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ABSTRACT: The work aims to verify the rigidity and strength of a certain D406A high-strength steel engine case for the
combined instability condition of internal pressure and external load, and to ensure that the components meet the service
strength requirements. The finite element software was used to establish an engine case stiffness finite element model, and
numerical simulation analyses were carried out for different mesh densities and different structural cell types in the model
to determine the parameters of the flexural deformation model with the best calculation accuracy. Under the combined
working conditions of axial load and external pressure distributed load, the bending analysis and structural strength check
were carried out, and the simulation showed that the single-layer solid mesh delineation had the best calculation accuracy,
and the maximum stress value of the linear bending analysis was 67.2 MPa, the eigenvalue was 2.322, and the coefficient
of structural residual strength was 1.39. In conclusion, the D406A high-strength steel engine case has sufficient strength,
stiffness and stability under the service environment. It meets the design requirements of the engine case packaging
structure.
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Fig.1 Model of D406A steel engine case
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Tab.1 Material performance parameters of D406A

i3 A et Ml 5 i PUhrsm g
T/°C E/GPa 09../MPa oy/MPa
19 200 1520 1740
100 195 1440 1730
200 190 1440 1730
300 186 1350 1730
350 165 1310 1720
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Tab.2 Converted axial design load under different conditions

sy DR LUK BN
f 7/°C O/N M/(N-m) T/N

29 1.5 350 17 309.7 —24794.8 -61 138.0 106 645

30 1.5 350 15398.2 —21073.2 —64 603.1 71 679.5

31 1.5 350 12 970.9 —15 606.8 —66 936.7 17 309

32 1.5 350 10 870.0 -13012.6 —68 190.4 1811

33 1.5 350 8 869.3 —10 838.6 —69 444.0 —17 462

34 1.5 350 7 094.6 -9 064.8 =70 696.6 —33 532

35 1.5 350 51435 =7 645.9 -72212.0 —47 158

36 1.5 350 37323 -6 270.0 =74 861.1 —62 131.5

37 1.5 350 2 688.0 -4 963.6 =77 182.5 =76 069

38 1.5 350 1336.7 —4 426.1 —78 481.9 —82313.5

39 1.5 350 171.0 —4 158.7 =79 926.5 —86 625

40 1.5 350 —764.7 —4124.5 —81 580.4 —89 378

41 1.5 350 —386.3 -4 277.5 -84 397.0 —92379.5

42 1.5 350 9400.9 —4 348.0 —95325.3 —108 203.5

43 1.5 350 7 706.0 -3 877.9 —93 402.5 —109 087
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Tab.3 External pressure distribution design load
[ ;J‘F;:ﬁ X f Wit #far/MPa
v -90 -60 =30 0 30 60 90

1 29 3305 1.3 0.139 162 0.1299739 0.1256908 0.1148901 0.1503782 0.1828012 0.193 246
2 30 3.52 1.3 0.0452845 0.0393561 0.0327942 0.0167246 0.0512387 0.0755752 0.0853243
3 31 3.875 1.3 0.0535071 0.0440864 0.0359457 0.0163934 0.0462367 0.073 1249 0.083 808 1
4 32 4.075 1.3 0.0581394 0.0467513 0.0377211 0.0162068 0.0434186 0.071 7444 0.0829539
5 33 4275 1.3 0.062 504 0.049 1525 0.0397957 0.0167252 0.0410459 0.0705712 0.0823919
6 34 4475 1.3 0.0641598 0.0488862 0.0448959 0.024 371 0.043 1777 0.071 493 0.084 783 5
7 35 4.675 1.3 0.0658158 0.048 62 0.0499961 0.0320168 0.0453093 0.0724149 0.0871753
8 36 4942 1.3 0.0672513 0.0477842 0.0528606 0.0360989 0.0464872 0.071 0406 0.087 1296
9 37 5293 1.3 0.0686143 0.0463732 0.0539904 0.037 375 0.0469213 0.0675175 0.0849232
10 38 5492 1.3 0.0705959 0.0621192 0.0669247 0.038 815 0.046 433 7 0.068 607 0.087 3417
11 39 5692 1.3 0.0731543 0.0858021 0.0857514 0.0405958 0.0455933 0.071 1845 0.0915246
12 40 5.893 1.3 0.0808986 0.0581191 0.0662588 0.0506247 0.0231041 0.0820827 0.1017409
13 41 6.093 1.3 0.0818191 0.0540266 0.0633244 0.0518543 0.02027 0.0834031 0.1029354
14 42 6.275 1.3 0.0751655 0.0539555 0.0656976 0.0532552 0.0196963 0.0928314 0.1137826
15 43 6.325 1.3 0.1551206 0.1362283 0.148 831 0.136 0463 0.101 7921 0.1784493 0.199 900 1
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Fig.2 Applying maximum converted axial design load
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Fig.5 Eigenvalue results of solid meshing with different mesh density
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Tab.4 Buckling simulation results of solid
meshing with different mesh density
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= P65 7R
4 4 2 0.7 2.4501 1.470 Fig.6 Simple case model
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Fig.7 Relation between mesh density and eigenvalue of case meshing
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Tab.5 Buckling simulation results of case packaging
structure with different mesh density

5 BRI /mm R ATRRIRRIE R
1 3 2.448 8 1.469
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3 0.9 2.447 1 1.468
4 0.7 2.4470 1.468
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Fig.8 Single layer solid mesh of engine case packaging structure
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Fig.9 Mises stress of engine case packaging structure
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Fig.10 Buckling simulation results of engine case packaging structure
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