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r':#i7 ,.,..<,.. B l e  :he i,%c we:kpiec& has isxovad :Fram the 30 of Course, ~ ~ E ~ : ~ s ~ Q J  f ~ ?  " " & ~ ~ ~ k ~ i c . : ~  : -  I":: :c- 
~ ' * - ' , ~ ~ * a  ,.,. -ill, i.. . + . p ' + ~ '  l .  ... - '" i~ I P$Ct7;SR?P!: to rcp:*~:;ition it. iiitl-..ough c:ur.;ikly ? ~ ~ ~ ~ ~ ~ : ~ ~ d  wi fh  rt:pcc: $0 ;:rr ~,:-,~:d 2t 
r ;~ , : "  ;:re ,::pa!:le :t+po;iliat.,ing jhe v;orkpitce, wit9.1- E:?cR of ihe j2.k.r 18 nal;i 20 i.ic(&i; .- t: ., r:r. ,*esb 
ir: ar!:rpiskie Ui?%cZi:ui.l:s, it ~aquiror? ss'sera! highly s&iik!\i! :\hoix~re) which m:+y &.e driasesi ; a $ ~ s r  ihc c, ~ : * i :  :--.qiJ:, 
Fe;sii::.i 13 GX:) e?nsiderable arnosrnf s f t ime  to accurately .tho, :'ielc. The  r~otors i".:a~l ";: 3! q;b>:'-." ~>.s;;a:!v, 

pprilion. Ihs r n z , , ~ b e i ~  ki kddP:on, wen though the work- 38 suc:)r os 2 b>:lraaiih: a:,,i .ri5,:::; :.,: :-. '::-cri.ic 
pr;e:r: nr::y bc ac,;ureleljt ;.ositianeS ;at the ci;ncfimsion of nlotoi. a:a:,ar. ~b d.):tss be .;cL;l i::i,* !,I *!.r .:j::- . . eilci, .,:4:;$k.~:~:i0j7, ?~tii'il.edjaCc!'i lherctftc;".There $3 a0 as- orie o; ;-,;o;o rile jack mo!;ors, trifi:er L f  +" !!;. ' rrr: 
i!.~t,?!~cc it IT  seii'; gosi t io~~td within the re-;a:ired Soiera~:ce or :?; mrry he raised or. lowered 1,) fh;:-ti.> -aisit or 
as there wilhcormalQy be ~o readily app;hrcrtt indicstia.ii lo~a~er s;rher end ~f thi;: \vorkpi.;ce 11". ,iizd ~ 1 ; ; i ~ ~  i t  vcr;.. 
of  '.he milvec~entof the workpiece; " .  40 tically. In addition, means m3y be p r o ' r ' i ~ ~ ~ d  for ca2slng 

I t  i s  now proposed 'Lo provide cleans for positioning a. either of jackS 18 and 20 travel :?,Ifill: ;It-; trn!:ks 
workpiece whis-h will ~vercoerrae the foregoing dificullies. 22 arrd 24 for ~9igning tooling ring!, 14 raid lail: 
lhtfor2 pmrticsalsrly, it is proposed lo provide means which huiizonia; irectiapi. 
will :j,utomaaica%Ey senss any displacement of x work- ']%$ posiiloning system inc!:ides one o r  mote ;r~j:'c!:>rc 
piece fioim a predet:r..*iinsd pasition and will automati- 30, sing for each erid of w a r ~ p ~ e c ~  ;!?,, ill ",,re ps.esnl 
ca9!y repcxsition ?b~x kni~ember SO as $0 maintain it ac- ifista?,ncc. Each projector $0 is effeotivc* for lirrctirej,: a 
cwiteiy pasitianed Morc particaslarly, this is to be as- be,, $2 of light &long tilc tixi:; cf :he *pro- 
complished by providing a reflective target on the work- jCclop a refiecliq~c kargce 315 ~ n o u ~ ~ : ~ c l  on"%thc 
piece together Vith mezns for; projecting a light gfittt?'" workpiece 12 for sctu~ning &am 36 of aigh",bach lo ohe 
on40 tire target reflector a d  means for sansirtp any dis- 50 pr4ector 30. ~h~ pPojecaor 38 adart.:d to be 
placemei~t of ehe acflested light patt'em. ,!n addition,, rnounkd on $be 28 rr-::sil 26 in., 
means may be provided that  w M ! E  reposition the work- cl,,ldes an elongat4 ccyljndPi.cr~ barrel 38 incs~jgE 3! 
piece such 'that the displorernent of the reflected light ,our,e ,,,p, as inCBndeSCeni a@ s~3c i> : rd  adjam 
pattern and, therefore, the displacen~ent of t h ~  work- cPne end A refieceor 42 a ~ i d  iens 
picse will  be reduced to  less than a predetesrnined nrini- 66 44 be to the B ~ , ~ , ~  4~ fnr  forming  
mum. 

