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Spatial Filter Design for Observation Spillover Suppression

Naoki HOSOYA and Yuichi MATSUMURA

This paper addresses the design method of spatial filter for suppressing modal
observation spillover. To eliminate the several selected modal amplitudes from structural vibration
responses, a kind of modal filter is introduced. This filtering methodology can be realized by a
small number of sensors, relative to the number of dominant modes in target frequency range. The

method is validated by applying it to a beam structure.

Key Words: Modal Analysis, Filter, Measurement, Modal Filter, Obsevability, Frequency
Response Function, Impact Testing
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(i) Design of FE -model based spatial filter
(Determination of sensor position)

FE-model

(ii) Attachment of the sensors based on a spatial
filter and application to a vibration testing

| (iii) Identification of modal parameters

(iv) Comparison of modal parameters between
FE-model and experimental model

Experimental model

(v) Redesign of spatial filter
based on experimental model

| (vi) Maodification of position of sensors

(vii) Filtering

Fig. 3 Procedure of spatial filter design

Table 1 Natural frequency of the beam structure

Natural frequencies [Hz]
Mode FEM Theoretical
1st 12.6 126
2nd 79.0 79.0
3rd 221.2 221.2
4th 433.3 433.7

Table 2 Modal assurance criterion

Mode MAC
1st 0.99999999999665
2nd 0.99999999502509
3rd 0.99999994048669
4th 0.99999976004308

1 J 7 ,
V4 5 A st

(i) ® FE-model o
(ii) @ Theoretical model 0.5 0.5
0 05 1 bl
X'y

(a) Sensor placement (b) Evaluation function

Fig. 4 Selected sensor placement by using two sensors

(target modes:3, 4)
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Table 3 Natural frequency of the beam structure

oo X o) Natural frequencies [Hz]
o Mode [ Experimental FEM Difference[%]
1st 12.1 12.6 -4.0
P X 2nd 76.6 79.0 -3.0
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Fig. 7 Spectra of measured accelerations
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Fig. 8 Spectrum of filtered accelerations (target modes: 3,
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