;edent _nzZ[].J] NM6~AT" _ov7 Position-Masuring Device Background of the
I nvention The present invention is directed to a position-nmeasuring device

according to the preanble of Claim1l. 5 Such a position=neasu mm
for determining the relative position of two objects novabl e {m \\mm\m
each other along a measuring direction (angular position neasuring ﬁgylce
i ncludes a periodic neasurlng graduation configured on a 10 ring-|

material neasure (i.e. on a ring-like support), e:g. in the f I
measuring strip; a scannlng U4 1F 0N -MEA SR TING S@@H@Eng t he wﬂum"“mmmmw
graduation using el ectromagnetic radiation (particularly using lig

is generated in an illum nation device (light source) of the 15 scannlng

unit, the pRkRgralnAedsUtBeangvéhei&Eanni ng unit being novable 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 bea'ThléabEreQEn'th@nﬁéﬁ@ié@nﬁgr&ifé?ctf@cﬂitﬂiiaolpdé;iﬂz(iofx'l(imeaﬁu?ﬁﬁ@ni ng the
measuri ng %ra duati on, ao that this el ect Og§g§§f€C radi ation interacts both
with the s §HﬁFﬁga§Faﬁ 4B¥ ohC ahle vPT AT Yy *graduati on; and a

det ectsor of the scanning unit whose det ect or surface is used for detecti ng
the el ectr

% et|c rgdlatlon modi fi ﬁ? %gzscannln ﬁadua ion and

t he measur PHG ‘gPaB8&tFOR™" ﬁﬁﬂs?glﬁ%s St AL EFEM GG Bp HP8r TReRBEYEng an
intensity patshe&anf efrredobgsbf; éld:Ss nimslvib]aéi o lentivenegnebich badeat abongPeri od
PD is selected so thﬁ i gh Z Qfar arrq@ggnent of .30 t.he.neasuring
strip al onJe3S8EFRBgRETFFRECT p&? e FD Rt e QMW?ﬁsPﬁ&nﬁeP SHC8t the stripe
pattern (V&hﬁﬂ&depahtpéﬁlodbcCheaSutﬁﬁgﬁgﬂ&ﬂhdrﬁohheonﬁtguaeﬂlon af the
radlaylon usedlf r SCﬁnnlng t he mat ey al neasureh.mn t e scan P ng

gr add®t i onFORIT ¥ GnBA GRS nﬁeﬁf??Ft e fredduA Ad 8r&&u5t?8398ﬁ of her
hand. Th|31atthpefpamtefnacmeaeapbm@SSﬁrnpn Reaicanhdngednhy f£be conblnation

of two perlo i, C erations t he, i nteraction o g el ectromagnetic
radi ati on thﬁC?EE Sﬁﬁ?ﬁng rdﬁ%%???ﬁ?qn9¢ane tlg Lgé 8the i nteraction

of the eIeeﬂeonugmegnetmadradlamummttpaiuﬂanianhw mglggadmghtbnwbhchhésother

hand. Th | . af i.d Y’ i
dovi ce 15 Batagarad Eh B B fuplhltl ey doldl vl spiBeT, b O BRFT 008 500
Al an® EP 6czbaifgg3uBit, Thhus,mmmmanmml agds thebesaaningt noht

ggf;gig”'”ﬁéiﬂ§iHQvQSYécﬁeiQErggté%r@é@ﬁ“béﬂ&% 885 YRePRSLLLLINGT tWO

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

1



' 15 novable relative to each other along a measuring direction.lt includes

at | east one periodic neasuring graduation connected to one of the two
objects, as well as a scanning unit connected to the other object and

t herefore novable relative to the neasuring graduation along the measuring
di rgcti pn.oJ@aq%chl is&r@dlmrﬂga WHd s ildg)kiragQutson &h hleas&tmene KRNI 39
graduation_ as wel| as a detector systemin a detector e that is made
up of a pl TH&Fig*Hpe r%ﬁﬁtaﬁrbrﬁ%‘@??gpﬂwg &t é‘chF‘tel ‘éﬁ’é%?gn%if r%ﬁ‘ged one
after the @&mgéﬁ%rheqwrﬁe?gidﬁjrce@ﬁm.tiaﬁsl, f na@'ﬁ]lﬁn the _
posi tion-neasuring, device of the type indi.cated.at.the outset, a measuring
BT b usedt BSTHETER reErt i iReARas Soraduarion wethy fis, ghtring

ri In_g-gli ke ?MBO'ﬁorp_adirﬁifw ?EAnd,b%araprﬂmé ﬁ@tﬁhacﬂﬁ_aﬁ_llcbf nghstrip onda _
cylindrica ody in the formof a.rum_ the_position-measuring deyice
mmy ¢ hen. eLSRERPTAEnEkq Cradi e in Jidh Bhe BeeRREnbH T Tt uh &A G

| i near ar rotigeretdndf the nmeasuring strip (so that it extends in the manner
of a scale along a straight line?, when working with the ring-Iike
arrangenment of the neasuring strip, 35 particularly along a circul ar arc,
effects ocThs wédashrimparindigplentansiiiyhothehafoadsatdon received at the
dete% or of t e.scgnniqgfunit An etfe%} %@ mhea JaLvensa ring.like 2

arra é)emen?o%* TP WA W% ds‘?"‘rlicpe, Y5 PATSE 3F PRECELFTA Y FFARee
measuri ng shrEp BsGIci4gEd2)y tBP ttha2s 3o AnnendsBPfacesofo9iheIneasuri ng
strip is somewhat conpressed and. the outer surface of the nmeasuring strip
is somewhat elongated. The 5 extent of this conpression and el ongati on
depends upTimg heER Hi ok s DAL eseddes Ay opticpl poslitson-ofescourisy, all
the oreal efe, le AEUS S VTR AHERSEA NG: A AU QR PrOVI ded
on the outef’ sUTface O d MEHS ing strip arranged rn ring-Ti AR NS ion,

t hi s1&f f ectovaels rtelaani vnltar gamEmtotdlfert kdohg semsasnipg) rdidiettiom .pditi od;
since the pUlAlSUIdack Ol e TRATUANI SLELR: by GLOA0AL S, (Sammated to
its |inear arrangenent’). nver sely, When _scanfi g a nmeasuring strip
arranged ite aone mf Itthe Hape ohisiats a ascaedilngsuai scamaing suitt uated at a

defined di UL L dd Afe YrHdle R SULl B8 re Pord N PRARIING SV P

provi ded wt measuring graduation, a projection effect occurs which -
vi ewed frore tthe swgdseing areduntaom @doplatiecneaesring dragen b&hgeen

the bodl Vi duin Y KIS 1l AgHiUIRurkegr B8URLLER GRE Idariidde Measull ng
graduation to_seeni ngly becone iI'ncreasingly smaller toward the outer edges
of the scawadiptpiene.asTielli asait dey@CabresYsteRelpraj WGP oPLEme cur ved

outer ring. iy fAceHfe td}ﬁ-of‘r%agﬂrdfamw b, rRAOYE H64- Mitdk dR RATHRY
graduation, onto the planar, 25 two-difrensi onal surface of the scanning

pl at e prowkRERGS IR MG E§ead GRei ehheThént Wee IABYEIY ef fects are
contrary; Jovwemeionthe projection effect depends exclusively on the
curvature of the 30 measuring strip, while the elongation effect at the
outef>surface of the measuring strip depends both on its curvature and on

its thickngss.gikain GO AtioemealshirghgBasiiee NGE Sthié pSydavini catleld ekness
of, for exanple, 300 Vim it has turneg out: that the two co rt?%y ef fects
of fset eacdiNotREISHverd F93FUFE S5 St&HFe USEIVEF| BRI AR VARY t he extent

that the iglatiddnd dradddtinsiiley hrkahibeanigenehql etkatfadtion,
radiat on-Sens] Ve SRS 8l et SeLSL BT BLLS, o a0t et
for a 3 Par Yy Dy applying g P Y
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 in the manner of a scale along a straight line), when
working with the ring-1like arrangement of the measuring strip,
35 particularly 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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' subsequent eval uation. For - very thin neasuring strips having a thickness of
mar kedly | ess than 300 Vim particularly Iess than 100 um however, the

el ongation effect at the outer surface of the nmeasuring strip is onIy SO
smal | that it is no longer able 5 to sufficiently conpensate for the

proj ecti onagihegementt hé CheemeaswrImgmﬁmmmpma&umeyseB@éanbe ohrvakupeor

contrast ofet Deoi ALEDSEYNgP hsd ) MRk udenget et debyed be

det ector. can -becone so S ?E{—%t are |a%Pe eval uatl on g et erm ni ng
posi tion i gfn@hepmsssbrengletrnptm $ e Wi th EomBres sgd gdt hBet @pher

measuri Ngghtkhfe! oePERY! fEflhbihg HOLLGOM UbrdArArTRASHELEGAS! The Of

finite thickness, the Iintention In each case to also include the limt
case Bhat EKEenhi @knbbisofonpresRbemrand. ekqngrtinna psPeRERYPoRI BRE Thi s

limt case n [ t agH+-88 gsadughion i s
applied di Fggte §§§% tg?le{:ﬁgy ?%gd??{ﬁ?%%ﬂaam alﬁ{r? tl% ?grEn of 5 a dr ﬁgjéﬁt\hl ch

i s otherw g&easey, féheaQEGRﬁQEa}tﬁgth1ﬁﬁﬁﬁ§ﬁﬂuﬁcﬁgasﬂﬁﬁsur¥ﬁ§ grafgation

_effect desﬁ&FbﬁgeébBMetBQEBuE’éﬁyéuPPaéé)|&E d MR 128 sespensatingeQf id he
projectioneffect takes place bj ect of the presSent invention is to

create a p&sirgrdakAefaahing, debieeebiedthelaadme timancsnédraemene ofit tle

whi cho gi Vﬁx@a@uﬂﬁ?'—ﬁrgéﬁhgﬂonpﬁéf‘léé tdieh LOMHHNR@R 8lirBAcESofNANE ar
material measure Wi th a scanni ng plat'e having a pl anar, _t wo- di nensi onal

surface, aRM@aBHViRg BRTABSHE alewdaerdclermratad &0 wbSdl#BR&Fonal

radi ation- ggggh%émgngprface Accordingly, the period of scanning graduation
PA on one hand 30 and the period of neasuring graduation PMon the other
hand are coordinated in such a way with one another that 1/(1/PA - 1/PM

