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Topology Optimization Design Method on Compressor Disks
in Gas Turbine Engines
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Abstract: To fill up the deficiency in the initial phase of the domestic gas turbine engine design system,
based on evolutionary structural method, a topology optimization method suitable for compressor disks of gas tur-
bine engines was developed. With full consideration on engineering demand, to solve the problem such as break-
age of main structure, closed looping cavity structure, and the imperfection of irreversibility of optimization algo-
rithm that may be encountered during optimization progress, a series of solutions, including limiting both over-
all and per—step optimization fields, artificially controlling the progress of optimization, were put forward. The
numerical example treating coordinating radial displacement on flange as the objective proves that the optimiza-
tion method improves the shape—preserving effect of inner—side flow passage composed by the flange of disk.
Therefore, it demonstrates that the optimization method possesses satisfactory engineering practicability with fea-
sibility on its process and effectiveness on its result.
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Fig.1 Breakage of main structure and closed loop cavity

structure on disks
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Fig.2 Structure of quadrangular 2-D structural solid element

containing 4 nodes
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Fig.3 Screening deletable elements
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Fig. 8 Constraint of disk model

Table 1 Value of external loads on disk under speed series
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Fig. 9 Original design field of single-deck drum form structure

Table 2 Radial displacement values on disk flange of original

design field

Radial displacements of key points/pm
State

1 2 3 4
Stop -1.0 1.0 1.0 2.0
Maximum 59 78 83 81
Relative value 60 77 82 79

F./kN
w/(kr/min) FJ/KN
Section] Section2 Section3
38 173 371 188 52.0
26 81.1 174 88.0 62.5
14 23.5 50.4 25.5 75.4
2 0.480 1.03 0.521 79.3
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Table 3 Optimization process control

Speed/(kr/min) 38 26 14 2

Weight ratio 0.34 0.20 0.18 0.28
Subsegment(Vol per) 1.00~0.76 0.76~0.62 0.62~0.50 0.50~0.30
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Fig. 10 Optimization history process of single-deck drum

structure

Fig. 11 Optimization result of double-deck drum form

structure
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Fig. 13 Optimization result of drum form structure
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Table 4 Comparision of inconsistency amount of radial

displacement on disk flanges

Structure form Disk—drum form  Drum form Prototype

Uncoordinated amount/pm’ 5700 3400 7900
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Table 5 Check results of static strength

Disk form Disk=drum form Drum form
Max stress/MPa 521 582
Ultimate stress/MPa 1128 1128

Safety margin 2.2 1.9
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