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Superconducting magnet activities at CEN Saclay 

A brief summary 

C. LESMOND* 
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Abstract 

The activities in superconducting magnets at DPhPE/Saclay spread 
over a wide range from DC magnets mainly for particle and nuclear physics 
and also for other fields of research, pulsed magnets for particle 
accelerators and for a controlled fusion tokomak machine. The super
conducting magnets designed during recent years involve a variety of 
conductor types, winding schemes, materials and cooling modes, including 
the use of superfluid helium. 

* JSPS fellowship researcher on leave of absence from CEN Saclay 



1. Introduction 

The superconducting activities in CEA are mainly carried out in the 
Department of Elementary Particles Physics (DPhPE) at the nuclear 
research center of Saclay. DPhPE belongs to the Division of Physics, 
which is one of the four divisions that compose the Fundamental Research 
Institut (IRF). It is divided into three groups, two of them are groups 
of experimental physics whereas the third one is the "Service des 
Techniques Instrumentales" (STI) which has as its purpose the design and 
the construction of equipments for the physical experiments. The large 
demand for magnetic fields has stimulated the advance of superconducting 
technology at STI. Because of the tremendous size of the equipment 
required in the actual physics experiments, one significant feature in 
the high energy and nuclear physics field is the frequent collaborations 
between European laboratories. For many years, STI has been involved in 
numerous such collaborations, comprising major projects which boosted 
its superconducting magnet program and resulted in STI's being asked to 
collaborate in superconducting projects with laboratories not directly 
concerned with high energy physics. 

The superconducting section comprises a staff of about 15 engineers 
or graduate students, some of them specialized in the cryogenics 
technology. Table 1 shows a partial organization chart. 

This lecture will review the activities of the superconducting 
section in the last two years. Table 2 summarizes these activities. 

2. CELLO Solenoid 
CELLO is a large 4TT detector for electron-position collision 

experiment currently underway on the storage ring PETRA at DESY. This 
experiment was jointly prepared by a collaboration between three German 
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and three French laboratories. It consists of a large number of 
detectors arranged around the collision area. The magnetic system of 
this experiment comprises a main central solenoid, two compensating 
solenoid cancelling the field integral along the beam and a one thousand 
ton iron shield acting as hadron filter. 

The following will only deal with the main solenoid which was 
designed and constructed at Saciay. This solenoid has a 1.5 m room 
temperature free bore, a length of 4 m and produces a central field of 
1.4 Tesla. The major requirement imposed by the physics was that the 
overall radial thickness of materials entering into its construction 
must not exceed half a radiation length, which allows 7.2 mm of copper 
or 45 mm of aluminium at most. The two main basic concepts taken for 
the design are, first the use of aluminium or aluminium alloy for all 
structural members of the winding and cryostat and also for the stabilizer 
of the conductor, second the cooling of the conductor by conduction from 
forced flow of helium in a separate pipe, which avoids the presence of 
a thick-walled helium container. Table 3 shows the characteristics of 
the solenoid. 

The conductor is an assembly of a copper-niobium titanium mono-
lythic composite and of a high purity aluminium strip; these two parts 
were soft-soldered after electroplating the aluminium strip with 5 urn 
copper. 

The winding consists of only one continuous layer of conductor in 
order to minimize the number of thermal barriers. The conductor was 
insulated with an overlapping wrap of silk tape and wetted with epoxy on 
line just before being wound onto the solenoid bore tube. A separate 
aluminium alloy band also wetted with epoxy was tightly wound as a 
second layer onto the conductor layer in order to relieve the hoop 
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tension stresses from the conductor. After winding the conductor and 
the bandage, the solenoid still on its winding lathe was cured inside 
a thermally insulated shroud equipped with infrared heaters; bonding 
all components with epoxy ensures the integrity and rigidity of the 
structure and good thermal conduction between the components. 

The forced-flow helium pipe was then stuck onto the bandage by 
means of high thermal conductivity epoxy resin. This pipe made of a 
60 m simple length of aluminium alloy tubing runs along 16 straight 
axial paths separated from each other by 30 cm. 