Pp. This neafgsetBatybywhBf L8ARKAES | &M sidihd |S&&hpwbkbah§§dpﬁﬁ|9drﬁn
scanni ng graduation’,on one hand and {he periodi g neasHalng gra on on

the 3ther ERARS: gRT&RIa2| PRREBFING WRiGdddters & tURESHafEr Rafe % re’in

the form ofjiatERASULhNErShEi Bf EhStshte RAlFRIJE WEUkHebRegonLL BY eglt hoSe
period (given by the expression 1/( 1/PA -1/ g%? woul d, be snaIIEE than ‘
period 4 PpBvefed ?%FPthﬁaT?%ﬁYF$Qﬁ nPn§TPRgetion efrec

. radi at.i on- seesicki walaurtae@eaédtﬂm@aimtsurﬂas:edw ghedseafnpnovpliete -
PartlcularI¥ for ve urin str ﬁ@ Etent j.on is thereby to
8 a8

S
ommbnan: o chyRSE e Ll Fhan TR ARty  FREEERIE ) peri od
occurwoi ng dpartictiberapoyeadust Lo aﬁhzﬂfs)j e:cﬂ ithe ektheatrinbegraduktihonwidh a

of "The st PRETDAGLE RYCOTD TSRS ARSI SSIerS SOR BVEG A% ng to
t he presenbf the scanning plate. This is attrlbutable to the projection
of the curved outer ring surface of the measuring strip,
provided with the measuring graduation, onto the planax,
25 two-dimensional sufface of the scanning plate provided with

- the scanning graduation.

The two aforesaid effects are contrary; however, the
projection effect depends exclusively on the curvature of the
30 measuring strip, while the elongation effect at the outer
surface of the'measurihg 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

3




"invention in that, on one hand, the period of. the material neasure,
particularly in the formof a nmeasuring strip, is increased, so that PM >
1/ (1/PA - 1/Po); or in that the period of the scanning plate is
correspondi ngly reduced, so that PA< 15 1/ (1/PD + ~/PM . In this
context, itsubseamentedvhnabtPbh> FAr(iagluthig héesutifid stai@sPAavihy a
expl ai ned &S'Q . The reveiﬁs?3 case is i”i kew se 1_ﬁ)ossi bl e, .bu Ofl Iessgr
practi cal S8, ofhBrERALYI h§SExpPaRat P Bt ¢ RREHHHG 1 ¥e L6RGoOPABNL
of the 20 ped tmgnhek@seti, nghdevileagactondeffed® dthechy eamrlr sQYEALROBE
also in quantitative,regard,- are iE each i nfiatr}gag also validq in the hi m t
case PA ~ PW® FREFLEIPE, SEREP; AfeRPLENnSRafi™ F ot i5hE0 SPREEE ABLethi s
limt mﬁse ddlfs\Mfifdhi[égtHQchE}peEshge Sbri pRe potd Pt Iaon éhlfffcéeu:e&hﬁdhe
approaches infinity, 25 Usin e desjgn_approach according.to e_present
P Dentton. 9958 S5 8EEPREccHE AL e, BNBIREL Sk the (HRA SO RrhngF EhS
radi ati on- §enwnsive putteaca) aheasdgnpbnampl dfuddadsoarvadpyunhe novabl e

relative tao, the neasuri strip_when ing. with, a ring-lLike

ar r angenent3 S5 e §80 E%ﬁoglfer EB SBﬁ?W%ﬁ?ng a %?%%%ea eé’iaaglﬁltéfpnaf&r as
when wor ki rigteiriiindnhi peadtapnatgenent poésibke neasuring strip. It is
therehy possible to produce the detector inexpensively in correspondingly
gr eat guantity. 35 In this context, the |imt case in which the period of
t he scanni ng gheddfallowihgndehtawasdniyhehpetend 'tiedherimgastripg”s
graduation _is _also expr.essly to_be.ipclude . I hat, t.he I, f the
Verriier stprrioﬁ)’é‘dﬁgt férﬁsggﬁérgFgaeei c’t%emg‘—fisnl(i?’z@ilrrg aéste’%l% eolr%gsflgg\?\grd
infinity (cdripknesER? @hé54n8ag8tBoh. i5 Theeach ecdsr tic gisef énablifleathe
so-cal | ed structur ctor i hed 59?' b EP 1 028 309
Al), V\hose%‘rlé“d'?:at%f%%- ggl%gl %lﬂ\?egggrcggéggi ggf%rrl%rgﬁdeagy e ggcsttgrgpr egi ons,

part ildul ar lapproachesf @aempef Thadi Yiddal caee ectwrespamntts @pkétovstéarnis),
arranged peri.odi call e her; i . : t _ca peri od
D of 't he diay e heaRtrRabahrhlfaPion s dbdficdmliEnay oh2Ehe P

| ar ger t hanlcaylldnsiriicpd) phttyr fiipethedfbrhioPre -duyrbM) whidickhisi athexpbase to
the nodifi i c I Lhe e i 1,00 ofphe 1 BEL f the
measuri ng 31%% ugﬁ?o(égg%gﬂgggg%hphgﬂécgﬁﬁ%%%{%fg%degbmulE be 1éhgg%§rat ed by
the el ect r efdgest descadbati shovastheroplaye rRearmisvg,thafst 80 interaction
both 4 th dap26208160 BE3LhBOpABYeut on ! DpcdmasNA aaduation (in the
case of a pl ar?ar arr angenent OF the nmeasuring strip). I n other words,
period PD of the detector regions or detector elenents of the detector 20

I's sel ecteqpgog ?_@Et b@r tRe"BREBENPII ALEAPLSRVI G A Rl ke period of the
measuring graduafion and for a scanning plate having a specific period of

t he scanni R9sgtiguatearuringi dewdasuPf ngRet¥YRe baiHEasesy PlelProPuE BRt

l'i near arr%&%ﬂen?i%ﬁng_ aigpliai @bkikhNepermidd QhPRAMiaasiexast! ynwith
the 25 period of fhe str.lge pattern that is generated by interaction of the
radi &5 on, aps¥daropatrEiséannrAgrewt kb t hes NGO PIGEEIRaVIBE and t he

nmeasuring gnaduati efo-AemendiBHal Ostiffads sy HaWMeTRY ia@nasbevexeed for

scanning a neasuring strip, arranged,in ring-like fashiqn, al ong g ci rcul ar
arc. for detector with a two-diménsional radiation-sensitive sUrface.

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

30 and the period of measuring graduation Py, on the other hand are
coordinated in such a way with one another that 1/(1/P, - 1/By)
< P,. 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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' 30 angul ar measurement, the period of the neasuring graduation and/or the
period of the scanning graduation is/are nodified so that, given |linear
arrangenent of the indicated nmeasuring strip (provided for a ring-1like
arrangenent), the period of the detector elenments would be |larger than that
of the strppeoBi pdtigse gatrded ot otRige iskahAtngaskeof a |inear

arrangenent _qf the nmeasutjng strip and modi ficatiaqn according tq the

present ingga%F%ﬁOst?ﬂalbégFoﬁuB a??m?%éghﬁn %ﬁf%;%ﬁjdgtlSﬁlgnegaﬁﬂgor of

t he scanni pgoplideé&. Partbealaayy foriveppstiil endasurdmgelsy répspetkat e for
[ ase of a curve ment. asuring

the projection effect ip the c arrange f_the
Strip. 5 THOESREEE: BPnEPEBePY e pr CRlRT TR tor P e HBSkFRICSE L e
posi t ison- nedsthengesaystrenghaviriy penbad weagrsing pluar tangdd in ring-1ike
fashi on and, an_all qcated.det ector. havi l,anar - di si onal ,

radi ati on- ggﬁgFt—H}glgﬁ%gc@Fo?‘F\Cétb%?i%ﬁé}%‘%t ensé‘jé)nrtr]f:%rgllg ggggugti on and/ or
t he peri odrdahgt hékeeasnanggmdit gfwialah i bemds degedrlad tico aa enlargement
posi tion-neasyring devi.ce.having,_ a, measuring.strip arranged in a straight
| i ne and aﬁ%i géﬁtggﬁf‘oae?gc%? gtﬂs?%r%a% di )i ‘ed so that the signal
anplitude of the scanning signals is perceptibly greater than if the

measyring StiLPcol 8ol LAsan: ROSLLLLY- IBRSUIIAG devige vere diaed diLget |y 15
f or rmng an angulrar  poSition neasuring system w Sut Cnodi f T CatT on of
t he peri odioehhéoscannthgt granluate dmmd, tte peased of ghedwateohallin this

context, t |.near kL] o0 ri fill Lar coppari son
should in gg%%hggéepgg§%%%$$agfggyi%ﬂgdé%ﬁggﬁ%$lFﬁgﬁsqa% eﬁEP?ﬁéagyzo
arr angenentingteabhedpeasuthay Bi i 3/dlldRy a BfPai gbt Ehnthat hehetpeépiod

pattern apBﬁaEh89s8§n§Eﬁg&§9£@éi9£-ééf¥5§ dfd ng%%EQEhbesQe£ﬁ§£0§ has
preci sely the périod for 0S€é scanni ng the corréspondi ng detector T.

desi ged and (pYByitded Budr Ant fhhsngonbskbun t nieredsunest thigg Py > P,

el ectromag i iation .1 h adi atiqn- i g i r f )

case of a RiPEEuRRbrthaM oRit MadS BOC By SLRENR AT B8 rLDkDE
t he case is likewise possible, but of lesser practical relevance.

