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1. 1Introduction

The velocity spectrum of neutral deuterium atoms n° emitted
from o tokamak plasma typically peaks in the rarqe .5 - 3 ]07Cm/
sec. Development of a time-of-flight (TOF) diagnostic for measurc-
ment of this velocity distribution has hinged upon solution of a
vicuum technoloay problem, that of high speed rotary motion in a
UV environment.

o this oxperiment thae 0° neutrals nraduced hy charae ©¥-
chanae tvactions in the tokamak are mechanic illy chopped hy 9
slotted rotat ing Jdisk, as in the ariginal work ot Kofshiy ansd
Leyinst m.l The vated neutrals free stream 2 m owhere they im-
panae Cuoa Cu-Be block, thereby c¢jecting sccondary cloctrons
which ¢ subseauently collected ard amplificd by o hace electren
wu]tlpilvrz ly. 1. The time ovolution of this deterctor siunal
can the be inverted to give the n® relocity din‘ribution.%

| the above scheme, the physt constraint that adeguate
vneruy resolution ("EVE .25) ke erhtained even for the nmost
eRetaet 1T partiicits of nterest 1900 oY 7Y Yends tn a noed SOr
hish rotor syoed (20,000 RPM)Y . This nunerical relation follows
‘rom the usua. TOF thcory4 for the case of a 2 m flight path,
25.4 cm diameter disc, and ,025 an wide slots. UHVY conditions

-8 . . )
(L 16 "torr) must be maintained even at these high spceds sSince

contamination of the detector assembly by the ocutgassing chopper

svstoenr can greatly reduce its cair and alter its calibration.
The p-cblem of the chopper iniecting impurities back into thé
tokamak 1s less severe, due to the designed low 2 ?/<ec con-

ductanct betwecen the two vacuum systems.

Thi1s report describes a solution to the prohlem of high

speed rotation In vacuum utilizing magnetic support of the sinole
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e part, the shats with rigidly attached disc. Ths cperating
viog tes of the motor and magqnetic bearing are discusaed, and

worr o application as oy choprer drive assembly is ovaluited.

L A tic Bearing

e tue s hiodiee are maintained in oo oontrolled ~one
Poackl eyt sty ennhape rarely by means of magnet e Ce) s, 3 o

Yoo o ieseing exists. Typically one body is sttached tH pech-

s osveund and 31l rorces on the second body cve trarsaeitys S

ot gt body via the magonetic fleld,

Iomire 2 g a schematic of the magnetic boar no

rpov o B 158 gmoshaft assembly and 20 am chopraer dise apaanee
P The 2.5%4 cm O samarium ~obalt di1sc mas obs 00 g rances
oLt vaction in an alternating north/south-nerth south poat oo
oo oot e wr b the herizontal totation axis oo ancst, in tn.s
Mot tor of the six deyrces of {reedom of the rvicid 1otor

eer e passively stabilived bw the artranaer o o the 4w

e o four rutor magnets, The Fitth dearee o Cooeliop,

e Tk rhe ratation axis, 1s stronglyvounstoalte o . ' e
[ , eane i the magnetic field intensity wirth Jdicrance,

<! o iliration is achieved with the aid ¢f a servo svsiem
ook ey msates for unbalanced forcoes in the 7 Grrection Loy
viving a earvent in the appropriate force coil to attract the
i~or armature at the shaft center. Shaft metion alona 2z Iis
sonood as a maghetic flux change In the 30,000 turn rate coiil
aosl the veltage thus induced acts 18 the serve syvstem input.
es1tion along 2 is sensed by magnctic field sensitive magneto-

resistors located radially outside the rearmost rotor magnet.

e
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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 housing.

I11. Motor

The two phase DC brushless moter is shown schematically in
Figure 2. Rotation occurs when the 1.27 cm OD motor magnet,
polarized across its diameter and rigidly mounted to the shaft,
atterpts to aligqn itself with an coxternally imposed rotating
magrety field., Commutators are avoided by using solid-state
Hall-nffect probes to sense the angular position of the ro-
tating motor magnet. The motor windings are water cooled to
take up the 100 W tro.asient heat load occuring during disc gpin-
vp. This large heat load can disrunt the operation of the tempocra-
ture sensitive magnetoresistors used in the magnetic bearing
servo, 1nd can destroy the Hall sensors if the temperature cx-
ceeds 1:5°C. The heat load is no pioblem in steady state vacuum
operati.m, however:; motor power dissipation, governed only by
cddy current losses, is typically less than 2 W for 20,30 npy

rotor speed.
IV, Vacuumm Considerations

Pigqure 3 is a photograph of the motor and magnetic bearing
chorper drive assembly. The unit was fabricated entirely from
UHV compatible materials. Pclyimide coated copper wire is usged
in the rate coil, force coil, and motor winding. Machinable

ceramic, Boron Nitride, and polvimide are used for insula“ors.

