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                    Abstract
Background
Traditional vibrating system has the characteristics of poor isolation ability and easy to plug the screen.
Purpose
To enhance vibration isolation ability and probability of screen plugging during the operation of vibrating screens, an anti-resonance system with dual-motor and double-frequency actuation is proposed.
Method
For mastering the dynamic characteristics of the system, the self-synchronization mechanism and stability of the eccentric rotors bonded in the induction motor is explored. First, the dynamic equation of the system is established using Lagrange method. Subsequently, the synchronization criterion between the eccentric rotors is studied by small parameter method. In light of Hamilton principle, the stability of the synchronous states of the rotors is determined. Besides, the influence of the structural parameters on vibration isolation ability and synchronization characteristics is discussed by numerical computation. Finally, according to Runge-Kutta principle, some simulation results are obtained to verify the validity of the self-synchronization and vibration isolation in this paper.
Results and conclusions
The results show that the synchronous state of the eccentric rotors is mainly effected by installation angle of the motors; the ability of the vibration isolation is mostly determined by spring stiffness and rotor mass. The present findings should give theoretical direction to design the anti-resonance system with double-frequency actuation.
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Appendices
Appendix A
The parameters of Eq. (13)

                    $$ \begin{aligned}    & \eta _{1}  = m_{1} {\text{/}}M,{\kern 1pt} {\kern 1pt} {\kern 1pt} {\kern 1pt} {\kern 1pt} {\kern 1pt} \eta _{2}  = m_{{\text{2}}} {\text{/}}M{\kern 1pt} ,{\kern 1pt} {\kern 1pt} {\kern 1pt} {\kern 1pt} {\kern 1pt} \eta _{3}  = M_{1} /M{\kern 1pt} ,{\kern 1pt} {\kern 1pt} {\kern 1pt} {\kern 1pt} {\kern 1pt} \eta _{4}  = m_{1} /M_{1} {\kern 1pt} ,{\kern 1pt} {\kern 1pt} {\kern 1pt} {\kern 1pt} {\kern 1pt} \eta _{5}  = m_{2} /M_{1}  \\     & \eta _{{12}}  = m_{1} /m_{2} {\kern 1pt} ,{\kern 1pt} {\kern 1pt} {\kern 1pt} {\kern 1pt} {\kern 1pt} r_{0}  = r/l_{e} {\kern 1pt} {\kern 1pt} ,{\kern 1pt} {\kern 1pt} {\kern 1pt} {\kern 1pt} {\kern 1pt} r_{l}  = l/l_{e} {\kern 1pt} {\kern 1pt} {\kern 1pt} ,{\kern 1pt} {\kern 1pt} {\kern 1pt} {\kern 1pt} {\kern 1pt} l_{e}  = \sqrt {J_{2} /M}  \\     & \omega _{{x_{1} }}  = \sqrt {k_{{x_{1} }} /M_{1} } {\kern 1pt} {\kern 1pt} {\kern 1pt} ,\xi _{{x_{1} }}  = f_{{x_{1} }} /2\sqrt {M_{1} k_{{x_{1} }} } {\kern 1pt} {\kern 1pt} {\kern 1pt} ,n_{{VLx_{1} }}  = \omega _{m} /\omega _{{x_{1} }} ,n_{{VHx_{1} }}  = 2\omega _{m} /\omega _{{x_{1} }}  \\     & \omega _{{x_{2} }}  = \sqrt {k_{{x_{2} }} /M} {\kern 1pt} {\kern 1pt} {\kern 1pt} ,{\kern 1pt} {\kern 1pt} {\kern 1pt} \xi _{{x_{2} }}  = f_{{x_{2} }} /2\sqrt {Mk_{{x_{2} }} } {\kern 1pt} {\kern 1pt} {\kern 1pt} ,n_{{ILx_{2} }}  = \omega _{m} /\omega _{{x_{2} }} ,n_{{IHx_{2} }}  = 2\omega _{m} /\omega _{{x_{2} }}  \\     & \omega _{{y_{1} }}  = \sqrt {k_{{y_{1} }} /M_{1} } {\kern 1pt} {\kern 1pt} {\kern 1pt} ,\xi _{{y_{1} }}  = f_{{y_{1} }} /2\sqrt {M_{1} k_{{y_{1} }} } {\kern 1pt} {\kern 1pt} {\kern 1pt} ,n_{{VLy_{1} }}  = \omega _{m} /\omega _{{y_{1} }} ,n_{{VHy_{1} }}  = 2\omega _{m} /\omega _{{y_{1} }}  \\     & \omega _{{y_{2} }}  = \sqrt {k_{{y_{2} }} /M} {\kern 1pt} {\kern 1pt} {\kern 1pt} ,{\kern 1pt} {\kern 1pt} {\kern 1pt} \xi _{{y_{2} }}  = f_{{y_{2} }} /2\sqrt {Mk_{{y_{2} }} } {\kern 1pt} {\kern 1pt} {\kern 1pt} ,n_{{ILy_{2} }}  = \omega _{m} /\omega _{{y_{2} }} ,n_{{IHy_{2} }}  = 2\omega _{m} /\omega _{{y_{2} }}  \\     & \omega _{{\psi _{1} }}  = \sqrt {k_{{\psi _{1} }} /M_{1} } {\kern 1pt} {\kern 1pt} {\kern 1pt} ,\xi _{{\psi _{1} }}  = f_{{\psi _{1} }} /2\sqrt {M_{1} k_{{\psi _{1} }} } {\kern 1pt} {\kern 1pt} {\kern 1pt} ,n_{{VL\psi _{1} }}  = \omega _{m} /\omega _{{\psi _{1} }} ,n_{{VH\psi _{1} }}  = 2\omega _{m} /\omega _{{\psi _{1} }}  \\     & \omega _{{\psi _{2} }}  = \sqrt {k_{{\psi _{2} }} /M} {\kern 1pt} {\kern 1pt} {\kern 1pt} ,{\kern 1pt} {\kern 1pt} {\kern 1pt} \xi _{{\psi _{2} }}  = f_{{\psi _{2} }} /2\sqrt {Mk_{{\psi _{2} }} } {\kern 1pt} {\kern 1pt} {\kern 1pt} ,n_{{IL\psi _{2} }}  = \omega _{m} /\omega _{{\psi _{2} }} ,n_{{IH\psi _{2} }}  = 2\omega _{m} /\omega _{{\psi _{1} }} , \\  \end{aligned} $$

