
swi vel i ng angl e of shaft posi tioni ng device

MOPsEHRYE e LS e'?fB%’ltt'% al?ie N aﬁ?wsd PRI ‘?ene?ﬁ}lﬂ’i”ﬁfé; Mpgeover, the
p@srttoﬁlng higlicarhas dTbNathrﬁ/ermlatambMeest a «a6hand efotor TR rotor being

%1% %latl(/g‘ta’o Ish s\{g r drnl grgera{admgasu ?ht &wwe in o;{’néglof the shaft, the

P'ce are connected 10
f-><i>%kt@dm9 oiet/lhe f@ﬂt&f thaSR Q@edloe heasuring devieg indiudiig tl@ parts that are

%Wﬁela@@b Rfedch8trehatie rottcn%f frfété%vé’?ﬁrl\;ehﬁmdfé first pm&tthe position
of the OS|t|0n measuri n st ati onar uni t

| Ce a
Peasfio BRNIre ponoonegipOREy B (hand S5t | g eke Yor the slectrica
cewviecien obttiey shatg tHe atart dreths hh&é‘ttpartl &fohé @dsitidh frie@suring device to a

&gﬂitnr é/cﬁlkt éég?nséc}dltlgn a thrrg:fo%gﬁl o? th& pocsg'aPlg%@?\h%et %tggag from the shaft
ioaajecalnltpe gmtrwamnsyuon 20e Tane pagattleaﬂmrr@ed@m% eeqtiay a spiral-shaped
BIUR RS 1ddadtadidi g@@g&ilyposm ble a technically sinple

and econom cal ¥y favorabl e desi gn and an exceedi ngly
accurate and rapid positioning, even if the shaft of

t he poeiposiboringdekze raay pragida trea bl neakes postiée @I’tecﬁi'lnrcew} ﬁd\ple and

éc%qbrﬁilcglwrfgwr gééf n yﬂd §? e§ceetdﬂ§‘e§|a%§§ratef a?nrd %?)%rg)ofs%%)wgg even if

I cal coup
87 wnaftef tlje(pqgéaonupg @QMl@é’@ﬂa@pQIp@pm/ecmn dltegteld(ya@altyg)utvvan@y This is

EFW R84l for fé%rﬁ&é W\Ceﬂe&rflcat &ﬁjpﬁ’ﬂbs kdrieQBhpig, £8ydkee of'fﬂ¥ S%@V has to be

positioning i's optim zed
?fﬂ@?%};'ﬁtem%h |a§”ie§'°H§E%1u§ e FTEIS PeTRIhangecor oy Bgtitiagingydevice may
behinptied, seBthaiie Positidiinyes optrnided gheadbyt hl&usﬁ@bie@ad%&)ﬁorb@s that are

Q’Qgtg% ngn{h%r d(-ggr%atlgeroffgram% Co%nig1 hav rlcggrblt fmayhge harmfut for the

overa beh

mrmar@mbﬁ@ev@evﬁtb@pwtcolmmg@lgapej to positioning accuracy

and 30 seek and settle time nay be inproved to an

extraordlnarégge gree -if the positioning device
ar r ange@vea!l BRNawipy ¢fdle Prsftioning deviee witlbregaiddo gasipningsaccuracy and

MS aﬁ&@.éﬂtl@lﬂﬁt\d R 68 Bnprdvetl 6 BR eRlrgsrtinb§ HegRNNBEtdosilloMhg device
rotor or the first part of the

?CI?%S d??ﬁ%\be[‘}% P device to a stationary unit. The

The cable is used, as was mentioned before, for the electrical connection of the
shaft, the rotor or the first part of the position measuring dévice to a stationary unit. The
stationary unit may be, for example, a control device or a regulating device, which outputs a
regulated current and/or has a connection for ground potential. The electrical connection of

the shaft may provide, for example, the grounding of the shaft. Alternatively or in
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35 stationary unit may be, for exanple, a control

device or a regqgul ating device, which outputs a

regul ated current and/or has a connection for ground
potential. The electrical connection of the shaft may
provi de, for exanple, the grounding of the shaft.

AUPelemget (el rptopmay fre cpnrastrg| elentivally tohe statidnary urétyfobeurrent supply.

gﬁl’rﬁ?gﬁ i) ﬁ\h\ﬁé‘b‘ddel grg‘o bzl}/rt ggtht%héasgl&mh \%%rfngn#etwcg org%uwef an, electrical
CHeh e o1 BRY Yo setiisohy Beh FolRBLRY 68 tiencabtencTR cmihe case, fo
(ﬁmmebt if e, swwelahlaylrsbparcmfnhmmbs‘it@nl’rrﬁzaaaurﬁfg@b{/@@@rciﬁm?'rﬁﬁotto be active,
Vi@ Ha@% l@‘ﬂp%&ﬂceﬂmrsex rﬁpl%hﬁrhgw";llss %Sta%or ﬁorr%ggglﬁ Wa liglat §ougee of the

sw vel ab I rst
iROSiers Mg ABHANg Se‘b‘@ incHPRied wih anrtﬂerhapmaa btatifmarysorestesource, so that

ftog stetiondmy! Uit mﬂoﬂldtbg|c§nshd'é$éoaé'§%mn59rﬁ EXamhEsoufae 11 ght
source of the position neasuring éeV|ce I's supplied
with current froma stationary current source, so that

t he siTbd cantmis)alsanised Vw&ﬂdjel&ﬁndéo&ﬁingﬁbﬁ@f e shaw gy, @r groundlng)
a'né/%fjofCtHE G0 arPH T She f| r? o tﬁ%npf)sﬂ(aog rgegs%iglgﬂ Lgvrlce to a stationary

el ectrical connectlon of

§fbundi ng), 10 and/or of the rotor and/or of the
first part of the position nmeasuring device to a
stati The termcentrical position should

na, it
be un %?%88”%“6" Resition g0 G IuBderpaad toirarrnodn arfgelar position of the
shaff, fromfwioch thistidtt ishlestbaktswivklealh ‘bot‘h%t*a%/ dﬁr‘é’gt‘i’o% €dgi Both in the

dj
%@Eﬁ%aoé gerc}é?nr Er((f | Snc%grﬁtarcﬁ:ﬁg/v E%Emcgpra &éla/\jeélé't the centrical position
gpgserat jinniide ARe anguiss ositiortshaf the ahafi atathe poge bﬂ tﬂél sd/%ﬁng range. A

