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Abstract: The exhaust plume is sealed in low pressure chamber during the process of rocket self-ejection,
the pressure in low pressure chamber leads to an increase of the exit velocity and the force exert on the launcher.
In order to complete the multi—object constraint optimization for self-ejection, firstly a motor and low pressure
chamber coupled internal ballistic model was developed. The validity of interior ballistic model was verified by
physical tests. Secondly sensitivity data of the main parameters aiming at the pressure peak of low pressure cham-
ber and exit velocity was calculated by Sobol’ global sensitivity analysis method. Finally the multi-object con-
straint optimization model with minimum pressure peak in low pressure chamber and maximum exit velocity was
set up based on sensitivity data, the optimization model was calculated by NSGA~-II. The results show that, the
propellant mass has the greatest influence on pressure peak of low pressure chamber and rocket exit velocity, the

initial length of low pressure chamber has the second largest influence on pressure peak of low pressure chamber,

W B 2021-12-01; EITHHE: 2022-01-14.
BEEWHE: =" WERGEEBRE (3020106070501) .
EEEN: R @, WA, ARSI S R B R R SRR .
BREE: R, Uit R0, PFRSEOK TER RS BT
SIAREC: R, RN, 2 W, 5. ST Sobol’ REE ST KHT T B 1 £ BARZ ALY ] HEIERIR 2022, 43
(12) :210833.  (SONG Jian, SHE Hu—qing, LI Chao, et al. Multi-Object Constraint Optimization of Rocket Self—
Ejection Based on Sobol’ Sensitivity Analysis[J]. Journal of Propulsion Technology,2022,43(12):210833.)

210833-1



a3k 12

JET Sobol' Z AL /3Bt Y JCHi 3 A g it 2 A AR 29 S Ak

2022 4F

the number of hole on the wall of low pressure chamber has the second largest influence on exit velocity. Ten

schemes were selected in Pareto front and ranked using technique for order preference by similarity to an ideal so-

lution. Compared with the initial scheme, the peak of pressure in low pressure chamber of the final optimized

scheme decrease 13.41%, the exit velocity of the final optimized scheme increase 52.56%, the performance of

self-ejection has been improved.

Key words: Sobol’ method; Sensitivity analysis; Rocket; Self-ejection; Constraint optimization
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Fig. 1 Schematic diagram of self-ejection launcher
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Fig. 2 High-speed photograph of self-ejection process
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Table 1 Data comparison of test and simulation

Pra/MPa v,/(m/s)
Condition 1 Condition 2 Condition 1 Condition 2
Simulation data  1.31401  0.99663 29.56 25.79
Test data 1 135972 1.03679  28.49 24.94
Test data 2 136462 1.02708 28.17 25.32
Maximum error/%  3.85 4.03 4.700 3.295
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Table 2 Value range of design parameters

Number Parameter Data range
1 D/mm [10,20]
2 L /mm [160,180]
3 n, [2,6]

4 L /mm [175,200]
5 R, [3,6]
6 L, /mm [100,500]
7 D/mm [165,195]
8 n, [1,5]
9 D,/mm [5.20]
10 m/kg [40,70]
11 L/mm [1500,2000]
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Table 3 Sensitivity of different design parameters

1th sensitivity Global sensitivity

Pimax Yo Pimax Yo

D, 0.032301 0.088867 0.037655 0.088266

, 0.005491 0.005517 0.013954 0.007771
n, 0.573386 0.671242 0.602053 0.678925
L, 0.002623 0.000839 0.000440 0.000910
R, 0.000236 0.000359 0.000070 0.000589
Ly, 0.131294 0.000557 0.189719 0.008355
D, 0.006761 0.000163 0.010566 0.000819
n, 0.099341 0.071552 0.142931 0.084158
D, 0.065145 0.049915 0.094381 0.060297
m, 0.004171 0.078293 0.006472 0.081602
L 0.000000 0.013975 0.000000 0.013752
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Table 4 Parameters of optimization

Number Parameter Data range Initial value
D /mm [10,20] 12.5
2 n, [2,6] 2
3 L,/mm [100,500] 300
4 n, [1,5] 2
5 D, /mm [5,20] 15
6 m /kg [40,70] 70
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Fig. 10 F, of different scheme of Pareto front
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Table 5 Impulse of F, before and after F,

0.4, 2K FH TOPSIS 32 X6 38 B 10 4> 443 7 2 k47 HE

Jo A5 2R HE 45 S a2k 6 TR .

max

Scheme I,/(N-s) Change rate/% I,/(N+s) Change rate/%

1 173.69 - 847.83 -

2 24445 40.74 935.43 10.33

3 280.13 14.60 1073.29 14.74

4 347.21 23.95 1198.16 11.63

5 414.94 19.51 1332.26 11.19

6 517.87 24.81 1451.28 8.93

7 641.08 23.79 1572.07 8.32

8 633.07 -1.25 1701.03 8.20

9 729.05 15.16 1687.96 -0.77

10 657.10 -9.87 1817.87 7.70

Table 6 TOPSIS ranking result of the optimization schemes
Optimization target value Standardization target value El'l(:lidean (115?1108 Eluclidean dista'n(re Evaluation Ranking
from the positive from the negative o
po/MPa v f(m/s) P v, ideal solution ideal solution indicator g st

1 0.3640 19.752 0.050735 0.130007 0.111601 0.319954 0.7413 4
2 0.5688 27.408 0.079280 0.180399 0.093035 0.303497 0.7654 2
3 0.8287 34.302 0.115505 0.225775 0.082960 0.283691 0.7737 1
4 1.1355 40.373 0.158267 0.265735 0.086298 0.261141 0.7516 3
5 1.4757 46.348 0.205684 0.305062 0.101844 0.237540 0.6999 5
6 1.8085 51.586 0.252070 0.339539 0.123957 0.216070 0.6355 6
7 2.2541 56.770 0.314179 0.373660 0.158698 0.188961 0.5435 7
8 2.8687 59.314 0.399842 0.390404 0.209597 0.151846 0.4201 8
9 3.5677 61.016 0.497269 0.401607 0.267937 0.120458 0.3101 9
10 4.1899 62.141 0.583992 0.409011 0.319954 0.111602 0.2586 10
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Table 7 Parameters of final optimization scheme

Parameter D /mm n,

L,y/mm n, D, /mm m [kg

Value 14 4

497.8 5 19.8 40.02

Table 8 Indicator comparison of initial scheme and optimization scheme

Parameter Initial scheme Optimization scheme Change rate/%
P/ MPa 0.9570 0.8287 -13.41
v,/(m/s) 24.450 37.302 52.56
p/MPa 7.85 15.04 91.59
n /(kg/s) 0.78 1.80 130.77
t/ms 133.4 101.0 -24.29
I/(N-s) 1952.14 1355.31 -30.57
I/(N-s) 103.43 398.02 284.82
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