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POSITIONING DEVICE CROSS-REFERENCE TO RELATED
APPLICATIONS This application claims priority to Application No. 10 2005
057 865.9, filed in the Federal Republic of Germany on December 2,
2005, which is expressly incorporated herein in its entirety by reference
thereto. 5 FIELD OF THE INVENTION The present invention relates to a
positioning device, which may be suitable, e.g., for the precise movement
of a swivel arm for a servo track writer. 10 BACKGROUND
INFORMATION Positioning devices of this type are often used in servo
track writers (STW), where the tracks for magnetizable hard disks are
formatted or written. For this purpose, a positioning device in the STW
swivels a shaft, to which a swiveRariNEathedEAL its end, a write head
is provided which is ultimately moved by the swivel motion of the shaft and
is 15 positioned in a highly precise manner, so that as many tracks as
pOSSIb|e per un|t surface area of the hard disk can be configured. The

8 s dATgIsuacecarsa@Nmit or diameter unit (tracks
per mcms;sa@m%;premmr%m@g@ GRABACIBLRINArd il B 8BS filed in the

Feason effor}% a;chonstant ly, ndertakgn %) %ch eve a track aflocation that
|s o HIOht A Bossible " FoP 2 Rara thek th YR IS BESBIL TS pRsvRIRS herein
RAFICANRY RitFei GarRE kK 20 aIIocatlon in an economical manner, it
must be possible to position the swivel arm of the STW in an exact
ﬁ@_@@’;\hﬂmm@/@ﬁjéhort time (seek and settle time). German Published
Paten |cat| n No, 10 2004 030 500 describes a positioning device,
which has aess\'?vTve VRISE) RS 13 PRT 3%8‘%&%%&8&%8“? gi-iiabie, e.g. for
Whessprimaremes! ﬁ‘é?tﬁylféfﬁféﬁfarsaasﬁ@térf't'liﬁift\féft@ble to swivel opposite
fixed permanent magnets. To activate the swivel motor, the rotor has to be
SAERHEB VI elacthe cHiraqt. For this purpose, a cable is usually

provided for the electrical connection of the rotor to a stationary unit. Such

a cable Fy IAfeP RIS M DihYeRoFTATE WIRRh & GHErAiGTA BURRVIST VW), where
tagpeagatlyievithaneectarblet parsitivinitsg wkthersalied armvitehe SPWitds purpose, a

iBEMMARNvice in the STW swivels a shaft, to which a swivel arm is attached. At its end,
a write head is provided which is ultimately moved by the swivel motion of the shaft and is

positioned in a highly precise manner, so that as many tracks as possibie per unit surface
area of the hard disk can be configured. The number of tracks formatied per surface area
unit or diameter unit (tracks per inch) is a measure of the storage capacity of hard disks. For
this reason, efforts are constantly undertaken to achieve a track allocation that is as tight as
pessibie. For a hard disk manufacturer to be able to provide hard disks with a dense track

aliocation in an economical manner, it must be possibie 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. Tc
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, espeeially with the
exact positioning of the swivel arm of the STW.
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Example embodiments of the present invention provide a positioning

device which makes possible an improvement of the positioning accuracy
compared to conventional units, as well as an abbreviation of the seek

and settle times, e.g., even when the shaft of the 5 positioning device has
alalakergonnection that is directed radially outwardly. According an

exam@?a IQ%QF@%MH@SE@EHW@NQ@%D@ BR@@Q@%Q@H&WQ device which

includes a housing and a sha tglvotaple,relatlve to the housclp about? it
CBATEPROLRIDAT AT RWELE ifd BRA A ST IS BBIBBEattacReF g™ ures
s teb e pasitioheryirab\er, ek TP esiienins teibe 1128 aprrotharvat of the

Haatiincly desic staiar-ane adiviefidhentterdneng mawapblexedadiye to the
stator. In order to measure the swiveling angle of the shaft, the
positioning device further has a position measuring device including two

parts (HECHEIMREVEBIRRE AN LR bfiEr PERETOIOEEHRe JRRFEIAR device
aidcasipstpasinoftheapssifion. Tablesirty <l évite arasonacoted rewEpsition, at
fixesh tortherahaftcArablesTasihg eleciricaldbicansestionebing shafidhver, the
fotor ar the Tirst part of the pasition measuring deyiee to g %t‘?‘é#%rr,‘at@’ UEsr being
i in addition. & companent of the positioning device. Starting from the

