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I . i n t r o d u c t i o n 

f h e v e l o c i t y s p e c t r u m of n e u t r a l d e u t e r i u m a t o m s D o m i t t e d 

from a t okamak p l a s m a t y p i c a l l y p e a k s i n t h e r a r q e . 5 - 3 • ' n c ' m / 

s e c . D e v e l o p m e n t of a t i m e - o f - f 1 i q h t (TOF) d i a g n o s t i c f o r m e a s u r e ­

ment o ; t h i s v e l o c i t y d i s t r i b u t i o n h a s h i n q e d u p o n s o l u t i o n " f a 

v icuuni t e c h n o l o g y p r o b l e m , t h a t of h i q h s p e e d r o t a r y m o t i o n in ^ 

L'ilV e n v i r o n m e n t . 

i a ttn,i.=, caviar i-mcat t t u i D a c u t r a t a yn:od.u,<;ocL U\; e t w e ^ c e x ­

c h a n g e i c a u t i o n s in t h e t okamak a r e m e c h a n i c a l l y c h o p p e d by a 

^ I n t t v ' i :">itat im; d i s k , a s in t i c o r i g i n a l work ot Kol 's ' ;y .in' ' 

l . i ' v i n p t l n • The u a t e d n e u t r a l s f r e e s t r e a m 2 m w h o r e t h e y i" 1" 

p i n . i i ' *-"' a Cii- l ie b l o c k , t h e r e b y c j c . c t i n q s e c o n d a r y c l e - t r o i i s 

w h i c h -> ~e sul>F.v:iioru 1 y c o l l e c t e d and a m p l i f i e d by a b a . ' e e l e c t r o n 

i v u l t i p - u.-r'" I l ' i i i . i ; . The t ime . - v o l u t i o n of t h i s d e t e c t o r ^ i ' ^ n a l 

ea>. t h e i be i n v e r t e d t o <i ive t h e P . ' c l o c i t y d i r,' r i bu t i on . 

in t h e a b o v e s c h e m e , t h e phys l c o n s t r a i n t t h a i . i d ruu . i t e 

e n e r u y : " o s o l u t i o n ( 'E /F . . 2 5 ) b e o b t a i n e d e v e n '.or t h e most 

i.-Tiot'S^ i ? lOTfLwl t - s t i i u n t e i f S V \'i?)t)fi eV T>°) \ent"rs t o a neec v. ' n r 

h i - rh r e t o r s : - c d I 2 0 , 0 0 0 RPM). T h i s n u m e r i c a l r e l a t i o n f o l l o w s 

from t h e i i s i i a . TOF t h e o r y f o r t h e c a s e of a 2 m f l i g h t p a t T r 

25.A ciii d i a m e t e r d i s c , and . 0 2 5 em w i d e s l o t s . U1IV c o n d i t i o n s 
_ o 

(p 10 torr) must lie maintained even at these hiqh shreds since 

contamination of the detector assembly by the outqassinci chopper 
-vstorr can qroatly reduce its ciair. and alter its calibration. 

The p-plilem of the chopper iniectinq impurities back into the 

tokcunak l s less severe, due to the desiqned low 2 '/nor con­

ductance between the two vacuum s\stems. 
This report describes a solution to the problem of high 

speed rotation in vacuum utilizing magnetic support of the sinale 
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•^vim- ;art, tlvo sh.it t. with rigidly attached disc. 7'h - cperatina 

;"..->•.••; ;»s of the motor and magnetic bearinq arc discu'•..-,(.• J, and 

' ••< •; r- i;;pl icat ion as i chopper drive assembly i«, oval U I t ed . 

• ' . " i .:« t ic Boar inq 

'•'i' '. '''*••• r; -.:. bodies arc raa J i\t n in or! i — .1 '"• r.t: •• • 1 r d ~I.T:-

' 'i'1 '• •••• i'.'" ;'. 1 >--'-'M,' r-irely by means of maqnet.o :" :. ] .-• , i r.ii-
1 ; _' i'-i'-JRii P S : ; : L S . Typically ono body is ;i;ts.-hP(! t .1 IP< oh-

: cii : round and -ill forces on the second body ,'re '. 1-ir>.'" i ! v > ••" 

v-v ' • ::t body via the magnetic field. 

