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1. Introduction

Components and structures utilized in marine environments are subjected to high and persistent stresses
resulting from wind, waves, and tides. Moreover, throughout their service life, these structures encounter harsh
environmental conditions, particularly in splash zones. These conditions arise from the inherent variability and
unpredictability of the marine environment, introducing a significant degree of uncertainty in assessments
related to durability and performance. In recent decades, the use of composite materials in marine structures
has gained significant attention, as they serve as suitable replacements for various components and systems,
including ship hulls, propeller blades, propulsion system blades, as well as wind and tidal turbine blades,
offering substantial benefits. Due to the presence of uncertainties, deterministic analyses cannot adequately
reflect the performance of structures. However, if dynamic systems exhibit significant variability in parameters
and mathematical descriptions due to parametric uncertainties and model uncertainties, reliance on this
approach does not necessarily enhance confidence in simulation-based predictions. Unlike parametric
uncertainty, model uncertainty presents substantial challenges because there are no explicit parameters
available to describe its behavior in advance. In the present study, a set of mass-spring oscillators is randomly
attached to a base system consisting of a simply supported monolithic plate, thereby introducing model
uncertainty. While parametric uncertainty of the model can be addressed using the stochastic finite element
method, the model uncertainty arises from the random attachment of mass-spring oscillators for each sample
results in a different type of dynamic system. By examining the feasibility of employing a wavelet random
matrix to represent a collection of dynamic systems that have emerged due to model perturbations,
experiments conducted on a vibrational plate with randomly attached mass-spring oscillators demonstrate
that the wavelet random matrix model can provide a satisfactory representation of model uncertainty in linear
dynamic systems within the mid to high-frequency ranges.

2. Methodology
2.1. Experimental study

For conducting experimental tests, a composite panel model with dimensions of 800x750x2mm was
fabricated in the Composite Laboratory at the University of Tabriz. The fabrication of the composite panel
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model was carried out in accordance with the considerations and guidelines of the DNV code for the production
of composite structures intended for marine environments. The constituent elements of the fabricated
composite panel include woven glass fibers serving as the reinforcing phase and a resin-hardener mixture in a
mass ratio of 7:3 acting as the matrix phase. The mechanical properties of the composite panel's constituent
elements are listed in Table 1.

Table 1. Characteristics of the materials and the composite panel

Material Density (g/cc) Elasticity Modulus (GPa) Poisson’s Ratio Shear Modulus (GPa)
Glass Fiber 25 301 0.2 30
Resin 15 35 0.35 2
Composite panel 1.9 259 0.26 291

In this study, the properties of the composite panel were obtained using micromechanical equations known
as the general rule of mixtures. These equations have been widely employed in various studies to calculate the
mechanical properties of composite materials. Utilizing these equations facilitates the prediction and
calculation of the mechanical properties of composite materials based on the characteristics of their
constituent elements with acceptable accuracy. The properties derived from this method are presented in
Table 2 and have been utilized for the numerical modeling of the base system.

Table 2. Physical Properties of the Composite Panel

Physical Property Numerical Value
Mass Density (g/cc) 19
Poisson's Ratio 0.26
Elastic Modulus (GPa) 25.9
Shear Modulus (GPa) 291
Total Weight of Panel (g) 1800
Weight of Weights (g) 200

2.2. Vibration testing

Modal Testing is an experimental technique for obtaining the modal model of a linear time-invariant
vibrating system. The theoretical foundation of this technique is based on the relationship between the
vibrational response at a point of the structure and the excitation at the same or another point as a function of
excitation frequency. In this study, experimental modal analysis was conducted on a composite panel with
pinned boundary conditions in the Vibration and Modal Analysis Laboratory at the University of Tabriz. The
tests were performed using shaker and contact accelerometers manufactured by Briel and Kjeer Engineering
to record the time-series acceleration responses at various points on the composite panel with and without
additional weights.

2.3. Wishart Random Matrix Method in Numerical Analysis

After conducting experimental tests and modeling the panel using finite element software (ABAQUS), the
random matrices corresponding to the experimental system have been numerically simulated. The objective is
to determine whether the uncertainty pattern in the experimental data can be described using the Wishart
random matrix method. It is noteworthy that, in this study, the panel geometry and its mechanical properties
are assumed to be homogeneous. In the experimental calculations, 240 elements were employed, resulting in
a finite element model with 1440 dof, and the frequency response function was calculated over the range of O-
1000 Hz. A damping ratio of 0.7% was assumed for all modes; this constant damping ratio across all modes is
an idealized assumption. ldeally, damping ratios for all possible modes should be determined and averaged.
However, the simple consideration of damping, such as a constant damping ratio used in the present study, is
a common approach in many similar studies. Initially, the FRF of the experimental system and the FEM of the
base system were compared at three selected points. In Fig. 1, the amplitude of the FRF of the base system
obtained using the deterministic finite element model and the experimental results are compared. The
discrepancy between the two models was calculated using the Root Mean Square Error (RMSE).
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Fig 1. Comparison of the FRF amplitudes of the base system for three selected points: —— experimental; ----- numerical:

a) Point Q, b) Point P, ¢) PointR

3. Results and discussion

In this section, the characteristics of FRFs will be examined as random functions in the frequency domain.
Consequently, the statistical properties of the amplitude and phase of the FRFs derived from the Wishart
random matrix theory will be compared with experimental tests obtained through Monte Carlo simulations. To
investigate further details and conduct a more precise evaluation, the analysis of the amplitude of the FRFs will
uency (0-250 Hz), mid-frequency (250-750 Hz),
and high frequency (750-1000 Hz), in addition to the overall frequency range. Initially, the amplitude plots of
the FRFs for the experimental model and the model derived from the Wishart random matrix were compared
across three selected points. These comparisons are presented in Fig. 2, the discrepancies between the two
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4. Conclusions

In this article, the impact of uncertainty in dynamic systems was investigated using random matrix theory.
Specifically, the feasibility of employing Wishart random matrices to quantify uncertainties in dynamic systems
was evaluated using experimental data as the base system. To study the effect of uncertainty on the dynamic
behavior of a composite panel, the addition of weights to the panel was utilized to simulate the presence of
uncertainty factors in its dynamic properties. This examination was conducted through amplitude and phase
analysis of frequency response functions. Additionally, to ensure the repeatability of experiments with minimal
variations, special precautions such as using a shaker as an impulse source to apply identical forces at a specific
location in all tests and employing meshing and nodal points to reduce errors in determining the locations of
sensors and weights were adopted. Furthermore, vibrational analysis and amplitude and phase analysis of the
frequency response functions of the panel were performed at three points with varying distances from the
shaker. This measure was taken to enhance the validity of the results and minimize the effects of unwanted
factors. By studying and examining the data obtained from the deterministic finite element model, the Wishart
random matrix model, and the experimental tests, and comparing these three models using the Root Mean
Square Error (RMSE) statistical method, the following results were obtained:

In the present study, it was observed that selecting incorrect values for the damping ratio can lead to an
increase in error in predicting uncertainties using Wishart random matrices. Additionally, the percentage of
environmental noise in the collected data was identified as one of the error factors, which can be eliminated by
applying appropriate filtering to reduce the extent of this error.

The amplitude and phase of the measured frequency response functions at three points on the panel were
examined, and a satisfactory alignment, particularly in the mid-frequency range (250-750 Hz), was achieved
between the results obtained from the Wishart random matrix model and the experimental tests.

Upon reviewing and comparing the findings, it was observed that the point closer to the excitation source
provided more accurate results compared to the other two points that are farther from the excitation source.
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