B&Imdl E‘é‘s'eldﬁl %etclaﬁln@d" BLdiRn 0‘391%5 %R&H% el shaﬁ is %{(gg yd? E%f Hléppposmon so

sw vel I'ng ran
?@E@F |55%ﬂ 2 6@%‘??’? oﬁﬁa'ﬁgﬂ'r%“ angujaf P@W@nshathe sarge emgtdriqyantity in
bothithesclonkivise @08 tHel @ontefbokivis@bersdaipsb @fd mhﬁmﬁrﬁts@ﬁv@pér?gle which
étn?tfsfly ﬂ'gltefdr &@r{w&hgmgaqgfél ar position, by the same

angu Ph the cl ockwi se and the

count er cI ockvvl se sense up to the maxinum sw vel angle,

whi chrpe2Q +§mtéam 3}

The cour se of the cab Fe r%@éd%gﬁé@jﬁgﬁcgh%qﬁgtaquﬁ% the shaft at an
%‘5% @f gtilsast THBumet phat leash240°aendhng., ahgl leasdBREt 1h etiet words, the

dB00rune ag leastodlof oneedft of 24 RvoRtich & 9 ]
f%@r%,h t?’%‘%h%ﬁav‘rggs th% cabl e runs at Q’ﬁeeﬁilft‘gf}f@‘ndmg in spiral
one-

a revolutlon or along one-half of a
wi nding in spiral 25 fashion about the shaft. The

cour sgeQbutsb&r FaaBiel S Fﬁgrgg%B%%gh ?n%?l?f F\ llléf‘,]lstlfhg cen rlFal position,

shaft is in a centrica
‘b%s'i”ttheo'h“” H°§'t'°§htt|s§?ﬁf'é%th?ﬁ%'°W@DIf@wqfighlp el ationship: 30
r(O=Ra z 11-il-n.il-_Y R

r(@>=R“‘\/l_(l‘fizj'(lhi ]

In this context, © represents the polar coordinate direction of a radial line, .starting

from the pole of the spiral, Ra represents the radius at Omax and Ri represents the inside
radius of the spiral at © = 0.
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a Omx In this context, O represents the polar

coordinate direction of a radial line, starting from

the pole of the spiral, Ra represents the radius at

Omax and Ri represents the inside radius of the

spiral at O= 0. 35 3 The shaft may be able to be

f r eel Vhesshiaftehaycbeadteito be Bedly elvivaled bisowfa sativel eafé of atdbast + 25°,
€.99-of aPleadtls h?aa%% nd4Re @érﬁH&ﬁjPEJh?oncefhﬁsf Jng%ls RASh C(terﬂiical position

Thi's neans t hat e centrica a cer
a7%y 81 SEe AoNRE & Sfarnéﬁwf'tOﬁ‘e”WaWﬁﬂWﬂ”sW'v@Iar@hglf@ exagple, from the
ecargmical stb.om t he nechani cal stop. 5 The housi ng of
the position neasuring device nay have | ateral faces

and end faces, the end faces of the housing

r epr eB@riausigg thtbe gpsitianahedsuring ddvicemayf hatvla at@asiactésczmb R@d faces,
ﬂl'n%VéanQadeQ of 'irl’éeho@glhelreﬁésreﬁﬁﬁd fﬂg s%tug llﬁ’lﬁﬁ%ﬁ%‘% %he apotsngnmg device in

The | ateral “faces,

K axiatiteetan W'@rr?%ﬂ‘?@*éﬁéﬂﬁsr@ft {r h%'afﬁﬁiléq‘*qf?g atnﬁerr hejcgsenef| aycylindrical

@eriﬁweﬁthGSQhe hbdﬂrfﬁ; tHeme ﬁ’@%‘nty' o {w tq&\ékgﬁlgﬂ-@gt ;r>c|>sg|o|mng device
t in the ra rection

BBl Ml PP E o RS opin mev G, araspet b one latera

faceisfi theyhousing, fohtbe eleetitalicomlectonsieiat dable tothetshiosabhlugit.t 0

the stationary unit. The end of the shaft that is

opposite to the end at which the el ement to be
posi tihgread of thg shadi thatiy oprosite todbéent atj whidhrtbe elemehtyto be positioned

@%Sle@lﬁ&ﬁ a’iﬂéc@ﬂldIstfféAK]@r'\tlyfdéQl@ﬁé@ﬂ@%&&lt\/onal-r#ﬂh&oﬂﬁuy b‘?hlsfn%y be, for

oy TRk dhe oo Rectareoh ah s Pt pRpPerpiRss oA ERhgnical stop.  This
lroindkiry icomitivakmeakea ran aaxiah battmvse fomstae fshammnigaesisiadd that the cable

mag%saola £ ,ea%ﬁgtrg@g,, tohgvé?: le follows a course

ing radial Ty outwardly. The construction hereof
may be of advantage, e.g., for positioning devices

whi Chhéﬁ:@nstr@&loﬁ%@re@pﬁﬁq %bhacﬂ'agtﬁbé/ SENSI Eds\fﬁmﬂ&%é\yléé@%hlch are
position neasuring devic

