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END FIELDS FOR THE MODIFIED SSC-43D DIPOLE

R.C. Fernow

A new study of the end fields of the prototype SSC-43 dipole became
necessary because of three developments: 1) the use of two currents instead
of the original three, 2) a change in the relative spacing of the inner and
outer saddle regions, and 3) a mistake in the early version of the computer
program MAG3, which effectively reduced the contribution of current elements
in the dogbone region of the end.! We refer to the coil configuration result-
ing from items 1) and 2) above as design SSC-43D. The 2D cross section is
identical to $5C-43.2 )

The SSC-43D straight section conductor blocks and currents are listed in
Table I. The inner coil is run at 5.17 kA and the outer coil is run at 7.18
kA, producing a central field of 76.7 kG with saturated iron. The straight
section margins above critical ¢urrent are listed in Table I. The critical
block is the one in the inner coil nearest the post. A negative consequence
of dropping the third independent current is that the outer coil midplane
block will now have much more current margin than the other blocks. A second
unpleasant consequence is that the field produced by the new current distribu-
tion produces a very large negative b2, as shown in Table II.

We have used the program MAG3 to examine the pedk fields, fringe fields,
mul tipole content, cross talk, and longitudinal forces for the ends of the
SSC-43D dipole. It should be kept in mind that this program calculates fields
for conductors-only (no iron). Figure 1 shows the fields in the region of the
conductors in the 2D part of the magnet for the midplane ([:]), post angle of
the outer coil (°), and post angle of the inner coil (A). The open symbols
are from calculations using MDP, the standard 2D, saturable iron program at
BNL. It can be seen that the field reversal point occurs near r = 2.9 cm.

The closed symbols are from the'progrmn MAG3. The two calculations for By
differ by a roughly constant off-set. We present this comparison here to
show that the MAG3 calculations are reasonable, and to show how the presence
of iron might alter the results. We don't yet have a program to make detailed
checks of the MAG3 calculations in the magnet ends.




The dimensions of the dogbone transition piece is shown in Figure 2. We
have approximated this shape with a single cone since field calculations per-
formed with both shapes agreed to better than 1%. Figure 3 shows a plot of
arc length versus longitudinal distance for the inner and outer coil end con-
ductors on the large cylinder. The inner coil has a 2-1/4 inches straight
section to separate the two layers and lower the inner coil peak field. The x
marks the location of the peak field points in the curved parts of the
saddles.

An analysis of the efect of the end peak fields on the magnet performance
is presented in Table III. The quantity df is the estimated critical current
degradation due to bending of the Nb, Sn cable thru the saddle. It appears
that this end design should give a comfortable margin and that the magnet's
performance will be limited by the critical current in the straight section,

The maximum and minimum values of H at the conductor centers is shown in
Figure 4 as a function of the longitudinal length Z, It is assumed that the
straight section ends at Z=0. The maximum H climbs slowly to a peak in the
saddle region. The peak field point for the curved part of inner coil is ~ 46
kG, approximately at r = 4,9 cm, ¢ = 27.2°, Z = 36.2 cm. The peak curved
outer coil point is ~ 59 kG, approximately at r = 5,9 cm, ¢ = 26.6°, Z = 32.9
cm. Approximateély 6 kG of these peak fields is due to the presence of the
second magnet in the 2-in-1 configuration. The minimum field regions are of
interest for quench protection studies. The field near the midplane in the
outer coil .is very small,

The fringe field on the midplane is shown in Figure 5. The field in the
region of the saddle (Z = 35 cm) exceeds 300 G for a distance of 30 cm from
the axis.

We have checked the accuracy of the multipole calculations by comparing
calculations for the CBA dipoles with measurements.3 The results for Bz, Bl+
and B6 shown in. Figure 6 show that the program reproduces the measured struc-
ture versus Z qualitatively, but not quantitatively. Thus the numerical
values may be in error by up to a factor of 2,




Table IV and Figure 7 shows the multipoles when the other coil is present
in the end. The forbidden harmonics Hy» H3,... are present. The tabulated
values of the harmonics are integrated from Z = 2.5 to Z = 52.5 cm. One
should expect the iron to significantly alter the n = 0 results at least. The
ends give large quadrupole (Hl) and sextupole (Hz) contributions. The H
field is entirely due to cross talk from the other 2-in-1 magnet and could be
significantly altered by the iron configuration chosen for the end region.

The H, field is inherently due to the coil configuration, which keeps the
turns as close as possible to the midplane thru most of the end region. We
make a rough estimate of the importance of these effects by comparing the
integrated multipoles for both ends to the dipole sBdsg

. hn = Eff (1 cm)n énd Hn dz
where we take B, = 80 kG and L = 14.6 m. This is shown in Table IV. The H,
field is most important, contributing ~ 8 x 10-%,

A possible remedy to this situation suggested by R. Palmer, is to make
the end windings of the outer coil have the same minimum bend radius as the
inner coil. One could then make the outer turns follow as closely as possible
to the outer post, where they would give a negative H2 contribution to the end
multipoles. We intend to study this suggestion later and the design change
could possibly be implemented in a later prototype.

Lastly, we shown in Table V the total force on the conductors for one

quadrant of one end of one coil in the 2-in-1. Note that with this end con-
figuration block 1 has an inward directed longitudinal force.

Footnotes and References

1. As a consequence the results presented in Field Computation Notes 32 and
35 should be ignored. ‘

2. R. Fernow, SSC Technical Note No. 4 (1983).
3. H. Kirk, et al., BNL Report 32728 (1983).




TABLE I
Conductor Blocks in Straight Section

P I Current Margin
Block N dst $end (cm) (kA) (%)
1 15 0.15° 60.14 2.002 5.17 9
2 3 | 64.20 76.20 2.002 5.17 3
3 12 0.10 33.92 2.840 7.18 52
4 5 40,37 54,46 2.840 7.18 9
TABLE II

2D Multipoles, b, x 104 @ 1 cm

n

b, -77.3
b, -1.9
b, 0.5
by 0.0
by, 0.1

Bo(kG) 76.7 (saturated iron)




TABLE III
End Peak Field Performance

Block straight end
B, 1 B. IC l‘m.i art 1. . %dT
(Re) (kR) (Rs) (kR (Th fka)
2 82.4 5.33 46 11.8 2.2 1 11.8
27 14.5 1.4 0.85 12.3
4 66.7 7.84 59 9.3 1.7 1 9.3
TABLE IV
End Multipoles
N fHndz h
(kG/cmMecm)  (x10"%)
0 1525 g
1 16. 64 2.8
2 37.90 6.5
3 0.1691 0.0
4 -0.8485 -0.2
5 0.0013 0.0
6 0.0373 0.0

‘ TABLE V
Total Force Per Coil Quadrant Per End (Newtons)

B1ock A Fr F,
1 -63700 87590  -6065
2 -28870 9330 1165
3 -47610  -19585 11955

4 -53120 -3920 10950
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Figure 4. The end field structure of the first three
higher alloved harmonics of a dipole
nagnet. -
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