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TARGET AND LENS MOTOR CONTROL DESIGN AND TESTS
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ﬂ/‘ge% and Lens Meter Cm*ﬁfo/ Des:?:,-u, end TestTs.
_J: ntro &VL c;f'z.:ﬁ-\.)

| ﬂi's note dlescribes fwo Sysfems wktc;./\g hovue
bééw Cons (dered Ho c,nx:.‘ra/ ‘M—t posz';{-}vxs :J +,<c, %’irj'ff'
and /;"-/Aqlbcm fens fevices It L!,{( dL\L"L:Ca/‘o‘ILM Sherce
DLC. gearmotsrs drive 4hke devices, ‘77\/@ awttors
Ae sl'qfwca’; 2 closed /aa/o rctir condrel sf;w"';‘mjw/u'c,/x
I's deser *‘é%f)ébu“’ which will pet be wsed becanse ot
/’.!:a Sof Fuware -c?/hc{ ';"}1;‘& l"‘.;‘ZLu;‘lf“{ g&v!.‘!)/;‘le’f‘.“l r‘iz;-')u,:}*edf.“f&
Frent end pregram does vt allowr e Fudl vange of
S#.;,x,;wctlc\/r‘é( CAMAC Cmnmow»fr_aft}‘r\.‘: N T /< é/éS/}/‘/nfﬁﬁ
A be um‘q{(a with & small wmber of madw/e qu
wsed in Specttic app/}c,a;.lfmg-, anse?W/}/J we ,44\\;{,
d&c{c{ag A wse an opn /,ja/a SvS%e—m)wZ/c_,A /'S
4//50 a’escvféecf..

Reswlts of Hests per/&rm_u( wf// cne 91,/1/‘/’%/1'7%/
Olr‘f'w'ng the JitHhkiwm lens _maduc/e, are pres enwtea 7%2-
/wmp&of' of \P'(CS?. reswlts en '(/KA accuwracy G_F ans

@"M /&o,ﬁ Cm\;f"r‘o[ Sv&-f—em_ ;S ConS/.Cfer’eo(.

)
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Tarset ard Llens NMotor ()a%f"O/ 255;77‘-" and Jests

fens will be movable wunder compiter control. PBsitions of
Hese devices will be measured wik V075, RVDTE or
1o 417 retary encederS. DC. gearmotsrs have beene
chosen 45 drive ;*(e Aevices becanse %@y will
produwce [ess ;aemé /wa//'nj avd viBraten ;/azma?g #2
#he s5YStem Hoan s%cf,o}nj moFprs.

Tawo medels of Gearmstsrs Wit owiped speeds of
e Hher / RPM or QZL/éFm witl be wused. 7Re speed m[/n/esc
: Mﬁrs_ decreases by 30 Z at mogimun roted lsad, so the
speed witl [/e/awj o sweh tactsrs as conditton oF éea,rfry
S‘ur/a,cesj stresses sf attfacked cabling, 2k tpward versus
Ao wnward smotion . The wo/‘sf. anticipated case reswlts
From HKe A Fference in fargue between wperard and Asvr—
thard swietivm of He Jens | w Aich 75 zoo Imch-ounces L]
clean éca,}mc? Serfaces. far Hhe most powerful motor
i e pn,c,éa,ie Sige for whik e 55/57‘@7', hos bdeen

4(//// /e & 5./768.( a//-ffefc’/n‘t‘iz.,a_[ Cf’c‘ JZ, /(/am.,na,(; S"/oeéd/s g{
GLE retroms are /r1sted 1~ Table /. :
In erder 4o reach a destination in one SHEP; Hhe

a-udfﬁcrf Pfapag(d ~/1€ ,c/ase!( /ac:(.: ccf_n%rc/ fys’?‘ém Sémm_
/I /:g}u..re. / A )-n/.c—ro/arocé’sfor based nteplele ‘C—&S'?