1 :n;-e .' ip j schematic of the magnetic bear ' n^ M -t- ! t. • 

•• ' ; M ; !•••• IV) qm shaft assembly and 20 nr.i ehoij-.i dim- .r;air:" 

:r >•• . •. . The 2.riA cm on samarium n̂h.-ilf diKr m<v;: ot:- ••''" 1; r.""i:c- * 

• •: ..' 1 ii'tior. iJI an aiternatinq nnrt.il/soiiih-iir-vth sp'.th pal'.'ii 

r.-; ,.:(; .<• with the her i Bunt a i lotation asis 1 ;• ,i:-.-K1 . in 1 n . «; 

• -i. ; ̂  '.en of the six neqrces of freedom of the rif.d : otor 

-•-•••. '• i<- j.-aK.sively stabilised by the jvr.iinaT n1- o-- t• :L- : \v 

• •-••'- .,.•> i f-jur r'/tor maqnets. The fifth donree ••'" ', : e< /or. , 

' :'.•. . n ••!'; che rot all or. axis, if stronqlv uri:;!.d \ • • '. :• • -lie 

• :••;• :• e-iS'- i *5 the magnetic field intensity with d i stance. 

• •• .-' .nidation is achieved with the aid of a servo svpteir. 

•< ,-!• .•<•;;-£). njatns for unbalanced forces in the 7 i'treat ion by 

ii\ : nc a current in the appropriate force coil to attract the 

i-:jr ,im>ature at the shaft center. Shaft motion alone z is 

--•iĵ ed as a magnetic flux chanqe in the 30,000 turn rate coil 

vd tho voltage thus induced acts as the servo system input. 

coition along 2 is sensed by inaynetic field sensitive maqneto-

•esistors Located radially outside the rearmost rotor maqnet. 

http://sh.it
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Finally, the sixth degree of freedom, the shaft rotation itself, 
is essentially neutrally stable, being damped only weakly by 
eddy currents driv n in the aluminum housinq. 

III. Motor 

The two phase DC brush less motor is shown schematically in 
Figure 2. Rotation occurs when the 1.27 cm OD motor maqnct-, 
polarized across its diameter and riqidly mounted to the shaft, 
attempts to align itself with an externally imposed rntatiri.i 
maqru-t K' field. Commutators are avoided by usinq solid-st.ur 
Hal 1-r'f feet probes to sense the angular position of the ro--
tatinq motor magnet. The motor wmdinqs are water cooled t-o 
take \jp the 100 W tr̂ .'.sient heat load occurinq riurinq disc spin-
^p. This large heat load can disrupt the operation of the tempc 
ture sensitive magnetoresiFtors used in the magnetic biarinq 
servo, ind can destroy tho Hall sensors if the temperature ex­
ceeds 1 :S C. The heat load is no pioblem in steady sttite Vacuum 
operation, however; motor power dissipation, qoverned only bv 
eddy current losses, is typically less than 2 W for ?'.' ,-v.n rTM 
rotor speed. 

IV. VacU'un Considerations 

figure 3 is a photograph of the motor and magnetic bearing 
chopper drive assembly. The unit was fabricated entirely from 
UHV compatible materials. Pclyimide coated copper wire is used 
in th§ rate coil, force coil, and motor winding. Machinable 
ceramic, Boron Nitride, and polyimide are used for insulators. 
The balance of the materials are metals. Bakeout temperature 



i s l i n i t e d t o 100 c i n o r d . ; r t o a v o i d d a m a g e t o t h e H.iH 

s e n s - T i j and t h e V a r i a n T o r r - S i i a l ^ a d h e s i v o . 

A b a s e p r e s s u r e of 5 •> 10 t o r r ( u n e a 1 i b r a t e d 10: . i , v i : c | 

h a s boon a c h i e v e d a f t e r a two day b a k c o n t a t 100°C in a 1 i-I\I id 

i i : t i ' o : . " i t i a i ' i H d i f f u s i o n pump s y s t e m , '"ho u n i t .- ;Lv:eiiuor.' ]»• 

rar. - t f . n l v s c j t f ' o r 5 d a y s a t i n . c r i r.ry _ j nd • f;.t in-; ' •"• d o l o t -
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;' !',••''!•' f\l "' v.: r - c o r ^ ' f r d i s c in a ">0i) ' S ^ T I n r l o r ::.i" s '?1 ri" 

'"•'. • ; , r Asser.l-.] y 

• i i i ro 4 ; « a : :hot oq r a p h of t h e c o m p l e t e C I ' ' " T I V ."•.!-•-•'-'[.;'.• 

