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SUTERCONDUCTING MAGHET FOR EHS

E. Desportes, R. Duthil, j5.C. Célébzvt, C. leschevin, C. Lescond.
CEA/Saclay, DPh/PF-STIPE (France)

A 55 Mjoulcs Mronet Lz« been imstalled and commis-
sicned at CERN for the Rapid Cycling Bubble Chamber of
the FHS experirent (Eurogean Hybrid Spectrometer). The
magnet consists 3f two separate circular coils, arser
bled with their axis herizontal into a rassive iron
structure, and privides a central field of 3 T ir a
usefr) volume of 1.4 n ir diameter and 0.82 m gap with
a cozpletely azizutl..ily free acceptance of +18° from
the central plane. Specizl features of the magnet,
which is otherwice of a2 classical pancake-type, bath-
cooled design, are a relatively high average current
density (252C Amplec?)ard an elaborate support strun-
ture required by the particular force configuration
within the iror ztructure.

Main characteristics

The cHS experi-ent is being set up at CERN by a2
joint collaboration of Eurcpean Laboratories'. The cen~
tral part of this device is a Papid Cycling Bubbiec
Chagber constructed at Putherford Latoratery. This bub-
ble chacber is equizped with a2 large supsrconducting
magnet which was contracted by CERN to the CEN/Saclay?.

The general ccnfiguration of the system is shown
schecatically ra Fig.). The eylindrical Bubble Charber
has its axis horizcntal and is actuated axially thrcugh
s circular plastic Selicw-piston asserbly driven by a
hydraulic expansion system which is tied to an 120-ten
iron frame. This fraze serves aiso as a yoke for the
wagret, though contributing little to the central field,
and for reasors of syr—etry is :plit into two thick
vertical plates braced by 4 massive cylindrical colurns,

RCeBc.
» COILS
3, IRON YOXE
@ EXPANSION SYSTEM
Fig.! - S-hematic view of RCBC and superconducting
magnet.

The tvwo circular coils are coaxial with the cham
ber and generate a horizontal field of 3 T in the cen-
ter, They are built as two separate units and are ri-
gidly supported onto the respective backing plates of
the iron fraze. In such a way, the space bectween the
coils is cocpletely free for beam access and detcctor
location and the gecretry can be easily changed for
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further cventual us=
are given in Tatle 1.

The main parameters of thLe coils

TAPLE 1

Room temperature bore ceecececorecscrcocss |
Room temperature pap between ceils ....... O
Acceptance argle from central plane .,.... ¢
Overal) O0.D. of crys3stats ,...covececenssss 2
¥inding 1.D. .ciuiciecnnencnsinccnnrennnnses 1.
2
(o]
1
1

or
98

Winding O.D. ...c.vvvvevecscsoscsrnconnonss
Axial lercth of each coil winding ........
Distance :.:tween windiags ....cvvevevvenee
Nuzber of double pancakes per esil .......
Nurber of turns per double pancake .......
Conductor Aicensions ...cceeevverroscecnss
Spacing between pancakes ....ceveccvconsee
Norinal CUFTENT ,..c.veccecvrocrorsoororoes
Central field ..c.vveverccvcsocsrrnnnsosne
Peak field on the conductor ..eievvveeness
Total Arp x CUTNS ,...eveverrorcnsscnrsnes
SCOTEd ENETLY oovvenvrravsossnos soossvore
Conducior veizht ...uverocresves sovosensse
Tota) weight per coil (a8t 4.2 K) ..e0vcve-

14.8 x 8,62
3 om

4600 Axps

3T

5.8 T

8.74 105

55 M)

8 tonnes

12 tornes

Loil construction

The coil cesign follows a classical schere similar
to eristing laige DC ragnets, Each coil is cade of 13
double pancakes separated by spacers and irrersed in
liquid helium «3 shown in Fig.2.

¥ig,2 - Cross-section of one coil with main parts of
the cryostat and supporting colurms.

