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*166166* Background of the Invention The present invention-is directed to

~a position-neasuring device according to the preanble of C ai h a
position-neasuring device for determning the relative pos!“ | | M‘ Ml |
objects novable relative to each other along a neasuring di -

(angul ar position measuring co{@g _hngl a Ladi c measur iges
graduation configured on a 1 n%ﬁbﬁ E‘reéﬁﬁaﬁgggpaf)gﬁéggure (i.e. on a

ring-like support), e.g. in the formof a measuring strip; a scanning unit
for opticgddysScanmidg ¢ ﬂ?ﬁ?’eﬁ‘H{‘i graduation using electronmagnetic
radi ati on (par%i cularly u}ts%eng l1g ) which is generated in an illum nation

device (light source) of the 15 scanning unit, the nmaterial neasure and the
scanni ng uphd pAskdg MARE 4Pl 148 R 8aeh thﬁéigk8ﬁgméhe geasurlng
direction; a scanning plate of the scanni ng unirt~having a %?3‘1’1 ba¥ ¢

gr aduat i orf§SkMMAIRPIF LSRG dhle patsiactplies ofi Clati®dlin the beam path of the
el ectg omagnetic radiation used for 20 scanning the measuring graduation,
so that this electromagnetic radiation interacts both with the scanning

gr aduat i orP%H WRIFLHOEEANITIgI detiaei 6oy dateamieingt one hnélattfare
scanni ng yhdi s & AelRe Iy WS 36S s eUS gaf:g{;e getegling g he
el ect rorragLJﬁnBeti c radiation m)J I i egﬁby t he % scanni ng graﬁ%l?l on ]a‘?f_ i the
measur i ng "YAHRMDAL AR ion  (@oasiugaed paisthianpeeasdr og fdevidetlect i ng an
intensity pRileds J YROdY WiasuiRdyl bedagheslh 0BgnElifed adiat! on.
Period PD is selected so that, given a linear arrangene 0 the
measth i ng St A% Mg L& TdelamgREUend i - per Poda PDLagrbibke svnpptte perd.od of
the StriperpatermdrhVeimiaehneBalehy) sWRiph ai ScUBNEIRtat bysdhe interaction
of the radiation, used for , , _
optically scanning the measuring graduation using
‘electromagnetic radiation (particularly using light) which is
generated in an illumination device (light source) of the
15 scanning. unit, the material measure and the scanning unit
being movable relative to each other along the measuring
direction; a scanning plate of the scanning unit having a
periodic graduation (scanning graduation), which is situated
in the beam path of the electromagnetic radiation used for
20 scanning the measuring graduation, so that this
electromagnetic radiation interacts both with the scanning
graduation and with the measuring graduation; and a detector
of the scanning unit whose detector surface is used for
detecting the electromagnetic radiation modified by the
25 scanning graduation and the measuring graduation, and is
designed with a period P, for detecting an intensity pattern

formed by this modified electromagnetic radiation.

Period P, is selected so that, given a linear arrangement of

30 the measuring strip along a straight line, period P, agrees
with the period of the stripe pattern (Vernier pattern) which
is generated by the interaction of the radiation, used for

scanning the material measure, with the scanning graduation on
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scanning the material neasure, with the scanning graduation on 1
11121222222 cevee rerer rerrr 12112 1~k ~ *000002* one hand and with
the nmeasuring graduation on the other hand. This stripe pattern
corresponds to a beat, caused by the conbination of two periodic

oper at | on§1“‘3né\‘lar‘F}Flyantih‘eltli1 ke asdsow ioh ghededeenr mmadhet ctheadhatd .on with

the scannimng 5 sarags %a%p{n &ﬂere*},%%dsaee‘ LNSed Nt &LAGIOR OE nthe
el ectromagnetic radi ation with measuring graduation on t ot her hand.

The measuFNGipREARR pPE %W‘Pv&ﬁ’”clt?dtlﬁeoﬁﬁéé‘a‘il%i' FRMEIYi -t itd8- measuri ng devi ce

is based |1mtéesetubﬂdoffaﬁe @qaéaﬁz@ma ecEE’ 2a@fe 10 wvA2Zh ERe 150480309 A
and 754 93% Thus, 1 8 descri bes an opti cal

posi t on FEREHR ﬁan BT }f?ﬂd' é"t“ér Fn hﬁt‘?’ﬁ%c‘:r’é?rhtqfvé fosi tion of two
obj ects 1&lremzarbhegnetﬂ¢|rmdia:mchlnhheheahmﬂn@@&uauagleh rectdqan. |t
i ncl udes %tth ?aﬁg gne peri odi ¢ nmeasuring graduati on connected to one of
the two objec as'well as a scanning unit connected to the other object
and therefore novable relative to the neasuri ng graduati on al ong the

nmeasur i ng glir EEEQPm ;& J]spclaenrg)i ngg#nhttggs ght source, at |east one

scanning ‘gra uatl on, 8Ctof - systemin a detector plane
t hatlq s nmélepoafmaawmrm ideyigle dadbasedniselsidiibeddetect exammlegnent s

arranged gpeesf iepgi hesPLALr den 1t RggMBBSUL] NG,y ‘Eéf QChis@Nozs p2 5 1T, given
a position-measuring device of the type indicate the outset, a

measuring strip used as the carrier of the neasuring graduation is

arranged fI"Bxuél ngpl 1k@25 &Y AN, geRaktbeyl aﬁlafpmaqp@bwlegohh@em&h@ ng
strip on Ilnﬁrlc 30 body.in the formof a drum

posi ti on- E?‘l RACIREYIY thenTE&2BEERY BIFiSa0n é’él SWOf%tPJ%ﬁ\‘g?ul ar

neaSMHenEnbvaﬁmépﬂéEﬁtlve to each other along a measuring direction. It
includes at least one periodic measuring .graduation connected
to one of the two objects, as well as a scanning unit
connected to the other object and therefore movable relative
to the measuring graduation along the measuring direction. The
20 scanning unit has a light source, at least one scanning
graduation, as well as a detector system in a detector plane
that is made up of a plurality of radiation-sensitive detector
elements arranged one after the other in the measuring
direction.
- 25
If;'given.a position-measuring device of the type indicated at
the outset, a measuring strip used as the carrier of the
measuring graduation is arranged in ring-like fashion,
particularly by applying the measuring strip on a cylindrical
30 'body.in the form of a drum, the position-measuring device may
then be used in particular for angular measurement. Compared
-with a linear arrangement of the measuring strip (so that it
extends ih the manner of a scale along a straight line), when
working with the ring-like arrangement of the measuring strip,
35 partichlarly along a circular arc, effects occur which impair
the intensity of the radiation received at the detector of the

scanning unit. An effect is when, given a ring-like
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“with a linear arrangenent of the neasuring strip (so that it extends in
the manner of a scale along a straight line), when working with the
ring-1like arrangenent of the neasuring strip, 35 particularly along a
.circular arc, effects occur which inpair the intensity of the radiation
recei ved @#ATIHWSHENECOCSr tBF PRRSUSENTHGLRinitecapfcePf ekle j aumpttmregi ven a

ring-like of Zr¥ m2RgereRy 8tripeadBasiiidy ildh Rhabecanse; ffed e Lalwat ure
of the- meaftsurl ng strip associated with that, the inner surface of the

measuri ng St rils M$3ASHTeRAabtEbhpt 2 SUBEhRF (Irarsgeerd 3nf fidve Brtathe
measuri ng sirfigrd ofsaewhakselongaiedip The omxhant eDbnddd&d Camy essi on and

el ongati on_depend on the _thickness. of the measyring.strip, and is, of
cours%, aler}gtteﬁlg ngr-g(?l‘tlgr COPRESFT v 174 1S MALRRBs ?p%‘g‘?s au‘?fg'hst%‘rei ng

gr aduat i orchijkneisgedfonheheeasteing wiae Ginda ispasfrcogrsd rigllarhanged in
ring-1ike _qggi , [ t.| s. 1.0 an enl argenent of the .
measuri ng-gr a _Sgpi (t):tr?gp' rr?%gjggsftf]%gt %}Q%U ®r ryéjﬁr ace ot e 9% r°Rg
strip is awagalesd oficshpaputiet csutfade nefara measangegest ) iConverseldy inwhen
scanni ng a-{RASYAING §§1%Hla£ ge?% & dddW9 v 13,S ing anni ng
uni t_that ilgpg;li t_uaet ed at a.delgﬁe. édci[\:s_t ae%{cd% i ?Irlo%{ﬁ)o 9% éé{lo&%eriggurface
of the nedRQATWIGNSrerpdupE 691 derlr W@d h FInRcaddsuPHhgY gPelinns of, the

proj ecti ome&idifGhg QEHHSi¥hi tohgardeWesdaid-00ut b suLfaceAf the scanning
pl ate - causes the di stance between the individual markings 20

(parti cul &95AGEEER4EY ion marks) of the measuring graduation to seemingly
becone increasingly smaller toward the outer edges of the scanning plate.

This is atd;rivbut a?l e tg t he %rl% ection of the curved outer ring surface of
the measurifiy StFip, Probi A8 Wh & MPIRESES g™ 4P HERTTT onfoTtRE
pl anes , 25hape- dusengi anatasnid@amiof tite Scasncogted adte Ppraeriided wWith the

scanni ng faduatloly, Fg,LVOr LN eRAI &S GELe BEC SOML AN JOWRYSY, the

provided with the measuring graduation, a projection effect
occurs which - viewed from the surface of the scanning plate -
causes the distance between the individual markings

20 (particularly graduation marks) of the measuring graduation to
seemingly become increasingly smaller toward the outer edges
of the scanning plate. This is attributable to the projection
of the curved outer ring surface of the measuring strip,
provided with the measuring graduation, onto the planar,

25 two-dimensional surface of the scanning plate provided with

.the scanning graduation.

