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INTRODUCTION 

Hiqh pu l sed power l a s e r systPms spontanpo i is1y omi t t i g h t h p f n r p t h e i r main 

s t i m u l a t e d ' i a h t p u K e . Th is spontaneous l i g h t , rpfer>-pd to a* . r ' l p ' - f ' p d 

spent .̂ npr-. ,s e m i s s i o n ' A S r \ is amp '"' t ' nd >'y a l l suhspqi.prit a c t ' v e p p t ' c a l 

rnmpnnent s " i thp l ase r c h a i n , and mav reach s u f f i r i p n t i n t p n s i t v to damage 

l a s e r t j s i o p t a r g e t s pptp>-p t lip a r r i v a l of thp main s t i m u l a t e d i ^ i s s i o n 

P ^ i - p . T h ; s ' i qh I T I V H^ H o c k e d hv 'ho ise o* v- p Y r t r o p ' 1 i l shu t ip* - surd 

is a P e r m ' s ' p p l 1 ,-•>• p i . - v l y mocha" i r a ' ] v hy a h i gh spppd r r ' a ' i n q s h u t f p r o»-

V. ' .. . ' { ' p i M v i , ! "p window t imp nt thp s h u t t e r shou ld h" pxt^Prnplv shor t 

.•!.' ' r ' , - . - i ' . " „ . pp., •• .ri ' ispr pn ' sp l o n g l h as p o s s i h l p . : 1 , v ' n-n I ' r a 1 

••,-.•' ' I ' . . .••• p •;: 11; * -•> f a s ' ' i ' . 1 [ O ; hi.t as tup o p t i c a l gp.ii" ^ - / e ' n . r p a s p s . 

* . p.p: ' ; ! ' i. - u i i w 1 p iempnl must a l s o i n c r e a s e a 'nnq w i t h c o s t . ' s u a l t v I hP 

p ' s ' S .!• i ' i-pr* i n n a ' to al lPast tr ip heam d iame te r ,oue>-pd. .oiPthP' apprparh 

t r r . ' . i . . .. i n c h spppd rot i t i nn d sk w i ' h a v v ' \ sma 1 ! s I -! ' t -v '-par t h 

s h u t t e r system i n c l u d i n g the wheel d e s i g n , motor r e q u i r e m e n t s and thp a l t 

i'Tipp'-fant 'notor speed and s v n p h r p m > - r i pn r p n t r p l s . 

r i e - ' t r i c a l synchrp.n i / a f : nn is p a r t ' C L , ' - r ' y d i l f i p i r t ' i r r a u s o p" M - e Nova 

l a s e r sysfpin twen ty h i-a ii<; must f-p s * i t r h p d opn r ip - ren t 1 \ h ; f not n u i t p s i m u l t a -

n p n u s l y . That, i s , because of d i f f e r e n c e s in i n d i v i d u a l s h i n i e r to t a r g e t 

d i s t a n c e s and s h u t t e r to master o s c i l l a t o r d i s t a n c e s , eaph s h u t t e r whppl must 



nppn .U .1 s l i g h t l y >H i1 ' ' o rp id t unp. T d i s p rnh 'nm h , i s hpnn so l vpd hv I ho i:sp of 

syncht ' . innus motors . ' constant soppd) ' i»' iven hv i n d i v H : ; - i l phasp con t r ( V 1 ah 1. 

pnwpr <.upp. l ' r s wh i *~h dtT M I t u r n svn rh rnn i / p i ! h i i 'HfjstpT' nsr i 1 id ! -» r . 

* , , ( ' p h y s i c a l "ii •?. \ ' on o r t h e w h p p l , ?A thp '-pntP*- or .in ov-vr ia t f j r ! s p n t M " ! 

f : 1 t '" '". p >v spri te sn"-p ' n r p ' T s t . ' n a rnr.han i o.s 1 t v n h ' r - rs r n n r r m i no K " i r i no dps ion 

•• :-.<• , ' ' . " ' '- T , ' I sp-v- H v :f i i - i , v pii'.1 imnmpn* <• . A m^qn,.; \,~,-i ' ' •-.,• ' v ' ' .">' v 'i>ol n>* .vma-

i ; ;n - . K.:•> • vf'"it J - " 1 ] 1 ' / s p W r t P d (ird is ru r t .h i " - r x p l < i i n p d Hi f , ' .> p . lppr . 