The conductor is made of a rectangular copper strip
(14,8 x 8.6 ¢m? cross-section) with a rectangular long-
itudinal groove in which is iaid and soft-soldered a
Cu-XbTi pultifilaventary covposite of dirensions 3.45 x
5.7 om®. This composite contains 823 filawents of !dTi
of 9644 twisted along a pitch of 100 mm with a Cu/Sc
catio of 2/1. The rated current for this conductor is
4500 A at 6.5 T and 4.5 K and the resistivity ratio of
the copper between 300 K and 4.2 K {s above 3.0 ac zero
fielrd, ’

Each double pancake was wound separately using onme
single length of the above conductor, 560 ceter long,
so that no electrical joint is required on the inside
of the coil. The winding line includes a roller head
for straightening up and gauging the conductor Soth
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 the conductor lempth was first vouvnd
on an auriliary spool which was lifted sbeve the turn-
tablc. Then both sincle pancakes were wound su-cessively
in opposite directions starting fror the riddle point.
Electrical insulatica was laid betwveen turns during the
winding by means of a rylar tape of the vidth of the
conductor and 350y thick, leaving the small edge of tire
conductor bare fér cooling purpose. On the last turn of
individual pancakes a single turn ef a 1.5 == thick
stainless steel tape was added and shert welded in order
to prevent the outer turn froo slipping or loosening.
Detail of this part of the vinding is shown in Fig.3.
Ko other reinforcecent or bandage were included as the
Roop stresses in the conductor do not exceed 7 kg/tz

at full field withnut bandage.
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Fig.3 - Detail of wirding showing the introduction of
the SST bandage at the last turn.

After being wound, the double pancakes were stack=
ed together with glass epory interleaving spacers on
the 5 cm thick bottor plate of the helium erycstat
(see Fig.4) and axially clarped onto this plate by
means of a counterplate and two coaxial rows of alumi~-
niun tie rods. A precorpression of the whole coil of
J00 tonnes was achieved during asserbly, which guaran—
ties a minicum of 50 tonnes to be raintened perranently
after cooling cown and after further corpaction induced
by the high cagnetic load cycling, so that the coil
wvill never becoce loose.

svasdaierd

Fig.4 - Stacking of the pancakes on the cryostat base
plate, with interpancake electrical connections.
|
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The fibder plass spacers betveen individual pancakes
are 3 == trhick and afe cut ror leaving radial cooling
channels cf 40 o= width. Approxicately 62X of the con-
ductor edpe surface is exposed to liquid helium zt the
inner turns (where the field is raxiruz) and 431 at the
outer turns.

Electricai connections between double pancakes were
paje by indium soldering of the two conductor ends to-
gether arnd heavy clarping vith copper and stainless
steel plates, as can be seer on Fig.b.

After these joints und all the various sensors were
secured into place, the helium can was closed and shut-
velded, except for the doce part, after which the coil
was ready for corplete asserbly of the suppcort Structure
and of the reraining ccrponents of the cryostat.

Support structure

The coil is corpletely supported onto & 2€ cm thick
jiron annular vertical plate, which both serves as the
vacuun tark vall and as an integral merber of the ras-
sive iron frare previously centioned.

The support structure has to fulfill a nucber of
sizultaneous requirernnts 1) Support the azial force
between the coil and the iron yore (250 tonnes full
field-horizental cagnetic load. 2) Fold the weight of
the coil (:;2 tonnes vertical) and othe: transverse for-
ces due to asyrzetric Joads such af close-by shieldirz
for aerogel counters. 3) Stand for vibrationnal pulses
transcittcd by the PCEC erpansion systex to the irem
structure (furdazental frequency of 20 to 30 Hz), which
can be apolied elther with or without the field. &) Ac-
ccrmodate the thercal contraction difference between the
coil and the warm iron., 5) Veep a centering tolerance of
the ragnetic aris with respect to RCEC within 0.5 o
under all the 2bove effects. 6) And, minimize the heat
load to the cold sink.

