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Summary 

The use of H- negatively charged particles during 
injection into the ZGS booster requires the use of a 
stripping media to convert the particles to Hf for ac- 
celeraticn in the normal manner. This process of 
stripping IS accomplished with the use of thin plastic 
foils placed in and out of the acceleration orbit with 
the use of a unique and novel mechanism. 

Introduction 

,4 scheme for increasing the circulating intensity 
of the ZCS utilizes negatively charged hydrogen ions 
for injection into a booster. This type of injection 
shows promise in order to attain the space charge 
l.imit intensity of the booster with subsequent injectlion 
of many such pulses at 200-500 MeV into the ZGS. 
In the process of using these H- particles, it is neces- 
sary that they be stripped of the excess electrons to 
convert them to Ht ror acceleration in the booster. 
This stripping action must occur at a location where 
the injected beam is placed on the booster acceleration 
orbit. The stripper must be removed from this loca- 
tion to prevent beam losses due to multiple scattering. 

Stripping has been done with the use of a gas as 
the stripping medium. The gas was pulsed through a 
collimat:ng nozzle to produce a flat screen of suitable 
Thickness across the beam orbit. The pulsing of the 
gas was controlled with a fast-acting solenoid valve. 2 

Although this method of stripping accomplishes the 
removal of excess electrons, it is not very attractive 
when one considers multiple pulsing during rapid 
cycling injection rates of 30 Hz or so. One must con- 
sider the gas loading on the accelerator and its result- 
ant gas scattering of the beam being accelerated. 

In order to eliminate some of the disadvantages of 
the gas stripper, * ** tile Jbe ui LILLIL fuL13 wb= a.plored. 
Several factors had to be considered in choosing the 
materiril for u,se as a stripper. (1) The materia.1 mi.ist 
ccnhist of a low Z atom type to minimize multiple 
scattering. (2) The material must not melt or decom- 
p r se I ‘r,?m heat1r.g due tc cncrgy loss. (3) The material 
n?:::t h;F”c ~r;plc tensile strength to support itself in 
large pieces, 1% x 2 ic or larger. (4) The foil must 
ma.ntain the tensile strength for a reasonable length of 
tln;e, say an hour or better, so that even with remote 
n?c’clr!;, the Trcqu?ncy of changing the foil does not be- 
icmc pr,hlbtti.~. ii) Tht? foil must be self-supporting, 
not he deposited on a backing, or require any frame- 
work ,;n thrc:c sid<,s;. 

: ;\ ,,rp. pdriormt.ri ~nc:~~r the ;Icihpic,r.s oi the U. S. 
;\,tomii: En<srgy Comm:ssion. 

The following is a means of fulfilling the above re- 
quirements which I have proposed. T$e method in- 
volves the use of a polyparaxylene foil of appropriate 
size and thickness attached to the edge of a rapidly ro- 
tating disc. This concept utilizes centrifugal force to 
extend the foil as a flat flag beyond the peripheral edge 
of the disc without the need for any supporting struc- 
tures. The outward force or tension stretching the 
foil outward from the center is dependent upon the 
mass of the foil, the rotational frequency and the radi- 
us of the disc. In our application, we are considering 
a speed of 1800 rpm (30 Hz) to place the foil into the 
injection orbit for a precise interval once per acceler- 
ation cycle as indicated in Fig. 1. The injection peri- 
od is in a range of 200-500 bs. 

30~ BOOSTER EXTRACTION 

Fig. 1 Booster Operation 

Stripping Interval 

The peripheral speed and the width of the foil plus 
the size of the beam determine the stripping interval 
based upon the following: 

Disc radius = 18 in or 45.72 cm 
Frequency of rotation = 30 Hz 
Distance along periphery = 2n x I8 = 113. I in 

= 287. 3 cm 
Linear velocity = 113. 1 x 30 z 3393 in,‘5 

= 8618. 2 cm/s 
Time for l-in travel = l/3393 = .001)2947 or 7’37 ps. 

From the dbovc, it is evident that if the beam 
were a point source and the foil were 1 in wide, a 
stripping ttme of 294 +s would be possible. Shorter 
time in beam path can be accomplished by keying the 
ion source after the leading edge of the foil has en- 
tered into the beam path. Longer in,jection periotis 
can he handled by making the foil wider. 

