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I ! f. 

A 55 Mjouîcs y.-"net hî« been instal led and cora i i -
sicned at CERN for the P-apid Cycling Bubble Charter of 
the EHS experijent (European Hybrid Spectrometer). The 
magnet consists of two separate circular c o i l s , ar-sei— 
bled v i th their axis hcriïontal into a cassive iron 
structure, and provides a cencral f ie ld of 3 T in a 
useful volume of 1.4 n iv diameter and 0.82 m gap with 
a completely azi=ut!...l!y free acceptance of *18* froo 
the central plane. Special features of the eagnet, 
which is ot.ien.iic of a c lass ical pancake-type, bath-
cooled design, are a re lat ive ly high average current 
density (2S?G At-rp/cr.2)?.r.d an elaborate support struc
ture required by the particular force configuration 
within the iron structure. 

Main characteristics 

The cHS experiment is being set up at CEP.'.' by a 
joint collaboration of European Laboratories'. The cen
tral part of this device is a Papid Cycling Eubbit 
Chaober constructed at P.utherford Laboratory. This bub
ble charier is equipped vith a large superconducting 
magnet which was contracted by CEP.N to the CES/Saclay 2. 

The general configuration of the systea is shown 
schematically rn Fig. I. The cylindrical Bubble Charter 
has i t s axis horizcntal and i s actuated axially through 
a circular plast ic belicv-piston asserbly driven by a 
hydraulic expansion sys tes which i s tied to an l20-tt>n 
iron frase. This fraze serves also as a yoke for the 
magnet, though contributing l i t t l e to the central f i e ld , 
and for reasons of syczietry i s .-plit into two thick 
vert ical plates braced by 4 massive cylindrical coluims. 

further eventual uss The main parameters of the co i l s 
are given in Table I . 

TAP.1.E I 
Room temperature bore 1.4 m 
Roow teir.peraturc tap between co i l s 0.82 et 
Acceptance angle from central plane +18* 
Overall O.D. of cryostats 2.8 m 
Winding 1.1) 1.65 m 
Winding O.D 2.4 m 
Axial lepçth of each coi l winding 0.46 m 
Distance :itween windings 1.13 m 
Nurb«T ol double pancakes per coil 13 
Nutrber of turns per double pancake 84 
Conductor dirensions 14.8 x 8.6ira 
Spacing between pancakes 3 cm 
N&cinal current 4000 Asps 
Central f ield 3 T 
Peak f ie ld on the conductor 5.8 T 
Total Arp x turns 8.74 10* 
Stored energy 55 MJ 
Conductor weight 8 tonnes 
Total weifht per coi l (at 4.2 K) 12 tonnes 

Coil construction 

The coil design follows a c lass ical scher* similar 
to exist ing laige DC cagnets. Each coi l i s cade of 13 
double pancakes separated by spacers and inrtersed in 
l iquid helium - i shown in Fig.2 . 
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Fig. I S-hematic view of RCBC and superconducting 
magnet. 

The two circular co i l s art coaxial with the cham
ber and generate a horizontal field of 3 T in the cen
ter. They are built a; two ssparate units and are r i 
gidly supported onto the respective backing plates of 
the iron frase. In such a way, the space between the 
co i l s is completely free for bean access and detcccor 
location and the gecr.etry can be easi ly changed for 
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l i g , 2 - Cross-section of one coi l with siain parts of 

the cryostat and supporting colutms. 

The conductor i s cade of a rectangular copper s tr ip 
(14,8 x 8.6 irm2 cross-section) with a rectangular long
itudinal groove in which is laid and soft-soldered a 
Cu-KbTi miltifilaircntary composite of dirensions 3.45 x 
5.7 inn2. This composite contains 823 f i larents of KbTt 
of 96/*- twisted along a pitch of 100 m with a Cu/Sc 
ratio of 2 /1 . The rated current for this conductor i s 
4500 A at 6.5 T and 4.5 K and the r e s i s t i v i t y ratio of 
the copper between 300 K and 4.2 K i s above 300 ac zero 
f i e l d . 

