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Fig.3 Calculating parameter contour at 0.4 ms
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Fig. 4 Calculating parameter contour at 1. 6 ms
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Fig.5 Current density contour under motion state

5



1968 23

[1] HsiehK T. Hybrid FE/BE im plem entation on electromechanical systems with moving conductors[ J]. IEEE Trans on Magnetics, 2007, 43
(3):113F1132.

[2] Thiagarajan V, Hsieh K T. Investigation of a 3 D hybrid finite element/ boundary-elem ent method for electromagnetic launch applications
and validation using semianalytical solutions[ J|. I EEE Trans on Magnetics, 2005, 41(1):398403.

[3] Rodge R D, Lai H C. A comparison of formulations for 3D finite element modeling of electromagnetic launchers[J]. IEEE Trans on Mag-
netics, 2001, 37(1):135 138.

[4] Marshall R A. The distributed energy store railgun, its efficiency, and its energy store implications[J]. I EEE Trans on Magnetics, 1997,
23(1):582583.

[5] Kamran D, Rahimzadeh M. Dynamic response and critical velocity studies in an electromagnetic railgun[J]. IEEE Trans on Magnetics,
2007, 43(1):126-127.

[6] Thomas G, Engel ] M. Efficiency and scaling of constant inductance gradient DC electromagnetic launchers[ J]. IEEE Trans on Magnetics,
2006, 42(8):2044-2047.

[7] Powell J D, Zielinski A E. Ohmic heating in a double taper sabot-arm ature[ J]. IEEE Trans on M agnetics, 2003, 39(1): 153 157.

[8] Liu Yuanging, Li Jun, Chen Duo, et al. Numerical simulation of current density distributions in graded laminated armatures[ J|. IEEE

Trans on Magnetics, 2007, 43(1): 163 164

[9] R R . [J. , 1998, 6(2):2930.(Tao M engxian, Ren Zhaoxing, Lil Qing’ ao. Re
search of eletromagnetic field diffusion effect on solid armature. Journal of Ballistic, 1998, 6(2):29 30)
[ 10] , .U [J]. , 2009, 3(1):1-3.(LiXin, Wong Chunsheng. Two dimer

sion numerical simulation of unsteady electromagneticin U shaped solid armature. Journal of Gunlaunch and Control , 2009, 3(1): F3)

[11] GhassemiM, Molayi BY. Effect of liquid film (indium) on thermal and electromagnetic distribution of an electromagnetic launcher with
new armature] J]. [EEE Trans on Magnetics, 2005, 41(1):410-412.

[12] David A H. Analy sis of startup behavior in a“C-Shaped’” armature using linked EM AP3D LDYNA3D finite element codes[ J]. IEEE Trans
on Magnetics, 1999, 35(1):60-62.

[13] Powell J D, Zielinski A E. Observation and simulation of solid armature railgun performance] J]. IEEE Trans on Magnetics, 199, 35(1):
84 89.

[14] s . [J]. , 2009, 33(1):108 109. (Li Xin, Wong Chunshen. Unsteady e

lectr om agnetic effect on solid armature railguns. Journal of N anjing University of Science and Technology, 2009, 33(1): 108 109)

Simulation and analysis of velocity skin effect of railgun

Yang Yudong"?, Wang Jianxin', Xue Wen'
(1. School of Electronic Engineering and Optoelectronic Technology, N anjing University of
Science and Technology, N anjing 210094, China;

2. Faculty of electronic and electrical engineering, Huaiyin Institute of Technology, H uai’ an 223001, China)

Abstract: To study the velocity skin effect of railgun with solid armature, the relationships betw een the elect romagnet ic pa
rameters and armature moving velocity were presented by Maxwell electromagnetic theory. The tw o dimensional partial differentr
al equations for electromagnetic field and temperature field in Cartesian coordinate system were set up; For a rectangular solid ar
mature, the boundary conditions and excitation functions were described for the equations, the partial differential equations were
resolved using finite difference method, the results were analyzed and the distributions of magnetic induction, temperature and
current density within the rail and armature were obtained. The final results show that, the armature movement causes a high cur
rent density concentrating on the tail end of the interface of rail and armature, and subsequently increases the local tem perature
dramatically, melts and ablates the tail end of the armature.
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