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TECHNICAL SPECIFICATION 

FOR A PROTOTYPE BENDING MAGNET OF 

THE 800 MeV BOOSTER p SYNCHROTRON 

SI/Int. MAE/68-3 
20.7.1968 

The European Organisation for Nuclear Research (CERN) in Meyrin 

(Geneva) is constructing an 800 MeV Booster Synchrotron to be. used as 

injector for the 28 GeV Proton Synchrotron. Components of this Booster 

are the 33 bending magnets. 

· Thie specification deals with the manufacturing of one bending 

ma.gnat prototype for the Booster Synchrotron. 
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1. Introduction and scopo of tho tondor 

1.1. General description of tho Boo st or Synchrotron ma.gnot system 
I 

Tho Booster Synchrotron being a separated function 

machine, its magnet system will consist of a. number of bonding 

magnets and qundrupolo lenses, separated by froo intervals of 

difforont longt~. Tho mo.gnets will bo placed along o. circle of 

25 m radius. Tho Booster Synchrotron will consist of four 

vertically stack0d rings, Each bonding magnet unit a.nd 

quadrupole lens unit will thus consist of 4 bonding r.ingnots and 

4 quadrupolos 9 tho steel yoke being cm;unon to each unit. Thero 

will bo 32 bonding magnets and 16 qundrupolo triplets in tho 

ring, each triplet consisting of two shorter F-lonsos and a 

longer central D-lens. Ono additional bonding magnet and ono 

quadrupole lens triplet will be required as roforcnco units. 

Fig. 1 and 2 show an artist's view of tho Booster 

magnet system o.nd o. schematic layout of tho ring. Each bonding 

nagnot will consist of two approximately 800 mm long blocks of 

punched steel laminations hold together by welded tension straps. 

Tho two blocks will be ;n.ountod o.t an angle with a wodgo sh'.lpod 

cloo.ranco botwoon tho!!!. Tho two blocks arc fixed between a top 

o.nd bottom plate and form a rigid unit (Fig. 3). Tho I!lagnot is 

onorgizod by tho four oxcit~tion coils, which arc series 

connected. 

1.2. Nature o.nd fora of the invited tenders 
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Tho tondoror is invited to no.kc o.n offer for tho 

no.nufacturing, testing o.nd delivery to CERN of one prototype 

bending magnet no.do in two blocks of precision sto.rapod silicon 

stool lnninations, ond plo.tes, tension stro..ps, top and bottor:i. 

clru:::tping plo.tes, no.j_n excitation o.nd correcting windings, 

nonitoring a.nd security devices as well o.s for four specio.l 

thin excitntion coils, described in pa.r. 8.10, all in 

nccordo.nco with this spocification for non oriented silicon 

sheets with on v10 ==-~ 1. 3 to 2. 0 W/kg (referred to O. 5 nn thickness. 

B ::: lT o.nd f' = 50 Hz) guo.lity index but for sheets of preferably 

1 nn thickness. 
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Prices for the stao.ping and stacking tools and for the coil 

moulds should be separately stated. 

Tonderers are invited to give a separate price for 

one additional magnet block with magnetic steel end plates as 

shown in Fig. 11 b. 

Tcnderers aro also invited to give tentative prices for 

33 bending nngnets in accordance with this specification to.king 

into account that the steel sheets will have to bo raixed o.s 

stated in par. 3.2.s. 
It is clearly understood that the choice of the 

prototype magnet manufacturer does j_n no way engo.ge CERN as to 

tho choice of tho nanufacturer for the 33 no.gnet units. The 

final order will be subject to a new tender, incorporating all 

the experience and knowledge gained wj_th the prototype no.gnot. 

1.3. Scheme for Delivery 

It is hoped to place tho contract for the nanufacturing 

of the prototype bonding nngnot wj_thin 1 month o.fter tho tender 

opening. CERN is very nu ch interested in 0. short delivery such 

a.s 7-9 t10nths fron ·tho day of placing the order. A tentative 

delivery achene for the 33 bending magnets should also be 

indicated. It is bopcd to place the f inEl.l order for these 

no.gnats not later than 6 nonths after the reception of the 

prototype nngnet, tho 6 nonths being necessary for precision 

r:mgnetic noo.suromont s. 

CERN is, of course, prepared to discuss any question 

concerning delivery with tho tenderer. 

1.4. Access to infornatton 
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CERN will plo.co only one contract with the prototype 

nngnot ma.nufo.cturer, who will be responsible for placing tho 

various sub-contro.qts. It is inporto.nt that CERN be inform.ad 

of the full technical content of these sub-contracts. 
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CERN c.ls0 dcrrnnds tho right to ha.vo o.ccoss to c.11 

tcchnicnl inforno.tion in tho courso of production. In addition, 

it is douo.nded thc.t satisfactory facilities bo given to rcpresont

o.tives of CERN to oxnninc o.nd inspect tho stool o.nd copper 

delivery o.nd nny conponont o.nd appnro.tus in tho course of the 

prototype no.gnat no.nufncturing. 

1. 5. Guo.ro.ntoe 

The prototype bonding no.gnat will be excited to full 

nngnetic field nt CERN o.nd extensive nngnotic nonsurenents will 

be pcrforned. Should those tests o.nd neo.surenents show defects 

duo to a faulty construction, danngo during shipnent or failure 

to noct tho specified tolero.ncos~ CERN will be entitled to urgent 

replacement of the defective part free of chnrgo. The magnet 

no.nufncturcr shall guarantee tho prototype no.gnat pcrfornance 

as stated in this specification for one year starting fron tho 

final acceptance test o.t CERN. 

2. Description of magnet 

2 .1. J.W,agn~t_;i;c fieJ..d 
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Tho prototype nagnot and later tho ring nagnots will 

be excited with a pulsed current in accordance with Fig. 4. Tho 

noninal pulse repetition ro.te is 1 s-1 • Tho bonding nagnot nay 

be operntod at nny current level fron the noninal down to lo%. 

A very precise, uniforn and vertical no.gnctic field nust be 

achieved in tho four air gaps within the whole useful rongo of 

excitation current levels o.nd tho field bo reproducible as a 

function of the excitntion current fron pulse to pulse. 

It is required that tho nagnetic field in the 

corresponding points of tho vnrious bending no.gnats belonging 

to one ring nnd nt corresponding points of one nagnet unit but 

belonging to different rings be the sane within a few po.rts in 

10 000. Tho field distribution being doterninod by the geonctry 

of tho gap and by tho nagnotic characteristics of the stool 

lru:.1inn.tions, tight nechanico.l tolerances on tho go.p profile and 
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length and adequate magnetic propo:;_·tie s rf the steel are 

imposed and must be observed. ~he positioning of the 

excitation coils having tJ..lso an lnfluence on the magnetic field 

uniformity 9 appropriate coil manufacturing tolerances must also 

be respected. 

2.2. Structure of the magne t cores or blocks 

The pulsed excitation current and magnetic field 

require that the cores of the prototype magnet and later of all 

magnets be laminated in order to avoid field distrotion due to 

eddy currents and to improve the uniformity of the magnetic 

characteristics by shuffling the laminations, this for the 

later 33 magnet units. 

The experience obtained with several large accelerator 

magnets at CERN and in other laboratories has shown that the 

required tight tolerances of tho gaps and of the laminations can 

in general be obtained by punching (stamping) them with a 

precision die. 

As will be explained in par. 3. 2. "Magnetic Properties 

of Steel Sheets" (see page 10) the magnetic field uniform~_ ty 

requirements for tho four gaps of one beriding magnet unit ask 

for high performance magnetic characteristics of the laminations 

such as: 

low coercive force H [A/ cm] and its variation .6.H 9 high relative c c 
permeability µr also for low magnetic fields around O.lT (1000 G) 

and for a good uniformity of these parameters. It has been 

established that high percentage silicon steel laminations 

correspond best to our requirements. 

From the point of view of handling and mixing, the 

highest sheet thickness still comfortably satisfying the 

requirements stated in this specification is preferred. It has 

also been established that silicon steel laminations of 1 mm 

thickness meet our requirements. Equal or better magnetic 

performances may be obtained when using 0.7 mm shoots. 

PS/6526 
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Tho sonewhat reduced filling factor when using 0.7 t1Ll 

lo.ninations is not relevant. 

I<'or tho prototype nagnot tho Si-lanination proportio s 

and thickness will bo doternincd in collaboration with tho 

successful tendorer. 

Tho lo.nino.tions nust be hold togothor in such a way 

tho.t the cores arc not distorted duo to stresses arising in 

assenbling, handling, transporting o.nd installation. The 

oxporionco at CERN o.nd in similar laboratories has again shown, 

that a satisfactory assonbling is obto.inod by welding together 

a stnck of proci sion st8L.lpod lnninations between thick end 

plates by neons of tension straps, placed along tho external 

contour of the nagnct. Such a construction is assu.nod through

out our dosign and specification. 

3. Stool shoot 

In order to obtain the required vory uniforn field distribution 

in tho four gaps of tho nagnet? tho steel shoot for the laminations 

o.nd for tho gap closing plates nu.st satisfy certain specific nagnctic 

roquirenonts. Those soon to be bost fulfilled for high percentage 

non-oriented , silicon stool laninations. 

An inquiry had therefore been sent to a nunber of nagnot 

no.nufacturors and stoelnakers asking to subnit to CERN infornation on 

nngnotic and nechnnical properties of different Si-steel laninations, 

either in the forn of ncasurononts or by sending o.doquo.te ring sonplos. 

The nagnctic and nochanical properties of the stool shoots as stated 

in this specification arc tho result of tho investigations and 

uco.surononts porforuod by CERN. 

In order to ensure tho required unifornity in oo.gnotio properties 

it is inport£1l'lt thnt nll shoots for tho prototype nngnot be supplied 

by tho so..o.c stoolnakor. Tho so.no condition is required when later 

tho 33 bending no.gnats will be ordered. It is understood that two 

different stool suppliers cnn be envisaged for the prototype nngnot 

and lo.tor for the ontiro series. 

