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Table 1 Optimization result of minimum fiber mass for a 50 mm circular bore composite barrel

h,/mm h,/mm hsy/mm h,/mm 8/ mm S fer (Maximum) w/mm

5. 38 14.5 6.94 5.07 0.283 1.51 0. 481 1.83
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Single ply E\=45.6 GPa, E,=16.2 GPa,
G,,=8.5 GPa, G,,=5.5 GPa,
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E,=181 GPa, E,=10.3 GPa,
G,,=7.17 GPa, G,,=3.78 GPa,
G,,=5.5 GPa, V,,=0.016,

\R\Fibers lay-up

IRail/ V,=0.5
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I/
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< 80 > Total thickness: 5 mm
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Total thickness: 18.75 mm
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\Total thickness: 5 mm

Super layer 1%
Super layer £*
Super layer N*

Fibers lay-up

E;: Tensile modulus  G;: Shear modulus  V;: Poisson ratio
Subscript %, j: 1-in parallel diretion of fiber; 2,3-in perpendicular diretion of fiber
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Fig. 3 Material properties and processing parameters for 50 mm circular bore barrel (1/4 model)
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Fig.4 Feature of mesh for the circular bore barrel
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Maximal compressive stress: —377 MPa
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(a) After manufacturing
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Maximal compressive stress: —1 030 MPa
Maximal tensile stress: 950 MPa

(b) During launch
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Fig. 6 Hoop stress distribution of barrel under type | constraints before and during launch
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Fig. 7 Stress distribution of barrel along the
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Fig.8 Hoop stress distribution of barrel under type [l constraints before and during launch
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Structural Optimum Design and Pre-stress Simulation of
Fiber Housing for Railgun

XIAO Hongcheng, YIN Dongmei, LIN Qinghua,l.I Baoming

(National Key Laboratory of Transient Physics,Nanjing University of
Science and Technology s Nanjing 210094 ,China)

Abstract: The structural optimization design of filament winding housing for a railgun barrel is intro-

duced. The thickness of fiber laminates, the winding angle and the stacking sequence of fibers for a

50 mm circular bore composite barrel are investigated for structural optimization. Numerical simula-

tion of railgun prestressing has been studied based on continuous solution with birth-death element

method. By using a method of stepwise optimization of multi-variable based on random search, the

tension profile of fibers is optimized. Optimization of state variables under two different constraints is

analyzed and initial stress field and superposition stress field of the prestressed barrel are given. The

second type of optimization results show that the profile in this study can meet design requirements of

the composite barrel.

Keywords: railgun; composite barrel;random search;tension profile
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