K,'f ,it • rq '.-."ii'P I DPS JOP 

;• • •• ' , l i sp -vd f h | { ; . M ' whpp • worp \r. n p t ^ v t p it. .(•*• ,•! d •.! i l l a m i i ' V " 

n\< • M',,- ',;••- * 'd . it would I""1 1 h-"i tod to s i ' q n t l y undor spnir vo l or i t v i»' 

•"\ l T ' . ' . | :!v •ifiP'M t i r i q in p v.n.'Uim t l i i ' , >prpd r ( mqP I M P hi 1 pvt->ndpd t r th . i l 

i •••• - ' y hv t hn r i r -n^ ' t y and s t r e n g t h of t f»{> wh>'ol M!,>;.I I ,i ; . yp . j c h i p v " 

• J 1 ' - ••=••-:(• p p . ' ^ n q t i p i n s , two r n i i i ' i r r r o t i t 11 irj ivhpr 1 *". <\, h: S> , :spd, h i ! 

! n ' , T". r <-•••, • ^n hr,p Ipnipnt A t" i on and or onomir dpr i f , i rn t h-in - • f ' •!•' t ' j •• > ' 

• •, *. •• , • ; -,v> h . v - ; < ; i q n = • i , " a i < " 1 P C ! • -" - " • > •. r " ; s ' • -• . ••-•* > ; |inr i ' 

' , : . - - . ' . ; • ' o i n-1 i: -" -— - J ' - o s s i i r p l i V . :>•(• • • t . , ' , - 1 - . i v--.r^ i • . . , ! , • h-,1n<; ' h , -

•:MSS s i j r ' i 1 hnt »*ad :."i! and t a n g e n t ^ ! s l ' ^ ' s s r c m p n i n n ^ . s--r- p.p.i^l t h roughou t 

t v l . ' -A'hr-P \ ^ i n p p - n 1 p o r t i o n s o f t h r w h n c ' .P ' I " 1 P O l - d l W s l - ' p s ^ p H , t h e whPP I 

• i cn iev^s n n n i m u n M? i o h t ^nd max irr' im p p ^ i p n ^ r a l spppr 1 f o r ( ihv o ^ ^ I - ! P P S S 

I P V P I . Thp r a d i a l -v-6 t ^ n g e n t i - i l s t r e s s is a i ven by 

Z l „ ( . ^ , 
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where is the m a l p r i a l d e n s i t y , r . the p p r i p l i p r a l speed , and t / t the 

r e n t e r to edqp t h i c k n e s s r a t i o . A p l o t o f the edqe to r e n t e r t h i r l - n e s s r a t i o 

f o r SPVI ' -M 1 m a t e r i a l s feach at a c o n s t a n t s t r e s s l e v e l ) o p e r a t i n g at v a r i o u s 

p p r i p h M - . i l spppds is shown in F i g u r e 1. Fach curve >-pprespnts a d i f f e r p n t 

m a t e r i a l e v a l u a t e d a l an opt imum d e s i g n s t r e s s as l i s t e d i i T.T|> 7 r> I . The 

n p e r a t ' n g s t r e s s l e v e l was s e l e c t e d based on c o n s i d e r a t i o n c f eacl i mat pi-• '=! s 

* a t i ; u e iv .durance s t r e n g t h , a c o n f i d e n c e l e v e l f a r the mater i a ! p r o p e r t i e s , 

r o r r i - t i o ' i f a c t o i s f o r s u r f a c e roughness and s t r e s s concern ra t i o n , and an 

•i- ' i i isl.- ' .>rt ' o u , . p ,-,dv -' < age of the f a c t t h a t the s t r e s s l e v e l j iever c y c l e s 

i i|r ( onV'-o-.s i nn d u r i n g normal c\'f l o s l a d - s t o g rpet-a • i en. 

s > r: r the i n t e r n a ! s l r e s s is u n i f o r m an/1 depends o n l v on p e r i p h e r a l speed , 

i ons i) v , and Th ickness r i t i o , t lie cu rves i n f i g u r e I h a e to <iv. '-ntp'-est i na 

r o e ' l i j s ' o n . At edge speed?, les-, t h a i n . l run/ s :'??'• mi ' h i 1 , t he c h o i c e o f 

ma fo ' - - - ! : is e n t i r e l y a r : - i t - a r y and speeds exceed-no. 1 inn' -. ,e-e. o p a r ' v 

i m p o s s i h r e v.-11 h ,\^v c o m b i n a t i o n o f o r o f - i e î r m a l e ' - i ^ i l . 

