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Topology optimization of gas turbine engine fan disk

LIU Xiaogang, DAI Sicheng, WU Zhenhao, XU Lei, SHEN Shun

(College of Energy and Power Engineering,
Nanjing University of Aeronautics and Astronautics, Nanjing 210016, China)

Abstract: Based on the mathematical model of continuum structure topology optimiza-
tion, a 1/18 cyclic symmetric simplified fan structure model was established based on a gas
turbine engine design. The topological optimization design of the structure based on solid
isotropic material with penalization (SIMP) interpolation variable density method was pro-
posed. In order to obtain a better topology optimization result of the fan disk structure, a
method of combining the expanded optimization solution domain and the blisk structure was
proposed, and with this method, three control groups were set correspondingly based on the
design of the original fan disk. All simulation results were appropriately modified according
to the actual structure and manufacturing process, and the dangerous working conditions
were verified. Under the premise of meeting the performance requirements, the compressor

quality was reduced by 34.9%.
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Table 1 Flexibility change and iteration steps under

different mass retain rates
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Table 2 Static analysis results of 6 fan structures
B OMises.max / MPa Gr.max/ MPa Gemax / MPa Omax /1077 mm M/ kg My, /kg
(al) 255.21 238. 14 193.52 25. 36 6.11 9.03
(a2) 385.66 326.23 224.40 44. 26 3.33 6. 25
(b2) 281.35 124.55 200. 41 29.05 3.59 6.51
(cD) 251.83 232.29 167. 85 23.39 7.47 9.03
(c2) 429.18 468. 40 270.59 52.28 3.65 5. 44
(d2) 260. 22 248. 48 197. 25 22.91 4. 09 5. 88

i
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Fig. 12 Maximum equivalent Mises stress-mass scatter

plot for 6 fan structures
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Table 3 Comparison between relatively optimal design

and original design

151
ZH AR/ Y
(al) (d2)

OMises max / MPa 255. 21 260. 22 +1.96
Grmax / MPa 238. 14 248.48 +4. 34
Gemax/ MPa 193.52 197. 25 +1.93

Omax /1077 mm 25. 36 22.91 —9.66

M., /kg 9.03 5.88 —34.88
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