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Abstract

The dependence of tha magnetic effective
length and the fringe~field correction constant on
the central field flux density ars of particular
interest in designing beam transport systems. It
1s therefore important to know the accuracy with
which they may be calculated. Measurements on
Argonne's bending magnet BM-111 have been compared
with TRIM computations. The agreement between
computed and measured effective lengths was within
1.7 percent in pole separation units for fields
from O to 17 kG. The agreement between computed
and measured fringe field correction constant,
which determines the correction angle to the trans-—
verse focal length, was within 0.56 percent of the
measured value of 8 kG.

Magnet Geometry

Figure 1 shows an oblique sectional view of
the ANL, BM-111 bending magnet. Since TRIM is a
two-dimensional program and it is desired to cal-
culate the field in the YZ plane, an additional
steel yoke must be used to return the flux from
the pole to the midplane. This is shown in Fig.
2 as that steel having a permeability of 109. This
additional yoke limits the universe and is arranged
so its effect on the field in the reglon of inter-—
est is small. The tape aids in the convergence of
the program. Since the geometry dictates that the
flux density in any part of the field clamp is
less than 0.75 Bo, the model used for the computa-
tions is a good approximation for B, < 20 kG.

Effective Length Computations

The LASL/LBL version of TRIM was used to cal-
culate the vector magnetic potential at each mesh
point. It also plots the lines of constant vector
potential shown in Figs. 2 and 3 for B, = 11.95 kG
and B, = 22.03 kG, respectively. The effective
length may be calculated directly from the vector
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potential at the steel yoke on the midplane. The
results of the computations are given in Fig. 4
which shows the change in effective length as a
function of B,. Plotted are the measured datal
with 0.1 in. accuracy and the computation. It is
seen that from 0 to 17 kG the computation and
measurements agree within 0.1 in., which is 1.7
percent of the pole separation.

The difference between computation and meas-
urement in the interval 11 < By < 15 kG is probably
due to small differences between the 1010 steel
excitation characteristic of the actual magnet
(annealed at 1300°F) and the characteristic used
in the computations (annealed at 15000F), A TRIM
computation was repeated with the correct annealing
temperature steel characteristics. The result is
marked by an asterisk in Fig. 4 for By = 11 kG and
AL = 2,69 in.

Fringe Field Correction Constant k,

The computed fringe field correction constant3
given by

~00

k) = 21 / B(z) [B - B(2)] dz

is plotted in Fig. 5 vs the central field flux

density B,. The ki Value at B, = 7919 G as

obtained from the measured data agrees with the

computations to 1 - k /k = 0.56%.
measure’ computed
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Fig. 1. BM-111 Magnet Geometry.

Fig. 2. Flux Plot for Bo = 11.95 kG. Fig. 3. Flux Plot for Bo = 22.03 kG.
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where _E = POLE SEPARATION
Z = MAGNET AXIS

B,* FLUX DENSITY AT
MAGNETIC CENTER

B = B(z)=FLUX DENSITY
IN MAGNETIC
MIDPLANE
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Fig. 5. B0 vs kl.
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