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Optimal Parametric Design of Coil Gun to Improve Muzzle Velocity
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ARTICLE INFO ABSTRACT
Article history: An electromagnetic launching system presents a viable projectile propulsion
Received 18 June 2014 alternative with low cost and minimal environmental drawbacks. A coil gun
Revised 25 July 2014 system propels a projectile using an electromagnetic force and the system is
Accepted 29 July 2014 mainly employed in military weapon systems and space launch systems. In this

paper, we perform optimization design to improve the muzzle velocity by
Keywords: analyzing the sensitivity. The muzzle velocity, which is the most important
Robust de5|gr? design function variable, is affected by design variables including the number of
Muzzle velocity axial turns in the electromagnetic coil, number of radial turns in the
Coil gun electromagnetic coil, initial distance between the projectile and the coil, inner
Onderdonk's equation radius of the electromagnetic coil, and length of the projectile. An orthogonal
Magpetic force arrays matrix is configured, and a finite element analysis is performed utilizing

the commercial electromagnetic analysis software MAXWELL. The muzzle

velocity of the optimal design is 62.4% greater than that of the initial design.
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Fig. 2 diagram and variables of coil gun system
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Table 1 Design variables

Indication Design variables
N A number of axial turns of coil (turns)
z B distance between projectile and coil (mm)
M C number of radial turns of coil (turns)
R D inside radius of winding coil (mm)
L E length of projectile (mm)
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Table 3 Level values of design variables

Indication Unit Design variables Level 1 Level 2 (initial) Level 3

A turns number of axial turns of coil 15 17 19

B mm distance between projectile and coil 5 10 15

C turns number of radial turns of coil 8 9 10

D mm inside radius of winding coil 3 8

E mm length of projectile 5 10
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Design parameter A4, B, C,D, E

Objective function Maximize the muzzle velocity (5)

Constraints Coil resistance R,,; > 0.053[£2]
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Table 4 Conrelation between variables combination

Indication
A*B correlation of variables N and z
B*E correlation of variables z and L
A*E correlation of variables N and L
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Fig. 3 Magnetic intensity of coil gun (at 6 ms)
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Fig. 4 Main effect plot for S/N ratios

Table 5 Configuration of orthogonal array matrix

Design parameter

| sIN
No. A% A*| | A% A*|B* B* VeIO/CIty ratio
ABBleEE1E2E1CDE2"(mS) [dB]
tlalalalaalalalal el a2 2] 2] 302 [5117
201111l 2]2)2]2]2]2]2]2]2] 1005 [40.04
3[1[1[1]1]3]3[3]3|3]3]/3]3|3] 78 [3784
al 122221l 2]2]2]2]3]3]|3] 156 |43.86
s51]2[2]2]2]2]2[3][3]3]1]1]1] 447 [3301
61222333 1]1]1]2]2]2] 1401 [4293
71103[3[3]1]1]1]3]3]3]2]2]2] 662 [36.42
8l1[3[3]3]2]2]2]1]1]1]3]3]3] 1358 |42.66
91[3[3[3]3[3]3]2]2]2]1]1]1] 305 [29.69
10/2]1]2]3[1]2]3]1]2]3]1]2]3] 658 [36.36
112123 2]3]1]2]3]1]2]3]1] 141 [4298
1202012133 1]2]3]1]2]3]1]2] 1141 [4115
132231 1]2]3]2]3]1]3]1]2] 2335 [47.37
1422311 2]3]1]3]1]2]1]2]3] 1146 4118
15020231 3]1]2]1]2][3][2]3]1] 635 [36.06
16]23/1]2]1]2]3]3]1]2]2]3]1] 92 [39.28
1712312 2]3]1]1]2]3[3]1]2] 586 [3536
18l 2] 3]1]2]3]1]2]2]3|1]1]2]3] 1649 [4434
19]3[1]3]2]1]3]2]1]3]2]1]3]2] 831 [3839
20[3[1]3]2]2]1]3]2]1]3]2]2]3] 102 [4017
21313 2]3[2]1]3]2]1]3]2]1] 2832 [49.04
2203 2]1]3]1]3]2]2]1]3]3]2]1] 475 |3353
23[ 32 1]3]2]1]3]3]2[1]1]3]2] 79 [3795
243211332113 2]2]1]3] 772 |37.75
25332 1]1]3]2]3]2]1]2]1]3] 1531437
26| 3|32 1]2]1]3]1][3]2]3]2]1] 1041 [40.35
271332 1]3]2]1]2]1]3]1]|3]2] 66.6 |36.47
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Table 6 S/N ratio and Muzzle Velocity of Initial Condition and
Optimal Condition

Initial model | Optimal model Distinction
(A2B2C2D2E2) | (A1B1C1D1E1)

S/N ratio 41 dB 51.17 dB 10.17 dB

Velocity 113.4 m/s 302 m/s 188.6 m/s
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