The two aforesaid effects are contrary; howevef, the
projection effect depends exclusively on the curvature of the
30 measuring strip, while thé.elongation effect at the outer
surface of the measuring strip depends both on its curvature
and on its thickness. For comparatively thick measuring strips
having a thickness of, for example, 300 um, it has turned out
that the two contrary effects offset each other over a large
35 range of various curvatures to the extent that the identity
[sic; intensity] pattern generated at the radiation-sensitive

surface of the detector exhibits a sufficient contrast for a
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proj ection effect depends exclusively on the curvature of the 30 measuring
strip, while the elongation effect at the outer surface of the neasuring
strip depends both on its curvature and on its thickness. For

conparatively thick nmeasuring strips having a thickness of, for exanple,
300 m it ﬁ&g‘;%’rﬁﬁ‘édee{ Uatpgp -t Rer t Wer e ditimampasirdegssor inethagdeln ot her

over a |argeidmasangd ahrkalilouSessr vRAMIRD Lo ! harexteniripaledshephdentity
[sic; int e{bsd M %atwt ern gggera ed at. t hgeS{fadi ation-sensitive surface of
the detector: dXHi BIFSVETsut PRcPERPIRDHIT &HE T 3% thesapsTq Rt aseaPtat i on.
For very tthen meeasuringg sstippsshanlygsa sndlilckness ief i saikadngeressithan

- 300 partic | n__100 h ver, .the.elongation effect at the
- out rer% sur#%cééd%rfl cxtehgﬁﬁeggﬁp?rﬁaa%? F%%r ﬂ:\é&orﬂvjfg%s}ﬁﬁl ?gg%catt it Y98 no

| onger able@s (f strbngi enrivgtevapeBataudeooft heppopectomuraftf et the t he

case of styong GWLvVal u t ry.contr f the intensity
pattern, the si gnzr}a/l gaHEI@??ﬂggﬁgegg%rge% %‘&)]tg%gldedgtggg?g%d gba?'n tt%le‘?come so snal |
that a rel{HiEosy sRrBabr6ATEOsC Bakl Mhdthg pediiebdn evahoitivossobl e. 10 In

the fol | ovidiGrmth@RgUPbBELEHE 18T MR MRASURRY strip, " provided it is not
geared to a neasuring strip of finite thickness, the intention is in each

case’fo also include the limit case that the thickness of the measuri ng
strip 15 appreerchies1zetiag, TWhen | ididg GARe teokS 85RA8AS: 49 & Sipt uation in
whi ch t he neasgilrﬁi ng-gr.aduati on is ahtp(?I ied directly on the (cylindrical)
body (in tHEFSFM &F 4SdPah) Iered £ RREMKILEE ShEER Forfi@dE8modat i ng

t he measurtimgksiesisp. thheistengodn ois af feaeth daser tbegi abawe1t,hentpLays no
role; thus,, 2 nsation_of the prqjection effect takes place. The
obj ect of Sjtl}qngtprggggggﬁ?gvgéfﬁ?i %%l?%n?sospco(r)flegg‘g Be28851 1Y dit-asuri ng devi ce
of the typwronedicbgsedeat:theioul ettt adseckorgegpondsstop eideatgon pernits
the conbi ngfien.at f8asuring graduation is applied directly on the
(cylindrical) body (in the form of a drum), which is otherwise
used for accommodating the measuring strip. The elongation
effect described above then plays no role; thus no

20 compensation of the projection effect takes place.

The object of the present invention is to create a
position-measuring device of the type indicated at the outset
which, given a simple design, permits the combination of an
25 annular material measure with a scahning,plate having a
planar, two-dimensional surface, and having an associated

detector with a. two-dimensional radiation-sensitive surface.

Accordingly, the period of scanning graduation P, on one hand

30 and the period of measuring graduation P, on the other hand are
coordinated in such a way with ‘one another that 1/(1/p, - 1/P,)
< Pp. This means that by the interaction of the light with the
periodic scanning graduation on one hand and the periodic
measuring graduation on the othef hand, given a linear

35 arrangement of the material measure in the form of a measuring
strip, a stripe pattern would be generated whose period (given

by the expression 1/(1/P, - 1/P,)) would be smaller than period
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+ 25 annular material nmeasure with a scanning, plate having a planar,

t wo- di nensi onal surface, and having an associated detector with a

t wo- di nensi onal radiation-sensitive surface. Accordingly, the period of
scanni ng graduation PA on one hand 30 and the period of neasuring
graduat i onPPIforr ShEiBEhRRtRaHY B whassr dicaaneddi Bheuch a way with one

anot her t hatdi4{ 14PA HRMi ve< sBPsa&bi éfna?@%ét@%tcol%ylghéeéfﬁﬁf%tr{don of the
light with theh%%arl odi ¢ scanni ngograduatl on on one hand e periodic

measuring §F34 orf GiF {1e 3Gt Ke FORaRBLY i ieh MeasuréRe SErivs.afdenent of

the materi ahtemesor 6id ntHdiebioEs ea‘ompeﬂwrﬂd}g thet EkBmidg StddiRe jeat t ern
woul d be ggper at ed V\énose eriod é%r t he e §Fe35| on 1/(1/PA - 1/PM)
woul d°be shal FaF THREH & 5&“3 é t EPnt#%®r whose scanni ng

the radi aabqvnesmd;udat\eel wajaCE10f1 éﬁﬂe@iﬁtv&ﬁrﬂﬁvotz‘kldgswgﬂ_‘l@da and provided.

Parti cul ar r S ng, s th tention is thereby to
conpensat el# %Oj{ eees%ellr#ﬁ%mrggg E%’%lo%hé Cpﬁhl r?g&é’uEPnﬁnsef nllaggﬁ&ep&d
occurring dbethe R&teloda@(fvéhlendtcapedp@trmmﬁt.l on effect when working with a
ring-1ike arrangenment: (which leads locally to an enl argenent of the period

of the strige pattern). 10 This can be advant ageously achi eved according to
t he pPesenthis AhtheordvantRgecushy oaeh kryed ackergéngotio ofhe lpresener i al

measure, pPahvéoddH [ ithathechobL OfiaRa, MBASWehRGaShE! Pre ik dIGheaSEd, SO
that PM> 1/ (1/PA - 1/PD). of in that the elrf’ueoé oPt P s“?:aatnﬁju}%‘:jL plate is

corr espond‘?‘?nij?‘ilrer'ed%%é?dcugértlﬁa%nP%P% @‘E‘:‘“&/Of( ®/ PEASULLPR)Stripn 6Hi s

context, iintseqpssumed that BM> DAL /6, nclp,dp ng &heihidAde ¢asepPAsa P
expl ai ned bg tg’\{%r? The reverse .case is |likew se possible, but of |esser

practical ¢ EMIPF PLGFF ol ngRBXpIRATSL g E‘Sﬂ‘d%?ﬁ“w P ttheteRbodi nent
of thé 20 poH&itE.0n- ERIUS |I|mgt¢hem eentareori ng ta@shFhedlolilti)@ts%rliN Lnyention -

also in qu%élll‘ﬂélve g are i eahln anc I ovall inthe |int
case PA - 5?% 3 R&E; ﬁ?/se%t]ip’on g‘ane}% ?&nﬁg Be - The reverse
case 1is llkew1se possible, but of lesser practical relevance.

The following explanations concerning the embodiment éf the

20 position-measurihg'device_according to the present invention -
also in quantitative regard - are in each instance also valid
in the limit case P, - P,. Therefore, .the invention can also be
put into effect for this limit case in which period P, of the
stripe pattern to be detected approaches infinity.

25
Using the design approach according to the present invention,
it is possible to use the same detector (having a planar,
radiation-sensitive surface) as a component of the scanning
unit movable relative to the measuring strip when working with

30 a ring-like arrangement of a measuring strip, particularly
along a circular arc, as when working with a linear
arrangement of the measuring strip. It is thereby possible to
produce the detector inexpensively in correspondingly greater
quantity.

35
In this context, the limit case in which the period of the

scanning graduation tends toward the period of the measuring
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put'into effect for this limt case in which period PD of the stripe
pattern to be detected approaches infinity. 25 Using the design approach
according to the present invention, it is possible to use the sane
detect or (havi a planar, radiation-sensitive. surface) as a conponent of
t he scannigipd Wﬁ%ﬂ?nnéﬁabléor%#EEQSﬁéx(iqIh? Fagsudedg s ritpwtde wor ki ng

with 30 agféﬂ@)‘d' blfetﬁéra@ﬁef@ts&iflﬁe RATENNGe Ak Fh Ped PRI 't%l alih¥aral ong a
circular arc, en working with a |inear arrangemant of the measuring

strip. It qasse()hgle@gﬁ 58§§F‘Eljenff’611t@+ o iR e EReP et dro3hdiddensi vel y in
correspondl ngly greater quantlty 35 In this context, the limt case in
whi ch_t he peri sca raduat i tends towa period of the
measu?i ng gd(r)g(?ﬁgf’froﬁsl gr% es%a pres¥] faﬁ-geﬂesFﬁ‘(E?h%%‘g ‘%‘&eﬂ’iaf {ae
period of ddweritedi efost exaeplpat tiayr rEEgenemzat edo(AD) | hehddenear case) tends
etector is .,preferably a

t d f st EP 0.7 933 T

sgwgcril I ;311 rllﬁ%tl&(rﬁgggge Beforsta éﬁa e oﬁg‘ﬁd Egrg%'f(%‘ﬁtp‘?r Te91%BE 1 028 309
Al), whoseantadiuderdy- senche |ﬁﬁe:ru;ucrff a(reilwsdhaﬂnédt@qt@hete]@mntlsegl ons,

part i cul ar (ghde etleﬁffyleggpeo% tdllad dual o%fitcglﬁw "o SRS o %[)%%06' egents)

arranged pér I ca prese case l%rl od
PD 0¥Vt he tdrar ®¥GERBAL CaFet W@eﬂd&cﬂnopf Eogi %msarmeﬂ@@ttemfothel @maemtsm s

| arger thardikgsSbri Q@t@é‘%ézerenlen@fﬂsoq.sl/ﬂa}égé ehah PMe V!Pr%’e bgt£g§rponse

to the nodification ,according to the present invention the period of
the meas®SHGYrdddé4Pi on 1a{ﬁd>/ o¥high ¢ Her SesmarAg pPathe Wﬁﬁlﬁ}d@él%

gener at ed dyedrideng! eet t peBgRadrt rlaﬂzle&ml@a o!ES@Hef@éri&ﬁ ofS¢arni ng, after
interaction both with the scanni 21% and h t he measur.i ng
g

gr aduat i of"S@HTRE ER2RUFIY (# Eﬁ%ﬂ?”c‘ﬁ Ry SredSUirngSstrip) .
I n otsher w&m@&ataérbpdtﬁﬁ)electromagnetlc radiation, used for the

scanning, after interaction both with the scanning grating aﬁd
with the measuring graduation (in the case of a planar
arrangement of the measuring strip). In other words, period P,
of the detector regions or detector elements of the detector