&U@Ps%w'&g? 8*%&5?’15%\% P?P'tk?ﬁ&ﬁ?évfé@tdﬁw'ee% c%tﬁh.pﬁgtlor@“gasurmg devices

e @bledo myrk wittaphatodlenticescandieg, @ s aédofting ordnnieleFe@nce measuring
g,glgdl ng to an exanpl e enbodi ment of the present

invention, a positioning device 25 includes: a

housi ng; a shaft sw vel abl e about a centrical position

rel aWchﬁdlhg) td Seeionpsd é‘rﬂbocﬁ#nerft'o? tHe RB&EMPIvELIBN Sg‘ﬁééltlomng device
ositioned; a swve

'dcrhlgo\%é ﬁ L'Ieslﬁg? ﬁhglf?n@?/%?tg? aé?hlj ac tcay posttnﬁg r@l@ttvsrto the housing, a
fmﬁ\eabIOéthaealhaﬂt atezhblge the cempbrent tociedpaitiped; i sivel drive including a
ﬁ@rsﬂdegn?&gr, the rotor movable relative to the stator; and a position measurement
device including two parts movable relative to each other. The rotor of the swivel drive and a
first part of the position measurement device are connected to the shaft in a rotatably fixed
manner, the positioning device including a cable adapted to electrically connect at least one
of (a) the shaft, (b) the rotor and (c) the first part to a stationary unit, the cable having a
spiral-shaped course leading radially outwardly starting from the shaft located in the centrical

position.

The course of the cable may be arranged such that the cable is at an angle of one of
(a) at least 180° and (b) at least 240° about the shaft.
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device including two parts novable relative to each

other. The rotor of the swivel drive and a first part

of the position neasurenent device are connected to

the shaft in a rotatably fixed 30 manner, the

positioning device including a cable adapted to

el ect Theedurae « Gre@bIk nady shedptheddigtionsip:(a) t he shaft,

(b) the rotor and (c) the first part to a stationary

unit, the cable having a spiral-shaped course | eadi ng

radlally out war dl arph Phe shaft located in

t he centrig@l)= Rao L{@en——%%; Furse of the cable

may be arranged such t Higt e is at an angle of

one of (a) at least 180 and (b) at |east 240 about

the shaft. 4 The course of the cable may satisfy the

(Ceteatesetiof iappolar podrdiate d@yctiRa ofla ratiial Rie, ytating Ram £Opai obthe spiral,
r | arg: e : -

R ERE RS RS PO PRSI & SRR o o)

representing a radius at Ovax, R representing an

| Nsi dend aidiftUBayobe §digelse BBbUt aTsﬂﬂvéi? Ragit oMBMe BE(a) at least + 25° and

T A

eas d the centrical position.
10 The positioning device may include an electrica
coupl TR RREARPEN iR Imd ihdide'Al |
secondﬁbgpnd Io &?hel sr%%tl oppoaglﬁlgecg{egléa pl'npgﬁgw%gﬁéég%ﬁﬁél face of
A@H$3¢ e the housing. 15 The cable may be arranged
mﬁthin t he housing, and surfaces of the housing in
conta
[ ned” S5t B30 G0n S RpPibe b e et &1 Thbpenegate s pausing
frictlon and abrasion, e.g., a plastlc mat eri al, PTFE,

etc. AQ Alpd ﬁ%ztbeo%r@% ¥ ﬁ’nEerfo g.Bthr?u R8s 1oP the_ housing in

contact wth housi™n err al
FMRchth WefﬁaP'etmadrPeaq{dPaab?fEs?fdw lingd gnd (b) cpatad witle a material that is

watiefricidn and BbRasiof! &g., Fphabttahatashaotrs, agd feat ures of
exanpl e enbodi nents of the present invention are

described in nore detail below with reference to the
appenitdeasrioge sedace2beBRf e ABBOR| domtaGNwil-thEHo UBIR\WdYGBclude a

material that is low in friction and abrasion, e.g., a plastic material, PTFE, etc.

Further aspects and features of example embodiments of the present invention are
described in more detail below with reference to the appended Figures.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a cross-sectional view through a positioning device according to an

example embodiment of the present invention.
Figure 2 is a bottom view of the positioning device with a housing cover open.

DETAILED DESCRIPTION

Figure 1 illustrates a positioning device as it is used in connection with STW. As

illustrated in Figure 1, a shaft 1 is able to swivel about an axis A1 and has a shaft end 1.1, to
which a swivel arm for writing to a hard disk may be attached. As illustrated, housing 7 is

arranged as a substantially cylindrical component. According to this, housing 7 has a lateral

5



10

15

20

25

30

35

Figure 1 is a cross-sectional view through a

posi ti oning device according to an exanple enbodi nent

of the present invention. 30 Figure 2 is a bottom view

of the positioning device with a housing cover open.