TREFPIFOCABRI Pt &HGTcal HBSIBDP fHecSHTe Mg Y Fasanshel gapianalt. the
sexitioima spilat-ghapedhaour sedhat lesds nadplipociwartlyin CWlkhearts that are
Resiing:Aevicemaynipvide halitbmakes.RRssile anteghmicaliv Smplesosition
and e_con?om,lcaly favorable desgt?ﬁr%%nﬁ a ixc edi %Ié/a curate and sctrical
TSR B EsATRg™ SVET e HRS <R t ‘éego i .nsg” vice RS dYabig electrica
enaeiion dire cibeftrdofanggusivararst iigrisotlibecasaltisor BRagHpS, Hefpe to a
elgetiepLepuwlingdiopXarngie a0 eket0f dhechihy\HBAS 0 bartpepiisiadhe shaft

@&%&%‘H}é ﬂ’ltet%%n%%é%ﬁ&ityﬂgtgé/ @%@ e fJP fé‘é@f‘ﬁeoﬁé %BP%% Hﬁng s%i)rfai—shaped

|
l
device may e improved, so that the positioning is optimized there
PHigsdBLicaGE ERIke S i@ We created by the deformation or rather

bending of the cable may be harmful for the performance behavior of the

positioning sevies ¢ theiveray! hehavierphitherositioning dexiomwilly simple and
re{%ard. to gsmorg g accuracy and 30 seelf and seEtIe t|g1e m bet. . .
ec om:cadi avora Fa, desd%n and,an exc e%m a.%cura e and rapid Dos| 10:1&1%, even If
improved 1o an extraordmary degree’if t e%& Ioning device "arranged as

‘Hesbabetttrereriliorie abiee kg Seeh i WaBPIONbIRstr B edeidyfortrsdly. Thisis
tﬁlﬁ@@i@,a_tbﬁemmﬁtm of mectsbmf&pﬂpﬁd@twrwxﬂmf&sé padsk@_tf tenpasitiomas to be
ASARUIIDA dRYIZa 0 Asiaonan. %yﬁa%@éaééo?wm@%%u@'%@amﬁg Rvice may
example, a control device Or a regulating device, which o‘utguts a

be improved, so that the posttioning i optimiZed thereby. This is because forces that are
created by the deformation or rather bending of the cable may be harmful for the

performance behavior of the pesitioning device,

The overall behavior of the positioning device with regard to positioning accuracy and
seek and sattle time may be improved to an extraordinary degree if the positiching device

arranged as described herein.

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 device o a stationary unit. The
stationary unit may be, for example, a controt device or a reguiating device, which outputs a
regulated current and/or has z connection for ground potential. The electrical connection of

the shaft may provide, for example, the grounding of the shaft. Alfernatively or in
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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 2 supplement, the rotor may be connected
electrically to a stationary unit for current supply. Provided the swivelable

fé@p@ﬁgﬂf RJRS Poqgrlt %égg %%Hrﬁ@cgegewc%sca(ﬂu'{ 3 apagc;la?ﬁ(‘fgg% for.rnngeigt supply.

connection, it ma nnected 1o a stationar y LRIt Via
fE idRsk 5 rSuig ?ef” PhmaE\RiVERmESHIRT pRRR o ite frusticRaviEssanimjectical
devieetis d@signetacdeantiydr 5 anatibasa lightisoliecesfer examplendncase, for

Wisninalange Janexamnle: the Jaht %@%%Q&%@%@Q@e%%%%g to be activ

ﬁ(\:{lﬁe is uRplled wﬂp current from ?hstatlonar current source, so that

§ stationdry unit would Ba dansiderad 45 RA%H (%A RSPk fsnt Ly sryce of the
?ﬁ%t'eam@%gt&l% FRESE forstne s Mtitic sleshBefion etheashattréaigeofore, so that
drosiding)y d andiosotthedeatar anfdongfdhesfirstpantefthe position
measuring device to a stationary unit. The term centrical position should

be undﬁésto to mean an an%ular position of the shaft, from which the

shaft is %Fé” e HIVERES Th BOHTTELR) CREERIAS 06 2, ¥th(dthéer msounding),
elsErnisErdiresicmdpdahidc b terdi ot ke secdirertiorsisg tesick, the stationary
geintrical position does not include the angular positions of the shaft at the

edge of the swiveling range. A special case of the centrical position

comes about if the shaft is exactly in its null position, so that the shaft is
rotatalfe SERTRHEFhAPTLIANSIAE RESHIGHrHgoméo SepAe angudalaguaniion of the
mafyotrthetctockwisetinddtie covmtartleekiiseoseRaewPittBRMAKIMIEM in the

