;e3e; vx6PTv>4. i 0 2 JAN 2004 Position Sensing Wth Variabl e Capaci t ance
-If’r ansducers Background of the Invention 5 A gal vanonetric Optlcﬁ zg@canner
ﬂ#ﬁn notor to which a position detector i § t

is a-limtedr
Nor mal I’y the myﬂl m&m“"rrs amrror that is used to deflect a beam of
l'ight, typical eam I's common to assenble two such units in

series, to defl ectiéhtpgght in tvvo orthogonal 14 directions and so address an
entire surface. Such a paired unit is coomonly referred to as a "two axi s
scanner” or a "two axis scan head' . Single axis scanners as well as two

?-.)él isa:gan h%acgl&@{ u§edsl N h ol:r e appl |cat [ o_ns in such cat egorl es as

vi sion, materi al proce55| n g}bgaa @f O@EQUTWEn@{%ent ertal nrrent
Frequently, |aser W% g‘g ? use or extrenelry precise functions.
Exanpl es are sat &) SOUREELF i PR ek sirAImatito® Ligtited pietat fon

cr eat i onmatany dwrpeinbehdat pps&thbﬁoaeﬂegt@gmg I}&Qﬁ-{t{ed| a%ﬁ:frrﬁ'é@i V&Hg and
|Ies, hese and oth i cati on

| aser gu Qaal}ﬁ:?e fo
pai nti %gbox track{:nglrﬁ%re%é @ﬁré{ﬁa aE. Pt )Vsérde & ideEhect I\/Bdé?rﬁﬁfﬂ)p@ﬁcal
scanner s ld@htex peypdgald yhay & 25 1s Ma-am. crqrtaq_lsaaom@@l o @@ﬁmﬂét@@bl ity.

The desi t | S ntly e to the resolution of the
mstrunerglt%ﬁ}g.aallltstmyébor%é EQS oVEr uﬁaﬁfgte ﬁ)?' ghhyilfonk¥Rt oxthegrkalons.

The 3& it Fié‘éqecemé?@ﬁt aﬂlﬁatswea@dmsnesam hewstei ps operfaes . i SsachOd tpHir-&gnsor,
al so knownias i& RShbRDy3Pe FLARSHUCE s @“@&%ﬁfgt%@%ﬂ?ﬁ §%C%h‘¢t' | mted

rotation motor. Capacitive trans Ucer s afe €8
appl i cat P& HRPRUREAS S desi gns have been described, see MIler L1.S.

3,517,282 and U. 8irmaybd7aR12, ldvar i p | ransducers”,

I nstrunents and rffgr ég?é@m%g \é\% we%%}l A‘%d%%%%%%at-[} %eg&s

transducdfY 3R anal 3’&“65%;? g of apppicatipnopoini shchowategaiies ohsen

| esd g haﬂalse;: enilcrbhatmatanrrlqg)l veikelsher cbhﬁﬁnéc@t‘iogf adlaa_n; VH ; 217 ange
erived from the conmon

over 1. he acitive transducers are
vari abl e g&lpacgl‘*% $§ g&ﬁnsu%f'f’*ai'% RERFHRAAN e Mt Prasederende 5
of ex;remwlmmt'EaaMemtgl d isotropic materials such as PCB or ceramc
T ansducers ar6 BESTERTRaTor SR B5 Mo atPoRS Bho e MHEF HEOLY! o
i nertia, PRAGASR gif ureblionson arkkamplessmelce téapeIDiSEarta @aﬁ@lh@é
bei it XOMmat 8LV Ebh | NRXPEOS! P8t QrBY ation from computer data,
silicon microchip repair, laser engraving, and laser guidance
for aircraft and missiles. In these and other applications,
pointing or tracking precision and stability are critical.
Modern optical scanners are expected to have
25 sub-microradian resolution and stability, The desired
stability is frequently equal to the resolution of the
instrument, e.g. 1 microradian, over a range of environmental
conditions, The critical element that determines these
properties is a position sensor, also known as a position
30 transducer, mounted on the shaft of the limited rotation
motor. Capacitive transducers are commonly used for such
applications and numerous designs have been described, see
Miller U.S. 3,517,282 and U.S. 3,577,072, and Foldvari et al,

"Capacitive Transducers", Instruments and Controls Systems,
35 Nov., 1964. A modern position transducer is an analog device
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Despite these features, a major shortcoming is lack of stability. The
'signal, gain and null painting of capacitive transducers all dri&t S a
functioh of tenperature, humdity or sinply over time. The sk 0 é@@ﬁ
decodi ng el ectronics are 15 al so anal og el enents and nmust use extrenely
stabl e conmponents. As the associated el ectronics enploy a few dozen
critical elenents, the stability of, each el enent needs to be an order of
magni t ud a than that of the_system This is rarely achieved and
never acﬁ”f%@gdtlg” PR TG oPLEBRsL RSt EbANaid Rener ithatatcan Aebbllve

qual ity dmttetr sbamnar reemidvadd g r Cargyd I nc,., .
Canbr i dgeca%@b'tfi.?r[a ié]"f?téﬁﬁ e hals rgg(r)qhu'ga? on Lﬁ]é;gf\re}ﬁgfn”;‘?%c?%¥gdi aﬂhﬁﬁ‘te,
according t agivert i se ,u% RYE de¥iveds fIQmmtéheormm/'degiaﬁlegai n
25 drift @#P301PPN degwhirhnsistiorst é €raAd RRREHAE %de?l{é'nfttel WFXBGE)E mage

) en

m cr of adi [ hpped .with,Automatic, Gain Contro
gpodoit aﬁ%%@?gh{?& ersgtglg\}g, S\%iat A9idni FPEYOBECt Hat e B4R Lo aPUEhaB St REBL

m cror adi®h FEFFAMEG onadkring  syatiarh &Pe C edwipadeltieR13nd1 ¥ar ifd cabken of
the unit adSz4€EYde i er of _techniques have. been proposed in
efforts to ﬁc-;loyi d‘ejgcorrp%nis]gfi ?r?%tio%s?ﬁ i EF?n?aEC%E@d %%t Rrgheszssl | o one
appr oach SG2RReRE| PPPEACBY iRDEr DekSus Patlent havd low OnédrdAN, 2008486t 295
in which,resoliie1 BRC NEH C t rdiehyre the poesiliion sensing transdicer, a
secapgdary capacitor is e_rrglég?/efl#i(%')b{l t%&%o?@n%gﬁﬁg% 4% Wﬁgiu@e&’t BLRA)
dri f1° anF U ISRCENE Loy AMExpansd e teodnedd.t he error in position signal. 5
Commerci al transthEepstdamgagar bean Quj Lt thi her. desi gns .add a
nunber ofstellgngril%s andg.,, pl at,es@s%c% as dulagr gllgsto% %ﬁ?ﬁ?ﬁbg%gl ar PFchg
St okes et® HFOLULEY pattdift 55a59d 383 ins agel axdiplreintinnaherapaci edvieve
met hod coansassduckrisnatdl ldrigt rslQ the il of t‘@n{?’érﬁuféjgeﬂmﬁfﬁfﬁ e and
e s,

i nconveni_enc u r of optical fiducial elenments as re ence pol At
whi ch arecggefiergﬁ%g %%?FCEH“?'antlh%us%%ﬁ‘?%‘-%%lfhﬁ%ﬁ@g eleapuenicseare

positi on et rnalide ehahtrngeaid rustdaEaCExPEERRPPSEEANTe WedinbhEnERTE

resol uti t [ from the scanning 3.5 system In pointing
appl i cat ?[(;énsl,egseuc S?léggg%gg S ISR iGs t?l‘Bpf?lél @ oge‘\%i epzere erbhbralof

i dent i fyiSleEMABL Beatmhgositabd iyt In £s walcbled iR Hdedls {1 SVSh B8k dar

typi cal | ' [ I i cal d retro-refl ect :
Aot hor e B G R AR FRrb St TP RUSHFTE: caRBLBoLF CRREBAYN, 20

enpl oyi nGGHERYEEi amde rrevarashivedeanbl @t cbetngfi rapati®itt idn VESHON
met ragd ogyrepPFicatiens, the features identified in the field of view are
used to recalibrate fhe anal og angular position sensors. Trepanier US.

Pat ent 5, 400, 132 -"E:xef%ﬂhf i EHEYUS eofigast r oscafhert oryail ghiee f i Ekamof

view VeiCsmbih Sge2 TRMhmillody HS, , 284nsshsyd P CE0N itrlgetapéeegtpggi ng
vi ewed, V{A‘ég lﬁég |nspecéed fox calibration or allgnnment purposes. In
per zodi ¢ “systens Slich HECRhos e Dundick e asol yBBh /| aseFCPIERANST s, tohe

printing spheast haemenst, ahkednal ar #reft seam ang @k 1 sgapasgl. i & Cgh!i.n
opt i-cal s.kog A3 intj ng, and, range definition. An alternafive
£ SEOPLSoE0E 3RO NG AN TANGE Ao
corrective method Ras beén to cr &at D5 4d KT MRCHHE LR fAFREEtRE 8nly
pur pose &H1qFeEaAdigniort cal it | equbppedsii tAnAdebinaitticomsa iy teat refl
these is gy, 3
When good stability is imperative, with stability of
the same value as the 1 microradian resolution of the system,
30 construction and verification of the units is very demanding.
A number of techniques have been proposed in efforts to
provide compensation to satisfy the need for high stability.
One approach is exemplified hy Rohr U.S. Patent

