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Abstract " Theoptimization method of damage mitigating and life-extending control
(DML EC) forliquid-propellant rocket engines was presented mathematically in this paper by
constructing the object function, acquiring the constraints and analyzing the solutions.
Then, the main object method of DML EC policy analysis and synthes s was developed for a
certain L OX/ kerosene rocket engine with turbine blade selected as the critical component.
Smulated results under diverse stuations show that , the method proposed isfeasble and ef-
fective, sinceit can not only achieve the expected goal of damage mitigating by i mplementing
the tradeoff between the system performance and the damage of critical components, but a so
provide valuable reference for improving and optimizing the design of engines being devel-

oped.

Key words: liquid-propellant rocket engine, damage mitigating and life-extending con-
trol , main object , multi-objective optimization
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Table-l™ Simulated results of damage mitigating control for the engine without congraints
/ /
/ MPa / MPa (r/ min) (kg s) ! (kg s) /10°°
/10°% 18.719 2.415 37.36 55.08 18 841 305. 06 117.30 1.888 -
10 18.682 2.416 37.26 55.20 18 812 304. 49 117.07 1.792
9 18.628 2.417 37.10 55.39 18 770 303. 66 116.71 1.658
8 18.568 2.418 36.93 55.59 18 724 302.76 116.31 1.521
7 18.503 2.419 36.75 55.81 18 674 301.77 115.87 1.383
6 18.431 2.420 36.54 56. 05 18 618 300. 68 115.39 1.243
5 18.352 2.422 36. 32 56. 32 18 556 299. 47 114.85 1.102
4 18.264 2.424 36.07 56. 62 18 488 298.13 114.26 0.962
3 18.098 2.427 35.60 57.18 18 359 295.59 113.15 0.765
2 17.852 2.432 34.92 58.01 18 168 291.82 111.50 0.569
1 17.449 2.439 33.81 59. 36 17 854 285. 65 108. 79 0.334
0.9 17.283 2.442 33.35 59.91 17 724 283.09 107.68 0. 265
0.8 17.209 2.444 33.15 60.18 17 666 281.95 107.19 0.238
0.7 17.144 2.445 32.98 60.43 17 616 280. 95 106. 75 0.215
0.2 16. 365 2.462 30.96 63. 40 17 007 269. 00 101.49 0.074
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Table 2 Simulated results of damage mitigating contral for the engine with constraints

/ /

/ MPa / MPa (r/ min) /(kg/'s)  (kg/9) /10°°
/10°® 18.719 2.415 37.36 55.08 18 841 305. 06 117.30 1.888 -
10 18.718 2.416 37.36 55.09 18 842 305.10 117.29 1.832
9 18.716 2.417 37.36 55.10 18 843 305.14 117.25 1.761
8 18.714 2.418 37.36 55.11 18 844 305.20 117.21 1.693
7 18.712 2.418 37.36 55.12 18 845 305.-25 117.16 17629
6 18.710 2.419 37.36 55.14 18 847 305.31 117.12 1.570
5 18.672 2.436 37.26 55.55 18 815 305.53 116. 34 1.188
4 18.681 2.436 37.37 55.34 18 867 306.19 116.42 1.270
3 18.680 2.436 37.37 55.35 18 868 306. 22 116. 40 1.271
2 18.674 2,440 37.37 55.39 18 872 306. 41 116.25 1.277
1 18.687 2.438 37.38 5537 18869 306. 34 116.34 1.266
0.9 18.688 2.436 37.37 55.35 18866 306. 22 116. 27 1.263
0.8 18. 685 2.436 37,37 55.35 18 865 306. 18 116.29 1.261
0.7 18.685 2.437 37.37 55.35 18 866 306. 20 116. 27 1.263
0.6 18.683 2.437 3737 55.36 18 866 306. 26 116.24 1.262

, , 4 , ,
, ;D™ >1x10°
. 1 x10°°;
, D™ <1 x10°°
, , 1x10° %, 3

3
Table 3 Simulated results of damage mitigating control for the engine with given ter mination condition

/ /

/ MPa / MPa (r/ min) I(kg/s)  (kg/9) /10°°
/10°® 18.719  2.415 37.36 55.08 18841 305. 06 117.30 1.888 -
0.9 18.690  2.436  37.37 55.35 18 863 306. 12 116.31 1.258
0.8 18.690  2.432 37.37 55.30 18861 305.98  116.473 1.257
0.7 18.689  2.432  37.36 55.30 18861 305. 95 116.56 1.257

0.6 18.687 2.433 37.36 55.31 18 862 306.01 116.51 1.257
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