m Coil Gun Example

This example considers the computation of the force on an iron ball at various positions relative to a wound, air-cored coil. The
configuration is similar to some coil guns that are designed to shoot ball bearings.The specific configuration in pictured below.

For sanity-check purposes, the force on the ball can aso be approximated using a point dipole model. The worksheet plots both
the dipole force prediction and the FEA results on the same graph.
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There is a"convenient” closed - form expression for the on - axis flux denisty of the coil, where Jis the coil current density; ri
and ro are theinner and outer radii respectively, | isthe axial length, and rsisthe radius of the sphere :
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Parameters for our particular case are :

I nch = 0. 0254;

sub = {ri - 0.25=%Inch, ro- 1.25=xInch, | - 1.5 =«Inch,
J->10%1076, Nd>1/3, rs > (5/32) xlnch, uo- 4. Pi 10" (-7)};

And as a check, aplot of the on - axisfield isas follows:
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Plot [Bz /. sub, {Z, -3Inch, 3Inch}]
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Volume of the steel sphere
vs = (4/3) Pi rs"3;

Dipole moment of the steel sphere. Depends on the volume of the sphere, the demagnetization factor of the sphere, and the
applied field.

m= vs x*Bz / (uo = Nd);

The force on the sphere can then be obtained via the formula for force on a dipole, which simplifiesin the on - axiscase to F =
m*D[Bz, z]

dBz = D[Bz, Z];
F = m« dBz;

Anal ytical ForcePlot =Plot [F /. sub /. Z » zlnch, {z, -1.5, 0}]
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frc = {};
For [k = 0, k <15, K++,
M Anal yze [];

M LoadSol ution[1];

MOGr oupSel ect Bl ock [17;

fz = MOBl ockl ntegral [19];

frc = Append [frc, {(k-15) /10., fz}];
MO ose[];

M Sel ect Goup [1];

M MoveTransl ate [0, 0.1];

1;

Cl oseFEMM[ ]

frc

{{-1.5, 0.05324213, {-1.4, 0.0767361}, {-1.3, 0.11249}
{-1.1, 0.249897}, {-1., 0.376777}, {-0.9, 0.552885},
{-0.7, 0.847892}, {-0.6, 0.831133}, {-0.5, 0.

{-0.3, 0.415264}, {-0.2, 0.277749}, {-0.1, O

FEAFor cePl ot = ListPlot [frc]
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Show[Anal yti cal ForcePl ot , FEAForcePl ot, Franme - True,
GidLi nes » Automatic, FranelLabel - {"Position from Coil Center, Inches",
"Force on Ball, Newtons", "FEA and Anal ytical Force Results"}, I nageSize -» 500]

FEA and Analytical Force Results
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