The following explanations concerning the embodiment of 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, - Py. 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 arrangementAof 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

5



" 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
t hi cknesses and radii of a measuring strip used for angul ar nmeasurenent,
the nodification of the period of the scanning graduation and/or the

neasuring gfa&l&@&i&m 1€ SR ek r¥s IV TP WeD A3 Luded!, lseashad. Oh&6 and not
nore than 2% i(g 3§ glizlirticul.,ar, it is between 0.1% and ,1%
r

, %, 7 In,.this
context, tBehHE® & otF L G & RS PASHE e IFEEEAESA #énnBPenQb%§§5rily
the peri odcgée} hee @9 NBSwA XA i e irange NRmpiret P iondiswi dgal Bdgt ect or
regions or detector elenents. Rather, the electrical interconnection of the
5 individual detector regions or detector elenents nust also be taken into
accoupt. ThHe, détedt®r CHS prEfarailw el Woedaldedcseructured detattyrplayi ded

that four detector. el gnents are arrange a._len which corresponds to

the peri od98FcTHReds rfpe FRATRIS Fébgﬁng%%ﬁ Pﬁg %égra h8ﬁgsensitive

surface 10rafiiibroties@ns Dfiveanir fipiedisorfalmedehly keitegtall peglensio one

phase, particul ar o pne_.of the phases,.0%. 9Q%, 180% 2700 [sjic; 0, 90,

| 80, 270] Paml?‘ﬁi%r\tt’én%réxtt},‘e att%“hr";kai’trﬁfilé’fl g‘uﬁiéa%gfcg%gu Qﬁgégt?ors each

are then arpasgeslenentsd) eratdimngedgrerifodimaily iondi afdeal tHet echer; gioups,

in each ca those 15 detector .regions_or,detector elenments .are

i nt eﬁﬁonneﬁﬁﬁdpﬁﬁ%lﬁt a?%s%'ssﬁ’eg‘ﬁe%gt% PEeEEsn%rﬁﬁag%me%eg%etrl’?eoéieo%ecstl?gh a

struct ur edrédgiens osr | Setidretor releanteass defrgesd tiwant thewstrhpetpaneern

detector grou h | nel udes plurality of detectqr reaqi . Leularly

four det ecPSFP?égf%ﬁjs?g’*ZG 3\%52) u"%li”hc}'a %étxéecﬁpoorn ea\c/?:lonéﬁ% 8‘\%&?}5?%%!§§§nal ,

pl anar; radcabrdimgensithe eprapdracafvantsicannifngheheergaduptnghgr aduat i on

on a materjal neasure i ng. arou in rd ng-li i he r

ext ends at m?\aﬁ‘é¥|llﬁ%ogfér]§‘6al%3q{ di's /acgnxgéjfzg r c?%%{’%lg%?a?}g?itgl’-yrgggﬁrcégsurface

provided wgéhetheeddag urha e lpcatimtdgstio mdiatgont i aisedi Eecttha (i.e.

parallel tg en t . Reni phery: of ks g r ged -

"0 Fing- 11 RERPAERTC s g R A HARIE AR, B RRBMNRE, KAt Bl BREY'

t he individiigh de¢ eceasurioy gadratdenldtiscttde daseeofs aapéasaruat ed one

after the i i I o Yo) t t h i g
QL-ngho2hono B¢ %ﬂg%é%lﬁqég-ét?ﬁg)t. g e

measure running-around in a ring sha wo di sturbance effects
i ndi cat ed af the detsetor meemiqns tdr ddtenfar ¢depentieocfutbe dekeaker of a

measypi ng $ErLpy §9é1ad§9 eqﬂ'hé@, tﬁrr ’%gﬁédﬂ@ sPAPURLLIAgOR SpEcieNd, and

the projection effect on the ot do not conpletel y of fset_each other
even gi venpehéodopf et oreaoindl gy adnatien pase dori AvERBRBANSf P Hee

scanni ng 8having 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 arc, 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 1érger 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

6



" graduation and/or the period of the nmeasuring graduation. Rather, the

el ongation effect predom nates in the (observed in the tangenti al
direction) mddle region of the radiation-sensitive surface of the
detector, since the 5 projection does not play so great a role here. That

is to say, anf/bbech dHbesEgsh Oflg Op1ade. ragli @i Prefensit iive ppakhnte €6 the
detector, the period of the neasuring strip arran%ed in a r|n shap e (thus

t he di stanéérESFWe'éﬁmPﬁ’és?ﬁ%hf/‘i”élu%\ll‘e r&’?ckl?@"s‘-?ﬂ t’1r’or‘|"hﬁa §eoP t fe
neasuring guadeat hePAn§eREEL t Of bend Und s @eing iy iy ovi ded (because of the
el ongation effect), while at the edge regions of the detector - observed in
the tangential direction - because of the predom nance of the projection

effect;, thenperi adcotding tBasKE | P G8RE UiV ENL 588 MwHen twmrm swtheg The
period of the sc¢anni ngﬁgr aduation 15 on, one hand and t he erl o s\éhln

measuring §PEAGAPRONEBAUF HBI oF YR eRIRV RS 2 c,“?:ﬁ?rsd%rr?é’tge@tl tPs @ER2J9

accordi ng &'anthlQéeﬁﬁghlbﬂVQﬂcﬂlé)ﬁl d1Bdcdthed Siéﬁétﬁ:diﬁtﬂaﬁhlmggangﬂ.ahgﬁ on the
radi ati on- sen5|t,|ve surface devi ates as Ijttle as possi bl e fromB %70d PD

of that st tMPedpREREIRANRGr FROLREHR LRI ¥ S 12kt -atin PEEAS

surface of theesdahaehgr grédﬁiﬁﬁi@rﬂeﬂ'xcﬂw ti ol ped YodMdh thes peakuk@nghe
periodi ¢ arrangenent of detect r |ons oy detectaor, el n_the case
bF " a3t uc EuRBUaREPBCT (TSRS £0 oF R EhEA QI ARE it SRVACENPAYADE R on
mre]ly al so baleufee@lm(g t;belpaaerm@éethe mig‘tg: diriack atido Sdpnaﬁbded on
the inner surface (inper_rin u e asur.,l trip.. ln th.s_case,
in additi oﬁe £§°ERE prbféﬁf?o‘ﬂo%‘# (g 3% %b@éeslsd'r? é‘E&PH&&PQﬁg# ntBfe
sane di reCtslceﬁnQﬁgeslgﬁabeais opefds@ptmw g'iﬂeé(tlélg tﬂwﬁarfethwhmebsﬁeang t he
period of the rrea?ur gg %ra uatlé)n woul d _have gﬁehe er‘lﬂee}rg d gr t he ?fl‘l od
of the scafifitig GFaBuifPoR® P ﬁ%’?/em?%s%%lr?% ced *h&SESnPahssl

35 Batsh thewcabﬁmmgggaadaﬂgumapmbi&teommgun‘nguggrsamm edithavtbe fornmed
by so-called ude S teract w th el ect etj.c

radi ati on (“8 F‘é?fly f‘ﬁ‘?) erlo C%P e scganmtnr?a ger%dg%ggrggl Eﬁg o t he
period of mleasneskpgcgraéugtaomng Inattpeslwlmmqtrémellmfeab‘rl ghter and
darker |ight LQns | I S MRS L e S
oper at ed i B Fﬁgggg:@g ugfﬂ f%gt?l on&t-frjia eg:i) %‘#e%ﬁ} n ea fgggg r%%érsgllérilgs 5
(gr aduat i oinnerks) caéegbeazt:emfemdrdz@ssrersu@t I@cwawn:tgﬁt\m mVﬁegémean t he

oo naasthhobAdhEt LEncAL A IRRD JOid A ARANIAGAAGRCPIONE IO N L he
correspond| ng grga n-con ras“t1 en u e so-cal

transm tt edthiight pﬁ'ethnd apmmglmst}(@rmimﬁmmﬁla'ﬁr gngéece of

peri odi cal Ly 0 t t r Vi t

el ectrorragkétl ggrég}:g%lfo?%s ?Pg%%]@{%?dﬁ%? rbeCi s%alfﬁ}%gge s%)égégfl?l gﬁe t he
scanni ng graguasponding @egectekels r@esmnﬁd Rshmnided §praasbaiained MAP
grating ( & 18%2BR! ehef rom

L Gur os. oamARgraRPEpt IS PPISE e IR e W R e eR ho:

gr ad@ét i onradyabien-Bensbe ke syriagmask gitg igape 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%.