§Wé¥@ls@rlg Qo;tWh'%hd 299'%5[]91%“&14%@@ mfe%tmﬁ CWEC?%%}Q Py r%r ca? Dosition
t e Cabl }Lfg?j%?d such that the cable lies around the shaft

gle of' a? Haa?s UEGPoa ettt s s 0 alng &g, e?ﬁeaf’féﬁ%tsi%@“w range. A
mﬁ@?f\%ﬁ@l@f the ceatnt@lrgmtlan lezse almnyChivdsiibbisaerevoticts ouladoson, so
mgaeam*h@:& & wingding, lit§af;’iﬂ§'ﬁ§rﬁf i‘tﬂgmﬁ%@;{?%gm Sé}f‘tﬁe §Qﬁé3tQH5§%P£uaﬂmy in

SUcC al, | e snaitis in entrical position, e
%n%ﬁﬁﬁ%ﬁ%t?o%g Sl'gjs%ﬁg les rif)%ol'l%e\g/vslﬁlasreeH’;{)tlonshﬁ B]W'?p 302 ‘(?J) r[%ée which

3 ST Ray e TS hgRIcal Stop

The course of the cable is arranged such that the cable lies around the shaft at an
angie of at least 180°, e.g., of at least 240°, and e.g., of at least 360°. in other words, the
cable runs at least along one-half of a revolution or along one-half of a winding in spiral
fashion about the shaft.

The course of the cable is arranged such that, if the shaft is in a centrical paosition,

e.g., in the null position, it satisfies the following relationship:

r(@)wléao\/lm{le:;ﬂ-

in this context, @ represents the polar coordinate direction of a radial line, stariing

from the pole of the spiral, Ra represents the radius at @, and Ri represenis the inside
radius of the spiral at © = 0.
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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 ema, and

Ri represents the inside radius of the spiral ate = 0. 35 3 The shaft may

be able to be freely swiveled about a swivel angle of at least 25, e.g., of

at Ieas+h45 r?rﬁ’und ttpe cb?nﬁricbal Pos|ition, Tpia means that the centrical .

position 'has A Cartain AangUTar distance HEIR e tHakimiiR aMfePhApledst = 25

fo? exbMES Trb AP tieoyne chausralistbposithe Mblasitrpis thel pesitofrical position

measuringitevigeamayhave faierahfacesiandrendifacasgishesenddages abm the

mgcwgpgggpresenting the spatial limitation of the positioning device in

the axial direction with respect to the shaft. The lateral faces, and in the

case of a cylindrical arrangement of the housing there is only one of

those, Timit aeipositichirg iteviveat0ragproptiately irethdatadiniedreetidrend faces,

e slectieal @Qﬂ@lmm@yraﬁ@@@n@imgmﬂataﬁal;ofasf%gé '}Bﬁf;h&uzygevme in

conpect t to the stationary, unit. The end of .

g R s Sremnat b o B inarea!

%réméqﬁ%ecétttﬁﬁhéﬂfﬁ@@réﬂ%’@nﬁy 88Yigtied ah Baemiohall filfctiroslipgyng device

dnsmaiebern foe dhieXdmeplienthahthetespectiviaianehof thesshatied at one iateral

ERORerAeR Wity adnpeNAnicRLBIORJis-Raundaty cangitionmakes an

axial cable loss from the shaft impossible, so that the cable follows a

course leading radially outwardly. The construction hereof may be of

advantagesre. gf terspaisitiohingruesitets iisichhréwhBeteipisetwith tigluyitioned

Bensitiverpostionea)easingndp viaegn SUSH ROSIIAR MABRINING devieasay be, for
Ae tfr%%’vt%ﬂ‘é’é%&ﬂ%t%%e%?'&écé}!l I'E%bSégate%c%ﬂﬁdlngng%%gcal stop. This

interference measuring prlnc;ésale. According to an example embodiment

B S2RAIEIRVBRIRM S PiRiGERIRCIR iR B8 slalidascsshbusndhal the cable
Bheafsswivetsihleadinguadiate mrivalPpsition relative to the housing, a first

end of the shaft attachable to a component to be positioned; a swivel drive
incluqm%m%?tor and a rgtor, the r?t%{ movable relgtive to the stator; and

STSMERE QST T IR 66 15afts ThOVRBRE PSR 1o Yich are

a position measurement device incly
SREPPEINEI Tie8'Y SRV BesHRVaD BrR/E Aheleyices. Such position measuring devices

are able to work with photoelectric scanning, e.g., according to an interference measuring

principle.

