
I 

I 

LBNL#42507 
SC-MAG 642 

DESIGN AND FABRICATION OF RA CETRACK COIL ACCELERATOR 
MAGNETS '" 

K. Chow. D.R. Dic tderi ch. S.A. Go urla y. R. Gupta. W. Harnden. A. Lictzke. A.D. Mclnturff. G. 
Millos, L. MOtTison , M. Morrison. and R.M . Scanlan. Lawrcnce 8erkdcy Na tion al Laboratory, 

Berkcky, Ca li forn ia 

Absiraci 

Most acce lerator lIlagnets ror applications ill the field 
({lnge lip 10 9 T utilize NhTi su perconductor nnd a cosine 
lheta coi l design. For fie lds above I) T. it is neeess;'lf)' 10 

use Nb)Sn or olher s tra in sensitive materials. and other 
coil geometries thm :lfC more comp;lIihlc with these 
materiaJs must be cOllsiderell. This paper lk:scrihcs our 
reeeni efforls 10 design a series or r:ll:etrack coil IIlngm:ls 
lilal will provide ex!,x:.riJlll'-lllal vcri fil:alioll or thi s 
nllerncllive nl<lgnci design for ,I dm'lI ilpenurc dipok 
magnet wit. the goa l or reaci ling a lic ld level or 15 T. will 
be described. The expcrimelltal progr;ull . wh ich cOllsis ts 
of a series of steps leadillg to i t high licit! accclt: rator 
quality magnet, will he presclltl'll. l :ahriC<lIioJl or a 

racetrack <.lipoic Inaguet IItili "l.illg N h:tS II SUI"k:fCt IlHllICH 1f 

nnc! n wind ,1Ild rem.: [ approach will he prese llted. 

J INTRODUCTION 

The ongoing prograJll for the dcvdoplll L' 1I1 alld utili Ztl lio li 
of brittle ,superconductors for aCct:!cralOr Illtlgncis ill 

LI3NL has recelltl y becli focuseu 011 coils with iI simple 
racetrack geometfy. High lield, low cust magllL'ts arc tlH': 

mo,s l likely option for sigilific:llltl y lowe ring the o\'cf:ill 

cost of a new hi gh energy collidc r. III pafliculaf. wc tin: 
concentrating 011 the development or till: COIll IllO/l coil 
t:lpproncll [1 ,2] for its potl: lltial simplicit y of cOllst ructi oll 
and consequent cost cllectivencss. Till: design concL'.pl. 
shown sehem[ltically in Figure I . cOllsist. .... of (t pair (lr 
racetrack coils shared hetween two a(1Crtures. produci ng 
lields in opposite directions. 

+ 

+ 
Fi gure I : COllllllon Coil Gcometry 

The ult illlillC goal of the program is the developmelll of 
,ICl:elc rtltor qu,lIity dipoles with fieills up 10 15 1'. 'fIJi." 
w ill he approached hy ouilding a few lower lield magnets 
tn <lCHlollSlfillC Ih t.: feasihility of the design, develop 
J';lhriC!ltillll tl:Chlliqllcs and understand relevant 
PCl"fOflll:IIICC parillll l: tcrs. S UCCl:SS will al so depend on the 
p;lr:tllt.:I dt..:\'t..:joplIle 11 I or' hi gh qUlllilY, low cnst 
St l pc fO 11 It Illctl)l". 

2 DESIGN 

2. I COl/tili clOr (Inti C(lb le 

Usillg O.XOX mill diameter .,- trand lIlalluf[lctureo by 
TeledYlle Wah Ch''''g AlhallY ('['weA) for the ITER 

projcct. which has a .Ie of ahout 6 10 A/mill: ] at 12 T and 
4 .~ K. thi s magnet is expccted 10 achieve a bore field of 
approximatcly 7 T. Thiny stra nds arc wound into n 
Rutherfurd style (,,, hie wi th. a reClangulHf cross section, 
1.4.5 X 12.34 mill . The ca hle is insulated with a nominal 
0 . 13 JllIll thick sleeve of wove n S-2 g lnss. To reouce 
carhon deposit s during rcaction, the i'nclOry sizing is 
hilkcd out and replaced with a palmitic acid sizing which 
leaves:l minimal cmholl residue. 