" 20 Wthin the scope of the present invention, collimted (parallelized)

el ectromagnetic radiation in the formof light is preferably used for
scanning the material measure. 25 Qther features and advantages of the
present invention are clarified in the follow ng description of an

exenpl ary erbediBeAbnkekH, r@é%@rm@délesww fiy WIRS pdridahicghthi gure | a
shows a SCHGI’TB.'[ i C re resent ation O a sect i on,%{j % 3 nmeasur i ngast I’I

arranged i ASERECSRapE BPE WEFIRSARE g% B FEORG Bﬁatlon as
wel | as ana@lrlaﬁg"éfnéﬁtSﬁﬁnﬂh@glrmﬁiﬁdmld‘@:eﬁsw lﬁwlcbrfsc@&naagegtaduatlon

and, a dete tor; hows, t he r ation-sensitive surface of a
struct ured® SP@EFﬁr gég5¢§Ca§Hﬁrﬁf?ﬁﬁ?leéﬂxﬁ4£Qﬁf9ﬂ9 St 9 % % Fi gure
2 shows a gnaphiduatpiesedtat i v¥gidngd her idddamimee s:fentéaﬁ:sehmgahuga Béf ect
fhe radi at FOREBLABFS| JECRERF acHiet. 1o iR s St isvoetizgda o "
posi ti ﬁn mgasa&tag, devi e weel Iy Neréei deduites Imanﬁnmddédnwagsem@ﬁtg
ri ng-shaped arran t o asuri stri ures 3a and,3h show
consequenc@$©o PrF%EQ% oﬂ@afli%Péfh léﬁ% %%ﬁ?ﬂﬁi ©& tP6n PEF -8 togn t he
nor mal i zedthkegeakipeppat teters :@éceaurmidn aihe“r&&wraui@rdes\emetavéosdfﬂgcéo
Fi gures 1la an | b.as a_functi t he radi us qof .t he measuri strip,
arraﬁged iﬁ ghﬁ ??ﬁacgﬂﬁp eaQ% rkﬁ é;%ﬂﬁﬁglﬂﬁﬁﬂﬁéfgg Sggéht n&%%uring
strip. Figphaska phﬁMcsmmtu@ad»rtey &f posd phasaeasyr |9rmg deeoee £ao0s 20
o Fanged. TRLFReTehath of e RaOal ongratHE drRhentc.® BAFHEAASYG OF
fscanm ?g uglrbupgl 6h delL(ii: Lmiesec&dmr&udtg fhatttheh ?ﬁd‘a&hg(iat eaexboéf8erntlﬁé1€
ormof a t odetect or ri strip 1 and scannin
novabl e rePARFYe EESRAEHe ot L ey Betedthn SrensE AG SaFRpCISFLtEest wed
to the out detpetopheeyiots aoxirdeneaia aebllaneatu.wtam mxle&cBnnaadedcmmmg
unit 2, 3 is situated,i st ati onar,y. _nan nt of outer surface 11
o Hags-

(outer ringrSurPEcEyed %ﬁn?%ﬂfsﬁ Hﬁﬁﬁﬁ s@F CloL: fron1|t in

radi al directuonuRkd 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,vthe 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
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" Measuring strip 1 of thickness d, 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 formof a |line graduation, as
wel | as an inner surface 12 (inner ring surface). Due to the annul ar

arrangenenérgéugéféhb&ﬁﬁﬂ@@5$ﬁérﬁkfﬁddlbthHé*%é%§ﬁ¥id§ @Qa@&atléﬁrface 11
|1 S elongate - negre to a |inear arrang enent of nEasurlnqoStrl 1 along

a strai ght Rmzh@r‘ ¢ | @Llengrlrion mf kany é%?@df’z‘%r@t@&“rﬁf‘e§§€d BseEradstn of

the el ongathant ohgont £41 rafrgeéwéracenﬂahw PRAYN IJF el i p 1 arranged in
the shape of a ring; period PM of periodic measuring graduation 15 of

measur i ng §§¢F§t£°ntﬁ%%s%¢ﬁ¥?h%H?ﬁﬂﬁ?tﬁﬁ\ﬁﬂﬁ1QQﬁ%§&€ﬁh §i8G8ath8n marks of

nmeasugi Ng graguat ion dded MR b RSy a&d igle adudflieOheres TREBWIAL tbagger 10
than for a linear, flat arrangenent of the nmeasuring strip along a stralght

line ("eIohﬁa?h%nmb¢¢%%tr9919$sﬁﬁuﬁh9mfﬁﬂ%ﬁ9§QPWﬂen§é§ﬁﬂﬁn§uEﬁPFe2° 3the

al | ocated ger&8BESH! | fige S;Béi-:{bci 45 t8id tﬁtta%m@lgf s ot r3afgeat lﬁpariruf@ om
15 outer ring surface 11 of. measurin pr.ovi ded th a

nd 1 )
peri odic sEBﬂH?nétB?%dﬁ@ﬁ|%ﬁ§%ﬁFQﬁ1h££¥%ﬁﬂﬁﬁgﬁel?91Vé@Pﬁé EQFEFnQFn@rsurface

11. Surfacgradudt iss afdy ke cpi air% Znéamiﬂgagogr%ﬁuralta@nsursteéﬁe &é Bé
nmeasuri ng str

1,. as well anni ng gr.ad n 25 forne e
ext efd paréﬁF%grtBh%nZ®F? t e%ﬂ“ﬁﬁu%ﬁiéﬁ §Gﬁ?§&8n1f Hgasﬁ?fh%
strip 1. VaeweHef&age MEaiond o SiHHe det ettdat ecwse?rvea sa- eaél ed
structured hotodet havi ng .a radi ati_on- sen5|t|ve surfac S%eis

si tuat ed bk Pﬂﬁn’éi:% ‘51’1’@8%"3&% » Peqassiqhy the Brgdomgnasse; p

radi ation- §26ﬁé&ti/@n5élff@@te &lhd RGO hr Rledsaliing etadahectar
el enents in the forn1of % ot gglenen s situated one after the othgr and

havi ng a wWeBERSptO | REGA Sourl e P& Qfe §CABPMTENEr BRI

glrf)uns theoﬁouﬁedle&mtmd ai}&;rqr&zsmﬁ dmetmmsam@gogaaaaablbm@@ the

all ocated to, one of .30 t r 0, 180 and 270. Period PD of

Phi o b onah hged Rrd Mo B S sl poad BBCPEUIPE! BOL RS W drh b

of a 5|nglprdeéﬁettmvéﬁﬁimﬁnthﬁttﬂhe|ﬁtrmpd3pa&@grhsgeneraﬁed 35 theso shown

schenaticalléi%g. lge%lb are eléggl %%n%%tlon§ %O ?Q%ind|V|dua
: photoeleneﬁ? IR} ?oﬁrﬁ?ﬁuﬁ sen5|t|ve surface é f Bﬁo etector 3,
12 from period P, of that strlpe 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




phot oel enents of different detector groups and allocated to the same phase
O or 90 or 180 or 270 being interconnected so that their output signals my
be jointly supplied for evaluation to an evaluation unit. 5 Figure | b shows
three detector groups fromradiation-sensitive surface 31 of photodetector

3. each madg,up. olcdoiidPlectale geedBRl or( Rha! P6LEERRLSE glatiigyphase 0 or

90 or 180 or 270, IS onug a Section of radiation-sensitive surface 31
10 of photperiediorseuspiciPh Briidhitey Rad ferkes LogPteErgiont tRtector

groups si t%‘@ﬁ@f‘aﬁ)@&j Ofk Gald YpodHiQ id-fealhe i85haevand e8CBpaRscedPiwfthour
phot oel enents. The_above-descri bed scanning unit 2, 3 of the, 15
posi t i on- neaseR} Irf de’h ke iaTy methadesithesn tRe§86R AgS8eURERISFown in

Fi gurgs | a(gpgahdeisn Usskd)oloft RercaiRlrCandsgaBBRgref18BAS ULt PO DElRdUAL | ON
15 on outer rlgg surface 11 of neasuring strip 1 Zﬁnagﬂ d in_a_ring shape
_ LGhR

al ong a ci Fearsd -t thaphartmpagnetifaragdat 160t Uged ofRr 1MN%f
nMeasuring ghtihRihg 2k RSN G Wil R HEeasreRgoaradgagiranidag. s irradiated
in known manner with collinmated electronaggﬁflc radlatloT,L in the form of
|ight thatcaRET¥ehervhed WAng dha AA-€3lLegnitransBh caRft %beh‘f‘e@b?fi'ce) and
col i mat ede QY RaSkidASP! Gy QNIRRT la8kE)aarkaawed beriedaspley éem EP 1
081 457 A2. Light L used for 25 scannin neasuningﬁgrad ation 15 on outer

ri ngl8urfagbtel Bhe RN i hf 8y il FRaREaESty bt A% FA®scanni ng

graduat i ong28cefothigdtid ansdiddidig (QGaiti)naspbdater2rhehselnnsngi tuated in
known manner in the beampath of light L, as well as with neasuring
graduation 15 on outer ring surface 11 of neasuring 30 strip 1, at which

i ght L isthehbgct tsh, Lilghtsdhaaimd gradistiied bayhabposecakai tige gfachuatr on