- 2 -



0 2 JAN 200 Pell box'" of ECRM and the m croscopy scanning system of Tsien
LT. S. Patent 5,296,703." It is frequently inpractical or inpossible to
install’fiducials in the field of view, for instance in | asér2 gaNdlfg 5
systens for rocket firing or satellite comrunication, and in any event

t hese and ot her proposals add to cost or inconvenience, and, overall) have
not been as effective as is desired. . . The subject of this invention is a
sinmpl e an e om,cal design for a stable capacitive position '
transduceg.’%'% d-éhpf”@i‘ﬁfic@i:ngonesbhetimcbanMaE oftanytakber okeatwg e,
this i nvepoisdt ieff eehS)6 kihnsiicald Qu ility over a wide range_of
condi ti on%bre%l_{ val ent to the sensor"sgr%és%ﬁﬁ??%kc%ﬂaﬁﬁé?ﬁ HRATRNed e of
the concept i s ThETTEP TP PRAE? t Reasureetheroalt e ifli land #® wse the

ordi nary éldditr oniadl v enmit Schrrébe aggeci gied,citguitry .and to elininate
the naed E%‘m{eir%gglaltitai ndhe field of view g\ﬁi | %&t‘h Qb {3a orf s Leses
a part culdar need Tel AFEF M Y viEvsheered ysheeanbuadt thist weyr otGtthien
notors, 2deshgrisaegid iaomundrehafe caddriadidnd t0; Q9clLh ati ng
syst ens rgg,l&iarijrp%iwieatcézseeég%si tioni ng?.) Sunmmar y)b(}f t ea%dn(%/henﬁosl @f%‘é%b’:f%ct
of this invention 1S 10 resolve® the®tPKPEcart Rés HeSor iNGE@NtTH S099WAHG i on
ainms to offeliaeXmnmpilepl e, self contained and econonical capacitive

posi tion transducgg e e.l.Q correct .envirgnmental or timerel af ed
drift. A specifjc ogjé)e{%% irascﬁ'{}loecit qf%vr@eﬁ PIaFORELSES opf i daptadddmer sirirom

the pétfoFfnceleds@f cotewpoiatt sfidetiewexihse Anakhelnobhoshighakhe 4

i nventi onnugmbla® BEOMY KN . gen rns, .a design and, process, that
corrects gain and nu?lgggﬁ?:fggaggl%?c%%%% BT ﬁ%#?%%‘%é%t‘? 9 s BT -
4 0 2 3AR 9652°8&G smtd cedpatiarahesegosio recalireduc et Apdialiive

obj ect, opobhitdomvestg®n, 1 S t L L.dyci g rks,can be |located as
capaci tive.f atlf{es of the cgg%gi%g%%]sggcgﬁ p#%%%?ttgegg’t position
cooper at i Wé‘l':g1 Wittt F378e sTRBYLHEIRBN&R tofi & exnecnsduteom Sheh ddatirimy

mar ksl Smay sipatpemyvi ded st feaiyr 85- P ok 4 .SQNSj.NQ_capacjtive
pl at es of thge£§1r8? sd (?2? or agjéj addi t?%ﬂg?ﬂ%:égggfgpi %éhgl‘e‘é‘%ente %%ez%osccﬁﬂmn

support. . ePLob BE1 258 §3pab]evehtiidant ifing ddvh b posittion
transducewibbi kuinabhei nesobakibhjuehal spst dR et Qi T BRINSSoAEL Wi g

cooperat i i | Qgi t ch a ersonal .” computer,” can
ef f gct i vlefé%mrin %%Efg‘ldr%i ?‘%"’?%Sf a%‘ﬁ ﬁseclf?&?dﬁsé Lk t&?ﬁf di éir&,ttr{?pqu% TRERGR is

ar mat ur es=eThadinvehsion imevyohbyy apptroughl eche GARREi toptel d& BNSFHIGES S

conduy verEoy Rk AUa TE AR Bt T DB f b ot GreReged.

i nvent i onINaVd&iLes: Matrphage applicesianeapehit Aoaeusess dk et iUGdd &n

compri si nghg! #eQEOE GARAF 4L PE8E e OBPREL Pinrate the analog angular
position sensors. Trepanier U.S. Patent 5,400,132 exemplifies
the use of retro-reflectors in the field of view. Weisz, U.S,

25 Patent 4,918,284 uses features on the object being viewed,

which are inspected for caliﬁration or alignment purposes,

In periodic systems such as those found in most
polygon laser printers, the printing plane has installed
start-of-scan and end-of-scan split cell optical sensors for

30 pointing and range definition.

An alternative corrective method has been to create an
additional optical path, the only purpose of which is for
calibration or position definition. Typical of these ig the
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20 Preferably a set of arc-segnent capacitor plate sensing elenents is

wdi sposed on a support plate, the set encircling the rot ath:}g‘)ﬁ%& of a
notor, and a ring-shaped capacitive plate excitation nenb al so
encircles the ratating shaft is spaced a slight distance fromthe
arc-segnments along 25 the axis of the shaft) to define a gap. A dielectric
or conductive armature (i,e. noving elenent), having at |east a pair of
opposi tel i sposed arns, is fixed to the rotating shaft between the
capacit orﬁlﬂdfatigoﬁn%fer%c%% Rpdtt R enicpeadopy cecaning uses oéh eof i Vel gn
provi des 1p ®Ai PaénB0s¢capachiphances having capacitance val ues which vary in
opposite directiqns ,as the shaft and attached arnmature rotate. Crcuitry
whi ch i ncl udes t%é?sélsc Yanteks impractd ol dex dimmoms iihke copaistalk

di f f er encRlanoiprodimet A8 DULDAt of Biew, %&Jﬁ%fwcéiﬂ?aiaé(\ﬂt {&Pﬁgfe“ts
ST gn

t he gul ar tposit'on of E{h rQtating shaft. The [inearity o

Wi t hagespge}fﬁ ?%st#@rsﬁaf: e?{n&&lr&ng(?éi Siege Lild te campunigafdirient2n@ohbnit he
fact thataryhe evenat ethapaci tirnd pdEhé€r SegPBRbSaBEe WENElld Caldye | dgpti cal
5 and pr ef!fé%é/ sedpent gd cont ai ggd wi thin concentric arcs,  Furthernore,
hi gh repeatabil Tty s re HPI'yOXEFﬂa abl8Ve gt Reep Bt F§otivei apeht,

since norfésieedity can be calibrated and corrected with suitable software
programm ng. . SuYgh a ifa sensi ng. structure produces, a 10
substantially |inear_si gﬁjaié%vi Pcﬁfr e%lo’e%t gjtrbv%l?ﬁ Br It At o%mﬁ“%% d@Rce
and 19 p@ePeemiFalRestpaciovrs sohbilkecapaattive phsthidnriraheducer.

h pAees ; recapacit biortTaeducer.
radi al ﬁo”f?‘??éffﬁf@?“ﬁ%frgﬁ‘?s?ggsE%%??“?ﬁgﬁ#%ﬁéééﬁi??3%*%%*’%‘%%2%??%‘#%33 ’

capaci ti V1% £BYERELSD @ aSenphel vhkr eandnoidd stakdtdity ever serve

as internadéi duahaks iofe. ,c@ﬂayt%nEPSiE’gafﬂvEQEEEe”%Sz 'Phsé’%géimis't
into the strufﬁture of #he éransducer plates, either as identifiable
feat ures BFSPHRCLGPaci PRVRECARLOBRADERREASI A§ REneARSEBE 48 BReag@@Fti onal

set pf cdpesefive deatieed?@dopcatrd £ ithe dWINRRS ©RILSEPS | &Pct PSRl BSENCE
ransduci ng el enent .., These features can

of a mati ngefea{;ure Otﬂ%t he novj ngé 1

be desi gnet®Lo t Aat ™t 1S iFRTPF L2 0 HEF L T A khedaeiRgnatenthe NRefeases
only minifet| fidhehademiar ehevitieleiwfvalieng. prior art designs) 25 The
fiducial feature b |, sppsed. beyond e central. range of defl ect,on
used i n nor nal ogvel?]?t{]? oﬁ?ﬁ%nd‘rﬁgﬁngéxm s"i‘?t{‘gﬁeﬁﬁ?§ a%ri?@rglﬁ‘éﬁ'?‘ﬁr aPFSA mode
of the insetakedttol gadvananetuder syshetisuahddl imi beiindepenilent matdirti, onal |

fi dugpal aghLLMe s sensing ; rel LB

br oo ¢y Re Fhe e S Blin AU REbT 1 ch NI TES RRR S Il €' QEGhERpLn

i nteract WERCRS AW IST tireqins rppslwimninef the transducer for the

pur pose of identifying a position, while the nmain body of the noving
element interacts _ 6 _ 0 2 JAN 2QQ- with the sensing segnents.
Plrefﬁrably(tc\\/\/vo figrciawlmseg =:d y : '5' t”;;)lé rte?'spectivne:lith

Cl OCKW se antag o €l O6KW 5] d¥ifiSidyl O gM I ee8bINEE thet NE
center poﬁii.gd,i on ﬁ;it he tjrgéé?]sdkj?c r. 51Tn a t,ransdducer constructed wth an

i nternal FrAGEFYTCE&ESer BR8ETS §§ed as & OVENE 1R t PATSNAY? oW TERE al® cut
or oBer peémplebatsebfofedritea peedend deomendéal hedpiditavalapesscapati tive
Choun t habCF SRS Fov PR SMerBRt <1 & 50 HAAECFo FOrr e BE hahy 197 c5ASRnt
speed overedptedcdridit .perturbation, a proportionally narrow spike wll
record on the posjti Fgpa : he dri rrent a . error
signal of the ser%/oéggr%?r'??e!rap?%ﬁ\égggsglskg‘gp‘téf’gea€%¥§%§§m?g%§lg§ggttg&%c}_ns_ of
t he | ocat F6ANERTERE AR £he miwm&ncomeisuw tbsteppent ©f tvhewcapacitive
pl at ggand theref Oﬁﬁo'éﬁ_@r_slgfs Ecesofhf’h@rhﬁt\?%ﬂ(ﬁﬂoﬁ% lf:[rcﬁg(?:fox;l@e SQaRRre I @

second symmetrically simlaf_cut or pertur I on georret'ry_l S created
on a symEEFPCAl &HXMEe BasRAign eapd aprooksspibeitt ccpoferta ygadnsiand ar
spi ke wilhunesulki®ieN of picofarad position detection systems of

Fag:iflats e
+
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20 the dielectric nenber is made to rotate simlarly but in the opposite
Jdirection. Wth the angul ar distance of these fiducial features known, by
measuring the difference of voltage of the signal. just between the signal
spi kes as they first appear, it is 25 then possible, at Qa?nyJPtNi M 1o
determ ne the angular sensitivity of the transducer. A calibration or re~
calibration protocol is readily def.ined to ensure drift--free gain .