PS/6526 
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3 .1. Dinonsions of tho stool shoot and roquirod gua.nti tics 

Fig. 5 shows tho dinonsions nnd toloroncos for o. 

sto.npod shoot. Tho oxtorno.l dinonsions of tho finished 

lonino.tions o.ro 630 x 1560 nn2• 

Tho oxtorno.l dinonsions of tho non stcmpod stool 

shoot i:mst bo such o.s to nllow sufficient no.rgin for correct 

punching of tho contour o.nd for tho renoval of tho wodgo-sho.pod 9 

reduced thickness regions nt tho edges. It is o.ssunod that 

shoots not larger than 750 x 1620 r.m2 will satisfy tho o.bovc 

roquirenents. Tho larger dinonsion should coincide with tho 

rolling direction of tho lo.ninntion. 

The o.bove figures o.ssunod, tho total o.nount of stool 

lo.nino.tions for the prototype na.gnet a.ri.ounts to 15 tons and to 

500 tons for all 33 rio.gnet units. Those figures o.ro not expected 

to chru~go by noro than 5%. 
The stool shoots shnll be oiled o.nd po.cko.god in order 

to be protected a.go.inst surface deterioration o.nd dru~o.go during 

tro.nsporto.tion and storage. 

If tho prototype no.gnat is r.rndo of lo.nino.tions 

belonging to uore than one batch, tho shoots fron one o.nd the 

so.no batch should bo bundled together so that sonplos for 

no.gnotic noo.surenonts co.n be to.ken for every bntch. 

This condition will notably hnvo to be fulfilled for o. 

controlled nixing of tho shoots envisaged for tho nanufo.cturing 

of tho 33 bonding no.gnats. 

3.2. Magnetic Properties of the Stool Shoots 

3. 2 .1. General 
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Tho Booster no.gnat iron pnrts will be oporo.tod 

at low to nodiuu no.gnotic fields botweon O.lT and l.OT. 

Tho lanino.tion cross section according to Fig. 5 

indicates tho.t tho nagnotic reluctances of tho two 

outer gaps? tho top and botton one a.re different fron 

the reluctance of tho two inner go.ps. This o.synnctry, 

together with tho variation of tho no.gnotic 
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cho..ro.ctoristics of tho stool shoots, introduces orro:l'.'s 

in tho 4 cups whore a. uniforn field with devio..tions not 

lo.rgor thnn a. few po.rts in 10 000 between corresponding 

points is required. 

Tho no.in error sources nro tho following: 

i) Duo to tho stool shoot coercive force I-I [A/cu] and c 
the different no.gnotic flux po.th for tho inner ru1d outor 

gc.ps, their fields B o.t low field will be different. 

ii) The coerci vo force vo..rio.tion MI cannot bG 
c 

conponso.tod o.nd nust obey certain tolero..nces. 

iii) During nccolorntion the field in tho bonding 

no.gnats rises :fron B.[T] to tho nn.xinun transfer energy 
J. 

vo.luo Btr[T]. Quito apart fron i) above nnd duo to tho 

different relucto.nco for inner o.nd outer go.ps, the field 

B will be different in inner and outer go.ps. This 

difference can in principle be reduced to zero for one 

po.rticulo.r field, o.G. o.t transfer Btr[T], by necns of o. 

correction in tho oxcito.tion, but it will persist o.t 

other fields, If, however, 

of the stool lo.nino.tions µ 
r 

tho rolo.tivo pornoo.bility 

is high throughout tho ro..ngo 

Bi<B<Btr o.n o.djustnont con be .found yielding very uniforn 

B-va.luos in tho four go.ps during tho whole o.ccelero.tion 

process. 

iv) High µ vo.luon arc also inp9rt.o.nt in order to 
r 

obtain a. highly unifom no.c;notlc field distribution 

within the go.ps. 

v) A toloro.nco nust also be inposod for the relative 

pcrnoa.bili ty spread ti. µr, since o.ny porr.100.bil.i ty 

vo.rio.tion effects the field in the gap and o.s o. 

consequence the required unifornity of the no.gnotic 

fields in the four Gaps. 

The s·t;oel sheets Dust therefore so.tisfy certnin 

pornoo.bility (µr) and coercive force (H
0

) roguirenonts 

and tolerances must bo i rJposcd o.s to the sproud of 

coorcitivity (ti.H ) and pcrnoo.bility (ti.µ:rl• 
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3.2.2. Typo of Stoel 

The roquirenont of high pcrnoa.bility nt low 

ruid nodiun na.gnetic fields a.nd for low coercive force 

suggests a. very low ca.rbon, high qua.lity silicon stool 

with low content of inpuritics. Tho Si-sheets nust not 

bo oriented. 

3.2.3. Coercive Force reguirononts 

Tho coercive force va.lue H [A/en] herea.ftor c 
spocifiod is tho vnluo of tho nagnotising force, reducing 

tho induction in tho stool la.nination to zero fron tho 

va.luo B = 1.5 T (15kG). Besides this va.luo, tho 

coercive force a.fter conplotc so.turo.tion (H >60 A/en) no.:x: 
sha.11 also be given. 

Ba.sod on a.doqua.to Si-steel so.nplo noa.surcnents, 

tho following coercive force H a.nd coercive force c 
spread H values a.re suggested for loninntions of c 
1.3 W/kg quality EE:d 1 r.1T.1 thickness. 

( H 
0 

+ b. H c \. 
3 

= 0. 35 ±. 0. 03 [A/ en] 

In order to chock tho a.greed upon H nnd b.H -c c 
va.lues for the prototype no.gnot lanino.tions, sa.uplc 

nensuroncnts a.ccordinc; to pa.r. 3.2.6. will be porfomec1. 

3.2.4. Relative pornca.bility 
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We define tho rolo.tivc pernca.bility µ o.s tho 
r 

ro.tio of the r.10,enetic induction B [ G] to the a.ppliod 

oxcita.tion 1.257 H [A/en] a.long the norna.l na.gnotisa.tion 

curve. Fig. 6 shows tho uininun µ = f (H) curve CERN 
r 

requires for the bonding nnenot prototype. Tho curve 

refers to a. 1,3 W/kg ... guo.lity silicon steel of 1 nn 

thickness, At B = O.lT or lkG, µ should be µ ~3300, a.t 
r r 

B = o.3T µ ~5500, a.t B = o.6T µ ~6500, a.t B = l.OT r r 
µ ~4500 and a.t l,2T µ ~2500 (soc Fig. 6). r r 
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Tho no.xinun dcvio.tion t,p. /µ fron this curve 
r r 

sho.11 not bo Grouter thcu1 + 10%, to bo vorifiod o.ccording 

to pa.r. 3.2.6. 

). 2. 5. A5oinf) 

Tho suppliod stool lnr:iino.tions should bo sto.blo 

in tin.a, ospccia.lly tho rolo.tivo porr.100.bili ty µ - o.ncl 
r 

coercive force H -vnlucs. Since tho opera.ting c 
tonporo.turo of the iron cores will not exceed 25°c, it 

should not be difficult to r.10.into.in sta.blo r10.Gnctic 

stool properties for no.ny yea.rs of operation. 

As o.pra.cticaJ. criterion tho following a.gein~ 

test is proposed: the stool shoot sa.uples a.re 

subjected to o.n a.going process a.t ioo0 c during 600 hours. 

The values of µ o.nd H , non.sured on the a.god sn.o.plos r c 
should not differ fron the initial ones by norc tha.n 

10%. Ageing tests will bo porfornod on so.o.ples 

subnittod by tho tenderer before starting the 

na.nufa.cturins a.s well a.s on stool so.nplos during the 

construction cf tho prototype rJ.o.gnot nnd lo.tor on of a.11 

bending no.gnats. 

3.2.6. Sr.u:iplcs for Ma.r;notic Iueo.surc:uonts 
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The no.gnetic properties of the Si-stool for 

tho prototype no.gnat will be checked by nca.suror1ents on 

three kinds of so.nples: 

i) Before tho construction, tho na.nufa.cturor shnll 

supply o.t loo.st three sn.o.ples no.de of rings 114¢/76¢ 

+ 0.1 nn, sto.opod out of Si-stool lonina.tions of 

a.greed quo.li ty a.nd thickness a.nd piled together in 'order 

to op'to,in nn overall h~ight of a.bout 14 nn. These 

sanplcs should cone fron different butches. 

ii) Somo 0.5 to 1% of the stool la.nino.tions required 

for tho prototype no.gnat should be used for stonping 

out ring so.nplos o.s under i) in order to chock the 

na.gnotic cho.ro.ctoristics of tho sheets. To do this, 
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onch shoo t will be subdi vi0_c cl into o. nunbor of 

r octo..nc;l os ::md sanplos n o.do . 

iii) Avoret,,'?,o cho.ro.ctoristics so.uplo 

In order to obto.in sor_1plos roprosonto.tive of 

the n.voro.c;o n:::.gnotic propurtics of tho stool for tho 

prototype nci.gnot, sono 15-30 shoots sho.11 bo solocted 

o.n<l o.t loo.st throo so.nplos no.do by o.lwo.ys colloctinc; 

tho 15-30 sto.npod out rinGS belonc;ing to tho selected 

shoots. 

Tho oxo.ct s.:-nplinG procodurc to bo discussed 

with tondorors. 

It is proposed tho.t the results of noo.surononts 

porfornod o.t CERN bo subuittod to tho stoolno.kor. If no 

objection is no.do within 17 do.ys upon receipt of tho 

results, tho stoolno.kors o.3roonont will bo o.ssu.mod o.nd 

tho nonsurocl vo.luos consiclorod o.s o. bo.so for 

o.cccpto.nco or rojoction. 

In the co.so of c.n irrcsolvo.blo dispute a.bout 

the n<Jet,surod figures, et neutrci.l institution will bo 

o.skod to o.rbitrotc. 

3.2.7. Tolcro.ncos on no.gnotic cho.rnctoristics moo.sured on S8Dplcs 

The cvornco cho.ro.etoristic sanple sho.11 ho.vo 

Dnc;notic properties within the linits given in section 

3. 1. and 3. 2. 