25 and by neasuri graduation 15,. form on r.adi gti,on-.sensitjve surface 31
of photodeP@EFb?uggﬁ.% A EP VS iﬁéﬁ §FPF6§gpgpf§?ﬁ §§phé€?§% éb?%ﬁiod
that 1i5s defiraetndy peresbA fir soanpileg @radudtibared52andn@eb ooff AP af
measuring graduation 15. 13 The phot oel enments arranged on

radi ati on- SBhst?7 VB2 surface 31 of phot odet ector 3 generate an el ectrical
signal, corresponding to this stripe pattern, which is supplied to an

eval uati on it that,. by evaluating the el ectrical o t j f
photodetecﬁgpe§?a5§%%&¥%ﬂ¢hﬁtﬁﬁ?%ﬁéﬁgﬂgrb u%%%g at 1 eg%géeﬁgn?é%ﬁﬁﬁé?r1a
measuring phasp dgranthgcanning unit 2, 3. In light of Fig. la, it becones

cIeaEOthat, viewed from

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 la;
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10 scanning plate 2, period PMof neasuring graduation 15 in the region
opposite the mddl e region of scanning plate 2 is seemingly larger than in
the regi ons opposite the outer ends of scanning plate 2. This is
attributable to the fact that, because of the curvature 1/ R of measuring

strip 1 arpagged bn dRoldea Shedhid @egridientaintd HeeFusteofinEhaehangent i al
arrangenent of scanning

pl ate 2 and phot odetector 3 with respect to

measuring strip 1, tﬁ’éel%lc%‘?ﬁf%trﬁ%p"e‘%féﬁ 3% é&"ﬁ \Pé'f‘C‘ﬂ@rcit&&’nP&?geSF on
nmeasuring strip 1 opgratpeeicd SR adtHipes Pritddres Yenkeaetedloafl tHet ector 3
is based on a projectign of neasurjng 20 graduation 15 onto scannjng plate
2 along a direction ﬁ%&b%ﬁﬂ?%tﬁ%ﬂs%?ﬁk%a age of &g ﬁﬁﬁ@ﬁthangﬁ pl ate
2fextgnd3. Thefprﬁjeﬁéiﬁ@ @fﬁééitibﬁuméikuiﬂd%fﬂdvaadsah@o&d&ﬁgntaghdecrease
of period PMof the nmeasuring gragdugtion in t regi,ons opposite the
tangenti al edge regi Bhguﬁ?ss:g%rﬁﬁ‘ﬂgﬁ??epﬂaﬁs@ ?efcﬁ‘n%ahr@ds?’@%?ae regi on of
measuri ng graduati onatbafgensht eof hehdrinmkH e eanriipng pl ate 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 arranggguirBst B8 shapsbof shéw Ngbndeanrdaasif tthel lkdopgateohi effeétect,
however, the el ongation effect i% ot a funﬁgiong%f %%pati%ﬁ. In the
folIdRing, the results of the WVYE iRFPIGTEI SFEST 55 RE proj ecti on
effect are described quantitatnomhalized eiepulzl apdditerdedebdi b by
clarifying the consequences of_these two effectsdpn.the Stri ngagéern
eor 3,

generated on radi at i on- sensi t i RS 47O diFHES " §W“ﬁﬁb?§&8{§g t he
[stripe pattern] when scanni ngriguess rd rpcstIh @saEr Snget ion bEnehe fashi on

along a straight |line being conpared to the strinpe tter.n of uging
strip arranged in ring-like fag%ﬁaﬁf It_%aqﬁﬁﬁg%}n%gg%gP'h-ﬁggggggﬁg%n
syst am havi ng a neasuri ng stri#® ain@angepd,n fdmattwcastiifderantng a strai ght

| i ne, whose periodic neasuringhﬁgé§§g§4é§1o E%Hgaré %ugwhﬁagqrggving a
p a d

scanning plate, assigned to thé neasuring stri nd extending parallel 10

t heret o, whose scanning graduati on has period PA (anplitude period), the
follow ng applies for the period of the stripe pattern which corresponds to
the intensity pattern described above and which is generated by interaction
of the |igHRtiguusetlaf showsasehens tieakisasumar) tsion -peaguringhdeséaanfay

raduati on o] %N%gg i rﬁ%ﬂﬁﬂg4 I t 1,@N ;1 be ot her
%and%%Pv :aﬁ%u?%fPﬂg?Q?? 0 ‘&ﬂﬁipﬁ eS|dﬁggéglggpﬁhggsgggéFFed Ver ni er
peri od (cotparknEPs1d028r3aPAIIn tm@rﬁgnme afud irdmdaBdPag Bt CLEFRAB t hat

the more SQ@%Q' xaa[ﬁgu%' 0 Pesiodsy R AN AMIOf dieeeannisegndlaguat i on on

one 25 ~ hand an measuring graduation on the other hand differ, the
snmal | er thelesenRerngedi detemter 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 d, 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




Thus, for exanple, given a period of the scanning graduation PA - 19.512
~, mand a period of the neasuring graduation PM= 20 30 ~, m then Pv = 800
~ mresults for the Vernier period Pv of the generated stripe pattern
("l'ight-dark pattern"). This period of the stripe pattern nust be taken

[ Into accorahrxﬁ/aea desiiglnémgngasé%uctwmbwwtwa aﬁi’hrwaxi latreaelgdmteﬁggeﬂer ate
el ectrical output sigpals fromthe stripe pattern i.ch are to 35 be.

Suppl | ed t BUARCBYARLAEFOR B bohdoR REFEEAE TS cdipne LPgrtating

phot odet ecsarfardelppisf camprasaeédty of photoel enents arranged one after
the other, four photoelenents are situated 15 one after the other per
period of the stripe pattern, each ghotoel enent having an extension (al ong
t he ext ensBeradeeeofi bheoélbhgat bhom adf omatsen st iriqy esufiafcac @ 100 £t he

phot odet ect or) of 200 _=m and_bein ssi gned {0 S i fi.c 5 phase . Q.. 0,
50, 280 or "S78u2IRE, AFE Roht aRtagRd Bhrre Uil e 2ifiie BERTPa B Bt Ve
respecti vepplrdbdékbemeasur $ngogeadhas t soml 1®roff herasureniZ0Gtoipi adi cated,
since an edge f.or. insulatjon nust.in each case .be p i ded between_t he

i vi dual SRoRoer B BEEHBe TR A Pe i R R YR et 8 PEGHRRENG® e
stripe pat geadugehenal Bdfbymedt@s axtlime afrddmtiaght isusetelvbatt herger
scanni.ng, with the scapni g at i e a i he _ngasuri ng
gr adH‘ ti onwgralmt qhzcé%otghg?n%lggd, Eg%?eéegg%x‘%%{‘% vﬁr]f%qﬁ%%g\gutggnép,gtf o®whi ch

t he radi at rdpageasstratgbtrline ¢'eldtmgaliactefifdact"dt.t uned. | f the sane
detector type, thus a photodetector having a two-di nensional planar

surface, formed by photoel enents 20 arranged periodically one after the

ot her, is Aowcessdngspaatenponnscafiningoariti ryy Bnial liogatgdnbasuring strip -
arranged i LNg= Lk hi o n f t e S cri bed
above, nan@ﬁ%gpgéhgogggﬁﬁe% gfo%gg%?%%feIfé%%hggcg%gﬁﬁ%%%Fa%hg%%oFggﬁion

ef f ed5 on thteot hénghandface thaof thea9seisld edirire WVeemided spprPvddedf
operative agt.th L akk QN jtiv £ jRRotadet agt is a
function o?afgcgtﬁgg#g %gc?égggi*%,§¥é§g§E§§%;gﬁ}ﬁg é&bnga?%o%ge??ect, it is
smal | er asfhgingsouheranbugt susfaemckl nettfpash@ Imiafdiseanagnenpdatehe

radiation- %E‘lBihgi Xﬁééyrii’ﬁ& Lhers Ver M &8s R 130 Bedip Gheakipeai gase,
but increases toward the edges because of the projection effect. This is
di scer ni bl ecpanfEngugsaguapher e2of fered haei @adhec$§nPePRrRE1eEpE@s®NL €d

as agfunct k@RgehePESht| SRt &r ORidd st Faled UrebhRIRURLAgt Bkriptais clearly
recogni zabl e ?hat effective Vernier period Pefe in the 35 m ddle of the
phot odet ector (given x = 0) assunmes a smaller value than Vernier period P~

of the strijpeywpat E26R hBablitihd Gerigase { RereR ¥, Nk apdchheadi ncreases
toward the edges 16 _ . .
structured photodetector, having a radiation-sensitive surface
31 is situated behind scanning plate 2. According to Fig. 1b,
25 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
30 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° or 270°.

