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A cross section has been developed for the prototype LBL 40 mm SSC
dipole which appears to be acceptable from the standpoints of mechanical
stability, field quality and central field. The dipole uses different
conductors for the inner and outer layers as shown in Table I.

TABLE I. Conductor Properties

d,; W W, Ar
Layer (mils) N, Cu/SC (mils) (mils) (mils)
Inner 31.8 23 1.3/1 51.6 62.2 366
Outer 25.5 30 13,0/1 40.3 51.6 383

d, is the wire diameter, N, is the number of wires in the cable, Cu/SC is
the copper to superconductor ratio, W, and W, are the measured bare cable
azimuthal widths at the inner and outer edges, and Ar 1is the bare e cable
radial dimension.

The coll cross section uses 2 wedges in the inner layer and 1 wedge
the outer layer as indicated in Figure 1.

TABLE II. Coil Cross Section (RFE = 4,392 cm)

ry r
. o
Layer Turns (cm) W (cm)
Inner 5,8,4 2.002 = 7% 2.931
Outer 12,9 2,951 1w 3.923 |
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The partially keystoned conductor turns have “"reference radii” r, and r
given in Table II. The midpoint of the outer bare edge of each conductor
turn in the inner layer is forced to lie on a reference radius and
similarly for the inner edge of the outer layer.

The actual coordinates of each turn and their azimuthal angles from
the center of the aperture are shown in Figure 2. The iron model is shown
in Figure 3. The multipoles at 1 cm are given in Table III.

TABLE III. Multipoles, b x 10* @ 1 cm

I
(A) TF b, b, by b, bg bg byo
©y 12,48 0,0 0.0 0.0 =-0.1 0.0 0.5 0.1
1000 12.43 6.1 =3.9 0.0 0.0 0.1 0.5 0.1
5000 11.95 1.3 2.7 0.1 0.4 0.0 0.5 0.1
6000 11.61 0.4 0.7 =0.1 0.4 0.0 0.5 0.1

The data in the row marked ®u are analytic results from the optimization
program. The data in the other three rows are results from MDP,

The magnet central field and current margins were determined using the
J. curve in Figure 4, The J (B,{I behavior was assumed to follow the
parameterization given by Morgan ) with constants appropriate to NbTi.
The curve was normalized to a value of 2400 A/mmZ at 5 T and 4.2 K as given
by Clyde Taylor. Then the I_  versus B behavior at 4.5 K was determined
using the procedure outlined in Table 4 to get the effective area of NbTi.

TABLE IV. C(Critical Current Factors

Aw A
Layer = (m®) B e df (mm?)
Inner 0.5124 23 0.4348 0.85 4.355
Outer 0.3295 30 0,3333 0.85 2,8007
15{’7' Z~OD“\

e is the. superconductor fraction, df is a degradation factor which arises
from cabling, and A is the effective area including the factor df.

O~/$; 1.6\
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The central field and current margins can then be determined by
examining the peak fields in the inner and outer layers at a given current.
The peak field point (B_ ) was assumed to be the uppermost corner of
conductor on the inside edge. (The actual peak field point is believed to
lie a small distance inside the conductor so these results may be slightly
optimistic.) Table V shows the margins and central field (Bo) for MDP runs

at 5000 and 6000 A.

TABLE V. NbTi Current Margins @ 4.5 K

INNER COIL OUTER COIL
I B I Margin B I Margin B
(A) (1} (AS 2) (13 (AY ) 169}
5000 6.19 6750 35 5.06 5900 18 5.97
5400 ~6.61 5900 9 ~5.37 5500 2 ~6,37
6000 7.24 4750 -21 5.87 4850 -19 6.97

Interpolating between these two points it appears that the magnet will
quench around 5400 A and achieve a central field of around 64 kilogauss.
The performance is limited by the outer coil conductor since the inner coil
has ~ 72 excess margin at this current.

1) G. Morgan, Estimating Nb;Sn cable parameters, Analysis Section Note 42,
1983.
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