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Structure optimization method of three-blade propeller for

stratospheric airship

SHANG Lingling, WANG Haifeng, KOU Qihui, LIU Kunpeng

(School of Aeronautics, Northwestern Polytechnical University ,” Xi'an 710072, China)

Abstract: In order to achiéve propeller’s trade-off design-between light mass and high natu-
ral frequency, a partition optimization method of symmetrical cutting layer structure for its blade
was developed. For broadening its speed and height range of high efficiency, variable pitch tech-
nology should be adopted, and eylindrical blade root should be designed. The blades were assem-
bled with the hub ofdifferent pitch angless” which can realize manual variable pitch and reach the
high altitude rotate speed in ground test. A combined split hub layout, foam-filled form inside the
blades, and carbon fiber hybrid structure in the propeller were adopted, the laying parameters
optimization of fixed=supported, propeller blades was finished based on the NSGA- Il (non-domi-
nated sorting algorithm)y, and Pareto solution set of blade mass and frequency was obtained. The
optimal laying scheme was se¢lected outside the +10% of frequency safety margin, and com-
pared with test values of the actual prototype. The results showed that the relative error of blade
mass was 2. 09%, thetelative error of single blade frequency on fixed support was 9.30% , and
the relative error of the combined frequency of three blades and the hub on fixed support was
2.76%. This avoided resonance region of the working rotate speed, proving that the structure op-

timization method is reasonable and effective.
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Table 2 Comparison of aerodynamic calculation results
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Table 4 Comparison of the maximum load condition at
high altitude and the overturn condition

on the ground
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Fig.14 Toad application and stress analysis results of hub
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results of the combined body
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Table 7 Comparison of blade test data and

calculated data
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