20 is selected so that, for a measuring strip having a specific
period of the measuring graduation and for a scanning plate
having a specific period of the scanning graduation - this
measuring strip being provided for the linear arrangement
along a straight line - period P, agrees exactly with the

25 period of the stripe pattern that is generated by interaction
of the radiation, used for the scanning, with the scanning
graduation and the measuring graduation. According to the
‘present invention, however, for scanning a measuring strip,
arranged in ring-like fashion along a circular arec, for

30 angular measurement, the period of the measuring graduation
and/or the period of the scanning graduation is/are modified
so that, given linear arrangement of the indicated measuring
strip (provided for a ring-like arrangement), the period of
the detector elements would be lérger than that of the stripe

35 pattern that would occur in the case of a linear arrangement
of the measuring strip and the modification according to the

present invention of the period of the measuring graduation
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of the detector regions or detector elenments of the detector 20 is selected
so that, for a neasuring strip having a specific period of the nmeasuring
graduation and for a scanning plate having a specific period of the

scanni ng graduation - this neasuring strip being provided for the |inear
arr angenennd/@omf &hst sgpghingi pkate peki dthikDwagr eés exapt$yibiiet hot he 25

period of tdheyesity idmpeaheensbhathé A PEebBt gRachd o o Of ¢t he

radi ation, used for the scanning, with the scanning graduation and the
measuri ng GFRRAEBFRNIEFERFdPRgERD ReRSUTARSG &V iPavent i on, however, for
scanning a nmeasuring strip, arranged in ring-like fashion along a circular

ar c, %or 3Q angul ar asuremth, the perjod of the neasuring graduation
and/ of the P& AFGFALRE 5RahhT nF S Fdfuattentiorar ¥haBdveT ey sdthhat

gi ven | i nepssiaricangersent-ial shecemditaing eassirigg |§¢:fip§) a(ﬁra‘?l‘é:egegnf or a
ring-like arranagenent), .the_period of the detector elepents wou e

| arger t ha}%“{gﬁgt%{gf r}‘taﬁglgflr?gg 35 %];]Jﬁ%a}tﬁad[ MECSSGAF dRBEERF & PlPR8Tcase of a
| i near ar rewyehaensiohatheragasuiomgsstgi i vendutriiecapdi fié aatried agcor di ng
to the pr N ti }od of the.measuring graduation 6

and/ or of the sccaé%\r%?l gl-"gfg%?éﬁﬁ %ﬁpsor\?va{%e i%erilggp?)gs%}ﬁ‘rge BT 8Pgel y
conpéfsat ¥astuatienprofenraved efd extpdgi ttilve -geseuoing dewrasehaat hgngenent

of the nmeasdydAd 3t beRipSathiSge OGP HING 110 he pLesent, | nvgntion, when
working with a positiaon-nmeasuring systemah ving a nmeasuring strrp- arranged
in ring- 9KEIRIhi oA S4RES aReSH | rhtsl tdete sher shava hpmplpltadar of the

t wo- di nensé@italing’ @digaki 8Ni sepstdd e W fACR L henRE | P41 nebRELSLQNNI NG
graduati on_and/ or thg.Berl od of the neasuring 10 graduation - conpared to a
posi t i on- st g 2dev P ERT hBRF gt ~HReRingg deviFp wWeranged Faracety ai ght
linerand afor dentnieal andehgelar podidide meRdukigd sestdmtwildheusi gnal
anpl i tude moof itfq%ats%%nn%nghsi enal S, 18 %&rfcepti bl,él gre%& er than if the
measuri ng "SEFp oGt § Prnedt Positd 6 fés §FRRG 0%V I YR e uSEd i rect | y
measuring graduation. In this context, the linear
position-measuring system utilized for the comparison should
in each case be configured in such a way that, given linear
20 arrangement of the measuring strip along a straight line, the
stripe pattern appearing on the radiation-sensitive surface of
the detector has precisely the period for whose scanning the
corresponding detector is designed and provided for attaining
maximum intensity of the electromagnetic radiation on the
25 radiation-sensitive surface. In the case of a periodically
structured detector, this means in particular that the
radiation-sensitive surface of the detector has a period that
agrees with the period of the stripe pattern up to an integral
multiple.
30
For typical thicknesses and radii of a measuring strip used
for angular measurement, the modification of the period of the
scanning graduation and/or the measuring graduation necessary
for this purpose is at least 0.05% and not more than 2%; in

35 particular, it is between 0.1% and 1%.



15 for form ng an angul ar position neasuring systemw thout nodification
of the period of the scanning graduation or the mnmeasuring graduation. In
this context, the linear position-nmeasuring systemutilized for the
conmparison should in each case be configured in such a way that, given
li near 20 I8 FAh§erentedt  tI% breasderagosdrby Bhomperict ofi ghe |ine, the

stripe paide@edrappLaridy itddiariagi ahbop=sedsidf s Wlaee ka1t he
det ect or has Ere0|seI%%tq%?perLod or whose scanni ng tthe correspondi ng
det ect or PETABIPHRRY hd P oidded sl detaFkPhgreFieasmen FateASPTY of the

el ect r omaglenent s adk@thern, ahe k@ e2briadi at hodrsoitEdddive s¥rfgee. In the
casegpf aigggbgngfJ%géeggructuted detegtor, this neans in Earticular t hat
the ~Tadiatron-sensitive surfafe 8f Phe dbtettoreifRensspBFbdatsRitbe agr ees
with the pekendinfotdecsint p&hpatt énnthp t@sarot i eghralctusulti pl e. 30 For
typi cal thi es; radii,.of a neasyring stri ed for_angul ar
neasurene%%?ggﬁ§§hvﬁ?9ﬁ%égﬁ%ﬁl fp{ﬁglgggi%%g%fé?ﬁg‘ﬂ%fﬁﬁﬁFnﬁlﬁT%ﬁﬁ%tion
and/ or t hérpeastaiged @mdudtengthnebésbacyrréspordd Topthpoperisd ads | east
0.050 andp@t cAP{ge than 28, arfi [ .4t s between 0.1o and 10. 7
s feo e gtg've e%e%@eg 5}1 t?}% %‘adl tOJTorJt ﬁgnsagi’\é%t%lfr'ascenot

In this context, under st ood by-the perio
necd¥sari P§ Ehe §RE¥SGPT ofeache dgeenber i ebémenty rhmigamedfiooatéderd naievi dual

det ect or pREEONSPHFt HAIRGHY toebRBEHE St hRalEle s tdie §5§Ct£%8§J 270%

i nterconnection of the 5 individual detector regions or detector elenents
must al so '6&° tAker 3 nt 488ccotit’] -TROsthitA epetesse ofplarslityt of ed

detector, girbups ssuRdly qirevi-ded that foure st %er%g%hegﬁé‘téfﬁaﬁ §ar ranged
e

on a length which corresponds to the period of the7stripe pa rn received
on the ra8Faef bntSEhsihe va@odyifiae derttamanipset 6, eealk hcare ddiose

el emsnt bekngewbt asafiethd @rodetepbas el it LWl livitboconge&fed KB iRAASES
0% 900, %§g®gséggygd to the same phase. The period of such a

structured detector is then in each case defined by the width
of one detector group that includes a plurality of detector
regions, particularly four detector regions.

20 |
When using a detector having a two-dimensional, planar,
radiation-sensitive surface for scanning the measuring
graduation on a material measure going around in ring-like

. fashion, the detector extends at a defined (radial) distance

25 from the material-measure surface provided with the measuring
graduation, in a tangential direction (i.e. parallel to a
tangent at the outer periphery of ‘a measuring strip arranged
in ring—like fashion). Accordingly, in the case of a
structured detector, the individual detector regions or

30 detector elements are situated one after the other along a
direction parallel to a tangent of the material measure
running around in a ring shape. The two disturbance effects
indicated at the outset, namely, the elongation of the outer
surface of a measuring strip provided with the measuring

35 graduation on one hand, and the projection effect on the other
hand do not completely offset each other even given the

correction according to the present invention of the scanning

8



[sic; 00, 90, 1800, 270] . In this context, a plurality of groups of four
detectors each are then arranged one after the other; fromthe individual
detector groups, in each case those 15 detector regions or detector

el ements are interconnected which are assigned to the sanme phase. The
period of staduaticst rodvorethdepeciad of tHemdasuedel gaseustefdmned by the

w dth of gng det 0 .Lhat-includes. a .plurality of tector
regions, particul gﬂey%flgéﬁggé{)gc%fofr%% UGS %\ﬁﬁeﬁnugﬁﬁg%}’ﬁfé’c"@& 3R
havi ng a tWhe diangesitdndl dippanden) miadflls immyisensift kthe surface for scanning
the measuriigatdlcaduahkepi o8 &uPRLEL | LIRANHY, Lhg garound in ring-like
fashi on, the _daet ect or ext(lands at a dec?él ne ﬁéé:%icg%"dlsg?%%g%e% fromthe
mat er? al - REGE 190 1968 PPEVPIRY ¢ tdraate anvader hage . gThatuats oo, sky, a

tangenti alidlivrRCtii@alei regifAr &t | e A atlidRYERLAL s LD QIE LT RES Eghefy of
a nmeasuring strip ar éanged_ in ring-1ike fashion). Accordi nga\ y, I'n Re case
of a strUtNiE¢R det8Et BRTIPRLH i iRARAUTd@Ce St 5iPr agramsedrind@ déhgct or

el enents astepsl t(thisdchaedét&ricd e taidey taleOndadvidhaeChd A RRM all el to a
t angent of A r@togr;ngl Qeafure running around in a ring shape. The two
di st ur banc® EFPEECE MRRET caf P RSN TS S 2HaREPY) SPRINRItONGSti on of the

out e¥0 surfaxgerothannpasvided Gtedqugy @b ded wibAghbeoReastddny 3Rile

graduati o n n t rojection effect on the other hand do not
conpl et el %%?Fgegdggcge%?ﬁlgsr $e1]€e':ﬁ]egid\ei/e(e;C C;%ﬁ’g 'c8$?85‘t’? madd6rding to the
present i rhp@gensaasdf di hecstemni fp@ugeadifiathenpaadbéoindte: per kad of the

measuri ng deat baner s Kt hery the @l ation effect predom.nates in the
(obser ved Fi&;?’3 t he taﬁgenti al - di ectl%gﬁ;agm&hgl E°7 85T o7 ofraqigtion
radi at i on-S§&MS| £PvESSEPe ater bfer h&hgePeetiod, ofi hbe shmnbiny giredtiabhotoes

not 123 ay s @lh_@a_haﬁdré)xh& ﬂﬁ‘éeper-ﬁ.llﬁ!t oS £he %@Xsurir@gtgjteadﬂaqqlog Egg{:}%] of the
radlatlon}%%gil 5X3 g%gfégééégnégg% in such a way according t
g to the
present invention that the stripe pattern generated on the
radiation-sensitive surface deviates as little as possible
from period P, of that étripe pattern for whose detection the
20 radiation-sensitive surface of the detector is designed
(particularly with respect to the periodic arrangement of
detector regions or detector elements in the case of a

structured detector).

