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In order to m1n1m1ze the size and cost of conven­
tional facilities -- land, tunneling,, shielding, 
cryogenic and vacuum system -- the dipole magnets for 
the next generation of particle accelerators must 
produce as strong a magnetic field as possible. Ten 
tes l a seems to be a rea so nab l e goal, and can be 
attained by using either niobium-tin conductor at 
4.2 K or niobium-titanium at 1.8 K. 

The beam diameter in a multi-TeV accelerator, can 
in principle, be quite small, say 20 mm, depending 
on the design of the injection and extraction sys­
tems, and on beam-cooling technology. Magnet cost 
is ·Strongly dependent on bore diameter, so there is 
a strong incentive to minimize that. We believe that 
a 40-mm bore diameter -- about 60-mm winding inside 
diameter is feasible and is a reasonable goal for 
initial research and development. 

For such a high field and small bore, there is an 
incentive to achieve a high overall current density 
in order to minimize the amount of superconductor. 
Our design is based on an overall current density of 
400 A/sq mm. 

With a copper-to-non-copper ratio of 1.0, and 
allowing space for insulation, the current density 
in the non-copper area of the wire must be 1000 A/mm2 
at 4.4 K and 10.6 T (10 T in aperture). This is 
beyond the capability of bronze-process material. 
However, by the addition of more tin than allowed by 
the conventional 14 percent maximum possible with 
copper-tin bronze, much higher current densities are 
possible and have been demonstrated in small-diameter 
wires, with external tin added by electroplating 
before reaction. This process appears to be limited 
to strands of diameter less than 0.5 mm. However, 
we have recently initiated development of 1.7 mm 
"internal tin" conductors to be used in this magnet. 
A cold-drawing process is used. Tin is placed in the 
center of a hollow extrusion of copper and niobium 
filaments, and this composite is cold-drawn. 
Sixty-one rods are re-bundled into a long billet, and 
re-drawn to the final size. A critical current of 
1400 A/mm2 has been achieved in samples of the 
material from the first drawing.1 After· making 
the wire into an eleven-strand flat cable, which will 
occur in the next few months, we will fabricate 
sample windings. 

Developmental lengths of large strands for this 
application have been made by several manufacturers 
using different processes, and these developments are 
continuing. 

A consequence of minimizing the amount of copper 
in the conductor is very rapid heating following a 
quench, requiring discharge in something like 
0. 5 sec. Then, in order to keep the voltage reason­
able, the inductance must be low. This forces the 
use of a large-cross-section, high-current conductor; 
winding such a conductor to make a small-bore magnet 
is difficult. 

*This work was supported by the Director, Office of 
Energy Research, Office of High Energy and Nuclear 
Physics, High Energy Physics Division, U. S. Dept. 
of Energy, under Contract No. DE-AC03-76SF00098. 

Fig. 1. Cross section of magnet. External structure 
shown is for development and testing; production ver­
sion will consist of punched laminations. 

LBL has undertaken the development of a magnet 
using niobium-tin conductor intended to meet the 
above specifications. The conductor is a Rutherford­
type cable consisting of twelve strands of 1.71-mm­
diam. wire. Dimensions of the uninsulated cable are 
11.0 x 3.0 mm.- The configuration chosen (Figs. 1 
and 2) consists of flat race-track layers-- four per 
pole -- with the ends bent up and down to clear the 
bore. Two coils are wound from a single piece of 
cable with a cross-over at the inside: the familiar 
"double pancake" arrangement. Such a configuration 
lends itself to clamping in such a way as to produce 
the high pre-stresses required to inhibit separation 
of the coil from the surrounding structure under the 
influence of the Lorentz body forces. Also, with 
such a configuration the maximum operating stress 
occurs in a low-field region; this might be an 
advantage. Further, the difficulties associated with 
winding a heavy conductor to produce a small-bore 
magnet are minimized. 

The windings are c 1 amped in p 1 ace over a bore 
tube by a stainless steel structure. Both the bore 
tube and structure are to be made from 1 aminated 
stampings. The structure is supported in a laminated 
soft-iron core which helps restrain the magnetic 
forces. But, if later studies show a warm-iron con­
figuration to be preferred, the structure will be 
enlarged to accommodate the magnetic forces. 



For the first models, however, a suppor ting-and­
c l amping structure made of bars bolted together will 
be used. And because of the long lead time required 
for th e niobium-tin cable, the first model will 
emp 1 oy niobium-titanium conductor and wil l be oper­
ated at 1.8 K. Later, serious attention 1~ill be 
given to "grading" the conductor-- using conductor 
that is narrower or has a higher ratio of copper to 
niobium-tin in the low-fi eld region s -- as the poten­
tial decrease in the amount of supercoductor required 
is substant i al. 

At this writing (Nov . 1982) all of the parts for 
the niobium-titanium magnet are on hand, and practice 
winding has been performed. 1•1ost of the parts and 
tooling for the niobium-tin magnet are on hand, and 
delivery of this conductor is expected soon . 
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Winding in progress. ~iachine in background suppl ies 
conductor under controlled tens ion and applies spiral 
~1rap i nsulat ion and epoxy coat ing. Supply spool on 
the fixture holds conductor for the second 1 ayer of 
the double pancake. 

S.S. STUDS 

I 
I 

~N 

ALUMINUM 

/ .. ------ COMPRESSION BARS 

/ 

/ 
20° FIBERGLASS EPOXY WEDGE / 

I 
/ 

/ 
\ S.S . SIDE PLATE rJ I~- / ""'o'"' """'" '"" 

CONDUCTOR PANCAKES I '~ 1 

I I 
l ! 

Fig . 2. The pre-prototype magne t 
structure for development and tes ti ng . 
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Partial assembly of niobium-titanium magnet showing 
(top to bottom) half bore plug, fiberglass-reinfo rced 
epoxy island , insulating and vent il ati ng spacers , and 
printed- circuit spacer for connections to strain 
gages and voltage laps . 
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Islands and inter- layer space r s assembled on ~tinding 
fixture . 

Fixture for c l amp ing and testing niob iurn- t i tanium 
coi 1. 
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