' e ' - f a n ' l v carbon f i l a m e n t e r e x i o s pr - fo rm l i e t t e i t hnn evee t i t a n i u m a l l o y s 

h i t i'v '-•"'•/ g ' , ' i l ' T a i ' g i n . This i ' l c i r . - ; . : tha t proper I ies d fn. in 

s t ' - enn lh anil d e n s i t y he g i v e n pgual c o n s i d e r a t i o n d u r i n g ' ' ' i t - r ^ l s e l e c t i o n . 

1 e>- •.,, v.it.h a magnet ic epar ' !^ : : " o M r , 'OIN -.-.'!.re ' ..veinh1- '^ H.>S • .-.-.^' ( J ( 1 q .> 

m i n i i i , i 7 e s h e a r i n g e l e c t r o n i r s ami power r e g n i r e n p n t s . Lew we igh t w i l l a l s o 

a ! I ov.' a smal ler ' motor- to he s p e c i f i e d w h i l e m a i n t a i n i n g a c o n s t a n t s t a r t - u p 

I i'lie. The epevy compos i te m a t e r i a l a : s o has the advantage of 1 owe.' s t o - p d 

pnerov at any g i ven p e r i p h e r a l speed. Th i s combined w i t h the d e l a m i n a t i o n o f 

the m a t e r i a l d u r i n g e x p l o s i o n comDared to l e t n a l sh rapne l r e l e a s e d by a 

. m e t a l l i c wheel a t a s i m i l a r spepd led us t n m o o s e the compos i te w h e e l . 

On the o t h e r hand, f a r l ess is known c o n c e r n i n g the f a t i q u e endurance 

s t r e n g t h o f compos i te m a t e ' - i a l s as compared t o say t i t a n i u m a l l o y s . Th i s can 
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be comypnsatPd foe by .-ising a l a rqp i f a c t o r o f s a f e t y , Epory m a t e r i a l s » ) ) ' 

a l s o ou t i i as s u b s t a n t i a l l y morp than n v t a l s tht>rehy i r r r o a s i t i q t.ho vaamm 

pumping load over m e t a l l i c w h e e l s . A r e c e n t l y measured epoxy r e s i n oai tqasspd 

at. a M t P o f 1x10 " I f s r r - . / s era' as compared t o c 1 i » r . t r opo l i shed s t a i o l p s s 

s t o p ! at !»(•!•/ -SsTO"''5 T o r > - - . / s r j / . 

' . ( ! ' ' r is a H r knnv.'rs r o n r o r ^ i m ? H I P d o t ormal > no ttod r r a r , i r . o t h a t w i l l 

i i r o i f ' " a Ml . impnt ppoxv wheel r o s u l t i n q f r o m a <. irpss r n a o ' M r a t ion at t h^ 

pr>- i a i o t r r ..rftprp t>-p s h u t t e r ivhop! s l o t '!nc;t fop p f a c p f l . A m p l A i l i t . wbeol wou ld 

b p n o f i t t .-om a k p v h o l p t ypp s l o t In r odu rp t.hr s t r o s s r o r i r c n r r a t i on at the 

Hnt t ' im it r h r \ ' o > . hut t h i s t ,p rh i i 'Hue. wlien rtD()li°<i t o f 1'iprous ma t o r •. a i s , 

w / " M s r - H ^ y p<no<,p snprp f i l a i r i e a i pnds. K n l k a r r , ' ' has r'sn'uv.pa o!a<' i rc ! .-> 

n la1-"'', - f ; lament pp.v-.vy r r - ' n f n . - r ' i nq h.iori around : hr- o . i f - r p i " i m d i r of t v> who r ' 

t,> 1 ,> . -T ttw> s.'>vs< ! « ' yp l , I h K a o p r . i r i '-1 !«• a v ' i a K r --••• tut ><-." ts i t has no ' 