According to an example embodiment of the present invention, a positioning device
includes: a housing; a shaft swivelable about a centrical position relative to the housing, a
first end of the shaft attachable to a component to be positioned; a swive! drive inciuding a
stator and a rotor, the rotor movable relative to the stator; and a position measurement
device including two parts movable relative to each other. The rotor of the swive! drive and a
first part of the position measurement device are connected to the shaft in a rotatably fixed
manner, the positioning devics including a cable adapted to elecirically 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 outwardiy starting from the shaft located in the centrical

pasition,

The course of the cable may be arranged such that the cable is at an angle of one of
(a} al least 180° and (b) at least 240° about the shaft,
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first part of the position measurement device are connected to the shaft in
a rotatably fixed 30 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
centriggﬁepcgg%gr??% ‘i*%%”&ﬁ s%% %E‘”gcrgi) {éyg”r]ﬁkgi/p 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. 4 The dourse of the cable may satisfy the relationship: Z
z (O)Ra 1-CL-RtsOrRA 0, D 2 ré&ea&?} polar coordinate direction of
a radial line, starting frdm a pofe?of the $pisal, Ra representing a radius at

(rYmax, Ri representing an inside radius of the spiral. The shaft may be
swivelable about a swivel angle of one of (a) at least 25 and (b)at least .
75 ST AN e Rt i BB oTireEO Y PRty Halice mayarelads Gh sriral
electrcakotupiingdarahged. &ti adeteratifacerohsthe toisingihA seeond end

of the shaft opposite to the first end may penetrate the housing. 15 The

cable may be.arranged within the housing,.and surfaces of housing in, ..
contac I e B e TR B8 ) S ond
Pradeeabt fradiS U IRREGA! 2RYBrasion, e.g., a plastic material,

PTFE, etc. 20 At least one surface area of the cable in contact with the

hOUSi%@%MHg%&néE%%U%&Dé& IS QW R SR AR ADFESIOR e face of

gl}iﬁtic material, PTFE, etc. Further aspects and features of example
hbGilfents of the present invention are described in more detail below
with reference to the appended Figures. 25 BRIEF DESCRIPTION OF
THE DRAYHN G/ of the shaft opposite to the first end may penetrate the housing.

The cable may be arranged within the housing, and surfaces of the housing in
contact with the cable may be at least cne of (a) iined and (b) coated with a material that is

low in friction and abrasion, e.g., a plastic material, PTFE, eic.

At ieast one surface area of the cable in coniact with the housing may include a

material that is low in friction and abrasicn, e.qg., a plastic material, PTFE, etc.

Further aspecis 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 posilicning device according to an

example embodiment of the present invention.

Figure 2 is a bottom view of the positioning device with a housing cover opan.

DETAILED DESCRIPTION

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

Hustrated in Figure 1, a shaft 1 is able t¢c swive! about an axis A1 and has a shaftend 1.1, to
which a swivel arm for writing to a hard disk may be attached. As illusirated, housing 7 is

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

5
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Figure 1 is a cross-sectional view through a positioning device according

to an example embodiment of the present invention. 30 Figure 2 is a

bottom view of the positioning device with a housing cover open.

DETAILED DESCRIPTION Figure 1 illustrates a positioning device asitis
SRR EPAREIRD WIRRTW. A% d \USITRIOPANIE . A LI ABIE wuo end

to swivel about an axis Al and has a shaft end Ich a swive

TSl Whth'10%a %?de@%%&f’ﬁé‘%ﬁﬁifﬁéd“ A&% ﬂﬁetﬁat@%ﬁ'%uéxh@eﬁwer end
darangadizehzbsubstaintialyscylindrieakoordpoesicAicedrdimgnpahisy ., a socket for

heustiigodNas adaiershi sideyhichdinits the Nesitivaing devisesshatiallY:sing 7.
in a radial manner. In addition, two end faces of the housing border the
positioning device in its axial extension. At the lower end face, a

detachdBlE"nBRISING Coérshaltid dfaifgdt: M‘Pé@@(ﬂ@%?%ﬂnﬁ@ 8, e.gvhigh each
sotiet for b@comanrodatihgde?plbg, coAngttdsr ibsarmanget Sountendiedhisi@t that it

thelaterabsideobhomnsind /. id; M%ﬂﬁé@%ﬂ&@ﬁé shadidlsthsse ﬁ{é‘at‘i\ﬁ’rﬁ) Roller

oIIer bearl unlts gfédsb WhICh el?ch include two ball bearings 4.1, 4

f B! rEﬁoller earln 5 MOUntEd st Ia,]r P IERRE 45 & ﬁx@dﬂ g bearin
lé@ﬁﬁg?@@‘j%% §rﬁéﬁ‘1@fk@ﬁ‘§%@i&ia¥@iﬁ*@é'i§uﬁﬂbmIdb%lt*@fﬁ Rolfgction or the
beanfgremibidi®grevided by an axially movable annular diaphragm 9, as a
floating bearing, 10 annular diaphragm 9 being exceedingly torsionally stiff
in the torS|on direction or the circumferential direction. The swivel motion

(e.g., d SATSHRGEC B b aNEYR IR FUR otihaut e sl @prtiqnitsadtatsiore)
Ijtiatsbhed leetardibvonit nedtor Ry &n sl ettricabbdect drive. Theponmgnyart of voice