                    (31)
                


                    $$ \begin{gathered}   \mu _{{Ij^{ * } j_{2} }}  = \sqrt {\frac{{a_{{Ij^{ * } j_{2} }}^{2}  + b_{{j^{ * } }}^{2} }}{{c_{{j^{ * } }}^{2}  + d_{{j^{ * } }}^{2} }}} \quad \gamma _{{Ij^{ * } j_{2} }}  = \arctan \frac{{a_{{Ij^{ * } j_{2} }} d_{{j^{ * } }}  - b_{{j^{ * } }} c_{{j^{ * } }} }}{{a_{{Ij^{ * } j_{2} }} c_{{j^{ * } }}  + b_{{j^{ * } }} d_{{j^{ * } }} }}, \hfill \\   \mu _{{Vj^{ * } j_{1} }}  = \sqrt {\frac{{a_{{Vj^{ * } j_{1} }}^{2}  + b_{{j^{ * } }}^{2} }}{{c_{{j^{ * } }}^{2}  + d_{{j^{ * } }}^{2} }}} \quad \gamma _{{Vj^{ * } j_{1} }}  = \arctan \frac{{a_{{Vj^{ * } j_{1} }} d_{{j^{ * } }}  - b_{{j^{ * } }} c_{{j^{ * } }} }}{{a_{{Vj^{ * } j_{1} }} c_{{j^{ * } }}  + b_{{j^{ * } }} d_{{j^{ * } }} }}, \hfill \\  \end{gathered} $$

