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Fig. 4. The Fourier spectrum of the acceleration responses of the reduced 4 DOF system for the numerical model
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Using 4 sensors Using 1 sensor
FEM without repeat the and 4 time repeat
test the test

f.__ 3.607 3.599 (0.22%) 3.594 (0.36%)
f,  22.350 22.396 (0.21%) 22.396 (0.21%)
fs  61.937 61.990 (0.09%) 61.987 (0.08%)
f, 120.059 _ 120.000 (0.05%) 119.983 (0.06%)
fs 196.147 _ 196.400 (0.13%) 196.359 (0.11%)

Table 2. Comparison of the results of applying one and four
sensors in numerical model calculations
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FEM Proposed EFDD SSI

method method method
¢ 3.607 3.599 3.612 3.622
! (0.22%) (0.14%) (0.42%)
; 22.350 22.396 22.359 22.358
2 (0.21%) (0.04%) (0.04%)
; 61.937 61.990 61.943 61.949
3 (0.09%) (0.01%) (0.02%)
;[  120.059 120.000 119.870  120.038
4 (0.05%) (0.16%) (0.02%)
;. 196.147 196.400 195.890  196.155
5 (0.13%) (0.13%)  (0.004%)

Table 1. Comparison of the results of the proposed method
with two other common methods for numerical model
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Noise amplitude

o= c=0.01 c =0.05 c=0.1 c=0.2 c=0.3 c=04 c=05 c=0.6
f1 3.599 3.599 3.599 3.599 3.599 3.599 3.599 3.599 3.599
f2 22.396 22.396 22.396 22.396 22.396 22.396 22.396 22.396 22.40
f 61.99 61.99 61.99 61.99 61.79 61.59 62.39 61.86 62.29
f4 120 119.96 119.97 120.4 120.13 120 120.2 120 120.1
fs 196.4 197.2 195.6 192.4 196.4 197.6 197.3 197 -

c=0.8 c=1.0 c=1.2 c=14 =16 c=1.8 oc=20 c=22 c=25
f1 3.599 3.599 3.599 3.599 3.599 3.599 3.599 3.599 3.599
f2 22.40 22.41 22.396 22.396 22.396 22.396 22.20 22.596 22.510
fa 61.99 61.99 61.99 61.99 61.99 62.10 62.13 62.35 61.7
fq 120.1 120 119.87 - - - - - -

fs - - - -

Table 3. The first five frequencies of the numerical model for data with different noise amplitudes
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Fig. 5. Spectral diagrams obtained from the proposed algorithm for different noise amplitudes in numerical study
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Fig. 9. RD functions corresponding to acceleration records
obtained from the experimental study
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Cross section Area 65X 2 mm?
Length of beam 900 mm
Sensor dimension 202020 mm3
Modulus of Elasticity 69000 Mpa
Density 2.7E -9 ton/mm?
Poisson's ratio 0.33

Table 4. Geometrical and Mechanical Properties of the Finite
Element Model for the experimental cantilever Beam
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Fig. 8. Acceleration records obtained from ambient vibration
experiment of the beam
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Proposed EFDD SSI

FEM method method method

f 1.767 1.673 1.709 1.633
! (5.3%) (3.3%) (7.6%)

f 11.041 10.330 10.325  10.323
2 (6.4%) (6.5%)  (6.5%)

f 30.675 28.899 28.560  28.975
3 (5.8%) (6.9%)  (5.5%)

Table 5. Comparison of experimental beam frequencies
obtained from the proposed method and two other common
methods
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Abstract:

The load type imposed on the structures is one of the important issues of the modal identification Experimental
methods. Generally the loads applied to a structure for dynamic testing are divided into two categories:
artificial stimulation and ambient loads. Applying artificial loads to large structures such as bridges and tall
buildings is difficult, costly and in some cases impossible. For this reason, modal identification of such
structures is generally done by ambient vibration tests. However this experimental methods, also include
problems such as large noise amplitude relative to the measured responses that this causes errors in the results
and in some cases leads to unrealistic modes. As a solution, modal information can be calculated from several
different methods and compared with each other to ensure the accuracy of the results. In this paper, a new
scheme for natural frequencies extraction of structures from their ambient vibration is presented. For this
purpose, the combination of two mathematical techniques of random decrement (RD) and proper orthogonal
decomposition (POD) methods were used. The reason for using these two methods, is their ability to reduce
the noise effects. In other words, combining of these two methods can lead to a very powerful tool for
extracting structural frequencies from its ambient vibration under high amplitude noise conditions. The
proposed algorithm consists of three steps: In the first step, after measuring the acceleration response of the
structure at the appropriate points, the effects of random vibration are eliminated from the response by RD
method and only dynamic properties of the structure remain in the acceleration records. Secondly, the
acceleration records are separated into several structural modes using the proper orthogonal decomposition
technique and finally, at the last step, the proceeded responses are transformed by the fast Fourier transform
into the frequency domain to extract the natural frequencies of the structure. The strength of the proposed
method is its robustness to the use of very high amplitude noise data, which is one of the challenges in the
ambient vibration experiments. The accuracy of the proposed algorithm was evaluated by numerical modeling
and experimental study. To investigate the efficiency of the new method, the numerical and experimental
results were compared with the frequencies obtained from commonly modal identification methods such as
extended frequency domain decomposition (EFDD) and stochastic subspace identification (SSI). A very good
agreement was observed between the results of methods. Furthermore, Studying the effect of noise on the new
algorithm results shows that increasing the ratio of noise to acceleration amplitude up to 250, did not affect
the results precision and the main frequencies of the structure can be obtained with good accuracy. In this
study, the effect of the number of sensors used in the ambient vibration test also was investigated on the
accuracy of the new algorithm results. It was concluded that the minimum number of sensors (even one
number) and repetition of the experiment can be used to extract structural frequencies from its ambient
vibration with high accuracy. The results of this study showed that the new method can be used as a suitable
tool to determine the natural frequencies of structures from its ambient vibration under severe noise conditions
and to control the results obtained from other methods.

Keywords: Dynamic Experiment, Ambient Vibration, Natural Frequency, proper Orthogonal Decomposition,
Random decrement, noise.
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