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Fig. 1 Flow chart of multi-objective optimization for waterjet

cleaning process
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Fig. 4 Comparison of massloss-speed between tested data and

calculated data
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Table 1 Comparison of wastewater generation rate between

tested data and calculated data

1

pw  dy te L(py, dy)/mL - min~ relative error
/MPa /mm  /min tested data  calculated data /%

50 0.15 5 153.0 163.8 6.59

60 0.20 5 319.5 339.2 5.81

70 0.25 10 573.6 604.0 5.03

80 0.30 10 929.4 975.3 4.71
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Table 2 The optimization solution set on the Pareto front
set pw /MPa Dy/mm  dy/mm tc /min (10000/m) /(min/g) m/g+min™"  L/mL+ min~' (L/m)/mL - g™
1 89.98 25.47 0.30 10.54 424.95 23.53 1030.47 43.79
2 85.45 25.25 0.30 8.70 434.80 23.00 1004.01 43.65
3 85.33 23.43 0.29 8.71 453.01 22.07 905.10 41.00
4 87.05 25.21 0.28 10.10 456. 84 21.89 855.12 39.07
5 84.78 23.10 0.27 7.74 487.49 20.51 789.65 38.49
6 84.97 21.60 0.25 6.85 516.40 19.36 675.65 34.89
7 83.65 20.88 0.24 6.32 531.14 18.83 588.82 31.27
8 83.02 22.99 0.22 6.21 558.03 17.92 490.55 27.37
9 86.46 22.93 0.19 5.20 570.27 17.54 375.66 21.42
10 82.43 20.68 0.17 5.13 610.29 16.39 265.40 16.20
11 81.53 20.94 0.15 5.38 673.03 14.86 211.75 14.25
12 71.95 20.41 0.15 5.14 924.87 10.81 199.79 18.48
13 67.66 20.19 0.15 5.22 1102.03 9.07 198.36 21.86
14 66.62 20.15 0.15 6.44 1282.92 7.79 190.82 24.48
15 61.58 20.18 0.15 5.14 1415.13 7.07 183.91 26.03
16 58.67 20.29 0.15 5.13 1587.12 6.30 177.65 28.19
17 58.32 20.04 0.15 5.08 1604.64 6.23 177.60 28.50
18 55.12 20.11 0.15 5.27 1843.68 5.42 174.09 32.10
19 53.39 20.02 0.15 5.06 1967.11 5.08 169.29 33.30
20 50.00 20.00 0.15 5.00 2261.67 4.42 163.79 37.04

Note: pyy, is water pressure, Dy is target distance, dy is nozzle diameter, tcis single clearing time, m is mass loss rate for propellant, L is waste water generation rate.
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Multi-objective Optimization for Waterjet Cleaning Process of Solid Rocket Motor

ZHU Zuo-ming, GAO Xin, WANG Xuan-jun, HAN Qi-long
( The Second Artillery Engineering University, Xi'an 710025, China)

Abstract. To achieve a balance among safety, efficiency and environment-friendliness of waterjet cleaning process of solid rocket
motor, on the basis of waterjet cleaning experiments and wastewater collection experiments, a multi-objective optimization meth-
od for waterjet cleaning process of solid rocket motor was established with propellant massloss rate and wastewater generation rate
as the optimization objectives, and waterjet pressure, target distance, nozzle diameter and single cleaning time as the variables
with constrained conditions. The calculation models of propellant massloss rate and wastewater generation rate were established
with agent modeling technology, and Pareto optimal solution set was obtained by the non-dominated sorting genetic algorithm
(NSGA-TI ). Results show that the optimal solution set can offer a variety of programs for the matching between propellant mass-
loss rate and wastewater generation rate in waterjet cleaning process design under different conditions. With the best matching
between them, the wastewater production caused by HTPB propellant’s unit massloss is only 14.25 mL - g™'.
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