The thermal shields at the inner and outer surfaces of the solenoid 
are made of 2 mm thick aluminium alloy and cooled by helium gas at 60 K 
fed from the refrigerator and circulating in pipes arranged similarly to 
those for the solenoid. Superinsulation is laid between the shields and 
the vacuum tank. 

The solenoid is suspended and centered by means of fiberglass 
struts; the thermal shields are suspended in a similar way. 

Figures 1 and 2 show views of the winding and of the solenoid 
during its introduction into the CELLO set-up. 

An operating current limitation was experienced during tests, the 
cause being a local degradation of the superconductor properties, which 
points out the crucial need for complete quality control in super
conductor production. The pratical current of the solenoid CELLO is 
3000 A which corresponds to a field available for physics of 1.3 Tesla. 
Table 4 describes the test story of the solenoid. 

3. EHS-M1 Magnet 
The European Hybrid Spectrometer is installed in the SPS North Hall 

experimental area at CERN. The vertex of the spectrometer is a rapid 
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cycling bubble chamber built by RHEL, equipped with a superconducting 
magnet constructed at Saclay. The requirement imposed by the physics 
and by the presence of the bubble chamber are as follows: horizontal 
magnetic axis, central field of 3 Tesla, free axial aperture in coils 
and iron yoke of 1.4 m diameter and 0.82 m gap between coils with 
azimuthally acceptance of ±18° from the central plane. See figure 3. 

Table 5 gives the main characteristics of the magnet. 
The magnet consists of two circular coils both in a separate 

cryostat assembled into a massive iron frame with their axes horizontal. 
The iron has as its main purpose absorbing the mechanical vibrations 
created by the expansion system, and contributes only 11% to the central 
field. The coils are suspended from their respective backing plates of 
the iron frame, so that the space between the coils is completely free 
for beam access and detector location. The coils are bath-cooled inside 
entirely welded stainless-steel helium vessels. Aluminium radiation 
shields covered with superinsulation surround the helium vessels and are 
cooled by cold vapour from the cryostat circulating in welded aluminium 
pipes. The stainless steel vacuum tanks are closed by 200 mm thick iron 
annular plates by means of double 0-ring gaskets pumped differentially. 
Figures 4 and 5 show the cross-sections of the magnet and of a coil. 

The coils are held on these annular plates by means of two sets of 
supports. The first set carries the weight and the transverse loads in 
any azimuthal direction and consists of an array of titarium rods. The 
second set withstands the 200 ton attractive axial force between coil 
and iron and consists of a crown of 24 fiberglass epoxy columns split 
transversally by aluminium heat intercepts cooled by gas evaporated from 
the cryostat; these columns are prestressed by means of titanium struts. 

Each coil consists of a stack of 13 double pancakes wound separately 
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using one single length of 560 m long conductor. This conductor is 
shown in table 6, it is made of a Cu-NbTi multifilamentary composite 
(3.5 x 5.3 mm ) which is soft soldered into the longitudinal groove of a 
rectangular copper strip (14.8 x 8.6 mm ). Its critical current is 
4500 A at 6.5 Tesla and 4.5 K, while the nominal current of the magnet 
is 4000 A and the peak field on conductor 5.8 Tesla. The conductor was 
wound bare. The insulation between pancakes is ensured by a 3 mm thick 
fiberglass epoxy spacer with 40 mm wide channels for cooling, whereas 
the insulation between turns is made of 0.35 mm thick mylar tape of the 
same width as the conductor. On the last turn of individual pancakes a 
collar of 1.5 mm thick stainless steel tape prevents the outer turn from 
loosening. The stack of 13 double pancakes in each coil are clamped 
to the bottom of the helium vessel by means of a counterplate and two 
rows of aluminium alloy tie rods. 

The power leads are made of massive copper rods with cut-out fins 
and are inserted in close-fit stainless steel pipes; they are cooled by 
a counterflow of helium gas from the cryostat and have enough thermal 
capacity to carry full current for 400 seconds without being cooled. 

