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COMPLETE EIGEN-SOLUTIONS FOR MULTILEVEL SUCKER ROD
VIBRATION SYSTEM IN VERTICAL WELL BY IMBEDDING METHOD

Yongjun Xu' , Qingqing Zhao', Junbo Yu?, Chuanxu Zhang
(1. Key Laboratory for Hydrodynamics and Ocean Engmeenng, Institute of Mechamcs Chmesc Academy of Sciences, Beijing, 100190, CHINA; 2 The 9*
Oil Production Plant of Daging Oilfield, Daqing,163853, CHINA)

ABSTRACT: Mode-superposition analysis is an ideal and effective method to solve the axial motion of any
dynamic system such as multilevel sucker rod system in vertical well. In these problems of dynamics, the
eigen-solutions including eigin-values (main frequencies) and eigne-functions (mode-shapes), play an important
role in both theoretical study and numerical applications. Analytical eigen-solutions, however, are not always
obtainable, especially for such a general case as arbitrary multilevel sucker rod system, and hence as an alternative
approach, numerical solutions are frequently invoked. In this paper, a robust algorithm is proposed to compute
accurate and complete eigen-solutions of longitudinal vibrations for multilevel sucker rod system in vertical well.
Based on the imbedding method, the general-purpose ODE (Ordinary Differential Equation) solver COLSYS is
adopted to compute the complex line integral accurately and efficiently after transforming it into an equivalent
ODE form. The searching domain is carefully chosen to be.a narrow rectangle along the real axes so that the
eigen-values can be computed in an ascending sequence without missing any one between. A number of
numerical examples are given to show the excellent accuracy, efficiency and reliability of the proposed approach.
KEYWORDS: Mode-superposition analysis, multilevel sucker rod system in vertical well, eigen-value (main
frequence), eigen-function (mode-shape), vibration, embedding method.
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