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Abstract 

TIIF ISrazilian SynchrotroIt Radiat.ion I,aborat.or) 
(LNLS) is dc+zigning and building a11 rlrct I‘OI) storage: 
ring for the prodllrtion of VUV and soft x-ray photons. 
‘I’his paper describes r.he design of a I.4 m long, l.dt ‘I 
(58 mm gap) staggered dipole ruagnc’t witl[ a good field 
regiort ( 10m4) of &IO mm. ‘I‘hr* laminat.c~d yoke is made 
out of comnlc~rcial 1006 steel and the square copper coils 
are supplied with less than 300 A. 

1. INTRODUCTION 

The elect roll sl.oragc- rixig, un<lcr d15ig1i at l,NI,S. rcquirtAs 
12 bending l:lagnpts oprritn:,ing fro111 0.12 l’eslii (Iti, injection) 
to 1.40 Teda (at 1.15 (:(,\:)[I]. 

‘l’hc design can\-isages it stag:gc7& (‘-t;;l)e yoke, for (Jasy (ax- 
tract ion of s)-nchrotron light, with ik gap of 58 *Em, (Figurr 1). 
The gap was init,ialy ~lioxw~ accurclillg to t,hc miniinnll rc 
quirt~rnrnt 5 for tlrrb vacuu~[~ chxlltx~r~ HUII, t,hf>Il, xijuslcxl ill 
or&r to opt,irnizr Lh(’ hctigllt of <,ac11 c,oil pan~~akr. ‘l’hc: r[!;tin 
parar~l&rs of t.hc~ rnagnc~t arc% prcsc~rl(,t~<l in ‘l’al)Ic I. 

Figure 1: Dipolr virw 
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Two dirnt~nsi~nal ficxltl calculat,ions ha\<, bcWt nlad(% ill or&r 
to drtrrmirica ttrts dinlellsiurls uf ll~r l;llniliiit ions (Figure 2). using 
thr cxxlt- MAGNET[?]. ‘1’1~ permeability curve, used ill thrsa 
calculiiti<>rls, was that of a 1006 strcl produced by thr Hraziliall 
industry. measured at GANIL (b . ‘raricc), using a sc,Illi-autorrl;ttic- 
Im~~eame~~rr[3]. ‘I’h e calcu1atc.d homogenity for the ex trernc, 
values of the field is shown in f+‘igurc 3 
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Figurcx 3: I:i<ald h~~rnog<7lrit,y at I .4 ‘I‘ and 0. I2 ‘I 
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‘I’hc! niagr14:t wits de5ig11 lo ht. used wii II an up t,o 300;1 l>ow~‘i 
sll]q~ly[4] Hlld 4 ill!111 b rnaximliirr wa1.rr ,""'""llrc~. ,I:, il r(‘hlllt 
1.1~ coil win(low is son1(’ whai 1itl.g~ tllilll IlhtlhlJ’ al:<1 ~~owt~l 
c7~llslllltl~ti~,n dllrirq op<‘rz~l~ioil r<>lat,ivrly low. 

2. YOKE ASSEMBLY 

‘rile first protot~~pe is undcxr 07nstrliction. ‘I’hra 1 .5 nlni t.hick 
larriiuat,icins will 1x2 pun(,he(l wit,11 i: t.wo-stage (iir from cr~lti- 
rollrd lOO(i strel wit.h phosphaic c.oat.ing. ‘Phr stacking hrnch, 
nrir<~hincd with the, !rcntiii!g radius. us<‘6 tilts hot tr)n itnil frorll 
edgrs of the laminations 8.s refercnccxs. 
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The stacking procedure, without glue, 11~‘s. for compression, 
the endplat~es and Ilie Iongit,ridinal Ijlat,es wllich ara welded to 
t,hr laminations before releasing the hydraulic jacks (Figure 4). 
This procc~iurr has the advantage 1 !,hat, during wt~lding, t-he ion- 
gitudinal platce arc’ under tension while the lanbiations are com- 
prrssed. Fixing holes, along the longit udillal plates, allow for 
moving one of thr stop pIat,czs with jacks, so that partial stacks 
can be ct,niprf.sscd. 