B i MOIC R hikh GRINENBLAY Rt WQRN\/@Q(M%W&HEH Withinthe &W%@lcwcmt board

n es a rinted circuit boar 21W ich includes as
T e AL R L R T vinangs

AREngESEE R Hat M)A paranit it tne Gfawn@gptﬁaﬁwuﬁlwgajﬂe Thelsecondary
secondasyatpar; thestatorobieoiee gofbmeiony, tefasmet Magernanenihich are

RA0REIS sk WRIGR AR A TRNIRI ACLOSH er?rgfhgﬂe rotor, separated by an

air gap. 20 In the operation of voice coil motor 2, permanent magnets 2.4
remain stationary, while printed circuit board 2.1 performs a swivel motion
along thehsaetaraieolef Peintedoil motor 2, permanent magnets 2.4 remain stationary,

while printed circuit beard 2.1 performs a swivel motion along the partial circle. Printed
circuit board 2.1 is connected rotatably fixed to shaft 1 by a tightening nut 2.2. in this
manner, the torque of voice coil motor 2 is initiated in shaft 1, for the swivel motion. Printed
circuit board 2.1 and tightening nut 2.2 may thus be assigned to the primary part or to the
rotor of voice coll motor 2.

The secendary part includes permanent magnets 2.4, which are fastened on
magnetic supports 2.3 made of ferromagnetic material aiong the partial circle line. In the
operation of the positioning device, the secondary part acts like a torgue 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. C 878 708. According fo this, position measuring device 3
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circuit board 2.1 is connected rotatably fixed to shaft 1 by a tightening nut
2.2. In this manner, the torque of voice coil motor 2 is initiated in shaft 1,
for the swivel motion. Printed 25 circuit board 2.1 and tightening nut 2.2
may thus be assigned to the primary part or to the rotor of voice coil

s D O e S o
3 made o

fastened on magnetic supports 2 erfornagnetic matetialambHge isk so

tﬁ%abmsw?c‘f& MR 0r OBt Gt thE pRYRBNIMGderaeptRes arating 3.1
sEceritianegait abes! likeradomeleisydpent anhdoesnaidaketgan iathen the swivel
swivehaetian phshaft 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. 35 The actual swivel angle of shaft 1 is
measurgBBya [foiidh hieasatfiaPHesreaBNoWRIch Avoks Sistorting to @ device 3.

shwilermperating pridcitle asideseribed, .91, BuapeanaPublished RateRimple, o
%Hﬂ@ﬁg@n@l@ D978 d (238%(%889{9&”985%@\? 3%5'%] nJaeas Hc]}goget\élc‘::{ors 4.24 for

nclude atran parent pnase gratlgﬁi% 1, which has thes

S b aRg AP ines vet%wswg%%%awé%w hoth sides

egn arlng
tﬂigf‘&@ﬁﬁe%hﬁaﬁ@?fmmn@s@ §idring 81 aid epnhectedtoghatirbésesle segment
rotzdahiysfineciananaarinsméhatiliakesdashintaeswvelrogmentsie to lignt

shaftd 52 Pprasite .t thisds 8 ponstoatable scanning unit 3. osition
measuring dg\%(?e 3. Scaannlng unlt% Ztr}rgzlmaes °3i m%? g\gﬁ’recg%pgfse grating 3.1.
arranged as an LED, for example, a condenser lens 3.22 and a
graduat@(ﬂﬂsetgmeh@e.czahaspwélb%@h@t@f&t&@tm@t%é@teﬁewiwﬂg%@ce 3.21

Wﬂ@@eﬁlslié}mﬁm p@é@@@t%@ﬁ%‘@eﬁﬁen@?% aCr'iHrgch‘s?Qngmy through

s%r%@ Ea%ure 1tthe 4ippe F‘ pdt e lower side) w act as

gra iReE SR B gimedt™s' 2§Wé§%9{§rﬁ5t§%r?ﬁ?%@%ﬂvéla“d causes a
rﬂ%ﬂ?@rﬁéﬁ‘ﬁ%af|§‘ﬁ1é€iéﬁ‘m‘é\’aﬁmaj7§eob@?ﬁgeafﬁozmg’nue@omrttesmn&rrr@c%behe first
arngnged ﬁ@d@ssmﬁéhtmméﬁwmg@ﬂné@ﬂ%%%tg{ lifgeRel tﬂ&/ are again
‘}Hl%’&@&aﬁ%‘ QF&H%P%EE%”&H% ggvé(f\%héhle r|1|‘9 %enerated f]“g %f Efﬁd Eight rays