The balance of the materials are metals. Bakeout temperature



. s Q. .
is limited to 1007°C in order to avoid damage to the ilall
sensors and the Varian Torr-Seal adhesive.
; -9
A base pressure of 5 v 10 “torr (uncalibrated 1o dovioc)

Yas beoon achieved after a two dav hakeont at 1ne®c in a tirmic

pitrogen travped diffusion pump sysken.  The unit oibaeauent v

ran —steody srate Yor 5 days at I, 00N RV ndient ing o detot-
AR TAR IS oot e reelas Typical basc presaoure Juran

! LT R s et oy Jdise in oo 500 feme bl oo i
a
-
L g AT
V. S cronassenbly
Taoure 4 ie oa vhotogranh of the complete cborrny oemasei i
Goeonoan onr TOF nlasma diagnostic. The entir» 1. v
syzter e cantilovered from a sirale flange so tr»at i T e

cooerped end o ointe a cviindrical ferritic stoinless stoc!
vacnan vessel.,  The 1 en thick vacuum vessnl thus shiolids @ be

maanet e bearing from up to 200 gauss finlds producee b the

A major probiem anvolved in asing the motor of 70 7
am o octepnner drive ctems from the low value of radiel «biff-
75 L in, whirch when couprled teo the 137 0 rotes
mars, leads to a system resonance at 35 hz (2169
tli viginity of thias resonant spead, the shatt beains wobhline
and will contact the support structure unless quickly spun up
or drwn, Contact usually leads Lo loss of levitation: the disc
"erashes", The problem is compounded by the relative!w larne
moment of inertia of the 25 cm ON cheopper disc which, - :th the

present motcr, nprevents the rotor from beinu spun threauth

rosonance is less than 71 seconds.



A solution to this problem is tn balance the roter so
well that during acceleration the radial runout amplitude
ncar resonance does not build up enough for contact to occur.
The main imbalance is due to inhomogeneity of the magnets.
Since the balancing must be dene in air, and since the viscous
drag torcue of the large diameter chopper disc at 35 Hz ecxreeds
the maximum motor output toraue, the rotor assembly without
the disc is actvally bhalanced. This is accomplished hw addinag
a weight cgual to the dise weight at the front hub and thon
asite additional weiqhts at the annronriate andular positicns
on kalancing hubs at the front and rear of the shaft. oOnce
throursh resonance the rotor stabilizes as it sirins abwont jts
principal moment-of~inertia axis.

Another resonance, duc to the flexural motion of the
shaft, limits the upper speed of the svskem to 23,000 RPNV
when the disc is attached. A new shaft, curreatly unier

manufacture, has this flexural resonance above 10,070 piot,

VT. Summary

Under tvpical operating conditions of 22600 R"™M and A
25.4 cm OD disc with 24 .025 cm wide slots at 1.4 ¢m radius,
the chopper system achieves an effective averture tire (trans-
mission half width) of .55 .sec 2t 2 - 10—8torr. Smaller
aperture times can be achieved at hiagher speeds; howover, in
~rder that the stress on the chopper disc due to centrifugal

force remain 1less than the average yield strendth of 301

stainless steel, the rctor speed should not exceed 30,000 RpH.
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A low speed dynamic resonance problem in the magqnetic

toarina has been solved bv careful halancina of the rtotor.
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Low friction

The sy limirical aluminun housing <ont tins the motir anl mangnetic bearing.
1 .+ contact the rotating shaft in case of

Fiq. 3. Chapper Drive,
front and recar touchdown bhearings mate from graphite impregnated polyas

magnetic bearing failuroe.
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Fig, 4. Chopper hssembly.
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Cantilevering the chopper system {rom a single flange allows it to be inserted into

the end of a 406 stainless steel vacuum vessel which also acts as a magnetic shieli.
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