sensi tit kighs 61 d 1 r ., .operator or a conputer program can
i npl ement this lpr g%o%%?géaﬁieg ?ecgs]’l'if‘?}? %Fa\fbs‘i?‘b%%{ﬁ'errent i s i ndependent of
any envi r onnent aPnpEhas babliess 0bft fehial ethvent togi Levido usedcandan be

readi |y rapraiied d Mt e.supporti,ng the arcuate segnents is
02 JAN 2 q?%?ﬁgd%%? n%? e??gﬁ‘:\%%i B GEParAEIve gﬁaitéﬁetsoﬁfcg?%ner
i n respofSPAT ENA r bHARSCAIC&Nanyeperhd: angat acoopbast Dvebet waeh tdigs t WO

i nt ermal micedutt AhsmthSr NBENERILN as d iy relation to a unt
anchorin thg.ﬁjt a Tfane g?'er S%earqzsnc}’:%é% Co%%%%[ﬁhé{q%}%lhé“%ﬂ%mge
preser ve®TXE- 5t 139 - R_LPEBT @8 Phe gai manyadf | they . sefie roe rdapaqinsitte on of

th toed e al ! ] {44 Qs o
e anguldra whd alsn saonerag NEk! A8 ZE60 goc;;‘el alcolt@l*}é %liserﬁ@‘%%ed,

defi ned %ththe m d-rgoi nt bet ween two approxi nate mret 1 cal
10 desi gitat &4 SHYUAr STRPEFEnces determined within the fiel d of

vi ew mechani cal Ranghef dhpescarsFerdmnsi {hodnt IGNSHMCEL. ARG Rias signal
i's ed signal .sych that_at these two angul ar_positions,

t he%t p&ix%gglﬁh%egele%éfgsn}"gﬁbflrﬂ?enf%arf‘sma%ﬁ]é@ﬁtJ\Rﬂ Jeeatres
opposi t e &Rl avpriinGhecasparattived yof vibR td aDsGHLE ekyks efOt aiesh URLI 14 t he
out put i nd it i efined as the null., of the instrument.
Thi s pos?te%l&%ﬁ'ouféﬁgggggii rrgg{éll );Sfcfgq%tcniv MTW’(W%X‘??%F RAKH of
the pl at EEBHE YR AN Hdipdertirde moarisgueematiiresnul Thelridtenfidhelgri or
art transHeers, i §pepdTiyH e CAYS swncontrokled gain drift. as, t.he
ref erence osiltsyi ongﬁdg@r%ot eactélgafﬁda)}%g&%%ngg?é %?%?eel,-gt ﬁg‘pﬂ‘&yﬁddr"flﬁh has
beertheatQF Uit alPHO&IS MAKLRE VibRYIL_RPedivan , prenisig msagmét ¢ brmayovdma ost | y
or i nconwrdmtivavesbger nade for scanners to operate with opti cal

fiduci al referen(‘:Les installed in the optical ~5 field of view) Transducers

accordi ng to the*Pr eREAPTEANGH i oH.thi £h RYedrErethd embodimenity eof nttdrmal

capaci ti usvdmhuioira) sa edudididhedseiRePi@Ralihs tahpca"éﬂé\!éit%(?ﬁet | Q8- Ng
defi ned Jh@ﬁl%{ence to,the two internal fiducials Brief Description of
the Drawings 20 Ff ef &7 1R BhB8di FEATS TR The CRRFEAEPEN REFRERhIWHTREF S he

dr awk hgs Rateffaxrabl I @GB. skt amst 1A chavghexplapdedtvireVbidead Sdrd@indi ed -
erbodi et ol v EREESE Rbri gl SHERY (et o Ere: @9 (i el ing
capaci t i 19| ¥eteat ingGshatl isf aaphanod,ewrdf & hericseiappic @pde viveh 5
support s gifr d | dueh@la tGRRRCHeMLR P! fhesnaNd A CaS8UBNL . the rotating
shaft is spaced a slight distance from the arc-segments along
25 the axis of the shaft, to define a gap. A dielectric or
conductive armature (i.e. moving element), having at least a
pair of oppositely disposed arms, is fixed to the rotating
shaft betwsen the capacitor plate members so that the
capacitance structure effectively provides a pair of
30 capacitances having capacitance values which vary in opposite
directions as the shaft and attached armature rotate.
Circuitry which includes these capacitances is used to
determine the capacitance difference, to produce an output
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sensing plates of the transducer. FIG 2 zs a diagrammtic vi ew of a
.portion of the enbodinment of FIGS. '! and 1A showi ng the r ngﬁﬁ)l p of
"the arimature relative to the two fiducial capacitive pl at

shows a diagram of a neasurenent circuit in accordance vvith an enbodi msnt
of the invention. FIG a is a representation of the signal) fromthe
position transducer (two exanples) . and signals fromthe fiducial detector

th | 5 f, th t
Shown | poReR dinigh ¥EBrRbeRc VRS B B et At e an
enbodi meANadFt + hdhaveinganityndf gtlhedsi@mdnl oLl use spect afoTaché nsHaer of

th

b Lernar g e 1S BoEB Py M ERen mm%%a% gk die
respecti fEcpatsy qq@ﬁ’%"ﬂbﬁ@l Bha’éémf?@m@tis viteh stymonei ritesa lily tikkerarizapgnent
Capag || Wed $hre AerabayeSedtdhneld | Sodnt £HES L Eh1 AN cBhCLBE 30NAlL T O

the tran duc s wel | duci al detection S|é:1 a
travel i n% ?Eﬁt Eb%dr%%@t@hélr»mre;aaxea tllkilaﬂhma&l%mcarﬁ(@.s 7A

shows thax@qummwreuffnesemdl BAnice e -ahrRehS t9f cfa:i]‘mebfe' g 5 35 aﬁéﬁé

schematic.dia dr|ve anplifier "'with gain an

FTG 8
adj ust rrie%f‘?‘ éfﬁjr’f?‘u%tﬁgsgégbt 8&158 &t SCLHYANECPTOIT&MFINGhol i ¢

presentation of &usdftwar &:apalgﬁrtadnwecgé@ﬁg!l Ry et Al %&%ﬁ@r
positd on i duci al signal - q, 02

re.with res t to
JAN 200g %escrl ptfail N gf ff‘ﬂsaﬁr %fgg?gdwﬁ%oﬁ?%%?g G anea! fré?traébl‘-‘m
enbodi ggﬁ‘ﬁ‘le Rlassica  and, inBpamt i) liale tﬂﬁg@}paﬂllﬂdﬁr? foed g@ﬁmﬁrmuﬁ que
not or { clu S t I rotates in
5 oscil |l gt?%ry fas T@eaﬁ%tf%ﬁ%g% %ﬁ@ﬁ&f’ Ehatr%l?%r SHaft PRsses
through Sefantelltdntasensitdyeara zrmals nert lickss efidthe wptaxylsidefit ce,
such a$ mrror lHpelheWQaed trans r e
perpend| cular to shﬁaft 9 aa%%]lfl oﬁﬁar%!ﬁpp%r%{éﬂﬁ#p %dfs[ 18:agiraac1ﬁera‘6?y of
i sotTopi & SRtErE Al tosguRhag |C§@P%B@C@p®@51ﬁ345@rrmm,c tdetwaetve s
mount ed assefnekerier ﬁiﬂ@&.‘ﬂa‘l@ ,sepser pl 85Seidn % r@ncggch I's

of arc-se mec;ril_"t!1 forrrgghgl :1%[5 Iy less th aaqggllcefj e extent. e_[)%_- set

arr anged ctte WG Sramctang af | I@ﬁﬂﬁ@%‘c@lﬁéﬁ%en 15
nei ghbor igng:tptates. 159&&&&1&&:&@ mu@&r@ I dre Rl i veorpRsethdfed

capaci t1 JETTHE TRAGEPCE G oh ahcBoghiiPerbosehar y@aap“a”c%’iqaaév%&f@r&' PHREERd 1o
a vold agdsmred, fay ithdi gaimsysansf seénesngsthbep@é@eh&khl of Pl ah£rimgt he
di ol et ?fféﬂ%.af? K B R R et A BheSo Sr e Pes Fana o
shaft 9 mééﬁiQM|$®véYmmt@1ﬂemer$1a (o Gheamdv—:tngn(tnahmchxmmgtlon
plate 8, candndt Qfﬁ&féa%&kbﬁff%ﬂr@éffy vn'xetnh@omparea with equivalent
prior art designs.
25 The fiducial features can be disposed beyond the
central range of deflection used in normal operation, and may
be visited only during a calibration mode of the instrument,
In a transducer constructed with independent
additional fiducial capacitive sensing segments, the segments
30 are located in proximity to the arc~-shaped sensing segments.
The fiducial segments interact with a feature of the moving
element of the transducer for the purpose of identifying a
position, while the main body of the moving element interacts
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25 manner usual to capacitive transducers. The structure effectively

.provides a pair of capacitances d, 3 and CZ, 4 which vary Iﬁég@gﬁ?@é}
directior as shaft 9 with armature 7 rotates, Circuitry, bel ow

with reference to FIGS. 1B and 3, includes those 30 capaC|tances and is
used effectively to determ ne the capacitance difference (Cl, 3 - C") to
produce an anplified anal og out put, signal which represents the angul ar

osition AN_200g_The armature 7 has
Berl pher Zl)?'ttr%or neZt?%IHSi%% %?%ﬂ%mi% vvhfi;’&ﬁfﬁiﬁ M Fye Sidpdddonsegnentst ent

of platedrg" Qcasednd:@ :Ldﬂaatnfp pm‘ésg&t&wglﬁf lQwW JBPSs e D]IAY éﬁaosed
only on thegrfie v?n?& &fc )he tvu%dtarns armature, four ei ng
enpl oyed to naj nt ain }f) ance rﬁf'sfserqx?'F% %o‘b@?a@@néer
rel ati ongm%%qrh Q%e"s}éettilpalp@dma:ems a set of two fiducial capacitive
plates 5 6 is supported on isotropic support 14 being positioned radially

beyo and symetrically disposed with respect to plates 1 and 2. Fi duci al
plates 5 and 6 axB &ph&BBSHHERTeaORSETROL eby Wit laar iditetancke Rdkkal3 the

Govi co. Bxel thrian Lo b orel oranrrere B, Adnsh el 0" e 8 |

devi ce. itation rin eralyls to's
oper at i of, %a? réﬁrrﬁalqiﬁcég Hhe geamatFih ahere Sﬁﬁ:émer eﬂcmegpmua:eso

| ong as C&pm apbatee, efd espevedY Fd8tdredCo ft‘hléen']cdﬂ 21&%@&@5 5,

6, see F i of .the transducer is equivalent to prior art
capaciti ve SaAgy Cﬁ’g é%@hsﬁfg ?‘?‘érg%lugé‘?‘%n tvhah Lér ther m%’tl.'iltg (ﬁﬂ-efa%ntﬂraySbe
pr oddfc edmeie ngoarrce:laam i He OyeappaRi ogléﬁgiéﬁtalgﬁggg edvad "Gl & brage" aode,
as the agwxﬁj %;é@ fIdUCIﬁ the capacitive val ue

associ at %these 51 & fjé’ﬂa& é’e§a£ﬁ°é’xFPéH=€I Vlﬂ-érﬁécéﬁéngé BBet he
di el ect r POSATINh adEnajams wetlle ad omithe @ ikke durd <200 tdmnsc ol é:?for
armat ure @'y}ges r i t tance the armature. The

magni tudg(iof chacr)lge%o eat eeéxg% gg??lgggegal ue'?%?ﬁfablsc “"fﬁ/ BEhE fq%ﬁ}H%Fel s
simlar FEPARAeHTaR NS r%ﬁﬂs@h%e}otsaMHn pfathe. chitsi sregeanhirbdtyions

t t f f_th
Fi duci a “ﬁ@;‘%f e P ARG R fE plake 8 kiR 3R Bl Forver an

i sotropi 85 PANG R Ure 2F t the aﬁgaanﬁgnal ns constant as thernal
expansi on does n!DE al E@&oﬁﬂgggﬁ\ﬁxeﬁﬁh@th s@(’ﬂlﬁlé.rxf 4t fo%a?é[] é%‘éﬁ
es and

