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A DIRECT MODE SHAPE EXPANSION METHOD
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Abstract: Traditional methods dealing with spatial incompleteness is by employing transformation matrix for
model reduction and modal expansion. This article presents a different mode shape expansion method without
obtaining transformation matrix, i.e., a direct mode shape expansion method. A hybrid vector is employed, which
is constructed by values corresponding to master degrees of freedom (DOF) and values corresponding to slave
DOFs. Spatial complete mode shape is estimated by modifying the above values at slave DOFs based on
information such as measured spatial incomplete mode shape and stiffness and mass matrices from the analytical
model. A five DOFs mass-spring system is used to examine the accuracy of the proposed method; and a planar
frame structure is used to identify the performance for lower order mode shapes estimation. Numerical results
show that: 1) Mass normalization and scaling for mode shapes are not needed in the proposed method; and 2) The
proposed method outperforms traditional expansion method for lower order mode shape expansion, and a certain
modeling errors are permitted in finite element model of the test structure.
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Fig.2 Comparison of the first mode shape when stiffness
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matrix of the actual structure is unknown
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Table 1 Expanded mode shapes from the existing methods

and the proposed approach

Hizs Guyan Dynamic Serep KRICT
Wik e, () MAC €, /(%) MAC €, /(%) MAC €, (%) MAC

1 2.89 09934 0.01 1.0000 0.02 0.9999 0.01 1.0000
2 10338 0.3871 0.11 0.9995 0.11 0.9995 0.17 0.9995
3 109.81 0.4929 395 0.9808 1.11 0.9958 1.87 0.9927
4 10443 0.3386 11.28 09765 1.84 09952 7.87 0.9747
5 22949 0.0353 0.04 0.9999 0.25 0.9988 237 0.9890
E, 110.00 3.08 0.67 2.46
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Table 2 Expanded mode shapes from the existing methods

and the proposed approach when the measured mode had a 5
percent noise level

Mz Guyan Serep AT
Wik el (%) MAC e, /(%) MAC e} /(%) MAC e} /(%) MAC

Dynamic

1 320 0.9927 0.02 0.9999 0.02 0.9999 0.02 0.9999

2 10143 03987 0.11 09995 0.10 0.9995 0.13 0.9994

3 107.07 05017 1.89 09917 1.01 09962 1.73 0.9935

4 103.47 03472 1022 09794 2.13 09950 6.92 09779

5 22793 0.0350 0.04 0.9998 0.35 0.9983 2.85 0.9866
Ep  108.62 2.46 0.72 2.33
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Table 3 Expanded mode shapes from the existing methods

and the proposed approach

A Guyan Dynamic Serep A7k
ik e, (%) MAC € /(%) MAC €, /(%) MAC €, /(%) MAC
1 001 09999 000 1.0000 000 10000 0.00 1.0000
2 1.03 09947 001 09999 002 09998 0.01 0.9999
3 1549 09343 081 09970 0.12 09991 0.1 0.9993
4 100.14 0.0066 5731 0.9986 388.14 0.9979 4426 0.9986
5 14484 01795 077 09969 046 09974 035 0.9978
E, 52301 11.78 71.75 8.95
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