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

radiation-sensitive surface 31 of photodetector 3,
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of the photodetector (for x >0 or x < 0). In this context, the effective
Verni er period Pegf is understood to nean the locally variabl e extension of
a pair of light-dark stripes of the Vernier stripe pattern. 5 If one
observes the stripe-pattern phase, which in the case of a |inear neasuring

strip increaseseleneatkyobyd2t Peraht hidronmoriejeriper apeY iadd ocatlds to
coincides with the dgt ector has and t$: <;efo
n

contrast i hhen&2e&t BEASF E7g Elg 10°F 1§En e @na%%’ﬁ?r art]:@gplc\%l&eﬁfgﬁgurl ng

strip initisal kypatueseseneubput abegeadé ride Whajed mflyt kapgdtiedt doxi n t he
m ddl e of the detector (since Rhe effective Vernier period Pelf is smaller
here than €& HéFéE’PoFOp@F‘l BUF IR PR ¥21% ags behind toward the edge of the

det ectsor (since here the effective 15 Vernier period Peff iS larger than
t he detect or er| totg) Thi s hase difference cau%es the ontrast in

detector si d §BPYPI § 5?% AGhaC TR T BPT e Lt 43 pe afar Fﬁnﬁﬁttlﬁs
det er m ned sfuﬁ:(fmcbheﬂ eoiabhgtadeaecwr PR/ i extsh Orfadehell:sccsfnrﬁmg (glleaéuabtron and

of the neas radyation, a €0 cal i,tigns such
as the cur ¥ Q‘F gtgf 6}?#8 %ESB‘PPE saﬁ’ée“% ase t@c#ostancgggf e

det ect or f pgmet.hehdeassr bngygaaeleatiom oﬂ'fnead:rw:rmsfsemfsmm@ctsmxréa\ier ALer
periqd Pelf to bot h _edg 5 of ther tio ensi f of the
phot ddfet ecdr B :ﬁgl{"ngg?ﬁFPr $ tﬁélﬁﬁof}é%ﬁ On ef ec'?" 30“'?; tfllo\e{%&%'é?‘ Léh
reduction @m‘etteleeomegh:odpef sﬁxeaaued ngegimlwallm 2 tadiend ttHeeoedhges andnd

therefore to rease the differ PA - 1/PM which in turn,
accordi ng tegc?’h gﬁof}@ e ug?uSn ?%%%g Nk aén i ncrease of 30 the Vernier
period. Si nce of the tvvo effects indi cat ed above, the elongation effect is

[ ndependengr ocatl QBEdt Qg?géghgc‘gﬁﬁf ;f f3e('t#% ishd ocati on-dependent,
ete

t hese two s ¢anno set each other. However;
it iSLaoossmtmlsetuoncmeadumang pewoels(Mglalmr m@aﬁtmmﬂamgqumddaﬁmeﬁ)% on

one hand A, TEASGLAA 01 20URN! 28 12 Hed NI AL SBUERILG ord

way W th onée another "that "an o m zed scanni ng sig 'S
subsequent n@aahmralnlgograﬁuetmphelénanyww J@Hfﬂ:uﬂlmﬂaﬂfﬁ éf @fcmelaé@ﬁ-”lloﬁ

G 5, 355, 25PN 2900 Ay, P, a9

graduati on f| rst of all;
el ongat i on 16X.f et t@atonedhandtandrme peoface |30'1n %ff ﬁ‘@?tsué?ﬁ-ntghététlﬁell hand

ar e dgpend gg:tov'l'a glllg'i'le ReALuPRARCL r QB NEo S Uy atil 6 Qfa dTRATM 1RJ keblhP 1,

.e. Itsr secondl'y; the el ongatlon effect is . also strongly
dependent ownneirc iisds coldinasadue i pgt 5onagrat Y& sadiafioa [Ia)in the form

of light that was generated by a suitable illumination unit
(1ight 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
ﬁeasuring 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-callea Vernier stripe pattern
35 having a period that is defined by period P, of scanning

graduation 25 and period P, of measuring graduation 15.
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An optinmum correction value for period PMof neasuring graduation |5 may
now be determ ned, for exanple, by totaling 15 the intensity of the light
arriving in the detector regions. of the sane phase for different periods
PM Wth know edge of the phase position of the stripe pattern relative to
t he detect amepm.&epeﬂbinentrayabﬁangedi e vadiatien-s3endid inenrserrflagea 3vect or

addi ti on. ﬁ?‘%@?’?ﬁggFEge §cgggﬁ1g¥gi%\aéfeé@lé§ws bqq,‘azo ascertai ned by

iterative & erfo neasuri ng gradua 15. Figures 3a
and 3b eaclkogirewpbindingt ensthysobttipe spatrinermy, silginetl sig fawppidedalitiozahi on,

f
\?mp?glh Im(;atsﬁr |aﬁ%a gagfggsggae 25";% tH‘I%Eness e?g#@rrrle%fslan n& ;;Jm poln of
300 ura, l(3Iicugg;umaé5351;)5 ph_dtbdletag:tbrcknessceh'tnﬁmreetgw :mg:esttr igf & 01;3 75 ~m
F 3 C
(Figure Sb)c1a0d. aPaeyEREAL KolNeaohocasesdorsdiid of Slq Reradi POl

measuri ng tion . I'n Frgurés 3a an case carve

i ndi cates the3case PM = 20 ~m (thus agreenent with the period of the
measuring graduation for a linear arrangenent); curve K2 the case PM =
20.02 um curve K3 the case PM = 20.04 Vim and curve K4 the case PM =

- 20.06 um AmpllighdeofeFigd PA, oftsberrmey gieaiudthadn 25 wedl 92 ~min 35

all cgpes, nd-arsf agtur sd phot gdetectoned s asougeduapion. s 0i L ife

phot 6el enent’s, es foOr een r'hier perio has a
56 phot oel ememtog grpargbd the middiethegibomert aﬁrcartmm @ tieo 2f dism fourteen

groups. It s’ m%‘lcj&gl Xa bat éﬂhﬁ' Enl fpdi ?x%l&l{s% @%r%”%u%lért Baks> for

very smal | erefore corr ra|| R of
measuri ng Sltfr |spa11nangapg§§e| A aThiﬁgl%h%l'%)"e‘flbLFﬁééﬂs‘-i tt)D Ithef figes &shghal

gener ated BLdaigPBe! eAg! ELohehie! IR (OB b st Idi 1PNV GrlihnGbkegver

of the nmeasuring stri P rrom t I near posi t1 on-neasurl ng syst em w t hout
corr && i on the ehaper p6daPKing. nedd ubeeruee fudtheotargerdnisds a§§a§9e@ﬁgty

that a rel 'o%bls%aﬁmhgabuaeeoﬁ L8 ShoPGhed Sctit POSRIPlRspERIES thbS

attributable to the that photodetector 3 is designed for a strlg
pattern haveaguaiasf Bhsdpperi bae PhoCakt - depanfentx &ffSTHee Pa¥dolsPae0' m

and from whjgc &e%ﬁeaﬁgngtwpﬂ 9@{)&&@1% i 4t thes s isendiitige! Ekeface
arrangenent of the measuring rip, effectjve ,Vernl er periaqd Pelf

devi at es peic&pbt FIBF?CBQEaﬁséSolPa‘Fﬁ‘é ¥ hREIIRF T QL FFF SR TFr of ecti on
effeclo Thigyabiekdsohr us bAtBastheiiag pRitsAldlsld i ditecknesses d,

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
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" for which the elongation effect has only a conparatively small 20
consequence, and therefore the projection effect conpletely asserts itself
in the case of small drumradii. This explains the markedly stronger
decline of intensity curve K1 in Figure 3b conpared to Figure 3a; for
Figure 3b | d, on i | skne fal Ial hgu a is based
on a fourf%ﬁa?gggs%gi%ﬁt |(§: c%}aésig of 3(53% &hn% qlszézli%e\zg?gg%g%gegﬁsgl e that in
bot h casesscaanked| § heagsieringitsiein srasigadhd nddiaeasr faisgian Adpngea
attained f ; i i fr s Li.-Ngegraduation is
30 incr easggrgggh{:’ 1%%%&?%#(2; , %ylp%i 2%(%% \(/%ézril%%% ?r;%%;%fg %{'A) %cur ve K4)
conpar ed t mealvringestripsarravged fimatingr lokestfigisiomi-ckness d, for each
drumdianeter R there is an unequivocal value by which period PM of
measuring graduation 15 nust be corrected (increased) in order to obtain
the greatesn podsngae Bosipiemsiedswrint SyEtaihindyi8igyfaMeaspsingnstahee,
if, inFi gg&ﬁgngédaﬂﬂ BPat OPL QNP A Bshd e Jralli B¢ MeheKlwnde Karikdivhi ch
represent different correction values of period_ PM of 19 measuri ng

gr aduat i onmessurheg gradwetterchat HRGHA% B3a RBOr PRYEBACR NnECRRNE St ri p

thi ckness glﬁté(,)oaé?sﬂ%ne@' v&Me ke Qﬁéﬁgﬂﬁ?t&rrignaﬁﬁl%teﬁdﬁﬁ@ pdrEM el
measuring graduation 15 in the area of 20.02 ~Cmis advantageous, while in
the d8se ofhSretgurwhase (Seanpping Fraualipn- has wemlodyPat hamRbiredsondi ng
drum di aneL,eki08) PeEh@deEM Qi Al asibl 1k FRduald YaridObrappeost rabel y
20.06 ~m supplies particularly great intensitie s of the detector signal.
10 Nat ur al Ppttprst vhichf careefrerds dP dthedmtsRspivoParEssty Ar§CyiRadat i on