The two coils were first separately tested at Saclay at the end of 
1979 while the complete test of the magnet was carried out in April 1980 
at CERN. 

Figures 6, 7 and 8 show the winding of the conductor, the stack of 
the pancakes with the electrical connections and a complete coil inside 
its vacuum tank. 

4. NUCLE0N-NUCLE0N Magnets 
A polarized beam-target experiment is installed at the accelerator 

Saturne for studying nucleon-nucleon diffusions and uses four super-
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conducting magnets. Three independent magnets equip the polarized 
target which works in a frozen mode whereas the last magnet rotates the 
spin of the nuclei of the polarized beam. All these magnets have no 
iron and their coils are compactly wound with rectangular cross-section 
Cu-NbTi multifilamentary wires. Tne cryostats are entirely welded, with 
thermal shields and support intercepts cooled by the cold helium gas 
evaporated in the helium vessels, eliminating the need for liquid 
nitrogen. 

The polarized target magnetic system comprises one polarizing coil 
and two holding field coils which are alternatively used. The main 
characteristics of these magnets are shown in tables 7, 8 and 9 and the 
complete magnets in figures 9, 10 and 11. The polarizing coil is made 
of a main solenoid and two correcting windings at both ends and provides 
a 2.5 Tesla central field with high uniformity (<10~ ) in the volume of 
the target. After the target has been frozen the polarizing coil is 
remoted and the polarization is held by means of either of the two 
holding field coils. Each of these coil produces a 0.5 to 0.65 Tesla 
field on the target which is situated outside the coil in order to keep 
free a large aperture for physics accessibility. 

The spin-flip solenoid produces a nominal field integral of 11 
Tesla x meter. The winding is 1.6 m long and the cold temperature bore 
is 100 mm in diameter; there is no external bandage. The nominal current 
of 620 A was reached without training. This solenoid is equipped with 
a superconducting switch which permits working in a permanent current 
mode. The characteristics are indicated in table 10 and a view of the 
solenoid during test is shown in figure 12. 
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5. PANOFSKY Quadruple 

This quadrupole is intended for the spectrometer beam line SPES IV 
of the National Laboratory Saturne at Saclay. The useful rectangular 
aperture is 40 * 17 cm , the magnetic length is 85 cm and the nominal 
gradient is 1000 Gauss/cm. Table 11 gives the main characteristics. 

Each pole consists of 4 saddle-shaped coils wound with a 2.40 x 
1.55 mm Cu-NbTi multifilamentary conductor. The coils are impregnated 
with epoxy resin and aftar assembly of the poles channels for cooling 
were provided by means of epoxy impregnated fiber glass tapes between 
the coils and the iron frame. The cryostat is equipped with a nitrogen 
radiation shield. See figures 13 and 14. 

Tests were carried out in summer 1979. The magnet required only a 
little training, the nominal current was reached at the 4th quench and a 
maximum current of 920 A was attained (no further current was attempted). 

6. ACO Undulator 
This undulator produces synchrotron light on the electron storage 

ring ACO at Orsay. It consists of an alignment of 46 small superconducting 
magnets, the fields of which alternate in opposite senses with a period 
of 40 mm in the beam direction. The magnet gap is 22 mm and the maximum 
field in the median plane is 0.4 Tesla. Table 12 gives the main charac
teristics. 

The coils are equipped with pole pieces. They have racetrack shape 
and their overall dimension is 70 x 25 x 13 mm with a winding cross-

2 section of 5 * 13 mm . The conductor is a round Cu-NbTi multifilamentary 
composite 0.3 mm in diameter carrying an operating current of 14 A. The 
two rows of coils and pole pieces attract each other with a 450 kG force 
which is hold by means of stainless steel U-shaped structures. Figure 15 
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shows a row of coils with pole pieces. 

The beam chamber has an inverted T shape, the und'ilator being 

shifted down after injection of the beam. 

