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Study on Structural Optimization and Weight Reduction
of a Shaped Nozzle Based on DOE

LI Huan, DENG Jie, ZHANG Qi, LI Ning
(AECC Guiyang Engine Design Research Institute, Guiyang, 550081, China)

Abstract:In the light of the structural characteristics of a shaped nozzle, the optimized data model is es-
tablished by using the total divisor experiment in design of experiment (DOE). Through the simulation
calculation and regular analysis, the multi-objective optimization method is used to optimize the struc-
ture parameters of the shaped nozzle so that their maximum stress, maximum deformation and mass are
all appropriate. Three main structure parameters of the shaped nozzle-the height of the stiffening ring,
the thickness of the stiffening ring and the thickness of the nozzle wall, are selected. After analyzing
their respective influence rules on the mass, maximum stress and maximum deformation, and getting
the transfer function, the optimal solution factor combination is obtained by using the response optimi-
zer. The result shows that the mass of the shaped nozzle is reduced by 24. 45% in the case of ensuring
the use of strength requirements.
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Fig. 1 Research flow chart
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Fig. 2 Shaped nozzle
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Fig. 3 Influence factors of optimization model
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Tab.1 Optimized data model of shaped nozzle
oy WEIREE MGIEE WG RR AWML RAMIZ BIBY./

X, /mm X,/mm X,/mm Y, /kg Y, /MPa Y, /MPa mm
1 72 12 3.6 76.61 478. 88 511. 82 8. 85
2 84 12 3.6 79.87 491. 94 429. 64 8. 20
3 72 24 3.6 89. 26 491. 41 434,77 8.02
4 84 24 3.6 95.42 480. 76 357.12 7.22
5 72 12 4.8 91.43 381.62 466. 98 7.52
6 84 12 4.8 94. 30 364.09 385.06 6.61
7 72 24 4.8 104. 06 395.18 375.19 6.72
8 84 24 4.8 109.92 375.32 325.96 6. 00
9 78 18 4.2 92.13 458.77 388.02 7.09
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Fig. 4 Maximum stress position
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Fig. 6 Pareto chart of maximum strain
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Fig. 9 Optimum solution
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Tab.2 Check list between fitted value and calculated value

o W FiR/ KM BRI 2/ AR/
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