                    (32)
                


                    $$ \begin{aligned}    & a_{{Ij^{ * } j_{2} }}  = n_{{Ij^{ * } j_{2} }}^{2} (1 - n_{{Vj^{ * } j_{1} }}^{2} ), \\     & a_{{Vj^{ * } j_{1} }}  = n_{{Ij^{ * } j_{2} }}^{2} , \\     & b_{{j^{ * } }}  = 2\xi _{{j_{1} }} n_{{Vj^{ * } j_{1} }} n_{{Ij^{ * } j_{2} }}^{2} , \\     & c_{{j^{ * } }}  = (1 - n_{{Vj^{ * } j_{1} }}^{2} )(1 - n_{{Ij^{ * } j_{2} }}^{2} ) - n_{{Ij^{ * } j_{2} }} (4\xi _{{j_{2} }} \xi _{{j_{1} }} n_{{Vj^{ * } j_{1} }}  + \eta _{3} n_{{Ij^{ * } j_{2} }} ), \\     & d_{{j^{ * } }}  = 2[\xi _{{j_{1} }} n_{{Vj^{ * } j_{1} }}  + \xi _{{j_{2} }} n_{{Ij^{ * } j_{2} }} (1 - n_{{Vj^{ * } j_{1} }}^{2} ) - (\eta _{3}  + 1)\xi _{{j_{1} }} n_{{Ij^{ * } j_{2} }}^{2} n_{{Vj^{ * } j_{1} }} ], \\  \end{aligned} $$

                    (33)
                


                  where, j* = H, L; j = x, y, ψ
The parameters of Eqs. (17) and (18)

                    $$ a_{{11}}^{*}  = m_{1} r^{2} \omega _{{m0}} W_{{c1}} , $$

                    (34)
                


                    $$ a_{{12}}^{*}  = m_{1} r^{2} \omega _{{m0}} W_{{c1}} , $$

                    (35)
                


                    $$ a_{{21}}^{*}  = \frac{1}{2}m_{2} r^{2} \omega _{{m0}} W_{{c2}} , $$

                    (36)
                


                    $$ a_{{22}}^{*}  =  - \frac{1}{2}m_{2} r^{2} \omega _{{m0}} W_{{c2}} , $$

                    (37)
                


                    $$ a_{{11}}  = m_{1} r^{2} \omega _{{\omega 0}}^{2} \left[ {4W_{{s1}}  + \frac{1}{2}H_{1} \sin (\bar{\alpha }_{0}  + 2\beta _{2}  - \beta _{1}  + 2\gamma _{{IL\psi _{2} }} )} \right], $$

                    (38)
                


                    $$ a_{{12}}  = m_{1} r^{2} \omega _{{\omega 0}}^{2} \left[ {4W_{{s1}}  - \frac{1}{2}H_{1} \sin (\bar{\alpha }_{0}  + 2\beta _{2}  - \beta _{1}  + 2\gamma _{{IL\psi _{2} }} )} \right]{\kern 1pt} , $$

                    (39)
                


                    $$ {\kern 1pt} a_{{21}}  = m_{2} r^{2} \omega _{{\omega 0}}^{2} [W_{{s2}}  + 2H\sin (\bar{\alpha }_{0}  + {\text{2}}\beta _{2}  - \beta _{1}  + \gamma _{{IL\psi _{2} }}  - \gamma _{{IH\psi _{2} }} )], $$

                    (40)
                


                    $$ a_{{22}}  =  - m_{2} r^{2} \omega _{{\omega 0}}^{2} W_{{s2}} , $$

                    (41)
                


                    $$ a_{1}  = \frac{1}{2}{\kern 1pt} m_{1} r^{2} \omega _{{\omega 0}}^{2} \left[ {4W_{{s1}}  + {\kern 1pt} \frac{1}{2}H_{1} \sin (\bar{\alpha }_{0}  + 2\beta _{2}  - \beta _{1}  + 2\gamma _{{IL\psi _{2} }} )} \right], $$

                    (42)
                


                    $$ a_{2}  = \frac{1}{2}m_{2} r^{2} \omega _{{\omega 0}}^{2} [W_{{s2}}  + 2H_{2} \sin (\bar{\alpha }_{0}  + {\text{2}}\beta _{2}  - \beta _{1}  + \gamma _{{IL\psi _{2} }}  - \gamma _{{IH\psi _{2} }} )], $$