2.2 Coil Module Design 

Thl~ hasic COIllPOJll:lH Ill' this tlesign is the coil module, 
which cOllsists of a douhle-Iayer coil cOllIained in n 
StiPpOf\ struc ture. The coi l module components afe shown 
in Figure ::? 

I :igure 2: Coi l Module Ctllllponents ror n 2-Lnyer 
!~;lC.clrtlck Coi l 



.. . 

The prelililinary design is for a 40 mm apert ure magnet 
with cmpll<lsis on maintaining the simriic it)' of the 
racetrack geometry. Tile lIl iljnr pmmllclcrs optimi7.ed were 
bore spClci ng, coi l ;lsl1CCI fa[io. high lic ld 10 hore field 
ratio ano inouc1<lIlCC with relatively low priority Oil field 
quality initiall y. Tahle I slIlllmarizes the coil parameters. 

Table I: Coil Paramt: tcrs 

Dore Diameter 40 IIlIll 
Coil iell~lh (slrai !.! JII seclioll) 50 elll 
Number of turns 40 
Coil conli!.! lIralinn 2 laver racelmck 
Oore Silaci ll!.! I 'iOi1lill 
Coil Radi us 401ll1ll 

2.3 S/ruullral SliPI'"'" 

The magnet's Sl fuclur;d SUpP()rt is desi gned for Ill()(h dilf 
coil assembly. Figun: 3. J :nd forces ;lllti vcn ic d (orces 
(forces ill Ihe plane or lil t.: l'ilcc lr;lck coils) an: supported 
within the coil module. /\ venk.!! pn:sln.:ss of 50 MPa is 
applied through 50 Illlll thi ck :lIllIllilltllll -broni'.c 1, l i ls 
running the full IIlngnet length ill Ihe coil p:lckage and all 

end prelmld of 50 MPa is clpplied !Ising a series o j" 
se tscrews lontled agn inst the cnd shoes. To apply 
horizOlllal pre~t rc ss and structura l SllppOI"I. the coil 
packages me sand wiched hetwccn slHinlcss steel cI:un ping 
bars pulled logeillcr hy alllminulll tClisioll rods. Thc 
horizontal preload is 16 MPa nI room telllpe raturc alld 
increases to 30 MPa at liquid helium ICIll I1Cfillures. When 
full y preloaded, the magnet cnil wi ll 1I0t SepllrtllL' from the 
isl and when it is encrgiz.c(1. Integra tion of vertical and end 
structural su pport intn a coil p:KkC"lge dccouples thc 
support clement s in e.lch direction . PrchKld Ci lll he 
adjusted independentl y ill each on lHlgonn l dircction alil l 
different coil p:lckngcs Crill he SW(IPIK'd into the external 
horizonta l slippon fnllllcwork . 

Figure 3: Coil Module Support St fuc tll l"l .. ' 

3 FABR ICA TION 

3. I Cll il Wif1{lin ,~ 

The dOllhlc- la}'cr coil s i"\ re wound around a center island 
(pole piece) on "I l1at plntc with a ramp between layers 10 
Clvoid intcrIlnl sJ1li cc~. 1\11 meta l pans which wi ll be in 
contact w ith the coil arc m~lclc from Cl lumil1um-hronze ill 
order 10 stll"vive the hi gh tempcrC"Itu rc heal treatment and 
henHlse of i t' s re lativel y high hem In lllsfer coefficient 
compan..:d to olher JIlaterials such (IS stainless steel. During 
the wi nding pnx:css, s!lips of stainless steel foil are 
wntppCd mound Iht: c~lbll; in stratcgic locations to provide 
voltage t:lpS. 1\11 metal J1 ~lrI S Me insulated wi lh 0.086 mm 
th ick strips o f m ica paper 10 augment the eleclIical 
illiegril Y o f the coil. 1\ JO mill sp:lcer is inserted after the 
(jlh turn tn reduce thc field illihe coil cnd. 

