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4
1 1, 2
, A rnoldi SRR-
2, 3(a c), 4, 5(a).
4, 6, 9, 40
1 ( ), 3,6 37
, 2, 3(a ¢, 4
5 (a) ,
, 6 ,
3 , 3 (b) 6
24
, : 0° 45° 105°
120°, 240°, 320° 3 ()
( 2(0) ,
3 (b) : B
= 30°
© E= 2.1x 10" Pa, ¥ 3
= 0.3, Jy= 1.167x 10 "'m*, J.= 1.167% Fig 3
10 *m*, P= 1.13x 10 *kg/m, A= 2.231x 10 °m?
1 6 (rad/s)
Table1 The first 6 frequenciesof the blade (rad/s)
80.369 1 494. 746 1 230. 09 1 998. 03 2 328. 57 3 792.85
© E=2.1x 10%Pa, ¥ 0.3, Jy=J.= 1.167x 10 °m*, pP= 1.13x
10 *kg/m, A= 2.231x 10 °m° Q= 1200 rpm.

2 4 24 (rad/9)
Table 2 Thefirst 24 frequenciesof the 4-bladed rotaryw ingmodel (rad/s)

80.3485  80.3485  80.3672  80.3691  494.684 494. 684 494. 735 494. 746
1229.91  1229.91  1230.04  1230.09 1477.94 1957.26  1973.66 1 998.04
2328.22  2328.23  2328.38  2328.57  3792.17  3792.17  3792.40  3792.85

3@ 6 24 (rad/s)
Table3 (a) The first 24 frequencies of the 6-bladed rotaryw ing model (rad/s)
80. 338 2 80.338 3 80. 366 3 80.369 1 80.369 1 80.369 1 494. 653 494. 653
494. 730 494. 746 494. 746 494. 746 1229.81 1 229.82 1230.01 1 230. 09
1 230. 09 1 230. 09 1 333. 40 1 935. 46 1 960. 67 1998. 04 1 998. 04 1998. 04
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3k 6 ( ) 24 (rad/s)
Table3 (b)  Thefirst 24 frequencies of 6-bladed (non-isotropic) rotaryw ing model (rad/s)

80. 016 2 80. 099 2 80.345 8 80.369 1 80.369 1 80. 369 1 493. 579 493. 869

494. 620 494. 746 494. 746 494. 746 539. 375 1 219. 47 1 225. 43 1229.41

1 230. 09 1 230. 09 1 230. 09 1 337. 40 1 546. 17 1 998. 04 1 998. 04 1 998. 04

3@ 6 ( B= 309 24 (rad/9
Table3 (c) The first 24 frequencies of 6-bladed (non-isotropic, = 30° rotaryw ing model (rad/s)

79.917 2 80.129 0 80. 316 2 80.369 1 80.369 1 80.369 1 492. 901 493. 973

494. 514 494. 746 494. 746 494. 746 561. 884 1 216. 33 1 226. 00 1 229. 26

1 230. 09 1 230. 09 1 230.09 1425.84 1634.78 1998. 04 1998. 04 1998. 04

4 9 36 (rad/9
Table4 The first 36 frequencies of 9-bladedrotaryw ing model (rad/s)
80.322 8 80.322 8 80. 364 9 80.369 1 80.369 1 80.369 1 80.369 1 80.369 1 80. 369 1
494. 605 494. 607 494. 723 494. 746 494. 746 494. 746 494. 746 494. 746 494. 746
1178. 66 1 229. 66 1 229.68 1229.97 1 230. 09 1 230. 09 1 230.09 1 230. 09 1 230. 09
1 230. 09 1901.15 1940.21 1998.04 1998.04 1998.04 1998.04 1998.04 1 998. 04
5@ 40 45 (rad/9)
Table5 (@) The first 36 frequenciesof 9-bladed rotaryw ingmodel (rad/s)
80.1624 80.1640 80.3503 80.3691 80.3691 80.3691 80.3691 80.3691 80.369 1
80.3691 80.3691 80.3691 80.3691 80.3691  80.369 1 80.3691 80.369 1 80.369 1
80.369 1 80.369 1 80. 369 1 80.369 1 80.369 1 80.369 1 80.369 1 80. 369 1 80.369 1
80.369 1 80.369 1 80. 369 1 80.369 1 80.369 1 80.369 1 80.369 1 80. 369 1 80.369 1
80.3691 80.3691 80.3691 80.369 1 494. 085 494.119 494. 643 494. 746 494. 746
5 (b) 5 (a)
Table 5 (b) Comparison of various lution methodsw ith the computation in Table 5 (a)

M ethods

Size of the reduced system

N umber of iterations

Computer time

dynamics substructure method 418 1 27minand 45 s
A rnoldi reduction method 5 59minand 8 s
SRR-subgace iteration 3 45minand 21 s
2 3 , 4 (a), 4 (b).
E=2 1x 10" Pa, )= Q 3, P= 7800kg/Mm° A=0Q 09m? J,=J.= 2 5x 10 °m*
6 7.
6 5 (rad/s)
Table 6 The frequenciesof the single repetitive substructure (rad/s)
0. 313 532 1. 825 93 4. 180 62 4. 967 36 9. 042 58
7 40 (rad/s)
Table 7 Thefirst 40 frequencies of thew hole structure (rad/s)
.049 878 .068 221 .105353 .313532 .313532 .313532 .313532 .313532 .313532 .313532
.313532 .313532 .313532 .313532 .313532 .313532 .321168 .324065 .404079 .717778
.725019 1.22493 1.82593 1.82593 1.82593 1.82593 1.82593 1.82593 1.82593 1.82593
1.82593 1.82593 1.82593 1.82593 1.82593 1.98248 1.99341 1.99577 3.72978 4.180 62
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THE (n- 3) M ULTIPLE EIGENVALUESFORA CLASS
OF STRUCTURESAND ITSNON-DEFECTIVENESS

Ren Gexue Zheng Zhaochang
(T singhua U niversity, B eijing 100084, China )

Abstract Based on the block structure of the assambled system matrix by gyroscopic
mode synthesis technique, it isproved constructively that there is a seriesof the (n- 3) -
multiple eigenvalues in the gectrum of the gyroscopic eigenvalue problen for the
rotaryw ing type structures, corregponding to the n repeated substructuresmounted on the
structure The asciated comp lete eigenvectorsor modes are al obtained The obtained
analytical results are extended to the nonrotating, undamped and damped rotaryw ing type
structures Further examination of the proof of the analytical results conclude that the
multiple eigenvalues induced by the geometric symmetry or repetition introduce no
defectiveness to the system. A variety of the numerical examples are presented to verify
the results The synmetry reaining property of the dynamic substructure method is alo
discussed, and it is considered to be a virtue deserved to be studied furthemore

Key words dynamic substructuremethod, repetitive substructure, multiple eigenvalues,
nondefctiveness