Foil Parameters 

The tensile strength (,I d 3500-z thick foil W.%S de- 
termincd experimentally in the laboratory. A l-in 
strip supported a load of 25 G. The tension on the 
lower cdgc of the foil whil<y spinning is calculated as 
follow Y : 
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2 
T,&- 

r 

v = 2Trfr or (L;r 

2 
T = Mx r 

M = mass of foil in grams 
r = radius of foil mass center = 18. 5 in or 47 cm 
t = 3500 52. or 3.5 x 10-5 cm 
D = density of polyparaxylene = 1. 2 
M = area x thickness x density 
l/f = 2.542 x 3.5 x 10-5 x 1. 2 
T = 27 x 10:; x (2x30)’ x 47 

= 27. 0 x 1O-5 g 

= 27 x 10 x 3.553 x 1o-4 x 47 = 450.8 dyn or 
450. S7/‘9SO = 0. 460 g. 

T&is is the pull experienced on the base edge of 
a 3500-A foil 1 in x 1 in in size, mounted on a 36-in 
diameter disc whirling at a frequency of 30 Hz. This 
force diminishes to zero at the outer free edge of the 
foil. To prevent a slight curling or foldover at the 
leading edge, the foil is made in the shape of a trape- 
zoid with the leading and trailing edge slanting toward 
the center m l/8 in/in of height. This assure a per- 
fectly flat foil extending beyond the rim of the disc. 

The size and shape of the beam tube in the boost- 
er are almost rectangular in cross section, w 2 in in 
the horizontal direction and 314 in in height. Because 
of this shape, it is most reasonable to have the foil 
across the beam aperture in a vertical direction. In 
this case, the foil need be 2 in long and at least 1 in 
wide for a nominal 300~us injection pulse. 

Foil Life 

Experiments conducted with polyparaxylenc foils 

~:=;“;“t;y8 a 50 MeV proton beam indicate a traversal -, 
particles through the foil before destruc- 

tlon occurred. Using this d 
;1P 

a foil should last *:: 2 h 
when stripping a beam of 10 particles, making 100 
passes through the fcil during each injection pulse, 
multipulsed 30 times/4-s period. 

Foil GhanginA 

It is obvious the use of this foil on a continuous 
24-h basis requires a means of quick changing to pre- 
vent prolonged downtime of the accelerator. In keep- 
inr with this requirement, the iast-spinning stripper 
inslltdes a foil ch.xnging scheme to remove and reesrib- 
i:sh a stdnding fresh Foil while the disc 1s spinning. 

Foils xre stecurcd to the disc in a fashion hhown 
in Fii:. 2. These foils are placed around the outer 
edge OT the disc. The number of foils being placed on 
the disc is governed by the size of the foils. Tn our 
pl-ei-cnt f!csi~n, -Ii? loils arc’ ;itt;-Lc!lctd to the disc. 

‘Yhe foils, ‘i,~llC.II ~Lti‘lihCd to the rli5c, <arc folded 
ovc’r -t 2.mtl ni~chro:nt! v-ire r,~nni~i,: ,.;nder the I0wr.r 
ctlgl. ,;r ll?(, 5to:c~r! Toil. The nichlom<, wire, w?icn 
~.~ncr;:i:~etl, v,ill G;lo~,v and thus melt the, Lnne r ~bclgt, of 
:..I*. Coil. .:i 5 : 30 n L :, 11~ i ti 0 1: c i-1 r .k , it::<’ ~:,‘ntrifLl~~al force 
put5 the ,‘oil 0:1t ll~.yonil ihr, I“Igi* i>f Illi (Ii .:(‘ ;1 ?il rntrr 

U-i<: p.tth I>,: th<. ~nj<.:tcrl Ix~~~rn. 

The spent foils are removed from the rim of the 
disc with a solenoid plunger prior to the release of a 
new foil. 

RELEASED FOIL 

e/c--- FOILS TO BE 

CONTACTS 

TRANSFORMER 
SECONDARY 
W&N;;; ON 

Fig. 2 Foil Changing Scheme 

Foil Selection and Release 

The entire stripper assembly is an integral part 
of the booster installation and all internal mechanisms 
must operate in a vacuum in the region of 10-6 Torr. 
This constitutes an extremely hostile environment, 
especially for parts having mechanical contact while 
in motion. Bearings, slip rings, and brushes are 
short-lived and quite unreliable. To avoid problems 
of this nature, the foil selection and release are done 
with a device utilizing magnetic fields as the link be- 
tween the moving machinery and the stationary parts. 
Selection is done with a dc tr-active magnet effect and 
the release of the foil is done with ac transformer 
action. 

