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ABSTRACT

In this paper, we present an efficient method for finite element vibration analysis of a structure with
cyclic symmetry and applied it to calculating the natural vibration characteristics for a blower impeller.
Blower impeller having a cyclically symmetric structure is composed of circumferentially repeated
substructures. The whole-structure is partitioned into substructures, and then finite element vibration
analysis is performed for a substructure using transformed equations for each number of nodal diameter,
which are derived from discrete Fourier transform in consideration of the cyclic symmetry. Natural
vibration characteristics for three kinds of models, which are blower impeller without support ring, with
small support ring and with large support ring, are numerically analyzed and compared. Accuracy and
efficiency of the present method are verified by comparison of the results of the analysis with substructure
and with whole-structure. Also, the results of the analysis by cyclic symmetry module(SOL 115) of
MSC/NASTRAN are presented and compared.
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Fig.3 FE model of whole-structure of a blower
impeller with large support ring
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Fig. 4 FE model of substructure of a blower impeller
with large support ring

Table 1 Computational cost of natural vibration
analysis of a hub-free blower impeller with
large support ring

Number | Physical| CPU Space
Method ™ | of modes | time(s) | time(s) | (MByte)

0| 1 se | 312 | 1

1| 2 115 | 864 | 499

2 | 18 00 | 804 | 457

3 | 18 06 | 791 | 452

Present method 1™y 146 1 107 | 802 | 452
5 | 16 | 106 | 789 | 452

6 8 33 | 233 | 138

629 | 4595 | 2636

Total| 109 | (13995)| (179) | (22%)
MSC/NASTRAN 513 | 3867 | 2159
Cyd‘f,;iﬁ%“em Totall =109V 1900 1 (14.3%) | (18%)
Whole 756 | 27076 | 11993
structure | 1R 10916000y | 1009%) | (100%)
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Table 2 Natural frequencies of a hub-free blower
impeller with large support ring(unit : Hz)

Mode | Whole-structure ggfﬁgg Nﬁi};}l}ﬁN
1 1.905272E-04 | 5.495095E-05 | 1.346018E-04
2 2.256491E-04 | 6.507686E-04 | 1.594524E-03
3 3.128815E-04 | 8.757740E-04 | 2.336708E-03
4 3.546183E-04 | 1.375970E-03 1,2790’1 2E-03
5 4.621496E-04 | 1.399632E-03 | 2.347184E-03
6 7.091569E-04 | 1.778281E-03 | 3.650517E-03
7 4.749893E+02 | 4.749888E+02 | 4.748968E+02
8 4.749894E+02 | 4.749888E+02 | 4.748968E+02
9 5.209935E+02 | 5.209935E+02 | 5.209101E+02

10 5.565860E+02 | 5.565868E+02 | 5.564793E+02
11 5.565869E+02 | 5.565868E+02 | 5.564793E+02
12 7.049763E+02 | 7.049762E+02 | 7.049732E+02
13 7.060829E+02 | 7.060829E+02 | 7.060803E+02
14 7.060830E+02 | 7.060829E+02 | 7.060803E+02
15 7.084800E+02 | 7.084800E+02 | 7.084778E+02
16 7.084802E+02 | 7.084800E+02 | 7.084778E+02
17 7.091890E+02 | 7.091890E+02 | 7.091867E+02
18 7.091890E+02 | 7.091890E+02 | 7.091867E+02
19 7.133163E+02 | 7.133163E+02 | 7.133039E+02
20 7.133164E+02 | 7.133163E+02 | 7.133039E+02
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Zx o280 (9] ZAARE EHE e 22 @} ng rng
FEAELE AYsly FESA 6AE7R dAEHH, 1 3.778317E+2 4.375977E+2 4.749888E+2
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27t AAFH] Utk me) 1 B 28 A TE€F i
10 | 4142442E+2 | 5.999860E+2 7.084800E+2
Table 3 Natural frequencies of hub-fixed impeller 1 4142442842 6.021805E +2 7.091890E+2
(unit : Hz) 12 | 4.148734E+2 | 6.021805E+2 7.091890E+2
With 1 13 | 4743984E+2 | 6.134963E+2 7.133163E+2
. . . . 1 arge
Mode | Without ring | With small ring ring 14 | 4743084E+2 | 6.134963E+2 | 7.133163E+2
1 1.631522E+2 | 1.665448E+2 1.677224E+2 15 | 4920870E+2 | 6.373480E+2 7.362807E+2
2 1.631522E+2 1.665448E+2 1.677224E+2 16 5.225936E+2 6.460366E+2 7.362897E+2
4 | 3713423E+2 | ASTHOTIE+2 | 4.383864E+2 18 | 5655167E+2 | BOTS607E+2 | 8.893080E:2
- A TIaITE | 437597TE2 JRE— 19 | 5690024E+2 | 8.075608E+2 8.893080E+2
20 | 5.690024E+2 | 8.704476E+2 9.308767E+2
6 3778317E+2 |  4.397187E+2 4.749888E+2
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x/2m DE A Y& & U
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18 4.743984E+2 6.538279E+2 7.418275E+2

19 5.634946E+2 6.771899E+2 7.420928E+2

20 5.634946E+2 6.771899E+2 7.420928E+2
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with large support ring
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