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Fig. 1~ Multi-DOF spring-mass system with multi-frequency excitations
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Fig.2 Three segments of spring-mass system
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Fig.3 The force vectors at the (a) spring i and (b) mass i.
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A NEW METHOD FOR STEADY-STATE RESPONSE OF MULTI-
DOF SYSTEM WITH MULTI-FREQUENCY HARMONIC
EXCITATIONS IN STRUCTURAL DYNAMICS *

3%

Kang Houjun'**"  Cong Yunyue'*® Guo Tieding'"’
(1.College of Civil Engineering and Architecture , Guangxi University , Nanning 530004, China)
(2.College of Civil Engineering , Hunan University, Changsha 410082, China)

(3.Guangxi University Scientific Research Center of Engineering Mechanics, Nanning 530004, China)

Abstract A new method is developed to obtain the eigen frequency and steady state response of multi-DOF system with
multi-frequency harmonic excitation. Based on the superposition principle, the steady state response is divided into sev-
eral components with different excitation frequencies. Correspondingly, the spring force, external excitation force and in-
ertia force of the system are also divided into a number of components similar to that of the response. The quasi-static
equilibrium among the spring force, external excitation force and inertia force of mass based on D’Alembert’s principle
is imposed between the corresponding components of these forces. Then, the transfer matrix method is employed to attain
the eigen frequency and steady state response of multi-DOF system without resolving the eigenvalue problem in advance.
A 4-DOF system is used to demonstrate the proposed method, suggesting that application of the new method can easily
obtain analytical solutions, which is verified by the modal superposition method and shows that the proposed method is
also effective for obtaining the eigen frequency and mode shape of multi-DOF system without resolving the eigenvalue

problem in advance.

Key words steady state response, forced vibration, multi-frequency excitation, transfer matrix method, super-

position principle
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