7. SEPMA Solenoid 
This solenoid is devoted to ore separation studies. Its construc

tion is underway. It will be equipped with an automatic refrigerator 

constructed by STI and working in closed cycle. The heat exchangers and 

the cold box are incorporated into the coil cryostat. To limit the 

helium consumption the current has been chosen fairly low i.e. 150 A for 

a nominal field of 5 Tesla. Table 13 gives the characteristics of the 

solenoid. 

In December 30, the solenoid only was tested inside a cryostat and 

a maximum current or 230 A (almost the critical current) was reached 

without training. 

8. UNK Dipole Models 

STI has been involved for several years in a collaboration with the 

IPhE at Serpoukhov in Russia for the UNK project (a 3 TeV acce)erator). 

The superconducting program of this collaboration has consisted in the 

construction of three dipole models. 

The model characteristics had to comply with the UNK specifications 
_4 which are: central field cf 4.5 to 5 Tesla, field uniformity of +2.10 

within a 50 mm diameter region, rise time of 20 s and a length greater 

than 6 m. See tables 14 and 15. Construction features of the models 

are very similar to the Fermilab doubler dipoles. The coil bore of the 

models is 90 mm in diameter and the length is 0.54 m; trie nominal field 

is 4 Tesla in order to limit to 2 the number of shells ;er coil using 
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the same conductor as the Fermilab's. The outwards magnetic forces on 
the coils are withstood by means of stainless steel collars welded to 
each other around the coils. The three models have the same geometry 
but with two different internal cooling schemes: the first model uses 
helium channels 0.3 mm thick between the shells of conductor obtained 
from fiberglass tapes (see figure 16) whereas the two other models use 
heat drains 0.3 mm thick made of varnish insulated copper wires. The 
conductor, supplied by Furukawa is a keystoned flat cable, the critical 
current of which is 5200 A at 5 T and 4.2 K. Its insulation is provided 
by mylar tape and fiberglass dry tape. The impregnation is nade just 
prior to molding by brush painting the conductor with a very thin 
epoxy. The models are equipped with a iron frame with a 240 mm diameter 
bore keeping free enough space for an eventual cryostat. 

Tests of the models were completed in mid 1979. Figure 17 shows a 
model ready to test and table 16 gives the main results. 

The model with helium channels was tested again in the beginning of 
1980 in a 1.8 K bath. The iron geometry was modified to fit the 
available Hell cryostat, thus the magnetic constant was changed. The 
critical current of 5900 A was reached after 4 more quenches, which 
corresponds to a central field of 6.05 Tesla. 

9. HERA Quadrupole 
The pulsed magnet program is going on with the construction of a 

full scale quadrupole model for the future machine HERA at Hamburg. The 
main characteristics of the quadrupole are: field gradient of 70 T/m, 
coil inner diameter of 100 mm, magnetic length of lira and rated 
current of 5350 A. 
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10. Fusion Program 
An important part of the superconducting activities concerns the 

fusion program related to the future tokomak Torus II Supra. This 

project of the Controlled Fusion Department is supported by the Euratom-

CEA association. 

The aim of the program is to define a superconducting solution for 

the toroidal field magnet. It comprises several points indicated in 

table 17. The studies carried out at Saclay are basic studies on the 

superconductor and on the stability of the winding, studies on materials, 

the construction of the high field test facility, of the "global test" 

system and of a set-up devoted to testing the scaled model of the 

proposed coil. The use of NbTi conductor cooled by a pressurized 

superfluid helium bath according to an original method developped at 

SBT/grenoble was judged to be the only present solution to meet the 

required conditions of the winding, i.e. mainly a peak field of 9 Tesla 

on the conductor and reliable operation without quenching under field 

pulses and with recovery from localized heat input. The basic studies 

on the thermal properties of superfluid helium (steady state heat transport, 

transient heat transfer, Kapitza boundary) were made at SBT/grenoble. 