Vi>i ! ' i- ' 'n t e s t e d . 

f a i r . fmpar is . in w i t h the i in ' , ' "nm st •>•',• p r o ' • i•• e V < - ' . i n > iv ini<,i>. 

in.. ' I . I . ' C ; ' spoi-d r S l . a r n a h 1 . ' m t h a ' ' i l 'Ms'-' • " - : a to >.'•] • - ' " M i l f<-ni ••,>'. >-..]>• 

i •.'•.-> shown i'a F H I I P V I . A f l a t iv t ipr l r M r ' i t ? " ' !•• a w '>e«a! i V *>^ ' I !'>(• 

<,iit r.,1 o f fhp o n ' t o r a i s t r e s s wheel hp<aesr o 1 ' i t s " t , v r ' a v fo s i a n " M a r a d i a l 

s t r e s s at t he center. 

Motor tin^BearjjTCji, 

]n d r s i q n i n q a s h u t M r vfipp 1 i»<>h>r-!>par \m\ sue,"')' ' sys i . - . " to • in r r -H i <n ae 

p-.acnated S D a t i a l f i l t e r , c o n s i d e r a t i o n was . l iypr t fo J' a . a y 'u l»- i r a ' o n 

m e c h a n i c a l h e a r i m i motor submersed i n t he varmim. ?1 a s » t t><>M l i e a r i r m «<>i/>i 

d r i v i n q a vacuum f e e d t b r o u q h s h a f t , 31 a d r y h o a r i n q nv i tor w i t h varuum 

Submprspd r o t o r and p a t e r n a l l y tnnuntfcl s t a t o ' - w i n d i r q , and <! 1 a t o t a l l y vacmiw 

http://pp.v-.vy


submersed motor w i t h magnet i c b p a r i n q s . On ly t he l a t t e r magne t i c b e a r i n q 

motor was de te rm ined to be t o t a l l y s a t i s f a c t o r y . 

Because o f spare l i m i t a t i o n s , the ••'heel s i 7 e was 1''mi ted to 100 mm 

d i a m e t - ' r , which at a p e r i p h e r a 1 speed o f 1 mm/, s c o r r e s p o n d s to 61 ,000 rpm. 

Th is r e l a t i v e l y h i g h r o t a t i o n a l speed r e s u l t e d i n rhp e l i m i n a t i o n nt" most, o f 

thp p p t e n t i a 1 ' ' c a r i n g schemes. 

Dry i i ih t - i i .a ter t b a l l h e a r i n q s have hpen used s u c c e s s f u l ! v a t speeds up to 

aopr. ix ; m : . t » ' » P, 000 rpir i n s p a c e c r a f t a p p l i e i t i o n s . These are s p e c i a l 

bea r^nns w i t h t e f l o n b a l 1 r e t a i n e r s and p r o p r i e t a r y q r a p h ' t e s u r f a c e 

t r e a t m e n t s . H igher speeds cause q a l l i n q and r a p i d f a i l u r e of t he h a , I s i n t h e 

vacuum f M n " r " n c ^ n t . The b p a r i n q s are a l s o r e l a t i v e l y smal l and cannot suopor f 

r , y " ,a l load ' , . •> -eeo i i " i armrnv ir»^ re 1 v l j t! ( " " ' 1 . 

/'» - l a q n e t i r f l u i d si'a 1 en a vacuum *:C ' I f p e d f h r o a q h has f h e p o t e n t i a l o f 

) p p r e , : c h ; fia I he r e c e - ^ a r y rotational speer/ hut nn documented ' l j u b - s p p p d vacuum 

systems r n u l d r e f o u n d . The s h a f t s i z e necessa ry ' o suppor t a ? kq wheel a l s o 

l i ' -ms t r s h a f t p e r i p h e r a l speeds t h a t excoon present , maqnpl i i f i e r i des iqn 

t a r ' !'-,:<.. 