5 o0x 1s6 armature re

materlal§ é%’t Fl%ort on 1
DPUAN 200% EhelatoReRdl 1S treared @ AR L) LR cemcitive
el ect ronpd.acne af topmspnlrn:lslad\léﬂtayﬁl’@r@nﬂﬂiﬁﬁ %hk@ wdant ifd 89 d heneyent,

hdioat ShSor e D RS 1 itk “Cp cEobAcens Eidaravop s dhethe
ar natureopnﬁ?@lp‘;rﬁ)(ﬁb-s%eqﬂmmrforned for C\Nand CCW directions of rotation
Shown i n FI.GS. a5 aekEe B Sh lednit ok PRSP ety R SEEE on
of the sERSBIM Pyicreasdring thasdmfaeemer eshovabt dget bE i ngighahal s
i ducs ol ol ot & eaneen SR MERe Il AN Xe Roe Gt "aRBar R A LTS on

0z t4Te afF ré’cb"e‘i%'t@ttv&fly nteimal ftducdekermine the angular

sensitivity of the transducer. A calibration or re-

calibration protocol is readily defined to ensure drift-free

gain sensitivity of the transducer. An operator or a computer

program can implement this protocol, This sensitivity

30 measurement is independent of any environmental perturbations

of the electronic circuit used and can be readily repeated as

needed. If the plate supporting the arcuate segments is
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The val ue of that voltage is then conpared to a previously established

«wval ue and corrective action may be taken if necessary. Corrective action
can be to alter the gain of the drive anplifier of the |inl2dANo208 i on
notor) to force the actual excursion of its shaft and the attached 20
armature, as neasured by the transducer, to match the expected value. In a
simlar manner, the null position of the armature is determ ned by .

adj ust rrerfbg:n{éa COEISRs Qhute val ue of the transducer signals to be
equal as the arnat uIrIIeErggagE hd’r?g"z@eg FFBF adfis aff tFSPHEOPIO MANREBC\n

fiduci al $£55CEe £oy eaﬁlmamphean.nchahgedetnéIang@j@f Ik it Lo f 53} vdan 8 @Nd

9, the semneo tGNtiH e ceives usual . _manner, an
anmpl i fi ed anal og J.posel t |aolrr1r.{| &JI)aI ] oﬁtﬂ@igtﬁépﬁa BPakedli a3 idthein to

report t& ﬁélx%httr%las‘v@'tl@m thehse ings ttdrina e us ﬁ-ﬂgﬁléabfp%ﬂéﬁhe shaft

9 of 3 heCopis@mueWtiiR A ndi tion I, of the position
det ecti on systqe.ln?l Zgoccu?’eri!ﬁ%ﬁg?%ggrﬁggﬁeﬁpeﬁ tﬁg E'éfzé(rérﬂ:énf%‘éhd%el ng
i

used by thE FEM iSRRIt on system the reported - 12 0 2 JAN 200dr

I t henal 1—;{-_(@_5 f th
by L LG | Foda capr pE naie; sHYEHBRGI44€8Por  olmbeai nst

time, on WRMEh A% BV 8§ec¥eﬂ?e Bpesitelian) pdbs achmsildnal de £ fnedr dleng;}t;@ t he

i nvent i omidt-peimil sestpeeducas bapgnggﬁ\gggu_é(’n ﬁ"I‘It‘I%CI%Il atl%rfes;%
I'n

cl ogkwi s ckwi se. rotation ovr
i nstClIgInt aﬁggggn%gsﬁ %rn%ﬁ R SR eRESS ed%'t'-e?‘ﬁenﬁﬁswaﬁhenot et ifitmlad aofii ch

t he pul sé’ée@rdmr:ham@:aln zaaq:g&afce‘:“ reitle eSBOGHhERPHosi BESE 9-“‘55%%’% useg t0'
cer a

produce g I SI al far the_ transdu I er,
t hat repor&t ?gta(yggsrtlt on sr gna &é& %?IE EI%@Q'(F%C%%E%Q%I 9UF€f tdet tatre

shaft poshesSén WPh§§gPéae'nglsetubemsert\m outditve ft keesBaklc tGUFEEE |y i N

responsethe t LS. t he referred enbodi nent of Fl 8,
t he IeadI:n ed(}ges of II ﬂ?l du %1 "EIIsIé% axa o§EPES 1ki®t IPCIJe%’f)bEYr ve The
cl ockni se &useuﬁﬁerﬁo’ékmsduceraisomuaits&airrtﬂ e cﬁ:%@werpg aro
trigger saﬁaattthlatsr;gjﬁtsj)ort Ofsrﬁéﬁgfréli"%ss%@) eua]gﬁl hﬁ tlé%S H) circuits.

e

Under copput er CQntro the | nstantanedis val EFgeRton
si gnal i SV &¢EnpPEAtACT ﬁ@%ﬂ&emmambyrecamogdedgeshothrehamreocdxﬁm se

and counsymaleaciwick ihdupllahepltjéﬁﬁat eodi fhar ?y%%p?ﬁhg%a t%{[gl ed

I T FIG ts th
ampLi 11 of BaHLF oS ERE TR E RIS % r?%&’tﬁ%r@%rﬁg&lﬁa@dr@%oﬂ:m*aed?

3e]'5 }Ké’en bﬁeuﬁmnphI'pélleall Ig;a.lm(ch:tle‘it faglughal réﬁ@{f-}é&g@éhoggg 8 %o%% "
ifferen 0 ect n.settin ow f he | erence i'n the
sanpl ed %g?ﬁ%gih %%%orrgi %%EOFB fhet gﬁt E‘r“ggctqrdrftof hamebpenseeagin 30

t he gai nt@Erz ey, %}Iﬂb‘ﬂmeSEdesﬂm‘ul w@eﬁl@ﬁ}‘@ff@ﬂ&s&.@h@l gRhdckal gy, 1D
Gains 1 gpkd] sarrp Ci I‘CUI ts are
compared {0 p%o%ﬁzga@%?géjégénzg%% e?’ﬁd?acfeeg‘?oé% STEINETE Lo operage 2 JAN
20Q t r ue"* FBasiRedFaha ﬁléetc\a.@én réfefedaebalirfmatllies; ihhishyalkye.iddn

turm@s, |sn_§,‘mapabgd tQetNe "sSBaY gace t he eference val ue
previ ousléX Ed by the .system aerre resent?éngo?#en%paﬁodl EPEncETeRRNE

pr oduces* 3XEBF L8P sivjidt ~ BépRAes reoexpan(ame) "intteatal s celperianpré ed as
an aut onfiducgals, cekhebhtoahél QaﬁrIe pIrB 341:89 I:HIeOnB?ﬁ‘f bILL¥ Lhe galn of
0

the tra a fi so t hat por sition conform ré%t ual
00Si ¢ i Oﬂégfgﬁéd PRbh e 3]l e e two internal flduc:r.als.

Brief Description of the Drawinas
Preferred embodiments of the invention are shown in
the drawings wherein:

FIGS. 1 and 1A show an exploded view and a simplified
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Fox null correction, by sinple circuitry not shown, 10 the sanple and hold
wal ues taken at the two fiducials are averaged, to produce the desired
absol ut’e position value that should be detected at each fiducial. This
desired position value is conpared to the actual val ues at02néAN 200k
fiducials,and a correspondi ng adjustnment is made to the null of the
position 15 anplifier system so that the desired value will occur. |nstead
of makin S rrections qn the basis of one or a few sanplings, which
is possi i%&?ngﬁégFaFﬁctéggéa V8% Repeagdvedyinoft ket adsedihengrsange
the syst ene olonedeet tdw cord ephied sy JERdUAb 144 d gg%ll . b 0Crement s on an
iterati Ve, Hasis to converge on accurate cla%('lt}bra iéo%a@%%%ggc%@bﬁ%"?he
fidueial = eatureFlsﬁ bei ng |l ocated in regions beyond the |inear range of
operation of theHEGd tIR, isokatdlem neiew. oEheesrbpgi ol 1Rl &S »; gnd 6
exenpki fys,g%ﬁ,,‘f,ﬂgntt?ga@i@fcgg ai ning capacitive ?élbg%g#)gfz t&lgant%ss‘f’hb% h
desi gns 25 derive a fTduclar a%na?aB CRAVSIuBLRFeF shnd dicomegment y i n
t he geonet§3SHEItRE2kaBaeEt the $omsisdngdates of the transducer. The
fiducial discontipngtigsiare; ngr cated.outside the |linear arid
useabl e range of the rar%sducera.lggrﬁt]a%‘#éa odi-f¥ntCbf BFIRRYGLORK@E the
per t ur batTBIREYPERhe©80F §EBmedr pnef Wdapetdwing pthte relleEdinsHid asned ﬁ?ﬁe are
in the farmafuradialhyieal apged thons. 20 arid.22, respectively.
Theseg,are spacedpgfpﬁrt arE di staﬁcgqﬁ?%%%gggﬁgi ﬁapagfli% ViFy BYfRE €t r al
operafing region the SPAWEude. diagram @f 2a) A OQ dnemt urd réaiy tinit s
associ at extcardprecaovdthsahnerbod gt d Qad tﬁ‘éeiﬁ'g%ﬂﬁﬁ%?l to rotate at

constant speed S%l.&l& a9, tq follow a high frjequenc riangul ar signal. Wen
armature 7a reach€s 'the &M of gEFREAREREieR22f | thes adidrect | feomn the
cooper at iR 191 t Heranadu@di on( phat es&anandst heg s j fi {al,_.tab,
to producﬁ@ﬁaspog%{.‘gg%ic iar; t.he si%al lget “Z‘,?:t e?:lﬁ?rg%%%%f?es%%%#i vtel'&e
sensor plate Ta or 2a. The 88 VO UrFTEREPESCHS (HriveR BYssomtimnguland a
curréht SHYR fomM gembnat elet oifoude Weowotds Fogiragk the signal. 10 In
t he enbodi nent okhl G atlons ;of, the geonptry of capacitor plate
el ements 1b and éb are5 i%n tf}ééuélgr%ggogﬁﬁ teFFadf =Pl P56t §°A%§ﬁd B.cfin
the peri fifer SFPPSPEBAs off the devmutior sensdeupleat esith YRk b o or

i s driverfaangtesos i hed &b - fact a.perturbation in the
geometry of the ﬁgg Cit] vgyggné?ﬁgg%gg{ee{tcics%%%ﬁﬁlyﬁ grasing BB i th

respect to the e ménet & GBowwaen alite mnatat ve et Zanefutle: ideisghicer ,
Wi th20t s assani aked daead et @H@Ues Mati el | tia, | Jven as a_senvo 20
system a%}m%&{] FXOG 8 thg curreﬁlntyéL oer c\?%%wt h’é‘-et%jre?ﬁﬁe*vr%ht%'r,oif. g.he

gal vanomgt er- 10, wi 1% D eEed anyl Shar BWehafdeter dinscinsi naircy sefgntere
error si gédacitive thensifdepbaceshet ween the position drive signal
(command signal geeei ved.Lr he _conputer) arid the detected position
signal fromthe g&t'r a—"nes %cg{TT]. g"faFfrt‘aﬁi té'%jzﬂ?rr@ﬁt ‘b‘?etﬁégﬂi\lengrgm, tdie

di scont i rHaARABICaNeasr malki gealfiduciatedidvedtitodi saQMbii YAl e
geoned ry safmdtig-La [\ ensi n e_of the position transducer. \Wen
the positj.on dri vngLfdgnéa ﬁ}i géésa\?\‘/“?lhg{:ﬁflgduﬁpﬁﬁgeootvﬁé' I itii‘u?ar imsEEeH of
the orat ifldﬁi,uoclﬁé M S énd Flfie ‘Bhdshseact heedrdviey eugttenN e RNENG
snmal | as tshaMe idEfddes of WgE Ehg bl Liciéalloqd%sconti nuity occurs, a sharp
"“error" signal ié grosﬂuc,ed, and I n response e servo sends a |large current
- 15 0 2 JAN B85 -pf skSt 8 Aahkematio ddstigramtodcki ndr DeediatipdilfiEese
current miltdegyaane srviugIl FA &S wéh rived with.suitable |ogic,
as figlucial signalg fog gain _a%unurlléﬁggfg&:c?ﬁ%lg? %%S%%éhaf}e&"a\?mr-

symbolic presentation of a software
program used to calibrate gain and center position of the
armature with respect to the fiducial signals,