The main characteristics of the toroidal magnet are shown in table 

18 and a sketch of the coil in figure 18. The winding is enclosed 

inside a thin stainless steel casing containing superfluid helium; the 

electromagnetic forces transmitted through insulator chocks are hold by 

a thick rigid stainless steel casing cooled by supercritical helium 

flow. 

The use of pressurized superfluid helium is particularly interesting 

for a superconducting coil under pulsed field conditions because heat 
2 transfer can be on the order of several watt/cm . To illustrate the 
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advantage of Hell on Hel, figure 19 shows the measured recovery currents 
versus magnetic field of a non-inductive coil tested inside a bias 
field. 

The test facility rated at 9 Tesla in the free cold bore of 338 mm 
actually reaches 10.1 Tesla. The magnet consists of 4 solenoids (see 
figure 20), the two inners solenoids are wound with the proposed 
conductor for T2S and their cooling scheme is quite similar to the T2S 
design. This magnet is cooled with pressurized superfluid helium in a 
double-bath cryostat. This implementation has allowed the use of 
superfluid helium technique on a large scale and the test of T2S 
conductor at high field (10.7 T on the conductor of the inner coils). 
Figure 21 shows the magnet suspended from the double-bath cryostat 
plate. 

To test the stability of the coil as designed under pulsed field 
conditions a so-called "global test" system was constructed. A fast 
pulsed field occurs in case of disruption of the plasma. The maximum 
variations are 0.85 Tesla parallel and 0.30 Tesla perpendicular to the 
conductor, the time constant being around 10 ms. The global test set-up 
consists in, firs' H small non inductive test coil made with the T2S 
conductor and similar cooling as T2S coil, second a toroidal field magnet 
comprising 13 racetrack coils wound around the test coil, third an axial 
field magnet comprising two solenoids situated inside and outside the 
toroidal magnet. See figures 22 and 23. The toroidal magnet produces 
the pulsed field parallel to the conductor of the test coil and the 
axial magnet produces the pulsed field perpendicular; the time constant 
is obtained by discharging the energies of these magnets into dump 
resistances. The global test set-up is placed in the test facility 
which provides the 9 Tesla background field simulating the steady 
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maximum field on the conductor of T2S. The tests showed stability of 
the winding up to a current of 1800 A under conditions slightly more 
severe than those expected. 

A model of the toroidal coil with the same cross section but with 
about half the diameter was fabricated by industry and tested at Saclay 
inside a bias field (4 Tesla) produced by the magnet BIM with a 1 m free 
bore. Different experiments were carried out to test the ability of the 
cryogenics technique, the stability of the coil under mechanical stresses, 
the recovery capability, the protection... etc. Figure 24 shows the T2S 
coil model equipped with a helium hydraulic jack for producing strains 
and stresses on the winding, and figure 25 shows the model hang from the 
cryostat and equipped with Hell cryogenics system. 

Project Torus II Supra is now in the construction stage. 
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DIRECTION OF CEA 

IRF FONDAMENTAL RESEARCH INSTITUT M.HOROWITZ 

I 
Physics Division 

M.MESSIAH 
Controlled Fusion Dep* Biology Dep* Fond. Research 

Dept of CENG 

DPhPE Elementary Particle Physics Dep 
M. LEHMAN 

ST I Service des Techniques Instrumental 
M.PRUGNE 

PHYSICS GROUPS 
Superconductivity section 

M.DESPORTES 

—10 engineers in superconductivity 
— 3 * * cryogenics 
'—10-15 technicians/mechanics 

Table 1 



ACTIVITIES IN SUPERCONDUCTIVITY AT CEN SACLAY 

DC MAGNETS 

- CELLO Solenoid 
- EHS-M1 Magnet 
- NUCLEON-NUCLEON Magnets 
- PANOFSKY Quadruple 
- ACO Undulator 
- SEPMA Solenoid 

DESY 
CERN 
SATURNE II 
SATURNE II 
ORSAY 
NANCY 

PULSED MAGNETS 

- UNK Dipole Models 
- HERA Quadrupoles 

IPHE (Russia) 
DESY 

FUSION PROGRAM 
Controlled Fusion Dept. 
Euratom-CEA Association 

- Studies of the toroidal magnet of Tokomak T2S 

Table 2 
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CELLO "THIN WALL" SOLENOID 

The overall radial thickness must not exceed half a radiation 
length i.e. 7.2 mm Cu or 45 mm Al. 