5'arra ‘é%}e asanlL t passes fhrough condenser 18
5?-?@ £&B%8&ﬁ P EriRngH YRS AYBIRD hasedgaaryr e, Rimrsharating. The beam
gerrediins difffatted theanmpodisnsaridicauress phasesbange@5te 24 convert

ligigmayigaaid DrdigbrRYShaARg el this W&Eﬁ?&%é@&é‘ﬁmher to obtain the

iocation information. The use of the comparatively small scale segment 3.23 as a non-
rotating component may provide that the tolerancas with respect to the wobble or axial run-

out of scale segment 3.23 do not have to be selected to be excessively tight,

In an alternative example embodiment of position measuring device 3, scanning unit
3.2 includes a so-called VCSEL (Vertical Cavity Surface Emiting Laser) as a light source
3.21. A beam of rays, which spreads out along the direction of an cptical axis, is emitted by
this light source 3.21. The emitted light bundle is substantially a TEM 0C 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 bundie of rays may
take piace such that, after condenser lens 3.22, an approximately collimated bundie of rays
is present, which has a beam throat at & certain distance from condenser lens 2.22. In this
context, beam throat should be understood as the location in the beam cross section aleng

the direction of beam propagation, at which location the bundle of rays has its minimum

7
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surface of scale segment 3.23, which is arranged as a phase grating.
There, they are again diffracted, and a further phase change of the light
waves occurs. The diffracted light rays 20 then pass through the second
surface, which is used as a further phase grating. The beam of rays thus
m%ulated then impinges on phaotodetectors 3.24. Photodetectors 3.24
COIVERt H8 IFGHE'SiGh ARG EleCrEAEgraI svitRIRTaRE thehatitdbigat is phase
predegset firherhiohdbeaiathieriocationinformatiomiTdee . uSeodhigoning of phase
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P L e R T R i, = i e
i gid ?Heéﬁoaltégﬁfaﬁiv%wﬁm%t@kﬁlﬁﬁaﬁ%n%mf%fﬁfﬁféﬁmmﬁéﬁgulﬁmwéwwtrive for
3lwsranmoghatt B2npdudesarsoachlitd MGREL! (desticad Caviy, Siueaed a small
Boiting:kas8r) ama ligblsQureend 7taf Rear gbrays, Whishspreads. oute o 4

alrong th%direc}ionﬁ?f an optical axis, is emijtted %BOt is_light source

PITHRS ERaediiyt BRRIRTSEIDLARTARY S T NDBPHBYE Bsioning of phase
GHAig8iar beas, WHiGH IS efittedtbyithe bitilkest WOSEh: Bepaltise df thehe beam
VHEBEY tadiationd chatacteristic iiemitted bean eldaysubasaucetiaiigence and
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transformation of the emitted, divergent bundle of rays may take place
At SREF Lsnbiersar RiS's 90Tam KipibRirmatety cotirmated binsse of rays,
aihialysi364s preseny, fivhichdastiadheain thoatraddy cestaibedistanee tfroBundies of
cORAensRIEns Bid A dithis LoMeabeAM tbroalshould be undersiond; o 3 24

as tpertlgcqtigp in t e.bteam ros section along. the direction of beam
ﬁrgp%gat?o' , at which location the %nr%j g’o%%%%@%ﬁ@??ssminimum 7

surface area or lateral extension. Positioned in the region of the beam
throat Bsphasy grating.8el ptiposrwhielythedeansformee:himgieebifaSmeasuring

ig@g@%g&éﬂh%&, | -angfo{f@h%%hgﬁm% %&“%t t&!?ﬁ %%%H%n Mﬁ?gt%% Cﬁgfticufarly

provide that the build-on tolerance is thereby increased in both

AR LAIR5eHE AP L EUABRSa R iA TRE HirktRH o GEaR? Phopagationie saped of the
et akiareieedon. Wrotea high build-on tolerance in this direction, one

should generally strive for illuminating phase grating 3.1 with the aid of a

bundle,qf r f low_divergence and a small . beam diameter. Since these |
QU G b S A S i SoH 1 (hG S BPy (R  oPering
WRCRIERR)H PX BBYRiprRorAISE stisd fofire ardtier sismtromivprsitiesiitg kit 1 and
phase 1 gratistgtidrknSuitva eempeemiseispobtained by positioning phase
grating 3.1 in the beam 10 throat of the emitted or transformed bundle of

rays, where the product of the divergence and
y M?we statlongry unit may be a reguiating device whose output cable is able to be

plugged into electrical coupling 8 which is electrically connected to cable 6. The regulated
current is then introduced into the windings of printed circuit board 2.1 via cable 8, for
moving voice coit motor 2. For this purpose, two stranded conductors, which are
componenis of cable 6, are required. An additional stranded conducior is used for
grounding the shaft. This stranded conductor is also contacted to electrical coupling 8. After
connection to the stationary unit has taken place, e.g., the regulater device, ground potential
is then present at shaft 1, Correspondingly, cable 6 includes three stranded conductars,
which each have, e.g., 128 strands, having a diameter in each case of eg., 50 um.
Because of this arrangement, the result is being able to achieve an exceedingly elastic cable