DETAI LED DESCRI PTION Figure 1 illustrates a

piAs Whigh fimis thevrogitioning fevidesspatialtl in @ redianmetrienn Imiaddition, two end
33085 ohshe h&ds%§tb6ﬂfeﬁd1e| ﬂbsﬁbﬂh’%@e\ﬂoe it itS I%QlfaF er{s%nakﬂtqhé Rwer end

§Ce d%ca%ih axi s as a shaf
BeSRICERIPRISARVEINY 945 1 Jr's A angrig A S'Gat”ﬁ%@aurdm@ﬁ mya socket for
[rescermaditiegla piig cotrieatst, isrehgedicauditan @ thisia$ thaldt@aofdk @housing 7.
a substantially cylindrical conponent. According to

this, housing 7 has a |lateral 5 side which limts the

posi t MERITBPUgEgi e @t spaft i'ather pre Morr@tﬂ&raweamnelts 4|, which each

artbtlidei t@ ball WoarkBs 4. 1f acze$ 1015 X hRoRP BahAH mréj%rmﬂrh?ed such that it
axl a ext ens| on

| evi ce
REEr =8 R/ 388 el L o e ot &0 i ko at sy lecaton. Roller
fearinggd 4 iprogided by ar aklaltyonquAablaganBUIafedl@)hrag&h scu%l@ﬂoaﬁ.@g bearing,

%ﬁﬁlﬂmgf%rb P pBh %x‘éw EJFSIOA {f an %ﬁ%vtgr%ﬁ%ﬂtde fection or the

this at the atera

RBHEIfprgntial digactighaft 1, there are tvvo rol ler bearing
units 4, 5, which each include two ball bearings 4.1,
4.2 2. RoJler bearing unit 5 is nounted such

, 1, 5.
t hat Qe évg\éelj {}1850 Gy F WY raﬁ‘ggpf ﬁ60° ogt thejnull pasition is possible) is
aitrtaddo @ sscablet @ideadboll yhotar gj #h eemmr 6|rdcp&ﬁbl qfﬁe Rﬁirkl BArt of voice

gﬁﬁﬁ&g?z 3‘]}1 idh \ﬁorkéasgg %fbrq/ﬁﬁi\fr\ t)ég : wp]/a rsré%er Yrﬁgj'gesle Pented, Figguit board
di a‘(ﬁl’ﬁhd@"r‘H@s Béi‘”ﬁ@'”@ié@prp@}i”}g'}t renn@praitédcistit bardsn THeavindings

4 QFéSQrﬂithdi E%ttritghe?faré Iﬂ?ragé]'st’c\gmﬂée rﬁ[n Bllaﬁé %ndfl-' %ngﬁ %{e secondary
e tﬁ%ﬁ?'a?%oﬁo Yoieg el SMelg

INYBs &i IS f@5m¢dsby |pﬁrnnar@ﬂbmaavyeta24 which are
ginangat bedss/foine the catbd, seyrated By araair gdpect ri cal direct

drive. The primary part of voice 15 coil notor 2,

whi ch works as a rotor within the swi vel range, -

i ncl UBdhe apgsatant & dvoiseragilineotproar perParieniimaghets recd tahesin aationary,

Whlréd;brfﬂm iR %Q@ﬂﬂi rbglfélrg{sgé‘gxlrv?gnr%tyﬂ g’ﬁcfh%?é'n{ah circle. Printed

il %8?% £2i<"bBeRes avdieph B0 narath Ftwgmﬁ@htenmgrnef 2.2 In this
wevendbe yorqqrea:f t/olcet bl rdtat Dis i até/dJinFsﬂaE@l fbr t'?f@tsﬂrvelanotloﬁ Printed

ts 2.4 arrang
%@Plggga ?ﬁo‘fn {ngrnugggprg?yafthg% bes%{g.pe tP trbeaﬂ'lmaZb pprﬁ or to the
Flof?é%\t?éqeépﬂ m¢t0®2 voi ce coil notor 2, permanent nmagnets

2 4 remain stationary, while prlnted circuit board
rforrrs a swivel notion along the partial circle.

Pr| nt 8 SREPREAN tPaBolFiHdes. peimangdinAegnassl 34t whialblage fastened on
hagrede seppdhali3 hady offetrb@bgRNE RatdMdl aldngthe! gartidlbiScle fine. In the

operation of the positioning device, the secondary part acts like a torque support and does
not take part in the swivel motion of shaft 1, and may therefore also be designated as a

stator. Voice coil motor 2 thus works according to the principle of a synchronous direct
drive.

The actual swivel angle of shaft 1 is measured by a position measuring device 3,
which works according to a similar operating principle as described, e.g., European
Published Patent Application No. 0 978 708. According to this, position measuring device 3
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manner, the torque of voice coil notor 2 is initiated

in shaft 1, for the swivel notion. Printed 25 circuit

board 2.1 and tightening nut 2.2 nmay thus be assigned

to the primary part or to the rotor of.voice coi

nptor 2. The secondary part includes pernmanent magnets
2Ingludgia ansprrenrhgsesretinach!. whidhriessitite Sappof 4 Seghedt R disk so

thaf 1 rearfagw%l r%n@@iltnﬁy b@%ca?lln@@glﬁ th%ocglﬁt'élnl f’?ansgé%gt\P%gge grating 3.1

eratlon 0 -
egogg%%%(}d %‘a} Actetat ?Q&gxeé’ PaPefless Hishdr takesapaft in the swivel
dme\z;emms Qfakaﬂ part in the swivel notion of shaft 1,
and may therefore also be designated as a stator.
Voi ce coil notor 2 thus works according to the
pr i nci{RPasitsrto dhis {sr Reroietatablelsgapning udit B\2eaf pBﬁth'ﬁhEeasurmg device 3.

figsth [
as¢amaing SOMitVED lﬁéhQJeQ éeJ\llllglﬁ &ubcel 3 23 gﬁé’r?gléﬁs accor (5) for eéample a

o oiwld%ﬁ g eﬁggie#a?qr&g@ gﬁqqua@p pqegmggt ag%cqq welh as @h@}odetectors 4.24 for
E@P@\Oregme nRablbies Higtet bBamenGraﬁopdeu l‘éé@r’n@rﬂ 33 hal sBUBuré98n both sides

