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Th co i l  conffguratiaar of eke ISABELLE dipole 
and quadsupole magnets hp. been r e v i e i d  a d  a amber 
of improvments were rugpestad for  iacorporatioo fnto 
tho f ina l  &sign. Th. coi l  &sign# are b a l c a l l y  
siagfe t y e r  multiplr bbck  a p ~ ~ 0 3 1 U t t o n r  to couine 
curreut distriboUoq., Plwmd f r ~  a hipit arpact r a t io  
now-kep~toand braided ceadutmr. Th. htacb are 
separ*?Cd by lurlfa-a@ mdgu co lraiaize eb. qwach 
propagacisn VClocLty. Th. current &nrity v u i a t i o n  
is o h t s i w l  by a8 apprepriam dfr t r ibut iaa  of the 
spacer hVlU aad, to a ksmr &ew, by u d g e  
locatfonr. Th. urc, of iner t  turru is ormury to  
d n i a i z e  the peak ffeld anh.aceawxt both fn eh. ends 
and in  the two dimeuaiond sectioa. Schrrres for 
deriving t u n u  UtributSoua field* hammic 
coafficients ocisfyiryl th stringent IIIJUIEW 
tolerance8 on f ie ld  uafLona&ty, w h i l e  allowing for  
simplicity in vlading a& t&$ng into r e o m t  queach 
propagatim con side ratio^, roil1 k d i s c w a d ,  as rsclll 
a s  our approach to the coi l  end coatigur.tion. 

3eb* c o i l  catam- tor ek X W ~ )  
dipole aai qrudftlpstr mfl u, f . ~  mala- 
ple bLmk appIorisrtIQSU O eedam Qlff.Dt dfstlibu- 
tion8, mud f r a  a high arp.trr: ratSe i o ~ ~  
braided eoadutmr. ~ h .  -r b l o ~ b  arr a a p r t ~ t a  
by wedge8 with Icdfe-edge to luriorm t tm qvmch 
propagatfoa velocity. 21M current d.nriW variation 
is obtained by an agproprhD d51#ibu51cm of braided 
i n u t  spacer mum. 2-d&ntm&3ruZ SrLd d i s t r i b r  
ti- includ.. built-fn s e x t u p k  and d.c.po3.e tenu to 
c-t. bt r i .W8tb~i l rdUCd &t mh f w d .  
P r e ~ a t l y  Cbr *ad hasmoaios arr c a p M u t d  by cud 
spacers kcatmi io th. dipel. oodl &#. .rlghough fh. 
a l t emuevo  p o u l b i l f t p  .rim m cuqmmata for the 
end r f E m ~ s  by a~@rogriu'bll? Eb. 2-D curmot 
d i a ~ i b u t i ~ ~ .  Thr W of %* iI 
dea in iae  tor aaatziry cb m e  a d d  m t w a ~ m t  i~ 
t& .8ar rr woU .t fa th .m -ti-. 

The m a t  super noiror a aMbcr *lama- 
mmta r.c.atly PZQBBH~ for bocorpotrtlos~ in th. * 
diJhauionai co i l  &ip. The darigu ch.?acudstics 
addwsred wen & i m r i l y  thorn wW& &ad to: 

The ground nrla for tho &eigm rrcriev United Eh mod- 
if icatioua to t b o r  compatible with th. wirdilqp tech- 
niques develop4 over tb. p a r  several years, with 
miaiacZ effect oa cuirting tooling. 

We f i r s t  n r t . w  W l y  tho tolrgltratioarl proce- 
dure u a d  in dasigstsg th TSA8ELL11 obFt configuration 
gonerally. Nem we dfmuss sovet& reages of revision 
of the c m m  sectlan of tbr dfpelr which, thoagh still 
s o ~ t  telltative, 1Y1 bean tin principal fOCW of 

atteation. (Note tha t  tke design coiuidnationa 
d.iscu8rd Im, i.e., items a through c -8, do not 
a d d r e r  tho equally c r i t i c a l  area of mamt t t a i a l w  
.ad coi l  suppart.) P i d l y ,  the status of th min  
l a t t i c e  quadnrpole dosigu is briefly indicated. 