The adoptcd schepe features two sets of supports.
The first set takes care of axial static and dynemie
corponents. It conzists of a ring of 24 fiberglass/epoxy
colurns tied between the helium can base plate and the
varc iron plate through spherical bronze bearings at
both ends of each colum, as shown in Fip.2. Each glass
colurn, 45 om in diaceter, is made of high strenzth high
godulus uniaxial fiber glass and is able to withstand a
a compress  force of rore than 70 tonnes with a Young's
rodulus of about 3800 da N/rm?. Meat intercepts are
provided at one position of each colurn by reans of alu-
pinium collars cooled by helium gas evaporated from the
cryostat. In this vay, the heat input at the 4.2 K end
is only 0.17% watt per column, Fig.5 shows the colurms
partially assecbled. In addition, 10 peripheral titanium
rods, also parallel to the axis and tied under prestress
between the Ne can and the iron, maintain a perzanent
corpressive load on the glass colucns of 50 tonnes when
the ragnet is not energized, which enables the expansion
systen to be operated with or without field.

The second set of supports is aimed at carrying the

"weight #nd transverse loads in any szimuthal direstion.

It consists of an array of titanium rods disposed in a
vertical plane according to the pattern shown in Fig.6,
The rods are 16 cm in diareter, are tied through spheri-
cel bearings to the He can base plate and to the iron
plate and are equipped with heat intercepts connected

to the thermal shield. They are prestressed during as-
serbly with a force about 4 tonnes per rod in such a
wvay as to center the coil properly and to raintain the
required centering tolerance during operation.
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Fig.S - All-velded helium tank v“th the ring of plass-
fiber colu=ns attached to the botton plate.

Fig.6 - Configuration of suspension rods and glass
columns (outer ring). .
Cryostat

The shut-welded helium can w-s c¢onpletely surround-
ed by an alusinium thermal shield covered with super-
insulation. The shield is cooled by cold vapour from
the cryostat circulating in a welded aluminium pipe.
The coolirg locps are all in series, starting with the
heat intercepts of the coluzms, at the lcwest terpera-
ture (20 ¥), and running along the various sectors of
the shield, to come out at a temperature of about 50 K
which is still ussble fer cooling a shield on the Bub-
ble chachber or for returning to the refrigerator heat
exchanger line. This avoids the use of liquid ritrogen
and leads to cpticum cooling efficiency.

The vacuus tarnk is a bell=shape stainless-steel
cap which was sealed onto the iron plate cover by ceans
of dowle O-rirg gaskets with inter vacuus purping.

Yext caze the assesbly of the upper dore including
power leals and cryogenic'lines, The power leals are
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rade of mussive copper rods with cut-out fins amnd arve
inserted in close-fit stainless steel pipes. They are
cooled by 2 counter flow of cold helium gas and have
enough thermal capacity to carry the full current for a
period of 400 sec. without any cooling, which enables
the current to be safety discharged in case of failvre
of the helium flow. All parts of the doce were shut-
wvelded and ttercal insulation was provided in the sare
way as tor the cain part of the crvostat. Figure 7 shews
an interrediate stage of the dore asserbly.
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Fig.? = Dowe being assccbled, showing the current leads

The last element of the cryostat is the pucping
line, which is rounted on the outside shell of the
eryostat at 90° from the dome. A double sleeve, with
separate vacuuz, enables instrurentation wires to be
frd through the vacuum pert. Figure 8 shows the cozplet~
ed coil with its upper dore and vacuum port assemblies,

Tests and perforrances

The two coils were first tested separately at
Saclay. A major part of the electrical testing equip-
ment vas supplied by CERM, including a 1O V DC powver
supply, the ducp resistance, connecting cables and a
microcomputer-based data acquisition system for record-
ing the rany sensors installed in the magnet. About 120
reasuring points were monitored in each coil, 32 for

temrperatures, 43 for strain gauges, 30 for voltage taps,

etc, Cooling Jown was carried out using an in-house
refrigerator, followed by direct transfer from storage

~dewars.