Tran5icrmcr .\rtion 

The trlnsfcr of energy between a statio:lzry body 
and a mov:ng body is done with a tr;tnsforn-er mxle :n 
the shape of two anrlrlar rings, as shown in Fig. 3. 
Each tr;rnsformt~r core is nladc ~:p of 0. Ol-1-ln silicon 
iron laminations st;ickc-d in a radial man:?er. This 
stacking makes thi transfoi-ni?~r pl~,:c, in~en.;it~~.-~~ 

when one core LS rotating relnti.de to the other. One 
of t-he annular <:r)rei I.< n-o,l!ntvd !o ihe ‘.-<ac~l,n, .,.<i:., ::cl 
htrilcturc,, thc~ othc r i 5 .-iif~scd to fhc rutatin; hub :-,I[>- 
portin?. thr- ,il ;c. l‘!i<, tv~o cor(%l- .jri-* mi):I::t~~rl p.lr;~ll~ 1 
to i:ne dnothe r with .i space of 5; lh in bi~twccn thenl. 
II% f- tlcvicc~, ..~,;h<,n cxcit-i~r! .J,,i:h rtn ‘LC ~ii:ril:t, i I, .l 
martini of .>n<‘ri:izi:ifi ill,> .-.( lt.<~t*2<! hot v,,rt ct:il:it \s :I11 

no m~~ch,~nical cont.tcl.. 



Tractive Magnet Effect 

A magnetic circuit having a two-part core has an- 
other property that can be put to good use, especially 
in our application. The primary core with its winding 
constttutes an electromagnet core. The secondary 
core, disregarding the winding, can be considered an 
armature of a tractive magnet. A good sustained pull 
can be had when zhe primary is excited with a dc cur- 
rer.t. Although some pull is realized when this circuit 
is energized with ac, it is much stronger with dc exci- 
tation. The primary coil used in our design has a re- 
sistance of 60 i? and an inductive reactance X of 16Ok 
The pull, when energized with 0.8 A dc, is fii 4 lbs. 
XC escitation produces m 2 oz with the same gap. 
‘This pulling force produces an axial mo\Tement. 

Axial Pull Converted to Rotational Motion 

The selection of new foils on the spinning disc re- 
quires an incremental rotational motion as is noted in 
Fig. 2. The above described tractive force is har- 
nessed to give rotational motion with a mechanical ar- 
rangement included on the hub structure shown in 
Fig. 4. The hub, in addition to providing a clamping 
means for the spinning disc, has a sleeve over the 
arbor. This arbor sleeve makes up the inner raceway 
for the linear bearing that surrounds it. The linear 
bearing can move axially as well as circumferentially 
on this sleeve. As parts are telescoped coaxially over 
one another, the linear bearing becomes a mounting 
for the transformer secondary core. A slanted paw1 
and a straight paw1 are attached to the secondary core 
structure while a ratchet gear is mounted to the arbor 
sleeve part of the hub. As the primary coil is ener- 
gazed, the secondary core moves m l/4 in toward the 
primary core. This causes the slanted paw1 to pull 
the secondary core rotationally one increment. A re- 
turn sprir.g placed between the arbor sleeve and the 
end of the linear bearing provides the return motion in 
the axial direction. The production of the rotational 
iccrements with axial motion is shown in Fig. 5. 

The rotational motion is produced using a 96-tooth 
ratchet gear with an OD of 3. 0 in. With a rake of 30’ 
nn the advancing pawl, the axial travel must be at 
:L?a.:t 

3.0 XT x 2 

94 
= 0. 1'163 in 

Thik &slanse p!!:~ at least l/ 16 i:? is rrquired for i-he 
drrrcr;~ized gap> G1. G2. ir required to keep thr ‘mov- 
;I:,< mnchil:cry iron+, strikmg the sta:ic parts while the 
5elactior. circuit is rner,gized. Forty-eight toils arc 
xolmted on the disc, thus each foil selection reql1ire.i 
two ;IdlJance pulces. ‘A hex this action is taken, the 
s>utp~:!- of 1-1:~ s:acondary core matches UD with the cir- 
cl:it condxlctors Tar the desired foil. 