...-• : in o u r T'.'i' p l a s r i n d i a n n o r t i c . The- en t i l " .}.. — 

:?';-:to:r , t~ oa:i t i 1 o v e r c d from a s i " ^ " ! e f l a n a e s o O a t i ' •'r: It: 

: : . v r a ' f : unii <..:; i n t o a c y l i n d r i c a l f e r r i t i c s t a : n l r s r . F t e " ! 

vai"':uri v e s s e l . The ] e n t h i c k vacuum v e s s o l t h u s sh i •> 1 ••''-" *'"o 

r i ' w n e i i o b e a r i n g from up t o 200 g a u s s f i e l d s p r o d u c e d ! •• i>;. 

A -Major p r o b J o r i n v o l v e d in a ? i : i a t h e n o t o r o f r •. 7 

a s ,- :'"c';::>er r r i ' v ? t c m s from t h e low vc : lue o r T ad i <'! « t ' r f -

n r s s , . i i j i u t 75 1L ' i n , wh i oh when c o u p l e d t o t h e J~-r< <' r o t n r 

r •. H ~ . l o a d s t o a s y s t e m r e s o n a n c e . i t T5 \\v. {?. .10 '1 piv 1) - !M 

t'.f- v i c i n i t x of t h i s r e s o n a n t s p e e d , t h e s h a t t b e g i n s vfibhl i n o 

and w i l l c o n t a c t t h e s u p p o r t s t r u c t u r e u n l e s s q u i c k l y spun up 

o r down. C o n t a c t u s u a l l y l o a d s t o l o s s of l e v i t a t i o n : t h o d i s c 

" c r a s h e s " . The p r o b l e m i s compounded by t h e r e l a t i v e - 1 - ' ' a n ? 

•iiciiiont of i n e r t i a o f t h e 25 cm on c h o p p e r d i s c w h i c h , '• : t h t h e 

p r e s e n t m o t o r , p r e v e n t s t h e r o t o r f rom b e i n o s p u n thr<>uuh 

r e s o n a n c e i s l e s s t h a n i s e c o n d s . 



A solution to this problem is to balance the rotor so 
well that during acceleration the radial runout amplitude-
near resonance does not build up enouqh for contact to occur. 
The main imbalance i s due to inhomorreneity of the maqnets. 
Since the balancinq must be done in air, and since tho viscous 
drag torque of the large diameter chopper disc at 35 \\z exceeds 
the maximum motor output torque, the rotor assembly without 
the disc is actually baJjncpd. This is accomplished by aridinn 
a weiqht equal to the disc viuht a* the front hub and then 
usiri.r additional weights at the annropriate an'nll.nr posit ic:::s 
on balancinq hubs at the front and rear of the sh.ift. np.ee 
through resonance the rotor stabili7.es as it sinns about- its 
principal mornent-of- inert ia axis. 

Another resonance, due to the flexural motion of the 
shaft, limit* the upper speed of the system to 2 "J , noil RPM 
when the disc is attached. A now shaft, currently unioi' 
manufacture, has this fiexura] resonance above If ,^T: i1!--*., 

VI. Summary 

Under typical operatinq conditions of 225d0 R'1"-! .ind a 
25.4 cm OD disc with 24 .025 cm wide slots at. 11.4 cm radius, 
the chopper system achieves an effective acerturo tire (trans­
mission half width) of .55 ..see at 2 - 10 _ 9torr. Smaller 
aperture times can be achieved at hiqhor speeds; however, in 
order that the stress on the. chopper disc clue to centrif\uir>l 
force remain less than the averaqe yield strength of 301 
stainless steel, the rotor speed should not exceed 3(1,000 RPM. 
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•\ low speed dynamic resonance problem jn the magnetic 

liO-irini! has been solved bv carofi:! halancino of the ictor. 

V:l. A i. knowledqments 

'Yhr apsiptance of Paul Simpson of Canbr -rki-- V^r-i-ii-ic 

Cor:', i:: i-iO'.'.' ! yi-r:.' tri'O standard maonetic !:o.ir ; ,"• IV) v.i -.'in 

us-. :f : r .il of'.: I '.'' .•iClrnwlcdr;0.!. Oiv juthoi (i11.'* •..'.';'•.-

Lu t:i:i.'i-: :i. K. "WCTIK for several he1;iful nisr.iS'^onK. 
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