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Non-stationary analytic solution of the stochastic Bagley-Torvik equation
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Abstract: The Bagley-Torvik(B-T) equation is a differential equation of motion with fractional (3/2)-order derivative terms that
is applied to describe the motion of a rigid plate in Newtonian, viscous fluid. In this paper, we develop non-stationary analytic solu-
tions of the B-T equation whose inhomogeneous term is a stochastic process. The B-T equation is transformed into a half-order
state-space equation in matrix form and eigen-analysis is performed to obtain complex eigenvalues and eigenvectors. Subsequently,
the generalized coordinate transformation is introduced to decouple the equation into a system of independent 1/2-order differential
equations which are solved by Laplace transform to obtain the solution in generalized coordinates; The generalized coordinate solu-
tion is converted into a natural coordinate solution to obtain the impulse or step response function. When the inhomogeneous term
of the equation is a stochastic process, the Laplace transform can be used to derive the time-varying frequency response function
from which the analytical solution of the non-stationary stochastic response can be obtained by relying on the relationship between
the excitation and the response power spectral density. The correctness of the method is verified by numerical cases using the

Spanos-Solomos fully non-statoionary stochastic excitation as an example.
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