25 It is noteworthy that the present invention may also be used
in the case when the measuring graduation is provided on the
inner surface (inner ring surface) of a measuring strip. In
this case, in addition to the projection effect, a compression
effect acting in the same direction comes to .bear on the inner

30 ring surface, which means the period of the measuring
graduation would have to be enlarged or the period of the
scanning graduation would have to be reduced for the

compensation.

35 Both the scanning graduation and the measuring graduation may
be formed by so-called amplitude gratings that interact with

electromagnetic radiation (particularly light) in such a way

9



det'ector, the period of the neasuring strip arranged in a ring shape (thus
t he di stance between the individual markings or graduation marks of the
measuri ng graduation) seens to be 10 | arger than provided (because of the
el ongation effect), while at the edge regions of the detector - observed
in the tangEnt- a@ccdirdéntion thedharausel off the peedent memoeradfinghe a

proj ect i orp SRAl LLigeREL 08 Wil difte,masbog.0r aduat | 01 s Seers to becons
smal | er. e peri 03 e scanni'ng graduation one and the

peri od of I9nexrEgsur LAgthe deritiom reashe ingt Aeviaanis a@@m@tddllnathd in

such a ways@acGandidngekPetbfon AR, ithe@NthoBathatatbensiyviRg pattern
generated on the radiatjon-sensitive surface deviates as |[ittle as

possibl e fFRAFECHI™ PR D Thar A SHpéndaleEFRT { BrL i@k idet wdthon the 20

radi at i on-sensid ivee taur & aser Mnddietdel eelamtisndesigned uddmrrbxcuharly with
respect to the periodic arr e[c?emen of detect 1n§58| ons or _detector

el enents | FAHEGagESoPTRVL CPSTESPBF F3t3ng ndfewor t hy that
t he presentoritmaantt,i ehemays fhg ccHre s.d:sexillleld tlaenﬁraSEtmeIthte meRasdl i ng

graduatio |s rovi ded on ner. rface ner face) of a

neasur i ngnts “P ?CI IS¢ P52 %:%agtelon axd: tlagﬁaf’é ‘?h%efﬂ’ iﬁ]’gcéﬁi n8ffect, a

conpiessi carftee:f fednet oaber ndiffexrt hiem MMMSwmoxa formeshd 0 bear on the inner

30 ring sy \gghgglgegg@lg,ﬁ d,pe(Tl %ql‘tgf «E08 BEasyrin gra aduatl on woul d
arge

have to be en or the perio scanning gradu uatt on=voul d have to
be reduced for the conpensation. 35 Both the scanning graduation and the

Teasuri ng £ aakiien, Meie BeLdONTPG80;eal hed 2Bl iddide rakhogs: g hat

interact with el ectromagnetic radiation g particularly [1ght) in such a way
9 that - RIVFERGTt 8Tt ReSPeitidd biMPPhgrredpeci rikegranrligudeaphpeei odi

sequence Qfrdvinght a6 RAGWEIAIK&F dxatiifl el eGrORSFiSur&ensy ald 2pl bet BB 1

posi ti on- rrCFBalsurl n% device is operated in the

Alternatively, the scanning graduation may also be formed by a
phase grating.

20
Within the scope of the present invention, collimated
(parallelized) electromagnetic radiation in the form of light

is preferably used for scanning the material measure.

25 Other features and advantages of the present invention are
clarified in the following description of an exemplary

embodiment with reference to the figures, in which:

Figure la shows a schematic representation of a section of a
30 measuring strip, arranged in the shape of a ring,
having a periodic measuring graduation, as well as
an allocated scanning plate having a periodic

scanning graduation and a detector;

35 Fig. 1b shows the radiation-sensitive surface of a
structured detector of a scanning unit according to

Figure 1la;

10



so-cal l ed reflection nmethod, then in each case markings 5 (graduation
mar ks) of greater and |lesser reflectivity with regard to the

el ectromagnetic radiation (light) used for the scanning are provided in
the corresponding grating. In contrast, when using the so-called
transm tt i gugtht2 methivd, @ ghePivee ki epsesertduen ofF whekshfdveregexf

periodically one 10 caft ‘éﬁ.oﬁ%ﬁ'&t%r@%f@ééée&nd trd dReHessh¥ht ¥rFOL: thie
el ectromagnetic radiation (Tight) used for the sCanning. In addition, the

scanni ng graduat i on SRgyP8aFsediaked tHer $R% RAGFeFar OFBaFaEe8f °B &Re cal | ed

MAP grating (mxed aapliktuge- phase:idd QiAtddglbrasnknawiector, eyl e, from
Figures 2a and 2b of EP 1 081 457 A2. Alternatively, the _scanning

gradudti on may al so'5eénEoP MRS by P~ PRASE YrhtAaTg 20 WPEAIRIt HR scope of

t he present inventi igueek|1avdmedl 1K pecddsd icfed) réhgetshapagneti c radi ation
in the formof light is gr d for. scanni.ng the material neasure.

f |
25 Other features afd &49¥ ’H‘lg%'g:a(g%)o%/h%ﬁ'geap‘?‘érsléﬁt S hvEAtion are clarified in

the follow ng description of an exenplary enbodinment with reference to the

figures, in ich. _Figure.la i C _I.e S Lon of section
of a 30 n%a%ﬁt}lreﬁgastag?p,gbar r%ﬁ%ﬁ %\g%ﬂg%eéspgfo?% g?%géagh%?/ientgfeéﬁ
perid@i ¢ neasuring graduati ommndstivel preiectadenaleifdeatednsthani ng pl at e

having a periodic scanning gr ti 904 ahdi A gﬁbg%ggésiagf@g. | b shows

the radi ation-sensitive surface of a structured detector of a scanning
unit according to Figure |a;PaoFQurecasuhods dgvdcaphfecréprestent ati on of

the influence of the el ongatiph,&fd ecd A M@ sPLOEGELE 9Bnebf 8Gle ON  the
period of a stripe pattern, generated_ on the . .
radius of the measuring strip, arranged in
15 a ring shape, for two different ‘

thicknesses of the measuring strip.

Figure la shows schematically a position-measuring device for
20 angular measurement having a measuring strip 1 of finite

thickness d arranged in the shape of a ring along a circular

arc, and having a scanning unit which includes a scanning

plate 2 and a detector 3 in the form of a photodetector.

25 Measuring strip 1 and scanning unit 2, 3 are movable relative
to each other, e.g., in that measuring strip 1 is affixed to
the outer periphery of a drum rotatable about an axis D, and
scanning unit 2, 3 is situated in a stationary manner in front
of outer surface 11 (outer ring surface) of measuring strip 1,

30 (and set apart from it in radial direction R).

Measuring strip 1 of thickness 4, arranged in the shape of a
ring along a circular arc 10 having radius R, has an outer
ring surface 11 provided with a periodic measuring graduation

35 15 in the form of 'a line graduation, as well as an inner
surface 12 (inner ring surface). Due to the annular

arrangement of flexible measuring strip 1, its outer ring

11



radi ati on-sensitive surface of the detector, when 5 using a
posi tion-nmeasuring device according to Figures la and | b because of a

ri ng- shaped

arrangenment of the neasuring strip; Figures 3a and 3b show

consequences gf t he el ongati on gffect 10 and the projection effect on the

nor mal i zed®%f

EnpiS fd@8g3sF

Fi gures | aneashitinastaipunckilengoé sheaighdi Usnof - thie 1ReasHeiNgisgrip,

arranged i
measuri ng

for 20 angul ar

%rg'a%ea lg r}.% %I%a

rp.

for two different thicknesses of the

ace’
inclu and a d

d arrgngeds iy [die Ehang 9 AgLE0gnabong,Begi Loyl Al ALe, jand having a

scanni ng uni

es~a scanning p

a~ PBEPEFSA- MR R Ut 1RFTdé¥reBIaRent dvfhg to

€,
gur & %rgﬁﬁﬁg'schenatically a position-measuring device
measur enent having a nmeasuring strip 1 of finite thickness

e@tor 3 in the

form of a PPRIWHGREGteLP 25aNkasdged ngnsthe pslapmdbS@Eaningy perio@,p3odr e

novabl e r

unit 2, 3

rumrota out anTaxi s

the Jharaee

radial direction R). Nbasurlngﬁstrlp 1 of thickness d, arrange

shapelof aD3% dPTalfordngair &

Sranyandemenli My thadimgesRringsswRiut er

bt i g ¢ tika83c A ngt eggdustgont ggl %Pgtem% @.Qr%gign%ﬂss af fi xed

to the outer erlpheré of "a scanni ng
[

_ tyespapfones Pt nanadeat et ks of vesewring face 11
(outer ringrsaidtacs) 18f reRAsHr b89aSifhe dradtad Al set saRabhaf (fjfﬁréetﬁ]' n
| e

ring surfackorkl prseviadetitwWiihea (perbagheisRastiddatg)graduati on 35 15 in the

formof a
surface)
its outer

| ine graduation, as well as an inner surface 12 (inner ring
Due to the annular arrangenment of flexible nmeasuring strip
X ismprblingupflace 2lof ssedmmijag ednit conmarAdckatadl taear

arrangeme ea_sQlfrin %ggghng §gr§9tt}ataé8n9n af}?otrgtal tanldI rs]gt_ag\gl}t'! efllorr]nner

surface 1
15

20

25

30

35

'S conpr
outer ring surface 11 of measuring strip 1, and is provided

with a periodic scanning graduation 25 on its surface 21
facing outer ring surface 11. Surface 21 of scanning plate 2
facing outer ring surface 11 of measuring strip 1, as well as
scanning graduation 25 formed there, each extend parallel to a

tangent t at outer ring surface 11 of measuring strip 1.

