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ABSTRACT

We propose a systematic method to select the master states, which are retained in the reduced model
after the order reduction process. The proposed method is based on the fact that the range space of
right eigenvector matrix is spanned by orthogonal base vectors, and tries to keep the orthogonality of

the submatrix of the base vector matrix as much as possible during the reduction process. To quantify
the skewness of that submatrix, we define “Absolute Singularity Factor(ASF)” based on its singular
values. While the degree of observability is concerned with estimation error of state vector and up to

n’th order derivatives, ASF is related only to the minimum state estimation error. We can use ASF to

evaluate the estimation performance of specific partial measurements compared with the best case in

which all the state variables are identified based on the full measurements. A heuristic procedure to find

suboptimal master states with reduced computational burden is also proposed.
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Fig. 1 Projection of the stochastic error in order reduction process
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Fig. 3 Finite element model of undamped cantilever
beamn with additional mass at the tip

Table 1 Ranking of DOFs according to ,ASF

Ranking DOF {ASF
st 10 2.54881
2nd 2 1.08048
3rd 8 1.07449
4th 9 1.07385
5th 4 1.07091
6th 6 1.06956
7th 7 1.05266
8th 5 1.05106
9th 3 1.04788
10th 1 1.01418

Table 2 Dependency check between DOF;

Singular values Kn Relation
[CDlss | 34.9608, 9.1105 | 0.1062(>0.1) | dependent
[CDl.s | 27.0315, 26.1424 | 0.0275(<0.1) | independent
[CD),s | 26.0897, 22.8326 | 0.0330(<0.1) | independent
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Fig. 4 Model of a hysteretically flexible chimney on a
resilient foundation with damping

Table 3 Raking of states according to ,ASF
(d : displacement, v : velocity)

Table 4 Dependency check between states

ranking state {ASF difference
1st v 1.2061
2nd 6v 1.1171 8.897%-2
3rd 7d 1.0932 2.3985e-2
4th 2v 1.0917 1.5137e-3
5th 3v 1.0908 8.5728e-4
6th 4v 1.0714 1.9369e-2
7th lv 1.0559 1.5482¢-2
8th 5v 1.0500 5.9795e-3
9th 6d 1.0481 1.8407e-3
10th 5d 1.0242 2.3953e-2
11th 4d 1.0111 1.3107e-2
12th 3d 1.0043 6.7197e-3
13th 2d 1.0014 2.9478e-3
14th 1d 1.0003 1.0673e-3

A 9)x)) =& Table 3542 4719} A "ol A

A 5 ek, F A2 5 FAHE Addgsts FA
ANA RE ASol thgh AAAEFNE Table 56l A

80/ SZASTSI X /A 4- A 13, 1994

Singular values n Relation
[CD}azv | 3.1591, 5.9011e-4 | 1694.6(<2500) | independent
[CDlwav | 44340, 1.5526e-3 | 644.07(<2500) | independent
[CDJraav | 31112, 5.9008e-4 | 1694.7(<2500) | independent
[CDlsvsa | 3.0517, 4.7935e-4 | 2086.2(<2500) | independent
[CDlusa |3.572e-4, 1.201e-4 | 7894.7(>2500) | dependent
Table 5 High ranking master state sets
Master state sets ASF
2v, 3v, 6v, 7v, 7d 1.32821 Best
3v, 4v, 6v, 7v, 7d 1.34760
1v, 3v, 4v, 7v, 7d 1.40434
1v, 2v, 6v, 7v, 7d 1.41028
2v, 3v, 4v, 7v, 7d 1.41315
3v, 4v, Tv, 6d, 7d 1.43550 Worse
2v, 3v, 5v, 6v, 7d 1.43933
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