5 In nost cases the shaft and armature in normal operation of the limted
‘nmoti on device stay within the range defined between a pair of fiducials. In
the case of a limted rotation notor, this is the angul ar rafde JRN00k he
figures. A separate calibration node is enployed to apply a drive 10 signal
that causes the armature's excursion to reach the fiducials to produce the
pul ses at tines to be related to the drive signal. Such a calibration node
can be enforced by geEpysen.control repeatedly after a given period of
operation or upon the 0 _tl(}p_o t?-e_ -0 SR LT @AV NG th_ere can, 15
however, be circuist Bheeprefewriech etbodimeydt APROYS f]_(?l‘ he fé’sérgcg”‘é‘?t to

have its s MAgRXEUEST 2RS4 g han those in which useflu' wor K

per f or med b%/. t h% lim tegﬂﬁ%kgt%i %r%cgléﬁlc%‘ LQrEHE: MPkeTi ASt Fanehe of any
aut omat | CAFFY9Ral i br LFBs BOBATW Lhcdaceexaksfen. 920yhidE roPaRed AN; 200
17 CLAI MdciNlavpayi Fawhipesidy detegtar c ri stl ng a fixed structure
conpri si ng, ap,_ener izi‘gg%gléae and opposed 't hér et™; es‘g'i)’aﬁ’%t‘é% e argher at
| east one€ sentéi%atjs Pl YUSH PP B aBt Urensduads e 12 bhe genndepsAdept! v
with the emdiam opthnatl dewike,hesRasiddof; el Jehich is to be sensed, the
armat ure construqheed %aal ter the capacitive coupli‘ng between the

ener gi zi ng and@;gn‘siné SILER J&RANRGLTGT Wi LB | tacihdege | Atposi tp Déine and
at | east RprPeRpacilave o debiadlt f 9at W e dgpat ' pasition

subsy @nt irkd e egs tq Jhe ener g 2i n EJI at e,gﬁﬁt?pgssﬁho%% b?iﬁgelol’*'

di sposed “at a pr edet ef i ned pot it %@%ﬁgagheslf}&%aéflsphvepiOfepdmeyarm ure,
the fidu&BlICH I B ovRitclangednbanpedducget @S EH1L S ¢ A %é}?sgi me
when t he giawd Uégeﬂhgggggs 1ang i nj er?ct s\};:g th jt, thereby to sighal 'a r
preci se Isg%?ti o&(o{) the arrmtur e refati P& 1ReCfi 2EF-§COmentr £0116 &f The
posi tion e #58| AN 9ion degmtsaatkvenwi, t h Tad igdd ad Ay rgg%or
havi ng a esiaftcld egRat rbarapu! Sigt i f.which i,s to be sensed. 3.
The posi %%t ect or gf cl a?%Zéi%ﬁgrlbsi“ﬁ’g%rg bgﬁvgﬁ&’rgﬁ SE3GH iRefiween
scanner . P BB EFER -det BRRERdOfE XM ehdt fpmiaEDelli 8 QllaitEs 14

whi ch t heofpalsd altd eatapae iGARRY | di apaci tor fidugial, plate,
arranged &n"iro‘}?a;&%g % lit‘)g)ri tion si gﬁ';ei@e\/\pi%érﬁ%ﬁ}:%degénd@nt 3uf gifgnla‘rg) a
derived from chl: g ‘ﬁgaﬁl 3tBY sSpscimiveoplatten miatbect & wificH ailBet in
whi ch t heTeHarglies nghatat 0.i s @ BengbaheH igcli shaft_that
conpr ses e e the Cotary o {1 on Gf i cr: voldafe" Bivres tr e
is a set of arc-segnent Sen<FRg ap'ilpa"c R Enciitatien theéathaln, thiee rarmhey al
featff e GO Lhiiscrepe bEducalsanasitive plate located radially
outward from sai gnag ¢ n nsing plates, and the armature has a 30
portion extendi nﬂnr égi“%?ﬁ%%szfﬁfcﬁaﬁgr@ﬁla’% Rerd@leftnie matanied das

pl ate. 6°PRAPISHIY i dhcReEedt ormef 1A cami578her ei 531 digel b RKAEES o
conpri sedbetiidersubshat i i i C | ates, arranged in a circle, the
first and third of \i/?/h chayr% ?ggetseec@énlagSEﬁ fburtdy of rwteh 4reand the

el ectri cariyr t-’%iﬂ?t?hélar%ﬁd ukbtieawiaigs twhth @ h:skANPQO8s 18noppesed
ar me2 Shvhi olareenr esneidi gl yaPy etk ap et Q%JA&&%CQQQ second and the third and
fourth sensing %g&es,s rescgecti vely, there béerng at |east two fiducial
features respectively Heedtidred wiirehevelyst provhdes amd tpeisecafd or

fourth sE€APasgtermes Q,he andatyye M\&mgvék?ogﬁ tgg?g,gq@e_t hat. e%’éti?’.%g@a N

radial ly Nk t Xt f_5 said plates . act with™th
pl ates i rsl?lr%g(g&i ggnsugitglplaglg%e%laéjﬁﬁuﬁar’r?gaﬁéﬁond e avbtinyum aor described

oper at i oR&LO¥xcdi shonreferkncshatt resEecti Yal Vanit hyrespratiddly th
courscer ctaglawieariad Cl QG S8, r Qi al e

tLon. .
. d effectively to determine the
capacitance difference (C

ir3 = GCyy) to produce an amplified

analog output signal which represents the angular position of
the shaft.
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7. The position detector of claim6 in conbination with circuitr
«constructed 10 and arranged to respond to pul ses origi natigng BN é&'&d
fiducidl plates to correct gain or null drift of a driver for the shaft. 8.
The position detector of claim5 in which the sensi'ng plates and the
fiducial plate are supported on isotropic material in the manner that the
angul ar 15 location of the fiducial plate and the sensing plates do-not

change with respeg GOt i in_anbient.conditions. 9. The
poSi ?i onwﬁtqﬁ‘gt gr ?f ta(c%l ai. m 4é)i—hnq-{:aoérlvmt¥|§ér}fa o%gﬁ}t hCRF PED| {:?'9 BORSEPHSE: 46 and

arrang;ad e @W@J%ﬁtég&}’i&ggmdt %1’1_9 axtsaitd offi pletals le,'atﬁe \ahg_ﬁs_
correcti g it r porkk odEi 0 or el enen e_position
of whi ch ihse s%sed.pl%. Thg 0Si tei r?a&etwe?ﬁ)%g'ofb%%ggél?%%sﬁ egggiyn&ncl aim
1, 2 or 5 Fn GRFERTERE% i BRERaPEr delttr EWPs aaredf bihe pemafiuset j ofiobw sai d
fsensii'?% pledng temployedeta patintaon ﬁ&ﬁcé%r&%%@@t%ﬂ% a'%gtgql t§ ri ¥ed
romthe c{,ﬁ@ﬂy s sensi ng .pl.ate. . The position deféctor o
claim 10 aimr?{'l I C Eﬁ{éepglfe ﬁ%gg{‘ﬁg‘ﬁ%gﬂ%ﬂ 53'%35&‘3 ot SR rRRet 1o)IF al 2eAREr @8nent
of the sé&Msorfisiugial %Q@ciﬂ'ireepps'atéensdeseﬂhoggupﬁ,ogtaarrbflloigat%'%gg t he
pert ur baish@pds aka4 i;al; sl far. in the sensin | at e. . The
posi tion (I%bect 0?4([))']‘ H(ﬁlggrr?%%l?ﬁo\%}neﬁ:ﬁa%ﬁ%ﬁgﬁ'eg&i”?ﬂﬁ}gaﬁaa?g“’&t’éhcéﬁﬁm ar
ring encArGRIRESG Whiht TesRecsolpr plaseashd eredent the rotary position of
0 2 JAN ZQO~ 19 whigedkiiay t efe is.a.set of arc-segnent
sensing pl ates enc] rCli g @ri&gigﬁ aé"cei%]g%] %%%c%'fl HRPRRSRG esﬁagngy
perturbagf' G+t Aq5eaRes; Ri ofiX8et 8ot Gheofspacing 18 furet e ntsai deseiadf
pl at es comerderind féyioaubst anki ak [ ' . carra .Lh.a
circle, the fig fé:agggtg' rd,of H\(\higéﬁﬁgr‘?g\et deé%elc%lhga%zﬁbur %gﬁ#g.svﬁf’gh are
el ectrical I?SS corett 268 #’Kelﬁr FaEgfe tRaENRF QWb bpes el &e né- whi ch
correspondi ngly dwerdmgratitohir ds afklk saeppd afd ¥ hesthikd %dcﬂﬂ‘x”EQe h
Wi

sensiNg pl t el,ng at Jeast two fiducial features assoclate
thesjfsrr steegl?: S rdgé%agt Eé S5 D2 otiFBh SFENISIPNA A% abfeespeelivel y.

15. tThe g’gﬁ{d%mﬁmmt%ﬁchialaphzﬂfsiB,?:enbgaa_t?pa,r@;haéit;igﬁi gf¥t§e -
construc ald, a - 0 es arigipating at said, fiducia
feature to correc'?:"n’trlr ggf% ?ﬁeﬁﬁgﬁgg?i f'foo&%f rPger&%ﬁrtﬁgtSh‘é@P?‘ci‘EﬁYG. The
posi ti op%@&%ﬁ%fsw&iwa}&dm-m ch Wilteh fentimg: ploalsed odn,e asUpRYT bed on
Pl ates ang the 1 dun S g e o ke v 00 W A | PLESRAEERer
Wit fihaﬁ&éﬁﬁ% eriteddndr e UHe . ap0atdre Therpashesothdef bdtolads, cbai m 10
in conbi B3t i arheni t Bapeestiihiey GANSI Uc ' ra tqyespond, Lo pul ses
origi natie at, sai d ?i duci al feature t%gg‘g??ggg%a?‘ﬁﬁg} %u#?g%)rig}égf’ga
driver for eﬁeleé‘_fcé%rﬁn ﬁdgqqulbfla\Mﬂ%I‘Fh@gﬁeﬁ@e@hezélggecb\;écgwubmn

or SC?Szcihe;@w;[?%?;ﬁt”ghﬁé“ﬁf‘daﬁf oot Al e O ondasdre
posi tion &a the rmvgb 25 r J& U&Bewi FYPFEAREEt 20 ChE famRL$¥Ruct uTBE said
]E)osi?t-”i OnWrof nchaqgalgoﬁt theaﬁ:hgmﬁtiﬂv@rxlf@i%é i@u@%@i%‘ggl bPr g%ﬂeon f
eature eauRidi% AN ept.urbat si.gna a selected position o
t he movable 30 st %%tnﬁlrc"%i%\ng?htfgeééé& Otfo%tq}?e ?q‘l' $ETRCR UpRin plates.

