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Ambient vibration analysis using rational fraction
polynomial and random decrement method

Modal parameter identification
is a process to determine the
constitutive properties of a
complicated structure in a form
of natural frequencies, damping
ratios, and corresponding mode
shapes. The approaches for the
modal parameter identification
can generally be categorized
into frequency domain techniques and time domain
techniques. Most of the frequency domain identification
techniques are based on the fast Fourier transform
(FFT) algorithm developed in the late 1960s. The use
of the FFT can rapidly evaluate frequency response
functions (FRFs) of a dynamic system from the
measured external forces and resultant responses of
the system. In the course of developing the frequency
domain techniques, the time domain techniques have
been used as alternative approaches. One of the
popular approaches is the random decrement (RD)
technique [1-2].

The RD technique was developed to form a
characteristic signature, a RD signature of a dynamic
system, based on the ensemble average of pre-
selected sample segments from output-only random
responses. Such a RD signature attempts to represent
a free vibration response of a dynamic system, which
can be used to continue with the modal parameter
identification. Under the assumption of Gaussian white
noise force, the equivalent relation between the RD
signature and the free vibration response has been
theoretically derived from displacement and velocity
responses [3-4]. However, Huang and Yeh [5] showed
that the RD signature of an acceleration response is
non-equivalent to the free vibration response, due to
a singular point in the RD signature. The singular
point results from the RD signature of the input force,
which is related to the correlation function of the white
noise force to the dynamic system. Likewise, when
wind-induced acceleration response is used, the RD
signature of the acceleration response is deviated from
its free vibration response by the correlation function

COE OO 0O 0O Chiu Jen Ku

of the wind force [6].

A straightforward strategy to tackle the singular
problem in the RD signature of the forced acceleration
response would be a simultaneous measurement of
the force and response signals. Forced vibration tests,
such as impact tests, can be conducted for this end.
However, such tests are generally restricted to small-
scaled structural tests, because the external force of
large structures is difficult, if not impossible, to well
define and accurately measure. In this respect, special
attention should be given to system identification
techniques, which may not have to rely on knowing the
external force.

The rational fraction polynomial (RFP) method
[7] is an efficient curve fitting technique based on a
rational fraction polynomial form of the FRF. The
determination of coefficients in the polynomial form
involves using nonlinear least squares methods to
minimize an error function between the measured
and fitted FRF in a mean square sense. The fitting
procedure used in [7] consists in determining the real
coefficients of Forsythe orthogonal polynomials when
minimizing a frequency-weighted error function. The
frequency-weighted error function, however, introduces
localization and unbalance effects in the fitted FRF,
in spite of giving a linear expression of the error
function. To reduce such negative effects, Carcaterra
and D' Ambrogio [8] introduced the iterative rational
fraction polynomial (IRFP) method to minimize the
true error function instead of the frequency-weighted
error function. The IRFP method expresses the error
function as a first order Taylor expansion and allows
the use of the same algorithm in the RFP method,
including the orthogonal polynomials. The use of
the orthogonal polynomials can improve numerical
elciency and robustness of the algorithm [9].

The subject of this study is the applicability of the
RFP method to reduce the error caused from the RD
signature of the input force in the RD signatures of the
forced acceleration responses. Theoretical derivation
first adapts the RFP method to the output-only FRF
analysis of the RD signatures. Numerical simulation
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with respect to the applicability of the RFP method
is followed using a three degree-of-freedom (DOF)
dynamic system loaded by white noise forces. Results
in Table 1 show that the modal parameters of the
dynamic system can be satisfactorily identified from
the RD signatures of the forced acceleration responses.

An identification procedure is also developed for
analyzing ambient vibration data. The first step in the
procedure is the determination of the number of modes
to be fit in the RFP model from a FRF matrix of the
RD signatures. This number is determined using the
consistent-mode indicator (CMI) [10] and the complex
mode indication function (CMIF) [11]. Frequencies
which correspond to a minimum at resonance in the
CMI can be interpreted as possible modal frequencies.
The CMIF is defined as a measure of the maximum
singular values solved from the FRF matrix at each
frequency. The next step is the application of the IRFP
method on the FRF matrix to identify the modal
parameters. A damping criterion can be imposed on
results identified by the IRFP method to select the
modes that are physically meaningful. The natural
frequency and damping ratio of each mode are
identified from each FRF in the FRF matrix over a
frequency range. As a result, a statistical estimation
is allowed to be made for the modal parameters in
the modes. The final step uses the modal assurance
criterion [12] to check the correlation between the
mode shapes resulting from each column vector in the
FRF matrix. Each FRF vector give rise to the mode
shape components, based on the averaged natural
frequencies provided by the FRF vector.

Table 1 Identified results from RD signatures of
acceleration and velocity responses

Data Frequency  Error{  Damping Error{ MAC
type (Hz) (%) ratio (%) (%)
Acceleration 0.095 0.3 1.7 11.0 1.000
0.231 2.6 2.8 19.7 0.969
0.378 1.2 5.5 7.3 0.999
Velocity 0.095 0.3 1.7 11.5 1.000
0.225 0.2 2.7 242 0.984
0.378 1.2 4.1 31.5 1.000
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