CERN nust roscrvo tho right to reject o. bo.tch 

of stool for which rm o.voro.c:i;o property so.nplo shows 

unsc.tisfcictory net,gnotic cho.ro.ctcristics. 

3.2.8. Mixing of stool shoots 
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Applies only for finnl delivery of the 33 

i:io.cn o t s • 

Controllcc1 nixing of stool shoots is nocosso.ry 

in order to ensure tho required unifornity in the 

no.gnctic properties of the blocks without having to 

inprovo tolero.ncos beyond tho possibilities of 
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connorcio.l silicon stool production. 

Tho procoduro consists of nrro.ncinG tho 

steel dolivory in oquo.l piles and in to.kine the shoots 

for tho core or block-no.nufo.cturing in such n way that 

co.ch core canto.ins approxinatoly tho so.no nunber of 

shoots from co.ch of tho piles. If done so, the 

no.gnetic, goonetrico.l o.nc1 nechonico.l properties of the 

cores will be noro uniforn o.nd unforeseen or 

undosirublo phenoneno. will probo.bly occur in a sinilo.r 

way in all blocks. Tho oxo.ct nunber of piles will be 

discussed between CERN o.nd the successful tenderer • 

.li.s an indico.tion the nu.nber of piles will be of tho 

order of 100. 

Tho nixing procedure requires o.doquo.to nvail

uble spuce for storing tho whole stool delivery in 

piles of reasonable size ond accessibility. 

Tho stool shoots should be picked up by 

conplete layers, one shoot fron ouch pile in turn, 

following always the sa.no sequence. 

3.3. Geonetrical o.nd Mechanical Properties of Steel Shoots 

3. 3 .1. General 
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The final goonetrical o.nd necho.nical 

specifica.tions of the steel sheets will be the 

responsibility of tho (prototype) nagnct nonufncturer 

and tho steel nanufo.cturor as stated in a contract 

between those two parties. Tho aeroeuent of CERN will, 

however, be necessary for this contract to becone 

effective. 

In order to naintain constant no.gnetic 

characteristics, no nechonico.l procossin11 of tho steel 

shoots other than shearing, punching and doburring can 

be allowed once sn:o.ples are to.kon for magnetic neasurc

ments. 
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It is in Gonoro.l roquirod tho.t tho stool 

shoots bo suitod for ndoquo.to insulo.tion, precision 

sto.npinc o.nd for o.ssonbling o.nd welding into blocks. 

Tho followinc proposnls indicnto tho roquiro

nont s considered nocoss~ry for obtnininG sntisfnctory 

blocks. 

3.3.2. Flatness end Internnl Stresses 

Flatness a.nd froenoss fron intorno.l stresses 

c,ro necessary in order to r>.void go.p profile chongos o.nd 

loco.l noc1ificntions of nngnotic properties during 

stncking under pressure. It is, as nn o.ccopto.nco 

criterion for flntnoss, proposed to npply a prossuro to 

tho ":100.surod shoot of sono 100 kG/112 ; o.11 points o:f tho 

shoot should then lie within 6 + 2 nn, 6 boing tho 

shoot thickness (soc fiG. 7). 
Tho cnpli tudc of o.ny local wo.ve should not 

exceed 0.5 to 1% of tho wave lcnGth which is of tho 

order of 200 to 300 mm. In order to demonstrate tho 

absence of internal stresses, it is proposed to cut o. 

shoot nlonCT its two r.i"cdn synr.rntry b.xbs o.nd br1ng tho 

surfo..co bc:.ck to con to.ct; tho no.xinun o.ppeo.ring go.p 

should bo inferior to o. 3 Tm, 

3.3.3. Thickness 
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As o. Guiding lino, ovory single sheet should 

hc.vo n thickness ns uniforn as possible. In order to 

obtnin so.tisfc.ctory sto.cking, one should reduce o.s nuch 

as possible systono.tic difference of thickness between 

different points of one shoot. As o.n o.cceptonce 

criterion and bo.sis for discussion with tho tendcrors it 

is proposed that tho naxinun thickness dcvia.tion fron 
+ 

o.n nvoro.ge vo..lue i ncnsurod on o. 630 x 15 60 rm sheet 

should be inferior to + 1. 5%. Whon nco.surcd along a 

width of 150 rm contorod on tho o.ir GO.Psi tho naxinun 
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thickn ess Jovi ettion fron nn o.voro.c;e vo.lue a.lonG tho 

part shoulcl be m.ic.llcr thnn 1%. In order to non.sure 

tho c.bovu spro o.ds, s on c 16 so.nplos in forn of 80 rm + 

0,1 dimwtcr clisos vvill bo to.ken fron c.. nunber of shoots 

o.nd weigh o d • The: dovic.tion of the shoot thickness 

fron o. specified rated va.luo, given for nll shoots is 

loss inportcnt, ond sproo.ds of.±. 3% a.re o.ccepto.blo, 

provided every sinclo shoot is in itself fla.t within 

the o.bovo linits. 

3.3.4. Surfo.co finish 

The surfr.co sho.11 bo clean, free of sea.lo on 

both siclos for good insulation o.dhoronce o.nd sho.11 not 

show ony visible fo.ult. A aorta.in roughness seons 

dosiro.blo? but no hiGh spots which could do.no.go tho 

insulc.tion should bo present. 

3.3.5 . 1n~pe6tion of tho sto~l supply 

It will bo tho rcsponsibili ty of the rmgnct 

no..nufo.cturcr to porforr.i the a.dequo.tc gconotricnl nnd 

nochanico.l tests of tho supplied stool while being 

delivered in o.13rc oncnt with tho stcclrmkcr n.nd CERN. 

CERN shc.11 rocoivc tho rcsul ts of the noo.surenonts. 

4. Lo.o.ino.tions 

4.1. Gap profile 

PS/6526 

A punched lonino.tion with the oxtorno.1 dincnsions o.nd 

tolornncos of the cups is shown in Fie. 5. Tho parallel go.p 

profile shown on this figure nay not be tho final one, o.s it 

genero.lly depends upon tho uagnotic properties of the steel 

sheets. The final profile of tho four gaps will be given to the 

successful tonderer when signinc the contra.ct. It is, however, 

believed that tho profile will closely correspond to that 

indicated in FiG• 5. 
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For the purpose of tho present quotation the tenderer can 

assume that the gap prL.file will be strt_ight and parallel. 

4.2. Punching Procedure 

Tho precise procedure for punching in order to obtain 

tho required tolerances is the entire responsibility of the 

manufacturer but his proposals shall be described in the 

tender. From the oxperienco of the CERN Proton Synchrotron and 

Intersecting Stora.go Ring models and magnets it seems that at 

least two, possibly three successive operations are necessary 

in order to deal with the differences of flatness and with tho 

residual strosso s in the shoots the profile has been stampo·d out of. 

A possible procedure could comprise the following three 

operations: 

i) opening of theplate in the four gaps 

ii) partial trimming of the external surface 

iii) sto.mping out of gaps and of all reference surfaces+' 

It is essential that the four gaps and the reference 

surfaces be punched in one and tho same operation so that their 

relative position from sheet to sheet is as uniform as possible. 

It is suggested also to punch a witness mark to be 

changed every time the uio has boon modi:i:'j_od, for instance 

sharpened. In order to provide a utatistics complete record 

must bo kept of the shnrponing? cho.nging and gauging of the dies 

and of tho corresponding witness marks. Tho number of successive 

opera.tions between succossivo sho.rpnnings shall be recorded and 

one lo.minntion kept for inspection after every 500 operations of 

tho profile sto.mping die. Those lominations shall bear serial 

numbers. 

In order to reduce systematic variation of sheet thick

ness? alternate sheets may be reversed prior to punching. After 

punching each lominntion must be freed from burr which could 

cause short circuits with adjacent lo.r:1inations or disturb tho 

stacking process. Deburring should by no means affect the 

punched profile. 

PS/6526 
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In genera.l, groc.t ca.re nust be taken to a.void 

distortion or dona.go to the lonino.tions in handling, transport 

and storu.Ge. 

4.3. Dinonsionnl tolerances of tho lo.nino.tions 

The field uniforriity in tho four go.ps of the prototype 

bending no.gnat requires tight tolerances for the profiles. 

Since the profile die na.y introduce systena.tic 

geonotrica.l errors, tighter toloro.nces a.re required for the 

die thnn for tho go.ps sto.uped out of individua.l lo.nina.tions. 

4.4. Tho profile die 

Tho pa.rt of tho die which cuts out the four ga.ps, a.s 

shown in Fig. 5, nust bo no.do with o. precision bettor tho.n 

+ 0.01 :on of tho nonino.l dioonsions. 

Po.ra.llolisn, recto.ngularity o.nd synnetry of the 

external pa.rts of tho die, cutting the reference corners with 

rospoc·t to tho four ga.ps shall ha.ve a. precision better tho.n 

± O. 05 i:UJ./notor. Tho vertical dinonsions of the external 

reference. planes shall be no.intainod with o. precision of 
0 ± 0.15 rID. The tolora.ncos refer to a. tenperature of 20 C. 

The profile die tolcro.nco sho.11 be_ c_he_9k:ed. by o.dcquato 

uea.surenents, for exo.nplo by uonns of o. precision coordina.to 

boring no.chino in the presence of a. CERN-ropresontutive. 

4.5. The die proftle reproduction in tho lanino.tions 

This will be chocked o.s follows: the ln.oination will 

be pla.ced on u surfo.co pla.to under uniforn loa.d of 100 kg/n2 

bnd the dii.lensions of the four go.ps o.nd of the outer reference 

corners neo.sured. The deviation should not exceed the 

tolerances given in Fig. 5. 

4.6. Insulation of the lonino.tions 

Tho stool lnz:.iina.tions sha.11 be insulated with a. 

con~inuous. layer of hea.t resista.nt rmteria.l, preferably by 

surface treo.tnent. 

PS/6526 
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In order to obtain o. hich po.eking fo.ctor, thin 

insulo.tion lnyers nre required. 

