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DYNAMIC ANALYSIS OF THE OIL ROD PUMPING SYSTEM MECHANISM
DUMITRU, N[icolae]; BAILA, A[drian]; CRACIUNOIU, N[icolae] & MALCIU, R[aluca]

Abstract: The paper proposes a dynamic analysis of an
artificial pumping system mechanism used for oil deep
extraction. This dynamic analysis involves the determination of
the kinematic and dynamic parameters characterizing the
vibrations of the unit pumping mechanism elements. The
variation law of the mechanism generalized coordinate is
experimentally determined. Kinematic models were developed
for the links longitudinal and transverse vibrations, which were
processed by computer and led to time variation laws of
longitudinal and transverse vibration displacements,
respectively, speeds and accelerations defining the system
vibratory motion. These laws were verified and validated by
experimental research
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2. THEORETICAL CONSIDERATIONS
In order to achieve the dynamic analysis, the pumping unit
mechanism was studied in the hypothesis that, in terms of
structural elements, it consists of a driving link and two dyads:
the RRR dyad, presented in Fig.2, and the RRT dyad presented
in Fig. 3.
The mathematical model of longitudinal and transverse
vibrations of the RRR dyad shown in Fig. 2 was developed and
solved considering the links linear elastic straight bars.
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1. INTRODUCTION
Artificial pumping systems for deep extraction have a
significant share in most countries with developed oil industry,
both as wells number, and as flow rate, because of its
advantages in terms of design simplicity and ease of servicing.
Pumping systems existing design mainly uses rough
formulas and procedures based on analytical approaches of
conventional oil / gas fields.
A calculation method for the studied rod pumping system
design showed in Fig. 1 was presented in (Liu et al., 2011),
where the mathematical model was determined based on the
kinematic and dynamic analysis of the pumping system.
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Fig. 2 The RRR Dyad

Fig. 3 The
RRT Dyad

The vibrations mathematical model of a linear-elastic
rectilinear kinematic element, with constant section, in a plane
moving was deduced in (Buculei, 1981), having the form of a
decoupled equations system.
By customizing it for the link 2 of the RRR dyad, the
following mathematical model was obtained:
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Fig. 1. Rod pumping system
Polished rod loads calculation usually took into account
only static and inertial loads, and driving torque calculation
used, in general, empirical formulas and correction factors.
Polished rod loads calculation approaches in the literature
include formulas of American Petroleum Institute (API), of
Vilnovsky, Vilnovsky-Adowning, Emory Kemler and Mills.
These relationships modify and apply a variety of
simplifying assumptions and analytical approaches to calculate
the loads limits. They also considered only static and inertial
loads, neglecting the vibrations and friction loads.
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; A 2 - cross-sectional area of the dyad element;

E - Young modulus;  - element linear specific mass; I2 - the
cross-sectional geometric moment of inertia of the dyad
element
relative
to
its
neutral
axis;



u2 x, t   u2 x, t i   u2 x, t  j  - linear elastic displacement of
the dyad element (2); u 2' x, t  -longitudinal displacement;
E P

2 t    2  k  u 2'' x, t  - transverse displacement;
instantaneous absolute angular velocity of (P') marker with
E  P

 2 t   2  k  respect to (E), the exterior marker;
instantaneous absolute angular acceleration of (P') marker with
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t   x A t i   y A t  j  respect to (E), the exterior marker; v A
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the A pair velocity with respect to (E), the exterior marker;


E
t   xA t i   yA t  j - the A pair acceleration with
aA
respect to (E), the exterior marker.
The kinematic parameters used in the mathematical model
(1) are known from a prior kinematic analysis.
Using Laplace and Fourier integral transformations and
taking into account the boundary conditions, the initial
conditions and the known data for the RRR dyad as rigid
model, we obtained the solutions of the mathematical model
(1), representing the linear-elastic deformations components of
the dyad links during the temporary motion subrange [tk, tk +1], k
= 0, n . These solutions have the following form for the link
(2):





 


 L2 1    1n 1 
u2 k  x , t   2   2 2 2
2 
L2 n 1
 c  n   2 k    n
2

L2
  1n 1 22k  
  y Ak  2 k  xAk  
 n

2 2
2


c




2
n
2
k
 sin 
 t   sin n x ;


2





2 A2

2
u2 k  x , t  

 
A2 L2 n 1
 EI 2 n4  A2 22k

L2
  A2 yAk
1    1n 1 
 n
2
L2
L2 
2 k   1n 1
 A2 x Ak  2 k
1    1n 1  A2
 n
  n 
4
2


2  EI 2 n  A2 2 k
 sin 
 t   sin n x 



A2









where: n =

 n
L2



(2)
; L 2 - the length of the link (2) in undistorted

state.  2k   2k - instantaneous absolute angular velocities of
the dyad link (2); 2k   2k - instantaneous absolute angular
accelerations of the dyad link (2).
By processing the mathematical model (2), the diagrams for
the time variation of the linear displacements of the elastic rod
were obtained in the Maple programming environment as
shown by Fig. 4, for linear elastic longitudinal displacement,
and by Fig. 5, for linear elastic transverse displacement.

For processing the presented above mathematical models it
is important the variation law of the angle of the pair O2 (curve
1), experimentally determined as shown in Fig. 6.
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Fig. 6. Kinematic parameters variation laws experimentally
determined

3. CONCLUSION
The purpose of this paper is a first version of the study,
where the elastic constraint between the rigid element (3) and
flexible element (4) was modeled by the revolute pair from the
point C.
There are still two options studied by the authors, namely,
when the contact between the elements (3) and (4) is modeled
by a pinion-rack type coupling and the real case, studying the
contact between the rigid element (3) and the flexible element
(4). This latest version will be analyzed using ADAMS
software. Mathematical models for longitudinal and transverse
vibrations of the mechanism two structural groups were
developed and the variation laws diagrams of the vibration
displacements were obtained. It was found that longitudinal and
transverse elastic displacements are low; the obtained
amplitude is justified by the high rigidity of the components of
the mechanism first structural group.
Experimental research confirms this, but the important fact
is that vibration data of a complex study of the pumping unit
were obtained through this work. So, the time variation laws for
kinematic parameters, respectively, positions, velocities and
accelerations for the longitudinal and transverse vibrations were
obtained. Based on the theoretical and experimental research
presented above, the next step of the future research will regard
the behavior analysis of the pumping system in thermalstructural coupled regime.
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