Viewed from measuring strip 1, a detector 3, a so-called
structured photodetector, having a radiation-sensitive surface
31 is situated behind scanning plate 2. According to Fig. 1b,
its radiation-sensitive surface 31 is formed by a plurality of
detector elements in the form of photoelements situated one-
after the other and having a width b. In each case four
detector elements form one detector group, the four detector
elements of one detector group each being allocated to one of
the four phases 0°, 90°, 180° and 270°. Period P, of this
arrangement of detector elements corresponds to fourfold the
width b of a single detector element of the phase 0°, 90°,
180° oxr 270°.

Also shown schematically in Figure 1b are electrical
connections 300 of the individual photoelements which form

radiation-sensitive surface 31 of photodetector 3,

12

1,
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5 Because of the el ongation of outer ring surface 11 of neasuring strip 1
arranged in the shape of a ring, period PMof periodic neasuring
graduation 15 of nmeasuring strip 1, thus the distance between adjacent

graduati on marks of neasurin graduation 15 fornmed as a |ine graduation,
i's somewhRNITRSFEMeRE St ﬁgndfg@”ffﬁ fe4ie CtPra g TaRP NGB et Lasfatate teeasur i ng
strip al ofige aasder phgbt bk ner (§&d ratsodn oef Heek" beidy SCRAYRGRRLE 2 of
scanni ng uni tt 2, gpal.l ocated to, asuri n% st_ri,gﬁi is situated in front of
and set apit t"Hofe15 SHERPE (FIRP G fMe¥e PP1IBE PHERsTHPRLESE H9F 1, and is
provi ded ewdluaxiper codan scahmtnigrgradiati on 25 on its surface 21 facing
outer_ring surface 11. Surface 21 of scanning plate 2 facing outer ring
surfacte 11 of neasuring strip 1, as well as scanning graduation 25 forned
t here, eachi®axteeidh paprumkl threo G2 tangenuipt tronutadiat itth-Swnisacevél of

measuri ng ip..1 e neasuri trip_1, a detect 3,..a
so-cal | ed %{ﬂra%cet arleé/kpﬁgtgté%%%égct or, l:&'Ha\%lgﬁgl gagng t?gn%-%uerngettie\?éogurface
31 is situksmeyehi(pioseananert Pl stfe the AbesedPAgOr 09t gor 1UB0°26ri t's

radiati on-FANS! kN SUTLALE Slodst oy WR0Au; e PLUL BLALY: Qe dlRkaELOL,)
elenents in the formof photoel enents situated one after the other~and
havi h§ a RidErbodpReeheh taseiduityrdepddrohas| eaente forrhesne sdehect or

group, thedtastodebestps set @Y eaficanealeleshor a g Oun 1RAGR Hael di
al l ocated to.one of 30 the four phases 00, 90, 1800 and 270. Period Pp of
this arraer‘?gcéhﬁﬁfieof‘de%eg‘?lb? Fg}‘&r‘?@ﬁf?%&?responds to fourfold the wdth b
of a single detector element of the phase 0, 90, 180 or 270. 35 Al so shown
i vi dual SRS REREE WA I IS PRAFa?! on SerbhT v surface 31 of
phot belet eaiait3ontRephot Ded edenice ofanduflber pasidede ctasiodpaeaide)
allocated 4o, g #206-00258 A A 90 Q548Po0" /I R8I G 1RLGTSRANsEt ed
measuring graduation 15 on outer ring surface 11 of measuring
strip 1 arranged in a ring shape along a circular-arc segment
10. To that end, outer ring surface 11 of measuring strip 1,
20 provided with measuring graduation 15, is irradiated in known
- manner with collimated electromagnetic radiation L in the form
of light that was generated by a suitable illumination unit
(light source) and collimated by a suitable condenser lens as
known, for example, from EP 1 081 457 A2. Light L used for
25 scanning measuring graduation 15 on outer ring surface 11 of
. measuring strip 1 interacts both with scanning graduation 25
of light-transmitting scanning plate 2, which is situated in
known manner in the beam path of light L, as well as with
measuring graduation 15 on outer ring surface 11 of measuring

30 strip 1, at which light L is reflected.

'Light beams L, modified both by scanning graduation 25 and by
measuring graduation 15, form on radiation-sensitive surface
31 of photodetector 3 a so—called Vernier stripe pattern
35 having a period that is defined by period P, of scanning

graduation 25 and period P, of measuring graduation 15.

13



so 't hat. thei.r out put signals may be | oi nt | y supplied for evaluation to an
evaluation unit. 5 Figure | b shows three detector groups from
radi ati on-sensitive surface 31 of photodetector 3, each nade up of four

det ect or Ie S hot oel enents). of th hase 00 or 90 or 180 or 270.
This is onl'y rr%s?tég ﬁ‘gne%sr%ﬁ%{q -°§leﬁ§§flg’\9é°§u??%§ét’3‘ie rrdpce 31
phot odet ectforrh®todhtebt oy pd o derdras atneal'reat:i-mdaleeﬂgﬁamh det ect or groups

si tuat ed o] ter e o and made up .of four
phot oel enepcﬁc{fsr%g%%ghgé%vggd%gcsrel lh gﬁgtﬁ anf’ ‘ih 55 GfuRkidefsto an
posi ti on- rﬁé’a?slmaltngndévm:et?(mgth}arewadsuatnog teaselengridsili carpushown in

FLoures | & apfalbokspsedal Aleddie 0PUGRL. SEADNLAY ol JPARULI g graduati on

15 on outer ring sur?ace 11 of measurin arrangedin a ring shape
along a C|1?e€~t§‘ltécf"9a?‘€v§‘§@‘h‘ér¥tet‘!ﬂ?n T@atsheitmgnatrbmbramd rﬁg:asmrlhgceniti of
measuring strsip 1, 20 provided with nmeasuring graduation 15, is irradiated
in known manner vm'th collimated electromagnetic radiation L in the form
of light that was generated by a suitable illumnation unit (light source)

and col | i mat adghy afspigables conderseks! 8N8aASthkNOWLefdd e%aMPl e, from EP
10 457 A2 ht . L used forlﬁ%TS SC&PI’II ng neasuring graduation 15 on outer

ri ngf%urfas&?nﬂn FPLAbRsTr i Fp AL i TRETHANS HFERURE LR sEan e .
gr aduat i orrezionobppoghte tﬂmmadﬂlengegﬁaﬁnbﬂgs@dlu?tﬁqéz pl\Mhtler kg situated in
known manner t.h af as we AS Wt measur i ng
graduat i o%% glgﬁag %QFQH Iﬁ%‘asflurl a&lgglf 3+ OHB R BNt PHpeT, e%‘ﬁsv\,hl ch
light L i®frethaoied. platght2 b&dis is modribedaii: htdytiscdartnghgt aduat i on

25 and b r 1 f t nS|t|ve urface 31
of phot oégteggtagrg %Pgt}gé ca ajt r}\‘/aergﬁﬁe&g?tmrgigs Iaﬂl‘ téet(r)xﬂlpsgL RavFNEEa Peri od

thatld s défbienghapy pera GHLIFQA @inds baanihag ogrtalmmatartgerfzc&aandrpemgmlezﬂ\ﬂ of
measuring (gr adHahi & dhate B3 ang photodetector 3 with respect to
measuring strip 1, the location-dependent effective period Pt

of measuring strip 1 operative at radiation-sensitive surfacé
31 of detector 3 is based on a.projection of measuring

20 graduation 15 onto scanning plate 2 along a direction
perpendicular to tangent t, along which scanning plate 2
extends. The projection effect described thus leads to a
seeming decrease of period Py, of the measuring graduation in
‘the regions opposite the tangential edge regions of scanning

25 plate 2 compared to the region of measuring graduation 15

opposite the middle of scanning plate 2.

This projection effect is contrary to the earlier-described
elongation effect as a result of the elongation of outer ring

30 surface 11 of measuring strip 1 when arranged in the shape of
a ring. In contrast to the projection effect, however, the

elongation effect is not a function of location.

In the following, the results of the elongation effect and of
35 the projection effect are described quantitatively in somewhat
greater detail by clarifying the consequences of these two

effects on the stripe pattern generated on radiation-sensitive

14



The phot oel enents arranged on radi ation-sensitive surface 31 of

phot odet ector 3 generate an electrical signal, corresponding to this
stripe pattern, which is supplied to an evaluation unit that, by
evaluating the electrical output 5 signals of photodetector 3, ascertains

t he extent sefface r¥l aifi \photodenentobes yeehe NEaxipengasterf] lwaew scanni ng
unit 2, 3 i f_ _Fi la, Lt becones.cleagr. that, viewed from 10
scanni ng ng%}e?nJZ%&Egerrfe&fuﬁ%ng SR TR ddh 'l%afofaﬁkllﬂ‘é atRf én
opposi te t Aerajghlt el inegibeangf covpanedgt pl e X ripe paenengl yflarger than in

the regi ongeopposid &ddlp Qulehgeads, PlnsCANN ngpligke 2. This is

attributable to the fact at, ecause curvature 1/ R of neasuring
strip51l arranged in 15 the shape of a ring, and because of the tangenti al

arrangenentn &1 SeaNigieiRhshendadnfi RHOLAELEGLQs 13 W B LEPRs Q0
measuring strip 1d the | ocation-dependent” effective peri od Pe ot
measuri ng 3FF#pFed odefdfityE28P1PRAR BB R sHFsiighie 14Def avhosg Ipexficdiétcect or

3 is basednofis@r pidjpeiduenieh ABRASYEF 1S 20 JLAGURL L Oi 1D QLR sgganning
plate 2 alo icular to tangent t,, along irch scanni ng