                    (43)
                


                    $$ W_{{c1}}  = \eta _{1} \mu _{{IHx_{2} }} \cos \gamma _{{IHx_{2} }}  + \eta _{1} \mu _{{IHy_{2} }} cos\gamma _{{IHy_{2} }}  + \eta _{1} r_{l}^{2} \mu _{{IH\psi _{2} }} \cos \gamma _{{IH\psi _{2} }} {\kern 1pt} , $$

                    (44)
                


                    $$ W_{{s1}}  = \eta _{1} \mu _{{IHx_{2} }} \sin \gamma _{{IHx_{2} }}  + \eta _{1} \mu _{{IHy_{2} }} \sin \gamma _{{IHy_{2} }}  + \eta _{1} \mu _{{IH\psi _{2} }} r_{l}^{2} sin\gamma _{{IH\psi _{2} }} , $$

                    (44)
                


                    $$ W_{{c2}}  = \eta _{2} \mu _{{ILx_{2} }} \cos \gamma _{{ILx_{2} }}  + \eta _{2} \mu _{{ILy_{2} }} \cos \gamma _{{ILy_{2} }}  + r_{l}^{2} \eta _{2} \mu _{{IL\psi _{2} }} \cos \gamma _{{IL\psi _{2} }} , $$

                    (45)
                


                    $$ W_{{s2}}  = \eta _{2} \mu _{{ILx_{2} }} \sin \gamma _{{ILx_{2} }}  + \eta _{2} \mu _{{ILy_{2} }} \sin \gamma _{{ILy_{2} }}  + r_{l}^{2} \eta _{2} \mu _{{IL\psi _{2} }} \sin \gamma _{{IL\psi _{2} }} , $$

                    (46)
                


                    $$ H_{1}  = r_{0} r_{l}^{3} \eta _{2}^{2} \mu _{{IL\psi _{2} }}^{2} , $$

                    (47)
                


                    $$ H_{2}  = r_{0} r_{l}^{3} \eta _{1} \eta _{2} \mu _{{IH\psi _{2} }} \mu _{{IL\psi _{2} }} . $$

                    (48)
                


                  Appendix B
The parameters of Eq. (20)

                    $$ {\mathbf{B}} = \left[ \begin{gathered}   b_{{11}} {\kern 1pt} {\kern 1pt} {\kern 1pt} {\kern 1pt} {\kern 1pt} {\kern 1pt} {\kern 1pt} {\kern 1pt} {\kern 1pt} {\kern 1pt} b_{{12}}  \hfill \\   b_{{21}} {\kern 1pt} {\kern 1pt} {\kern 1pt} {\kern 1pt} {\kern 1pt} {\kern 1pt} {\kern 1pt} {\kern 1pt} {\kern 1pt} b_{{22}}  \hfill \\  \end{gathered}  \right],{\mathbf{C}} = \left[ \begin{gathered}   c_{{11}} {\kern 1pt} {\kern 1pt} {\kern 1pt} {\kern 1pt} {\kern 1pt} {\kern 1pt} {\kern 1pt} {\kern 1pt} {\kern 1pt} {\kern 1pt} c_{{12}}  \hfill \\   c_{{21}} {\kern 1pt} {\kern 1pt} {\kern 1pt} {\kern 1pt} {\kern 1pt} {\kern 1pt} {\kern 1pt} {\kern 1pt} {\kern 1pt} c_{{22}}  \hfill \\  \end{gathered}  \right],{\mathbf{E}} = \left[ \begin{gathered}   e_{1}  \hfill \\   e_{2}  \hfill \\  \end{gathered}  \right],{\kern 1pt} {\mathbf{\dot{\bar{\varepsilon }}}} = \left[ \begin{gathered}   \dot{\bar{\varepsilon }}_{1}  \hfill \\   \dot{\bar{\varepsilon }}_{2}  \hfill \\  \end{gathered}  \right]{\kern 1pt} {\kern 1pt} {\kern 1pt} ,{\kern 1pt} {\kern 1pt} {\kern 1pt} {\kern 1pt} {\mathbf{\bar{\varepsilon }}} = \left[ \begin{gathered}   \bar{\varepsilon }_{1}  \hfill \\   \bar{\varepsilon }_{2}  \hfill \\  \end{gathered}  \right]{\kern 1pt} , $$