Thcse and other feature3 and advantages of the arc.;- 
ent invention will become readily agm~krens from the fol- 
lowing specification and drawings wherein like reference 
nunaersals refer to like parts and wherein: 

FIGURE 1 is a side view of a positioning system enn- 
bodying one form of the present invention; 

FIGURE 2 is a n  isometric view, with portions thereof 
broken away, of a projection means employed in the sys- 
tem of FIGURE 1; 

FEGURE 3 is an end view, taken substantially from 
rile plane line 3--3 in FIGURE 1 rind Bookinag in the di- 
rection of the arrows thereon, of a portion of the end 
of the workpiece of FlGURE 1; 

FIGURE 4 is a cross-sectional view, on an enlarged 
scale and taken subslaratially in the plane of line 4-4 
oh FIGURE 2 and looking in the direction of the arrows, 

ihe li&t t~~irefrorn in taa  i~enrn of focusid light. 
A shlheees 46 nlay be disposetl ndi~zccnl to the con- 

denzing lens 44 and In stibzrantial a.lipninent uiah  he 10- 
cused beam so as to form the beam iarts  a predetcm.ine9 
pattern, 

The shutter 46 conaprises an npaquc disc 47 :ha? )la'; 
an o p n i n g  t h e ~ i n  that cor~esponds to tiis patzcrw that 
it i s  desired to be employed. Alahoiigl~ a. w;Jc \ a r i t ty  of 
patterns may be employed, in the present insinrn~ce the 
pattern consists of a dark background with a rai i id ly ex- 
tending slit 52: The shutter pattern rotaics :ibotit I ' i  

center which is substantially coincident with one e17d of 
the slit 52 and the main opticaQ inxis of the i,n,ii.tlr.zrlrr;t. 

Accordingly, the present shutter 46 includes :.&a1 opaque 
POPCIOBZ, 47 with a radial slit 52 of reS;~tively ranrrow widtlz 
that has the inner eixd iht:reof disposed on the 1i;agituQinal 
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is ,:r 55 -3 i13 i l  1-c ~ i l , ~ l i , r  46 wiii revolve on <he or&: 1 , dl 7 I c 1 i . L 1 bil\:, 
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biiGe s2gi l : i l  .JL i :i a t  I~LI ; , I~  P O \ : L ~ ~ Y ~  of thc 3hutjer 46. obtd.i~cu in i l ~ ~ l i i l g  tile ij015L5 IL I t i t h  r I - \ l t , ) p % r  
k .,.. i-(~Jcrs khgb: provide ifie required obiputs itre within the !42-8g rnay be connect4  icp il iogii 0 1 C  )"LC l i rO  [hair is 
1 .C ' r t " i~  siiAi. i ~ t + ~ ~ ~ e - ~ i : i  and are cnpdble 11I n l r ~ r d ~ t ~ g  tl:e in turri intxconn~cte<i with hksz erat'oiei 56 '1 116: ciscoder 
i 1- b~ r~ ib:blTsSy : q i J  ,no un Any spCi.!lg, r,pirr;li 01: , 5n'> i i  ' r  i - ' , J L  J . .. i. - 1 l i  I,! ~ ~ i - 3 , -  

