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Simulation of Dynamic Characteristic of Multi-stage
Synchronous Induction Coilgun
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(1. Beijing Institute of Technology School of Astronomic Science and Technology,
Beijing 100000, China; 2. Airforce Radar Academy, Wuhan 430019, China;
3. Beijing Institute of Special Electromechanical T echnology, Beijing 100012, China;

4. Naval Aeronautical Engineering Institute, Yantai 264000, China)
Abstract: In the process of electromagnetic launch, dynamic characteristic is the result of variable electromagnetic
field, variable temperature field and variable stress field. T he correlation betw een those variable field and trigger po-
sition, initial velocity and structure is closely interconnected. Based on the simulation environment of Maxwell 2D,
two dimension finite element models of synchronous induction coilgun were put forward. T he dynamic simulation a
bout trigger position, initial velocity and their cooperation that greatly affect the performance of synchronous induc-
tion coilgun is discussed. T he simulation results reveal that different initial velocity has different optimum trigger

position for multt stage synchronous inductive coilgun; Their effective cooperation improves the mult+stage synchro-

nous induction coilgun’ s performance; The stage number of muli+stage synchronous induction coilgun is limited.
Key words: mult+stage synchronous induction coilgun; armature; trigger position; initial velocity; dynamic; simula-

tion; efficiency

[69]
K+Bong Kim

2 2 2

[+3] MO §ami Barmada

[12]

[4.5]

[13-17]

7. Zabar

(YJJXM 07023)
Project Supported by Founadation of Weapon Equipment

(YIIXM.07023). ,



* 3066 * Dec. 2009 High Voltage Engineering Vol.35 No. 12
—
Y
— e
0K 5y & ]
’ 2
1 2D
Fig.1 2D finite element model
P 49.01-
[18,19] (a)
, 48.5
T, 48.0
, , =
< 475
B »
Maxwell 2D ,
47.0
1 , 2D
1 ’ vclt 46'520 2I2 2!4 216 2‘8 3I0
//mm
RL-C , 50
D (b)
40
1 —~
s 30F =56
2 ;: = mm
< 20}
<Y
l l 10 i
2 0 1 E J
0 0.2 0.4 0.6 0.8 1.0
2(a) , 1 ms —
2(a) ,
(I< 10 mm) (I> 40 mm)
(I= 25.5~26.5 mm) , - £
& =)
2 b : :
, ( )
, l
t/ms
26 mm
2(b) = 26 mm 2
5 Fig. 2 Curves of trigger position and armature velocity
(b) = 0.8 ms .
R t=0.6ms ,
Tab.1 Parameter of model
0~ 1 ms s
2(C) 2( C) N 1= 0 40 / mm / mm / mm
~0.91ms |, 30 55 50 60
t= 0. 85 ms x =24 mm, 18 28 50
;. U=.4000 V; C= 500 HF; = O; = 2 mm



2009 12 36 12« 3067

t= 0. 40~ 0. 91 ms R
’ <
2 2 ﬁ
3
N 22 1 1 1 1 )
0 0.2 0.4 0.6 0.8 1.0
s t/ ms
50
’ (b) (;},/
L - /=2 mm ,/,/
------ /=4 mm /
V0= — [=6mm
2 30 . _ 4
50 m/'s, 3 e | 10
3(a) - " 20}
10
3(b) -
0 2468 10mm % 02 04 0.6 0.8
t/ ms
90
0.719 0.689 0.659 0.629 0.599 ms,
84.40 85 77 8 58 86 81
8 48 mv/ s , I= 8 mm 8oy
) ,v0=10m/s  wo= g
150 m/s ( 2) g 70f
2, : s
vo> 50m/s 60
=0
s s 50 | 1 1 L 1 1 )
0o 0.1 02 03 04 05 06 07 0.8
t/ ms
2 4 5 4
3 50 m/s
4(a) -
Fig.3 Simulation results of initial velocity at 50 nv s
5 0.870 0. 629 0. 455 0. 324 2
ms 4(b) ’ Tab.2 Simulation result and parameter of model
48.60 86. 81 125.8 163.6 m/s R
4(0) /(m=* s 1) 0 50 100 150
/mm 26 8 0 0
> , 2
3 > 50 m/s 50m/ s, 4( a) ,
2 , , (Q 629 ms),
> O( 3(3_) ,
’ < 07 s 0 279 ms
> 0) ) 0 .

0, 3 0. 520 ms 1



* 3068 ¢ Dec. 2009 High Voltage Engineering Vol.35 No. 12
( 50 (a) ‘/.,
), 50m/ s, sl
’ O "' ./'
K ./
> 100 m/s E 301 A
' " 20r /"b v,=50m/s
’ ’ rd —-—-- 2,=100m/s
, wr 2,0 2,=150 m/s
? 0 ':/ 1 1 1 L 1 1 I
2 0 0.1 0.2 03 04 05 06 0.7
t/ ms
n(n
> 1) , , 180 - (b) — 9,=50m/s
160 - --— 2,=100m/s
.............. - v,=150m/s
140 |
"o 120 PP
, , T ) A -
»
: /
60
4
40 1 1 1 1 1 1 J
0 0.1 02 03 04 05 06 0.7
? t/ ms
’ 151
(c)
, 12t
: (2 ) <ol
2 5
5 1 2 , & 6
, 1
3 -
2 S,
1 2 00 4I0 SKO léO ll60
; 1 2 v/(mes")
4
1 Fig.4 Simulation results of variable initial velocity
1 R I=
) — — e ———
26 mm 50 m/s 6( a) 1 M s |
2.5 ms - HLX TN -
, t= 1.99 ms , 82 ] TTTTTTTTTTTT !
mm, 50 m/ s - = ——
s= 50 mm t= 1.9 ms
5
2 8 mm s
Fig.5 Schematic diagram of two stage synchronous
vo= 50m/s 8mm, . . .
induction coilgun
2
2 6 6( b) - o1
s=50mm, 1 2 )
[= 26 mm , 2 ’ |
100mm, t= 2.33 ms 6( o) a 1 0
50m/s

