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Table 1  Coefficients of mode shape sensitivities

r# s r=-s
i i=j i ) i=j
B a AT + TP )/, - 4,) AT/ - 4,) - 22,77, - AP
gﬁb 8 (O, ¥, + T, 0,)/(A, - 4,) T, (4, - A,) 0 0
- 7, AT, + T )/(A, - 4,) AT /(A - 4,) - v, )
BB a @2 (3,8, + 4,8:.)/ (0% - @?) ’$:$;/ (0} - w?) - 8.9, - #3272
R B (48, + #9,)/ (0 - @) bt/ (o - @) 0 0
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Table 2 Modal frequencies of two structures

A AL | MR 2
1 0.315 2.915
2 0.315001 2.915001
3 0.315002 2.915002
4 0.3153 2.9153
5 0.3164 2.9164
6 0.3181 2.9181
7 0.3182 2.9182
8 0.3201 2.9201
9 0.3202 2.9202
10 0.322 2.922
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Table 3  Density of neighboring modes

(x1073)

A 152 #E253 HE3I54 HE455 #Es556 Hide57 #7158 #E859 A5 10

MR 0.0032
MR 2 0.0003

0.0032
0.0003

0.9456 3.4827
0.1022 0.3772

5.3585 0.3143
0.5827 0.0343

5.9533
0.6509

0.3124
0.0342

5.6057
0.6162
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Table 4 Density of clustered modes

ik —4 i 3 S —4
FERL | 0.0442 1.2698 x 10~°
HERL 2 0.0048 1.3722x 1076
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Table 5 Mode shape sensitivity to k4 4, of model 1 (x 10%)

é , b, ¢, s s ¢ &s &, 1
-2.0173 0.0071 -2.0032 -0.0059 —-0.0068 —0.0405 0.0389 -0.0324 0.0466 -0.0070
-2.0173 -8.0342 -6.0239 0.0209 -0.0125 -0.0430 0.0364 -0.0339 0.0451 -0.0059
6.0240 0.0071 6.0381 -0.0328 -0.0010 -0.0379 0.0414 —-0.0308 0.0482 —-0.0081
2.0033 0.0070 2.0174 0.0209 -0.0125 —-0.0430 0.0364 -0.0339 0.0451 -0.0059
-6.0112 8.0215 -2.0302 0.0210 -0.0052 —0.0402 0.0391 -0.0323 0.0467 -0.0071
-6.0169 -0.0141 -6.0451 0.0405 -0.0109 -0.0475 0.0322 -0.0360 0.0431 —-0.0045
6.0425 -0.0115 6.0194 -0.0430 0.0110 -0.0397 -0.0399 -0.0353 0.0439 -0.0059
6.0400 -8.0504 2.0013 -0.0189 0.0097 0.0373 -0.0424 -0.0410 0.0384 -0.0027
-2.0297 0.0194 —1.9908 -0.0205 0.0045 0.0384 -0.0410 -0.0427 -0.0423 0.0027
-6.0519 0.0210 -6.0100 0.0316 -0.0049 0.0370 -0.0420 0.0333 -0.0454 0.0093

Fo6 B2 by, BWIREIREUE

Table 6 Mode shape sensitivity to k,, ;o of model 2 (x10%)

LA ¢, &, &, &s ®s ¢, & &, b0
-2.1800 0.0076 -2.1648 -0.0064 -0.0073 -0.0441 0.0424 -0.0355 0.0511 0.0077
-2.1800 -8.6820 - 6.5096 0.0226 -0.0136 —-0.0469 0.03967 -0.0372 0.0494 0.0065
6.5097 0.0076 6.5249 -0.0355 -0.0011 —-0.0413 0.0451 -0.0338 0.0528 0.0089
2.1649 0.0076 2.1801 0.0227 -0.0136 —0.0469 0.0396 -0.0372 0.0494 0.0065
-6.4958 8.6682 -2.1939 0.0228 -0.0057 —-0.0438 0.0426 -0.0354 0.0512 0.0077
-6.5020 -0.0153 -6.5325 0.0438 -0.0119 -0.0517 0.0351 -0.0395 0.0473 0.0050
6.5296 -0.0124 6.5047 —-0.0465 0.0119 -0.0433  -0.0436 -0.0387 0.0481 0.0065
6.5269 - 8.699%4 2.1626 -0.0205 0.0105 0.0407 —-0.0463 -0.0450 0.0421 0.0029
-2.1934 0.0210 -2.1513 -0.0222 0.0049 0.0419 -0.0447 -0.0468 -0.0464 -0.0029
-6.5399 0.0227 - 6.4945 0.03429  -0.0052 0.0404  —-0.0458 0.0366 -0.0497 -0.0102
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Fig.1 Mode shapes(nominal mode shapes(left), perturbed mode shapes of model 1(middle), perturbed mode shapes of model 2(right))
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A New Way to Define Closely Spaced Modes of Vibration

LIU Xiao-xiang"*, HU Jun"?
(1. Beijing Institute of Control Engineering, Beijing 100190, China;
2. National Laboratory of Space Intelligent Control, Beijing 100190, China)

Abstract: Mode shape errors can be large in flexible space structures comprising closely clustered modes of vibration, because
it arises from very small manufacturing errors. If not properly taken into account, this so called “unstable modes” will potentially
pose problems for high-performance flexible spacecraft controllers based on nominal models. With this understanding, it was ana-
lyzed that former definitions of close modes were limited. This paper prompted a new way, based on mode shape sensitivity to
structure parameters, to define close modes, which emphasized the impacts of close modes on control. It was shown that this new
measurement could be used to compare the density of clustered modes comprised in two different structures. An example computa-
tional study showed that this measurement was accurate and effective .

Key words: Closely spaced modes; Mode shape instability; Density of clustered modes; Judging criterion; Mode shape sen-

sitivity to structure parameters