Y i .c t ih*  58 'I*$ uU ~~ '& i i /  178, Q U : ~ , I : ~ O . J L ~  i;i ili'i: ~ J I L ~ C I  ,e*l 

J " 2  3 3 320j1 IL* \ b l n l f ~ r l ~ l ! y  tiiliix~ni;cd rl'lidgc nid ~ 4 r . s l p ~ s i a  Ph i ~ ~ ~ ~ i  at a( ., VL t o  LD & I ( ,  the: dngu- 
i 1 *'lz: : ~ L I ~ ~ c ;  tb jv  ird the ~ejlec~lvr:  Lit ip*,: :L .+>LS J ' ~ U ~ ~ . ~ L J  ay  t j d  , L J ,  a ,  IC,*I& I kb p i a ~ t ~ ~ c e l l ?  

I;. i 34, 72, '164, 76  air^ :1". L C  j-iw - C  \,~>aa- dri 4 I I L ~ G ~ S  92? 
l~ne ; i i~iet C ~ C L I O I  34 ,ih#iP. nbay bt: of asly surtdbtc 15 94, $6 and 98 that  will bc ,7sgt>~itonni L J  ihc ;isnorinl. 

1 - 1  I-, pic ciabIj/ iltu,ptztl 20 reflect light back r!r a anin di:ecric*n of displiccrnenl. T b ~ * e  o~rlpiiis may  be 
i b  ,J i, ? t b b ~ ~ ~ : . j ~ ~ ~ i ~ i /  id: diirl 60 aha oslyaiial oe;i,n ~ 3 r 4 ~ b ~ ~ -  ;i :D r tc". ib iii A3 ,a ir~obe i l > <  \;!ipit:ce 

"at -LC..XL i k t r *  .A: id  kALeiri;y r r x ~ p l 3 ~ t d t i ~ ~ t  i t  &;dl<, L ~ ~ b a  B I .,c~u .I, , i q t j  *O c~ - inecie,d 
8 , > A  &.r,u ",cuxia 30 v )  d.1 dll'uiiiit Lf:dt ns 3 bkrr~lacrn ol t0 . h g  l X 2 e ~ ~ ~ ; a  1c.1 AL.LLI 42 2 i C w J  d CJJ  L~J. ~PIL,  did 

'he adSaO.iirr. IC,il rhe .t?:ns lis :he rehector 34 is dispiaced 20 amount of reposirionlng &hat was mad!.. 
ir;-xat inis: ;I& t s i z r l  oeelm 32, to) example, thz reflector 34 In ordrr to enq?!oy rhc prcsent ~ ~ V L Y I L S J C S  LC*.. ' 1 ~ 1 r 7 ~ i l i n -  

lbrn$l 3'3.aip.l~a as bsraeiir:d! ?-isism having three reflective inp the workpace 12 peoprl:, LerYaeiec, 1x1 a iglcarra rii111~i1 
,t. Prs 1 )  2' ~ i i  2,- ~r :hogon~I  a0 each other. Such positron, the hne s k p  I0 GILU,?!. ci~c ,c.. :it i ~ ~ i g c l  34 

a > 11 I idL a ~j . i i u l  1.4 ,A,,L~ tPi: ~i ::L back in a dnrcceion a? ui22 cr h t h ~  ~ t a +  ~i.. iah.h~c:hy~::c 
;, ,11ici L ~ , ~ r ' ~ ~ ~ a l  sosxn s:r i \pr i i ive of the angular 23 34, whK?t la; a t ~ l h d r c i ~  p ~ i b t l !  15 r n O L ~ ~ i ' t  ' . ' li 
c IX~!~?  idri a1 AIY iei$dctor ~bnih achpecs to d i r ~ t i o n  o i  the axas 1s preciieiy located :a] u prede~earni~~ed 1,,1:o .I: oil 
bs:ag~lual wan-s it h r i i  thus ae seeo th;it any displacement ~ , a l u  respectto !he wtrlcyleci: 12. The ~ o i k ~  iecC :2 r ~ ~ r y  
31 S+lc retica:;tsu ceaia.. 36 w;BI be isp, filincxloin of the lateral then kc seated in the tooling rings 14 and Ib $0 t h a t  ene 
~!~,plaserneil .!S rhc vworkpiect and ws?r be yndcpendent desired ope ratio^^^ rbaa> be perfdi~jne~d ihcq-6/a iji~r, ;he 
c t1.c dngtibai spincearenr or  swutness of the workpiece 30 wlirssglec& 42 es properly seaku rar  the iouYlii, : 
1 2 3r3d 16, the j d : u  18 and 20 may be aaouai iy  $dlijslcd, 

