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Introduction

The ECT background coll presented In Ref. 1 is a
preliminary design that does not provide space for
mechanical structure between the coil sections. In
fact the high maximum field in this coll (8.7 T)
should be viewed as a safety margin which will be
consumed when the space for the coil cases is intro-
duced, and it will turn out that the coil recommended
In this report is dimensionally very close to the one
presented in Ref. 1.

It was felt that an attempt should be made to
find the best design within the constraints of the
problem. Even If the optimization did net yield a
significantly more favorable design, it would be
valuable to have the maximum improvement delineated.

A search optimization method was a tempted first,
and although it gave us a physical feel for the problem,
it is clear that it is not adequate for all the models
we wanted to consider. A general optimization code
was obtained that is designed to maximize or minimize
a nonlinear function subject to linear or nonlinear
equality or inequality constraints.

This paper discusses the constraints on the system,
the optimization methods used, and the results fot two
of the models of the background coil obtained up to
this time.

Optimization Problem

In the design of ECT we ere dealing with the
following sec of criteria for the background coil.

1. The background coil to fit into an existing dewar.

2. The maximum field in the windings of the back-
ground coil should be 8 T or less.

3. Sufficient space should be left in the bore of
the background coil for the test and pulse coils.

4. The system should produce as large a field as
possible on the inside edge of the test coil.

5. The ratio of the maximum field to the minimum
field on the test coil should be as large as
.possible. Bj5, BE, and other system parameters
are defined in Fig. 1. The percent asymmetry,

• P, used throughout this report is

ht
(~ - i) 100

In addition the test coil size and shape were
fixed for these studies. The shape Is the same as
the FB/X coils. The size waa chosen to be large
eaough to be interesting but not so l?rge as to
require a background coil too large for the planned
facilities. The test coil dimensions are Illustrated
in Table I. Both larger and smaller test coils were
considered In the course of the system design, but
the system was optimized for this test coil.

In order to get a feel for this set of constraints
and what they mean in terms of background coil shape,
a code was written that held the following parameters
constant:

1. Outside radius. >

2. Maximum field in background coil (test coil turned
off).

3. Current density.

The code varies the coil half-length in uniform steps,
then adjusts the inside radius to neet the maximum
field criteria to within 0.12.

A short coil that meets these conditions will
necessarily have a smaller Inside radius and a longer
ceil will have a larger inside radius. The behavior of
r.ie inside radius as, a function of the coll half-length
is presented In Fig. 2. The parameter k, the ratio of
the field at the Inside radius on the midplane to the
field on axis on the midplane, is also plotted in
Fig. 2. Note that k has a small value at b « 10 cm and
increases until b - 18 cm, then decreases as b decreases.

Of course, k is not the proper parameter to opti-
mize. The objective function should include a term
that reflects the desired field asyrcmetry Bm/BM in the
test coil as well as a term to make BJJ as large as
possible. The objective function to be minimized is
then (see Fig. 1)

Bm
(1)

where Wj and W2 are the relative weights of the terns.
When Wj » \>2 • 1, the first term dominates. These are
the weights used throughout this report.

The constraints used in the ECT study can be put
Into two classes. The first class is based on the
design requirements for material and space properties;
such as the maximum field in the background coil and
the minimum radial gap, gr, between test coil and back-
ground coil windings. The second class of constraints
has to do with the particular model of the ECT coil.
There are two models. Model 1 is a single section
solenoid with uniform current density, and Model 2 is
a three section solenoid; each section has uniform
current density and is separated from the adjacent
coils by a coil case gz thick. The radial gap gr was
held at A cm for each model.

ECT Study Results using GGS

A code' has been obtained that will minimize, or
maximize, a nonlinear function subject to linear, or
nonlinear, constraints. The code is based on a
generalized gradient search (GGS) technique. Although
there are other codes and methods available *••', this
code is easy to use, general, and executes rapidly
enough to be satisfactory for ECT and similar problems
in the future. The code Is described in Reference (3)
and Reference (5).
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The code has been used to produce a set of
parameter studies in which each coil represents the
bast background coil obtainable under the specified
conditions. The results of the parameter studies are
presented in this section.