3.2 Rl'fluion 

I\ I"ter wi nding. the coi l straight sect ion is compressed 10 a 
prcdeter1l1im.:d sizc hy adding spacer ba.rs and side rails, 
holtcd ill to LIpper fllld lower plates. The ideal coil size is 
detcl"lllined hy IO·slack llle:ISLlrelllellt s o j" insulnted cable, 
It is ill1jlortcll ll to Illillilllizc the :unOlilit of epoxy between 
Ihe coi l layers ;Hld thll s control lhc mechanicnl properties 
or the compOsite coi l. Optimal com press ion is achieved at 
a pressure betwecn 14 :lIld 20 MPn. End shoes Me then 
added and the leads Me carefull y supponed in their (ilia! 

positions. The polc piece is made in two parts wi th a gap 
to allow for dilTerential thermal cOlltfllclion of the 
conductor cUll! compolleJlts during reactioll. T he lead-end 
shoe (llid pole piece section .are fi xed in place, while the 
re turn end of the coi l is allowed to move. The coil is 
placed in a stainless sleel retort under an Argon 
:lIlllospherc :Illd reacled accordi ng to the manufncturer's 
recommended react ion cycle. which lasts approximCllel y 
two weeks. 

3.3 Ins/ru.men/arion 

Fo llowing fe;lct ioll. H pair of NbTi cables are spliced (Q 

the fragile Nh~Sn leads. The spli ce regions are eventual ly 
s; lIdy contained in the impregnmed coi l package. Four 
capacitance gauges arc then inserted in each coi l layer. 
()lIe ill the pole piece gap, one between lhe pole piece nnd 
inlier 111m , <l IlOlher hetwcen Ihe outer !Urn and ~ide rai l 
;lIld olle hetweell Ihe rewrlI -cnd shoe (wd the ouler tum . 
I :i llclll )', i l O. I.i HIIll l:IJn inatcd sheet of Kaplon, stai nless 
slcd lind copper. cO lltaining the heater stlips and readout 
tracL'S for the vo ltage taps is cH ided 10 each layer, followed 
hy c"1 O. 11 10m sheet of glass cloth. 

3.4 Epoxy Impregntlliol1 

The re: lctcd coi l is stntin sensiti ve and must be reinforced 
wi th II g lass riher alld epoxy matri x. The epoxy needs to 
11<I \'c low viscosit y ill order (0 pcnewlle (he glass ti rer 
hL'iwCeli the coil s. good mechanical propert ies at 
cryogc ni c temperatures and a rcll1lively long pot life. 



CTO-IOI [3 J is (I good choice ror th is "ppliL'<l tioll ,s lid has 
been used !'ucccs . .;;!'ulty ill the past 1'4 1. Si lililar pans lIlildc 
of aluminum-bronze. designed to closely fi t the post­
reaction dimensions of the coil n: pltu;c the st:lilil ess steel 
side rail s and pl,lIes lIsed during re:lctioll . A strip of lIlica 
paper is mit/cd between the outer ItIm or the coil alld the 
surfaces or the side rails (lIld end -shoes ror clcctriccd 
insulation ano 10 provide a she; lr pllllle. illll': llded 10 
prevent stiCk-slip motioll tlnde-r l ,on': llI l. loadillg. In 
addilioll , [he rlat es, si dc--nlils alld end-shoes .are ~l1old 

released. T he completed package is thell V, lCUllln 

impregn(t led, providing iI rohust lIl odule for inse rti oll into 
lhe outer support structure. A ll surraces ill cOllIact wit h 
Ihe coil rcmain after pOlling. prov iding good surrace 
matching and reducing tile neccssit y for hi gh pan 
1Olernnces. nnot her potenlial cos t s:wing feature of this 
design. 

3.5 Final AssemiJly 

Prior [0 impregnatioll, ;1 (l .S mill shim is insertcd het\\'\.:c lI 
the side support rail :lnd the top (l nd hOIlOIll plilles. Thc 
coil size, and thus the venict/ pn:load O il the cuil G ill 

easily be adjuslcd hy reducing the thi ckncss or th(' shim 
and retighlening the si de holl s. The coi l p;t ck:t ~cs (lnd 
support ~Iruc lure COIllPOJlCllts arc st:lckcd and ali gned vi; 1 

pins, The nulS Oil the aluminum Il'nsion rods arc lliell 
li ghtened tn obtaill the desired prc load. 

4 fUTURE PROGRAM 

Thi s magnet represent s the !'i rst in :t sc ri l.:s o f 1I1i1 ~ lIe lS 

with lhe gonl to produce a device o f simi!;lr design with a 
fi eld of 14 - 15 T within two years. I[ wi ll lx..' complcted 
a nd tested in earl y Aug tl sL Tes t plalls include a scries of 
preloall studies, making usc or til t: simple support 
struc ture design. Experience gained wil l ht: ' IIsed to 
mod ify the ex isting design '(,) acconlillod;IIC highcr tields . 
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