14 d .~i;i<~ .a i ~ d  I trt3 , ,I,> as a pinrme--or a con~ave af 81w~hdarj~ ~ 4 t h  veht~cal~y and %osa#:ontairy ?sit bat nlae 
n L .. s ,risj J ,  e;cplovcd, st an ang7~'iar-sat&e than a wasrbcplrce 12 sb npproraimalely located in  the d1:crved p)~7,1- 
&L 2 -  a $0, ..,A tn, ,s lo b2 s e n s d  uificresrt rcfleciors $ion. The lamm 4d in the projecfc~~ 30 113agi E ~ I : V  lLdr~'~L"r 
P 4. A,Y. to 5cn~: both I.aterai and 33 6381 w $ha; the asaim 32 of i i g ~ t  ii i3tr .$Iu>~,L~ ,w e 

d l v  I ~ ~ Y , J ~ L ,  -i: r i e w ~ ~ 9  ~irr~ul~a:~c~ubi/yl  Iron% and darecbsd toward Ltle ledectraag tdager;, ."4 ? P  I~Y, 

i a - i,c>;r: 521 s I r I. v,k,r;b I \  ieA~:lcd back from iha: u o r k p r ~ ~ ~ ~  1% has heen placed la; apylvnsr a:lt ;*r- 11 \ , ) A  

v v h L  - ,at , $ L L I I ~ U ~ S ~  101 6 i line that 1s sub the% kduaus 32 of lagbt 9JvilE be ialcadrns :ipah h i  ,.- * L. - at : B ~ Y ~ I I L  QJ I I  OP %acrg i-iook *,c ihe o r i p ~ n n $  t z b e  targets 34 bo ab to be refle:uc~I hack. to k E h ~  p . 11s 
45 ,, i t s ~ ~ f  i3*: seflcctrw bt'tn,, 36 q#iiI be lnci- 40 30 SO ;hat iehst J po;i~ola ot a h  p:dtcnr, an ., . 

E J , I ~ ~ * L  tl)e ?*.lo \e>ses 29% and 30 so .is to pals thewe- bail be foc~ied  onto ine sensor l a i , ~ t  6% 
B J U ~ I I  df t \ ~  i e r i s~5  38 dad BbU wl:i ~r)lrm the patlcrn in Wormaily the refiectlre targets 34 r i i s l !  raaiald?i:8 ;, dls- 

1 @: rx71,~iaci i ~ ~ , * r ; n  36 a BAiaPp .ana&e OH. s p k e  48 In p l a c a  sseunewbal Prom the desired g ~ o b i s ? o i r ,  A"iL 1,;u3L. L+C : r.;gc pvsne c; rfae lenses. In order to detern~isne the :he. ~ e ~ r p a  32 of Ixght will not be ccorncadent w ~ l h  iai:  iap.~s 
iLdriiicrri:f-c~ and/cjr ilusplacernent ok thj5 Image, a sensor 45 of the ieflccior, As a consequence, t h ~  nedected aiccnb 36 
t 5 L 8t n:sb 0s dri;po.rd 1-1 thas plane:, Snnce ah15 plane ol Sight W K I ~  be returrledj upon a path that 1,4 pdr,rliel io 
*+lid Dt *iUbalP  3tralEy c o ~ n ~ ~ i l e t ~ l  witk) the shuier 46, it has the incilizct light but is idlernily displdced trici~fiom i t 1  

t.ea;t :@usrd desiracir piace the senso. unat 62 I n  the zEde daiectron of misalignment and by ax1 air~oulii. Piat I\ 

