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Topology optimization of aero-engine gear transmission case
considering mechanical-inertial loadings
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Abstract: Under harsh service conditions and complex loading environments, gearbox cases in aero-engines are
required to be both structurally robust and lightweight. A key design challenge is balancing weight reduction with
control of bearing bore misalignment, which is an important performance metric. To address this issue, a topology
optimization method for the gear transmission case is proposed, considering both mechanical and inertial loads.
The approach is based on the solid isotropic material with penalization(SIMP) interpolation model. Inertial load
effects on attached components are incorporated into the optimization model, which imposes constraints on case

stress, critical bearing bore misalignment, and volume fraction of the optimized region. The objective is to
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minimize the weighted structural compliance of the case under multiple loading conditions. The proposed method
achieves a 7.1% reduction in case weight and simultaneously decreasing maximum von Mises stress, total
deformation, and critical bearing bore misalignment by 7.1%, 3.1% and 11.1%, respectively.

Keywords: aecro-engine; accessory gearbox; structural design; gear transmission; topology optimization
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Fig. 1 Research technology route
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Fig. 2 Schematic diagram of initial structure for the gear transmission case
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Table 1 The physical properties parameters of various components' materials for the gear transmission gearbox

RS [ZRE: W/ (kg'm™) 31 A /M Pa TR L
B NI N ZL101A 2 680 65 000 0.33
[iEEES TC4 4500 96 000 0.34
HAth 7075 2810 62 000 0.33
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Table 2 Typical operating conditions parameters of the gear transmission gearbox
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i 114 o HH/(N-m™) e /(r-min')  HH/(N-m™) el /(r-min)  HH/(N-m™) B /(r-min™)
1 1.1 21 746 1.1 16 090 1.6 13 388
2 30.0 26 324 38.0 19 477 48.0 16 207
3 98.0 6292 118.0 4 656 61.0 3874
4 62.0 5268 57.0 3 898 158.0 3243
5 117.0 6292 135.0 4656 119.0 3874
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Table 3 Bearing loads of the gear transmission gearbox under various operating conditions N
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X v z X y z X y z

1-A -1731 0 1744 -2 024 0 2039 -2268 0 2285
1-B -764 2 064 -1591 -894 2413 -1 860 -1 001 2 704 -2 084
2-A -1015 790 0 -1095 698 0 -1 046 338 0
2-B 1564 -1025 -154 1 860 -1259 -180 2 144 -1532 -201
3-A -126 940 0 -163 1190 0 -205 1519
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4-A =26 -42 0 -28 -45 0 -39 -63 0
4-B -13 =20 0 -14 =22 0 -19 =30 0
5-A 3 13 0 3 15 0 4 20 0
5-B 5 26 0 5 28 0 7 38 0
6-A 854 -2 151 0 968 -2 237 0 937 -3 621 0
6-B 1244 -2 343 0 1401 -2 529 0 1417 -3358 0
7-A =721 1166 0 -653 1056 0 -1818 2937 0
7-B -391 631 0 -353 572 0 -985 1591 0
8-A 787 -342 0 713 -309 0 1981 -862 0
8-B 394 -171 0 357 -155 0 991 -431 0
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Fig.3 Mechanical finite element analysis model of the gear transmission gearbox
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Fig. 4 Process of case topology optimization
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Fig.5 Topology optimization model for the gear transmission case
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Fig. 6 Effects of different load types on initial case stress and displacement under maximum power operating condition
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Fig. 7 Topology optimization results of the case under maximum power condition
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Fig. 8 Optimal case structure scheme under mechanical load at maximum power condition
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Fig. 9 Displacement of bearing bore centers in the initial design under typical working conditions
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Fig. 10 Results of multiple condition topology optimization for the case under combined mechanical-inertia load
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Fig. 11 Comparison of initial and optimized design schemes under idle operating condition
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Table 5 Comparison of initial and optimized design schemes
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