15 conpar edpb@et BRd! YREER £8SGendidt RA 19ft cxritAIcH] o @tealligAt 25us8y
al so be corrected. Wiile in the case of a correction of period PM of
measuri ng §PEJESAPBRANGSEhE MBI T RG iFF iRy iWhkile G 843FP1R9dPFREHaBECR

corrgati onohdoMal Hendl &nd hei @@S@@fm@aMiﬁ?‘? igreduat ipey iond tBA ethehe
scanni ng grating, period PA nust be reduced somewhat, corresponding to the

subtracti oB®8f:a correction value; for, as follows fromthe above equation
for Vernier period P~, what matters for the adjustnent of the Vernier
period and therefore also the 20 effe¢iiyve VernLer period Peff is the

di fference between the inverse gthéQFéV%bA'aﬁzb§N1 In concre a terns, it
hol ds true that given a photodetector coordinated with period PD of the
Vernier stripe pattern, tq 25 coréFct the%?ffe tive Vernier

[ peri od PeIrFt for
2 i AG- 1§ kB e Tt Sh & SR PPRG S L PR p BT LB PREFPB A NIRRT
measuri ng gradgasoenapust be corrected so that PM > 1/(1/Pp 1/PD), or
period PA of the scanning graduation nmust be corrected so that
From the equation above, it follows that the more sharply
graduation periods P, and Py, of the scanning graduation on one
25  hand and the measuring graduation on the other hand differ,

the smaller the Vernier period Py is.

Thus, for example, given a period of the scanning graduation P,
= 19.512 um and a period of the measuring graduation Py = 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 unit. To that end, for example,
for a photodetector made up of a plurality of photoelements

arranged one after the other, four photoelements are situated
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30 PA< 1/ (1/PD .+ 1/PM . 20 What Is Cained Is: 1. A

posi tion-nmeasuring device, conprising - a measuring graduation provided on
a material measure going around in ring-like fashion, - a scanning unit for
optically scanning the neasuring graduation using el ectromagnetic

radi ation, one 83 BEPNE KW 1L v iy id P @BieC steapai patgeadyabhen which
is arranged in the beam path of the electrogg%neti radi ati on used for
scanni ng t REORRBLEPERYy RAUHRGEAHEES AR PnggﬁiSHtFHFéPﬁcts both with

t?et ?]canniagrgégmzé%tﬁ@%g%itgﬁﬂ&ﬁ.gm?qwm@gsgmgu?t bﬁgthand - a detector
o} e scanni ng_uni ose_detector surface is yse r detecti, t he
el ect r omagRBPFedeRRFERT brPhfid} HhEhASIDY RSehorse g@aﬁn?ﬁacéggauat i on

and tBe negayEkNde 0 ad¢i@f | 9ok, argh WLz 7o® dasi ghee Wohkegtperhed PD for
detecting electrpnagggtlc radiation in the formof a sEni e aEte n

wher i n' t NEXBERPUER PAF oFh% (R TR AR S0uStoR SCPEFTARE PRECREMPBANEA of
the scanni g gemewiRat Odmd Lhdr ateart aiedidvat @th Sadikated), €1hPa anléldyy < PD.
2. The positionp-ne suringadevipe as.recited in Caim.1l ereip, the period
BM of the FERSERPRAGIZUMIHMT S9°h 288 &5 SFUGERPBRESTLFEL) PA -

1/ PD) . 3. ifkevpasalisiotrdebandntg device as recited in aiin 1, wherein
the period PA of the scanning graduation (25) is selected so that PA < 1/
(1/Pﬁ°+ 1PV . 21 4. The position-measuring device as recited in Caim
1, \_Nhg_rei nthis, dEﬁeclﬁD? ﬁwéﬁaﬁeﬁrﬁﬂér qfertiltel dgt eft ohe (8Yrime foatesirby a
periodi c arrangepent. of, det ector regi qQns Q eriad.(PD),corr nds to
t he period98Fegﬂﬁ?gs?¥itﬁf?ﬁﬁﬁ%ﬁ??f%#cw%%?ggﬁgvgngghf%ﬁelaétgggggg?g) i's
desi gned. &itRhehpostanwingepsatduatgiate\drcenas haed bad witd ahm 4, wherein
e et et O LR R g LSl LI LY R (TP U e RREKLEL " LY ek the

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

detector is attuned.

If the same detector typé, 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 elongation 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 Verhier 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, 1s 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 period P, of the stripe pattern in the

linear case (P, = 800 um) and then increases toward the edges
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6. The position-neasuring device as recited in Caim4, wherein in each
case four detector regions (0, 90, 180, 270) are conbined to forma
detector group, and the detector groups are arranged periodically one after
the other with a defined period (Pp) . 7. The position-neasuring device as
recited i ng€ ah8 fhovbgeeédrdhe(fadiyidunloriet ectogr. megit®is ¢Ont8&r, 180,

270) of one_detector ,group are each, assigned to .one _phas and_i p- phase
det ect or ré&?oﬁg SFtH??f%‘EF)’éWte’EIeQ%’E’t%Cf ngfo&ﬁs“&ﬁ&%F@c??r ggain?ﬁn the

i nterconnegbedl19. vibeapoei éxoengioms wi ng plew ef ddghecidaett isnrfbasmof,
wherein the_ detector s a planar, essentially two-dinensional detector

3).h
surface (3Hpe ?r?ﬁgréﬁéﬁﬁ?%ng % ng device as' recited in daimi,

wher eisn t he measuring graduation (15) and/or the scanni ng graduation (25)
is/are fornged by ap anplitude grating. ,10. Th 0si tJ,Qn; suring_device as
recited i nr{% 8?1%1 Tgsﬁiﬁng?%i ﬁh?h 5’0%?1%?%%%(?@%%&"@’5}“& E‘g‘?rﬂ%asSyo VAP
grating. 1% lTheaposeasoningastaimgirthene e sad inscEntlgd byn 2@Pdi mithif2one
wherein th cannin taduation (25) is,fornm a S rating. _12. The
bost t1 on. nEBLERPRS Hetrad actPle | ftnd facs ofiEh theh PERRTAL Bhad, hd,
graduat i onthtzpfotet bepphiesi ah ootk dditrsstsdande ldetelctotr siggagsi c
radi ation in_the rmpf coLlimated light. 13,. T I t1.Qn- uri

devi as r'e&%"[egd(:ﬁﬁ &F‘%’F?ﬁ T wheTei i hmeeapseu%':lléléq %ﬁ%&?’ tg'fl?grar%eggég’r Hﬁ‘gg
graduat i on spikjhandahbadpef i vide Fthade tdie tdoantwteg tgradwatthenmi2g) eapé

coor di nat e 30 4LhaL Lhe LORSOSUAY OF el W RSl T geiaeral e Dy the

detector ( )hei ge Xrm z e posi it on- neasuri evi c&fas recited in
Claim2, wsemdlart herdevhati ome odetéetperpadidd, ofwhile ifadagesngegiaduati on

(15) fromth r / D)4 I 03039 d rably
bet ween 0. Sf‘%%g%g % %éég%fe tiLpllcl)(gs)i %?&C)énqtrar‘%%sﬁsfil%rlcge &%\%éz:é%%s erf 38.8? gggi n.Claim
3, wher ei nVelreidevpatriod Bfe tiwe lzardesd thamfthehdeseahnirngeyiaduat Thhs ( 25)

from the t SEell GHEPDnaL PHluda Aind 5851 00 5%, 2 18 L BBLY bt ween

0.1% and 1 osition-neasuring device as recited in aim 1,
wher ei n t heomdeteirabrabasufiee (Bhagpi el rowhrine Hatderink&ayabRi on is

formed by @cHRaRYhbAGESLh Pré"{MGP Lt dudddibl IdediRANIAN chtschnnin

posi tion-neasuring device, conprising - a measuring graduation provi ged on
a materi al gmedvetdogobng af ot MeRFYMNG ig@duRdtiiodn, as weddaafi B§eunit for

Opg! CZ?)I ly %%%Q@Eggcghecgﬁ§§9{$ﬁ@ Sraduad 1k USIRG tRhRCUTORRENREASuring
rada Ion’gradu.ation 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 Py toward the edges, and
therefore to a decrease of the difference 1/P, - 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 independent of location, but the projection effect
is location-dependent, these two.contrary effects cannot

35 completely offset each other. However, it is possible to
coordinate periods P, and Py of scanning graduation 25 on one

hand and of measuring graduation 15 on the other hand in such
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- a scanning plate having a periodic scanni ng graduati on which is arranged
in the beam path of the el ectronagnetic radiation used for scanning the
measuri ng graduation so that the radiation interacts both with the scanning
graduation and with the nmeasuring graduation, and - a detector of the

scanni ng uni tyayhesendehechabr B f gigst i #n UusedifidedeicRrining dignal is
el ectromagneti ¢ radiation after interaction with the scanning graduation

and the me&AFALRGYFRGuat th?e%ﬁ%n%?@ll‘f%t’tﬁk'i gned with a period Pp for

detecting el ectromagnetic radiation in the formof a stripe pattern,
wherein the periqd PM of the ne rjing, graduation (15), and the period PA of
t he si:anni ﬁ;%d'fnlgg&aﬁflagyf?g?la?%f‘léj‘bjo?'tgﬁ%ht%ﬂ aslch c@f/on(ir RE. Fl%i’/"':DI\/p < Pp;
and the det;ﬁ-.&?i@da PYr dBaredSib)imef \mgtz’raeiudw:tie@t 35 (Fp)a) pésibdrag(bdﬂowc&mﬁrﬂgodi_c .
arrangenent of. detectQr regions 0 erj.o carr nds..to. .t erio
of t hgt st FEREIBELLE 25f 6?9%55%0%%6%% or'd tf(eeat[?é’tnedtsor i%%‘ %&r(?&sf’gngd;
and the scall,nghgr advagheboh 26ffést fat mate harml Mid gt ip1gje2tion