Insulo.'tion pr ocedure: 

i) The insulation of the laninations can be done before or 

nfter punchinc. In tho second case deburrinG is eo.sior but it 

is ossentio.l that no pornnnent doforno.tion o.nc1 dinensiona.l 

changes occur especially a.s fnr. ns the four go.ps nnd the 

references planes aro concerned. 

ii) Tho no.xinun tonperaturo durinG tho insulo.tion process shall 

not influence the no.gnetic chnro.ctoristics of tho stool 

1 o.nina. ti on s. 

iii) With tho exception of n few nillinoters a.round tho 

welding soo.ns+ when welding the tension strops, the insulation 

shall not be o.l torod; no short circuits o.ro perr_li tted else

where tho.n in the iJ:ll.odio.tc surrounding of the weldine scans. 

iv) Before wcldin~, the insulating rosistnnco of tho stack 

should be nensurod; it should be higher than 0.0312/cn, this nt 

o. la.r.iirio.tion st a.ck conpro ssion higher than 10 kg/ er}. 
Tenderers a.re required to give a. description of the insulation 

process covering points i)-iv) 

4.7. End profile lo.nina.tions 

As shown on Fig, 5 the end profiles of the four nngnet 

gaps o.ro obtained by the stocking of lru~ino.tions with 

proGrossively onlnr1:sed, higher nport.1-l:re gaps. It will therefore 

bo necossnry, once tho stonpinc of o.11 constant ga.p profile 

lonina.tions for tho prototype no.gnet is terninnted, to noke 

the end profile lru~inations either by using n die which co.n 

progressively stonp out lnrgor go.ps leaving other dinensions 

unchanged, or by first sta.nping out tho norna.l gap and then 

by enlarging tho four gnps by adequate nnchining of the 

lo.ninntions. If tho latter solution is adopted it shall be 

proved tha.t tho nngnotic chnrncteristics of the end loninntion 

do not chnngo in nn inadnissiblc way due to nnchining. 

PS/6526 
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Tho required precision for tho ond lo.nino.tions is 

inferior to tho.t of the stnnc1o.rd lonino.tions, tho go.p height 

toloro.nco o.nountinc; to + 0.1 rm.. ( soo FiG. 5). 

4. 8. Chockin,1 of tho lo.nino.tion r.~oorwtry (to bo porforr.10d under 
o. uniforn loo.d of 

100 kg/n2) 

i) Ins1)oction o:f the rcforcnco surfL1.co plo.to 

Tho flo.tnoss orror of the reference plane sho.11 not 

exceed ± O. 005 rm over 1 :-1 lcnGth. Adoquo.to checking nethods 

sho.11 bo })roposod by tho na.nufo.cturor. 

ii) Flo.tnoss of tho lo.nino.tions 

This will bo chocked by noons of a. dia.l indico.tor 

a.lone different lines, o.s shown in Fig. 7. 
iii) Lonr:th o.nd po.ra.llclisu control 

For this control, end plates, calibers o.nd internal 

nicrouotors plo.cod on o. roforonco plnto o.s shown in Fig. 8 

could be used. 

iv) Gap control 

A ncthocl for chockinG tho Gfl.P pa.ra.llolisn is indico.ted 

in Fie. 9. The positi :in of tho_go.p a.xi~ with respect t6 the 

roforcnco plo.nc is then 

2 

Tho eo.p width co.n bo chocked with o. calibrated bo.r and 

o. nicronctor. 

Tho go.p height is controlled with "GO" (-0.015 un 

tolero.nce) a.nd "NO GO" (+0.015) tolerci.nce go.uges. Any 

lonina.tion not satisfying this test shall iru:i:cdiatcly bo 

rojoctcd. 

The :ro.rallolisn and tolero.nces of tho lonination outer 

reference lines shall o.lso bo checked by noons of o. calibrated 

bo.r. 

PS/6526 
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5. End _plo.tes 

As shown in l!1 ir,. 10, tho two nncnot blocks build up fron 

punched lo.nino.tions sho.11 on both onds bo fi ttcd with 13 rn.1 thick 

end plo.tos, prevontin0 the ond surfo.ccs fron bulging and the GO.PS 

fron splitting open under the o.ction of no.gnetic forces. 

CERN ho.s not yet decided if the end plo.tes shall be no.de fron 

non-no.gnetic or of no.gnetic no.terinl. Further studies of the effect 

of no.gnetic ond plo.te s on tho ne,,3notic field distribution in the 

four go.ps ho.ve to be co.rriod out. Tho fino.l choice will be no.de by 

CERN, before siGning the contra.ct for the prototype. 

For the tender the two versions sho.11 bo considered o.s shown in 

Fig. 15. The two designs differ slightly, no.inly in the totnl length 

and the longth tolerance of tho no.gnat blocks. If a pricGl difference 

results fron tho difference of constructions, sopnro.te prices shnll be 

given by the tenderer for tho two versions. 

The non-no.gnotio ond plates sho.11 be no.do fron sto.inloss steel. 

The tenderer sho.11 for this co.so provide evidence a.bout tho non

DO.Gnotic boho.viour of tho end plo.tes no.terinl: a. relative 

porneo.bility inferior to µ = 1.02 is proposed o.s 0. criterion. 
r 

The nngnetic end plntos will be no.do fron nild steel (low 

cnrbon steel) with tho following no.gnetic ohnrncteristics: 

i) Tho coorcivi ty shnll bo lower than 1. 5 A/ on. Tho vo.rintion of 

coercivity fron plo.te to plnto sho.11 stny within nn intorvo.l of 

± 0.2 A/en. 

ii) When subj cot to o. no.gnotisin[S force of 300 A/ en tho flux donsi ty 

nust be lo.rgor thnn 2.0T. 

The nngnctic properties will be nonsurod by CERN on no.chined 

ring snnplos of 76¢'/114¢' rm.±. 0.1 rm nnd 14 rn.i height. For tho 

prototype one snnplo shnll be ta.ken fron enoh sheet being used for 

tho fabrication of the end plates, For the lo.ter construction of nll 

33 no.gnot uni ts one sm1pl'e fron every tenth sheet sho.11 be to.ken for 

nensuronents. 

6. Construc t ion of the nnrQ1ct core 

The punched lo.ninntions nnd tho end plntes will bo nssenblod to 
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forn the no.gnet blocks o.nd cores by neo.ns of stool stro.ps welded 

o.long the oxterno.l contour. Tcndorors o.re invited to eive o. detniled 

description of tho proposed welding o.nd o.ssonblinc; procedure o.nd to 

consider noto.bly tho following points: 

6.1. Sta.eking 

This should be done in o. ric;id fro.ue, confining the 

lanino.tions ago.inst suito.blc reference surfo.cos. No stressing 

which could lend to systcmo.tic dofornntions of tho lo.nino.tions 

should be introduced. In choosinc tho sto.ckinCT roforonccs it 

should bo borne in nind tho.t the tightest tolerances o.ro inposod 

on tho four go.ps which thus forn o. privilesed o.nd preferred 

reference surfo.co. Tho tenderer sho.11 describe the sto.cking 

procedure he proposes. 

6. 2. Shirming . of the sto.ck 

Due to inevito.blo thickness vo.rio.tion over the 

la.ninntion surfo.cc, the sto.ck could bo shinned by noo.ns of 

different width Si-shoots not thicker tho.n 0.35 nn. Tho 

tenderors a.re invited to BiYo deto.ils of the shirrr1ing procedure 

they intend to use. 

6.3. Sta.ck conprossion 

nt suito.ble intorvo.ls during sto.cking oporo.tion a.nd 

o.t its end the sto.ck should bo conpressod with o. pressure of 
. I 2 o..bout 10 kg en • The leneth of the stro.ight port of the go.ps, 

tho eo.p leneth includinc the end profiles, o.nd the total 

length fron end plo.te to end plate shall be neo.surcd. Before 

wcldinG, the sto.ck sho.11 be left to settle under no.xirnm 

pressure durinc sovero.l hours, after ho.ving several tines applied 

o.nd renovcd the pressure. 

6.4. Welding under pressure 

The welding opcro.tion sho.11 to.kc plo.ce while tho 

stack is kept under pressure. Tho. conprossion force to be 

applied will o.nount to 75-100 tons. 

PS/6526 
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Simul tnnoous woldinc nt ,sovornl plncos will bo 

nocosso.ry in order to nvoid distortions duo to thermal stressing. 

The tondoror L=.i iriYit1.;c1 co specify in hirJ offor tho wolding 

procoduro, tho sizo of tho welding sonms, oloctrodo quality etc. 

o.nd to propose methods of checking tho quality of the wolds. 

If tho tcmdoror thinks thc,t tho roquirod mecho.nico.l 

toloro.ncos co.nno-C bo obtninod by tho described o.nd preferred 

welding technique, ho mo.y propose othor procedures liko gluing 

(and bolting). All those proposals will bo carefully oxruninod 

ond discussed. Tho geometry and tho positioning of tho tension 

strnps ns proposed in Fig. 11 to llb nay bo cho.ngod by tho 

mo.nufo.cturor. 

7. Woldod blocks 

7.1. Block with straight ond profilo 

Tondorors nro nlso invited to give thoir price for bno 

blcok ns shown in Fig. llb. Tho block mo.do fror.l lamino.tions 

according to Fig. 5 has no specially shaped ond profiles. Tho 

straight block ho.s two 13 mm thick ond plo.tes of magnetic low 

carbon stool. Tho overall+ 0.1 mm length toloro.nco moo.sured at 

tho four gaps is obtninod by adoquo.tely :nnchining tho end plates. 

7.2. Machining of tho blocks 

PS/6526 

In order to obtain tho so.mo length for o.11 four gaps 

tho blocks with magnetic ond plates shall bo machined along their 

two outer vertical surfaces. Tho length ndjustment shall bo done 

by machining tho ond plate of tho straight part. 

No machining of tho variant with stainless stool end 

plates will bo required bcco;u.so machining has in this cnse no 

effect on tho magnetic properties of tho block. 