Outer warm diameter 1.94 m 
Inner warm diameter 1.50 m 
Length 4. m 

One layer of 1276 turns 
Length of conductor 6700 m 
Current 3200 A 
Central field 1.4 T 
Stored energy 7. MJoule 

CONDUCTOR 

t 2.6 

g»—NbTi-Cu Composite Cu / s^ l , , 
~- Soft Solder 
~~ Pure aluminium strip 

99.997% 

LAYOUT OF THE SOLENOID 

Aluminium or aluminium alloy are used for al l the structures 

j§Ssi$l;iiVacuum w o " 
^\\'F = = = = ^ : ; - " " - - " - 5 " P e r lnsu loHo lT 

M 
( Cooling pipe (He) 

2 ,, Bandage (aluminium alloy) 

2... Conductor winding 

'////A V////////™***\ /////A 
=s: helium shield" 

^ l i l ^ l l l i y g c u u r n . ..waUjUf 
E 
m L 4m 

-*/-
Table 3 
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TEST <if the Solenoid CELLO 
i 

At SACLAY - without the ir<in shield and without the refrigerator 

first test : repea-.ed quenches at 1900 A (rated current 3400 A) 
indicating a fault in the solenoid: 
permanent resistive spot 2.10" n (10 cm Al strip) 

0.7 W 
defect identified by X rays: 
open break of the composite conductor caused by 
a metal lump inclusion, situated on the 6th turn 
from an end of the solenoid 

Repair : 6 turns were removed (1276 •*• 1270 turns) 
Second test : the magnet was charged to its max current 3200 A 

no training was experienced 
degradated characteristic of the superconductor in 
the central region of the solenoid 

At DESY - With the iron shield and the refrigerator 

the magnet was charged up to 3000 A in less than 10 mm 
then quench at 3025 A 
Degradation attributed to: 

field increase due to iron (+5%) 
operating temperature higher by 0.2 to 0.3 K 
(corresponding to I decrease of 5%) 

Practical field of CELLO: 1.3 T (-v 3000 A) 

Table 4 
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Fig. 1. CELLO - Winding of the solenoid. 



Fig. 2. CELLO - Introduction of the solenoid into the detector. 



(a) EHS-MI General specificaiions 

1 
o o 

s 
Horizontal magnetic axis 

(b) EHS-MI General layout 

Fig. 3 Constitution of EHS-MI 
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Table 5 
EHS - Ml - Characteristics of the magnet 

Weight of the iron yoke 120 ton 
Weight of each coil 13 ton 
Central field 3 T 
Peak field on conductor 5.8 T 
Operation current 4000 A 
Inductance 6. Henry 
Stored energy 55 MJoule 
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Fig. 5 EHS-Ml-coii cross-section 



E H S - M I CONDUCTOR 

MULTIFILAMENT 
SUPERCONDUCTOR 

CHANNELED 
COPPER 
STRiP 

Overall Cross Section 120 mm 

Overall Cu/Sc ra t io 20/1 

Composite 

al loy NbTi 
2 

size 3.45 x 5.2 mm 

823 filaments of 96 vm diametcr 

twist pitch % 100 mm 

c r i t i c a l current 

at 4.5 K & 6.5 T 4500 A 

Table 6 
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Fig. 6. EHS - Detail of the winding of a pancake showing the 
insulating tapes and the SST bandage at the last turn. 



rr 
••-j • • » ' - S:''-ii\l 

T v t ( 
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Fig. 7. EHS - Stacking of the pancakes on the cryostat base, 
with interpancake electrical connections. 



ro 
~-4 

Fig. 8. EHS - Completed coil inside its vacuum tank. 



