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Abstract;

This magnetic field produced by the GEM detector magnet is
quantified by a two-dimensional (2-D) axisymmetric ANSYS [1] model.
The analysis takes advantage of symmetry in the split solenoid geometry
and models the axisymmetric magnetic components associated with half of
the detector: a 12-bobbin coil, a carbon steel vacuum vessel and a forward
field shaper (FFS). The objective of this report is to present radial and
axial flux density data in the region outside of the coil and inside the
vacuum vessel wall. These data are to be used in the design and analysis of
leads and joints. The analysis follows very closely the work presented in
[2], with one significant change: the split solenoid is modeled more
accurately as 12 discrete winding packs, instead of one coil within a 0.068
x 14.25 meter envelope. A separate study which models a single bobbin
with 19 discrete conductor turns is used to confirm the adequacy of this
approach. The study indicates that the field values at radii greater than the
bobbin outside radius are the same, whether the winding is modeled as 19
turns with current running in the superconducting (SC) cable, or as a
uniform current density averaged over the aluminum sheath and SC cable.
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1.0 Abstract

The magnetic field produced by the GEM detector magnet is quantified by a two-
dimensional (2-D) axisymmetric ANSYS [1] model. The analysis takes advantage of symmetry in
the split solenoid geometry and models the axisymmetric magnetic components associated with half
of the detector: a 12-bobbin coil, a carbon steel vacuum vessel and a forward field shaper (FFS).
The objective of this report is to present radial and axial flux density data in the region outside of
the coil and inside the vacuum vessel wall. These data are to be used in the design and analysis of
leads and joints. The analysis follows very closely the work presented in [2], with one significant
change: the split solenoid is modeled more accurately as 12 discrete winding packs, instead of one
coil within a 0.068 x 14.25 meter envelope. A separate study which models a single bobbin with
19 discrete conductor turns is used to confirm the adequacy of this approach. The study indicates
that the field values at radii greater than the bobbin outside radius are the same, whether the
winding is modeled as 19 turns with current running in the superconducting (SC) cable, or as a
uniform current density averaged over the aluminum sheath and SC cable.

2.0 Conclusions

The 2-D electromagnetic model of the GEM detector presented in [2] is refined to capture
the field ripple caused by the discretization of the 12 bobbin coil. The refinement has no significant
impact on the field beyond the vacuum vessel and, therefore, the flux density component plots
presented in [2] still apply. However, the field within the envelope of the vacuum vessel is affected
by the nonuniformity of the current distribution in the coil. The primary effect is caused by voids in
the winding pack between bobbins, while the secondary effect is caused by voids between SC
cables. Flux density component plots are presented and illustrate this local field ripple.

The analysis indicates that the peak-to-peak field ripple caused by the spacing between SC
cables is about 0.11 and 0.02 tesla in the radial and axial fields, respectively, at the outer radius of
the sheath (9.534 meters). And although this ripple diminishes completely within about 0.08 m of
the sheath OD, the effect of the voids between bobbins is evident throughout the entire vacuum
vessel envelope.

3.0 Analysis Methodology

The analysis methodology follows closely that which is outlined in [2]. However, the
approach differs in the detail used to model the detector coil. In the original analysis the current is
averaged over a uniform winding pack which has a mean radius of 9.5 m, a radial build of 0.068
m and an axial length of 14.25 m. An average current density is applied over this entire area to
achieve an on-axis flux density of 0.8 tesla at the detector's vertical midplane. Although this
simplification is adequate for field results outside of the vacuum vessel envelope, it does not
adequately represent the field distribution close to the winding pack.

The baseline conductor is shown in Fig 3.0-1. Under normal operating conditions, current
flows in the superconducting cable, which is contained within a 0.020 m ID conduit. Nineteen
turns spaced 0.05236 m on center, make up a bobbin (Fig 3.0-2), and 12 bobbins make up one
coil of the split solenoid pair (Fig 3.0-3). Bobbin assembly hardware disrupts this 0.05236 m
center-to-center current spacing with about (.190 m between the last turn in one bobbin and the
first turn in the adjacent bobbin. '

This report describes the two phases of the analysis. In the first phase, a detailed model of
a single bobbin is used to determine the minimum current source definition necessary to capture the
field close to the coil. These findings are used to define the appropriate current source in the 2-D
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model of the detector, The refinement in the model provides good results within a small distance of
the coil, which will be especially useful in the design and analysis of the coil's current leads.

