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Fig.4 Processing result curves of 1# and 7# points

<

035

030} \

025} ’\

020}

0.15} \H

0.10} \_,

0.05} \—>—>~>\

Alan s \’_"’—!
0 2 4 6 8 10 12 14 16 18 20
[ ¥k Order

TS AR
Singular entropy increment

BS A
Fig.5 Singular entropy increment

16 000
14 000 -

=
=
S
3
.

10000
8000} S #1506
6000}
4000}
2000}

#H{Phase/rad

0 100 200 300 400 500 600 700 800 900 1000
i 8] Time/s
a. 1R

a. First component

20000

15 000

T
A\

= 10000 | ®,~19.46

H4 Phase/rad

5000

7
P/

1 1 1 L s L s

0 100 200 300 400 500 600 700 800 900 1 000
I 6] Time/s

b. 52 Bror i
b. Second component
He o R EA LA . LA AR B2k, R IS H k.
Note: w, denotes damped natural frequency of structure. Full line is curve of
phase function, imaginary line is the fitting line.

A6 ABfiddth XA AME AL
Fig.6 Curve of phase function and fitting line
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Table 1 Result of modal identification by HHT

% Order 1 2 3 4 5
Ji# Frequency/Hz 2398  3.100  4.328 10.262 12.930
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Fig.7 Three-dimensional finite element model of aqueduct
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Fig.8 Identification results from ﬁmte element method

SMX is the maximum solution value of item.
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Table 2 Finite element modeling material parameters
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Structure type %0 dy Bent Bent basis ~ Foundation
RS C40 C30 C25 -
Concrete type
# P Density/(kgm®) 2500 2500 2500 234
AR 4 4 4 3
Elastic modulus/MPa 3:25¢10 30<10 2.8x10 0.7x10
VA L Poisson ratio 0.167 0.167 0.167 0.237
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Table 3 Comparison of calculated results by HHT modal
identification and finite element analysis

Wk Jii# Frequency _ -,
Order HHT - FRC AT . Error /%
Frequency/Hz Finite element analysis/Hz
1 2.398 2.304 39
2 3.100 3.037 2.1
3 4.328 4.336 0.2
4 10.262 9.812 4.4
5 12.930 12.552 3.0
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HHT modal parameter identification for aqueduct based
on secondary filtering

Zhang Jianwei, Jiang Qi, Cao Kelei, Zhu Lianghuan
(College of Water Conservancy, North China University of Water Conservancy and Electric Power, Zhengzhou 450011, China)

Abstract: In order to improve the accuracy of safe operation assessment for larger aqueduct structure, a valid Hilbert —-Huang
Transform (HHT) modal parameter identification method based on secondary filtering under ambient excitation was proposed.
For the vibration signal of large aqueduct structure, high-frequency white noise and low-frequency noise are often mixed into
structure vibration information, which belongs to non-stationary and nonlinear signal in low signal to noise ratio (SNR).
Wavelet threshold method can partially filter out the high-frequency white noise, and Empirical Mode Decomposition (EMD)
can be used to obtain a series of intrinsic mode functions from high frequency to low frequency. So the secondary filtering
combined wavelet threshold and EMD was used to process vibration signal to achieve a higher precision and a better de-nosing
effect.
filtering, highlighting the useful dominant dynamic characteristics of structure, which reduced the noise interference in a

High-frequency white noise and low-frequency water flow noise were filtered out firstly through the secondary

certain extent and avoided the phenomenon of modal frequency mixed effectively during the later modal identification. Then
structure system order was determined by theory of singular entropy increment. Finally the modal parameter of large structure
was identified through HHT in combination with natural excitation technique (NExT) to process the de-noised signals, which
improved accuracy and precision of modal parameter identification. Taking U-shaped aqueduct of Jintai river pumping
irrigation as the research object, we collected the vibration response data under normal working condition. We then used this
proposed method to identify vibration response data to achieve the modal parameter of aqueduct structure. According to
fluid-solid interactions theory, the three-dimensional finite element model of a cross U-shaped aqueduct structure was
constructed through finite element model analysis to obtain the structure modal parameter under the same working condition.
By comparing the modal parameter results from HHT model parameter identification method with three-dimensional finite
element analysis, the result showed that the error between two methods was very small. The study showed that HHT modal
parameter identification based on the secondary filtering method can be used to obtain the dominant structure vibration
information and to improve the de-nosing precision, which decreased the strong noise disturbance and suppressed the modal
frequency mixed phenomenon, and identified effectively structure modal parameter under strong noise background. Thus the
method can be extended to lager aqueduct structures to improve the structure safe operation assessment. This proposed method
provided a new aspect for safe operation and on-line monitoring of the aqueduct, and can be used effectively to solve the
problem of structure modal parameter identification under ambient excitation, especially under the background with strong
noise. Thus the method would have a broad prospect in engineering application.

Key words: finite element analysis; agricultural engineering; water supply; HHT; secondary filtering; aqueduct; modal
parameter identification