AGLASEL Mhd by thz?l%?vg %]c?e WhIC 3 U{ ISER gg\g/rla&;ﬂsgﬁuﬁg§cale segment

i ncludes a transparen
the? gorgoet éérkeaoaéteg ﬁbmsw'wl raowemegt dicsle therefordativaydiBpposite to light

esn:tjtcéa 2\t MaY bé a@&%emb@né:ﬂq'a@m;gansbﬁwwﬁ({wévgv%ﬂg gﬁads‘etgr%mg 3.1.

transparent phase grating 3 I'S connec
in arotatably fixed manner, so that it takes part in

the swi velopermmenefmbaao@ﬁlorﬁlﬁgjiﬁéwée tie @wgéhér?ﬁ %ythahtssource 3.21
'a?ra eﬁ:’% 5'3%%5?24t 3pa§sce%nt§ 8?1 §orﬂf¥ﬁn§er§e@s ?E%fauaégb%quently through
ﬁragmar%@hg@ grafing 3dr mdomtegknasatemn difffaiotedf lﬁHanﬁb&lﬂmseandi causes a

I d €
mlﬁ%e?;:b% gfg'%eliégtggvg\?éé ﬁlegf @glﬂ%r%géf nJutsH'ganner reach the first

Iq ?E‘@ﬁle”’b%%wh'cé%afu%ngéd ag @gﬁem g@tlfm Thaee, they are again
shiffraptetdu e a Mﬁfboplhn@loﬂsﬁgel& thé mgiﬁ'v@%@ odeutd) eTHéO@ﬁrractga qlight rays

08 0080 O DAl L8 ARSI e
ﬁf)’i?é?r’éﬁﬁ ”@ﬁdaﬁeé themdmeihgescorapvgdeteaitpo 324 e Ph@todiét@l’ﬂ&rs 3.24 convert
feUghSsighaidnto bfectﬂ@éf sg al?rﬁh‘?’tﬁ%g theﬂ p?aﬁ) dl %;ocfssqq,ru:ftrrpé to obtain the

arison W th sw velilng phase
g’ﬁgfélt'f‘ grMaien ¢ H&e 358i o tB?IFWQP%'éﬂMeUest”hSEalel sfument 3.23 as a non-
oeatiep abmgorzyit nhwlaﬂbﬁovﬁ@tﬁa@ meaol%ﬂancésswﬁ'f Fe@ﬂ&?% A8 wdBbik 5P axial run-
enser
B L R R Pened i scarsaeivgn. 1,
whi ch gener ates dlffracted beam portions and causes a

phasean %h%ﬂ&ﬁatﬂ/@ eg(Qrﬁplle 'e%%d%%maﬁéaogngn ;negsurlngﬁ g%vsce 3 scanning unit

gg (ng in this manner reac sur

dgéﬁnﬂ’ﬁa"%d YSSEWRY*rHcal £axityr Switpsd Easittiag pheesieas a light source
geat Amgam Bheys, wHidhepretde odérY the direction of an optical axis, is emitted by

this light source 3.21. The emitted light bundle is substantially a TEM 00 mode of a
Gaussian beam, which is emitted by the utilized VCSEL. Because of the VCSEL radiation
characteristic, the emitted beam of rays has a certain divergence and is transformed by
condenser lens 3.22. The beam transformation of the emitted, divergent bundle of rays may
take place such that, after condenser lens 3.22, an approximately collimated bundle of rays
is present, which has a beam throat at a certain distance from condenser lens 3.22. In this
context, beam throat should be understood as the location in the beam cross section along

the direction of beam propagation, at which location the bundle of rays has its minimum
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diffracted, and a further phase change of the |ight

waves occurs. The diffracted Iight rays 20 then pass

t hrough the second surface, which is.used as a further
phase grating. The beam of rays thus nodul ated then

i npi nges on phot odetectors 3.24. Photodetectors 3. 24

corfacer area héatérplgdutersiogn dPasitiongdinethe atgior af thei tggaal throat is phase

‘@t‘étlﬁﬁ‘ 33“ @p&rhﬁﬂcfﬁtpé ttr@péfyrn@a %%ﬁc‘ﬂé %ﬂra@yw;ﬂﬁest Hhé B&s‘moﬂlng of phase

catron I n
@E?r?‘ﬁ%\@ét at\tBis yocatiRn Mmay @'éi’lv@e dleaj e build-op3olgeange isdhereby increased in

tbothathé I‘Hana(l?@lﬁmféﬂ@diﬁlalrﬁ)éct%%b@ethbrbfﬂ{ectroh%f B@An@b%?gfa%on i.e., in the

Ay et W et oL wa g e
divmesting/eiage graghd 3.1Iwithaine aitioea batdle ef reysastpdvedivergence and a small

%m%dﬁ%’t@ Oélmféotﬁége' Q&nm}e@lsrl‘ggj dn%%ﬁ#o?r% ? ‘min %ﬁn%av jase of a

unit . i ncl udes a so-ca
BE?PPfé‘@é VEWP'?Bchga ERREPIsR eNUst Pe fund %mhazeptmsmzaosnmmg of phase

lesng of1. ray;s a d&MdE&h’l@@fse&ﬂeﬁnéa%y @dsﬁlﬁﬁné ﬁas‘%‘tdrﬁlﬁb'fpﬂmotfne beam
source