=2.62ms , 2 ,



2009 12

36 12« 3069 -

120
(a)
100 -

x/mm
N
)
T

O 1 1 1 1 J
0 0.5 1.0 1.5 2.0 2.5

t/ms

251 — [,=26 mm,/,=26 mm
B e 1,=26 mm,/,=8 mm

1/kA

1
0 0.5 1.0 1.5 20 25 3.0 3.5
t/ ms

90
(c)
— [,=26 mm,/,=26 mm

...... 1,=26 mm,12:8 mm
60

v/(mes’)

Fig. 6 Simulation results

86. 81 m/s 2
2. 74ms 2 ,
71. 36 m/s ) 1
2

[3]

[8]

[9]

[J].

s s ’

L2003, 32(4) : 253-256.

[J]. , 1996,17(4): 79-82.
WANG De-man, WANG Yue jin, XIE Hui-cai. Coilgun (elee
tromagnetic coaxial launcher) and its systems analysis[ J]. Jour
nal of Astronautics, 1996,17(4):79-82.
, . [J].

, 1997(5):29-31.
McKinney K, Mongeau P. Multiple stage pulsed induction ae-
celeration[ J]. IEEE Transactions on Magnetics, 1984,20(2):
239 242.
Andrews J A. Coilgun structures|[ J]. IEEE Transactions on
Magnetics, 1993, 29( 1) : 637 642.
LuX N, LeviE, Zabar Z, et al. Behavior of azim uthal currents
induced in the projectile of the linear induction launcher [ J].
IEEE Transactions on Magnetics, 1993, 29(1): 696 700.
Balikci A, Zabar Z, Birenbaum L, et al. Improved performance
of linear induction launchers[ J]. IEEE T ransactions on Magnet
ics, 2005, 41(1): 17¢175.
He ] L, Levi E, Zabar Z, et al. Equivalent circuits and parame-
ters for induction-type electromagnetic launcher [ J]. IEEE
Transactions on Magnetics, 1993, 29(1): 667 674.
HeJ L, Levi E, Zabar Z, et al. Transient performance of linear
induction launchers fed by generators and by capacitor banks
[J]. IEEE Transactions on Magnetics, 1991, 27(1): 585590.

[10] Kim K+Bong, Zabar Z, Levi E, et al. In bore projectile dy-

namics in the linear induction launcher (LIL), partl : oscilla
tions[ J]. IEEE T ransactions on Magnetics, 1995, 31(1): 484
488.

[11] Kim K+Bong, Zabar Z, Levi E, et al. In bore projectile dy

namics in the linear induction launcher (LIL), partIl: balle-
ting, spinning and nutation[J]. IEEE Transactions on Mag-
netics, 1995, 31(1): 489-492.

[ 12] Barmada Sami, Musolino Antonino, Raugi Marco, et al. Anak

ysis of the performance of a mult+ stage pulsed linear induction
launcher[ J]. IEEE Transactions on Magnetics, 2001,31(1):
11+ 115.

[13] . , .

[J]. ,2007,33 (12):105107.
DONG Jiar-nian, GUI Ying-chun, LI Jun, et al. Design of

pulsed pow er supply for electromagnetic launch[ J]. High Vol+
age Engineering, 2007, 33(12): 105-107.

[14] , .

[J]. , 2008, 34(1): 78-82.

ZHAO Chun, ZOU J+yan, HE Jurjia. Electromagnetic analy-
sis and finite element simulation of the mult+stage reconnection
electromagnetic launch[ J]. High Voltage Engineering, 2008,
34(1): 78 82.

[15] ) ,

[J]. , 2008, 34 (8): 1667 1671.
ZHAO Kevyi, LI Zht yuan, CHENG Shukang. Dynamic sim-

ulation of working process of the single coilgnn[ J]. High Volt



* 3070 ¢+ Dec. 2009 High Voltage Engineering Vol.35 No. 12

age Engineering, 2008, 34(8): 16671671. [19] s . [M].
[ 16] ) , . 1997.
[J]. , 2008, 34(3): 492-495.
ZHAO Keyi, LI Zht yuan, CHENG Shukang. Finite elem ent 1974—,
analysis of magnetic field and eddy field in synchronous indue-
tion coilgun[ J]. High Voltage Engineering, 2008, 34(3): 492- :(0311) 87992412

495.
[17] , , . [J].
,2005, 31(12) : 32.34.

E mail: zew2002345@ yahoo. com. ¢n

ZHANG Chae-wei, LI Zh+yuan, CHEN Fengbo, et al. Anal LI San-qun
ysis of force acting on the armature in induction coil gun[ J]. Ph.D. candidate
High Voltage Engineering, 2005, 31(12): 32-34. 2005- 05.05 2009-10-15

[ 18] , . [M]. , 1995.