! f ' i ' : , ' !> ' " , i f l on was ,,lsO o i v . - te a -"r 1 n>- •.-.( i f I' an i r- ' .Mi' i. i: • r i i i l : " ' i rvi i 

"• : u ' i " t ic ' ' i v permeable vacuum w a l l l o c a t e d between the r c t m ,nit s t a t e r . Th i s 

p ia r . - s the p o t e n t i a l l y h i gh o u ' q a s s i n q motor s t a t o r o u t s i d e nf the vacuum 

I'dr le isure. U n f o r t u n a t e l y the d e s i g n s t i l l leaven t h e s h a f t b e a r i n g s i n s i d e o f 

, r e vacuum chamber. 

Magnet ic bea r ' no? have s e v e r a l n p t e n t i a " . '•. 'vantages t h a t e a s ' l y make them 

the f i r s t cha ice f o r s u p p o r t i n g a h i g h speed wheel i n a vacuum. Magne t i c 

b e a r i n g s t i f f n e s s may approach the s t i f f n e s s o f c o n v e n t i o n a l mechan i ca l h a l l 

b e a r i n g s (100 NA:m) bu t i n most rases t l i is may not be necessa ry as a b s o l u t e 

s h a f t l o c a t i o n accuracy is not necessa ry . A '->n 1 1 b e a r i n g mounted s h a f t and 



wheel c o m b i n a t i o n , for instance, must be c a r e f u l l y ha lanced to m i n i m i / e 

r o t a t i n g masses and the f o r c e s t h e y can gene ra te on s t r u c t u r e s ; whereas a s o f t 

maqnet ic suspens ion w i l l a l l o w tr ie s h a f t - w h e e l rombinat ion to r o t a t e about i t s 

i n e r t i l l ax i s even if t h i s does not c o r r e s p o n d to the qeome t r i c c e n t e r o f the 

s h a f t . 

ivcsn' - int r . -ecuo n i ies are s t i l ! to he r o n s i d e r e d a p'-upiem hul s i n c e t he 

hea1" " i n •-! i f f n e s s ->n-i dampieg car he d y n a m i c a l l y v a r i e d , r- w i t h (p> - ta i ' i 

a - ; * ' ' / ' 1 S I IS :? -ns i on s-zste'is d e s c r i b e d ' - a te r , o p e r a t i o n near" a rpsnnanee or 

o a ' ^ i n o t le-ouoh resonan t f r e q u e n c i e s d u r i n g s t a r t - u p dr^ e a s i l y h a n d l e d . 

-VJ. •- '• •: i ! .*". --"an a 1-;!- he e a s i l y hand led hy n a i l e r y ' ^ : ..JO systems wh ich 

,r, ',- '- i - - a - i ' v op " " a l e most s u p p c t systems ' o " s e v e r a l r - i nu les lo an 

hnu'" - • I ' - i r i e n t 1 i ' " [ 1 *"• ' i ' " inq too whep ' to a s l o p b e f o r e !owe>'inq the s h a f l 

•,n;e 'M>-. ••.iqnpi n; t a r e s . S e r v o - l o n o ' " ' a i l u rp i \ harder to p r e e i ' i d r , i 'u! r a n he 

-i. v -qp ' • , ' o v n s t h v hav : - . q ronvee 4" i ona ' h j : l b o a r : n q s '-a: - - o ; ; the mao'ir I, i r 

" . A t - i n n s and core " i t o r e m act w i t h t he sha*"t o n l y i ' ! he maqn > ' i r !).•?.•' iuqs 

• " a i l . 

1 he maqnet i r p f - i r i n q ' U ' p p n s i n u systems ''.."'use lyes r :n !w i i y ^ ' e r i i n t o 

e [ P. t r r n w a U y e o n ' r o i l e d " a r f r y ^ " systems or " f e i ' ^ i e e " ;-.,>, -.auen! fiiaqeet or 

f i x e d c u r r e n t e lei ' • om'.qre t i r sys tems. A c t . w o systems /\< < le r t rpmaqnets 

e y l u s i v e l y and up to ten servo l oops . Pass i ve systems use s e v e r a l f i n e d 

f i e l d permanent maqnt ts and s e v e r a l low power b a l a n c i n g r l e r t r o m a n n e t s . F o l l y 

p a s s i v e systems are i n s t a l l 1 ? as f i r s t deduced '• a \ W . 