Yoo B R mafRicl inefortit bsiiripreys wheiBdreaibrunt pyihadegpnce and

0@ banadediefmeter ones'EEEMrﬁ)Oheada ofdniGeusdisn B%Erﬁ 1isedt DynidiM@m. Phase
L L.a

g atihd ée]dslpl\rfsg?%mcﬁgﬁmgleogf rgs{% lnt\éq;?\%; rngassec%rgf paét al bpndles of rays,

aracte emtted
Whigh seeAe eUbaweyifom therptical muie. 1y alr@edw@metvedl abose, 3n@Bundles of

gehﬁdolhﬁﬁyébtlﬁ ans hhrst él@“lnﬁﬁlrllgtgf;&eh Eﬁ'éééhéeﬁ’é!:toréj '3\6%?[ gf’r\'bttodetectors 3.24
u
E%Ha'éﬁ?gphﬁ é%‘?'s"om%ﬁos't&’i‘? d&Bfﬁd&Qﬁ RiSFEFa) SiBRAS-i mat ed

bundl e of rays 35 is present, V\,hl ch has a beamt hr oat

t St 3..22. |r .
ot 2 S LA, LA SRR iSRG okt pssue
Peyast B.oAn mt'mﬁéﬁq@eahﬁ@r msh@@@ﬁy @atirg| gwgponehtte may be particularly
ﬁldi\[aﬁﬁbédw f@rf a@ﬁ%@% RhO RBAGRIE PHasibit m%'a&h inl &@é&lbﬁ)%né RBeed of the

r‘{l ! 8 % §|ts m nimum 7 surface area or
P%ﬂ é’PQP %‘Q‘E sﬁ‘?ﬂrﬁ’ePosHl oned in the region of the
beam throat is phase grating 3.1, upon which the

tr an%sqrdgﬁgtegwgiggrgolf tﬁe?é’@ a' %Ie@% n c;rggﬁm oﬂxcguls%g 7n91e opening

of phase rat catl

'Pen%et clpsrd By omsing aoves 7 dr a%bée s wérfertg}eqtmmemdctm shaft 1 and
s, 1B e stabhad) uf\ia LiRABANESBlingd T ection and in the

di recti on of beam propagation, 1.e., in the 5 axial
direction. For a high build-on tolerance in this

di r ecClihecstatiooarg uit ondydbey@nmegahting ﬁvrcEWEhoE@routput cable is able to be

@L#%H‘uﬁl@%le%cﬁ Q@?ﬁipg%a\x’(ﬂ'&gls %éer]?glxgﬁaﬁ hcd)tnrrw]eect% 0 cagls n:{ he regulated
eHrgieisethen Sltrﬁé@ceﬂhetgethquammngsl @sprinted cistit heard 2.1 via cable 6, for

RbWH rv@fcé'%llmneﬂomzzedFdrnthkhSur‘ﬁ@&e b Qr Béﬁdﬁﬁa&ﬁgs which are
wave % a conprom se nust be found t i mum

?9(5@ﬂ°i‘?’3 |°rf19°38\e ﬁhﬁgeereq@ir%dcl iy @d@t'or@héﬁa@eéo?ﬁﬂﬂ@ﬁwrs§ used for

grﬁurﬁhig&h@ﬁ(bﬂb)]’hﬁ@&bﬁde@l’tbﬁkﬂlcfbh RSfsoontakig to?elécthdél tt:d"'u@hng 8. After
tte or tr&nsfo

PRI Sl bilhed G s e el Gerbiendgvct gsind potental
ibdizan present tabphadif 1.1 Cerrégdn0ibginpckbleot irmiudasi #seaptrdgadncbsductors,

@ﬁlcr@ e%mpwe d°h?§ae s %o@t 'hg\g%g?‘ 1di§rmatje teg'g] % ' %‘e%t 50 ym.
rays into |rst and second partria un §
Bcapggyaf this arrangement, the result is being able to achieve an exceedingly elastic cable

6, which is, moreover, suitable for undergoing a large number of bending procedures.
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whi ch spread out away fromthe optical axis. As

al ready descri bed above, the bundles of rays changed

in this manner al so i npinge on photodetectors 3. 24.

Phot odetectors 3.24 15 convert the light signals into
posi ti on-dependent, electrical signals. Especially in

t he usE99e iﬁ(ﬁwV'anf@??- pes#iohing idevice frbvartfemrvemama@ housing cover 7.1

poshdveon imMBasd 2l siaft O-\Vh S%er:f{nca?Bo Q{ |ﬁ813'ls é)ﬁrl'llﬁmarly located in

onents may e
ng%gﬁp%)%gigr&gan?g?us gﬁ&&%ﬁ@ svawéle%rsé@ﬁn@a orp@g;s;p@ﬁlt@n about the same
[ ﬁ@‘%&‘éﬁ@t'ﬁme -pr €¢7isieach casd) is readodiivist iRectidl aRPH the E8UnRSclockwise
dﬂwécﬁ@w 3(§ab% d\'fg%ﬁeneé‘%n shit'$h aaéreaoec lad 79%]"["]‘9&1,85%2%2@9 from shaft

a cab I N an openi ng
b acﬁ*’!ﬁ@éaaw ‘F?Hﬁ§II??Q'”GGW“YT’Utwaf@ﬁbMerererScab&a}jlsffaEHtened ata

ebredetennttraaldl angleait Beehd Eﬁnt@ﬁ; ﬁoulln&'?d 9. r %rgérecg%r]bmgeca Between the

si.at uni,t |a e i cal coup
s%)gﬁ gﬂ%{ax 1uarr]1d {&n a|aglp|t?lgmoa@(ﬁlq5@e fehlesising 7. Considered

oQﬁoﬁ'l?t”Cé'HbF@b @fmrbb @ spival laeoutpal pb@gﬁ%ohﬂvh&we?'@@ﬁ fHe%@a;rtlr%)g point and
Cé?idmoin'ﬂg 8 W g‘thb%gﬁér?a%r{glt %ngu’ay?]lfg%%gﬁtgté) c?tgﬁog%{apﬂése points. The

The re ulate curr
ViCHEP Ry <hig SPiFY imayeke eimply escribed rinl a2polarvdoardirab ﬁ/sﬁz,m fi®fwhich the