The top o.nd bottom tension straps will have drilled 

holes in accordnnco with Fig. 11 in order to mount the top and 

botton plates which keep the two blocks in the required position. 

Tho drilling of nn additional nunbor of holes in the 

tension straps nnd plates may be required from tho manufa.cturcr. 



- 25 -

7. 3, Mechnnico.l tolercmcos for tho conplete blocks 

7.3.1. Gap profile 

The average gnp height obtained fron at lea.st 

10 aoc:.surononts along the block length and o.t three 

different points across the go.p, i.e. the average vo.luo 

of these 30 noo..surer.1cnts shnll bo within+ 0.02 ru1 fron 

the nominal 70 rm go.p height. In o.ddi tion the go.ps sho.11 

be checked with GO (-o. 05 r.m) and NO GO ( +o. 05 m.11) gauges 

of o.pproprio.te longth ~5 cm). 

7.3.2. Block length 

For tho variant with stainless steel end plo.tes 

tho required length tolero.nco of tho laninated po.rt is 

± 0.2 r::trJ., which oust be obtained after stacking and 

welding (without nachining of tho end plates). It is 

realised that this represents a very tight tolerance 

which we arc ready to discuss with the tenderer. 

The length tolerance for tho finished blocks 

with nagnotic end plates is .± 0.1 mi noasured along the 

four gaps after nachining of the end plates. 

7.3.3. Other dinensional tolerances 

The tolerances on the relative position and 

dir:10nsions of tho nachined parts,_ holes, etc. arc given 

in Fig. 11. 

7.3.4. Packing factor 

The packing factor defined as the ratio of tho 

CTass of the finished block to tho nass of a solid block 

of tho saoe avoro.ge stool density will depend on tho 

laoination thickness choice. For a laoination thickness 

of 1 r.m, o. po.eking factor of~ 94% is expected. Tenderors 

are invited to specify mininUL'.l packing factors. 

7.4. Inspection and checking of tho block goo~etry 

PS/6526 
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7. 4 .1. Gonornl 

Boforo inspection tho block sho.11 be nurkod 

with co serinl nunbor o.nd tho noo.surenonts described 

in this cho.pto:r porfornod in the presonco of o. CERN 

ropresonto.tivo. 

7.4.2. Goonetrico.l control of tho finished block 

Tho vortico.l roforonco surfo.cos of co.ch 

block will bo chocked o.s shown in Fig. 12. 

FiG. 13 shows tho block hoicht and 

po.ro.llclisn chocking with o. roforonco plo.ne, dio.l 

indico.tor or o.ir co.ugo. A vertical or horizonto.l 

precision lo.the co.n o.lso be used for this vorifico.tion. 

Tho block thickness will be checked o.s 

proposed in Fig. 8. 

Tho co.p width of ono block cnn be checked 

with o. co.libro.tod bo.r, o. nicronetor nnd sovoro.l stnndo.rd 

co.ugos, o.s shown in Fie. 14. 

Tho straight po.rt of tho go.p length t1 co.n 

bo chocked with o. co.llipor-squo.ro or o. go.ugo between 

two precision bo.rs. For noo.suring tho end profile 

po.rt "e" two precision bo.rs o.nd o. co.llipor-squo.ro con 

be usod (soc Fig. 14). Tho tolornnccs a.re.± 0.15 nu 

for t1 , + 0.05 rm for c, + 0.2 rJD for t 2 = e.1 + e. 

7.4.3. Tho uo.anot block twist 
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Tho twist of one no.gnet block sho.11 be chocked 

o.s follows: 

the block is plo.cod on o. rigorously plo.no surfo.co plo.to. 

A vortico.l 1600 x 900 nn plo.te being precision no.chined 

o.t tho height corresponding to tho block reforonco 

planes a.long 900 nn, o.nd being rigorously porpendiculo.r 

with respect to tho surface plate,is brought in contact 

with tho block rieht and loft ho.nd side vertico.l 

reference plo.nos. Tho cleo.ro.nco between the block 
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roforonco surfo.co ond tho vortica.l ca.libor-plo.to sha.11 

overywhoro be inferior to o. 2 rm. 

A sinilo.r tost sho.11 then bo porforned with 

tho co.libro.tod plo.to in horizonto.l position po.ro.llol to 

tho surfo.co pla.to. Tho caliber plo.to is pla.ced on the 

nnc;not block upper rofuronce surfa.cos o.nd the cleo.ro.nco 

noo.surcd. It should a.go.in be inferior to 0.2 nn. Tho 

noa.surononts sho.11 bo ropoa.ted with tho block now 

plo.ced with the "upper" reference surfa.ces on the 

surfa.ce plo.te. 

7.5. Finishing of tho blocks 

Tho surfo.cos of the four co.p profiles of the 

reference corners nnd of tho end pla.te pa.rts - see Fig. 5 -

shall be well protected a.go.inst corrosion. 

Ea.ch block sho.11 bo painted with o.t lea.st one cont 

of suito.blo prinor o.nd two finishing coo.ts of a. high e;ro.do 

ho.rd glossy onmiel of a. colour o.nd quality to bo selected in 

O.Groenont with CERN. 

7.6. Assonbling of tho two blocks into ono na.anot unit 

Tho two blocks a.re o.ssenblod into a. conpo.ct no.gnat 

unit in such o. wo.y tho.t tho angle between tho inner no.chined 
0 sto.inless stool pla.tes ru~ounts to 2 x 2.8125 • In order to 

obtain tho required precise o.nglo when o.ssonbling tho prototype 

no.gnat, the following nothod is proposed: the two blocks o.ro 

turnod horizonto.lly with tho four go.ps in a. vertico.l, downward 

position. Two precision no.chined stool go.uces (Fig. 17) 

boo.ring on their top surfo.c'e two very precise sliders (with o. 

tolero.nce · of ~ 20µ) forning tho required o.nglo a.re plo.cod o.t o. 

disto.nco corrospondinc to tho.t between tho top o.nd botton ga.p. 

Tho two blocks co.n then CTlide along tho 13augo sliders until 

they a.re brought into tho correct position, given by tho 5,625° 

wedge ca.libor and tho cylindrical go.uge as shown in Fig~ 15 nnd 

16. Whon the finnl rolo.tivo position of tho two blocks has 
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boon rocchod, tho profile roinforcad botton plnta is 

o.djustod to tho blocks so tho.t tho precisely nnchined surfo.cos 

touch tho botton reference surfo.ces of tho two blocks. Tho 

bottou plnto is then fixed by bolts screwed into the holos 

drilled in tho botton tension strnps of tho two blocks, ns 

shown in Fie. 16, Tho sinplor top plo.to is then fixed in tho 

so.no wo.y on the upper tension stro.ps of tho blocks. Fig. 18 

nnd 19 show tho upper o.nd lower plo.te dasiGn. Before 

o.ssonblinG the two iron blocks into one uo.gnat unit, the 

inclino.tion o.nglo of tho two precision no.chined stool go.ugos 

will ho.ye to be checked, for axo.uple o.s .shown in Fig. 20. Tho 

two co.ui:;os, plo.cocl on o. reference tm:1plo.tc? o.re checked with 

o. dinl-nicronetor in o.t loo.st two points by o. (nn] a.po.rt. 

Fron tho disto.nce o. o.nd tho difference in height readings 6 

[ru:£1 the D.nGlo is found. 

Tho nbovo nethocl is no.inly proposed :for tho 33 
bending nagnets. 

The tenderer con sugcest other, less costly r.iothocls 

for the prototype no.gnat. 

As the wedge sho.p.ocl po.rt between the two no.gne·t 

blocks o.lso contributes to tho toto.l nngnotic length, n 

toloro.nco ho.s to be inposod to tho disto.nco between the 

o.djo.cont lonino.ted ports of the two blocks. Moo.sured o.t tho 

closed orbit, the distance sho.11 o.t o.11 the four go.ps o.nount 

to 50 ±. 0.1 nn, o.s indicated in Fig. 3 nnd 15. Tenderars sho.11 

propose o.doquo.te nethods for noo.suring this disto.nce. 

7. 7. Tho r~ np closj.11 .;, pla.tes or no.emetic pluf{s 

As shown in Fig. 3 a.ncl in dota.il in Fie. 21 the four 

no.gnat go.ps will on their outwo.rd "open" side: be closed by 

precision no.chined plo.tes or plugs nude of Si-steel 

laninntions o.nd serving n double purpose to linit o. 

closing of the go.p o.nd to provide no.gnetio screening 

a.go.inst stro.y fields, which would otherwise penetrate the gap. 

The closing plo.tos a.re· held by clanps shown in Fig. 22. 
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It is proposed to no.kc these plugs of stonped or 

a.doquo.toly no.chined Si-stool lo.nina.tions Glued with epoxy 

resin, the filling fiJ.ctor being less rolevont thon for the 

nnenct blocks. An 80% fiiling fa.ctor, loa.ving 20% for the 

epoxy la.yor in order to have sufficient insulating distance 

once the glued together plug is being precision no.chined, ca.n 

well be accepted. As to the required epoxy ra.dia.tion 

resistonco, seo pa.r. 8.4. 2. 

7.8. Lifting tests 

Lifting tests shall be porforncd with tho two iron 

blocks o.nd the a.ssenbled iron structure wi tl1:_ the nqunted top 

o.nd botton pla.tos in order to no.kc sure that the na.g~e~ con be 

ha.ndlod sa.foly. 

The blocks o.nd the a.ssenblod na.gnot will be lifted 

and displaced by neons of o. travelling crane . After :peyera.l 

lifting ond displa.conent tests no dqforna.tion or dotcriora.tion 

,of the lifting pa.ds or of a.ny welded tension stro.p shall occur 

qnd, tho no.gnot no.in dinensiona.l tolera.nccs sha.11 still noet 

the original specifications. 

For this purpose ea.uges could, during the lifting 

test, be nounted on tho oa.gnot in order to observe o.nY. 
dioonsiona.l va.ria.tion. 