* i;d dt an  a;m 64 ahat project Ialerally from the side of a fonctaoas ther~of. The disgiacennent of the bean1 36 alrl 

Ihc %jarre1 36 A, brjiiv? s ~ l i ~ t c r  Sb s u ~ l r  a partially rs:- 50 be indewndent of the angular allgxin~ent .jb.  the sefijeclus 
ilbLr:ke :nnrsut nrag be drssoscd i q  The b4i ie l  srp as to d l r c ~ t  34 and will be solely depradent upon the Iateral pos~taun 
,J rordion of the reflected beam 36 onto the s n s o r  unit 62, thereof. The reflected beair1 36 will be inc~drnt  upon ihc 

Although "Be ser*.or ~ansjt 63 may bc ob: any suitable lenses 58 and 69 and so w:il be focused ornt? Ihc sen*5oa: 
p 3 8  ie~y)  i t  IQ p ~ C L I C I I I ~ ~ I Y  ?ciapied to sense the light patlerr~ uai l  62. 
:,. ~l: 1s tdircc"Li"ia thei4:0~~ Sn thc present instance the unit 55 In the evr;ut the projected beam 33 hd;, a pait-i, i5at 
63 inclu&r, rruraizty of photoeiec!s;c ccfls 72, 74, "$ comprises a radial spoke of iiglrt r o t ~ ~ i i ~ g  abotii the main 

PIB  78 that w i i l  br: erTective to produrn an  electrical out- optical axis of the projector at 13 obvrous that the jeflectd 
root sigra?l t * a ~  $ 5  a iui~ction of the ~ntensity of  ljght that h a m  36 wrll have a like patlcrn. The reflected piittern 
ii iccrdsnt theaeon. Sei~sor unit 62 is cjscular and the four wi%B have axis of rotation that colncndec, with tbc jalalil 
~lhotm8ectrlc cells are arranged in a cruc~lorm pattern NB cipllcai axis of the: projector when the workprece 1% jn 
about the center oh the sensor unit. The cell5 are each a~ignment. Nowevar, if the workpiece is out of allgnmenl, 
positiancd 90" apart and an equal dist<ince from the cen- the axis of rotation of nflectcd beam 36 ~~111  Isr: drs- 
her of the sensor unit, The sensor unit ns posrtloned such placed from the optical axis by an arravunt dcy~ndent  udmn 
that  ntc center coinc~Je\ with a second optical ;ixis (in- the degree of misalignment. The reflected rolalsng pattern 
dicated by Isrse 31%') of the projector. This second optical 1s deflected at a right angle by beam splitter 66 so that 
dxis 19 nosni:nl 10 the main optical axis of the projector a rotating spoke of light 48 falls ilpon the face ol ber>sur 
j,ihlch colnc~des watblline 32 indicating the projected light unil 62. Spoke 48 will, dcpendang upon i91e aiigni-nicrit 
beam, of the workpiece, either rotate iiboiit optic'~l axi\ 32' or 

AIiLtvw~h i t  is ~ o . ~ , ~ k l c  for an operator to nt?anual?y ad- displaced axis 36'. If the cleflected pattern rs dispiaced 
just the qacL 18 ark, 20 so as to Insure all the pulses fiorn optical axib 32' then spoke 48 wrll ro1:rf.e about ~ a l d  
from :hi., photocells "rp, 7 4 7 6  and 78 being equally spaced, 50 thenof.  Prs this spoke 48 sweeps acros5 oize or nmrc 
i t  ss desirable for means to be provided that will auto- of  the photocells '72 to 78, the photocells wlll generdte 
matically and contiaucrusIy maintain the workpiece 112 in  pulses. The time of the beginning of the pulses will cor- 
positioo. Accordingly, each of the photocells 72, 74, 76 55 respond lo  the time the leadirlg edge of the light in the 