Each double pancake was vound separately using one 
t ingle length of the above conductor, 560 ceter long, 
so that no e l e c t r i c a l joint i s required en the inside 
of the co i l . The winding line includes a rol ler head 
for straightening up and gauging the conductor both 
ways, a constant tension device (400 kg winding tension) 
and a horizontal turntable. In order to wind double 
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pancakes, half of tht conductor length was f i r s t vovnd 
on an auxiliary sp°°' which was l i f ted cbcve the turn
table. Then both single pancakes were wound successively 
in opposite directions start ing fror the riddle point. 
Electrical insulation was laid between turns during the 
vending by eeans o£ a mylar tape of the width of the 
conductor and 350u.thick, leaving the small edge of t.ie 
conductor bare for cooling purpose. On the last turn of 
individual pancakes a s ingle turn cf a 1.5 ma thick 
Stainless steel tape was added and short welded in order 
to prevent the outer turn from slipping or loosening. 
Detail of this part of the vfnding is shown in Fig .3 . 
Ko other reinforcement or bandage were included as the 
hoop stresses in the conductor do not exceed 7 kg/cs 
at ful l f ield without bandage. 
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Fig.3 - Detail of winding showing the introduction of 
the SST bandage at the last turn. 

After being wound, the riouble pancakes were stack
ed together with glass epoxy interleaving spacers en 
the 5 co thick bot cor. place of the helium cryostat 
(see Fig.4) and axial ly clasped onto this plate by 
means of a counterplate and two coaxial rows of aluni-
niun t i e rods. A precorpression of the whole coil of 
100 tonnes was achieved during assembly, which guaran
t i e s a minicum of 50 tonne* to be caintened permanently 
after cooling down and after further compaction induced 
by the high magnetic load cycling, so thac Che coi l 
v i l l never becore loose. 
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The fiber class spacers between individual pancakes 
are 3 m thick and afo cut for leaving radial cooli.ig 
channels cf. 40 in; width. Approxirately 62Ï of tht con
ductor edpe surface i s exposed to l iquid he l iue £t the 
inner turns (where the f ie ld i s maximum.) and 43Z at the 
outer turns. 

Electrical connections between double pancakes were 
case by indium solderin* of the two conductor ends t o 
gether and heavy clamping with copper and s ta in less 
s tee l p lates , as can be seen on F ig .4 . 

After these joints and a l l the various sensors were 
secured into place, the helium can was closed and shut-
welded, except for the doc* part, after which the co i l 
vas ready for corplete assembly of the support structure 
and of the retraining components of the cryostat . 

Support structure 

The coi l i s completely supported onto a 20 cm thick 
iron annular vert ica l p late , which both serves as the 
vacuus tank wall and as an integral mewber of the r a s -
s i vc iron frame previously mentioned. 

The support structure has to f u l f i l l a nucber of 
simultaneous requirements : I) Support the a i i a l force 
between the co i l and the iron yoke (250 tonnes full 
f ield-horizontal magnetic load. 2) Hold the weight of 
the coil d 2 tonres vert ical ) and oth».- transverse for
ces due to asymmetric load* such as close-by shielding 
for aerogel counters. 3) Stand for vibrationnal pulses 
transmitted by the RCEC expansion systes: to the iren 
structure (fundamental frequency of 20 to 30 Hz), which 
can be apolied either with or without the f i e l d . 4) Ac
comodate the thermal contraction difference between the 
co i l and the wars iron. 5) Keep a centering colerance of 
chc magnetic axis with respect to RCEC within 0 .5 en 
under a l l the above e f f e c t s . 6) And, minimize the heat 
load to the cold sink. 

The adopted scheoe features two se t s of supports. 
The f irs t set takes care of axial s t a t i c and dynamic 
components. It consists of a ring of 24 fiberglass/epexy 
columns t ied becween the helium can base plate and the 
ware iron plate through spherical bronze bearinps at 
both ends of each colurni, as shown in F ig .2 . Each glass 
column, 45 rnn in diameter, i s made of high strength high 
codulus uniaxial fiber glass and i s able to withstand a 
a compress fore* of rare than 70 tonnes with a Young's 
modulus of about 3800 da N/ro 2 . «eat intercepts are 
provided at one position of each column by means of alu-
•inium collars cooled by helium gas evaporated fron the 
cryostat. In th i s way, Che heac inpuc ac the 4.2 K end 
i s only 0.175 Watt per column. Fig.5 shows the columns 
part ial ly assembled. In addition, 10 peripheral titanium 
rods, a lso parallel to the axis and t ied under prestress 
between the l!e can and the iron, maintain a permanent 
compressive load on the glass columns of 50 tonnes when 
the magnet i s not energized, which enables the expansion 
system to be operated with or without f i e l d . 