Consider the effect of different current densities
on the ECT background coll. Fig. 3 is a graph of
several parameters of optimized coils as functions of
tha average current density for which the winding
ahape optimization was carried out. Curve a^ illus-
trates the behavior of the inside radius of the coil,
and «2 i s t n e behavior of the outside radius. The
allowed range of the outside radius was from 20 cm to
71 cm. The code chose the maximum value of the out-
Side radius In each case. This illustrates the
physically obvious point that for maximum asymmetry
the test coil should have a diameter equal to the
radius of the background coil. Thus when the test
coll size is fixed the optimum background coil is the
-one with the largest outside radius that can be
fitted into the dewar. Notice that at lower current
densities the coll is fairly thick (the difference
between curves a 2 and ai), and somewhat thinner for
higher current density. The curve b is the half-
length of the coll versus current density. Notice that
it is a much stronger function of' current density than
is the inside radius. The percent asymmetry (curve P)
of the field at the test coil is also a strong function
of current density.

The minimum inside radius allowed for the back-
ground coil is 37.1 cm. With this radius the test coll
will be exactly centered (considering the 4 cm gap
between the windings necessary for coil case, etc.)
and the percent asymmetry will be zero. Even though
the curves have not been extended to this point, one
can easily see why the background coil cannot be
designed for the classically cryostable case of about
1500 A/cm2.

When one examines Fig. 3 it is clear that one
should build the coil with as large a current density
as possible In order to get a large asymmetry. The
current density of 4187 A/cm2 is as large a current
density as possible compatible with an acceptable
cooling channel size between pies and desired copper
to superconductor ratio.

Another Important parameter is the maximum design
field in the background coil. Fig. 4 illustrates
the behavior of the percent asymmetry with maximum
field for optimized design with the current density
fixed at 4187 A/cm2. The gap, gr, Fig, 1, is held at
4 cm, and the maximum outside radius is 71 cm. As the
design field is increased, the percent asymmetry
decreases because the coll becomes longer and thicker
I D order to produce the required field. It is
Interesting to note that the maximum field in the test
coil, with both coils energized, is within 1% of the
design maximum field in the background coil.

The comparison between the background coil pre-
sented In Ref. 1 and the optimized Model 1 background
coil can be found in Table II. Table III contains the
dimensions of the optimized Model 2 coil. Notice that
the original coil and the optimized Model 2 coil are
about the same size and produce nearly the same
asymmetry. Both of them have a considerably lower
asymmetry than the optimized Model 1 coil.

Conclusion

This study was begun to optimize the ECT back-
ground coil. In the course of this work a general
optimization code was obtained, tested, and applied

to tha ECT probi». So far this code has proven to b*
very satisfactory. The results obtained with this code
and earlier codes have Illustrated the parametric
behavior of such m coil system and that the opttouc for
this typ« systeo is broad.

This study also shows that a background coll with
a winding current density of less than 3000 A/cm2 is
not feasible for the ECT models presented in this paper.
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Table I. Dimensions of the tsst coil used in the
optimization of the background coil.

Inside radius, a. (cm)

Outside radius, a, (co)

Half-length, b (cm)

Current density, j (A/cm2)

31.2

33.1

3.3

5236
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Tabla II. Comparison of the single section back-
l ground coil of Ref. 1 with the optimized
i single section background coll (Model 1).

Fig. 1. Illustration of the coil arrangement for ECT.
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Fig. 2. Results of the search optimization procedure
•howlng the maximum in the k factor. The
outside radius of the background coil is
69.7 cm, the winding current density is
4187 A/cm2, and the maximum field is S I.

Table III. Dimension of the optimized three section
background coil (Model 2).

1.6

taalda radlua« a, (ca)

Outs Ida radiila, «2 (ca)
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(See Fit. 3c) *
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tap, f (ca)
(See Fl«. 1)
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.Fig. 3. Variation of optimized background coll
diaensions as functions of the background

! coll winding current density. The test coil
' dimensions are listed in Table I. The out-
1 «id« radius of the background coil is 71 co
' «oil the maximum field is 8 T.
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Fig. 4. Variation of the percent asymmetry with the
maximum field in the background coil for
optimized background coils and the test coil
in Table I. The maximum outside radius of
the background coil is 71 cm and the current
density is 4187 A/cm2.
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