I n d u c t i v p or Ma l l e f f e c t sensors are used t.o seose t he p o s i t i o n of the 

s h a f t and to c l o s e t.o se rvo l oop . A c t i v e systems have I he a b i l i t y to 

i n c o r p o r a t e damping i n t o the c o n t r o l l o o p . T h i s may he taken advantaoe o f 

when p a s s i n q th rough resonance f r e q u e n c i e s to p reven t e x c e s s i v e s h a f t 

d e f l e c t i o n s . The b i b l i o g r a p h y l i s t s s e v e r a l a r t i c l e s V ' M O . l l C O v e r i n q the 

f i e l d o f magne t i c b e a r i n g d e s i g n . 
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Spveral companies are now designing maqnetic hearing systems for special 

appl icat ions. Cambridge Thermionic Corp. I nc . , Cambridge, Mass. has extensive 

experience in small passive bearing systems and holds several exclusive 

patents. They have been bu i ld ing aerospace :omponents for NASA since ear ly 

1960. SKF, Kinq of Prussia, Penn. in cooperation wi th Snciete rie Mechanique 

Maqnetique 'S?M) in Vernon, France have concentrated on large bearing-shaft 

app 1 i cat ions. S?M and i t s predecessor Societe Europeene de Propulsion (SEP) 

have hepn bui ' r l ing f u l l y act ive suspension systems since 1969. Sp ;n 8, Space 

•n Phoonix, Arizona is a recent ly formed company spec ia l iz ino >n aerospace and 

••.atoll i t e components. Unfortunately there are no production magnetic hearings 

avai lable o f f - t h e - s h e l f , and consequently any dpsiqn tends to be customized to 

the users app l i ca t ion . Development of a s inq lp prototype motor- f o r th is 

shutter wheel app l ica t ion w i l l cost approximately 100 KS. 

ASE_ Stut ter Wheel Control System 

The contro l task for synchronization of several ro ta t i nq \hut tp , _ s is 

two- fo ld . F i r s t , a l l the wheels must be synchronized to each other; ,inri 

second, the wheels must be timed to the laser pulse a r r i v a l time. 

A hysteresis synchronous motor was selected hecause i t is necessary to do 

phaso cont.-nl to synchronize the wheels. I t is inadpquate to jus t cont ro l the 

soeed of the wheels. The wheels must f i r s t be running a l l at the same speed 

and then adjusted in phase to allow the laser beams to pass throuqh a l l the 

s lo ts at the correct t ime. 3y using a synchronous type motor, the speed 

problem is e l iminated. A hysteresis type motor was chosen because th is type 

of motor needs no s l i p rings or brushes. 

The major drawback of hysteresis type motors is the i r i n e f f i c i e n c y not 

only do they require a larger frame size per horsepower but also t h e i r power 
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fac tor is poor requi r inq a larqe power supply. This drawback may be overcome 

by using a permanent maqnet synchronous motor; however present construct ion 

techniques for permanent maqnet motors l i m i t the speed of these devices. The 

hysteresis motor because of i t s rotor construct ion can he suhjected to higher 

mechanical stresses and therefore reach the higher speeds required in th is 

app l i r a t i on . 

A ron t rn l strategy which accomplishes th is task is hln'-k diagrammed in 

Figii'-e ?. To synchronize the ind iv idual wheels to each other, each 

motor-wheel combination has i t s own d i g i t a l , closed loop, phase contro l 

"°tW'""":<. The O'I.= SP contro l ne'wnrks are referenced to a common timing 

s igna l . This t iming signal or ig inates from a master o s c i l l a t o r and is 

adjusted in time with the laser pulse switchout by a computer cont ro l led ohase 

s h i f t e r . The same computer that, ( i n t r o l s the phase sh i f t also controls the 

sv,'itc"Out, ther"hy Mm inn the wheels to the swit.c'lout. 

The computer cont ro l led ohase sh iMer is constructed usinn counters in a 

r^u^tdown mode, ^he counters a^e preloaded to {ht desirpo phase s h i f t by 1 hr> 

computer. The output is a 100 Hz reference. 