Tbare m are amc.pePLZ appr8~h. .  to sohieving 
a tuu!oaa f ield (or g r a d t a t )  by t fu  so-caild sector 
co i l  lp-ery. Dm Beth2) apprawh is baed oa 
*ton of equrl a r i a t t h l  exteat, with variahle 
current d.nrity, .ad crpented by durp vmdges. This 
may be approxSmud with iarrr spacer t u t a  aad a n6h. 
keyatoned block geometry. In a practical  &sign, 
muadin8 off to integral turn8 introduces wedge8 of 
f i n i t e  ehfcIcnua, uhich may be rep ed by a d d i t i o d  1"E inert h r r ~ .  Th @upland-Ealbach3* ) approrh is 
based on sectotrr ef uruqurl aziaurh&L width, carrying 
uaifozm current &amity. Tho ISABELLE magnets in th. 
post hove brra basically designed accordirrg to the 
former (modified Beth) scheme. Typically, the dipole 
e a d i a g  scheae, Big. 1, coaaists of s& bSmlra. Quad- 
rufllar turo. (1.0,. olu supotcoaducting turn coe 
napped with thnr inart tutlll) a m  r a p r t d  a &r 
of tl.u in blwlcno. 1 ~ ~ ~ t f r r g  &OR tin pak). Re- 
ceadtq to btmk 2, irurt tumw ore Btaardd, leaving 
fa tb wc4oaa%ng block6 M f a U  aad a~ twt i l *  turlm 
in v.rlriilg propoetloom as d- by the  f i a d  shape. 
An madoairable feature of this Wigs solutfoa hu 
been th. preseaca of s ~ c a l l e d  ilurr turn res tar ts  i n  
several of th blocks, as a coluaqwace of tha &ore- 
s d  integrrt  tura con8trafw, - a aeqwm of 
mnofi lar  bUnr 16 p r i ~ d i c p l l y  fntetcoprerJ by tlm ra- 
intmductioo of a discrere bundle af b d f i b r  turna 
P d j r e n t  to a (sharp) Wg.. Thw " b i f i l u  islaads" 
' or diocootfauftiea coaplicato the wind- proearl. and, 
mom hgortantly,  mriously fnp.d. ch. Wuthal  
pmp.gatioa of ctu wmd m m  in cam of a quench. 
Moreover, tb. a a l f i f i l a r  curam, rJhtle advutupoour 
with rqeord to m i a l i i s i q  peek f ie ld  mubmcmmc, and 
coottibutiuq ta coi l  s t a b t S i r ~ ,  requtra 
applicatioar of the fiberglam itmulacion. 

m f o r a t t d  &r Etw a u p k u  of t!n U.S. hpaet- Fig. 1. Present design for ISABELLE dipole cross 
mate of Enatgy roction. 
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The 8eAorUa8 d t a w u d  hwa 
votiour acsu*tcrtt;oa* a & l ' t o p t o v ~  ia ttn mil  
desip, aeMawi b? augmenting tb artrsical ampart- 
as&Lslul pmtw -- which Ls ptfersrd @%ti 
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Ta r52ov for thr aea-lm~aoad QadaeaW tb d y f ,  
4 d  ratuL!m II1P*l EQ -t drru1tf aD * 
verrtsy wLtb m&u@, 

*re E& "built-ia- dsr ot %ad qS are of 
a ~ ~ m ~ w t a u  me a d  .Ian 't for stn Fig. ,  3, 4, 
&!I Ww, i n ~ U t  E+a tlP8 ef Fig. 1) tQ 
cemp.wlt. fat p- estiutaa firar WlatUoe 
effeetr, a d  tha b.rwlrlc8 are tolrp.tib2. a t h  elm 
bmoa&e coatributioor f n r  tk .8d. u preseatly 
c a ~ t c d .  