8. Excitation Coils 

8.1. General description of the excitation coils 

PS/6526 

Before describing the bending no.gnat excita.ti~~ o.nd 

correcting winding, o. general rena.rk concerning this cho.pter, 

a.s fo.r o.s the prototype 110...:;not o.nd the la.tor order for the 

33 no.gnat units a.re conco~ncd, ho.s to be no.do. 

In who.t follows the full requircnents to be so.tisfiod 

and tests to be porforned a.re specified referrinc to tho 

windings of the 33 bending no.snots. This is necessary in 

order to ono.blc tendercrs to quote prices for then as stated 
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on po.c;o 7. 

As to tho prototype no.gnat coila, it would be of 

o.dvo.nto.co to ha.ve then no.0.o wi·i;h o.n .insulo.tion correspondinc; 

entirely or closely to tho.t the tenderer would consider for 

the 33 bonding no.gnats. By doing so, tho insulo.tion proposed 

by the tenderer could be checked vrhcn constructing tho 

prototype no.c;not coils, o.nd tho prototype itself kept o.s o. 

spa.re unit. 

il.s fo.r o.s the followinc po.ro.c;ro.phs a.re concerned, 

po.r. 8. 4, 2, "Testing of ro.dia.tion rosisto.nce" o.nd 8,4. 3~ 
11 So.nple test on insulo.tion" a.re not rcguirod for the prototype 

no.snot winding. Tho tenderer no.y, however, o.lso perforn tests 

8,4.2. o.nd 8,4,3. should he wish to subnit cm eo.rly evidence 

a.bout the properties of his insulo.tion. 

Tho "Prototype coil tests" described in 8,4.4. a.re, 

however, required before sta.rtinB the construction of the 

prototype no.c;net coils. 

As indica.tod in Fie;. 3, tho bendinc; no.gnat prototype 

will ha.vo four 110.in excita.tion windings, one per co.ch [SO.p, 

Every winding sho.11 ..;onsist of two cc__ls, o.n upper o.nd a. 

lower one, ea.ch consist inc of two po.nco.ko s with three turn.s 

(Fig. 23 o.nd 24). Within every no.in excita.tion windinc;, two 

o.uxilio.ry, two -turn corroctinc; windincs will be plo.ced (Fi.c. 

25). Since lo.tor two out of tho 33 Booster bending no.gnat 

units will ho.vo to be equipped with spocio.l thinner nnin 

oxcito.tion coils, shown in Fie;. 33 - two po.irs of those coils 

sho.11 o.lso be no.nufnctured in order to be insortec1 in the 

different prototype no.gnet go.ps o.nd ndoquo.te noo.suronents 

no.de, 

The four prototype no.gnet no.in excito.tion windings• 

will be series connected o.nd excited ·fron o. sto.bilized 

pulsed power supply with o. current o.nd volto.ge forn in 

o.ccordo.nce with Fig. 4, The nonino.l peo.k current ru~ounts 

to I = 2750 A?the rns current to I = 2000 A, the nonino.l 
p 
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peak volto.50 for nll Booster no.13nots to U = 2500 V o.nd the 
p 

volto.ec drop for one (prototype) bendinc no.gnct unit to 

u <60 v. p 
For the no.in oxcito.tion coils n hollow copper 

conductor allowing deninernlized wnter cooling will be used. 

All windings sho.11 be insulo.ted exclusively with glnss-nico. 

to.pes o.nd o. thornosetting resin. 

s.1.2. Magnetic forces on the coils 

The excitation coils being located in the 

linearly decreo.sine nnenetic field, they will be 

subject to pulsed necho.nicnl forces, reo.ching o. 

nnxinun value of ~ l ton/neter for one coil (3 turns). 

s.1.3. Effects of wo.ter coolins 

The doninernlized cooling wo.ter will ho.ve o. 

resistivity lo.reer than 2.105ncn and nn inlet tenpero.

ture of a.bout 12°c. At full loo.d the wnter inlet side 

of the coils will be about s 0 c below the anbient 

tenpero.ture, o.ssuned to 20°c, the water outlet side of 
0 the coils a.bout 12 to 14 C nbove the anbient tenpero.ture. 

The coils will first contract o.nd then expand due to 

the o.vcra£5e io0 c tenpero.turo rise in the coils. In the 

coils, stresses will be introduced due to the 20 to 22°0 

difference between inlet o.nd outlet tenpernturcs. 

s.2. So.nples o.nd prototype coil 

So.nples for checking tho bro.zing of the conductors 

and insulation sonples shall be no.de ready within 4 nonths 

o.fter siening the contra.ct. A 3 turn prototype po.ncake sho.11 

be nnde within 6 nonths fron signing the contract ond tested in 

nccordonce with po.r. s.4.4. 

s.3. Conetruction of the no.in coils 

8.3.1. Conductor no.terio.l o.nd dinensions 

The conductors sho.11 be no.de fron electrolytic 
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oxyGen f'roo copper, having o.t :::.o 0 c o. conductivity 

superior to 57.10 60-lu-1 • 

The conductor hns a rectnnGulnr cross-section 

with sides 28 + 0.1 Lrr1 nnd 15 ± 0.1 TITI with a cooling 
0,2 

hole of 7 nn ¢ ± o :on. Tho corners sho.11 be rounded 

off with o. radius of 2 nn (FiG. 23). 

The conductor cross section shall not be loss 
2 than 370 rm • It would bo strongly desirable to wind ....._.. __ _ 

the individual three turn po.ncnkes with a single 

conductor length, thus ayoid!ng brazes o.t the interior 

of the coils. To do this, a nininun conductor length 

of 13.5 n would bo required, 
0 The resisto.nce, nensured nt 20 C of one 3 

turn-po.ncru{e shall be inferior to 0,6500, the 

resistance of ono excitation winding per gap inferioT 

to 2.7IJD o.nd of tho 4 series connected windings, that 

is of the entire bending nngnet unit inferior to 

11 n n 
The internal and external surfaces of the 

conductor nust be clean o.nd f~ee fron cracks o.n~ burrs. 

An adequo.to procedure for conductor inspection o.nd 

for the verification tho.t the cooling water hole is 

not obstructed nor defamed is to be proposed. 

The totnl copper V'"eiGht per nagnet unit is 

"'750 kg. 

8,3,2. Winding 

Each po.ncake shall be continuously wound on 

nn adequo.te forner assuring the proper distance in the 

straieht po.rts o.nd the appropriate bending radii for 

the curved parts. 

8,3.3, Brazing of conductors 

PS/6526 

The brazed junctions bust .be nad.e. in the 

straight coil part. The brazine procedure oust be 
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ontiroly reliable nnd should not dopond on the skill 

of o. po.rticulo.r opero.tor. 

To o.chievo this, the followina points should 

bo obsorvoc1: 

i) Control of the brazina tenpero.turc as well as of 

tho rolo.tivo conductor position during the opero.tion. 

ii) Cnroful cleaning o.nd no.chininr, of the joints, 

continuity of water halos. 

iii) Use of o. jig o.ssurinG the correct conductor 

position, constant pressure on tho joint and allowing 

for the novenents of the two condu.ctor parts. 

iv) Tho bro.zing no.tcrio.l sho.11 bo added in tho forn 

of foils and should not canto.in zinc or o.ny additional 

flux. 

v) A reducing or o.t lonst neutral o.tnosphcre shall be 

nainto.ined around tho joint o.nd inside tho halo durine 

the tine the conductors are heated. 

No pernission shall be eiven to start with 

tho coil construction before evidence a.bout the high 

quality of tho brazes has boon obtained. The followinc 

tests on so.nples nnd lo.tor on bro.zed joints shall be 

no.de: 

o.) After bro.zing o.nd cleaning, the joints sho.11 be 

no.chined to the nonino.l conductor dinensions. The 

joint shall then be stressed with o.t loo.st 4 kg/nn2• 

No cro.cks shall o.ppco.r durinc this test, otherwise the 

joint will be rejected. 
0 . 

b) Hot water (80 c) is po.ssed through the conductor 

which is externally sprayed with cold wo.ter on the 

joints for 3 ninutes. This cycle will be repeated 

25 tines. 

c) A Holiun leak detecting test sho.11 be perforned, 

and 

d) The conplcte coil including connections shall be 

filled with water under 60 o.t and tested. 
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Any joint fo.ilinc o.·i; o.ny of those tests 

sho.11 bo renaclo. No repairs nro perni tted. 

8.4. Insulation of the coils 

8. 4.1. Genoro.l 
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The coils shall boho.vo ns ricid units in 

ardor to nininise tho effect of nocho.nicnl forces 

oncl tonpernture stresses. 

The insulo.tion sho.11 also be wo.ter-ticht 

ospocio.lly a.co.inst condensed wo.ter, which could be 

found on the coils o.fter lancer shut-downs. 

It is the experience of CERN tho.t these 

requirenents co.n only be net by using o. suito.ble 

conbino.tion of p,las-nico. to.po and thornosetting resin. 

The only nccopto.ble insulation processes 

shall be o.lternntively: 

1. Tho intorturn or conductor insulation is wound 

in the f orn of o. to.po of nico.-po.per bonded to o. glo.ss 

substro.to, o.ncl finished with o. suito.ble to.po for 

nechanico.l protection. The ground insulation is then 

wound a.round the individuo.l po.ncakos in o. sinilo.r 

wo.y and the whole po.ncnko placed in o.n o.doquo.te nould, 

Givinc it the final dinensions. After dryinc tho 

nould is evncuo.ted o.nd tho coil inproennted under 

vo.cuur.1 with o. chosen thernosottinc rosin. The 

nould is then placed in an oven for the polynerisation 

of tho rosin. 

2. The interturn o.nd cround insulation consist of 

epoxy resin pre-inprogno.ted nicn po.per-clo.ss substrate 

to.pas a.co.in with protective to.pas. The coil is placed 

in a nould, evo.cuo.tod o.t o. tonpornturo where the 

rmxinun fluidity of the rosin is obto.inod o.nd 

polyncrized under vo.cuun. 