It 1s essentially proportional to the change of the dielectric
within the gap of the fiduecial.

The fiducials thus determine an angle, Due to
selection of an isotropic substance for support 14, the angle
remains constant as thermal expansion does not alter angular
relations of surface features on such materials.

As a tip portion 16; or 16, of the armature reaches and

30
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19. ‘The position transducer of claim18 conbined with a limted rotation
.nmotor having a noving iron, a noving nagnet or noving conductive rotor
associated with a shaft, the transducer being of the capaci ticp/ﬁojpxﬁ?mbavi ng
a 02 JAN2 20 rotatable armature, included as part of sai able
structure, nounted on the shaft, and the fixed structure including the
fiducial calibration feature constructed to have capacitive interaction
with the Th 05|t|ontransdqcer of claim19 in which the

tr ansducé?k(%%ﬁegqgal d PI xe?%??%"c’t‘d‘?efllmmlngphab%r‘fal ory &f the

ar c- segnEALCEERI @ or ciasiing pedmordeneni eh Wai Clyrgy J ;5@1% t {'ﬁ%a i ng
i at e

shaft of jHe oY shaped.capacitive excit
whi ch enél rcles J‘t hse ?lgtga%\{légrngha?? ﬁ& Gi-s 4spactie aFéﬁgnﬂh@C&ﬁ o bf t:hlae

shaft frBH\Efe 18 &E%Mtalplmetmﬁbﬁeong iﬂcﬁm:éltgélﬁ ofherdl g&g&

conprs Si Agra i esidavi,ag r opposi tel y di spose arms
fixed to the rot a{_lllhg sdﬁgf Fﬁgng?%ﬁgs Ci%%t}}’?e %»een t he sensing
pl ate menbers ang EhR¥eLEatisopeay r@erderfkm CWoahBaCCWhedQﬁéé\Eh.bﬁ@CSf

L] Vot o o e 581 {5 O cFLCHOBSEE BOGE UV un e

capamta g g 3 and
shaft an att F b\ i) §§°W§n‘b§rFIGSaté, 8iandi 91y Anedlidang Sveh

capaci t ahbes pcm:deienmm:hb@ @aeacg diEf ernc 4
progyce @H u SRTh ﬁg gn%ul%rl(l%%gl ﬁ‘lsond%? %ﬁé

resents t
rotating. sh {Valituh %% P%? IE et henbERing os tgnahgeder fuedt ﬁeomoshel on
transducéﬁaﬁéngssedgﬁal I yprafem&lbtllyve &9 rtq@ ag Rbi %%’Patdlé he
i |nterna

shaft, thegalkilgas c ti e i_duci al ure
angul ar goa t |lg% 2&1%%%uc%§?% 5&1‘8«53 ‘v’xﬁPEﬁS%E Hihe t ePCﬁ-teé‘lq hefsttheture

of the tPBA¥dAFereXdEuEEiont ef | Dhat ammtude Héew@si then tt‘.JcﬁniSﬁeLSfﬁan

cl ai m 20fwHeeelan g he internal fiducial references are fornmed by

pert, §r bations of,the capacitive arc-shaped segnents. 25 22. The position
trandducer of cl&if 2RWREr PH tthat nN@ﬂrt:aneflﬂscma'lerliefc@f@gm cepprise an

addi ti onpkesdbueflcapaenbiiveHiat o e_the presence of mating
features, gﬁgt he }?/I ng _armature, élgg aat.lrﬁcg pos |?|C§f‘ivfer cg YRRRr "B P& m 22

i n whi ch Cpgp PEREYenceSORFECtive action can be to alter the
gain of the drive amplifier of the limited rotation motor, to
force the actual excursion of its shaft and the attached

20 armature, as measured by the transducer, to match the expected
value.

In a similar manner, the null position of the armature
is determined by adjustments to cause the absolute value of
the transducer signals to be equal as the armature reaches and

25 interacts with the two CW & CCW fiducials, 5, s.

For an example in more detail, referring to FIGS 4,
8 and 9, the servo control of motor 10 receives, in the usual
manner, an amplified analog position signal from the sensing
plates 1, 3 and 2, 4 to report to the control system the

30 instantaneous angular position of shaft 9 of the motor. With
c¢hange in ambient conditions, drift of the position detection
system may occur, such that, based upon the reference then
being used by the position detection system, the reported
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fiducial capacitive segnents |located in proximty to the arc-segnent
.capacitor sensing segnents, in location to interact electrostatically with
features of the noving armature to identify position. 0 2 JAN 20N220P 4.
The position transducer of claim21l, 22 or 23 in which two fiducial
segnents are located to identity, respectively, clockwi se (CWN and counter
cl ockwi se (CCW positions with reference to the center position of the

t d o gitel it ' ' 22 23.in which
t Li”ia?éﬁ%j %ﬁ}\gﬁs par Ty RE BT EoBeBpBl £ £ERe Bhettyohubon: s
ucl

and the fi fure is selected to deformin an | sotropi ¢ manner,

wher eby the angullar FI€.ati oamptiwnaga J,ﬁt@ﬁ@aﬂ,o;igygﬁaj__.‘-%ﬁgfrggcego'%%
mai nt ai n @&g\@lltmeisothei;l.r&ation to a nount anchoring §aP F&dci al
references 10 a frane of Tef &Pefce, 1fhePEBylarediothrantédueiadr epuiees its

abi 1%y tlgnals de Arsogdingstabthit ynowar ia,ange %uﬁl@@ggfoa&cgabb t
3 1nc

conditio 26 iRAS)L 1 0B, nsducer of claim21, 22 or . udi'ng
ci rcuitr;}ﬁ%eo ngaa?é(racé&t %leet di ?%éégg%g of SSATHERR oMitHe sFdRskwiss aendaid

el ectri cAOPErERRREkBhee5 mitptdon asshowat einr espect el praviad heyue

fiduci al inedtefenesSohs! phed s ermone the angular sensitivity of
the transducer. 27. 1:ll'heﬁpgs!E'lt%zi%grsf térgns %cafmg‘?’uaeai 2B8ondt$tRREH 06

i npl ement= AT AT b‘Y?ﬁf?Bntb¢ Peleasi beauron protocol to ensure dri ft-f][eeI _
37 Conet it 0 1 ovadd 5 ooy on croeaimene, | Khdle i EPeN R FeAat o ar
t Wo angulpalf %“b%?t%néungﬁﬁécaﬁg"&lnarcqmsml opigndlcifalr tiferensrsdutbe
out put ofanigel £lexct ronitem ofrdgier ddRARBOS o aS] GUIPL ¥AL USo2P.80d jopRosi te
p0|ar'tyaccurately reflect true shaft position, thus to enable the
Servo to drive the shaft correctly in response to the command
15 =signals, i
In the preferred embodiment of FIG. 8, the leading
edges of the fiducial pPulses, produced with respective
clockwise and counterclockwise rotation of shaft 9, are
employed as triggers (latch signals) for respective sample and
20 hold (S&H) circuits. - Under computer control, the
instantaneous wvalue of the analog position signal is sampled
at the occurrence of the leading edges of the clockwise and
counterclockwise fiducial pulses. The difference in these
sampled values ("measured span" in FIG. 8) represents the
25 total position amplifier gain for the defined span of armature
angular displacement R between the two physically located
fiducial features. Figure 4 shows two different position
detector gain settings, and how the difference in the sampled
values, that correspond to the intersection of the pulses with
30 the gain curves, produces respectively different total gain
values, PD Gains 1 and 2.
The values of the two samples and hold circuits are
compared to produce a difference value that represents the

- 13 -



29. The position transducer of claim26 constructed to define the center
‘position of the angular detector i.e. null or zero position as the

m d- poi'nt between two approximately symretrically |ocated i ftZ2JANI2084 duci al
features. 30 30. The position transducer of claim?21 wherein the internal
fiducial references are shaped as partial narrow radial cuts or other
perturbations of the geonetry of one of the four arcuate capacitive.sensing

pl at es. 2 2 .+ The posi.ti ransducer of claim 30
const r uc%gget' oﬁégﬁéggtdh%pg%rrl%ﬁweeé)%%n%dg‘qltﬁ]at aRLFRA  §hisiakue, speed

over oneBf LS, cuts eempared perthebabpans rerdyodeee anpEaRortd onally

narrow spkkeyawee/ | e : ositi-on signal or the drive current or
the error Igi gnal o?ﬂ%g%%eggggé% |l§| glls,edt ﬁé’é Bk BYS 558h A& SRRYTRF $Hel ng
| ocat i ontBf tFR2Budigtandmr pefhis bpricciuadd harespegbrt osidifalli xeshan

The post L1 on L L aheiiea ar it S aPEL ERE0RE STt 1S i ar

The position transducer of clalm: a

cut or ofREFSFELCH: IBMIHBH ot erir@nbnty eond cxymitet rthal gatcuaif tige
capaci t i teasedneke xDlsai iF1aPPQY (8 410! 8, 0 :§iqm | ar. spi ke
when thetgr mal;:ﬁr«i menher. i s nmade toér{gt at%égs{??nélgg%?gg%ﬁ ?Jnﬁt%eé%b%%’grl‘te
direction. 35 “R\mETdd IR det er ni ni ng a center position of a transducer

conprising the agés nhlllzomreditdioly i xedpard @if@Yf@ffcgﬁbﬁ:UCéH%wfh,

consty uc t Vi t measurement circuit an electrl .sign
cor fieogpogglgng ‘@lge pglgfit %(S’?idofv P nbe4Ble &% r HRBUY'? ef bERFdals smrel

fixed stpueraged,ssodpkpdadesthaciostreachbdble eV dgittardialyS i duiciple

cal i brat a ' W 1 h respect, sai d, noyabl e structure,
el ectri cgﬁegf:e[rat ur %%\éﬁ‘%&gﬁ% se?%&e?%gacﬂﬁ%he e %ué@ﬁéﬁﬁdcimtt%owo

di spl aci Hg1¥&i dsmeramaaest e thivee aatetal nval ngs pasi then £3idgnrala Hasad on

id el egt gbeabgbl : [ t It ble .
Strugt ure ?Eﬁ%ﬁ%&’ﬁ?ﬁ“?ﬁl?ﬁ!i??E@E“E??acf?%‘?%f’é’%'e MR & P e

per U bafBr *¢t§ralfy SE5Tre by hedi dhavdemtvedavalndupiidl eadibrati on
features; and 25igeteadngft hakae n is tak @, A4t D IR i ng
defi ned %%hogege ence tél'?{)osi ti gngho%%a?gkf\%g%il%?%pnoarf ﬁ%u?:ata%lgpe%teures.
34. The method Bf*TY a1 HIESS Wr &f yild measihke ot werteviiprozees anit
energi zi hg plaratagecurpdsedite Pates Nl HL8nE% ehaaRystlenl 835y

