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S&Y Deflections of the  magnet,^, ssps&l~G zWfion, f i 6 S  
extertlql forces should aalg~ bk.rftiig 'Eh€ esme close 

It has been poposed t o  construct an fntersecting limits.. ,These forces cnild .result Prom '+complately 
storage rixig accelerator, I-, a t  BNL, conaiating balaneed magnetic interactions, unhdlanced preaswes 
of concentric rings of magnets containing coudter- i n  bell'6ws connections, atreas& due t o  iidelignment 
rotating beams of charged pertic~les. Each ring con- ete. It wag asnumad, verg ccyervativelp, that the. 
tains 216 dipcle magnets and 138 qusdrupoles. A l l  mag- t o t a l  of .such forces wwld not exceed, 500 $o*s i n  
nets are  superccnducting and operate a t  a temperature any direction, but could act  anywhere on the magnet. 
of 4.3 K. A description of thedesign of the C-0- The aasembl* magnet should a l a ~  be able t o  withsten 
s ta ts ,  including ,the internal aupporfe, heat shield rdasonahle fore& a s  e result  .of being tr+nspertBd. 
supe~inaulatton' Bysteri and the vacuum vessel isl 6iven.- PinaILp, S t  was coneidarod desirable., thnfBh not EPeeu- 
Details of fabrication te*iques are  also included. t t a l ,  that the:loqgihrdiriil ax i s  of ebe -,pet remain 

- fLxed i h  space when the magnet ;Is cooled t o  operating 
' - ';I ' . , - - INTRODUCTION temperature. This w d d  s e a c l y  fac i l i t a te  the ini- 

. ' ? I  - 
,.dJ&8.~ B~ t i a l  mags+ swvey aqd .aimp,lify plumbing and elecerf 

A s  an t n i a l  part, of the ongoing ISABBLIg aragnet coruections t o  the magnet:. 
program, considirable effort  has been directed t o  the 
design and development of the cryostats. Included is 
the megnet support system within the vacuum vessel, 
the heat ahield aupe~insu l~ t ion  system, internal plumb- 
ing and the vacuum containment vessel. Obvimisly, a 
major goal of thie program haa been t o  develop a system 
that would minimize heat f l m  into the helium coolant. 
Also, because the accelerator represent* a large and 
cmplex cryogenic system, of operation was 
a prima consideration. Finally, particular attention 
wan directed ,toarard reduction in  the overall cost af 

Although the magnet structure is not a subject of & t h i s  report. but because it i s  an i.tv+eg?al part of the 
cryontak. a brief degcriptioe i s  prasaqted to help 
elerify t he  overall cryostat concept. A, unique feature 
of the 1SABBI.U debign i s  that the magast core support 
strutture in also th6 helium couteimew vensel 6f the 

, 8 ,  crymetat. The mignet iron core eonsiL+tits of washer 
? t e e  laminations and are contained wi th ipa  clbpely 

: # .  - fitted, one inch thicL, stainless s tee l  core n.uppmt 
.: 8 , , . tube.. The laminati- are compressed and then ,speved 

by internztl retaining rings insertad in gqavep  machin+ 1 + i n  each end of the core eupprrrt tube. After the magnet 
. ' ' .  coi l  has been axially inserted into the core, end plates 
' 'I are welded t o  each end of the core support tube, zesult- 
r ' iag in e closed he%icim contaiihrent vessel. Because of 

q the inherent longitudinal rigidity of the corempport ' tube, support of the m a p t  within the vacuum vessel 
' c i s  greatly simplified. 
. - 

.?, .~ 
The design of the qnadrupole and dipole cryostats 

are  similar in concept, differfng primarily only i n  
size. Details are directed toward the dipole design, 
with cmments where there i s  a aisnifieant difference 
i n  the qusdrupole design. 

SUPPOBT SYSTEM 

&' It was established in i t i a l ly  that the support 
system should satisfy certairr c t i ter ia .  Heat flow 
by conduct%on+hrough the supports shouldbe limited 
t o  a to ta l  of less than 5 mtf*. The s~ppo r t  syetem 
should ha+e: a I o ~ t B h P  d:@&si~al stabl&&ty. In 
par t ieu 'k ,  it i s  required h a t  tbq quadtupole magnets 
maintsiq a posi t toy1 ,accuracy of better thus a fem 
rhouasndths of a n  inch ever several yearsduratim. 
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Thia system results in a-hefo displacement of the 
longitudinal magnet axia during cooldam to  operating 
temperature in the f o l l ~ i n g  way. With reference t o  
Pig. 2, powt A on the core support tube w i l l  move a 
distsqce A, t o  point A' +en the magnet is cooled d m  
due t o  longitudinal contractim. f t  w i l l  also move 
t r a w e r s e l y  a distance A2. A t  the same tima. the 
tension menbe5 L w i l l  contract en anvmt A3, resulting 
i n  a length L . The value of varlous contractions 
w i l l  depend on the average temperature of the member. 
Aa~sarma the tension lnember is in i t i a l ly  i n c l i d  a t  
soma angle w. By ohw.ing a particular combination of 
the values of I, d, and a the contraction of the core 
support tube w i l l  be compensated for by the contraction 
of the tension member, and the longitudinal aSis of 
the magnet w i l l  not be displaced vertically2 when 
cooled t o  operating temperature. This same approach 
w a s  applied t o  the la teral  stabilieer rods, t o  prevent 
an increase i n  tensile s t ress  during thermal cycles. 

insulating layers. In ordor t o  obtain the desired 
insulation density, the Cenaion used t o  apply the in- 
sulation must he carefully controlled. 