The second set of supports i s aimed at carrying the 
weight ?nd transverse loads in any azitr.uthal direccion. 
It consiscs of an array of tieanium rods disposed in a 
vert ical plane according to Che paccern shown in Fig .6 . 
The rods are 16 nil in diameter, are tied through spheri
cal bearings to the He can base plate and to Che iron 
plate and aie eouipped wich heac incercepts connected 
to the thermal shield. They are prestressed during as
sembly with a force about 4 tonnes per rod in such a 
way as co cencer the coi l properly and Co maintain the 
required centering colerance during oparacion. 

Fig.4 - Stacking of Che pancakes or. Che cryostat bas* 
plate, vith interpancake electrical connections. 
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Fig.5 - All—.-elded helium tank «.-' th the ring of g lass -
fiber columns attached to the botton plate. 

Fig.6 - Configuration oi suspension rods and glass 
columns (outer r ing) . 

Cryostat 

The shut-welded helium can v~* completely surround
ed by an aluriniuo there»! shield covered with super-
insulation. The shield is cooled by cold vapour fron 
the cryostat circulating in a welded aluminium pipe. 
The cooling loops are al l in s er i e s , starting with the 
heat intercepts of the columns, at the lowest tempera
ture (sV20 I'), and running along the various sectors of 
the shield, to cose out at a temperature of about 50 K 
which is s t i l l usable fcr cooling a shield on the Bub
ble charter or for returning to the refrigerator heat 
exchanger lir.e. This avoids the use of liquid nitrogen 
and leads to opticus cooling eff ic iency. 

The vacuus tank is a bell-shape s ta in less - s tee l 
can which was sealed onto the iron plate cover by nans 
of double 0-rir.g gaskets with inter vacuus pumping. 

Sext ca=e the assertly of the upper dore including 
power leads ar.d cryogenic l ines . The power leads are 

rade of massive copper rods with cut-out fins and are 
inserted in c lo se - f i t s ta in less s t e e l pipes. They are 
cooled by a counter flow of cold heliun gas and have 
enough tl.ernal capacity to carry the full current for a 
period of 400 sec . without any cool ing, which enables 
the current to be safety discharged in case of failure 
of the heliuai flow. All parts of the dore were shut-
welded and tt.err.al insulation was provided in the s are 
way as tor the c i in part of the cryostat . Figure 7 shows 
an intermediate stage of the dore assembly. 
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Fig.7 - Dome being assembled, showing the current leads 

The las t element of the cryostat i s the pumping 
l i n e , which i s counted on the outside shel l of the 
cryostat at 90* fron the done. A double s l eeve , with 
separate vacuus, enables instrumentation wires to be 
f'd through the vacuuo port. Figure 8 shows the complet
ed c o i l with i t s upper dore and vacuus port assemblies. 

Tests and performances 

The two co i l s were f irst tested separately at 
Saclay. A major part of the e l e c t r i c a l test ing equip
ment vas supplied by CEP-V, including a 10 V DC power 
supply, the dump resistance, connecting cables and a 
microcomputer-based data acquisit ion system for record
ing the cany sensors insta l led in the magnet. About 120 
measuring points were monitored in each c o i l , 32 for 
temperatures, 43 for strain gauges, 30 for voltage taps, 
e t c . Cooling -own was carried out using an in-house 
refrigerator, followed by direct transfer from storage 
dewars. 

All specified t e s t s were carried out successful ly , 
including a number of charges at nominal current, 
followed by repeated discharges on a 2iuvdurp res i s 
tor , and an ultimate test at 4200 Amps and 4.5 K (Vf. 
above spec i f i cat ion) . Ko quench was experienced during 
these t e s t s . 

