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A new 40 mm SSC dipole cross section has been designed which incorporates
(1) new measurements of the cable dimensions and (2) a 15 mm non-magnetic col-
lar between the coil and the aperture of the iron yoke. Different NbTi cables
are used for winding the inner and outer coil layers as shown in Table 1. The
first three columns give the wire diameter, number of wires in the cable, and
copper to superconductor ratio. The last three columns give the compressed
azimuthal width at the two edges and the radial extent. The Kapton-glass in-
sulation is assumed to be 3 mils thick per side azimuthally and 6.5 mils
thick per side radially.

Table 1
dw wl ; WZ Ar
Layer (mils) N, Cu/SC (mils) = (mils) (mils)
Inner 31.8 23 1.3/1 58.0 ;2" 68.7 379
Outer 25.5 30 1.8/1 47.7 5115 56.0 396

The coil cross section has two wedges in the inner layer and 1 wedge in
the outer layer as shown in Table 2 and Figure 1. The partially keystoned con-
ductor turns lie between the reference radii r; and r, given in Table 2. The
midpoint of the outer edge of each conductor turn in the inner layer is forced
to lie on the inner r,, while the midpoint of the inner edge of each conductor
in the outer layer lies on the outer rj. The actual coordinates of each turn
and their azimuthal angle from the center of the aperture are shown in Figure
2. The infinite permeability, room temperature multipoles shown in the first
line of Table 3 are all below 1 1074,

A new 2-in-1 round iron cross-section was designed in collaboration with
R. Leroy (drwg # 22-00.208-5). It has a 14 inch od and 6.5 inch center-to-
center distance. A sizable stainless-steel strongback intrudes at top and
bottom on the vertical centerline, and four 1.2 x 1.2 inch square cable slots
are cut in radially at 40° from the horizontal axis. Two, 2 inch diameter he-
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Table 2
ri ro
Layer Turns (cm) (cm)
Inner 6,7,3 1.999 2.962
OQuter 8,12 2.987 3.993
Table 3
I Relative
(A)  Bo,G Bo/1 by b,  bj b, bg bg big
oy - 1.000 - 0.4 - 0.0 0.2 0.8 0.0
400 4124 .997 0.8 -0.9 0.2 0.0 0.2 0.8 0.0
5600 57243 .992 0.3 -0.8 0.1 0.0 0.2 0.8 0.0
6100 62203 .986 0.1 -0.4 0.0 0.0 0.2 0.8 0.0
6600 66903 .980 -0.6 -0.1 0.0 -0.1 0.2 0.9 0.0
7100 71397 .973 -1.7 -0.1 0.0 -0.1 0.2 0.9 0.0

lium coolant holes are centered on the vertical centerline, 1.447 inch from
the median plane, as shown in Figure 3.

This iron configuration termed LBLO9 was run at 5 values of current, one
low and four high at 500 A intervals bracketing probable attainable values
with NbTi and Nb3Sn. The harmonics and transfer function are given in the bal-
ance of Table 3, as calculated using the program MDP. The decrease in b; at
high field is thought to be real and due to greater saturation in the return
leg than in the iron between the apertures. The 15 mm collar has the salutary
effect of decreasing the effects of saturation on the allowed harmonics; the
shifts in these are all less than one unit.

This commendable result is at the expense of a drop in transfer function
(from 12.48 with the uncollared B61 design to 10.34 G/A in the present:
design). This results in an increase in quench current and a decrease in
field. Table 4 gives the peak fields and corresponding critical currents for
the cables of Table 1, assuming a superconductor performance specification of
2400 A/mmz at 4.2 K and 5 T, and assuming 15% loss in critical current due to
cabling. .




Table &4
Bo,T Bpeak,in Bpeak,out Ic,in Ic,out
6.12 6.40 5.27 6418 5992

The value for Bo is for the smaller critical current, 5992 A. 1In order
to reach 65 kG, a current of 6398 A is required, corresponding to a bit over
2700 A/cm? at 4.2 K and 5 T with 15% degradation. At 6398 A, the current den-
sity in the outer copper is 1006 A/mm2 and in the inner is 960 A/mmz.

The stored energy per aperture at 6600 A is 63591 J/m and the inductance
is 2.92 mHy/m per aperture. The stored energy is about 3% greater than that
of the uncollared coil magnet at the same central field.

The coordinates of the center of each conductor and the forces acting
there are given in Table 5; FR is the radial force and FTH the tangential
force.

Finally, we note that with a central field of 6.5 T, the vertical field
in the iron of the return leg is 2.24 T and the horizontal field between the
apertures is 2.16 T. Since the saturation field, with the 2% packing loss
assumed (including gaps between blocks) is about 2.13 T, there is just suffi-
cient iron vertically, and insufficient iron in the return legs. This is
thought to be the cause of the negative b; term at I = 6100 and 7100 A given
in Table 3. About 2.11 times as much flux crosses from one aperture to the
other as returns in the outer leg. This number would be lower if the outer
leg were unsaturated.

The contribution of the superconductor magnetization to the field har-
monics at injection (0.325 T) was calculated using the method described in
SSCTN17. In lieu of measurements on the actual cable, the magnetization for
CBA NbTi was scaled with the following factors:

Packing Filament

factor size Cu/scC Je/Je Overall
inner .809/.766 29/9 2.68/2.3 2700/2000 5.01
outer .807/.766 23/9 2.68/2.8 2700/2000 3.30

The LBL material received for tests has a wire diameter of 25.5 mil and 23
micron filaments; the inner conductor filament size corresponding to tliis
would be 31.8/25.5 times as large. A Jc of 2700 is the minimum needed to
reach Bo = 6.5 T. The filament sizes can be reduced, as this is a worse-case
analysis. The result is a B, decrease of 22 G (69 x 1074 B_), Ab, = -36, &b,
= +1,7.
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SSC Technical Note No, 19
COIL DESIGN FOR THE 40 mm COLLARED SSC DIPOLE (SsSC~C5)
R, C. Fernow and Gf H., Morgan
March 5, 1985%
* This 1s an Addendum to SSC Tech Note No, 19
Table 5 which gives the force on the coils is in error; although
the magnitude is correct the direction is not., The field of the coils

was recomputed with coil current of 6400A., This current gives a central

field of 6.,5065T and the forces on the coils are given in the revised
Table 5.
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