                    (49)
                


                    $$ b_{{11}}  = 2J_{{01}} \omega _{{m0}}  + J_{{02}} \omega _{{m0}}  + a_{{11}}^{*}  + a_{{21}}^{*} {\kern 1pt} , $$

                    (50)
                


                    $$ b_{{12}}  = 2J_{{01}} \omega _{{m0}}  - J_{{02}} \omega _{{m0}}  + a_{{12}}^{*}  + a_{{22}}^{*} , $$

                    (51)
                


                    $$ b_{{21}}  = 2J_{{01}} \omega _{{m0}}  - J_{{02}} \omega _{{m0}}  + a_{{11}}^{*}  - a_{{21}}^{*} , $$

                    (52)
                


                    $$ b_{{22}}  = 2J_{{01}} \omega _{{m0}}  + J_{{02}} \omega _{{m0}}  + a_{{12}}^{*}  - a_{{22}}^{*} , $$

                    (53)
                


                    $$ c_{{11}}  =  - k_{{e01}}  - k_{{e02}}  - a_{{11}}  - a_{{21}}  - 2f_{1} \omega _{{m0}}  - f_{2} \omega _{{m0}} , $$

                    (54)
                


                    $$ c_{{12}}  = {\kern 1pt}  - k_{{e01}}  + k_{{e02}}  - a_{{12}}  - a_{{22}}  - 2f_{1} \omega _{{m0}}  + f_{2} \omega _{{m0}} , $$

                    (55)
                


                    $$ c_{{21}}  = {\kern 1pt}  - k_{{e01}}  + k_{{e02}}  - a_{{11}}  + a_{{21}}  - 2f_{1} \omega _{{m0}}  + f_{2} \omega _{{m0}} , $$

                    (56)
                


                    $$ c_{{22}}  =  - k_{{e01}}  - k_{{e02}}  - a_{{12}}  + a_{{22}}  - 2f_{1} \omega _{{m0}}  - f_{2} \omega _{{m0}} , $$

                    (57)
                


                    $$ e_{1}  = T_{{e01}}  + T_{{e02}}  - 2f_{1} \omega _{{m0}}  - f_{2} \omega _{{m0}}  - a_{1}  - a_{2} , $$

                    (58)
                


                    $$ e_{2}  = T_{{e01}}  - T_{{e02}}  - 2f_{1} \omega _{{m0}}  + f_{2} \omega _{{m0}}  - a_{1}  + a_{2} . $$

                    (59)
                


                  The parameters of Eq. (21)

                    $$ N_{{c0}}  = \sqrt {a_{{c0}}^{2}  + b_{{c0}}^{2} } , $$

                    (60)
                


                    $$ N_{{s0}}  = \sqrt {a_{{s0}}^{2}  + b_{{s0}}^{2} } , $$

                    (61)
                


                    $$ N_{{c1}}  = \sqrt {a_{{c1}}^{2}  + b_{{c1}}^{2} } , $$

                    (62)
                


                    $$ N_{{s1}}  = \sqrt {a_{{s1}}^{2}  + b_{{s1}}^{2} } , $$

                    (63)
                


                    $$ \theta _{{s0}}  = \left\{ \begin{gathered}   \arctan (b_{{s0}} /a_{{s0}} ),a_{{s0}} {\kern 1pt}  > 0 \hfill \\   \pi  + \arctan (b_{{s0}} /a_{{s0}} ),a_{{s0}} {\kern 1pt}  < 0{\kern 1pt}  \hfill \\  \end{gathered}  \right., $$

                    (64)
                


                    $$ \theta _{{c0}}  = \left\{ \begin{gathered}   \arctan (b_{{c0}} /a_{{c0}} ),a_{{c0}} {\kern 1pt}  > 0 \hfill \\   \pi  + \arctan (b_{{c0}} /a_{{c0}} ),a_{{c0}} {\kern 1pt}  < 0{\kern 1pt}  \hfill \\  \end{gathered}  \right.{\kern 1pt} {\kern 1pt} , $$