'2. "1 "3, .. 
.dri ix. ,  

a, 
spoke pr;sser. .::c:: I; ." (.::d~t>:c); if axis of T::L,,:~.~II 

cnincidt,~ 1j1'atb i.,sLp(.Li &xis 32' ,  the yubss wili 3.1: ac;ur 
:at equal i in lc intervals. However, i f  the iixhx of the roii3- 
ririli is dihpiaced as rnt.rvdn in F8GURE 4, the s,poke irnagc 
will s~&~txp  across the pi;otmelis LC t:naql?aF ? ; ig~l%i  inter- 5 
vaks :+nd the encoil?- ~.iu!ses wi i i  indicate ur:equal ~ n g i e s .  
Mars; particulady, L:w ssrgle indizrated Gzlweera plhatoctjls 
72 and '74 will L3.c a t ,  the angle Lrdicated between ph~110- 
3="c ~s;9, a-(: 74 .i~riI: a" nn;ie ii:t::!;atcJ b s ~ i ~ t - ~ i ~  

) ,  >i!.9,,~,'it:, 'id "f.1~: ' y b b  v r , : :  ":\: ,.,>, ,~:.~~j -.~;i'i- :.ti,,.:,;: \ ~ !  , q  

7 -  - ( .,l‘c;:; i-rlutc;cd]\ 7 : )  ..'yi: ~ , i ) i l .  bc <;A:, 
, . "i tot2 i,>':ptJt ~ * L I ~ : ~ L ? >  i.rC!ll ~k*: ~ ? % . C O ~ ~ C C ~ ! S  O k a \  L ~ c ? !  '>I.: f#,:d 

, . 
~ , ~ : , ~ r , b ~ : ,  .. 1 ' )  i::~li;:: hhztp~?:.~ 82, 64 , 36 :.:~d 

5% Tk-, >"?cgtrs v ~ i l l  e" ::;?c the parl,3es lo provide 1. $h:jrp 
t . , . : r~~; . r i l : :~  b*lILL, ;.::h:> ji:~ i.-tci.r.naating the enccrler 54 :acd gate i5 
+77.: ,-n~vfi-,r:ty j$e. J:, , 1 " '- ., mezns %he cornpaier ma) de . . ,j.c,r rr;;j: !I-:; 27: c,\ - P  : 'r, ,,,',,ij&,;?(~q of dis~,~,;:~c;~-,; 13;  ! ! I < ,  

i i?~-k:yj~*::t  i 2 E ? ~ c v : , , : . :  ~ridip.~! sjg,ria,:s (2.1 'li\, iji;i"'$ :f?,, 
94, 9,6 ai;U 36 indiiative bhcr-etrP. 71'i.Eese :.Eg.nalu on ik7e 
'o;i:riuts 92 94 96 ;aaxd 98 will then actuate IP-se jacks 1% 20 
ar,"fl".,.i ,-, ,... :s ,:: ::.io'ir: :"r; eoo'ifag rings 14 and 16 into a 
w,cs'~,.,i ,,.,, ...,, ~ c : .  '.bar of r h ~  &olses will be equally spaced. 
>,: :'.::.- ';ic r.r?ec;,ve tas i~et  34 will have the axis  in 
i)i.: e,;:r::i izL:r:lcn tt?.::j:ed. ;he ,:veil[ et'laf gi,e iurorkpic~,e 
2.2 s:i:!.i:,la rr:;.\ic IaieraiW out of posi[icpi: :l result. of 95 
ahernla) -;'-J.,.C L - , ~ C , Y ~ , . , p  $$cij tZjbr: ;na,\~en?cnt w28 cae::sa a +:.orre-. 
spondiq ,  i:1Esp$scer,ent of the pattern and the ~conwpler 
90 az/ i r ]  r,l_r:y :i-~p~i:~3Sa;ck!; :?cttjate the jack3 18 and 29 
a. r ~ , : ~ c l ! !  ,-?ism the .aia?k:,piec.; to ~ T G ;  :>ZS~RC? ]~~9t i !3!4.  

