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Optimization of momentunr biased wheel rotor based
on its static and dynamic properties
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Abstract: Mathematical models of structural optimization were established for a momerr
tunmr-biased wheel rotor, by integrally considering its static and dynamic properties, while the
structural optimization\designs w ere carried out. The wheel s maximum rotation speed is
70001/ min and maximum angilar momentum is 3N * m * s. Three dimensional static and dy-
namic solid topelogy optimizations on the wheel rotor were performed based on artificial ma-
terial density.method; then a conceptual model, which tends to be a model with 4 Fbeam
spokes, was gotten. Simultaneously, a rotor with 4 rectangular spokes was designed in corr
trast with the Fbeam spoke rotor. Finally, parameter models were established in software
ANSYS, and sizing optimization design was performed based on the zero-order method. The
optimized results show that the volume of each rotor declines to 1. 51x 10" m’, and that the
first elastic vibration frequency (1468. 0 Hz) of the rotor with F beam spokes is higher than
that (1413. 5Hz) of the rectangular spoke rotor, proving that the result of topology optimization
is reasonable. The optimized results in this article are realizable in engineering. And the study

method provides a reference to decreasing design mass and low ering rotor s vibrant level, etc.
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Table1 Value ranges of design variables and optimization results ( F beam spoke)
/ mm
X1 X2 X3 X4 Xs X6 X7 xXg X9
72 13 8 8 4 12 8 15 3
80 23 18 18 14 22 18 25 8
75 59 15 84 14 48 13. 96 8 38 19 20 8 58 19 62 522
J,/ 107 (kg m? JolJa 0,/ MPa fal Hz f£(X)/ 10 *m’
4 093 14 0 1400 -
4 143 2 441 - -
4 38 197 56 6 1294 5 155
4 095 1 97 54. 74 1468 0 1. 508
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Fig. 4 Analysis of the sizing
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2.2 ,

T
X= [x1,%2, x3, x4, x5, x6,x7] =
2

f2=1468.0Hz,
f2=1413.5Hz ,

[153, 16,15, 10,16,20,5]" (mm)

, 60 2,

2

1. 53 x
100*m’ 1.509x 107 * m’,

2 ( )
Table 2 Value ranges of design variables and optimization results ( rectangular spoke)

/ mm
X1 X2 X3 X4 X5 X6 X7
70 13 8 8 10 15 3
80 23 18 18 20 25 8
75 6l 16. 66 14 14 12 82 13. 66 17 41 4 89
J,/ 1073 (kg * m?) Ju/ . 0,/ MPa f5/ Hz F(X)/ 10" *m?
4 093 4 0 1400 -
4 143 2 441 - -
436 197 44 9 1193 08 153
4 099 197 35. 37 1413 5 1. 509
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