                    (65)
                


                    $$ \theta _{{s0}}  = \left\{ \begin{gathered}   \arctan (b_{{s1}} /a_{{s1}} {\kern 1pt} ),a_{{s1}} {\kern 1pt}  > 0 \hfill \\   \pi  + \arctan (b_{{s1}} /a_{{s1}} {\kern 1pt} ),a_{{s1}}  < 0{\kern 1pt}  \hfill \\  \end{gathered}  \right., $$

                    (66)
                


                    $$ \theta _{{c0}}  = \left\{ \begin{gathered}   \arctan (b_{{c1}} /a_{{c1}} {\kern 1pt} ),a_{{c1}} {\kern 1pt}  > 0 \hfill \\   \pi  + \arctan {\kern 1pt} (b_{{c1}} /a_{{c1}} {\kern 1pt} ),a_{{c1}} {\kern 1pt}  < 0{\kern 1pt}  \hfill \\  \end{gathered}  \right.{\kern 1pt} {\kern 1pt} , $$

                    (67)
                


                    $$ a_{{c0}}  = \left[ {\frac{1}{4}\eta _{{12}} H_{1} \cos \left( {2\beta _{2}  - \beta _{1} } \right)\cos \left( {2\gamma _{{IL\psi _{2} }} } \right) - H_{2} \cos \left( {{\text{2}}\beta _{2}  - \beta _{1} } \right)\cos \left( {\gamma _{{IL\psi _{2} }}  - \gamma _{{IH\psi _{2} }} } \right)} \right], $$

                    (68)
                


                    $$ b_{{c0}}  = \left[ {\frac{1}{4}\eta _{{12}} H_{1} \sin \left( {2\beta _{2}  - \beta _{1} } \right)\cos \left( {2\gamma _{{IL\psi _{2} }} } \right) - H_{2} \sin \left( {{\text{2}}\beta _{2}  - \beta _{1} } \right)\cos \left( {\gamma _{{IL\psi _{2} }}  - \gamma _{{IH\psi _{2} }} } \right)} \right], $$

                    (69)
                


                    $$ a_{{s0}}  =  - \left[ {\frac{1}{4}\eta _{{12}} H_{1} \sin \left( {2\beta _{2}  - \beta _{1} } \right)\sin \left( {2\gamma _{{IL\psi _{2} }} } \right) - H_{2} \sin \left( {{\text{2}}\beta _{2}  - \beta _{1} } \right)\sin \left( {\gamma _{{IL\psi _{2} }}  - \gamma _{{IH\psi _{2} }} } \right)} \right], $$

                    (70)
                


                    $$ b_{{s0}}  = \left[ {\frac{1}{4}\eta _{{12}} H_{1} \cos \left( {2\beta _{2}  - \beta _{1} } \right)\sin \left( {2\gamma _{{IL\psi _{2} }} } \right) - H_{2} \cos \left( {{\text{2}}\beta _{2}  - \beta _{1} } \right)\sin \left( {\gamma _{{IL\psi _{2} }}  - \gamma _{{IH\psi _{2} }} } \right)} \right], $$

                    (71)
                


                    $$ a_{{c1}}  = \left[ {\frac{1}{4}\eta _{{12}} H_{1} \cos \left( {2\beta _{2}  - \beta _{1} } \right)\cos \left( {2\gamma _{{IL\psi _{2} }} } \right) + H_{2} \cos \left( {{\text{2}}\beta _{2}  - \beta _{1} } \right)\cos \left( {\gamma _{{IL\psi _{2} }}  - \gamma _{{IH\psi _{2} }} } \right)} \right], $$

                    (72)
                


                    $$ b_{{c1}}  = \left[ {\frac{1}{4}\eta _{{12}} H_{1} \sin \left( {2\beta _{2}  - \beta _{1} } \right)\cos \left( {2\gamma _{{IL\psi _{2} }} } \right) + H_{2} \sin \left( {{\text{2}}\beta _{2}  - \beta _{1} } \right)\cos \left( {\gamma _{{IL\psi _{2} }}  - \gamma _{{IH\psi _{2} }} } \right)} \right], $$