{1% a directian pe}ggen ; ) .

plate 2 eRt&nus. 2SHE 5 o Bct oMt F bR eddriPn8ddt Rysendans Raradledeeni ng
decr ease othgestind WPdsef sthan g syrddea@icidudls gariBat be (rae[g,ilqegdgpposi te

t he tangeny] dge .regi ons of scannjn 25 plate 2 conpared to the region
of rreasuri%%%?@dugtﬂeo%# ov %%o%?&l?%eforﬁ &S’IeePSFlggagﬁiE@ep‘-’rtﬁlé’eZ. Thi s
proj ect i onpaffert wisiaborbraeyponds heo ezid ieteti@seyi patte £h ofgdridagef f ect
as a resul i, o9fe they &) at Lo nJting 30 surface 11 of measuring
strip 1 when aerrangeélqi%% %heé]%ﬁ%f)% 0 ]%?'trﬁr%gﬁa.rafﬁlggn?’r?a%?et]glqrﬁe pe6fect i on
ef fect, hofRWweicanHag &henpaksering feetin,s wish ahtuacénningfglatatien. | n

the fgl | oWsithnd hadesubt 8:0f the rﬁémtrigoglr%[lsﬁaoﬁn O:Ehe 3R e

projection effect are described quantitativély 1 n sonewha greéater detail
by clari fylil?fbd'the consequences of these two

Py, = 1/(1/P, - 1/P,),

20 Py being designated as the so-called Vernier period {(compare EP
1 028 309 Al).

From the equation above, it follows that the more sharply
~graduation periods P, and P, of the scanning graduation on one
25 hand and the measuring graduation on the other hand differ,

the smaller the Vernier period P, is.

Thus, for example, given a period of the scanning graduation P,
= 19.512 um and a period of the measuring graduation P, = 20

30 pm, then P, = 800 um results for the Vernier period P, of the
generated stripe pattern (“light-dark pattern”). This period
of the stripe pattern must be taken into account when
designing a structured photodetector intended to generate
electrical output signals from the stripe pattern which are to

35 be supplied to an evaluation ﬁnit. To that end, for example,
for a photodetector made up of a plurality of photoelements

‘arranged one after the other, four photoelements are situated

15



effects on the stripe pattern generated on radi ation-sensitive 14 surface
31 of photodetector 3, the [stripe pattern] when scanning a neasuring
strip arranged in linear fashion along a straight |ine being conpared to
the stripe pattern of a mnmeasuring strip arranged in ring-like fashion. 5
In a |ineagngp@fitieirothreasber npes yptwineodand ridiea steapar pagtstmj pacr ranged in
flat fashionldonmheacshadighlalidnetbinse pAdAILG. HRaskLigg Oraduation

a

has period Pr" and having a scanning plate, assigned to the nmeasuring

strip and ®hGestdiong ofathPl spdiat iorereansitives suséanai af graduati on has
period PA fiasgldetredeorperiogdo idead®! BoMi & aRBhEESLE0L She perd od of the
stripe pattern which corresponds .to the intenSity pattern described
above® and RifiS&h i€s Igefer aPBa’ b8 niBr &ctdon 16 thAE FPEREXt usdie for

scanni ng tdxremdsur ofig ther &Pt ive tdurthe-s GMringd rgbpdyel + O pHS: N g chand

and with the rreasx_lritng g gduati on qn the other _ hand:.. Pv = 1/ (1/PA -
1/ PV , 20" P HENG d&T E) af etP3l iR <4 &40 184 1GRFRferS1RGS AP («CSfpare EP
1 028 309 fAy inBudmttibe sysatiomreatiowssd tbef plrbonded ivétwdwn raHe sharply

.graduati o A f _the scanning graduation on one 25 hand
and the ne{altflsd&s{lr?g‘qgr Eﬁaggg%%mbﬁt%he other hand differ, the smaller the

Vernit@r period P' is. Thus,-for exanple, given a period of the scanning

graduati onpRA  3,194512.pma Reriod .afy the fegsuring graduation PM = 20
30 gm then P’ =800 m.(r:egzal ?ge%’ollr%e{ e gjrc_lnitpt‘—’zro perleoc#tﬁgp%f p?gger%ener at ed
stri pe pataserated it ighekapeiqreaf theTHiighter hogd Hér ttee staanmpeéngat t ern

must be taken itheOsaaRAUAG MLdLardes] B hed nahBUEAA whgjodet ect or
al s

intended to generate electrical output sign romthe stripe pattern

whi ch are TG=35158 SHBPFRELCT Prark v ATRET SAndni 29T TS 1A td wiftdr

exanpte, period P,, to which the radiation-sensitive surface of the

detector is attuned.

If the same detector type, thus a photodetector having a
two-dimensional planar surface, formed by photoelements

20 arranged periodically one after the other, is now used as a
component of a scanning unit for a measuring strip arranged in .
ring-like fashion, then the result of the two effects
described above, namely the so-called elongatioﬁ effect on one
hand and projection effect on the other hand, is that the

25 effective Vernier period P, operative at the
radiation-sensitive surface of.the photodetector is a function
of location. Specifically, because of the elongation effect,
it is smaller as far as the amount is concerned in the .middle
region of the radiation-sensitive surface than Vernier period

30 P, in the linear case, but increases toward the edges because
of the projection effect. This is discernible in Figure 2,
where effective Vernier period P,; is represented as a
“function of position X on the structured photodetector. It is
‘clearly recognizable that effective Vernier period P, in the

35 middle of the photodetector (given x = 0) assumes a smaller
value than Vernier peribd P, of the stripe pattern in the

linear case (P, = 800 um) and then increases toward the edges

16



for a photodetector nmade up of a plurality of photoelenents arranged one
after the other, four photoelenents are situated 15 one after the other per
period of the stripe pattern, each photoel enent having an extension (al ong
the extension direction of the radiation-sensitive surface of the

phot odet ec®orireoPhpggdatantobel fior asst ghexr tx0 <a O3pednf tbis qiteset,e.g. O,

900, 180 Ofh dEfelctilli FeeRNESXberidte pexti%naheergéowe%@%%ag@ £’ face of

the respective photoelepent is _sorrevvhaeff smal | er than the 200 mindicated,
since an e Lo var@RE gt PHReRERE i9f eadRidasd BégpEodrHed Enese vt he

i ndi vi dual tiphoteaelierest gipd Opdbtiyn i n this case, Vernier period Pv of the
stripg pattern generated by interaction of the light, used for the
scanning, wth the scanning graduation on one hand and with the measuring

gr aduat i onIbrortehebekltershand, sagimpepaxantd phaiskh FhiperindHDcde Wi ch

t he radi atcjiolrk-ns QSL]%E‘éS §urfscleiof. t he detector Es ttuned. |f the sane
det ector type." thus a°photddeted® o HaATS a eR0di FEnsT bhallthigngne
surface, fartmtdyypphdobdet enipmt scRiha@irdeangadhpeheodecatt yr gasaf taay t he
other, is how . nent. of nni.ng _upit for measur i strip
arranged in. elrf;%%g- ??Eglf’%g%n&‘%ﬁﬁm%nl t Ozlcc%gs?ﬁ:l gnoph? h%e%%%oéﬁ‘ Fé@f’?gg
desct?bed abdwe® tRgnehgsehtoxca caltved alemsgatingnsefipcininiadiy rhaed and

proj ecti onsgfdugeh QRehBCoBtHEL hand Js dhhalethe3n E{\f@ﬁé 'n}/l%[d‘ég nicer

period Peff operative at the radiation-sensitive surface o
phot odet ectltsr desegtrtinteinee e |fdaatdve paniercaetiod Raeadse of the

el ongat i onenef1ieet herkt then St | @t s Jrapeascliie @ADLt d S LRNEEHARA i n the
m ddl e region of the_radiation-sensitive surface than Vernier period 30 Pv

in the |indXPTCas8e 599 AbrdR detsard (SRacedheEe bekarfd ecsi vehe
proj Bet i orveafrfieet pe¥ho8 Pg, dissQeirigel! €hbA Fh@Ua€testor period). This

phase difference causes the contrast in the detector signals
to deteriorate. The phase of the stripe pattern may be
determined from the local graduation periods of the scanning
graduation and of the measuring graduation, as well as the

20 geometrical conditions such as the curvature of the measuring
graduation and the distance of the detector from the measuring

graduation.

The increase of effective Vernier period P, toward both edges
25 of the radiation-sensitive surface of the photodetector is a
result of the projection effect which leads to a reduction of
the period of measuring graduation P, toward the edges, and
therefore to a decrease of the difference 1/Py - 1/P,, which in
turn, according to the above equation, leads to an increase of

30 the Vernier period.

