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Spatial Filter Design for Observation Spillover Suppression
(Fundamental Investigation in Vibration Testing)
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** Division of Mechanical Engineering and Science, Saitama University,
255 Shimo-Okubo, Sakura ku, Saitama-shi, Saitama, 338-8570 Japan

Spatial filter whose importance has been recognized is useful for suppressing modal observation
spillover and making reduced-order model of the structures. The authors have proposed a design
method of spatial filter of structures. The method is able to get rid of the selected modal amplitudes
from measured responses in vibration testing. A small number of sensors are used to design spatial
filter that are below number of the modes in target frequency range. In this paper FE-model based
filtering methodology is presented. The following is the filter design procedure: a fundamental
spatial filter is designed from FE-model of the structure, its experimental model is identified by using
experimental modal analysis, and finally, spatial filter corrected by the experimental model is
obtained. This paper installs the evaluation of optimal sensor position for establishing spatial filter.
The workability of the method is investigated by experimental application to a cantilever beam.

Key Words: Filter, Observability, Experimental Modal Analysis, Frequency Response Function,
Impact Testing
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Fig. 1 Concept of spatial filter (Number of sensors: 2,
Number of target modes: 3)
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Fig. 2 Schematic of experimental system

(i) Design of FE-model based spatial filter
minati ition

FE-model

(i) 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) Modification of position of sensoa

Fig. 3 Procedure of spatial filter design

Table 1 Natural frequencies of the beam structure

Natural frequencies [Hz]
Mode FEA Theoretical |
Ist 12,6 12.6
2nd 79.0 79.0
3rd 221.2 221.2
4th 4333 433.7

Table 2 Modal assurance criterion
Mode MAC
Ist 0.99999999999665
2nd 0.99999999502509
3rd 0.99999994048669
4th 0.99999976004308
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Fig. 4 Selected sensor placement by using two sensors (taget
modes: 3, 4)
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Fig. 5 Relation between mode shape of the beam structure
and sensor placement (target modes: 3, 4)
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Fig. 6 Angle error between modal vectors in modification x,
(target modes: 3,4)
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Fig. 7 Angle error between modal vectors in modification x,
and x, (target modes: 3, 4)
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Table 3 Natural frequencies and damping ratios of the beam
structure

Natural frequencies [Hz] Damping ratio [%]
Mode | Experiment FEA ifference [% Experiment
1st 12.1 12.6 -4.0 4.8
2nd 76.6 79.0 -3.0 13
3rd 214.7 221.2 29 03
4th 420.8 4333 -2.9 0.2
1 . 1
0.5 0.5
~ 0.72[deg.] . 0.21[deg.]
% 0 % 0
-0.5 ¢, \\ ¢, -0.5 ¢, \ ¢,
-1 -1
-1 -05 0 05 1 -1 -05 0 05 1
x’ x’

1 1
(a) Before modification (b) After modification
Fig. 8 Angle between modal vectors in selected sensor
placement
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Fig. 9 Measured accelerations

77000 1500 2000

Fequency [Hz]
(a) Point x, (369.0mm)

0 500

Amplitude [m/s?]
— 8 —

|

|

Amplitude [m/s?]
S 5 ©

%% 500 1000 1500 2000
Fequency [Hz]
(b) Point x, (489.0mm)

Fig. 10 Spectra of measured accelerations
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Fig. 11 Spectrum of filtered acceleration (target modes: 3, 4)
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Fig. 12 Sensor placément
(target modes: 2, 3, 4)
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