ASA A23. 2000. 9 33T A F A 55

WHsW 7Me o8 A JH57] ARAAC B AT

AL H S o 2% gy

Ram Accelerator Optimization Using the Response Surface Method

Kwon-Su Jeon, Yong-Hee Jeon, Jae-Woo Lee and Yung-Hwan Byun

In this paper, the numerical study has been done for the improvement of the
superdetonative ram accelerator 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 Vo to target velocity V.. The
premixture is composed of Hz O N 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 the 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 perform system optimization with a small number of
experimental points, and construct precise regression model for highly non-linear domain.
The error compared with analysis result is only 0.01% and it is demonstrated that present
method can be applied to more practical design optimization problems with many design
variables.
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Table 1. Results of Unstretched Model (at Maximum R’aq )

. Optimized Value
Point adi
o e X1 X2 H Nz Leube
157§ 0.9146 ~-0.44 -0.46 2.20 3.95 977

Regression Function

9.822761+.095169x,+.160549x2

+.11536x%+.182546x5 -.013850x 12
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Table 2 Results of Stretched Model (at Maximum R’ :8 =5, D=0.05 )

. Optimized Value
oS o @ X1 X2 H» Ne Ltuve
0.05 1470 109684 | -0.27 -0.08 2.18 3.79 9.06

) ) 9.094551 +.203629x;+.093810x2
Regression Function 2 2

+.4107534x; +.959490x5"-.201041x1x2
Table 3 Results of Stretched Model (at Maximum R o - 8=7, D=0.10 )

. Optimized Value
B Pos. | Point | R - - , N Lo
7 0.10 1778 1 0978 | -0.23 -0.08 2.19 3.79 9.03

Regression Function

9.051810+.139454x;+.130182x;

+.316505x+.973765%F -.093646x %2




A5d A23. 2000. 9 A 71ME o8 A K7 HH4AY 28 47 61

< Bolm UFEs & & 3
bl A A2 mAdyH

. Fig. 4 a)%
HhgHol BERS

pud

b 2R dadez 2 mAd

FolA de
dse ¢ g+ o

4.2.3 2Ed8 Y 71| Yutst H=f

HH9 wrgw TAL AsNE AA T
HAE Wgo] a7HY wmaM 2e4F st
olElst ~EHY A9 HEY Ao Fas
o AAMEE e Agde A 2e A
F1oH Wyor o= HE NHEE AE
e Aol Msdy AAMSESL g1 ts
o AAWSe] ko] MAFHA WL Hol

Ao HAME A4 7t F58n 3
2E94 stebujele M4e] olYA At
olejgt EAE AT HI 2EHA 7|
o Ywstg gatd 2 AFdME 2593
Bule) H¥s REL A A AN 2§
el F7ataich 2Ed3 gy H43 2
EolAE 2zt AAWF Qe g} DE A=
¢ SHAH3 Wz A4EHAR 4= RS

o rlr
oo Ry e

[

X oE

1" TExp. Point 1
1Addtion Near the  j4—
:_ Opt. Solution :

Point Selection Module ~~.

T 1

Analysis Module 1

M_%“____.,i

Response Surface Modeling ey
Optimizer

Optimized
Regression
Model

Stretching B0
Function Genetic
Algorsithm

Maximize
adj-R2

System
Optimizer

Regression
Analysis &
Modsling

2dj-R2

Qutput Optimum Point
i

Fig. 5 Flow Chart of System Optimization

HAstate A2 OG5 2ol AFSAUTHIG).

Maximize R:;=AB,D) (10)
B D,

B= 5], D=\ : an
By D,

2EH A etvg HH3 EEdAE T4 F
A &) (Local Optima)E A%stn AGH A
(Global Optima)® =237 st SHAL T
2] & (Genetic Algorithm)& AH&-3% 2™ David
L. Carroll®) GA FORTRAN =Z271¢}
GA2000171% A14&tgd. & 22308 o34
2o Mg glojA EYNE HFE Agsin
om thekd FEzAd HL3E v oge
Mol AT FELEs} e wates FHS
7FA 5 9ich

A Nade AYMHA FAHEE Fig. 59 2
om AA A2 HAZ BRENAME 2EHA
setole A3 RERE 98 TEHERY] e
TAE 98 F e GA Z=< GENOCOP M
[14]5 AH8-8td .

olgd MFS HEse HAJ}E FYPT F

=

10.7988
“1 107246
{ 10.6503
i 10.576

! 7 105018
10.4275
10.3533
10279
10.2047
10.1308

i 10.0562
%L
£ gsanes
- E 9.75917
9.5 % 9.68491

i X
: ' 9.53639
% E 9.46213
9.38787

§ 9.31361
9.23935
9.16509
9.09083
9.01657

Fig. 6 Response Surface of
Stretched Model (at 3rd Cycle)

Table 4 Comparison of Results of RSM with Optimum Point

Iteration g;gt R Strthhmg Paramet; RSM Optimum Point | Error(%)
1 970 | 0.7785 - - - - 9.7836 9.0437 8.1814
1071 | 0.9646 | 9.8290 | 6.4830 | 0.1810 | 0.0040 | 9.3179 9.0437 3.0319
3 1178 | 0.9600 |10.0000{ 7.5039 | 0.1815 | 0.0873 9.0447 9.0437 0.0111
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