3. A conbinntion of ncthods 1 o.nd 2. 
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Any insulation, even the conductor one, can 

only be applied after the coil had been completely 

wound, formed and bent into a panc.ake .• 

It iD not porrlissiblo topolynorize the inter

turn insulation before winding the ground insu~a~ion. 

Such a method does not give sufficient guarantee that 

the two insulations will later not separate under the 

influence of stresses and radiation. The thickness 

of the main winding conductor insulation shall not be 

inferior to 0.8 mm and that of the ground insulation 

to 2 mm. After having been immersed. in water and 

tested electrically as stated in par. s.5., the coils 

shall be painted with a suitable water repellent 

paint. 

s.4.2. Testing of radiation resistance 

The excitation coils will operate in an 

irradiated zone due to beam losses occurring in the 

Booster Synchrotron. In order to determine the 

radiation resistance of thermosetting resins, CERN 

has investigated the b9l:'J.a,y~9u_r _o_t epozy .. resins,· 

cured v,:ith different hardnera; the· results are 

summarised in the report IS.R-MAG/67-3, available on 

request. 

The tenderer will have to submit 20 samples 

of the resin he intends to use. These samples shall 

be sent to CERN together with the tender. The sample 

dimensions shall be 90 x 20 mm.2 with 3 mm thickness. 

The acceptance criterion for the insulation 

will be the flexural strength behaviour, measured 

on 5 selected samples. The average value of the 

flexural strength behaviour, nonsured on 5 selected 
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sonples. The o.vernce vo.lue of tho flexurnl stronGth 

neo.surod on those five so.nplos hnvinc o.bsorbecl n 

c1oso of 5.109 ro.ds shnll not bo inferior to 50% of 

the nvernee vnluo nensured on 5 not irrndinted so.nplos. 

s.4.3. Sonple tests on insulntion 

The nechnnico.l properties of the insulntion 

will be tested in tho following way: 

Three bnrs of 2 noter length with a cross-section 

equnl or close to the finnl conductor cross section 

will be adequately insulated o.s stnted in po.r. 8.3.1. 

Hot wnter sho.11 flow in the inner and cold wnter in 

the two outer ones, until o. tenpernture difference of 

30°0 is reo.ched. The wo.ter flow sho.11 then be 

inverted until the so.no difference is renched, o..s.o. 

The cycle shnll be repented 1000 tines, o.nd the 

therno.l expansion recorded durinc tho entire test. 

After this test tho bnrs shnll withstand o.t loo.st 

10 kV nt 50 Hz; tho bnrs sho.11 then be tested to ms 
breakdown. 

8,4.4. Prototype coil tests 
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In order to check the so.tisfo.ctory qunlity 

o.nd process of insulo.tinc nnd inprogno.tinG the coils, 

n no.in excitation winding 3-turn pr'ototype pnnco.ke 

shall be no.nufo.ctured within 6 nonths of the controct 

signature. This prototype coil shnll be tested o.s 

fo'.l.lows: 

1. The insulntion resistb.nce of tho conpletely 

insulated nnd inpregnnted pancake shall be nensuro,d 

at 2500 V 1 n wetted cloth wrapped a.round the po.nc~kc 

representing the cround. 

The coil shnll then be innersed in to.p 

wo.ter o.t DJJ.bient tenpero.ture durine 1 week nnd the 

insulation resistance a.go.in neo.sured. 
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2. The coil sho.11 then be subject to thernnl cycles 

by ndjustinG tho current such o.s to obtnin n 40°0 

tenperc.ture difference between inlet ond outlet water. 

The current shnll then be reduced to zero o.nd the 

po.ncoko cooled down to to.p we.tor tenpero.ture, o..s.o. 

This cycle shall be repented 1000 tines. 

3. After this tost, the po.ncoke sho.11 a.co.in be 

iIJUorsod in tnp wntor for o.t leo.st 24 hours. Tho 

insulo.tion resisto.nco sho.11 then be nco.sured o.s 

sto.toc1 under 1. It sho.11 exceed 500 HD. 
A 7 kV , 50 Hz -20 ninuto tost shall be porfomed. rns 

8.5. Testinp, of the finished coils 

8.5.1. Dinonsiono.l tolerohces 

The dincnsions o.nd tolerances o.s indicated 

in Fie;. 23, 24 o.nd 25 sho.11 be chocked b;y- o.doquo.te 

nethods, proposed by the tend.eror. The overo.11 length 
O· 

tolerance is± 1 to 2 rn.1 o.nd.t 0.3 Ill for the disto.nce 

between the in~or fqcos of ~he coi~s over the entire 

gap length. Tho sane tolora.nco shnll be kept 

in the case tho.t tho correctinc winding is 

nanufo.ctured tocother with the no.in excito.tion win.dine. 

The tolerances for the hei·cht··a1'·-·on-e .. -· 

po.ncoko coil o.nd· for the exci to.tion vtindinc in one [SO.P 

in o.ccordo.nce with Fie;. 23 and 24 have to be ob served, 

o.s tho relative conductor loco.tiori in thc:i'gtt.p 

influences tho nnenetic field distribution. 

8.5.2. Electrical tests 
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The electrical resisto.nco of co.ch coil 

sho.11 bo neo.surcd and recorded. The neo.surod values 

sho.11 be in o.c;reonont with par. 8.3.1. 

Not before one week after tho inpreeno.tion 

process, co.ch 6-turn po.nco.ke sho.11 be subnittcd to 10 
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thorno.l cycles with n tcnpero.turc difference of 
0 

Lit = 30 c. 
The wo.tcrflow in every 6 turn po.nco.ke sho.11 

be neo.sured. It shall exceed 4.5 l/nin o.t o. pressure 

drop of Lip = 2.0 ct. 

The po.ncnkos sho.11 then be innorsed in to.p 

wo.tor a.t a.o.bient tenporo.ture for 24 hours, only tho 

electrico.l ternino.ls being o.bove the wo.ter surfa.ce 

o.nd the followinc tests will be perforned: 

o.) a. 7 kV , 50 Hz test durinc 20 ninutes between 
rns 

conductor o.nJ ground (wo.ter). 

b) o. 20 kV, 1. 2/50 inpulse vol ta.~e test, the vol to.ce 

beinc; a.ppliec1 to one ternino.l, the other one being 

grounded. At lea.st 10 pulses sho.11 be o.ppliod. The 

no.nufo.cturer sho.11 propose a suitable interturn 

fo.ult detection nethod for this test. 

After these tests the insulo.tion resistance 

between conductor a.nd water will be neo.sured with 

2.5 kVdc" Tho resisto.nco sha.11 be higher tho.n 500MO. 

Any po.nco.ko fo.iling o.ny of those tests 

sho.11 be replaced by o. new one free of cho.rge. 

8.6. Correctin~ windings 

As shown in Fie. 25 two 2-turn conpenso.ting or 

corroctinG windings o.ro foro~ocn in every go.p inside tho 

no.in oxcito.tion windings. The conductor insulation thickness 

of this qorrecting windinG o.nounts to 0.75 rJTJ a.nd the grou:nd 

insulation to 1. 7 on. Tondorers no.y nlso propose o. cannon 

ground insulation for the o.djo.cont no.in winding coils o.nd 

for tho corroctinG winaing. In this co.so in addition to 

tests B.5.2. tho insulation between both correcting windings 

and the no.in excitation coils sho.11 be tested with 5 kV rns 
o.t 50 Hz during 20 ninutes, cmc1 o. 500 MO insulo.tion 

resisto.nco neo.surod a.t 2.5 kV~. 
CLO 
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Tho insulation between tho two correctinG windings shall be 

tested with 1 kV , 50 Hz during 20 ninutes and an insulation rns 
resistance higher than 200Iv1~l neasured. If separately wound 

and with separnte ground insulation, tho correctinG windings 

shall be tested as follows: 

n) After 24 hours wnter ir.mersion o. 5 kV , 50 Hz-20 rns 
ninute test between both conductors and eround (wnter) and 

b) a 1 kV 950 Hz-20 ninute test between the two correcting rns 
windines shnll be perforncd o.nd 

c) an insulo.tion resistance larger thnn 500 M.ilneo.sured 

between both windings and their corJDon Ground insulo.tion. Tho 

insulation resistance between the two correct:i.n'G windings sho.11 

be greater than 200 M!l. 

B.7. Mountinh of the coils 

The relative position o.nd the nounting of the coils 

is shown in Fig. 3. In principle tho excitntion coils, 

protected by vetronite (elo.ss fibre reinforced epoxy resin) 

plntes of o.dequo.te thickness o.:nd placed with o. ti&ht· -:0-.2 nn 
•'·'••' ····. 

tolerance in the go.rs, should by thenselves support the 

nochonica.l stresses. On the no.{Snet open sic1o the naenetic 

plugs, closinc tho go.ps will help to support the .outward 

forces on tho coils. 

As shown in Fie. 26 o.nd 27 the coils o.re on the 

external yoke side held by o. stainless steel bo.nd which is 

fixec1 to the r.mGnet in the wedge shaped eo.p between the two 

blocks. 

The 90° bent coil ends a.re fixed to the two frontal 

end plates by aluniniun or stainless steel holders with 

votronite blocks a.s insulating inserts. 

Figures 28 nnd 29 show the proposed layout of the 

electrical n.nd hydraulic interconnections between the four 

no.in excitation windines. 45 x 45 rili2 cross-section 

vortico.l copper ho.rs o:re f'orcse0n a.s · olectri.ca.l connections 9 

insulated with the SCl.!J.e insulation o.s the rrnin wind'ines. 

PS/6526 
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The bo.rs a.re fixed to the no,gnot yoke 1)y votroni to plo.tc 

insula.ted sto.inless stool or o.luniniun holders. In order to 

provide for o,doquo.te coolinc wa.ter distribution, holes sho.11 

be drilled nt the ends into tho copper bo.rs o.nd the rubber 

hoses fixed vio. "Erneto"-typo connections. 

Fi&. 29 shows the deto.ilod dra.wing of the proposed 

eloctrica.l o.nd hydrnulic connection between the bus bnr a.nd 

exci to.tion coil. 