Following these t e s t s , the co i l s were transported 
and mounted on the iron structure at CEFJi, where a l l 
the peripherical equipment was provided and insta l led 
by CER.N, These include a 100 1/h l iquéfier and storage 
dewar, cryogenic and safety circuits,vacuum pump, com
puter control and monitoring. 

The complete t e s t of the magnet was carried out in 
April 1980 following the same procedure and leading to 
the same performance as during inaividual t e s t s . Sub
sequently, the magnet was operated censistantly for a 
period of two weeks for f ie ld mapping. It i s at present 
shut down for insta l la t ion of the Eubble Chamber, which 
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i s scheduled for f i r s t test ing in î.'cverber I960. I";gur* 
9 shows the caynet asserbly at CEP-:. 
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Fig.8 - Completed c o i l . 

The performances obtained during the above tes t s 
deserve a few corr-ents : 

- With respect to actual short sarple eeasurecents 
•t 4.5 K, the caxicun operating current of 4200 A 
achieved in the cagnet represents 93" of the cr i t i ca l 
current along the peak f ie ld lead l ine . This leaves a 
température rargin of less than I K for intrinsic sta
b i l i t y . 

- The overall s t a b i l i t y of the rag..et vas clearly 
demonstrated since no quench was experienced up to this 
«axicua current, in spite of the fact that ful l cryo-
stabi l i ty (according to the so called "Steckly" cr i ter
ion) was not accounted for in the design. In order to 
f u l f i l l such a cr i ter ion, a heat exchange coefficient 
of nearly C.5 W/cn2 would be needed in the peak f ie ld 
region, which is about tvic* what can be reasonably 
expected in steady s ta te . This last statecent was effec
tively confirmed en tes ts of a small solenoid rade of 
the s are conductor with siirilar cooling channel confi
guration, for which a recovery current of 2800 A was 
ceasured after inducing a r t i f i c i a l l y a normal transi
t ion, whilst the rinicum propagating current was of the 
order of 3500 A. 

- The actual s 
plained by the fact 
there is no source 
locally the therr.al 
and by the heliux b 
cxcursi:n. The =?jo 
ins tab i l i t i e s i s re 
generating heat by 
built in the coi l b 
construction, such 

l ab i l i t y of the ragnet can be ex-
that in a magnet of this structure 

of ins tab i l i ty large enough to exceed 
enthalpy offered by the conductor 

ath within the allowed tesperature 
r effect generally recognized for 
chanical roticn within the c o i l , 
f r i c t ion . With the high compaction 
cth axially and radially during the 
poss ib i l i ty of cot ion i s practically 

el irinated aad the whole co i l behaves as a so l id body 
which i s frse to expaco or to contract hororcneously 
and e l a s t i c a ' l y . On the other hand, the volur.e of 
heliuc in direct contact with the conductor provide, 
by the heat of vaporisation alone, a ht i t sink of 0 .1 
joule per CE length of conductor which could s t i l l allow-
local displacements as hiph as lOO/i.. In conclusion, 
the relat ively high current density -chieved in this 
cagnet, corparcd to other large nagr.ets, i s safe and 
could probably be further increased in similar applica
t ions . 

- A s l i gh t ly different behaviour has been observed 
when discharging the ravnet in the dun? resistance. 
During separate t e s t s , the f i r s t co i l dissipated rough
ly the atrount of energy vhich was expected frop eddy 
and coupling currents in the conductor, but the second 
coi l dissipated about 3 t int J irore. Furthermore, during 
the complete t e s t , i t vas found that the dissipated 
energy increased i f the discharge t ire constant was in
creased, which showed evidence of a local norral tran
s i t ion vh-..i the i n i t i a l current i s above 3500 Arrps. 
transition vhich did not propagate over a large area 
and even recovered during the current decay. Though no 
satisfactory explanation has been found for this behav
ior , i t could be due to a length of untwisted conductor 
which r.?y have occurred accidentally during conductor 
fabrication. 
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Fig.9 - Completed ragnet instal led at CERN; 
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