The closed 1oo3 phase synchronization system has been prototyped using o f f 

the shelf hardware. The motor is a two phase P0 V, 0.1 hp, H000 RPM, 400 Hz 

hysteresis synchronous motor m-ide by Ashland E lec t r i c . The wheel is a f l a t 

aluminum disk ?00 nm in diameter, 3 mm th i ck , with two 1.ri mm wide by 4 mm 

lonq slots mi l led 1R0° apart. At RO00 -pm these s lots provided a ?0 :.s 

window. The motor is driven by an in-house designed two phase power supply. 

The feedback sensor is a discrete LED and photo t rans is tor pa i r . 

The phase contro l network shown in Fiqure 3 consists p r imar i l y of two 

counters and a comparator. The free running counter takes a high frequency 
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s i q n a l and d i v i d e s by ? ' t o o b t a i n the m o t o r ' s i npu t f r e q u e n c y • >< -IIIO I V . 

An up/down c o u n t e r p r o v i d e s a phase s h i f t . The up/down r o u n t p r r->nt.>>os a 

va lue p r o p o r t i o n a l to the phase e r r o r between the s e n i o r and I ^ ' I T I • s i g n a l 

and is i nc remen ted or decremented d n p e n d i n q upon whether t i n 1 sonsoi lea ' or 

l ags the r e f e r e n c e s i q n a l . The compara to r o u t p u t s a p u K p wh. ".".• v V " 1

 V ' ( l u e 

o f the b i t s t\ ' A. 7 -ire equa l *o t i n 1 va lue of I h^ h i * *- P • ' . ,. 

S ince h i I s A , , and B , , ai e not compared, ' h e t rpque 'V v " f •'• " ' •>' ' V . 

Th i s M i i n j l A-B in c o n j u n c t i o n w i t h •> P- type f l ' P 11 op p r ^ y . i , . . • p ' - v r 

s h i f l e d 100 H7 s i q n a l . The ampunl o f phase s h i f t e o u a ' , the v i ' if • - n n t a ' n e l 

•t. the p h a s r ' h i f t counter- m u l t i p l i e d by the p e r i o d of t h . ' ' \ ' V '-»i/ r b ; . 

The r e s o l u t i o n is p l u s or minus one count nr 7 b . , ; ns. f ) p r ' ' , ; t i n n p ' t in-

c o n t r o l l e r c o n s i s t s o f de t e r m i n i nq a l p a d i n q or l a n q i n q r o n d ' ' " M > , 'm 'T -^ ' y 

• " c r e a s i n g pr d e c r e a s i n g the va l ue c o n t a i n e d n t h " phase • ' i ' ' t . r „ i „ , , , ; , , _ 

The r a t e at wh ich the e r r o r is c o r r e c t e d depends upon t >>•> r ' r „ . f< - . i l ] N r , , f , 

o f the i i p / o W n c o u n t e r , due to f h ° h i g h l y nn.Vi damped o h . " • •• ••• >••• i s t •• • ' 

I h> m o t o r , i t was found a two c l o c k r a t e r o i v ' f i r t >M> t ech r g i- „<>'•>. •<••.! i\ 

b e t t e r t l ian a s i n g l e f i x e d r a t i . When the e r r o r is " l a r g e " t i -e r • ,y , ,-,r.. .r 

h i g h , f . - Sl<3.2 kHz; as the motor approaches svnch ron v . . t i . .n , u, , . . ;,,, . 

r a t e is decreased t o a low v a l u e , f - '>}.?'? I V . The s low ' v : ' a l , 

k e p t much less than t he samp l ing r a t e o f the sensor to ' n ^u r . . s t a b i l i t y . 

The d e c i s i o n betweee l a r g e or smal l e r r o r s is made ey an l d d i t - o n i 1 

c o u n t e r and c o m p a r a t o r . The c o u n t e r c o n t a i n s the magn i tude n< the ph.isp 

e r r o r ; and when the magni tude is less than a p r e s e t v a ' u p d e t e r m i n e d by t he 

c o m p a r a t o r , t he c l o c k is sw i t ched f rom i t s h i q h te low r a t e . T h e b e s t r e s u l t s 

were o b t a i n e d when the c l o c k r a t e was s w i t c h e d at an e r r o r magn i tude p f about 

I'll . .s. 
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THe prototype contro l system is capable of maintaining phase 

synchronization wi th a j i t t e r of 7 ;;S with a ?!) ..s window. This 'ast 

remaininq j i t t e r source wos determined to be the c i r c u i t r y which converts the 

•100 Hz d i g i t a l signal to „ sine wave as needed by the power supply d r i v ing the 

motor. 