NOUidingteVarigieies Oh pold®t @1 he2 iralk
Sf[xgé-lg)d%d AchorlgHCItygoéﬁé t ‘ :fl 2 enlcg meirggﬂég:nerﬁdlar Pordlnsﬁe direction is
are required %{aﬁ tsitbmange ot liggobrblinningratittee coordinate

L;glgl@ (peje P guoueldiivegottiheingiaafdiar c'BBﬂd&aﬁet &?H&ﬁ'@'ﬂ(c-pgﬁfju?ﬁeogplral line,
ivehichl réfcEaRd @&Ir@edoftcgblglseség{ﬁscaql CBﬁ:ﬁ {ég-—an Rg}cmtgle@ Ri corresponds

gonnectlon to uni t
gne hatlfﬁge lér@aqeét)f(ﬁha@ a\at the apgrlogtmel Iopalidantlm the exerﬁplary embodiment

illstrated, esecstiar @borinadeldirdetioh¥leRELON %%1%6@38ﬁ & 7RProximately

[ thr e stranded conductors,

48&] gg‘%@% Y %{ﬁ&gd pﬁ'ﬁ\)?ﬁg' & P 4iptanes Ranstetiohfromsele &  Expressed
emagepliprthe GBIr@er salse 6 ohtistits e adllbang e& B Unshib:he

result is being able to achieve an exceedingly elastic

cable 6, which is, noreover, suitable for undergoing

a |large nunber ofJ dy@g n 8 Figure 2 is a

vi ew of thé® po&int 032 q;c iFn1beIOM/ havi ng

housi ng cover 7.1 mElgure 2, shaft 1 is in

a centrical position, and shaft 1 is particularly

| ocated in its null position, and thus is able to be

swi veh @tfler totraduderitctibnal fiartdsi shdpo sider mnmnﬂb&Uébrésl’lﬁ ph@A&mena, the

Qﬁﬂk@ oflNRInG Y ad FelPas thg%ul'fg%ee&%oug' aqs g%var gck\ﬁﬁgg cgme into contact

, se direction an he coun
Y r],%a@! e golg fodbeglined of seateshesingoan afpedpriatelyastuitable matenal such as

PTRS Mteftﬂa&@br@éth)ﬂerﬂﬂgfrﬁe u@é‘Gf P?It'l’_araﬂ HLQFIB{E{ mazlgfé We{)r%\[lde that the

rse | eadl ng

%r @%vée?#mm%ﬂ&le 8 §%§’P%‘hé@”ﬁﬂ G, that dxlutien hafed is standlng is
Rantiflutarip satisfactond bearuse PEFE ﬁashmblﬁl’dbgrty thafth8 statlé‘ﬂl'aﬁ&nqg {ug{ as great

Qotﬂg%‘??arﬁgtfry}:‘sﬁgﬂbtonﬁ?t tﬁ%rarésn}ogl Qm géngglllﬁgwtnﬂ@ ta?(es place without
JE%W%ldered

Alternatively or in supﬁiement, cable 6 may, at least in a surface area that is able to
come into contact with housing 7 and appertaining housing cover 7.1, have material that is
low in friction and abrasion. For example, cable 6 may be enclosed by suitable rings, such
as PTFE rings, at certain intervals, so that the surfaces of the rings that are low in friction

and abrasion touch housing 7 and housing cover 7.1.

9
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geonetrically, cable 6 forns a spiral about a pole P
condi ti oned upon the starting point and 10 end poi nt

E, as well as the appertaining angul ar alignnents of

cable 6 at these points. The course of this spiral

may be sinply described in a polar coordi nate system

i n whiBehaushesable Gostirtingtfeonoshiafti hidcated in a cpotrieal Bosifior!, Ih@s a spiral-
Ssmbﬁeﬁd Gou%rédeatdh% r5c§%§l@%§v&a\fﬁy RAd @ﬁer&tﬁ’\ fb@h%@cﬁ %ﬂ%‘a&%&f n?rbq: device is

f} % ccord repr sen
0% dgficsanly; Hiienee F?gceat Plrocedon: srRie 6 g these forces are
(Simmifiearily remgec) IBee:Iaatd dfehd ienprdved icBlrke af caIBFé'@%prmg forces of the cable

988&%& g%[ftl ec ﬁlgq tRQ rgrema5|¥:e olnﬁ% p%strtlgrlé@él vuéet 00 in 16 dynamic

asdorrapeR=0) = RI, where Ri corresponds to one-half
the dianmeter of shaft | at the appropriate |ocation.

In th Iar enbodi ment. illustrated, the polar
coor dF?\ 6‘3 i PRI PR £2RIAH Gsma be cubsivider inko @m\walﬁy of individual

ealges, v&mmrmxurrratpekybly 40dh, n@ﬁﬁértohaﬁlrdlssthﬁh@&&daﬂ‘i &Q{rQr‘y sense or

e oG anBingf 07 ARG ShnoS 1o ndiafd caples would mosty
§amqeé¢ut ese @ftfﬁéhﬁr ol thatiimerfarieg atr¢esra$é1re|duce2100 2 minihh=Ra