8, which is, morsover, suitable for undergoing a large number of bending procedures.
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the beam diameter of the TEM 00 mode of a Gaussian beam is at a
minimum. Phase grating 3.1 splits the incident bundle of rays into first
and second partial bundles of rays, which spread out away from the
optical axis. As already described above, the bundles of rays changed in

this ma also impinge hotodetectors 3.24. Photodetectors 3.24 15
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Vi ri i h j it ma ar ating device .
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iffioa0iEEH intoMplbarithdingBeoRpfnsted wimuitiboardta 4f visleable Beferpoints. The
mowistgolaite eatbmetored ERpiNisauiBesan W SHARISdCORAYGNNS i which the

- f le 6, are required. An additional stranded
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BRI tHCRIGREY) BblipiivRs s Attefnebnpict fiefidditRebetimtormay thaitoordinate
Itaisitatefe Slaca, ergatitretoaalaics! device;cgrovat prtenbal(dstbenTne spiral fine,
WEERMERLENAH dolray '@Sﬁgfécgng%iﬁ@g%&m'BCAHQ?@%@@F%QQ%%i corresponds

nduct hich ea ve, e.0., 128 strands, having a diameter in _
By Mo B ST a2k sl i et ETEAN semoodimen
BRI a8l orattieoe dnatdiedipglytiadticrsbln Snaihh.is], moreavenximately
saitabledforaundergeisgaptange BurBbet gfo:maﬁirj]@@gar%ﬁmgrﬁ&n%@k;releapressed
i jew:of th itioni ice fro ow, havin using cover 7.
e e R i 1 e
particularly located in its null position, and thus is able to be swiveled,

starting from this position, Ebout,gr\e ame le quantity (e.g., 60 in each

case) in the ol(m)(wi&e- re tionli)'éfzn imlhé?co nterclockwise 5 direction.
Cable 6 is fastened on shaft 1 &¢ esf&eified exit angle, and, starting
from shaft

In order to reduce frictional forces and in order to minimize abrasion phenomena, the
surface of housing 7 as well as the surface of housing cover 7.1, which come into contact
with cable 6, are able {o be lined or coated using an appropriately suitable material, such as
PTFE (polytetrafiuoroethylens). The use of PTFE at this place may also provide that the
dynamic performance of the STW when 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 from standstill to motion takes place without
jolting.

Alternatively or in supplement, cable 6 may, at least in a surface area that is abie fo
come into contact with housing 7 and appertaining housing cover 7.1, have material that is
low In friction and abrasion. For exampie, 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,
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1, has a spiral-shaped course leading radially outwardly. Moreover, cable

6 is fastened at a predetermined angle at an end point E to housing 7,

e.g., adhered or bonded. Between the exit from shaft 1 and end point E,

cable 6 is able to move relative to housing 7. Considered geometrically,

cable 6 forms a spiral about a pole P, conditioned upon the starting point '
and 10 THABSITEE % as WAl % RE SHperialntrly iy dIsPaliGRmesitsbfhas a spiral-
cElsRe6 envtsedeagintedPhe ocwardy dhehiospsiting e be siniply desoribedevice is
iR pelakeogrdinataeystem dryhichdhecLoardinale originies ihpale Brces are
Q_J:lénﬁéﬂk‘?l’e@ﬂ%@%@:ﬁegg%\(%g 9@6§\?qu§&£ g\!rga%qg I’é Ig’p:g!%(%e%%%soéf the cabie

Accardingly, O represents the ang a radial line beginning a

repres > DE ) o .
dB&?FEﬂWafaS*oﬁaiH%ola 1% oF Y P8TAHGE t6f thieinfRalBRiRg: deurdinaiten its dynamic
dirgietivar(@ = 0). The spiral line, 15 which reflects the course of cable 6,
begins at O = 0 and r((D=0) = Ri, where Ri corresponds to one-half the

diameter of shaft 1 at the appropriate locatjon. In the exemplar ‘ S
embod et e et T i hstE GHELNEN b A g o s
GRS eha dlire .2 HFPFERIREEEIHI6E! &hariwls iteytetendrid poitti@is sense or
ireiyata distanseoRe; startirgrfsanepeleify Trpressed imabematisalivdhe mosty
caHesecnl sRbIn Bralsleninadaliaina diaionship PR 2 Hihiza 1- 1 2\