T A Frank

The a/n%,})rafm .prvdovOﬁ‘m fa,rgé,?‘ avd f[e Sithins |

/é:/'gm%{) He motor spec}/fc,afzbb charts indicate Kot ;‘/erc_r




| weowld acce,m* a//rcuézm oF mction, awnd Aestnation
/n[rma)z{m From #he /nmfc"w( crn/;m’gr 7he Cos7 waw/a(
thes. Farn on the a,opfo,ﬁru Sl cwui read back
the cowrrend positiim of He Adevice af a rate of /106 //3,
wntil He destination was reao/xel + ohieh Hme Ao
C-057 wodd Hurn ofF He —motors. Ana,/ag pos/How
*r«mszt'ucer: would be rezel into %v{e C-057 %mug/\ o
16 chamnel Sample amd hold ynudwte it okt -
o lexed ADC, An m?‘c.ﬁfnce ywedule #5-be designed and
b ilt wau,/zl hanndle- all commumications between %
C—oS’? WM! (/) sample M ho é(mz{w/e -2) ro#arg é‘/n.co/ef‘f
@) -moter drive cards (4) nwloe power supply,amd &7 frmit ]
switches . Lemi¥F Switehes weundd be wired d/reu"{;
sneter drive cards 40 cverride %2 conitrol sy stem n
Fnhibiting wastion in’ & particudar direction wohen o fimit
was reached. A current Frip circuat onHe driver
cords would proteet 4 motor I 17 Somit sw,% Failed,
Py ttuns and lmit Switch and motor Ariver cord Status bi#s
wou,/d per(adtc,w//a le sent From e C-o57 4 He main
ormpwfcf- for display om the paraimeiter page.

The Jens ewil! be moved in He x-2 plant 47 a.,oafr"
of wotor driven eccomtries | cme T iside of He oHer. The
dmgw/@m posifion’s of He eccen%mcs will be measured
'cw)‘/x respect 0 a Lived externak referenc€ using Id 47
o rxmj &nc.o«.{tfs En He 79r¢a/uw‘zm pedede awK
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Encoder wilt furn ome reyolation per eccentric revolution
7he rc/azﬁ;’nsn)f/:' detween (X, 2) ond ‘Q,M?/fs CG,)s'f’,_)l /s
N\derved in /),o,oew//z /. Ia that configuration ome
encoder count will égwé’ 0.352 degree of eccentric rofation
lor a Aroso/wﬁ;‘m in x,2) of ©.00159 /nch ot the -po;n__f's
of poorest linear resolutiom. thon an operator wishes 42
nove He lfens in X or z, the desired (v 2) or neremant will
_ée entered ata comsole. An ap/:/;c_au‘z}ﬂs,?ragm/m wifl
convert #he 6()_;2) to (@—,)QL )) which will be sent 4 7‘%&
C-05"7 ~wodule fo /oca,/_/%, exeeuwte He mothiom .

The resclts of measwrements made om He drive
Systom for the outer eccontric of e lens module are
preseww‘d i His wote. A one RPM TRW ﬁea,,amo%or") mod el
Yo A/49 | was coupled o he tecentric férau&é a-3:1 speed
reduction . 7he Angular positim cf e ecentric as measured
with @ (0 biF rofary emceder, which was gea:rw( fs Furn
Hhree revelutions Eer revolutim of He eccentric. For Hese
vitasurements eone encoder ‘caw“:r’ c,orl‘eSPavaS o G117 z/egree,
e F eceentric rotation _ |

F;é wre 2 Shows avgular dvsplacemen? as @ Fenctiy
of He time Fhe mofor was paucrd. 7he eccentric was
driven in o Clockwise fireckion as wewed ‘frm‘ &5ov¢,
A load of H2S 6. of lfead was Stacked onte loms
-'mawnﬁ_ng f.:/é;/fz. + simulate f[g, _/oeha'e(_af a Jens . Five trials

wece averaged e Lach -point. For meves of o~ o sec ;



e 4

: ‘/’Aé r-*hyy\da_fl a’e wa.'/zm a‘)f fea.(/;nﬁs was ‘fg/o/ca,// /fss f/{am.