                    (73)
                


                    $$ a_{{s1}}  =  - \left[ {\frac{1}{4}\eta _{{12}} H_{1} \sin \left( {2\beta _{2}  - \beta _{1} } \right)\sin \left( {2\gamma _{{IL\psi _{2} }} } \right) + H_{2} \sin \left( {{\text{2}}\beta _{2}  - \beta _{1} } \right)\sin \left( {\gamma _{{IL\psi _{2} }}  - \gamma _{{IH\psi _{2} }} } \right)} \right], $$

                    (74)
                


                    $$ b_{{s1}}  = \left[ {\frac{1}{4}\eta _{{12}} H_{1} \cos \left( {2\beta _{2}  - \beta _{1} } \right)\sin \left( {2\gamma _{{IL\psi _{2} }} } \right) + H_{2} \cos \left( {{\text{2}}\beta _{2}  - \beta _{1} } \right)\sin \left( {\gamma _{{IL\psi _{2} }}  - \gamma _{{IH\psi _{2} }} } \right)} \right]. $$

                    (75)
                


                  

Rights and permissions
Reprints and permissions


About this article
[image: Check for updates. Verify currency and authenticity via CrossMark]       



Cite this article
Fang, P., Sun, H., Zou, M. et al. Self-Synchronization and Vibration Isolation Theories in Anti-resonance System with Dual-Motor and Double-Frequency Actuation.
                    J. Vib. Eng. Technol. 10, 409–424 (2022). https://doi.org/10.1007/s42417-021-00384-w
Download citation
	Received: 31 July 2021

	Revised: 06 September 2021

	Accepted: 11 September 2021

	Published: 26 September 2021

	Issue Date: January 2022

	DOI: https://doi.org/10.1007/s42417-021-00384-w


Share this article
Anyone you share the following link with will be able to read this content:
Get shareable linkSorry, a shareable link is not currently available for this article.


Copy to clipboard

                            Provided by the Springer Nature SharedIt content-sharing initiative
                        


Keywords
	Self-synchronization
	Stability
	Isolation
	Anti-resonance
	Double frequency
	Dynamic








                    
                

            

            
                
                    

                    
                        
                            
    

                        

                    

                    
                        
                    


                    
                        
                            
                                
                            

                            
                                
                                    
                                        Access this article


                                        
                                            
                                                
                                                    
                                                        Log in via an institution
                                                        
                                                            
                                                        
                                                    
                                                

                                            
                                        

                                        
                                            
 
 
  
   
    
     
     
      Buy article PDF USD 39.95
     

    

    Price excludes VAT (USA)

     Tax calculation will be finalised during checkout.

    Instant access to the full article PDF.

   

  

  
 

 
  
   
    Rent this article via DeepDyve
     
      
     

   

  

  
 


                                        

                                        
                                            Institutional subscriptions
                                                
                                                    
                                                
                                            

                                        

                                    

                                
                            

                            
                                
    
        Advertisement

        
        

    






                            

                            

                            

                        

                    

                
            

        

    
    
    


    
        
            Search

            
                
                    
                        Search by keyword or author
                        
                            
                            
                                
                                    
                                
                                Search
                            
                        

                    

                
            

        

    



    
        Navigation

        	
                    
                        Find a journal
                    
                
	
                    
                        Publish with us
                    
                
	
                    
                        Track your research
                    
                


    


    
	
		
			
			
	
		
			
			
				Discover content

					Journals A-Z
	Books A-Z


			

			
			
				Publish with us

					Publish your research
	Open access publishing


			

			
			
				Products and services

					Our products
	Librarians
	Societies
	Partners and advertisers


			

			
			
				Our imprints

					Springer
	Nature Portfolio
	BMC
	Palgrave Macmillan
	Apress


			

			
		

	



		
		
		
	
		
				
						
						
							Your privacy choices/Manage cookies
						
					
	
						
							Your US state privacy rights
						
						
					
	
						
							Accessibility statement
						
						
					
	
						
							Terms and conditions
						
						
					
	
						
							Privacy policy
						
						
					
	
						
							Help and support
						
						
					


		
	
	
		
			
				
					
					3.85.245.194
				

				Not affiliated

			

		
	
	
		
			[image: Springer Nature]
		
	
	© 2024 Springer Nature




	






    