F w r e  3 shews the ayetam uaed t o  i n s t a l l  the 
insulation. Temporarytrunnions are attached t o  each 
end of the magnet aupport tube and the entire assembly 
supported on rol lers  contacting the trunnions. The 
vari- insulating components, aluminized Mylar, poly- 
ester spacer cloth, and bumper s t r ips  are mounted on a 
fra-ork parallel  to the longitudinal axis of the mag- 
net. The magnet is  rotated about i t s  axis a t  a speed 
of about 5 revolution6 per minute by a drive &or. 
and the insulation wound directly onto the heat shield. 
This entire insulating process i s  accomplished in about 
one hour. After the magvet has been suspended i n  the 
vacuum vessel, the trunnions are  remwed, and the in- 
sulation on the wgnet ends installed. To further 
reduce outgassing effects, a pump, heat and purge cycle 
was established. Abaut six such cycles were required 
t o  obtain the desired vacuum. The effectiveness of 
the insulating systemwas verified by testa on an assem- 
bled magnet (MK-IV). 

Pig, 2. loagftudinnl nontrm.t.frm nf nmgnet (8 mman- 
Bared by cmtractiqn of t e n a h  R U Q P O T ~ R  

Bagnet cooling ia  accomplished by flcwlng super- 
c r i t i ca l  helium fluid, a t  a pr sure of 15 atm, through 
ell the magnets i n  a saxtant.32 A t  the end of a sex- 
tant, the coolant is  returned back through the sextant 
by means of a pipe attached t o  s shield aurramding 
each ragnet and contained within the vacuum vessel. 
Any heat flcw to  the megnet i s  intercepted by the 
shield. It conefats of a 1/32" thick copper cylinder 
surrounding each mag@ and spaced from the mewt 
by 318- diemeter nylon balls. Twelve layers of alu- 
minized Mylar provides radiation shielding between 
the cwper shield and the magnet. Radiation shielding 
from ambienc temperature is provided i n  the annulus 
between the vacuum vessel and the heat shield. Accord- 
ing t o  an adalysia by 8hutt.5 of prioarp islpaxtanee for 
an effective radiation shield, it is essential that a 
pressure of 10-4 Torr be maintained between layers of 
insulation. Zhis i s  accomplished by providing adequate 
prmping channels betw~en byera and by selecting m a t a t -  
tala with miniuum outgassink properties. The desired 
densi+y o t  insutation is about 40 layera per inch of 
available space. m e  system used c o ~ s i s t s  of 80 layers 
(4" available) of doubly aluminized Mylar. 0.0005" thick, 
interleaved with 0.005" thick polyester cloth. To 
further anhaace pumping between layers. bumper strips,  
2" wide by 0.008" thick of polyesrar cloth a r e  spaced 
aPProximate3y 20 inches on neuter $ad wound in between 

Pig. 3. Set-up for installation of superinsulation 
system. 

In addition t o  the shield pipe, a distribution 
header is also contained within the vacuum annulus. 
This eliminatee the naed for external transfer lines 
and results in a coneiderable cost saving. 

VATACDUM WSSEL I 
The vacuum veasel is ahcwn in Fig. 4. It consists 

of a eentes cylindrical section, 28" i n  diameter and 
F thick, attached t o  rectangular box aectioas at each 
and. These box sections provide space for iaetallation 
of the vertical supports and horimntal stabilizer 
rcde. For the dipole vessel, end bells are attached t o  
the rectangular box sections t o  cmplete the assembly. 
A f l a t  plate completes the quedrupote vessel. The 
vacuum vessel i s  fabricated entireLy from carban s tee l  
plate. In order t o  reduce oosts. mchinias Of the 
vensel i s  minhked. 'Po ioaure maxim rel iabi l i ty ,  a l l  
gaaketed joints have been eliminated. ~eau&ting i n  en a l l  
welded assembly. 



SUDE WlES 

e . .  - ..,a . . .  .. . . 4 , ,  . .  . . . . . .* . ..&., - . . . . . . . .  . . .*. , . .  . .  . . . 
? .  .A. .. . . . . I r . .  

Pig. 4. Completed magnet assembly on support stands. 

Radially adjacent ring magnets are aupported on a References 
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in a single 10" diameter vacuum pipe. Tha pipea are J.B. Sondericker, and T.B. Strobridge, IEEE 'trans. 
enveloped by a comm~n copper haat shield and a ludnised Hagn. Us. %. 1, 696 (1977). 
Mylar radiation shield. Rach l ine  contains a bellown 4. D.P. Brown, BNL Report IS& 76-8 (1976). 
t o  accnmrodete longitudinal thermal contraction. The 5. R.P. Shutt. BNL, ISABEW Technical Not* Nn- 71 
10" vaoupm l ine  also contains a hel lwa t o  a l l w  flex- (1976). 
i h i l i t y  t o  f a c i l i t a t e  the adjustment of adjacent mag- 
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plping and pmer leads, a s l ide  coupLing is also pro- 
vided in the outer vacuum tube. 
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