Ai:?orrgh E rinjgi1e embodiment of the jx-zseal in- 30 
:, .:;<,: :>: *'fic,*.1. ;'.:::.!c;,%: jc wfll rW.>>d:'y akpzTefi( iQ 

ihp;a s ! : i i l c~  cjj ;b8:, &:,i 5 3 1  9un:eroas ';h3rjg,~; 2!3d modl- 
*&:%iisa: 2 :, b,:; :1-3:~:2 ,,Yt:-rsin viibhc~;t depa~5lokfi 
?ta T . ' ).? i~..-. .,L ;..* - a ,  ",., A T ?  t:..~ ILVFI ., ;f~c~:~rdingEy, ihz f ~ y e g ~ i n g  

", ~~ 

(l"a'i#-il;.)i:G:~r &~;x~ ,~ ,ngs  3~ ;or ilivsS:::tii:: pr.ls'poses ,"" 

;rn,.y ::yts' * r : i  r y l  ia a 3 , y ;  i:vay limit tbc Invenrlofi which is ..:-";", (A. :..& r.. ,, the i:a"rr.lc P"bicb, 
; : :,i, ::!a;rnc.d is 

e A%:! b.;gi,me;i a?pnr&t#:,i: :a:y ::::>:;;,~nanus':;' ~nait]t2;i!- 
. .  . 

: , -3 -~ .. . 2. - r i.;.*,i:iow ccprij- -4" . .  ' 
,- 

i,p:.::;A',,-. 32 < : < j ~ " & ? ~ t ~ k  j.ioli: 
( 2 ;  :?-c"-c-anfica? ~-2er;r~s dtter.:;r.risti~ag ::he posiiE:;.n . .. 

3: ili@rkpice aiio gca?era.:.ng .I*~c::~J-H,: ~Egna!~; that 
ii:drca?a the position the re~f ;  

jb; $ a ? i ~ ~ i ~ ? e r  means @!t.clrica!ly con-.zcted to said op 45 
, ~ 

?i -&l  ,;-;:~s '3: sc:i.i?;rng the c)c-il-lr: :;i~znaT;s f-!,),~) 
sa ;b  op;ic?,'b:-cz;rs ar,G generafir,g ari r :rror signs: 
W J E ~ ~ : ~ ~  ;!tic y.;.j:!<ljsc is <:rs.j of pusi"on; 

( c  j :nc",:ab!c s;:i:pori ntexni: on which said >~'orhplecc i s  
nlcaun:ed ;;hat ;ire :jectr;cally connected to said ram- 60 
pL]tcr and actuatcd hy  the error sigr.n'n fhsiefrom to 
rep.3siSioc the w3:k~E~ce;  

( ( 4 )  ?:es;lro-o.;*C:e;?~ :T,,e;nc, inc.$i~(j.ding 
( 7 11151~:1mth31 means Po: prajcci!a!g lau;;and rhe 

w,o:kpiece a Eight Scam pattern "iavi;ig !The form 5;) 
of a radial sector of light that rotates sboilt a 
first optical axis of the ii~s?asimcnt means, 

( 2 )  rneafis motsnbed on said wrurkpiece for re- 
flecting the light beam pattern back to said io- 
staerspren: with the radial sector of Sight sataiiai@ 00 
about a first axis of rotation tha t  normally co- 
incides with the first optical axis, said first axis 
of rotaiion coincidirzg with &he first optical axis 
when said workpiece is in alignment, but being 
displaced therefrom whew said workpiece is out 85 
of alignment, 

b;:) beam splitter means mounted in said instrw 
ment for deflecting said reflected light beam pat- 

tern along a second axis of rotation normal 
to the first axis of rotation of said reflected 70 
light beam pattern. 

