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Internal structure of three-dimensional hollow blade with equal strength

LI Lin, XUE Zheng

(School of Jet Propulsion,
Beijing University of Aeronautics and Astronautics, Beijing 100191, China)

Abstract: A research on the internal structure of the blade with equal strength was pr-
essented. The research was based on bi-directional evolutionary structural optimization (BE-
SO) method and ANSYS platform. In the topology optimization process of the internal
structure of the blade, a method of stress reference on middle face was proposed to simplify
the optimization model. Some special technical problems in the application of BESO were al-
so solved. Finally, an optimized topological form of internal structure of the fan blade with
equal strength was obtained. The results can provide a reference for the lightweight design

of the aero-engine.
Key words: aero-engine fan blades; equal strength; light weight design;
topology optimization;

BESO (bi-directional evolutionary structural optimization) method
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Fig. 2 Illustration of the optimization approach

for fan blades
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Fig. 4 TIteration details of the optimization process
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Fig. 5 Tendency of materials volume with respect to

iteration times in optimizing process
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Fig. 6 Tendency of minimum Von mises with

respect to iteration times in

optimizing process
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Fig.7 Tendency of maximum Von mises with

respect to iteration times in

optimizing process
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Fig. 8 Tendency of stress standard deviation

with respect to iteration times

in optimizing process

Table 1 Optimized results in comparison to

the original solid blade

/% 100 62.5

Von mises /MPa 301 167
Von mises /MPa 6.8 34,2
Von mises 1956. 2 98.9

9
Fig. 9 Optimized results based on minimum

stress standard deviation
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Fig. 12 Cloud images of blade displacement on
circumferential direction before and

after the optimization process

2
Table 2 Comparison of blade displacement before

and after optimization

/mm 2.190 1. 960
/mm 2.041 1. 837
/mm 0. 601 0.562

/mm 0.724 0.668
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