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A Study on Effects on Current Density Distribution, Induc
and Contact Force by Variation of Armature and R

& ®'m X
(Bok-Ki Kim)

Abstract - The distribution of current in the conductors influenced by the armature geometry and velocity is an
important parameter for determining performance of an electromagnetic launcher(EML). The electric current in the early
launching stage tends to flow on the outer surfaces of the conductors, resuiting in very high local electric current
density. However, the tendency for current to concentrate on the surface is driven by the velocity skin effect later in
launching stage. The high current density produces high local heating and, consequently, increases armature wear which
causes several defects on EML system. This paper investigates the effects of rail/armature geometry on current density
distribution, launcher inductance gradient (L), and contact force. Three geometrical parameters are used here to
characterize the railgun system. These are the ratio of contact length to root length, relative position of contact leading
edge to root trailing edge, and the ratio of rail overhang to the rail height. The distribution of current density, L',
contact force between various configurations of the armature and the rail are analyzed and compared by using the
EMAP3D program.
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Fig. 4 Finite element mesh configurations of armatures for
different root ratios. (a) Rroot = 1 (b} Rroot = 2/3
(c} Rroot = 1/3 (d) Rroot = 1/6
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Fig. 5 Cument density (Ux) distributions over the
railfarmature contact interface for different root
ratios. (&) Rroot = 1 (b} Rroot = 2/3 (c)Rroot=1/3
(d) Rroot = 1/6
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1 Comparison of L (mH/m) due to the rai
overhang between the 3-D  numerical
simulations at t= 0.25 ms and a 2-D analytical
approach of Kerrisk at t = 10ms [4]
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Fig. 9 Current density distributions (Jx) for different rail
overhang ratios for a block armature. (@) Roh = 0
(b) Roh = 0.2 {c) Roh = 0.4 (d) Roh= 0.8
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