[ [ iducial ,cal i brati, f eat : id b}
St et or S gorar FSor 1oR, SrapiHT1 04 S0pnaLY 1 RG=ps e Shuam I aRaN Yhe

mot i%6h obagh sekomevnvidngepasi ticruraft vt i ha t Dohevatneed e @ netalr e
and senst ha STt FAE, Helhd MR oad CHireEst RflpoBrbPon, e ket aci ng
act i ncl ti@BgepPEd eEIaTRtsand qfertthe Batmidred rotation motor.
The embodiments of FIGS. 5 and & exemplify different
~means of obtaining capacitive fiducial signals. Both designs
25 derive a fiducial signal by introducing a sharp discontinuity
in the geometry of the capacitive sensing plates of the
transduecer. The fiducial discontinuities are normally located
outside the linear and useable range of the transducer.
In the embodiment of FIG. 5, the perturbations of the
30 geometry of capacitor plate elements la and 2a are in the form
of radially enlarged tab portions 20 and 22, respectively.
These are spaced apart arc distance R, the spacing
defining the central operating region of the armature.
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0 2 JAN 200 23 signals at the tinme when the armature reaches and interacts
‘WwWith said two internal fiducial calibration features. 35. The (netJAdd2054
claim 34 wherein said defining includes neasuring a 5 difference of
position signals at the perturbation signals associated respectively with
the .fiducial reference to determ ne angular sensitivity of the transducer.
36. A nethod of calibrating a position transducer conprising the acts of:

provi di rigmaatuxed 7andvit OVBS! @ sHocdGlrweE é”&%{f:‘égzl'%op%ﬁ%%g%it %H%ofl 0

measur e ci It | ectrical signal corréspon
sai d miﬁﬁﬁ%’s?gin%§€k52%§d£80§QF%ﬁ?t?%n§@@@&aﬂﬁm$BGEﬁgaﬂcheﬁsttcne
internan¢th@ialh&ghiﬁraquemc@ea&u@&gumgﬂfgiqﬁhpjeoﬁﬁéﬁa%ngEﬁggbgtion
si gnal aﬁeécﬁégngﬁg nggg'g& of _the _novabl.e structure wth respect o the
fixed structure; displacing sai PRV 20 2RE Pt ur &t 158 deffentiivey positi on
si gnal s BARREr8R1GRI #ishedthd cuteSiagnadn cplacepeadidid ttha pPeshbLeRvel said
novabl e siduetaie fghati |0 fixed,.structure, detecti sai, d
el ectri cal $ert§r bati on es/ﬁ?g%il-oscgia%se& bylggpal%&?qléré’st l@netg%t ePhgpal
fiduci al “TaFFbRAt + 6AMf &8 respertil e sdmrsy ujl ste A past Kiaan Chansduqer . 20
37. The deihed @kaeltal MS6EMAEr kL i iz ucture . conprises an
ener gi zi $H$Iage agd gggosed the%ef%%hgggﬁrgféﬁ&gygaagifeég)?% £ -offe
sensi ng% JrEARAG 5% FEuERS resorpitst tamdledthes esignakd by two angul ar
posiLoi gln fiduci din reher endleSdingnt Brvaphe StEUHLNE, GOIPIL5ES 3 gpaature
rotata §ébﬂe£9§ gfgcaPaCitOr plate elements 1b and 2b are in the form
of limited radial slots A and B cut in the peripheral portions
of the respective sensor plates. ‘ '
When the rotor is driven as described above, the
15 effect of a perturbation in the geometxry of the capacitive

sensing plates is shown in FIGS. 7 and 7A with respect to the
embodiment of FIG. &.

When the armature 7b of the transducer, with its
associated load and torque motor inertia, is driven as a servo
20 system as shown in FIG. 8, the current forcing the torqgque
motor, i.e. galvanometer 10, will refleect any sharp change or
discontinuity'of the error signal, i.e. the difference between
the position drive signal (command signal received from the
computer) and the detected position seignal from the
25 transducer. In this embodiment of the invention, a
discontinuity of the error signal is caused by the
discontinuity of the geometry of the capacitive sensing plate

of the position transducer. .
| When the position drive signal is a saw tooth, during
30 the linear portion of the motion, the required torque and
asgociated drive current are very small as shown in FIG. 7
When the fidueial digcontinuity occurs, a sharp "error' signal
is produced, and in response the servo sends a large current
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25 dependently with a rotation of a neasured el enent, the armature being
.constructed to alter the capacitive coupling between the enerqgigk\rﬁg ﬁ{]d
sensing plates dependently with the arnmature's change in posi 4l 4
di spl aci ng act includes producing said perturbation signals at the tine
when the armature rotates to reach and interact with said two internal
fiducial calibration features. 30 38. The nethod of claim 37 wherein said
cal i br at PHgS&cEO| aktewps hoasestoget headkﬁhgr evadibebneenrisasd ROSHdhON

signal s aiyd.el C tugha n _signal s, asso ectlvely
with thep??‘%'&?. st ichin G PEELLTRT AN BLIRL TR @da“b‘dg? ‘bﬁ i@ of
the trand@géér. 28 £idwpdr¥osdgnads 3or Thaineshddnall 1claimeift Mdter ehg sai d
cal i br at gegcaebeldneyidas, a center position of the position transducer. 5
40. A position transducer conprising a fixed and a novabl e structure
constFucted to ptRviTRsSto ﬁaﬁﬁﬁsur‘-'-éﬁfenﬁhélftcuandanaHthurecain5|rgamahal

cor r espongiety tiona qoitd Onltﬁitéﬁem%\i% %e“iztn.réécfftr Wfﬁhfr?slﬂfétt
i nternal u0|

fixed statlonar % &i_ﬁosmlon%{ sducer,_ i1 nclu

cal i brat SSHAPES BF & R§in Cdlgrer dgy bBei 6A58i 9had himited
sel ect edrpasittiioan m:dtmh;e ﬁh!sbh@ %H@canlgﬁla\ktgahggpgcbft ¢ Heher 18, fdxed
structureg s%élga#ﬂgr % % Cr@cléd brati on fea bei ng cooperatively
rel ated Wt 0g1 ¢ sys 0%h RS pEr SRt Gf’erapﬁ’ neni ¢ Fee
drif¥0 4sigmed pokati wrusessdloer am‘inatlLa:lernsdrOeﬁGﬂbbﬂeﬂ \Md hraakhm ¢gé

t at t duct
Fotor asioeianerd £ rEGRICORRe B B TTHL CBLERTLES BE AeTaESa it he Ve
type havP&dVE rbkgnabl e Swekuee, Calmlbnal‘edoasmdlet «Hn shed emfcaldesl - by
StTuctur eommeRiedoRtAde iRl cedlid LRECL! Xogi LA UL Sal Dbt e

fiducial calibr agh n features const ave aC| ive
with t he®dr HECH E’Q@%’?”ﬁf@%&itiﬁo@\lvearéq@@@te@fewatm @henevmanh t he

t r ans3uc Bloweosyr,i S8 cﬂatcd.xrﬁsb.%sﬂcééa‘ihoﬂﬁwhcii@aféta&&v&’ﬁ@é&e&ﬁﬁb% t%@r med
iC

as a plur f ar.c- nmen acitor sensing plate el enents,
encircle %hgtc)rﬁo AR g}éﬁ 1o"-fs RXHBE oF XCURA-ANF| aTenE R RabARTE | VR

exci t at i dirighatieefudbworkhishpendoreleas byhehéolﬁﬁ\iﬂédsfwiitﬁﬁﬂ d&vspaced

along th h 1O r.C e menber to form 25 a
gap, theggﬁﬁgéﬁ?%h%oﬁ%ggg?ﬁgka %&#&g#ﬁﬁﬁﬂ 9555%35 EXFP‘%%tBﬂﬁﬁg%tely
dlsposedQ%QﬂiﬂﬁQ@ed to the rotating shaft and dlsposed in the gap between
t he sgnsing plate nmenbers and the excitation plate nenber so that the
capaci tance structure thereby effectively provides a pair of capacitances
havi ng capacitance values C~, 3 and C2,4 which vary in opposite directions
as the shaft and attached 30 armature nenber rotate, circuitry including
such capacitances to determ ne the capacitance difference (C-,3 - C,4) to
produce an out put signal which represents the angul ar position of the
rotating shaft, the capacitor plate nenbers so arranged that the position
transducer is essentially insensitive to radial notions of the rotary
shaft, 0 2 JAN 2004 25 the at |east one capacitive fiducial feature
serving as internal angular position fiducial
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references which are built into the structure of the transducer at sel ected
.| ocations. 43. The position transducer of claim42 wherein the internal
fiducial 5 references conprise perturbations of the capacitiye gag-gdared
segnents. 44. The position transducer of claim42 wherein the Internal
fiducial references conprise an additigpal set of capacitive plates |ocated
to sense the presence of mating feat rl_fzﬁ the noving armature. 10 45. The
position transducer of claim44 in i e fiducial references are
fiducial capacitive segnents located in proximty to the arc-shaped sensing
segnents, in location to interact electrostatically with features of the
novi ng ar mat urk AcapgeiiverRpsiies) detestor cgmpaising a fixed structure comprising an

A A QR s oRbad rirott, selsratel of el ot lgast poesensing oy o
a] ca] c& qeldteq hed]aredmadtard nrvablecialthegap]debehdehthpivita]the hestioredfcaral] ca ca! 1
268D elem$é’nt the position of which is to be sensed, the armature constructed to alter the

capacitive coupling between the energizing and sensing plates dependently with

its change in position, and at least one capacitive fiducial feature located in a

known position substantially opposed to the energizing plate, the position being

10 disposed at a predetermined point along the path of travel of the armature, the

fiducial feature so arranged to produce a discrete signal at the time when the

armature reaches and interacts with it, thereby to signal a precise location of the

armature relative to the fixed structure.

15 2. The position detector of claim 1 in combination with a limited rotation

motor having a shaft element the angular position of which is to be sensed.

3. The position detector of claim 2 comprising a galvanometric optical
scanner.
20
4. The position detector of any of the preceding claims in which the fiducial
feature comprises a discrete capacitor fiducial plate, arranged to produce a

position signal which is independent of signal derived from said sensing plate.

