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Analysis on Electromagnetic Mechanics in Electromagnetic Railgun
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Abstract: Based on rectangle armature and simple rail, 2D finite element calculation model was estab-
lished to solve the diffusion problems of current and magnetic field in electromagnetic railgun. The model
did not take account of the deformation of rail and armature. The velocity skin effect resulted from arma-
ture movement was analysed. With the increase of relative rate of rail and armature, the velocity skin
effect of magnetic field and current were more obvious. When the velocity is more than 1 000m « s™',
magnetic field and current concentrated to distribute in very small area on the inner surface of rail and back
surface of armature. The continuing increase of relative rate did not make magnetic field distribution to
change obviously. The magnetic field and current distribution under condition of static and complex arma-
ture structure were calculated by use of ANSYS software, and U shape armature structure showed to
have evident improving effect for eliminating excessive concentration of magnetic field and current near the
interface of rail and armature.

Key words: fluid mechanics; electromagnetics; electromagnetic railgun; armature; velocity skin effect

LB R AR R — R R R S B
PR MEREBEHNEERS, ZHFBEREXR
BREERR . BEEEARRHELATHR.
REFE.BEMEZBAARET ., BRHAESL
BAERSEEHELETRLTAREE) TE
RiE BOHBRE ZRHBER TELRH MR
WAFBTASHS" . AHAERRATEHR

WA ENRE: 2009 -12-08; #EIRMP: 2010-02-28
ELTH: PEIBRYHAARKHELRES

HB/URAEHHERO KA BER KRS REA
BOLE DY, RMSREQBERRTITHSH
BB R AR REGE; KRR AR
BREVBEETFRRE R REREHTRAA. R
BMEHTREE.

WA 1 BT B A R T TR R A A A
ZIEPEMBNOROBRBRZEET, BAB

EEMN: ERE (1976—), B, 1, TENBRREKNE. ARMEASEFEYERFR. Email; wanggh@caep. ac. cn



o T0 .

KA 4 o 4

HRAE SLRE A b 2 A & ) £, AT 6 30 5 W AR — {
WS ALz B, WL, o R BN 2 5 4 Tk e RE
P B 7 3 AL ) — e 2

MBS B
wwogs_ |

B b ALrEE

Figl Schematic diagram of electromagnetic railgun
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Fig2 Schematic diagram of rail and armature model
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Fig3 Magnetic ield distribution on rail and
armature under different relative rates
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Fig4 Current density distribution on rail and armature
under different relative rates
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armature under different relative rates

(a) v=500m=*s '

3 B4 MeREEG ERFLIAH
B9 A R TC 2+ 7

T 3% 019 R 36 0 3 1300 43 b7 40 B35 e X A9 TR R Ay
piiBi 2 WU TR N T (0 R T8
AL bE LRSI AT R Z 4. A T X R
MAH NI L 6 A % 18 M R Ak % R Bt o nl 2 P
Ak &K ANSYS 25347504 .

06 H1 7 R B ANSYS $5 o of 15 1 45 50
RS R T B R A UL
HR {2 5 i 3 7 50 1 19 50 43 A6 L B R RE 3% ol L
SARRRAESTER, NBPRATLLE S . 5HME
JE v KR I £ 030 oy 4K 22 A 1) 45 ) S M O 3
A7t B AL ML 35 Y JC B TE A L X 3 T W ) o
Btk AT LR A CF#45 76 1)



« 76

KA IR S W

2011 +E 3 H

sensor and transducer [ ] ]. Measurement & Control
Technology,2006,25(11):9 = 11, {in Chinese)

(4] #{655, 4BIEHE. CAVAL4 28 JL e B 5 v 0 VL 1 R 28 1
A0 @A 7 o8, 2003(2) 22 - 23,
L1 Chuan-qi, ZOU Qi-hong. Application of CAV414 in-
tegrate circuit and a capacitive sensor[ J 1. International
Electronic Elements,2003(2) :22 - 23. (in Chinese)

[5] MBI, &, M R MEMS L 5 1K) 4%
PR 18 0 AL, My A F AR, 2007,44(7) ¢ 502 -
504,
HUANG Xiao-dong, ZHANG Xiao-duo, WANG Bin,
Design of the interface circuit for monolithic MEMS ca-

pacitive pressure sensor[ ] ]. Micronanoelectronic Tech-

nology ,2007,44(7) ;502 - 504. (in Chinese)

(6] o BRAZ . ADT745 5 S HUIR s 7 5 4 28 3 0 Ik e
b iRz AT (28 (LR 2 12006.13¢4) ;75 - 76,
CHEN Li,CHEN Ren-wen. The application ol AD7745
inmicromechanical capacitive sensors measuring circuit
[J]. Instrumentation Customer,2006,13(4):75-76. (in
Chinese)

[7] skFIM HLEMEEF —HREFLLBRRAESH
PR B ()], P8 9, 2007,17(2) 79 - 82,
ZHANG Li-xia, YANG Zhong-hua,SUN Jin-hua,et al.
Design of signal conditioning circuit for a kind of capaci-
tive sensor[J]. Equipment for Geophysical Prospecting.
2007,17(2):79 - 82. (in Chinese)

DD DE. D00 00, D0 D000 D0 50 HC. 00 A0, 9. S0 00, D0 00, 00, I0. . 00, 00, 0. S0, 00, 50 90 . S0 00 DC. O D0, D0 .00, 00, D0, 00, D0, 00, 00O 5000, IC. I 0,

(LS 11 50

He MAUMLERAESAH B? RAUBLELASH

Fig6 Magnetic field
distribution on rail
and Ushape armature

Fig7 Current density
distribution on rail
and Ushape armature
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