'AéEN: ﬁl@f AZ\ngf @Aigégﬁb_é@%ﬁg@ 6 a /85 B M e maata @ Al Nf
\ A]T’qu} xS niﬁ_Zh@a]:u&r};aa%ma] o#] ne eaf e o) ] dalecalina) aaitalon),c )ahda] cal
ca] cal ca]calca calcalcalcalcalcTalcTa! 0. ! el #U#% Yal X &{ & i Nlcll2
23} 3341 5' 6}%&9‘9{"@? ]’cgf‘(e,afigjl%%’ﬁ%?c %%%%cal]scaa]lcsac] csme}f]rcoa g? ] g&f’%é’}%&%oﬁfoa] ca
] ca] ca] ca] cajickhealscd] of] nadsart tad caft i) ca! (L6 XaGREE/ 1838[ =" =JACA. BCCFFX GG
mHH( | - 1| KzLLLUMNOG} xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]ca]c

a)J ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! COOP
QRRQSSTV" VX @pitZ ] Epléét hax, dekid j fidx pawdiad &) oé] nedsatied cal ca] cal ca]

, . Pkl
b pOppba LRI P TaLqol e S STl s sraufler o ke SPERUREE ca o
a]DfJ:’?]GXI%% )(zg]t;t&] da}:eg]sdaycgﬁ ca%lea}tgljxtaE]Da]\da]g:‘ai}ﬂ ;t]ah]ecaiqe(:&]c(t@]rca']ag?beﬁfl\/ﬁf(z: 2165
( Yl ghhe ﬁa}sg lfsé cggﬁgz}%g% %%%@fﬁ 2l il fakasl raisal sA1 ol

a] ca] ca] ca]cal cal] cafcaJcaJca]

u{j m } xsni ghzlsec apedféahcaf chlre af tad | re] tere Ajedaltddlec & dheafespespra) ca)
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Cove () - EAGORETY - Sbs BRy b RCAT LI SRS RE SEE  bmeP B YRR e
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10<L’ <t 10%<&' ()-!>) 49409R<2<& () - SWU3{ Y7! LF, 394.0%& ()- T! HF, 3940%& ()-T! Q FZ
909 ()-! Fiorpuggy@e( fod 3kzeaengshqw ITiEzotr@sitygSfu ey SFRRROYE ()-! C @

10%hh&'()‘%@%%Q%QW&EGE‘négmiﬂization, specific to the linear case) as a
10&<510%&'&§-!QF,3%10%&' )-Tr~0}[O{Y:!L'H Y$$10%&fé%-!LY$$lO%&%¥- YZ%4 09&
() - ! PEZod 0FRPCFirny28y BIRL YT -RORE @ g™ 1 BRcVRFER CPSRTAPEIVVRR )L @°

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 Py, of measuring graduation 15. In Figures 3a and 3b, in
30 each case curve K1 indicates the case Py, = 20 um (thus
agreement with the period of the measuring graduation for a
linear arrangement); curve K2 the case Py = 20.02 um; curve K3
the case Py = 20.04 um; and curve K4 the case Py = 20.06 pum.
Amplitude period P, of scanning gfaduation 25 is 19.512 um in
35 all cases, and a structured photodetector 3 is assumed which,

with its photoelements, includes fourteen Vernier periods,
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"10%& ()-1"3 reliable evaluation of the signal is not possible. This is

attributable to the fact that photodetector 3 is designed for
a stripe pattern having a defined period P,, which in the
exemplified case is 800 'um, and from which according to Figure

15 2 in the case of a ring-like arrangement of the measuring '
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 Py 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 Py of
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10 Naturally, instead of a correction of period Py of measuring
graduation 15 compared to the linear case, period P, of
scanning graduation 25 may also be'corrected. While in the
case of a correction of period Py of measuring graduation 15,
the correction is implemented by addition of a correction

15 value, in the case of a correction of period P, of the scanﬁing
grating, period P, must be reduced somewhat, corresponding 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 P, is the difference between the

inverse values of P, and Py.

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 Py of the
measuring graduation must be corrected so that Py > 1/(1/P, -
1/P,), or period P, of the scanning graduation must be
corrected so that

30 P, < 1/(1/P, + 1/By) .
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canning 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 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
measuring graduation, and which is designed with a period
P, for detecting electromagnetic radiation in the form of

a stripe pattern,
“wherein

the period Py, of the measuring graduation (15) and the period
P, of the scanning graduation (25) are coordinated so that
1/(1/P, - 1/Py) < Pp.

2. The position-measuring device as recited in Claim 1,
wherein the period Py, of the measuring graduation (15) is
selected so that P, > 1/(1/P, - 1/Pp).

3. The position-measuring device as recited in Claim 1,
wherein the period P, of the scanning graduation (25) is
selected so that P, < 1/(1/Py, + 1/Py).
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5. The position-measuring device as recited in Claim 4,

wherein the detector regions are formed by detector elements,

particularly in the form of photoelements.

6. The position-measuring device as recited in Claim 4,
wherein in each case four detector regions (0°, 90°, 180°,
270°) are combined to form a detector group, and the detector
groups are arranged periodically one after the other with a

defined period (P).

7. The position-measuring device as recited in Claim 6,
wherein the individual detector regions (O°, 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.

8. The position-measuring device as recited in Claim 1,
wherein the detector (3) has a planar, essentially

two-dimensional detector surface (31).
9. 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.

10. The position-measuring device as recited in Claim 1,
wherein the scanning graduation (25) is formed by a MAP

grating.

11. The position-measuring device as recited in Claim 1,
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12. The position-measuring device as recited in Claim 1,
wherein the measuring graduation (15) of the material measure
(1) is scanned by electromagnetic radiation in the form of

collimated light.

13. The position-measuring device as recited in Claim 1,
wherein the period Py, of the measuring graduation (15) and the
period P, of the scanning graduation (25) are coordinated so
that the intensity of an output signal generated by the

detector (3) is maximized.

14. The position-measuring device as recited in Claim 2,
wherein the deviation of the period Py, of the measuring
graduation (15) from the term 1/(1/P, - 1/P,) is at least

0.05%, and is preferably between 0.1% and 1%.

15. The position-measuring device as recited in Claim 3,
wherein the deviation of the period P, of the scanning
graduation (25) from the term 1/(1/P, + 1/Py) is at least
0.05%, and is preferably between 0.1% and 1%.

16. The position-measuring device as recited in Claim 1,
wherein the material measure (1) going around in ring-like
fashion is formed by a measuring strip arranged in ring-like

fashion.

17. A position-measuring device, comprising

- a measuring graduation provided on a material measure

going around in ring-like fashion,

- a scanning unit for optically scanning the measuring

graduation using electromagnetic radiation,

23



10GsL<109%G& ()-!s8f 109%1J& ()-!s3410%1J& () - F11096G& () -1 (

109G& ()--!109%G& () - Syz{7j gHC 10 10G “s! 10%m& ()- s! 10%m& ()-s10%m& ()-'L, g
10%iu& ()- @LSg 10%p& ()- 10G 10G n¥j gHC 10

10G “s! 10%m& ()- s! 10%m& ()-s10%m& ()-'L, g 10%u& ()- @ LSg

10%p9s<10%r&_()- sDORARhg pikedi Bov iy Ca pdEAsH Y 3ning#82diulde 33hC"
"Headi ng 43]c" "Headi ng %3Tc" "Headi ng 6§?c" "Headi ng 73]¢™ "Headi ng 83]c"
"Headi ng 93] c" AWhbehaiift apErRgedphn the béam path of the electromagnetic

Font oud%. SN>, FLLaZbt pXasShska! 66K PepReh sl O MeatadntdigraEd L QHVED_, df km
psvz}625DGyJnvmuggé|t~6Tlnes New RomanAri al Cour.i er, New™h Root

Ent r yWor dDocunef hg"§$q®pQ§eq,ipy@q?gwsgﬂmﬁ;with the scanning
<=>?@\BCDEFCGHI J Kk YNCGRERST UYNK Y & h "t h@ hifreked i d oK | Jrerides omy Wenal | } ~

- 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
P, for detecting electromagnetic radiation in the form of

a stripe pattern,
wherein

the period P, of the measuring graduation (15) and the period
P, of the scanning graduation (25) are coordinated so that
1/(1/P, - 1/Py) < P,; and the detector surface (31) of the
detector (3) is formed by a periodic arrangement of detector
regions whose period (P,) corresponds to the period of that
stripe pattern for whose detection the detector (3) is
designed; and the scanning graduation (25) is formed by a MAP

grating.
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