Since of the two effects indicated above, the elongation
- effect is indepehdeht Qf.location,-but the projection effect
'is?locationjdependent, these tWo contrary effects cannot
35 completely offset each other. waevef; it 1is poséible to
coordinate periods P, and P, of scanning graduation 25 on one

hand and of measuring graduation 15 on the other hand in such
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where effective Vernier period Peff is represented as a function of
position x on the structured photodetector. It is clearly recognizable
that effective Vernier period Peff in the 35 m ddle of the photodetector
(given x = 0) assunes a snaller value than Vernier period PV of the stripe
pattern i rft¥&Y YithegPecasetier shmprm)oRkidizken scasneagesigmaris t he

edges 16 adbtdimeh@ordat 86H0EqéR eva1dht@lonX < 0). In this context, the
effective Vernier period Peff is understood to nean the locally variable

extension of a pair of light-dark stripes of the Vernier stripe pattern. 5
| f one obsersagplichenallytpeapati Beul ase ofWai eBrirBct hencaspuOfso@ | i near

measuting strip increases linearly by 2*Pi_wthin one. detector period -
t hus g:(’:oi ndi ¢ _elsoodvvipgho h“éeetise‘iréﬁgotg%ﬂﬁéélaﬂdlg\i%r%ﬁ'%‘r%‘i Fuppfi 8S2RHTEHt i mal
contrast igradmtdemelboisshgnapssdible ! It treasphase fRat A Siystedeneasuri ng

strip initiaf | y.ru a head_of th ase.of . the detector in the
i ddloe of Aﬁh’e% ot %@?8‘?‘8?5%5&’?%% et ¢t \?/15lpl e?ﬂfieghﬁeﬂ%qﬁﬁ“ i's

smal | er hea%fadtawnt héedetberoharp:éraimj)depmid!eeti inl agéibidiert ntaoiard the
edge of thg, dgleeQha(giacss Hﬁ%‘ J%ggfétgggsxe 15, Ver pier, perd Olt ngdf s

| arger than the detector peri ot ) e’'différence cause
contt@st iFPIEl¥et EBEorlangmalen aff afst disi elabest Thrgbhadeagiderite ost ri pe

pattern mesh{ened@t ar 8k nash d60md he 4geal <9@@dy§%&9@ pgyiods of the
scanning graduation and of the neasuring graduation, as well as the 20

‘geonetrical conditions such as the curvature of the neasuring graduation

and the dirst apeemoh tberdet 86t oralfucOmdrngereaaup) R rdzadvahion. The

i ncrease of e f%cti Vi Verni er period Pef, tov\/?rdM bot h edges 25 of the
radi at i on-FEHATTB SurFRESVf R &SHrsTddetect 8F $¥2mPlg ek to6R1dRg
projkcti ortlef fimtenvhighof edts Yim aredwdhgobnofhe t &t eeddr0d-Qfi opBagEr i ng

graduati(NEﬂgﬂsaEgmgﬁgséh§%§ﬂg¥¥%efyy% periods P,. With knowledge of the

phase position of the stripe pattern relative to the detector

phase, this may be carried out in a simple manner by a vector
addition. A maximum of the scanning signals may thus be

20 ascertained by iterative alteration of period P, of measuring

graduation 15.

Figures 3a and 3b each show the intensity of the scanning
signals (for normalization, specific to the linear case) as a
25 function of radius R; of a drum, on which measuring strip 1 is
wound, for a thickness d of measuring strip 1 of 300 um
(Figure 3a) and for a thickness d of measuring strip 1 of 75
pm (Figure 3b), and specifically in each case for different
periods P, of measuring graduation 15. In Figures 3a and 3b, in
30 each case curve K1 indicates the case P, = 20 upm (thus
agreement with the period of the measuring graduation for a
linear arrangement); curve K2 the case P, = 20.02 pm; curve K3
-the case Py = 20.04 um; and curve K4 the case P, = 20.06 pum.
Amplitude period P, of scanning gfaduatibn 25 is 19.512 pm in
35 all cases, and a structured photodetector 3 is assumed which,

with its photoelements, includes fourteen Vernier periods,
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therefore to a decrease of the difference 1/PA - 1/PM which in turn,
according to the above equation, leads to an increase of 30 the Vernier
period. Since of the two effects indicated above, the elongation effect is
i ndependent of |ocation, but the, projection effect 1is |ocation-dependent,
t hese two @Bt hasy aefpeel sok s RhIBdmnsingtsebyrahfs@tomnatfterhehe However,

it s possidied b@a BABThER! € PRSP BA AR] BM,p0f Scanning graduation 25
on one hand and of measuring graduation 15 0On tﬁe ot her hand in such 17 a

way With one another that an optim zed scanning signal is obtained for a
subsequentrevial kakiaely AistditrNalyticH: ezl evbatéomHfamy a@r EggLi on

val ue_f or eriod PM of .nmeasuring graduation 15 or_period PA of scanning
gr adudt i onéofg Vi?%&f“%@s@?‘ﬂ? er.aél*h‘e .’%eagﬂnt]i’%rﬂ%ﬁ? fory spryesrepdingliye

el ongat i orsreflflectaddth Rnef heswkanichd e yipojieatirangeef fwct amgt Baapt her

hand- are dependent, in i fferent. manner n, the curvature of neasuring
strip 1, ?J.'%‘Ie)c'enls?. stg'r z&id?ﬁsgl}f S ero %eé‘c%ﬁ&ﬁg, by h’éh%l%}hﬁrﬁi‘e&ﬁc&PF et? is also
strongly dédpecdest oénspehitimessrvk &1 neakepivayg of rilpe hd=eeihygsteipa). An
opti mum corggcthan : | od. _PM_qf ring...graduation 15 may
now. be degéro% tr%g% l‘f{fg%é'i; ac?rsrblltgi?J ;’/‘%tacgtwgﬁflﬁggg%erph‘glt}}%ugtnﬁotr;FeSFl?%e li ght
arri¥f ng i9f Perigdt Betdfr meaghoasgofrafeasion Phaswober sdi &fevmyity pemicods

PM W th knqwhedgeeol ihe.c RNASS Res TsiigﬂaniEhﬁo§tp§A£ﬁbQ%t.t gposrelative to
t he detector 'ghase this may be carried out In a sinple nmanner by a vector
addi ti on. ACRAPURARL®T tP NS At fadi ehebsdabgctoms? e P@sagoedtomed by

iterative aAlderigki ﬁateérxpeda@»qdugc’l\é Qfe FTRRIAULLPYod B adURLERAN 1S n i gures 3a
and 3b each show_t intensity of the scanhing  signals (for normalization,
speci fic tTHREEHidar2iass &™ 28y AEPTORABER rARAUEIRE bP Bighaam on
whi ct6 measurinnghet c&pe lof sa walirgd 1 iker agrbhyekaessod e mRasUEing strip 1 of
300 m . : . . . .
strip, effective Vernier period P, deviates perceptibly
because of the elongation effect and the projection effect.
This holds true in particular for small strip thicknesses d,
for which the elongation effect has only a comparatively small
20 consequence, and therefore the projection effect completely
asserts itself in the case of small drum radii. This explains
the markedly stronger decline of intensity curve K1 in Figure
3b compared to Figure 3a; for Figure 3b is based on a strip
thickness of 75 um, while Figure 3a is based on a fourfold

25 strip thickness of 300 um.

It is also discernible that in both cases, markedly higher
intensities of the detector signal may be attained for small
drum radii when period Py of the measuring graduation is

30 increased by 0.1% (curve K2), by 0.2% (curve K3) or by 0.3%
(curve K4) compared to the linear case. As a function of strip
thickness d, for each drum diameter R; there is an unequivocal
value by which period P, of measuring graduation 15 must be
corrected (increased) in order to obtain the greatest possible

35 intensity of the scanning signals. For instance, if, in
Figures 3a and 3b, one compares the four curves K1, K2, K3, K4

which represent different correction values of period P, of
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(Figure 3a) "and for a thickness d of neasuring strip 1 of 75 m (Figure
3b), and specifically in each case for different periods PM of neasuring
graduation 15.-1n Figures 3a and 3b, in 30 each case curve Kl indicates the
case PM= 20 m (thus agreenment with the period of the nmeasuring graduation
for a Iinmsmmngeaéna)mncw,ve:n@x tilme thas ealPd/ gfznlg)ﬁrermacurve K3 the

case PM = xofzgg?ongng c %é %J‘leth%@%efg 3 203% s Aer,elnt udﬁaeerl od PA

of scanni ng graduati on 2 min al [ cases, Ur ed
phot odet ectimeF &irs °§s§ﬁ#r6d \ﬁhir-t,eﬁlodv\ﬂa e meashvetogl gne@ttast;lqmmsudes

fourteen MeddlifleaPefi 88502 18nt wssdasadeet@l, fibé ﬂboctﬂ%ee'c%%%”&% arr anged

one after the other and combined to formfourteen groups. is clearly
di sce? ni bl BIH S P§nt(sbFipi Gt eeness sha 35 wmat for the q@rrwsmaﬁnngr um radi i

R and thedﬁfnordaain@teeor aep@esk gl ¥ ﬁgﬁéuriﬁéilgra!au%ftleﬁaw%flg strip 1
arranged in a ri n%‘F g |nten5|tF%/ of the signal generated by the
phot odet e cIRRF A ML R ycage Of 4B pBR %%ScﬁﬁﬁélRﬂlf%”%ikeQﬁF&t dhteRslkbasuri ng

strip frooftthe ldefieatoposidgm®- measuri ng system wi thout correction 10 of
period PM of measuring graduation 15) drops so strongly that a reliable
eval uation of the signal is not possible. This is attributable to the fact
t hat 1phot dttweetldly, 3instdadi ghed daarrecaishr bpeppai s rm, havmé&@rid@fi ned

peri od PD, i i e fie 1525 is_800' m and i ch according
to Figure g%u%railr?gt 2 %a%ﬁéﬂ)%d aéor |qn - | |1E8a5r?%%eér{% (Sif t‘h measuri ng
strip, effsxanniagveradeatperidd nPe/ffal@@vbat esrpeq:ic@cpi Mbﬂl}le becanse of the

el ongat | onealdf et aand:De: Pi0) LI beale melthithgl debpdie dn parti oul ar

for small strip thicknesses d, whi ch the el ongafi et Rag only a
conpar at i V& C§F?§FFt29ncbﬁsb'Eﬁﬂém%’te§n@Yt pédet bee ehe |§|0@'jreet4©1m ef f ect

conpist el yvam%seahSthéS@&éeIcsftahe:o&%%%t%nsaal befdung, acgf'th *Hc%}gl IL?SI ns
t he nar kedl stron er cline of |ntenS|eté¥ curve Kl in gure ar ed

to Fi gure B&LP8r ?ﬁb? By mustpheetiedrced stquegyhat, Correspondlng to

the subtraction of a correction value; for, as follows from
the above equation for Vernier period Py, what matters for the
adjustment of the Vernier period and therefore also the

20 effective Vernier period Py, is the difference between the

inverse values of P, and P,.