& coumls, For meoves of one Second G fess e standard
Aeviatinnn WS constond al” about 0.5 count and was
deminated é}/ encoder resolution. /Heaswrements were /inear
land ceproducible to about /% (Measurements were afso made
in He connter cloclewise direction with e load  and /n
botl directions twiHout & load . Five Trial averages aére
witin 1% of He clockwise foadded Lt . Tﬁe:—e was
a’ynwtc éra./emg on Ko ruotoe o all of Hese wwur&mwf
bt previouws mea<rements indicated Hhat He 5rw/em9 a’wf
ne? have & sigmificand eflecden shpping Ame.

- F?wrc 3 Shows e téu‘ez for Clock wise wation wz%
o load Hoc motor putfce /e,n9>lns of fess Hom, [ Sec. 7he
Jnitiaf Steep rise represents dhe 4ime during which He
oofor 1S a,c,ce/e.ra;hng At so-msec the sricter Aus reached
Feull s,oeec{ “‘T/e dverage sww( ﬂ[wrma a é() See ,m,.,/u /s
207 encoder cownds fsee, Assuming linear acce s fe rations £rom
O =207 conntsfee Ta SO SEC e displacement at £ mse—
ould be 0.52 count. Since a total displacement of 2.
Cownts | was mea.guwu{ for a $6 -mSec Pu./se.) +he S‘ao;ﬂ‘&m
Mmuwst have drifred 2.0 -0.5 =€ counds after power Las
twrned oFf. "‘%( oncoder on #’{e, ?roc/u.cﬁm rodule w///

hasc a.-Fa,d'H‘ 01( fkr-ee less resolution; in ‘J’{.aj' case average
C“azed UM// éc 6.9 counts fsec (/t/s’ "‘)‘71565/60%-7) a/vuf dr‘n[?"

A.)l// éc G{COWW-!'LS ﬁsfj‘-er‘ ;powgr“ ic +u,rn.gg( O{F -

W
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gxck/ﬂtsx &Zaf& were measmredl ég ;Du,/:/hy 7”[@1
and VAS&"'V’.”g Aow Muo‘ Sma,//Er- f[e e/ncov/er /ié//ac&wz'f'-—“

twas measwred 4o Ag 14 encoder cownts or /.6‘/4/egrees
of eccentric rotation . This Conresponds Yo 492 degrees
at He gear meter owtpul, ffrﬂ.chr‘g- specificatrons guote
Gn verage bachlash of 3 a{éaﬁreﬂsj/e/a.&nd&wf o 4L4r rats
In dhe 7;}oduc,7’7'm vaedoule backlash will de 4.7 caceder
Cau/nfs gr'}zhg A& worst caoce &rror N (XJEI) of Hhe loms
‘)C ©.0074 inch.

Tecarse of #{Q @,Mwm_.,c- s Aardesare omd Sof*hw.re.

Swpport re%w"re/ 4 ,'MP/WVQ" -//AJL Q/o:ddf /64/9 c;n‘ﬁ*«[

g s 661}1(7 concidered. An application Prog ram wordd comv
He destinatiers entered at a ée{/éofv“( % & number of st
and directions oF wwf/mu 771,3 [ nde ronation el be sent 4
a C-os57 —nwdw_/c cmﬁg@ wredl &S a sft’;?-p/‘ng_rnor’ar m#m//er.
7;716 CCST7 cooudd comm wnicate Jifroué?A aw jnterface

e wle i putor driver cards [ whith oo /i Lese e

o %4@ afpro/'ar;a}@"rm#or.vﬁlq "!h'a,/s 7»1[947‘: /e weeded. -For /a'ng ety
cr '/0 ¢¢~é¢ ufa echr[o éa.c.é/G,S__A. /4,’14./08 ‘Pas /¥/2m, /.n')Cor‘chle'ml
wewld be Sent 4 MADC e,.,{a,w%[;) and gncedir outputs R

[imit Switches and overcucradt shtwus wonld be sent

Mofor in one //}coﬁm) then ;ou,/:/}y in #he reverse d[recﬁbx:)