Fig. 30 shows the electricnl nnd cooling wo.ter 

schenes for the four no.in excitation windings. Windings 1 

o.nd 4 nre series connected followed by the series connection 

of 2 nnd 3. 

There will be one cooling circuit ·per every full 

oxci ta.tion windin13, i.e. per ono nngnot gnp. 

As n genera.l rule it nust be stated thnt no or130.nic 

insulo.tin13 naterio.l nor o.ny rndio.tion non resistant no.terio.l 

sho.11 be used for fixinG the coil to the nngnet. 

s.s. MonitorinR and protectinG circuit nnd devices 
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Figures 30 o.nd 32 show the schene of tho nonitorine 

and protectin13 devices nnd of their connection to the protec

tive relays. 

It is suggested to nonitor the excitation winding 

tenperntures by four identical foil thernoneters Th 1 to Th 4 
(See Fig. 23). These a.re sto.ndo.rd nercury or o.lcohol conto.ct 

thernoneters, placed into a sno.11 copper tube which is itself 

welded to o. thin copper sheet plo.ced between the upper nnd 

lower excitation coil in ea.ch gnp o.nd nt the wo.rn water exit 

side. Tho contacts of the four thernoneters a.re series 

connected o.nd a.re closed o.s long o.s the tenpero.ture does not 

exceed o. certain ndjusto.ble value. 

The water flow for two cooling circuits, thnt is 

for two excitation windings hydraulically in parnllel is 

nensured with nn 11 Eletto.11 -type flowneter. The o.vero.ge warn 

wa.ter tenpero.ture for the prototype no.gnet is nonitored by 

thernonctcr Th5 plnced in the no.in water duct. 
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The 0-15 o.t Llio.1-pressure conta0t r:rn.noneter Ml and the 

0-10 o.t dial nm1or.rnter IVI2 neo.sure tho wator pressure at the 

nagnet entrance and exit. The Lmnonetero have o.djustablo 

nininru_1 o.nd r:io.ximUD contacts. 

The eontacts of all neters are series connected such 

that the cont.nets arc closed under nornnl opera.ting conditions. · 

A list of nanufo.cturers cmrn prefers for tho flowi;ieters, therno

neter Th5 .o.nd for the nnnonoter is attached to this specification. 

Fig. 31 shows the location of tho neasuring a,nd 

protecting instrun:ents mid their fixation to the nagnet. 

B. 9. Tests on tho ~onplotely nounted p:roto,!y..E.£_no.gnet 

Tho following tests sbo.11 bo perforned once tho 

coils and all tho lJ.onitoring and protecting equipment is 

r.iounted: 

i) Tho nain wa.ter outlet circuit sho.11 be closed and a.11 

excitation coils filled with water under (conpressed air) 

pressure of a.t lea.st 40 o.t. This pressure shall be applied 

during a.t least 30 ninutes. No lea.ks or pressure drop shall 

o'1cur. During this tesr tho na.no:oeters ~:na. flowmeters will be 

disconnected or o.doqua.tely protGcted. 

ii) A 7 kV-50 Hz voltage test shall be performed for 20 

ninutcs between tho no.in and correcting windings and between 

these two windings ago.inst the grounded no.gnet core. 

iii) The insulo.ting resistance between the above windings 

and ago.inst ground shall be neo.sured o.t 2.5 kV de and values 

o.bovo 500 M.f2 be found. 

s.10. Sneciul thin excitation coils 

Two of the 32 Booster Synchrotron bending nagnets 

along boon injection and ejection lines a.re foreseen to be 

equipped with special higher current density and thinner nain 

excitation coils. 

In order to check tho porforno.ncc and to conpenso.te 

possible nngnotic field differences in the gaps of these 
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special no.cnots with respect to the 30 sto.ndo.rd ones, 2 spocio.l 

coil po.irs shnll o.lso be nnnufo.cturod a.nc1 dolivored with the 

prototype bondinG no.anet. Those coils will later be inserted 

into two of tho four 50.ps a.nd o.doqua.te na.enotic noa.surenonts 

porforned. 

The specia.l thin coil dosien is. shown on Fie. 33. 

Ea.ch excitation windinc consists of two 6-turn coils. Tho 

conductor cross-section is 13 .±. O. l x 11. O .±. 0.1 rm
2 with o. 

6.5 nn ¢ coolinc hole; the corners a.re roounded off with 

p = 1 nn. Tho conductor insulation thickness is 0.75 nn, tho 

ground insulation 2 nn. 

All four special coils sho.11 o.t their inner po.rt 

ho.vc tho two corroctinc windincs, a.s shown in Fie. 33. 

Thero sha.11 be one coolinG circuit per one 6-turn 

coil. At o. pressure drop of t. p :::i: 5. 5 a.t a. wo.ter flow per 

coil of Q :::i: 5 l/nin sha.11 be neo.surec1. Tho olectrica.l 

resistance of one coil nt 20°0 sha.11 be inferior to 4 nn. 
Tho spocia.l coils sho.11 be insulated in the so.no 

wo.y o.nd with the sor.1e insulation a.s tho no.in excitation coils. 

The spocinl coils shall be tested in a.ccordo.ncc with 

po.r. s.5.2. a.nu B.6. 

The special coils shall be no.de in such o. wa.y ns 

to be ea.sily connected to the no.in electrical o.nd coolinc 

wa.ter distributinc systen, shown in Fic. 26. 

{ 
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Detailed inforDntion to be t~ivcn by the tcnclorcr conccrninr;: 

A. Map;no t Coro 

1. Mncnetic, necho.nicnl o.nd GGonotrico.l properties of the 
silicon stool lonino.tions. 

2. Punchinc procedure for the no.in lnnino.tions, punchinc or 
no.chininG procec1uro for the end profile lnnino.tions. 

3. Insulo.tion of lo.nino.tions. 

4. Stnckins o.nc1 weldinc procedure, precision that cnn be 
obto.inec1. 

5. Assenblinc of blocks into conplete no.Gnat unit. 

B. Excitation Coils 

6. Detailed description of insulntinc no.terio.ls, thernosettinB 
resin, hardener, inprecnntion process. 

7. Behaviour of proposed insulo.tion under ncchnnical, thernnl,. 
dielectric stresses, rndio.tion resistance. 

s. BrnzinG technique. 

9. Quality of conductor copper. 
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List of Drawings . 

1. Artist's inprossion of tho Booster Synchrotron 
2, Mo.gnats and quo.drupolos in tho Booster ring 
3. Prototype bonding nngnot - o.ssonbly 
4, Current ond voltage cycle of Booster nngnets 
5, Stool shoots 
6. Required de no.gnotj_sntion curves 
7. Flatness control 
s. 
9. 
10. 
lOo., 
11. 
llo.. 
llb. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 

30. 
31. 
32. 
33. 

Length nnd pnro.llolisn control 
Gap control 
End plntos (nagnotic) 
End plates (non-nagnot-ic) 
Mo.gnot block (no.gnetic end plates) 
Magnot block (non-no.gnotic end plates) 
Mngnot block with straight ends 
Block vertical reforenco plane chocking 
Block height ond po.rnllolisn ·chocking 
Go.p width and length chocking 
Dinonsions of blocks 
Block positioning 
Wodgos 
Botton plate 
Top plo.te 
Mounting gauge chocking 
Gap closing plo.te 
Clo sing plo.te clo:np 
Main excitation coil (I) 
Main excitation coil (II) 
Correcting coils 
Yoko side coil fixation 
Coil fixation to the ond plates 
Bus-bo.r fixo.tion to no.gnat yoke 
Eloctricnl and hydraulic connections of tho 

nnin excito.tion coils (doto.il) 
Main winding cloctrico.l and cooling water schones 
Disposition of rmin connections o.nd instruncnts 
Bending no.gnat protecting circuit 
Special thin excitation coil 

' 
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List of CERN Stancla.rd Acc0ssorios 

Reference 

Wa.ter outlet thernonetor 

0 to l00°C 

Inlet nruioneter 

0 to 25 a.t 

Outlet nanoneter 

O to 10 o.t 

Water flowneter 

10 to 20 l/nin 

Rubber hoses 

Water couplinl}S 

no.in ter:oina.ls 

l 

Sta.ncla.rd CERN/MPS 

Antina.cnetic No 245 R 

Sensor T 6734/T 6719 

Contacts E 5417/Ni89 

Standa.rd CERN/MPS 

11.ntino.gnetic 

No l R VICOS/803 

sane 

Contacts E 5417/N 189 

11Eletta.11 VI - GO 

Bull cord, nirduc 15 

Mod. 5115 1 11 G. Si 

Moel. 5015 1 11 G. Si 

(bro.ss) 

Supplier 

Ha.enni AG 

Jegenstorf - Bern 

Switzerland 

sane 

Elektrisko. A.B. 

Stockholn 

Sweden 

Angst und Pfister AG 

Stanpfenbo.cherstr 144 

Zurich, Switzerland 

C Wa.lker GnbH 

Wupperta.l - Vohwinkel 

Gorno.ny 
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i) Page 6, par. 1. 3 add 

ii) Page 8, par. 2.2 read 

iii) Page 11 2 par ._J... 2 .! 1 v ).~ : 

iv) Page 12, par. 3.2 • .2..3orrect: 

v) 

vi) 

I I par.3.2.4 correct 

in Fi& 6 

Page 21, par. 4.8 iv) add 

Page 22, par. 5 last part 
correct 

CERN would expect a delivery of 
9 months for the first magnet 
and of 18 months for all 33 
magnets. 

distortion instead of 11 distrotion'' 

affects instead of' 'effects'' 

spread AH instead of"spread H'' c c 

( H + b H ) . ~ 0. 3 5 + 0. 0 3 [A/cm ] 
c - c -1.3 

+ .8 µ instead of 
r 

- .6µ instead of 
r 

The gap parallelism checking as 
shown in Fig. 9 hes to be adapted 
to Fig. 5 i.e. all measurements 
to be performed from the inner 
gap reference surface. 

•• and of the same 13 mm height 
as the end plates. 

vii) Page 34, oar. 8.4.1 correct: glass instead of''gla.s": 






