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ABSTRACT

The present study aims to optimize the performance of the Two-Stage Gas Gun by using the
experimentally obtained data. RSM(Response Surface Method) was adopted in the optimization process to

find the operating parameter than can maximize the projectile speed with the minimum number of tests.
To decide the test points which results can consist of the response surface, 3* full factorial method was
used, and the design variables were chosen with piston mass and 2™ driver fill pressure. The response
surface was composed by nine test results and consequently the optimization was done with GENOCOP
I, inherently GA code, in order to seek the optimal test point. The optimal test condition from the
response surface was verified by the experiment. Results showed that the optimization process with
response surface can successfully predict the test results fairly well. This study shows the possibility of

performance optimization for the experimental facilities using numerical optimization algorithm.
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Fig. 1 Components of the Konkuk University
Two-Stage Gas Gun

1st Driver L :0.56m LD. 1 93mm
1st Contraction L:0.14m | T.A.:10.7°
2nd Driver L:4m LD. : 40mm
2nd Contraction L:0.053m| T.A.:10.2°
Driven L:2m ID.: 2lmm
Dump Tank L:2m 1.D. : 250mm

L :length, LD. : inner diameter, T.A. : taper angle

Fig. 2 Dimensions of the Konkuk University
Two-Stage Gas Gun

Fig. 3 Pictures of diaphragm before rupture,
diaphragm after rupture and piston
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Fig.4 Projectile used in this experimental
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Fig. 5 The time trajectory of moving projectile
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Table 1. The parameters of the 2-stage gasgun

Comp)|
Ist Driver 2nd Driver Chamber Driven
Parametets,
. Propellant Gas Diaphragm
Projectil
Operating Fill Pressure Piston Mass Rupture Jectile
Parameters Mass

Fill Pressure Pressure

Shape [Length of the Length of the Contr. Section Length of
Parameters| Ist Driver  2nd Driver Angle Driven
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Table 2 The parameters used in this study

Components 2nd Driver Chamber
Pump tube  Steel Diaphragm
Parameters Piston Mass(g)  Fill Pressure Thickness
(bar) (*1.0mm)
Variation 318, 714, 964 1,2,3 1.0

A714 2% P FFE 14 TEF YL
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Objective Function
Maximize projectile velocity = f(x1, x2)

Design Constraints
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Domain constraint :-1<x; <1
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Table 3 Experimental results and parameters

X, (Piston mass) Xa(1st driver pressure) { Yi(Vel., m/s)
964.00000 (+1) 1.00000 (-1) 698.00000
714.00000 (0.22) 1.00000 (-1) 698.00000
318.00000 (-1) 1.00000 (-1) 612.00000
964.00000 (+1) 2.00000 (©) 600.00000
714.,00000 (0.22) 2.00000 (0) 769.00000
318.00000 (-1) 2.00000 (0) 698.00000
964.00000 (+1) 3.00000 (+1) 612.00000
714.00000 (0.22) 3.00000 (+1) 789.00000
318.00000 (-1) 3.00000 (+1) 811.00000

3 AT, F 7054 t)(Generation)Ttel HAH
(Optimum Point)& =& % AJYTH[8] Table
4= GAE 33l =28 HH =3 Adoq.
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N

velocty
822.978
808.368
790.757
778,146
764.835
748.925
735314
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1 Atk i)
691481
826.871
H 66226
§ G47.640
€33.038
€18.428

Fig. 7 Velocity RSM

Table 4 The optimum operating condition from
GA(Genetic Algorithm)
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1) CodedVariables

Vel. (m/s)| Pres. (bar)
-0.559445381 1 837.73 81.44

X1 X2

2) Natural Variables

X1 (g) X, (bar)| Vel. (m/s)| Pres. (bar)
460.2991419 3 837.73 81.44
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