3.1 Detailed Analyses of a Single Bobbin

Two finite element models of a single bobbin have been built for the purpose of
determining the minimum level of detail necessary to estimate accurately the field in the region of
the coil leads. In the more detailed model, the current carried by the bobbin's 19 turn, 0.020 m
diameter superconducting cable is simulated by (19) 0.01772 m square elements on 0.05236 m
centers, lying on a mean radius of 9.5 m. In the less-detailed model, the same amount of current is
spread over the area occupied by the cable, sheath, and turn-to-turn insulation, with radial and axial
builds of 0.0685 m and 0.9948 m, respectively, and a mean radius of 9.5 m. Both models include
the vacuum vessel walls, the surrounding air, and boundary conditions which simulate an infinitely
repeating geometry. This allows a great deal of detail to be used in the region of interest without
having to model the entire detector.

Figures 3.1-1 and 3.1-2 show the cotl and vacuum vessel walls, excluding air elements,
for each of these single bobbin models. Although these models cannot be used to estimate the field
distribution in the GEM detector, they can be used to capture the effects of the current source
definition and show how quickly the results converge to the same solution with increasing distance
from the winding. :

3.2 Analysis of the GEM Detector

The results of the detailed single bobbin study described above led to a 2-D model of the
GEM detector which adequately estimates the field within a small distance of the coil, In essence,
the model developed in [2] is modified to account for the discreteness of the 12-bobbin coil. The
mesh is refined in the axial direction such that the element size is on the order of a conductor width.
Plots of the model are shown in Figs 3.2-1 and 3.2-2. Air elements are excluded from the plot to
highlight the coil and magnetic steel components.

4.0 Results
4.1 Results of the Single Bobbin Study

The results of the single bobbin analysis are summarized in a series of field component path
plots along the length of the model. Figure 4.1-1 shows these field components at a radius of
9.534 m (along the outside radius of the sheath) for the detailed model. The ripple in the flux
density plot (£0.055 tesla about the mean value for the radial component and 30.010 tesla about
the mean value for the axial component) indicates the presence of spacing between the 19 SC
cables. Figure 4.1-2 shows similar data for the case in which the current is distributed over the
entire sheath and SC cable area. Like the distribution of currents, the curves are smooth and appear
to 1§plresent the mean value of the rippled curves shown earlier for the discrete current source
model.

A similar pair of plots is shown for the results at a radius of 9.617 m, which is essentially
the outside radius of the bobbin. Figure 4.1-3 shows that the ripple caused by the individual
conductor sources has essentially disappeared, and the values compare very closely with the
distributed current case shown in Fig 4.1-4.

These results conclude that modeling a uniform current density over the sheath and SC
cable area is adequate for estimating the field in regions beyond the outside radius of the bobbin.
Closer to the coil, a ripple in the field occurs and the uniform current model does not accurately
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represent this behavior.
4.2 Results of the Full GEM Detector Field Analysis

The revised model produces detailed field results which capture the effects of conductor
spacing between bobbins. As concluded in section 4.1, the effects of the SC cable spacing
attenuate within about 0.08 m, and are not significant in the region of the leads.

Results are characterized by the contours of constant flux shown in Fig 4.2-1, and the flux
density component path plots shown in Figs 4.2-2 to 4.2-7. While the flux contour plot provides a
qualitative picture of the flux path in the region of the detector, the path plots provide useful
numerical results in the form of radial and axial flux density data in free space at various radial
positions. Each path begins at the symmetry plane (Y=0) and extends along a constant radius path,
ending 0.1 meters past the winding pack (Y=15). Breaks in each curve occur at an axial position of
0.4 meters, where the path crosses through the iron flange.

An additional plot, Fig 4.2-8, is included which shows the axial and radial flux density
distributions at a radius of 9.534 m. Although the field ripple caused by the discrete SC cable
spacing is not produced by this model, this approximate result is of value in estimating the field in
the region of the bobbin-to-bobbin joints. It is interesting to note that very similar results were
found at this radius with a linear model, assuming no FFS or vacuum vessel, indicating that within
close proximity to the current source, the iron vacuum vessel and FFS have little effect on the field.

5.0 References

1. ANSYS 5.0, Swanson Analysis Systems, Inc., Houston, PA

2. R.L. Myatu, "Electromagnetic Field Distribution in the Region of the Coil Leads of the SSC
GEM Detector,” MIT-GEM-EM-12, Nov. 10, 1992, MIT Plasma Fusion Center, Cambridge, MA
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See Fig 4.1-1 for Approximate Ripple from SC Cable Currents

é : | lax (Radial)
5 |/

IR —
RN
{E _o_z.l/{H/J/ I B

. TP PYYG
i

1.5 4.5 7.6 10.5

Axial Position, meters

13.6

Fig 4.2-8 Flux Density Path Plot from Symmetry Plane to 15 m, R=9.534 m

ANSYS 5.0
JUN 27 1993
13:19:44
PLOT NO. 1
POST1

STEP=2

SUB =1
TIME=2

PATH PLOT
NOD1i=19209

NOD2=19509

DIST=0.75



