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response surface methodology

Mohsen Mohammadi, Jamal Arghavani”

Department of Mechanical Engineering, Sharif University of Technology, Tehran, Iran
*P.0.B. 11155-9567, Tehran, Iran, arghavani@sharif.edu

ARTICLE INFORMATION ABSTRACT

Original Research Paper Gas launchers are an important part of impact testing apparatus which have many applications in
Received 01 December 2015 material parameters identification. Some experiments call for very high velocity which is beyond the
Accepted 16 January 2016 limit of one-stage gas launchers; thus, two-stage gas launchers are employed. Several parameters affect
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variable Oniine B8 Februaty the operation of such launchers. For optimum adjustment of such parameters, modeling and simulation

Keywords: is necessary and inevitable. To this end, in this paper, a one dimensional model for a two-stage light gas

Two-stage light gas launcher launcher is proposed and utilized for performance optimization. To simulate combustion, experimental

Simulation data for burning rate has been used. The proposed model is verified by comparing its predictions with

Optimization the available experimental data. It is shown that the proposed model is accurate enough to predict the

respanse surface methadalagy two-stage light gas launcher performance. The results of one dimensional model can be used in the
basic design of the launcher to investigate the feasibility of manufacturing and estimate the costs.
Moreover, the model is used to optimize the launcher performance as well as to determine optimum
parameters. The statistical method of response surface is employed to find suitable second order
polynomial models to predict the projectile velocity and maximum base pressure. The presented models
are used to maximize the projectile velocity as well as to minimize the maximum projectile base
pressure. To this end, Simplex method is employed to minimize the maximum base pressure in different
conditions. Finally, the table of optimum conditions is presented to simplify the optimum use of the
two-stage light gas launcher.
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Table 1 Comparison of simulation and experimental results for
projectile velocity
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Fig. 5 Important launcher variables vs. time
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Table 5 Analysis of variances for second order polynomial model of
projectile velocity
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Fig. 6 Different parameters effect on projectile velocity and maximum projectile base pressure: a) initial light gas pressure and rupture disk pressure
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initial light gas pressure and charge mass on max. pressure
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Table 7 Predicted maximum velocity, its corresponding parameters and simulation results with different projectile masses

o.\..ﬁ‘_g)'l...;c\...._..;" v

P; (bar) Prp (bar) m, (kg) Cw (kg) m;s (k@)
Vp Prmax Vp (m/s) Prmax (bar) V; (m/s) Prmax (bar)

2.196 16.25 5084 6474 4972 5422 5 1098.07 2.53 11 0.01
0.62 3.83 4428 3765 4455 3620 12.38 1099.97 417 11 0.015
0.84 2.81 4106 3933 4140 3822 13.21 1099.97 4.62 11 0.02
0.21 6.72 3851 4046 3860 3774 14.12 1099.91 5 11 0.025

0.444 7.81 3656 4063 3639 3746 15.39 1062.34 5 11 0.03
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Table 8 Predicted optimum velocity and pressure, and its corresponding parameters with different projectile masses

006 jldans D C B A o0 gy m. (o) 4
P (D) V, (mls) (bar) (bar) (k) (k) P (D) V, (mls)
5422.322 4971.921 5 1098.07 2.53 11 6474.416 5083.551 1
5086.911 4970.054 5.32 887.03 2.87 11 5853.141 5000 2
1929.869 4441.97 19.69 1089.84 4.89 11 1677.208 4500 10 3
1171.484 3963.4 19.81 400.04 4.99 0.92 795.9335 4000 4
737.8826 3465.398 13.49 400.04 4.38 0.46 477.7002 3500 5
601.6314 3221.114 16.93 400.01 4.96 0.4 478.4116 3236.138 6
3620.721 4454.963 12.38 1099.97 417 11 3764.942 4427655 7
2017.051 4033.404 22,07 744.42 5 11 1529.971 4000 15 8
1103.498 3473.013 17.54 400.81 4.99 0.69 974.7029 3500 9
731.8052 2968.887 16.4 400.01 3.6 0.4 532.5877 3000 10
3822.413 4140.051 13.21 1099.97 4.62 11 3932.996 4105.755 11
3206.325 4026.339 16.84 1099.96 4.76 11 3001.454 4000 12
1632.113 3523.815 24.64 400.01 4.94 1.01 1274.548 3500 20 13
1014.124 3030.324 17.62 400 419 0.52 889.0388 3000 14
1101.067 2598.026 21.72 1098.8 25 0.4 822.4393 2500 15
3774.45 3859.542 14.12 1099.91 5 11 4046.208 3851.427 16
2308.206 3555.576 24.74 654.82 492 11 1736.374 3500 . 17
1232.133 2993.684 21.07 400.12 455 0.65 1118.487 3000 18
817.3516 2517.891 18.76 400.51 35 0.4 559.9762 2500 19
3746.208 3639.496 15.39 1062.34 5 11 4063.462 3655.721 20
2951.388 3497.244 21.31 955.89 5 11 2573.328 3500 21
1392.691 2941.459 24.2 400.2 481 0.77 1192.803 3000 30 22
955.2476 2525.416 20.58 400.13 3.88 0.47 628.0783 2500 23
1089.895 2300.411 23.02 1088.8 2.5 0.4 423.0224 2000 24
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