S?sfom Aescribed a,éove,) +he open /da,o ,S'yS#Jm Shown in ﬁgwfe

sember of 5#ék; +o 79(,(/5( /&nj/{ ‘7vwdu,/a;l‘e a Sl-k'\Jf-‘/e [-’u/sL’

was for e First reversed pw/w. f@cé/ﬂ,fé M 5071'4 directions _

ort
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e et e

e dbipletedc150 for read vut o e paramster pige.
—Tbéaha;—’;-”ﬂ;z/j“c;on'fro/ 5%5'/&”2 /'nc/wd:qng d, C-vd'S"7 Ao

/nf!ffa.ce, maalwé/ MJ nw*:?f t{f‘lv&f‘ Carals Mowvv*edm, &

Crwf’c has been designed ég Jef€ Else?A .
ﬂe S/mp/&sf' S’a/uﬂ‘?’ﬂv Yo {’42_ potor Cm'ﬁ”"/s“/g%mf

will be pursmed. Tt now appears 4 be:

(. Use @n open loop System with a CoS7 configured
as a sHepping metor Controller.

2. Ruy Hhe mest powechul puotors in the package sige

we have desioped for | + miaimige Speed ﬂ/é/zh ned

/M—i o veswlt shoudd be fettor +ham #57.

2. /}ccep*f' bach lash ercer in e eccontric Szc;S-r(%n.

Y. Tncorporate avitibock lash in e arget hori 3ovdzf

vrevernent . (ml other movemeandts Lave wa bocklash

Since %‘J anre a,/wavs preloaded a He sorme directn

66 %V'a/\/l‘l"’g )

S. Fo ouu u,P an %‘l (ermu’&,/: !r\-xter'»(a.ct, ol,wo(_
A_J{G.P")L?I’[&M.

DC wetor drive modules in existence .

’ -/'b -ﬁl\‘ns &PP//‘CA.:J';m.
6. Note Hoat He C-o577 ?w/SC--y‘ra;-A Is ‘OI‘O?V'WM»A/L‘

The Stepping rate cambe varied between [Hy andlOKfy,
and He ramwge 1's [ to 32767 steps . A fudl s cade
Cound WMM gmru‘e & 9 howr mv‘erwf at /Hy an]
2.28 sewfwi aterval ot 16KH5 . AE 100 Hy | the
‘Fquq P A resolution would be at /‘eaﬁ‘ /0 dimes fine

(

-
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7.

Hhane “M% +ime reguired 4o ymove one léast cownas of el
positimv readout System., amd a Full Scale comnt would
take .46 minwtes, which /s '/fnﬁer‘ Hoan all Fudl scale

Imsriments (ezcep+ tavger verf’fc«,o nw.,m;;f-’ oFf G imches

w/u‘OL would regwr;‘d 6.5 minu,\‘-e.s).

a




’ o FERMILAB sEcTIoN PRCJZCT SERIAL-CATEGORY | PAGE
%' ENGINEERING NOTE |
SUBJECT ~ NA“‘J: K F’, JW
FDATE REVISION DATE |
9 Mar €1 12 Mar2d
7;;. é / e [/ - S — e . - -;,_

' /ngef’: Cotat;on

S
?es;ﬁw&':olwhﬂu

I RPM  continuous

Q.35 Adziree

ve ctical (235)

0.0092 inch fsecand

T 0.0l A .nd\(.uorsf‘ case)
(£0.0 22" with linearity)

“ horizonta 018

£ 0.00C37 inch

Yotation, (£1°)

0.0080 degreeSsecond o

O.0092 inck /secend -

(£0.000L" with linearits)

M\ﬂ( LVDT" s'r..,'bil."t-ﬁ (o.lzf % oc Izs’a p,om)

e [ens: _ O.139 me/s5econd T . a/?,{e»me- 33 me
- '... . o . ] . _..o 0037 lﬂc“!
Vcﬁcr_a,Q(twj O.009R inch /secw.,i, (£0.006.2" with /,,m.;:f?)
entric )
X-&(e,noaafers ) 0.0I/I.ACAKSCCO')‘)({ (’”M-)taom; inch { )
T .6, ,91_( af?:‘?;?u *0‘.3..0[@6,T.'4,e..§./secmi o} 03571 dogree
X %G—VDﬁXtJS) o £t 0.001 4% Inth
J . . . oo <_Q Qova (‘MA Iun(br{l)

