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Abstract

In this paper, numerical study has been done for the improvement of the superdetonative ram aczcelerator
performance and for the design optimization of the system. The objective function to optimize the
premixture composition is the ram tube length required to accelerate projectile from initial velocity Vp to
target velocity V.. The premixture is composed of Hz, Oz Nz and the mole numbers of these species
are selected as design variables. RSM(Response Surface Methodology) which is widely used for the
complex optimization problems is selected as the optimization technique. In particular, to improve the
non-linearity of the response and to consider the accuracy and efficiency of the solution, design space
stretching technique has been applied. Separate sub-optimization routine is introduced to determine the
stretching position and clustering parameters which construct the optimum regression model. Two step
optimization technique has been applied to obtain the optimal system. With the application of stretching
technique, we can performn system optimization with a small number of experimental points, and
construct precise regression model for highly non-linear domain. The error 10 compared with analysis
result is only 0.01% and it is demonstrated that present method can be applied more practical design
optimization problems with many design variables.
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Fig 1. Projectile Geometry
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Table 1. Results of Unstretched Model (at Maximum Fag )

. Optimized Value
Point Ry x; = 22 N: Luse
1574 09146 -0.44 -0.46 2.20 395 977
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Regression Function 2 "
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a) Unstretched Model(2D) b) Unstretched Model(3D)
Fig 3. Response Surface of Unstretched Model (at Maximum Rag )
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Table 2. Results of Stretched Model (at Maximum R : 8=5, D=0.05 )

. v Optimized Value
A Pos. | Point | Req X1 X2 H; Nz Lee
0.05 1478 [ 09684 | -0.27 -0.08 2.18 3.79 9.06
9.094551+.203629x1+.093810x2

Regression Function

+.410734x,°+.959490x7 - 201041 x %2

Table 3. Results of Stretched Model (at Maximum Ry :8=7, D=0.10 )

. : Optimized Value
B Pos. | Point | R o P 22 N, Lone
010 | 1774 {0978 | -023 -0.08 2.19 3.79 9.03
Regression Function .9.051810*‘.139454)61';.1301&)63 )
+.316505x;" +.973765x ;" -.093646x1x2

a) Response Surface of Coded Variables(3D)  b) Response Surface of Natural Variables(3D)
Fig 4. Response Surface of Stretched Model (at Maximum Ry :8=7, D=0.10 )
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Fig 5. Flow Chart of System Optimization Fig 6. Response Surface of Stretched Model
(at 3rd Cycle)
Table 4. Comparison of Results of RSM with Optimum Point

Tteration féﬁﬁi Ry S“thmg Parame”g RSM | Optimum Point | Error(%)
AR T -1 - [ om% 9.0437 81814
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3 | 1178 | 09600 |10.0000] 7.5039 | 0.1815 | 0.0873 | 9.0447 0.0437 0.0111
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