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Appendix2: -
   The rotating shaft's kinetic energy It is possible to calculate the presence of non-autonomous eccentricity terms as [26]:

     (1)       
Where and hare are two Euler angles that deal with bending moments. The following relationships will be studied in this research of Euler angles [27]:

                  (2)           




where prime is the x derivative and dot is the time derivative:  are the mass per unit length and eccentricities, respectively, in the y and z directions. In Eq. (1), , and are the polar mass moment of inertia, the mass moment of inertia about the y-axis, and the mass moment of inertia about the z-axis, respectively, which are assumed to be symmetric about the y and z directions The strain energy is linked to large deformations and can be calculated using the following formula [26]:

    (3)
The coefficients and, which may be written by assuming the symmetry of the stiffness about the y and z directions, denote the axial stiffness, torsional stiffness, bending stiffness about y-axis, and bending stiffness about z-axis, respectively. Deflections are connected to kinetic and potential energy by plugging Eq. (2) into Eqns. (1) and (2). (3). According to Hamilton's principle [28], the equations of motion must be solved first.

                                                                                        (4)

                                     (5)

                                (6)
The viscous dissipative forces and are viscous dissipative forces with the external damping coefficient applied to the equations of motion. Rotational deformations are confined to and because shear deformations are removed; all other rotational deformations are discarded. In Eqns. (4–6), the longitudinal stiffness is greater than the bending stiffness. As a result, the bending stiffness nonlinearity coefficients in Eqns. are negligible (4- 6). Furthermore, the axial inertia force for a slender shaft is negligible in compared to the axial stiffness. Because of the longitudinal equations of motion and the boundary conditions that go with them, [29]:

                                                              (7)
By substituting Eq. (7) into Eqs. (5) and (6) the bending equations of motion according to the deflections v and ware obtained.
The deflections of the shaft are measured by the MFC sensors, which are attached to the bottom of the shaft. The computer is used to compute and analyze the proper control signal. The MFC actuators, which are attached to the top of the shaft, are controlled by combining the computer's output signal with the appropriate control instruction. While the system's nonlinear phenomena, such as large amplitudes, are suppressed, this operation is repeated (i.e., it is an active vibration control technique). The negative velocity and acceleration parameters s are included in the control signals in this study: This uncertainty parameter appears to have an impact on the system's stability and bifurcations. The right-hand side of motion equations [30] is supplemented by control forces.


 (8)      (9)
By introducing the following dimensionless parameters:

                                          (10)

where By entering Eq. into the dimensionless bending-bending equations of motion after control and the accompanying boundary conditions, the dimensionless bending-bending equations of motion after control and the accompanying boundary conditions are derived. (7) into Eqs. (8) and (9):

                  (11)

               (12)


at                                                                            (13)


It's worth noting that has been dropped for ease of notation. The dimensionless stretching nonlinearity effects are found in Eqs. 11–12,. The enormous deformations caused by axial strains in the shaft's mid-plane are the source of this nonlinearity. The Galerkin method is used to convert partial differential equations of motion (Eqs. 11–12) into ordinary ones [31]. As a result, the geographical and temporal variables in Eqs. 11–12 can be summarized as follows:

                                                                                 (14)

whereis the mode form of a shaft with simple boundary conditions, and n is the mode number. By plugging Eq. (14) into Eqs. (11–12), multiplying each equation in the mode shape, and applying the orthogonality criteria, the nonlinear ordinary differential equation after control emerges.

            (15)

         (16)

 By divided Eqs. (15-16) over and take scales: -

                      (17)
Then the equation of motion of system become: -

                       (18)

               (19)
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