25 5. The position detector of claim 4 in which the energizing plate is an
annular ring encircling a shatft that comprises the element the rotary position of
which is to be sensed, there is a set of arc-segment sensing plates encircling the
shaft, the fiducial feature comprises a discrete fiducial capacitive plate located
radially outward from said arc-segment sensing plates, and the armature has a

30 portion extending radially sufficiently to interact with the fiducial plate.

6. The position detector of claim 5 wherein said set of plates comprises four
substantially identical plates arranged in a circle, the first and third of which and

the second and fourth of which are electrically connected, the armature having two
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30 12. The position detector of claim 10 in which the perturbation is a partial

radial slot formed in the sensing plate.

13. The position detector of claim 10 in which the energizing plate is an

annular ring encircling a shaft that comprises the element the rotary position of
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third and fourth sensing plates, there being at least two fiducial features
associated with the first or third and the second or fourth sensing plate,
10 respectively.

15. The position detector of claim 14 in combination with circuitry
constructed and arranged to respond to pulses originating at said fiducial feature
to correct gain or null drift of a driver for the shaft.

15

16. The position detector of claim 13 in which the sensing plates are
supported on isotropic material in the manner that the angular location of the
sensing plates and the fiducial feature do not change with respect to each other
with change in ambient conditions.

20

17. The position detector of claim 10 in combination with circuitry
constructed and arranged to respond to pulses originating at said fiducial feature
to correct gain or null drift of a driver for the element position of which is sensed.

25 18. A position transducer comprising a fixed and a movable structure
constructed to provide to a measurement circuit an electrical signal corresponding
to a position of the movable structure with respect to the fixed structure; said
position transducer including at least one internal fiducial calibration feature
causing an electrical perturbation signal at a selected position of the movable

30 structure with respect to the fixed structure.

19. The position transducer of claim 18 combined with a limited rotation
motor having a moving iron, a moving magnet or moving conductive rotor

associated with a shaft, the transducer being of the capacitive type having a
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capacitive excitation plate member which encircles the rotating shaft and is spaced
along the axis of the shaft from the arc-segment plate member to form a gap, the

10 armature comprising a member having at least a pair of oppositely disposed arms
fixed to the rotating shaft and disposed in the gap between the sensing plate
members and the excitation plate member so that the capacitance structure
thereby effectively provides a pair of capacitances having capacitance values C 1 3
and C , 4 which vary in opposite directions as the shaft and attached armature

15 member rotate, circuitry including such capacitances to determine the capacitance
difference (C 1,3 —C 2.4) to produce an output signal which represents the angular
position of the rotating shaft, the capacitor plate members so arranged that the
position transducer is essentially insensitive to radial motions of the rotary shaft,
the at least one capacitive fiducial feature including internal angular position

20 fiducial references which are built into the structure of the transducer at selected

locations.

21. The position transducer of claim 20 wherein the internal fiducial
references are formed by perturbations of the capacitive arc-shaped segments.
25
22. The position transducer of claim 20 wherein the internal fiducial
references comprise an additional set of capacitive plates located to sense the
presence of mating features on the moving armature.

30 23. The position transducer of claim 22 in which the fiducial references are
fiducial capacitive segments located in proximity to the arc-segment capacitor
sensing segments, in location to interact electrostatically with features of the

moving armature to identify position.
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of ambient conditions.

26. The position transducer of claim 21, 22 or 23 including circuitry to
measure the difference of voltage of the signal just as said electrical perturbation
15 signals associated respectively with the fiducial references first appear, to

determine the angular sensitivity of the transducer.

27. The position transducer of claim 26 constructed to implement a
calibration or re-calibration protocol to ensure drift-free gain sensitivity of the
20 transducer.

28. The position transducer of claim 27 constructed to add a DC bias signal
to a detected signal such that, at two angular positions of the angular position
fiducial references, the output of the electronics of the transducer has equal value

25 and opposite polarity.

29. The position transducer of claim 26 constructed to define the center
position of the angular detector i.e. null or zero position as the mid-point between
two approximately symmetrically located internal fiducial features.

30

30. The position transducer of claim 21 wherein the internal fiducial

references are shaped as partial narrow radial cuts or other perturbations of the

geometry of one of the four arcuate capacitive sensing plates.
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position signal or the drive current or the error signal of a servo amplifier, the spike

5 representing the location of the cut or other perturbation with respect to the fixed

transducer structure, to serve as a fixed reference of the apparatus.

32. The position transducer of claim 30 having a second symmetrically
similar cut or other perturbation of the geometry on a symmetrical arcuate
10 capacitive sensor plate of opposite polarity, to produce a similar spike when the

armature member is made to rotate similarly but in the opposite direction.

33. A method of determining a center position of a transducer comprising
the acts of:

15 providing a fixed and a movable structure constructed to provide to a
measurement circuit an electrical signal corresponding to a position of said
movable structure relative to said fixed structure; said fixed structure including two
internal fiducial calibration features causing, with respect to said movable
structure, electrical perturbation signals received by the measurement circuit;

20 displacing said movable structure;

determining position signals based on said electrical signal corresponding
to a position of said movable structure relative to said fixed structure;
detecting said electrical perturbation signals caused by said two internal fiducial
calibration features; and

25 defining the center or null position, the position being defined with reference

to positions of said two internal fiducial features.

34. The method of claim 33 wherein said fixed structure comprises an
energizing plate and opposed thereto, separated by a gap, at least one sensing
30 plate and said fiducial calibration features, said movable structure comprises an
armature movable in the gap dependently with the motion of an element the
position of which is to be sensed, the armature being constructed to alter the
capacitive coupling between the energizing and sensing plates dependently with

its change in position, said displacing act includes producing said perturbation
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23
signals at the time when the armature reaches and interacts with said two internal

fiducial calibration features.

35. The method of claim 34 wherein said defining includes measuring a
5 difference of position signals at the perturbation signals associated respectively

with the fiducial reference to determine angular sensitivity of the transducer.

36. A method of calibrating a position transducer comprising the acts of:
providing a fixed and a movable structure constructed to provide to a
10 measurement circuit an electrical signal corresponding to a position of said
movable structure; said position transducer including at least one internal fiducial
calibration feature causing an electrical perturbation signal at a selected position of
the movable structure with respect to the fixed structure;
displacing said movable structure;
15 determining position signals based on said electrical signal corresponding
to a position of said movable structure relative to said fixed structure;
detecting said electrical perturbation signal caused by said at least one
internal fiducial calibration feature; and
calibrating said position transducer.
20
37. The method of claim 36 wherein said fixed structure comprises an
energizing plate and opposed thereto, separated by a gap, at least one sensing
plate and said fiducial calibration feature formed by two angular position fiducial
references; said movable structure comprises an armature rotatable in the gap
25 dependently with a rotation of a measured element, the armature being
constructed to alter the capacitive coupling between the energizing and sensing
plates dependently with the armature's change in position, said displacing act
includes producing said perturbation signals at the time when the armature rotates
to reach and interact with said two internal fiducial calibration features.
30
38. The method of claim 37 wherein said calibrating act includes measuring
the difference between said position signals when said electrical perturbation
signals associated respectively with the fiducial references are detected to
calibrate a position gain of the transducer.



U& () -6S 10% U& ()- VBAEbCOBt!' 10% & () -, &#10% & ()-!10% & ()-
Z"10% & ()-110% & ()- @ 10% & () - >\ dEbCOBt ! #10% & () 10% & ()-10% & () -
10% & ()-s!10% & ()-10% & ()-\dEbCOBt ! s010% & ()-,9- 10% & () +|Jm%& ()-*
109 & () -1 (GL0% & () - FOMLO% & ()-i HdE: / 10/ 10/ :
:10% & ()-y8! 10% & ()-610% & () -, f510% ()-3910% & () 2110% & () -
| oM/ 1w, " 10%/ p/ & () -1, " 10%#p#& ()-! G#10% -& ()- !.g#l0%& ()- !
g#10%&' () - |1o%& ()-
10/} 8. zX6+/ ! w3¢'¢M‘&HoH &P claifid 88Ssrferbih- sla#é@%’r&)r(aim %é@%l%d(e)sé ;éﬂtg/d/ & ()-
| #10%; 2; & () -. PORS ~ @v, | h, gL0%B& ()1 10%B&" () - $@ 0%
10/ 6L! 10%®lt(cana>f{ hepOsyEN( transoueer.@y, | h 109B& ()-| 10%3& () 10%3& ()-
movB& ()- "109B& ()-
f 109B& ()-LBJE~_@v, | h109B&' () -#109B& ()-109B& ()-T109B& ()-L"109B& ()-! 1098
& () - B% dE~_@40. WX(pos it ansdedd s ARGiRand atovable ét)ruétuﬂé)%&' ()-S
f109B& ()-t_ dE~ 9\/ I h62109B&' () - S5109B&' () -. 4" 109B& ()-& 10%B& ()-+
10988 () -9PNEtugRd e Proyide 19 Msaserementsitsyisan electrieas simal eapesponding to

2109%8& ()z pdSidof the RAHARE sird ctEHOWHR P cHE A YREE station At Qai8R%sitlon #1078

B& ()-!
transducer including internal fiducial calibration features causing an electrical

perturbation signal at a selected position of the movable structure with respect to the
10 fixed structure said internal fiducial calibration features being cooperatively related

with a logic system, such as a personal computer, to minimize drift.

41. The position transducer of claim 40 combined with a limited rotation
motor having a moving iron, a moving magnet or moving conductive rotor associated
15 with a shaft, the transducer being of the capacitive type having a rotatable armature,
included as part of said movable structure, mounted on the shaft, and the fixed
structure including the fiducial calibration features constructed to have capacitive

interaction with the armature.

20 42. The position transducer of claim 41 in which the transducer comprises
said fixed stationary capacitor plate members, formed as a plurality of arc-segment
capacitor sensing plate elements, which encircle the rotating shaft of the motor, and
a ring-shaped capacitive excitation plate member which encircles the rotating shaft
and is spaced along the axis of the shaft from the arc-segment plate member to form

25 agap, the armature comprising a member having at least a pair of oppositely
disposed arms fixed to the rotating shaft and disposed in the gap between the
sensing plate members and the excitation plate member so that the capacitance
structure thereby effectively provides a pair of capacitances having capacitance
values C4 3 and Cz4 Which vary in opposite directions as the shaft and attached

30 armature member rotate, circuitry including such capacitances to determine the
capacitance difference (C+ 3 - C24) to produce an output signal which represents the
angular position of the rotating shaft, the capacitor plate members so arranged that

the position transducer is essentially insensitive to radial motions of the rotary shaft,
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5 references comprise perturbations of the capacitive arc-shaped segments.

44. The position transducer of claim 42 wherein the internal fiducial
references comprise an additional set of capacitive plates located to sense the
presence of mating features on the moving armature.

10

45. The position transducer of claim 44 in which the fiducial references are
fiducial capacitive segments located in proximity to the arc-shaped sensing
segments, in location to interact electrostatically with features of the moving armature
to identify position.

15