Lo r varbr t  08 tlm Ftg. 3 &sign, o o ~  shown, 8 
single restart rrrP.Lor, but Q qmbdrafffar sequrace 
of cwru i a  biock 1 16 stlafaatad by adoptinl a five 



d e t e r i o r a t i o n  of f i e l d  qua l i ty  which is, however, 
q u i t e  adequate f o r  R6D magnet purposes. Since, 
moreover, the tooling f o r  the design remains bas ica l ly  
unal tered,  all our recent  R 6 D  dipoles  a r e  being wound 
according to this design. 

cm 

Fig. 4: Five-block dipole g e h e t r y  vi thout  i n e r t  turn 
r e s t a r t s ,  based on b i f i l a r  and monofilar 
turns only. 
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Fig. 6; S i n b l o c k  dipole geometry For ISABELLE R6D 

dipoles .  

Quadrupole Configuration 

Fig. 5. ~ ive-b lock  dipole geometry without i n e r t  
turn r e s t a r t s  and reduced current  densi ty in 
blocks 1 and 2. 

.4 r a t h e r  a r i o u a  consequence of the 5-block design 
a l t e r n a t i v e s  is an increase i n  the peak f i e l d  ra t io .  
m e r e a s  fo r  the geometry of Fig. 1 the (twrrdimensioa- 
a l )  enhancement, o r  L / B o , - i s  3 X ,  f o r  the 
geometry of Figs. 4 and 5 this enhancement is  7.8% and 
1.4P., respect ively.  Therefore, it may be necessary to  
incorporate spacers l a  the c o i l  ends to  prevent the 
end peak f i e l d  from becoming excessive. Al te rna t ive ly  
i t  has been suggested7) t h a t  the peak f i e l d  problem 
be eliminated by incorporating aluminum spacers 
between the i ron laminations in the end region of the 
i ron core,  thua e f f e c t i v e l y  reducing the i ron  
permeability here. 

The ISABELLE quadrupole design is based on a 
3-block cosine current  d i s t r i b u t i o n ,  employing tha 
same conductor and s imi la r  i n e r t  turn schema a s  i n  the  
dipole  fo r  grading the current  density. The present 
design, Fig. 7, r e l i e s  on i n e r t  turn r e s t a r t s  f o r  
obtaining the required f i e l d  shape with the use of 
sharp wedges, also analogous to the d ipo le  casa. By 
means of the analytic-numerical camput a t i o n a l  approach 
indicated ve have re-examined the quadrupole design 
with ehe s impl i f i ca t ions  noted e a r l i e r  in mind. 
Fig. 8 shows the resu l t ing  conceptual sec tor  geometry, 
from vhich the p r a c t i c a l  design of Fig. 9 vas 
obtained. The moat recent pre-production prototype 
quadrupoles a r e  now being vound according to t h i s  
design. The c e n t r a l  gradient  t r a n s f e r  function, a s  
well as leading harmonics, f o r  t h i s  quadrupole and 
that of Fig. 7, a r e  l i s t e d  ia Table XI. 

Systematic 
Figure 7 Figure 9 Tolerances 

a )  cor rec t ion  c o i l s  avai lable .  

One fu r ther  var ian t  on the Ftg. 3 cross sec t ion  
should be noted, shown i n  Pig. 6. It re ta ins  the 
o r i g i n a l  s i x  blocks, with the number of m u l t i f i l a r  and 
monofilar turns per block a l t e r e d  somewhat, and has no 
lncre  turn r e s t a r t s .  Elimination of the r e s t a r t  in 
the 6-block geometry is a t  tRe e x p i u s e  of 8ome 
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Fig. 7. Present design f o r  ISABELLE quadrupole cross  Fig. 9. Revised c o i l  configurat ion for ISABELLE 
s e c e i  on. prototype quadrupoles. 

ca 

Fig. 8. Conceptual sec tor  geometry f o r  revised 
quadrupole configuration. 
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