NUCLEON. POLARIZING SOLENOID 
£230 

O 
CD 
ro 

& 

<t> 182 

<£l50 

#280 

o 
CD 

Central field 2.5 T 
Uniformity -4 10 in a cylinder ? = = 50 mm 

Ampere-turns 10* " 50 mm 

Current 500 A 
Current density ~ 200 A/mm2 

Energy 35 kJ 

Table 7 
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NUCLEON. VERTICAL HOLDING FIELD SOLENOID 

<ft6IO 

Central field 1.0 T 
Max field on conductor 4.2 T 
On target 'A 0.65 T 

B 0.50 T 
Ampere turns 400 000 
Current 550 A 
Current density 200 A/mm' 
Energy 65 kJ 
Vertical force with 0.5 T as central 
field in the polarizing solenoid 

1000 kg 

£f =IOOOkg 

Table 8 
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NUCLEON-HORIZONTAL HOLDING FIELD SOLENOID 

Diffusion angle 

36° Reccnl angle 

Central field 
Max field on conductor 
On target ( A 

_B 
Ampere turns 
Current 
Current density 
Energy 
Forces on coils vertical force 650 kg 

+ torsion forces 
(with 0.5 T in the polarizing solenoid) 

20.5 

Table 9 
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CRYOSTAT 

WINDING 

Table 10 
NUCLEON 11 Txm SOLENOID 

inner diameter ( cold) 100 mm 
outer diameter 420 mm 
length 1900 mm 

inner diameter 118 mm 
outer diameter 196 mm 
length 1598 mm 
number of turns 14154 

CHARACTERISTICS 

TEST 

nominal current 619 A 
central field 6.85 T 
(Bdl 11. Txm 
stored energy 485 000 J 

one quench at 656 A 
maximum current (power supply limit) 

704 A •+ 12.5 Txm 

This solenoid is equipped with a superconducting switch 
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Fig. 9. NUCLEON - Polarizing magnet. 
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Fig.10. NUCLEON - Vertical holding field magnet. 
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Fig. 11. NUCLEON - Horizontal holding field magnst. 
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Fig.12. NUCLEON - 11 T m solenoid before test. 
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QUADRUPOLE PANOFSKY 

Main Characteristics 

Nominal gradient 1000 G/cm 
Nominal current 830 A (% 60551c) 
Magnetic length 85 cm 
Beam aperture 39.4 x 16.4 cm 
Maximum field on the conductor 2.8 T 

Conductor made by MCA 
Dimensions 2.20 x 1.31 (Bare) 

2.40 x 1.55 (With insulation) 
Copper/Superconductor 1.9 
Filaments 1320 x 30 ym 

Cryostat Total length 1.6m 
Total width 1.1 m 

Table 11 
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Fig.13. PANOFSKY MAGNET CROSS SECTION (IPOLE) 



Fig.14. PANOFSKY - Assembly of the coil. 



ACO UNDULATOR 

.'k>40mrQj 
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S | N | S | N | S | | N | S I 

number of periods 23 

period length X 40 mm 

magnetic gap 22 mm 

max f i e l d on axis 0.39 T 

COILS 

conductor Nb-Ti/Cu composite 
round wire <J> 0.3 mm 

number of turns per coil 500 
operated current 14 A 
stored energy 450 J 
attractive force between 
polar pieces 45 kg 

Table 12 
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Fig.15. ACO - Row of coils with polar pieces. 



SEPMA SOLENOID 

ri , 
i [ i ri , 

\ \ / E 
\ i \ F 

o v v 
o A A O 
CO 

/ \ 5T / \ 00
 

' / \ f \ 
150 
mm" 

For one separation (NANCY) 
Actualy on construction 
Equipped with an automatic refrigerator 
CONDUCTOR NbTi/Cu composite 

round wire 1.16 mm 
one unit length 14500 m 
impregnated with epoxy 
number of turns 21556 
nominal current 
stored energy 
inductance 

COIL 

TEST 

150 A 
235 000 J 
20.2 H 

230 Amp ( Ic) reached without quenching 

Table 13 
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± 2.10 within $ 50 mm 

UNK Dipole Specifications 

Field 4.5 to 5 T 
Uniformity 

current 4000 to 5000 A 
rise time 20 s 
length > 6 m 

UNK Dipole Model Characteristics 

Field 4 T 
current 4020 A 
inner diameter 90 mm 
length 630 mm 

Coi! 