All specified tests were carried out successfully,
including a nurber of charges at nominal current,
followed by repeated discharges on a 2% durp resis-
tor, and an ultimate test at 4200 Amps and 4.5 K (5%
above specification). No quench was experienced during
these tests.

Toliowing these tests, the coils were transported
and mounted on the iron structure at CERN, where all
the peripherical equiprent was provided and installed
by CERN, These include 8 100 1/h liquefier and storage
dewar, cryogenic and safety circuits,vacuum purp, com—
puter control and monitoring.

The corplete test of the ragnet was carried out in
April 1980 following the same procedure and leading to
the same perforrance as during inaividual tests. Sub~
sequencly, the ragnet was operated censistancly for @
period of two weeks for field mapping. It is at present
shut down for irstallation of the Bubble Chazber, which
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is scheduled for first testing in Ncvesder 1980. F:gure
9 shews the mapret asserdly at CERN.
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Fig.8 - Corpleted coil,

The perforzances obtained during the above tests
deserve s few corments ©

- ¥ith respect to actual short sarple ceasurecents
at 4.5 ¥, the caxicun operating current of 4200 A
achieved in the cagnet represents 937 of the critical
current along the peax field lcad line, This leaves a
texperature cargin of less than 1 K fer intrinsic sta-
biliey.

~ The overall stability of the rag.et was clearly
demonstrated since no quench was experienced up to this
maxizus current, in spite of the fact that full cryo-
stability (according to the so called "Steckly"” eriter~
ion) was not accounted for in the design, In order to
fulfill such 8 critericn, a heat exchange coefficient
of nearly 2.5 ¥/eo? would be needed in the pesk field
region, which is about twic»> what can be reasonably
expected in steady scate. This last statecent was effec-
tively confirred cn tests of a srall solenocid rade of
the sare conductor with similar cooling chanmel confi-
guraticn, for which a recovery current of 2800 A was
reasured after inducing artificially a normal transi-
tion, whilst the minimum propagating current was of the
order of 3500 A.

- The eactual stability of the ragnet can be ex~
plained by the fact that in a magnet of this structure
there is no source of instability large enough to exceed
lJocally the therral enthalpy offered by the conductor
and by the heliuz bath within the allcwed teTperature
excursizn., The zojor effect generally recognized for
fnstabiiicies i3 zechanical roticn within the coil,
generating heat by friction. With the high cocpaction
built in the coil beth axially and radislly during the
construction, such possidbility of zotion is practically
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elicrinated 2ad the vhole coil behaves as a solid body
vhich is frze.to expand or to centract horogenecusly
and elastica'ly. On the other hard, the volume of
heliuz in direct contact with the conductor provide. .
by the heat of vaporisation alore, a heat sink of 0.3
joule per cx length of conductor which could still allewe
local displacerents as high as 1004. In conclusicn,
the relatively high current density -chieved in this
magnet, corparcd to other large magrets, is safe and
could prebatly be further increased in sicilar applica-
tions.

- A slightly different behaviour has been observed
vhen discharging the ragynet in the durp resistance.
During separate tests, the first coil ¢issipated rough-
1y the arount of energy which wvas erpected from eddy
and coupling currents in the conductor, but the second
coil cissipated about ) tires vore. Furtheroore, during
the complete test, it was found that the dissipated
energy increased if the Jdischarge tire constant was in-
creased, vhich showed evidence of a local normal tran-
sition vhza the iritial current is above 3500 Arps,
transition vhich did not propapate over a large area
and even recovered during the curreat decay. Thouzh ne
satisfactcry explanation has been fcund for this behav-
ior, it could be due to a lenzth of untwisted conductor
vhich rey have occurred accidentally during conductor
fabricaticn. -
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