Raz 1 1 In order to reduce frictional forces and in order to minimize

abrasion phenomena, the surface of housing 7 as well as the surface of
housing cover 7.1, which come into contact 25 with cable 6, are able to

be lined or coated using an appropriately suitable material, such as PTFE
(polytetrafluoroethylene). The use of PTFE at this place may also provide

that the dynamic performance of the STW when 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 from standstill to motion takes place without 30 jolting.
Alternatively or in supplement, 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 35 as PTFE rings, at

certain intervals, so that the surfaces of the rings that are low in friction

10



and abrasion touch housing 7 and housing cover 7.1. 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
V\%XJICE i&ﬁj}( Qiﬂéi?gably influenced by forces introduced into cable 6, MCSLLE
' ' fre significantly reduced. Because of the improved
course of cable 6, spring forces of the cable 5 interfere just as little in the
perfoama,m%gﬁgnggng)éjgggpg@g]g@syﬁ%e or in its dynamic performance. For
further improvement, cable 6 may be subdivided into a plurality of
individual*t&bles, which run in a possibly even number of spirals that
extendsirf contiable sbnge: oenttRahjrrdtied tdaone mniothensingthigmanhef the
stRringdoises.of dhedndividyal gablessyould mostly cancel out one

another, so that interfering forces are reduced to a minimum. 10 WHAT IS
CLAIRMED F6diicagangeds pnglprsdsabhing deViedn etisrisierarbuing; the
rogoshaftabwivdlabte@the utoeattical position relative to the housing, a first

end of fheshaft AlASHARIR. 10,2 CAMRALNSA 2 08 RosiHioned: 8 Swivel o, .

drive, arranged as an electrical direct dfive, inc ung a stator and a rotor,’

the roRsFTHOVEBICFaEEvS 18 MErstatse afiePpbefiibhnovteunssmwrment device
ardevieedchoding hab iparisunewabied elative, ta.aachiotheri-wberaindbg a cable

ft ivel drive and a first part of t osition measu nt.

e T B R PR A TR v par o9
SIHESHIBNTRY devitddhelieirgaireblereddaprededvipcrdicdiiyovormeélststtting from
thieashapeel (a)ibesshafti fa)ithe;rotor and (c) the first partto a stationary

unit, the cable haying a spiral-shaped course leading radially outwardly

startiﬁvgg ‘?%Pnkgﬁ%@ﬁ%tafécn %ddWﬁ?i%é 18ehr(1) HEHP 63%ition; wherein the cable

is arragethwitideete Housimg aindwhereinihsbrfadds of théehousmngf (a) lined and

(senRatwith. e cakle Ae Piiers!ane Al@Ined aRd MRNSOALaHWIL: R ast one
Ofl(]@geéﬁlt that is low in friction and abrasion, the material including at least
€

15 BRrEatievheekis End (o) PTFE.

2. The positioning device according to claim 1, wherein the course of the cable is

arranged such that the cable is at an angle of one of (a} at least 180° and (b) at least 240°
about the shaft.

3. The posilioning device according to claim 1, wherain the course of the cabls
satisfies the relationship:

N AT

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

Ra representing a radius at Gy, 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 ong of (a) at least £ 25° and (b)at least = 45° around the centrical position.

5. The positioning device according to claim 1, further camprising an elactrical
coupling arranged at a lateral face of the housing.

11



2. The positioning device according to claim 1, wherein the course of the

cable is arranged such that the cable is at an angle of one of (a) at least

180 and (b) at least 240 about the shaft. 3. The positioning device MCSLLP

according to claim 1, wherein the course of the cable satisfies the

relat?ns?ﬁp: T E('_,Rt zZr r{):Ea' I1J~1J Raee regres,enting a polar o

coordinate AT 8t & Y4GiA RS SaRiAG fom WHBIE GF thecspipad pahe shaft

cpaprésdntitiy s ratinsrieieaieRiTepresenting an inside radius of the

spiral. 4. The positioning device according to claim 1, wherein the shaft is

swiv?a%e atD)E(,)l It as i\\{g!ean le c?f one ?f_ %1) at least 25 and (b%at least

45 around the centrical postion. 5 TR BE3itioMiiG tedice aceBr Al es 2re@ of
N FRRE 17 ARHRET CONTISHG ah iefécdaeal medeiripals drig euf datiar atedalbrasion.

face of the housing. 11 MCSLLP 6. The positioning device according to

claimy 1, Whersiia see g end Al iR hal ARPORIQ NG IBLEN inciudes ot

E%inetrates the housing. 7. The positioning devicé according to claim
EaRHEIe S RREEEHE LGRS AFRAOF the cable in contact with the housing
includes a material that is low in friction and abrasion. 8. The positioning
device according to claim 7, wherein the material includes at least one of

(a) a plastic material and (b) PTFE. 12
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