T ¥ Resolwtion jacludes effecks of £SF terperativre
C',/.amré,t. on MADL's (esppm /) , LTS (Yoo ppm /F*)

 Resolitiom Jaes naT mc/née. /meanf-a: of Leort ami RVDT’S
(0.257 to:zs‘z o-Fr%?.) wA:cA, c.oq,[( rm prmc;,c/e, éc,
c.mpana-iecL 6% ca./;éra:hm .Z:F net™ Mansa,*eé[

(s effect s 4o mahe avem,(/ res«;/w“zm a:f- mmmwm
travek eaual + the numbers in pa.re,w{»é,,s“
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SECTION

SERIAL-CATKGORY | PAGE .

a FERMILAB PROJECT
R& ENGINEERING NOTE |[Tev { fj&f hall
SUBJECT NAME a—
l Closed /éop DC piotor Cmq/'ro/ ugc; fad € » WEVISION DATE
S . e 4 ‘ A
Frgure | S S
CanSi:‘C o o Main . '
© e Compuat £ - .-
t————— e 1 :
o T T o MHg T
- | secidh tink o0
- X i e
o Cc-057 i
: S j o . 4 addrcss fines - B
. . - IR d.ggg ma—(ﬂ‘uﬁ& Imes
— pU— pr— » ‘ S —— o S——
— veter | — -
o deiver 1
lm-hrnr&ce1
. T T3 ,
sl - | U § - R
Moo r 16
{;:::; Deiver Channel
Swpply Tl Cone of ™ multiplexed
) T %) ADC
| t I e -
" ? | - oo s e e e
_.’w ‘ _— j PR— ..!'w,,,, "
. .- .- i C R’
R W\.Do'l'or LvbT E"f“'i SLJ)?‘*‘:A.
. e (Comest L et RUST oredec] | Greot
e s Cnss 52




secmion PROJZCT | SERIAL.CATEGORY | PASE

FERMILAS )
% ENGINEERING NOTE

SUBJECT NAME

Lens eccandtric Mmotor cafiblrahoy OGO cec [BoE REUTSToR AT

28 Feb §Y4

‘ F«‘a wre o‘L

Cw  ratfation e S L
Mo Wodead oo o T

jree d

. -1~

Hoo =+

Encoder cownts |

_ . —
CoFe e e
mofor _Pu,_/St. /%31“.
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FERMILAB SECTION

2= ENGINEERING NOTE

_ e

PROJIECT

SERIAL-CATEGORY

PAGE -

SUBJECT

Lens €¢C&W’INU nwfar ca,/léra,ﬁnu‘ O / Sece

NANI

_ch_r der ..

DATE

REVISION DATE

—j28& Feb £4.

o Fguee 3 B
L Cw vetatien L LT TEio Tl
CoMas b fead T T T
S 20 S A S S R S
SRR N /
: ;,,f:'ﬁ‘.;_/‘
e ——— — - - - s s . R . ‘ -”/_
- R
[ D R O AR
e / T
\E le T o _ I
, % . o /1 a,opr,e;;jmq}d; 1.S cownis
el BER S RS T e S ST ARk after power is furned off)
X - §
N
<
/ .
B7Ea
o 2 4 6 - £ , .0
) L . 4 I  .-Seconds