Coil. 2 

- Fx = 4 2 t / m 

Fy=26t /m 

\ \ \ / / / 

Table 14 
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Table 15 
UNK DIPOLE MODELS 

Conductor (Furukawa) 
Keystoned flat cable 
(1.2 - 1.4) x 7.8 mm2±0.02 mm 
23 strands of 0.7 mm in diameter 
2300 filaments 8 pm per strand 
Cu/Su = 1.8/1 
Measured c r i t i c a l current: 5200 A a t 4 . 2 K & 5 T 

Insulation 

non adhesive mylar tape 17 pm 40% overlap 

+ f iberglass dry tape 80 ym 40% " 

Epoxy resin is brush painted jus t pr ior to molding 
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UNK DIPOLE MODEL TESTS 

(heat copper drains) 

- All the dipoles reached their critical current: 
4900 A corresponding to 4.7 T field 

after: 
7 quenches for the model 1 (helium channels) 
4 2 * 
5 " " 3 ̂  

(the 1st quench above 4 T) 
- No degradation at a ramp rate of 1 T/s up to 4.5 T 
(higher ramp rate not tried because of power supply limitation) 

- Electrical losses: 
35 J/cycle at slow cycling (-rr = 0) 
50 J/cycle at nominal cycling (4r- = 200 A/s) 

- Field homogeneity 

the requirement is not ent i re ly sat is f ied 

+ 5 - Specification 
boundary 

+oB\ A / R 

A B 
Measured B for the three models©,® and (D 

Table 16 
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Fig.16. UNK - A co i l of the model 1. 



Fig.17. UNK - A dipole model ready to be tested. 
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Table 17 

FUSION PROGRAM 

(TORUS 2 SUPPA) 

AIM: to study the feasibility of a superconducting solution 
for the toroidal field of the tokomak T2S 

- design of the toroidal magnet 
structure of the coils, cooled with superfluid helium 

- design of the conductor with high current density and low 
losses under pulsed condition 

- study of various materials entering in the coil structure 
- basic studies on thermal properties of superfluid He 
- construction of a new test facility 

10 Tesla field 
33 cm free bore 

- construction of a magnetic system - called "GLOBAL TEST" 
- producing pulsed fields of various configuration on a 
small coil made with the proposed conductor 

- to be inserted into the 10 T test facility 
- construction of a scaled model of the proposed coil 
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TOKOMAK TORUS H SUPRA 

Toroidal field magnet parameters 

main radius of the torus 2.15 m 
max plasma radius 0.70 m 
field on the axis 4.5 Tesla 
number of coils (last option) 18 
average coil radius 1.23 m 
cross section of the coils 330 x 360 mm 
conductor weight per coil 1950 kg 
working current 1400 A 
total stored energy 480 MJoule 
conductor - composite NbTi-Cu-CuNi 11000 filaments <)>20 ym 
magnetic conditions on the conductor: 

- steady field 9 T maximum 
- pulsed field in case of disruption of the plasma 

0.85 T II to the conductor "̂  
0.30 T J. to the conductor T = 10 ms 

Table 18 
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Fig. 18 T2S. Sketch of the toroidal f i e l d coi l 
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Fig. 19 Recovery currents at 4.2 K and 1.8 K versus magnetic field 



Fig. 20 10 Tesia coil of the test facility 
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Fig. 22 Global test system 
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Fig.21. FUSION - The 10 Tesla magnet of the test facility. 
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Fig.23. FUSION - The "Slobal Test" system, without the outer 
solenoid. 
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Fig.24. FUSION - The T2S coil model equipped with hyokaulic jack. 



Fig.25. FUSION - The model and its the II supply system. 