A design study has been completed on the use of a v f y hiqh speed r-otating 

wheel as a shutter to block l i gh t preredinq the main laser pulse from reaching 

a 'ise>- fus ' ^ r target . wheel per ipheral speed is l im i ted with the best carbon 

f i b e r epoxv mater ia ls to approximately 1 mm/;.s; consistent wi th long wheel 

l i f e , safe operat ion, .j.id reasonable system r e l i a b i l i t y . A uniform stress 

p r c f i l . " whee1 w ' th a 10:1 center to edge thickness r a t i o is proposed. With a 

mi l l imeter wide s lot at the perimeter, submicroseconri openinq times may be 

achieved. The s l o t is re inforced against crack\nq by usinq a c i r c w f f p n f i a 1 

wrapping of qlass or carbon f i laments in epoxy. 

The wheel, motor and shaft w i l l be suspended by a series of magnetic 

bearings al lowing v i r t u a l l y f r i c t ionTess operation at 10" Torr vacuum. The 

mcto' - and hearing thermal losses w i l l be removed by incorporat ing a l i qu id 

cool-ng jacket w i th in the motor s ta to r . Excessive heating is detrimental m 

that i t can increase the ouiqassing of the motor subs tan t ia l l y and require 

excessive vacuum pumpino. 

An a l l d i g i t a l wheel synchronisation contro l system has been designed and 

prototyped. I t w i l l synchronize a l l wheels in the laser system to each other 

and to the laser pulse switchout system. Synchronization has been 

demonstrated it be t te r than ? ;;s with f u l l expectation of reaching 0.? us. 
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As 1 ser aperture si.'es increase, hiqh speed mechanical shutter wheels 

positioned near the focus of a spatial filter can compete very favorably with 

electroptical shutters such as Pockels cells. They also have the potential 

for lower cost wlen compared to large aperture Pockels coll or Faraday 

\OIH I 
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Tab. 1 c J 
Comparative specifications of -aterials selected fnr high speed shutter wheel use. The last 
column labeled yield strength to operatinn stress level represents the overall factor of safety 
The operating stress was selected based upon consideration of factoi a affecting metal fatigue, 
reliability, the effect of stress concentrations, surface finish and the probability of cracks. 

Tensile Selected 

Material Typical Specific 
Type Designation Gravity 

Yield 
Strength 
MPa(kpsi) 

Operating 
Stress 

MPa(kpsi) 

Yield 
Strength 

Operating 
Stress 

Carbon Filament Celion 
Epoxy 6000/5213 

1.55 510(73.9) 255 (37) 2.0 

Magnesium 
Alloy 

AZ31B-H24 

Beryllium 
Alloy 

HIP-50 

Aluminum 
Alloy 

7075-T6 

Titanium 
Alloy 

6AI-4V 

Maraging 
Steel 

18Ni-300 

1.74 138(20.0) 91.7(13.3) 1.5 

1.84 345(50.0) 178 (25.9) 1.93 

2.79 503(73.0) 225 (32.6) 2.24 

4.54 827(120.) 353 (51.2) 2.35 

7.70 1380(200.) 676 (98.0) 2.04 



Peripheral speed mm/ps 

Figure 1. Edge to center thickness ratio 
for a Stodola or uniform stres' flywheel, 
necessary to maintain the operating stress 
level given in Tabel 1 at various 
peripheral speeds. The circled (o) data 
points represent the maximum peripheral 
speed obtainable with a flat wheel (constant 
thickness) containing a small central hole 
and operating at the stress levels given 
in Table 1. 



BLOCK DIAGRAM OF ASE SHUTTER CONTROLS L3 
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ASE SHUTTER PHASE CONTROL NETWORK 
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F.iljyj"V_ 3_. Shutter wheel phase control 
ru-cwork shown in Figure 2. 