‘ABLE 

DIPOX 1 
LAMINATIONS 

HYDRAULIC JACK 1 

Figure 4: Stacking fixture 

Thra cxrvcxd plates. wt~ltlt~~ to t,hca (~u.II sidr of tit? yoke, are 
1101 W<~ldf?d u:1dcr 1CllhiOll. ‘l’lwir p,“‘~“‘s“ is to fix thr 1;ur1i11a 

!.iolls 1,~) c*acli ajt hisr. ill ;idit,iorl 1.~ t lltx b&‘ldiiq of tlie lorigil rldinill 
plat,t9. str.t.:igthc~ning t,htl yoke’ for t.orsioll. 

Aft(,r welding, t IIS, lougitllrlilr,il plalc5 ari’ (‘ill, clvs~i to tllc* 
Wld J)lFLtit’b. 

3. COILS 

Each nlngu& is c~cit.c~l by six pan(.ak<Ls. each one with IWO 
double-layer wintliilgs wil,h 2.1 1.11rns of 7/ 16” X 7/1A”, 7/32“ 
interual dian:t%csr. OFfIC Il~llow <:oiltluctor. ‘I’lic~ co~~tluctor is 
insulatc~tl wit11 0.5 ~nnl tl~i& lil)t*r glass sl~~(.. ‘I’hc, pan(,akos art’ 
insulat.rti ~‘IWIII thct yokr 1,~ :I rtn11 of filer glass i ape a.nd opel~ 
wa\‘t’ fil,rr ~l;lSS clot il. ‘I’lich scat is cilx’xy ilnprqrlat,rtl uricl<~ 
“itCU,llii 

Each winding is rrladr of a single c~onduc~tor t without joints). 
llalf ul’ lilti tonductor is lcsft 01~ tlic. spoo!. ovci thus winding 
table, while the first half of t,hc* winding is bing done. Thr 
main c:llitra~t,l.rist,i~s 01’ tllc, rrqllc~l coil is shI)wn i71 ‘l’al)l(- 2. 

Nurnlrcr of r)aucakc=b 

~~~~~~1~~~~ 
Water temperature incrc~its~ 11 I 

Tabl<b 2: (:haracl<~ristic~5 of t,hr lxndirlg niagllc:t, coil 

4. FIELD MAPPING SYSTEM 

The field mapping eyuipmpnt (Figure 5) was made out, of 
the bench of a lathe with adnpt,rd stepper nit&or5 (1000 steph 
per revolut,ion) and digital sca!rs will1 a rr~solution of 5pm for 
both, longitu~linal al~tl transl;erscs, ~KV~Y~II~CII’~S. ‘I’hc t.otal rnngcl 
is IX00 X 250 mmZ. 

Figures 5: Fit-lti Inapping F~SLCIII 

Field IllOaslIr(,rIi(:Ilts arc: ma.& wit,h trmprra.ture rompen 
sated Hall probes and a Twhlwter GMW DThll4ld. The 
probe support, made of laminated glass epoxy (G-10), is long 
enough to avoid rclrvant prrturhation 011 the field by the stp.e1 
bench. 

‘I’llr systelli 1s cxlnput.c*r curitrolled allowilig for flexil)l(~ a1rr-l 
fast measurements. 0 nr of the softwares already dcvrloped, 
for cxarnpht, mov(‘s t.tii? proh~ as if it wt’re illi rlect,roll, w-hilt 
it measures the field. The operat~or, in tllis case, has to placr 
the probe in the initial position and supply the computer which 
cricrgy d&i and inil i al dirt&on of movement of the, &~ci.ron. 

5. CONCLUSIONS 

‘1’1~ most, rttl~~vant aspe& of t,hcx I,Nl,S st,orngr ring dipole 
tif++t~ llitw I~WI discuswd. 21) c~alcul;Et~iollr shc,w sufflc ient ficai(l 
homogeneity fur both injectiori and op<:rat,irtg csnergy. A new 
procc’dure for tli<: stacking or 3;okcs larninat.ioll~, wllicll al,plilbs 
stresses to both parts to t)t, w(~ldt~d. has I)erli presrntrd. X firid 
mapping systenl was bliill aritl I.(-FtfA with a smalI(~r 1 Tesla 
dipole magnc+t, usrtl as a spectron-i&er for the I,NI,S linear a~‘- 
crlrrator. 
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