e : m_«_é'a mSer, -

VY accglcrwf‘am
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FERMILAB

25 ENGINEERING NOTE

R

SECTION

TEY [

PROJECT

ﬁr;:f’ dutl

SERIAL-CATEGORY | PAGK

SUBJECT

NAME .
e e e e e e e e e e e e ~J. (é¢,d£f' '
» ‘ X T " DATE REVISION DATE |
Of’fVW Loc/o Dc Wweto N Con:fra/ 9 Mar §4
| Fgeeeyg.
) Console o] Main '
: ] COMPATES [t
o R -
‘ S 1 TR §
. - L 1+ -
Cos7 "ﬁa‘u B ‘ MADC
el - : e | C=18G -} - — _
-t Cbies) | , C-/90
I e [ Morer Limjt R Lvor
e S ke et it RvDT
i B l’l*“’cfct. C“f +30 (e ot 3) Gpto A
wiotnr | perer "~
Power IE—. ;(il'; vi;_‘ .
e e 40 - s l . R N -2 . e O .- R
wpply 16) _:
v i T De o T B
{ ﬂ\cfh?f‘
(ene of
1<) -
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3 - - . i
&, IS %ff a/,,\ﬁ/e Setucon )"L_ X-ax)s dmd He rad s F ecc @w‘o‘mug
°'F 7" € Janee eccentrie =
- ' AL
£, s She eccemteicit .
of He outer eccoutric (.;;zs"’) T T
(alfs{’amq_ between cewter /»"” : el .y
of 0D. and cewter of IJ)) / o ,,«~"’/v$- \‘\\ . .
E s +1e eccentricit / , !
2 ~ ; J) / I K I s v
of He inner eccentric (125 / | «,® DN
_ - . - : | & .
The equatsans rb/aﬁng _ _ N E? )
G ,8.) to.(x,2) are o 8 o
. ’ . -
X <] v DE
X=0.125 (Cos & +Co¢9;_) - '
| 220125 (5in8; +5cnb.)
) 2. ?egol“f*;m l.'\ X -/S: . ‘:_\ ~.,_“\-.M_/,.-" '_‘.-‘;‘
dx ==—oues (sia & JQ'+ &Gblé;) N . /
46, =46 - }Zﬁq—"e" 2bui4 mC ' \-\ : . . ‘//
= angular resolufioro '
Ax is mayg mum af 9,:@":%— 3’2 —_ : . ’ ///

3- 7_; So/ue. ﬁ'l‘ “‘/[\Q fAvers<e e’bu.a;l-:u‘v\,s;

(X, 2) —b /c,a, c.cl) Coarll‘ncb‘rlc ¢f4vz§fér/n4.¥d}7u 7gr- /&HS e'c,c%f’rbl‘cf
- 7

(K,Z-") are «}Ae C&/"’LCII."VN Cadra[:naje.r o‘)( ‘7’[@ cender e{ %b

+e inner Eecentrl

and 44@ radiws of ecc&-n+r;cffy

dore In

&, ‘s '/(e zw«y/e detween 440 X-4x($
of +he Luter eccentric

] \ d'/ -
1S “}"Z SQrmi-. .MW‘M/"‘“{‘

Ax, .. ==0.025 (¢4 me *G.lqmé

]o(xm=.o.oo'rs’-4 inch 6{;,,,,,,_

h——T‘Ql‘i are tLuO (&,,9“) ‘Soju{';ﬁls -for ea_d (x)z:) &\ﬁceff (') +t(€. 0".151."!
which has am rafiaite mumber of solukions )a/r\d @) amd point

m\+£\2 Ll.r't,['f- O{ f‘&é,‘ui E-'TEL wl‘.c_l\ AQ.S one Salw‘l’{.m 91=&L
"De*f:};{" “/Ke Vﬁrl;\,/.\/‘lr f:: -ba;\"% )

¢= c,ogl(-—x-;—:;g—) )U/L\frﬁ »
JD = 7!'[4'- A~ {(_ lc'{wﬁév\- 4’!\.2 X Axis avni "M..g_ Ix'nc S%yumj-

‘Fra'\M. X C:ﬁ-c).;r\, +D ()(,?;) ’
¢= +he wuﬁrn"c. fetfucen t:', and gl lLine geM fromn H{_._

sripn o (x,2)
91=ﬁ-¢j {9)=ﬁ*¢
{%zow Ttlezp-d
& =t £ F e ()
(9:,: "': %iCc{l(v__—_%&)




