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Optimal Structural Design for the Electro-magnectic Launcher
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Abstract

The optimal design for Electro-magnetic Launcher (EML : Rail Gun) considering structural and elec-
trical constraints are presented. For the structure of EML under high pulsed currency, the cross sec-
tion is minimized subject to maximum stress of each element (rail, side wall, ceramic, and steel) within
allowable stress and preload limits. The electrical constraint is the effective ceramic thickness which
prevents the eddy current effect reducing the performance of EML,

The stress analysis and optimization procedure of 90mm EML is conducted with ANSYS Code. The
optimal design under preload is reduced to 53% of area compared with optimal design without preload.
In case of rail with arc angle §=45°, the performance of EML is the best among the other rail arc
angles. The optimal design for rail with arc angle §=45° results in the reduction of 9% of area and 10,
4% of deformation compared with Fahrenthold’s design. The optimal preload 59.8 MPa is much lower
than Fahrenthold’s design(186 MPa). The results show that the optimal design of EML meets the de-
sign requirements,
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Table 1 The material properties of componentsa)

Components | Materials |p{g/m)|E(GPa)| v |¢(MPa)
Rail Molybdenumj 10241 | 324 | 0.325 | 551.6
Side wall |Polycarbonate| 1522 | 11.6 | 0.25 | 10.0
Inner supporter| Ceramic 3605 | 276 | 0.22 | 221.0
Quter supporter Steel 7833 | 207 | 0.29 | 1100.
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Table 2 Optimal design of launcher with preload

Arc angle o o 5
Optimal design 30 o 60

Rail thickness(m) 0.1955|0.1416 | 0.1996
Inner supporter thickness(m) | 0,182010.165510.1317
Quter supporter thickness(m)|0.0636 | 0.0552 | 0.0463

Total thickness(m) 0.4411|0.3623|0.3776

Design
Variable

o Rail(MPa) 417.7 | 336.8 | 312.8
at’“m“m Side wall(MPa) 0.4 | 0.08 | 0.01
SHeSS I Tnner supporter(MPa) | 220.2 | 211.2 | 220.9

QOuter supporter(MPa) | 82.6 | 61.4 | 76.0
ux{(d /2,0) x 10 *(m) |-0.1607-0.0729]-0.0642
uy(0,d /2) x 10 *(m) [0.3852(0.2476 | 0.3054
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Fig. 8 Stress distribution and deforma-
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Table 3 Optimal design of launcher with preload
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Table 4 Comparisons of results between Fahrenthold and
present optimal design

(a) Thickness and preload

Fahrenthold® Optimal design
Rail thickness(m) 0.0381 0.0721
Inner supporter thickness(m) 0.135 0.1218
Outer supporter thickness(m) 0.0762 0.0419
Total radious(m) 0.2943 0.2808
Preload(MPa) 186 59.8

% Including inner radius 45mm

(b) Deformation

Arcangle | oo |y | ase | 500 | 60°
Optimal desigit Position Fahrenthold® | Optimal design
Preload 30.3 | 41.0 | 59.8 | 62.2 | 66.5 Ux(d /2,0) (mm) -0.033 -0.071
Rail thickness |0.15660.1082(0.0721|0.1097|0.1587 Preload | Uy(0,d /2) (mm) -0.131 -0.071
Inner supporter Static | Ux(d /2,0)(m) -0.077 -0.106
Desi thickness(m) 0.1250|0.1218/0.12180.120%,0.1203 Load Uy(0,d /2) (m) 0.183 0.127
.gn Quter supporter
Variable| 0.0837|0.0479(0.0419/0.0431|0.0406
thickness(m)
tem‘::t‘fitm 38.2 | 58.5 | 93.5 | 110.1]139.1 Table 4(a)ell A|A1€ wtst o] Fahrenthold
Ral Ao} vnstd 2 o, HHAE AL d45F
(MPa) 431.51417.2 [ 458.8 | 317.2 | 627.1 slolA He iAo AAG 22 %53 AA
Side wall £ 92 4 AYh AFAAE 32%9 d3FE

Maximum (MPa) 58 | 32 | 46 | 58 | 69

stress |Inner supporter

220.8 | 203.9 | 200.7 | 185.4 | 154.5

(MPa)
Outer supporter
(MPa) 242.6 | 344.5|516.1 | 612.7 | 724.7
d
uxz mf)'m 0.1641}0.137510.070610.0705:0.0705
Deformation 5 (0.d/2)
v 0.11120.1960(0.127210.262110.2939
(mm)
Area(ma) 0.5225|0.3188(0.2413|0.2981|0.4113
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