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Magnetic Field Distribution and Motion Characteristics of Coil-induction
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Abstract:To enhance the adaptability of the coil-induction launcher to the shape of the projectile and
improve the space utilization by the launcher, an external-armature coil-induction electromagnetic
launcher( CIEL) was proposed. Six sets of launcher models under different conditions were established.
The influence of the driving-coil inner-diameter and the relative position of the armature on the launcher
was studied. Numerical calculation was carried out to solve the magnetic field distribution of the driving
coil ,and static finite-element-simulation was carried out to calculate the coupling between the driving coil
and the armature ,and of the force on the armature was theoretically analyzed ,and transient finite-element-
simulation verification was carried out. The magnetic field calculation results show that the radial magnetic
induction intensity inside the driving coil is approximately equal to that outside. The axial magnetic flux
surrounded by the external armature is 5.51%107°-22.04 x 107 Wb, and the axial magnetic flux
surrounded by the internal armature is 2.81x107=17.39 % 10~ Wh. The peak magnetic-induction-
intensity outside the driving coil is 5.38x107°=7.32%107 T, and the peak magnetic-induction-intensity
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inside is 1.57x 107 ~1.93x 107> T. The static finite-element-simulation results show that the mutual
inductance and mutual inductance gradient between the external armature and the driving coil are about
1.5-3 times greater than those of the internal armature. The transient finite-element-simulation results
show that the efficiency of the internal structure is 2.96% —17.57% , and the efficiency of the external
structure is 4.94% —19.76%. The magnetic flux enclosed by the external armature is approximately
1.27-1.96 times that of the internal armature. Therefore , while the radial magnetic induction intensity is
close ,the external armature can obtain greater acceleration force ;the magnetic induction intensity outside
the driving coil is about one-third of the internal magnetic induction intensity, so the external structure has
better electromagnetic protection capability ; the energy conversion efficiency of external structures is
12.5% ~66.6% higher than that of internal structures, therefore external structures have higher energy
conversion efficiency.

Key words: electromagnetic emission system; coil induction type; external armature; electromagnetic

protection ;finite element simulation

FLE S T e A e~ BE R A O SRR B,
HAARE e ROCR LR s, nd i 1y g 3
LT R S SRR TR 2T 43 S B BL R
HEURZE R 3 Rl 2k B g A e R I R B
o T X i e G R E e, S E U AL
i AR 55 22 U A e R TR 2k e U BA
G HL e A 5 g B s g B 2 A B AR A
A, FETC AL S 58 114 555 Sk AT e 2 ) I 3 R R
UL

FURTE A VF 2257380 I AU 50 A8 FL R 5 A
i RS, SCAR[ 10- 13 ] 85T T AL MLZC3 R 4200
AL, (B LR AL AL A R R e 2R el B K S R LY
HUR AR GEHE AR, o f i 2R B ey, 3Gk [ 14 ]
NS 2RIV ARV 2 D EN W W /e 5 2 I
2L Rl 10 Tt P 2 T R X 52 2%, LSRR PP (8 P v
X, XS A SMEA A (8 )T 20K, SCHR[ 15 ]
WFFE T TS oo 0 2 G2k Bl B e, AR T T
SEFICAML, T30 SME LB N A5 A 2
Gt , HLAK S LRI A B FR) T 756 P AR A 4500, 7 Bt —
PTG S R BB, SCHEK[ 16 ] BF9T T 4K 3h
28 Bl R SE F S R A R N R SRR R e, 3
K[ 17 JWFSE 1 5 20 TR0 24 Pl A IR sl £ el i R (R
RRHIAG A7 B AN R AR B R R GE8CR A R2 (L L
WFFEEILL R A AR Dy BEAS 26 0 RIS r A A1
XGRS, SCHR [ 18 ] A % 5l £k Bl oA #0528 1
Gyt A LT A B LT A AT BE R A B

T LA EBETE, AT 3R AR A A 8
7 P T Ak R G, LK A BRI AT T R A R G

XSRS 14 24 TR B 1 A S 28 e L i S 0o 5 S5
PRBEGRZNE , ELHUAX PO Sh R I AN , AT [ b (5 FH 221
SURT R SE B TR SRS B DI RE . A SCO WA A
HNELSHRT RGTR R R, R BRI OR i B s £&
Bl NSRG53 A T 00, R BRI HE T 5 VR0 Hr vl
HRE 52 3 O0 , 2R FH 25 A BROT AT ELE S L X A5 K
SR R A1 D0 , 3l 5 o0 A 52 T BURIRE &
1 DUHE S R ) 3 A e, o 18 o A5 BROC 0
FLIGUE X B B SRR, X L2 M i e X S B Y
AT,

1 EhZB#7 5 KRR B B8

)

1.1 REHEER

L, 0 5P o K sl 28 P R b X %) R 0o b o 2 B
BRI, TEM R R ATEE T, Fh & U H A
MY RSTYE T UK AT 7K 32 19 B KN 7 5 7E 3K B 2k e
SR RSTH A E FURTEE T, 3K ol 28 P A R 8 1 )R~ ok
FE T RSN B 1) I K55 B 3l 2 B 1) P AR RN Sk
FE T WE ) FOAR ) B A3 A R R GERCR , SEbR TR
oy FF 5 2 A B o 3 5 #88%  AM R RS, DA 22 2% i
SR RS RN T LA 2 [

RS 25 1 RO AN AT R TC R e 4, — 7 T35
i SR AT B R B KN ) R O — T T
HX ZI e S5 48] P IR B 2 e 1 R F, 0 28 DA BIK B 4 el 7N
BRIELR , X Bh 2R Pl B A Aok /N TG Wl e 2 e 1 23 ]

IR SE IR S R AR R AR L 0 ZR GE R



72 oo

5536 4

S

SO ST T AR 1 BT S B H A A A P
Y, P AR AR A 1 BK Bl 2k B8l A A 4 i O 30 mm,
40 mm .50 mm .60 mm .70 mm F1 80 mm, [T 4K3h
24 P o0 F X 118 P A2 R EL AR A O A7 ' A1, AR Y 28
PREF—E (£ 1 PiR) .

0000000000000000
[P |

HUAX AN
B1 R44EH

Fig.1 Structure of system

x1 RZERBSY

Table 1 Parameters of the system model
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