Stripper Hou,si:l,< 

T1:e c~ntiri~ strL:jper assrmhly ?:i-'cc~~~:~ 317 intesra.1 

par' of tht, bnostcr installation. It. nll!st hi.! hoirsed in 

,I ~~acil!:rn-ti:~lit ‘i~esse ! that nlloxvs exsy <,ccc’s:> to the 
foil disc for qi’:ck rt~placrmect, .lYld it :r1rst contail? 
,111 01 t!l<: ~ip~,‘.“tenances neerlcd to -:alci* the, strlppe L 

AIR GAP 
. LAMINATIONS 

SECONDARY ‘-PRIMARY 
COIL COIL 

(CROSS SECTION 
VIEW) 

SECONDARIj CORE 

(FRONT VIEWI 

Fig. 3 ‘r ransformer Core Configuration 
and Arrangement 

Fig. 4 Stripper Drive and Foil 
Changing Mechanism 

STRAIGHT PAWL AXIAL TRAVEL 
G, -Gp'Ag 

” 

W./ 
, 

Fig. 5 ~lcc%nicnl ,Irrangrmi,nt of P~vils 
,ind Ratchclt t’or l-htx rlon..pe rsi on of 
Axial hIovem~>nt to Rotational 
hcrementnl Skpping 
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operable. The stripper assembly takes the form 
shown in Zig. 5. The basic vacuum vessel is made of 
two aluminum dished tank heads. These tank heads 
are machined at the outer interface edges with a 
groove Ear an “ON’ ring gasket in one dish and a self- 
aligning flat surface in the other to serve as a vacuum- 
tight seal. in outer band with clamping sections is 
drawn around the matching edges of both heads to form 
a clarr-shaped cavity. This band is a continuous strip 
going around the outer edge. It requires one bolt to 
secure it to make a vacuum-tight seal. The two heads 
have quick disconnect flanges which mate with the 
booster beam pipe. LVhen replacing a disc with one 
haTin&: fresh foils, :t is necessary to uncouple the 
beam line flanges and with the machine slide, move 
the cavity outward to remove the front cover of the 
stripper--a relatively simple operation. 

Disc Changing 

Upon removal of one of the dished heads of the 
vacuum cavity, the entire disc is available. The disc 
is attached to the drive shaft with the transformer- 
magnet assembly described before. One bolt must be 
removed to remove the transformer core and the disc. 
Upon insertion, the disc is aligned with the trans- 
former secondary connections and the bolt is secured. 

Drive Motor Arrangement 

Two drive motors are attached in tandem to the 
drive shaft. One is a dc motor and the other an ac 
four-pole synchronous motor. The purpose of the dc 
motor is to bring the disc up to speed at a slow rate of 
acceleration so as not to tear the foils off with an 
abrupt change in velocity. Upon reaching the speed of 
* 1800 rpm (about 1 or 2 min) with the dc motor, the 
synchronous motor is energized. This motor locks in 
step with the booster accelerator frequency to syn- 
chronize the speed and phase position of the foil with 
the booster field 

The dc motor, upon reaching -he desired <peed, is 
left floating on the line to aid the synchronous motor 
should instabilities arise, such as mechanical friction 
variations or excessive hunting problems of the ac 
motor. Normally, the dc voltage is adjusted so that 
there is no drive power exchanged between the dc 
power supply and the motor. If the ac motor needs 
assistance in overcoming frictional drag, the dc motor 
can be adjusted to the desired level of drive power to 
offer this aid. The converse is also true--if the ac 
motor tends to lead a fraction of a degree, the dc 
motor power can be cut back to provide the required 
drag. 

FOIL INDICATOR 

ROT&TlNG SEAL 

VESSEL/ 

MACHINE’ 
SLIDE 

SYNCiiRONOUS 
MOTOR 

Fig. 6 Mechanical Arrsngemcnt of Fast-Spinning Stripncr 
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Foil Phase Adjustment 

When spinning the foil, it is most important that 
it intercepts the beam orbit at precisely the right in- 
terval of the 30-cycle booster field. The adjustment 
of the foil position is accomplished by rotating the 
synchronous motor frame to the proper phase position. 
A third motor, a stepping motor plus a worm gear, is 
used to shift the motor stator into the proper angular 
position. Phase adjustments must be done after each 
change of the foil. 

Phase Positioning Resolution 

To maintain a t 10-p accuracy in placing the foil 
across the beam, it is necessary to adjust the phase 
position of the foil to 0. lo during the 30-cycle rotation. 

t=+ 

1 
0 = 0.033333 s 

0.03333 
~ = 0.00000926 or + 9.3/~s 

3600 
. 

The adjustment of 0. lo requires phase adjustments in 
increments of better than one part in 3600. The drive 
used to make these adjustments is a low-speed geared 
dc motor coupled to a worm and worm gear drive. 
The motor plus the worm gear with a ratio of 8O:l will 
provide incremental movements in the order of one 
part in 8000. 