In concrete terms, it holds true that given a photodetector
coordinated with period P, of the Vernier stripe pattern, to

25 correct the effective Vernier period P,; for a ring-like
arrangement of the measuring strip, either period P, of the
measuring graduation must be corrected so that P, > 1/(1/p, -
l/PD)f or period P, of the scanning graduation must be
corrected so that

30 P, < 1/(1/P, + 1/PB,)
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thickness of 75 m while Figure 3a is based on a fourfold 25 strip

t hi ckness of 300 m It is also discernible that in both cases, markedly

hi gher intensities of the detector signal may be attained for small drum
radii when period PM of the neasuring graduation is 30 increased by 0.1%
(curve K2), by 0.20 (curve K3) or by 0.31 (curve K4) conpared to the

| inear case. As a function of strip thickness d, for each drumdi aneter Ri
there is ap4pequi vocal value by which period PM of neasuring graduation
15 nmust be corrected (increased) in order to obtain the greatest possible
35 intensity of the scanning signals. For instance, if, in Figures 3a and
3b, one CO{rpare the four curves Ki, K2, K3, K4 which represent different
correctionval é’oﬁ‘flob'é‘?‘iaa‘df“ﬁ\;edfceigo‘ﬂ%‘é%‘ﬁﬁi ng graduation 15, then in the
case of Figure 3a (corresponding to a strip thickness d = 300 gnm, given a
drum diameter of 5*104, a period PM of neasuring graduation 15 in the
area o 20. 02 pnmessuaig gradugtonuprovided los aimatefia mersere goirtg dFpendrie rBig-likst r i p

t hi ckness d = Zé r% for the corresponding drumdianeter, a period Pr, of
measuring gradu@®B% 15 of approxi mately 20.06 m supplies particularly
great intensities of the detector signal. 10 Naturally, instead of a
correction of period PMof neasuring graduation 15 conpared to the |inear
case, period PAasshnnipganitifogomically stanoing 21t mreasusihg gradeatomr wséigg ed. VWil e in
the case of a correction of,.period PM of neasuring graduation 15, the
correction is i%ﬁt%ﬂ% W‘aglﬁaition of a correction 15 value, in the case
of a q@rrection of period PA of the scanning grating, period PA nust be
reduced somewhat, corresponding to the subtraction of a correction val ue;
for, as foltowsa$saomngtplete hivonga pauedic scanfimg grastuatien whiwhiipdrrangedimmthemat t er s
for the adjustpnent o{l ht}geﬁyﬂ ni er eri‘fglld.and therefore gl so the 20

ef fective Ver ni ¥2TpRAth fthegfqctiomagpelicfadiption ised Ik3eganing flig measuring

graduation so that the radiation interacts both with the scanning graduation and

with the measuring graduation, and

15
- a detector of the scanning unit whose detector surface is used for detecting the
electromagnetic radiation after interaction with the scanning graduation and the
measuring graduation, and which is designed with a period Pp, for detecting
electromagnetic radiation in the form of a stripe pattern,
20 |

wherein
the period Py of the measuring graduation (15) and the period P4 of the scanning
graduation (25) are coordinated so that 1/(1/P4 - 1/Py) < Pp_ so that Py > 1/(1/P4 -

25  1/Pp), and so that the deviation of the period Py of the measuring graduation (15) from

the term 1/(1/P5 — 1/Pp) is between 0.1% and 1%.

2. The position-measuring device as recited in Claim 1,

21



i nverse values of PA and PM In concrete terns, it holds true that given a
phot odet ector coordinated with period PD of the Vernier stripe pattern, to
25 correct the effective Vernier period Peff for a ring-1like arrangenent of
the neasuring strip, either period PMof the neasuring graduation nust be
corrected so that PM > 1/(1/PA - 1/PD), or period PA of the scanning

graduation nust be corrected so that 30 PA < 1/ (1/PD + 1/PM . 20 C ai ns:

1. A positinn: . . e ~ . .
pr ovi ded ongeiine YhERer ARHE €31 5P M dcRiohd (5) 1o AR bR ABLRER
scanni ng usli detdcaor regibncwhbdse reiad (P 5)aotragpondauthe perigt oftthatt stripe pesterrgfor

el ectromagnetic radiation, 10 - a scannjng plate having a periodic scanning
graduat i onwbxﬂ’ﬁecﬂ‘?tcho%ﬂ}ea‘ﬁ&ééf’ri( isidesigtdam path of the el ectromagnetic

radi ati on used for scanning the neasuring graduation so that the radiation
interacts both with the scanning graduation and wth the neasuring

gr aduats on3. andTH&pesitiordmeaatring device heresitethini Clginuj t whose det ect or surface
is used for detegtinﬁg the . el ecttromaggetic ragi ation after i.nteri';\cti(%n W th
the scanni WHETGInAE dEEEIAT Egipns REe Tormed BY AGTECigr HEmERS ATt R o o

desi gned Wyt Rodehgiis 0d PD for detecting electromagnetic radiation in the
formof a stripe pattern, 20 wherein the period PMof the neasuring
graduation (15) and the period PA of the scanning - graduation (25) are
coordinated so that 1/(I/PA -1 /PM < PD, . so tha& PM > 1/(1/PA 25 1/ PD),
and so that t helBeResiosmeasuringdepise poeecipd BClgMR 2measuri ng graduation (15)

from 1td1e %vﬁéljan]in/ egéh ézfs)@‘féur]de{e%@r rég?or%e(b*’\,%a, 1%01, %Oaﬁﬂ'e Jcor%(’oined to form a

detector group, and the detector groups are arranged periodically one after the other with
a defined period (Pp).

5. The position-measuring device as recited in Claim 4,
15  wherein the individual detector regions (0°, 90°, 180°, 270°) of one detector group are
each assigned to one phase, and in-phase detector regions of different detector groups

are electrically interconnected.

6. The position-measuring device as recited in Claim 1,

20  wherein the detector (3) has a planar, essentially two-dimensional detector surface (31).

7. The position-measuring device as recited in Claim 1,
wherein the measuring graduation (15) and/or the scanning graduation (25) is/are
formed by an amplitude grating.
25
8. The position-measuring device as recited in Claim 1,

wherein the scanning graduation (25) is formed by a MAP grating.

9. The position-measuring device as recited in Claim 1,

30  wherein the scanning graduation (25) is formed by a phase grating.
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2. The position-neasuring device as recited in aim1l, 21 wherein the
detector surface (31) of the detector (3) is fornmed by a periodic
arrangenent of detector regions whose period (PD) corresponds to the
period of that stripe pattern for whose detection the detector (3) is
designed. 5 3. The position-neasuring device as recited in Caim?2, wherein
the detector regions are fornmed by detector elenents, particularly in the
formof photoel enents. 4. The position-nmeasuring device as recited in
Claim 2, 10 wherein in each case four detector regions (0, 90, 180, 270)
are conbi nEd t oThopaesitéon- nheasmitngrdegine)aq)rec'acdjint(tieirnﬂéi ector groups are

e e T el AR, 0 ©
i ndi vi dual elgﬁf&ﬁa{gﬂhlé RAQIAR1OR iA 91e f3fn o%%lhm%?e@hg;m one detector group are

each assign to one phase, and in-phase detec regi ons of different
detectd groups are electricall y i nt erconnect ed. 6. The position-neasuring
devi ce as eC|t g‘?ln Claim1, 20 wherein.t ete?tor (3) has a planar,

essenti al | RO AR UBE AeYiSF s trPie B 7. The
posi ti on- n@ﬁa@m 18 pli¥d P o trel el hiifly wd&a@nm) armﬁé plfbd PicofRasur i ng

graduation (15) an [or the scanning graduation (25) is/are formed by an
anpl i t ude graabinggradpstién (ZBherepm)srchnajcd mataauhc myersgty iof en astpoesignad in C aim

1, wherein the cannin uation | is formed by a MAP grating. 9.
The pomU%‘H‘F?é thﬁélegég’lr 1§ maxipi F d in Caim1, 30 wherein the

scannijng graduation (25) is fornmed by a phase grating. 22 10. The
position-neasuring device as recited in Caim1, wherein the nmeasuring
gr aduat i on17.15) Th¢ poduomratcesurmig deeis as e:c(tag iniGlasgdnned by el ectronagnetic

radiation ip the formof collinated |i |on asurlng
devi ce as Wgﬁlief”et&e impteEial mpagure (Jﬁ"(’-;‘i‘f:’naI Wéi lﬁé}r}gél&(q:t%fﬁgg ?l ng
graduat i onyeda}in@Retig A1fanked P Ak OTashids.

15 13. A position-measuring device, comprising

- a measuring graduation provided on a material measure going around in ring-like

fashion,

20 - a scanning unit for optically scanning the measuring graduation using

electromagnetic radiation,

- a scanning plate having a periodic scanning graduation which is arranged in the
beam path of the electromagnetic radiation used for scanning the measuring
25 graduation so that the radiation interacts both with the scanning graduation and

with the measuring graduation, and

- a detector of the scanning unit whose detector surface is used for detecting the

electromagnetic radiation after interaction with the scanning graduation and the
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scanni ng graduation (25) are coordinated so that the intensity of an out put
signal generated by the detector (3) is maxim zed. 10 12. The
position-neasuring device as recited in Caim1, wherein the materi al
measure (1) going around in ring-like fashion is fornmed by a neasuring
strip arranged in ring-like fashion. 15 13. A position-neasuring device,
conprising - a neasuring graduation provided on a material neasure going
around in ri ng‘x‘nbi‘s%rin&%ﬂ&u?ﬁ‘on,%ﬂd WhithSi§ 864k Wit 4 pérdd BPIdr Gelebingscanni ng
t he neasuring graduation using electronaghetic ragl ation, - a scanning

pl ate havi ng a ¢ectioukignesc eadmtiog iy thedoan oba stripe phttérs, arranged in the beam
path of the el ectronagnetic radiation used for scanning the neasuring 25
graduation so that the radiation interacts both with the scanning

graduat i onygidinp Wi th the measuring graduation, and - a detector of the
scanning unit whose detector surface is used for detecting the

el ectrdmagnetic radiation after interaction with the scanning graduation

dth 2 i duat.i on, d iLch is desi dwth a. iod PD
o ot P gens Bunf s e g RN o e St oo B BT OF o
wherein  SpbAeRalhOthrEMGHinaka soBRR Uy -97RGHa b Oshd(the de@itd:r diticperi od PA

of the scanning graduation (25) are coordinated so that 1/(I/PA - 1 /PM <
PD; and t h@lief thetdetecou(F)as formed by agferivtlie admhgameant of 8ytedter fegioms svhoye a

i odi t of detect ) i wh iod (PD ds t
pori ol e oGSO O SRLSELOL LGk O oSS RELL o8 LFD) COTfesponds (o
| designedsiedits) ReicsRARRIAAE 16 R4tk 8hlARh 28) sI6HR B AP EalRg! | NO-
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