/1 (I -fl.11__') Rae O o In order to reduce
frictional forces and in order to mnimze abrasion
phenonena, the surface of housing 7 as well as the
surface of housing cover 7.1, which cone into contact
25 wth cable 6, are able to be |lined or coated using
an appropriately suitable material, such as PTFE
(pol ytetrafl uoroethyl ene). The use of PTFE at this
pl ace may al so provide that the dynam c performance
of the STWwhen starting up, that is when shaft 1 is
standing, is particularly satisfactory, because PTFE
has the property that the static friction is just as
great as the dynamic friction, so that the transition
fromstandstill to notion takes place w thout 30
jolting. Alternatively or in supplenent, cable 6 nmay,
at least in a surface area that is able to cone into
contact with housing 7 and appertaini ng housing cover
7.1, have material that is lowin friction and
abrasi on. For exanple, cable 6 nay be encl osed by
suitable rings, such 35 as PTFE rings, at certain
intervals, so that the surfaces of the rings that are
lowin friction and abrasion touch housing 7 and
housi ng cover 7.1. 9 Because cable 6, starting from
shaft 1 located in a centrical position, has a spiral-
shaped course leading radially outwardly, the
operating behavior of the positioning device is

10
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not noticeably influenced by forces introduced into
cable 6, since these forces are significantly
reduced. Because of the inproved course of cable 6,
spring forces of the cable 5 interfere just as little
in the performance of the positioning device or inits
dynam c performance. For further inprovenent, cable 6
may be subdivided into a plurality of individual

cabl es, which run in a possibly even nunber of spirals
that extend in a contrary sense or 10 mrrored to one
another. In this manner, spring forces of the

wrth visdtisdiMeBbEes woul d nostly cancel out one

anot her, so that interfering forces are reduced to a
mnimum 10 WHAT IS CLAIMED I'S: 1. A positioning

devi c&, Apesitnningideyice, camipgsisg:ng; a shaft swivel abl e
aboutaao@ﬁ@trlcal position relative to the housing, a.
first enc}b %@ shaft attachable to a conponent to
be poPRALHEREDE 2Poshp GeMMICH Positianellivei tRdeaNWsiRg ot frahend of the
shaftadttarhablete aroomponambtcctial gositihert; i ve to the stator;

and t r.e [ '

o0 o OB 00 BRYEARL oY 156 SO AR e st
#Mk swivel drive and a first part of the position

m?tast«b" gd@l&h meAsrkMmentHeRics %W,}@fﬁb b Bé?‘tstrﬁ‘c?vaS‘BaéIEtn)erio 8ach other;
rota

f t d
Dol R 419 e S S TPt S AR Stppstion ggeasurement
flevipst ar@neonoéctédi)to tthee sbifafin a (dgtatiihdixednanneanik (pogitidrirg device
H:I[Jéiiﬁgl; lac,raBIe aateétt@[efe% (JM clémwé f E??tcﬁuglog\;\%atﬁ% U218 (b) the rotor

I ral -shaped course
aet theglirel RAM ior?esféh%na(y Heje Paebaaqleh h@\h@ eémrahsb%ned course leading
oyt dudWard® staHing fR@SIhE isPaF BEatEeitkLcertreal fhsfign.t 0 cl ai m
1, wherein the course of the cable is 15 arranged
such that the cable is at an angle of one of (a) at
| east2- 18T easdio(ipy davice eesrdingt® claibolitwhehein $teaddurse3f the cable is
atRRg B0 Sihchl tRAH R c AR s G aAGHQIE B Bk bOa Egﬁéggt hso° V\Q‘%r 51 least 240°
t he ﬁourse of the cable satisfies t relationsh
PQUNS NI 0)= Ra- 1- 1 RL 1. O Rae nax

3. The positioning device according to claim 1, wherein the course of the cable
satisfies the relationship:

r(e)=R“'J“(l‘f;j(“(fu)z'

© representing a polar coordinate direction of a radial line, starting from a pole of the spiral,

Ra representing a radiuls at ©max, Ri representing an inside radius of the spiral.

4. The positioning device according to claim 1, wherein the shaft is-swivelable about

~a swivel angle of one of (a) at least + 25° and (b)at least + 45° around the centrical position.

5. The positioning device according to claim 1, further comprising an electrical

coupling arranged at a lateral face of the housing.

11
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O representing a polar coordinate direction of a

radial line, starting froma pole of the spiral, Ra
representing a radius at Orax, Ri representing an

i nside radius of the spiral. 25 4. The positioning

device according to claim1, wherein the shaft

i s- swi el HBIRESoG devicesadoording a0 glain of wedien of Se(cg,;d 8l of the shaft
| epptsite 2Htha it érhi);ﬂne!rﬁ@@@he h%ésn@ ound the centrical

pOSI tion. 5. The positioning device according to

claiml1, further conprising an electrical 30 coupl [ ng

ar r angédThe pesitioaing alicd awarcmfg toRBIAURAL

8in tgelca%le |s arran ed withi
PO oS lof el O ML o o
o u b rkg:rf ¥ﬁgﬁ]§ﬁha %lng g %ngc} with the pﬁ!@e ppmgpt Iemj one of (a) lined

péﬂ‘g o a?aé%d ‘t"Hlea malegalat istow Fhiectpasin bprakipg devi ce

according to claim1l, wherein the cable is arranged

Wi t hi nq .\% t he housing, surfaces of the housing in

contact WHTSHRUGdRYcE aseardigg i cléimdls whemei thé mb)ial ihdheids at least
afik qfi6g) acastie chatsritihana (peTes al that is lowin friction

and abrasion. 8. The positioning device according to

claim 7 wherein the material includes at |east one

of (a)® al"sIresitioningeavieiaatording tq ExinPT irerelPatdeast BSe > surface area of

P c4bloini cBetaslawth wher ei n
| east one sar f atc gﬁea?dggmg?l Cmgﬁéeg(r:n gkﬁr'gﬁ}‘% '%IBWt"éEE'P“% at”lfi abrasion.

the housing includes a material that is lowin
frictildn Thrcoalisrasy Osvice ddordHaCtoRPhtd AN

e 8
s 9, Wefih g Tiefael dpctuoes a
FERPERY e e e S F et e Tal and (b PTRE
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