Phase Information Feedback 

The stripper system is an open loop affair. It 
uses the power line frequency nnd the inherent phase 
locking characteristics of the synchronous motor to 
keep the stripper in step with the booster. In spite of 
this, two forms of foil position information are av-ail- 
able to the operator. One 1s a TV monitor viewing a 
strobosc0pi.c light flashed image of the phase displace- 
ment as well as the condition of the foil. It also indi- 
cates the position of the indexing mechanism. The in- 
dicator, a part of the indexing drive, is an arrow de- 
.,;.-o - _., cxtL!n:l~n& 4:” the Y-i.?-? c!f the 4; EC-. F+cgjrp 6 phqr,rq 

IT.,:. 7 srr:ppcr with Front P,rt 
13 t IHGlL!;i ng R L’rno~;<~ti 

this equipment. In addition to being a visual indicator, 
the arrow contains a soft iron tip which generates a 
pulse as it passes a reluctance pickup. The pickup is 
in line with the beam opening port, thus it creates a 
pulse as the foil passes the beam position. 

Foil Production and Handling 

The foils are made by a vapor deposition method, 
a proprietary method developed by the Union Carbide 
Corp. The foils are deposited on a substrate. We 
have found fresh slide glass quite suitable for this pur- 
pose. The thickness of the foil while undergoing depo- 
sition is controlled with the use of a monochromatic 
light and a talented operator. The thickness is further 
checked when the foils are removed from the deposi- 
tion equipment with the use of an interferometer. 

Once the foils are deposited on the glass slides, 
they can be stored for several weeks. The foil hand- 
ling from this stage on is a hand operation. It is a 
technique that must be developed. It requires a per- 
son with a steady hand and an abundance of patience. 
Humidity seems to play an important role in the re- 
moval of the foil from the glass. If the foil is too dry, 
it tends to tear and break before it can be peeled off of 
the glass in one piece. 

Acknowledgements 

I wish to acknowledge the fine mechanical design 
assistance of Roland Brewton. James Lewellen pro- 
vided invaluable assistance with the electronics during 
the testing phase. Karl Meacham assisted in the con- 
struction and testing. His expertise in optics and foil 
handling and his knowledge of electrical and mechani- 
cal principles aided considerably in making the equip- 
ment a success. Kenneth Kellogg has done an out- 
standing job in improving the entire installation. His 

patience and determination have been responsible for 
the excellent improvements in the foil handling and 
preparation. He has also made considerable improve- 
ments in the electronics and foil changing equipment 
to enhance the rcliahility of the entire system. 
Vincent Patrizi assisted in the installation of the vat- 
uum pumping system. Raymond Puccetti has contri- 
buted enormously in developing the foil production 
equipment and techniques. He and James Hrusosky 
;il-ci<-:..ic~ ,rnll :l’l~LiiS;.T,’ :‘n.l., ;‘I .I l-‘ii~;~t pr.ifi:~,;L-,;;i.i: ,-I-, t1.r 
ner. 

ReEerences 

1 
m. L. M:1rl..1, I’ropos:il 1’1,l. ;I “(1o-:,,li.~‘,- r~*-:<;!-.icr 
Injector For t1-.c ziro Gr;Ltli(~n+ Syii~-hrotroi?. ” p, 75 
fJlne, 1,,6’>‘, ~%1-~0nnc :;,.‘i,:l-,,l I...:;<>;. ,t01-:;, .\,.S.i !.,I.- 
cltor D;..~sion, ilrconnc, Xlinni:. 

2 
G. 1. l>i mov, lT:,>r. rg: .>ce <>I ;i -l-Tyd r’s:g:l’n .:c,t i.I_ -,I,‘ ,. 
,sLq~l~rsol!ic :\:,,.:.<I<~ .ntc 2 -t’ il‘,:rt:i,, ;,p. I - 1 I 1 ‘r,7 \, 
Insttt~ttc of P; 1~1c~~r Phy,-i,zh, N,>.:o:..b: r:- 13, l.:SSR, 
t-y lncli?i,Jn 1,y iC‘,!Ih?lT, T'r;ir ;l,>!i‘?nf; Of“i,:.:,, I;:~!",!'! 

c;'I'o/5cl.! i?.l.iI-cb., l'iil?). 

3 
E. iI. Cr:i.;!,i.l~, >;I.<: !+ 1 : I'<' i-C il 1-t-i I ,;,‘I: It,n I.:jt G.i.C,!T 1,:ii 

the ZGS, E,-IC- 11 :StApt. , 1’?7O), Ar;:iinr:~~ ?j,i.;iQj:l;il 
rL~li,or;Ltory, 12cc~~1~ r;!:)r !I;~:i:41~,.1, .‘r~~~nne, Iliin~:i.;. 

391 