(4)  a plurality of photoe?ectric means mounted in 
said instrument and wsitianed inm a circular ar- 
ray who%: center coincides with a second optical 
axis normal to the first optical axis of said in- 75 

. ~ 

position of the body and geaxtaxing ~ ? i e c f ~ i c  ; ig i ' i?s 
rlaar indicate the position therci:l': 

( b )  computer naeaiis ciec~eEcr?Eiy csn;.ecir:i to  c~:IJ o-; 
tical means for rerelqii;rg si&:nais .?:.(on? :,aid ?PI ~c:I;  
means and generating error slgc~nls i t ?  -c.c.prxa!c 't!ie;.,-- 
to; 

(c)  adjiisfable support means s u p ~ m r t i ~ a ~ :  .:<id boo:! ii!:it 

3re ac t~~a fed  by the error sipnals frern s;,id computer 
means to maintain the pesiiioil of saki body; 

(dl  said optical means incIodifig: 
( 1 )  an optical instrument r;ilsific;:nrkd adj,;c,%uib ~,rr;d 

body, 
( 2 )  a light source mounted i n  said i ' l \ i t ~ : ~ : ? e i r  :#;- 

projecting a beam of Jigi-il toward said k;oc;y, 
333 an opaque disc having a tadin] s l i t  f;>r;:.tc.d 

therein, said disc: being mciein?cd for :,c:l;stiori 



3,323,408 

7 8 
about its ceder and positioned between said when fbe Fsi?dy is properly pa>sslioamc+J acrid at 
light soearei. trkd sdld b d y ;  whereby, during op- or:cqdds 2;icie ;nieiv~!s wheal bile body IS out of 
erataon of s d ~ d  ~nstrument a light beam is gen- positaow, said photoelectric cells cach gentiat ing 
erated hav~ng a pattern in the form of a sector an electsrc signal when ~lluminated, 
of light rotaling about an axis that coincides 5 (8) esmcodcr cleans coupled to sald rotatable dhc 
with the center of said disc and a first optical and iaterrog3bei3 by signals dleapl said pfmolo- 
axis of said iar~trument, , electric cells for pror;d~n>g an eleriric signal 

(4)  lens means mounted in said instrument and i~~dicative of the instantaneous angular pirsition 
positioned between said disc and said body for of the reflected irnnge of the slit Pornied in said 
forming a sharp image of the sector of Bight Edg diw, the ~ign;iis from said photoelectric cells 
l i ) r r ~ d  b y  sdld disc,  hai if ocnd encoder be;ab k d  to said computer 

( 5 )  ieflqbng means mounted on said body for rne,ns which ~n t ~ m  gciaerates the error signal 
refitctai+g "$thcqqogected light beam pattern back to actuate ,aid adjusiabk erbrppori n l e a ~ ~ s  whcil 
towdrd said dptrcal insfmment, said reflected repos~tioning of the body is indicated. 
light beam ?artem rotating about a first axis lg, 
of rotation which coincides with said first optical Referenbees Cited 
axib when ia,d body is proprIy positioned, but UNITED STA Tm lg4 TENTS 
is dlsplace~l there-efrom vhen said body is out of 2,7$)%,59S 311955 e,ll ------------- -- "- d8-mj4 
position, 2,7 13,234 7/ 5954 Eckweiler. 

(6) tm3l-n siplatter means 'mounted in said instau- 20 2,870,671 111959 ]Falcani n,&-l'k 
meni between said disc and said lens means for 2,950,428 gI196(D Gievers, 
deflacileng the reflected hght beam pattern along 3,024,3(j5 3,1962 snnih~ et d. 
a 5econd axis of rotation normal to the first 3,051,919 $/ 19452 Collycs- * - - _  2s- 14 
aS.is 5;; rotation, 3,072,998 111963 Sick --------------- 89- - [  4 

( 7 )  a circular array of evenly spaced photoeIectric 25 
cells nmounted in qaid instrument and positioned OTHER REFERENCES 

such that tbe cenfer of ghe array coincides with K & E, Precision Visual and Electronic isubrs-Cotlima- 
ka second opticd axis; said second optical axis ton, Septe~nber 1961, KeuEel & Es ~ e r  Co , bJs~t3k~:as, 
ceincidln:, with said second axis 04 rotation N..%.; page 3 only. 
hhen the body is properiy positioned, whereby 30 
:",t d:Pez:ed light beam pattepn will illttminaie JEWELL M. PEDERSEN, P~inrary Exnrninzr 

the p o$orjectrac cells at  equal time intervals T. L. HUDSON, W. A, SKLAR, Assistant E ~ a r n ~ i , ~ ~  8 .  




