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e 3-D mechanical model of the inclined shaft pumping pump and the optimization model of anti-partial wear structure and
security position are established in this paper. Based on the real data of well, 148-inclined 2 slope measurement, the ordinary pipe
rod combination, inclined well pumping pump lining oil pipe, and oil pump laser oil pipe are optimized and calculated. In order to
improve the computing power and reduce computational time consumption, this paper uses cloud computing technology in the
computing process.e results show that the combinationmethod of the lining oil pipe and the ordinary continuous pumping rod
has less axial force and lateral force, and �nally, the combination method of di�erent well pipes is obtained.

1. Introduction

e pumping unit has the characteristics of large quantity
and wide range, which is the primary way of oil production
at home and abroad. China’s pumping unit technology has
been relatively mature, but in recent years, the oil pumping
machine well’s mining environment has become more
complex. Oil well sand, gas, thick oil reservoirs, and sig-
ni�cant slopes are all critical problems faced by oil well
mining. Especially for large slope Wells, the slender
pumping rod column works in the eyes of the curved well,
resulting in serious partial grinding of the rod pipe, low
pump e�ciency of the pumping pump, shortening of the
pump inspection cycle, reduction of the e�ciency of the oil
well system and other problems. A variety of special oil
pumping pumps have been developed at home and abroad to
adapt to the harsh mining environment, reduce the adverse
e�ects of these factors, improve the pump e�ciency, and
ensure the normal production of oil Wells. erefore, it is
proposed to carry out the optimization and research project
of the lifting process of complex structure Wells. According
to the characteristics of the commonly used inclined well
pumping pump in complex structure Wells, the force model
of inclined well pumping pump and the whole 3-D pumping
rod and columnmechanical model can analyze the in�uence

of each factor on the e�ciency of the oil well system.
According to the structural characteristics of complex
structure shaft structure, the establishment of anti-partial
wear structure combination and security position optimi-
zation model, the development of reasonable anti-partial
wear combination, and optimization of pumping parameters
of pumping machine is of great signi�cance to improve the
pump e�ciency of inclined well pumping pump under
meeting the safety and life conditions.

Since the 1940s, the rod pump lifting system behavior
predicts and simulates the data provided by the test and the
computer simulation technology. e simulated results are
compared with the �eld measured data and applied to the
evaluation and optimization design and fault diagnosis of
the rod extraction system. From the calculationmethods and
characteristics used in each period, they are mainly divided
into three calculation methods: Approximation formula
calculation method [1, 2], API computational method [3, 4],
and Numerical simulation and calculation method [5].

At present, the basic idea of mechanical model estab-
lishment is as follows:e external forces and internal forces
of in�nitesimals is studied by taking the deformed rod and
column in�nitesimals as the object. en, the mechanical
model of in�nitesimals is established according to Newton’s
second Law of motion and the equilibrium principle.
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Earlier studies took a segment of the infinitesimal of the
pumping rod column in the well eye, and assumed that the
infinitesimal segment is an arc in the spatial oblique plane.
+e wellbore curvature of the rod and column infinitesimal
is constant, and the shear force on the rod and column cross-
section is ignored, and the spatial distribution of the oil pipe
axis and the shaft trajectory axis is consistent, and the rod
and column are in continuous contact with the oil pipe.
Obviously, several conditions as the initial hypothesis will
lead to a large deviation of the calculation results, and the
subsequent relevant studies have made a lot of improve-
ments in these aspects.

Taking the ordinary inclined well as the example, Feng
et al. established the force balance equation of rod and
column by considering the change of azimuth angle. A
simplified mechanical model of friction resistance and axial
load in the upper and lower stroke is derived and the im-
portant parameters of friction resistance, axial load and axial
deformation are analyzed and calculated. According to the
example calculation results, the calculation results of friction
resistance and axial load can provide a reliable basis for
drilling equipment selection, optimizing rod and column
parameters and well body structure [6].

Liu et al. analyzed and calculated the movement state of
the pumping rod and column, and the various friction forces
of the oil well [7]. Moreover, the constraints of the pumping
rod column and the changes of the well slope and azimuth
angle are considered comprehensively, and the 3-D stress
model of the pumping rod column is established.

A general model for calculating the axial load of the eye
shaft and column in any well is established by Tian et al.
based on the friction force between the underground rod
and pipe under the three-dimensional well eye track. +e
additional force is generated by the bending, the friction
resistance is caused by the fluid in the pipe and the vibration
load [8]. +is model can be used to analyze and check the
production and operation poles in any borehole track well.

Zhang et al. analyzed the motion state of the pumping
rod column in the horizontal well, considered the incon-
sistency between the plunger and the suspension point
motion, and found the position and time of the maximum
and minimum force [9].

Kun et al. analyzed the current problems of rod and tube
partial grinding theory and analyzed the influence of well
fluid flow on the force of pumping rod and column [10]. +e
calculation model of the well fluid flow in the annular space
of pumping rod and pipe is presented by their research.

In conclusion, because several assumptions of the initial
mechanical model will cause the force calculation of the
pumping rod and column of the inclined shaft pumping
pump, the researchers do a lot of correction work. +e main
points of correction include: azimuth, column stiffness,
friction resistance, and the influence of well fluid flow.

At present, there are many types of rod pump lifting in
the west pile area, with complex well condition, and

problems such as rod pipe disconnection, oil pipe grinding,
and lowmachine production efficiency still exist.+eoretical
support of machine production optimization is urgently
needed to improve the oil production system of pumping
machine.

In view of this, the keys of this study are as follows:

(1) +e three-dimensional mechanical model of the
complex structure shaft is established and solved.

(2) +e anti-partial wear structure combination and
security position optimization model are established
to complete the anti-partial wear structure optimi-
zation (Lining oil pipe + continuous rod, laser oil
pipe + continuous rod, continuous rod + ordinary oil
pipe pumping rod).

2. Models and Equations

2.1. %ree-Dimensional Mechanical Model of Inclined Shaft
Pumping Pump. Generally, directional well trajectory have
well sections with large curvature changes of the well tra-
jectory. Because the string is constrained by the 3-D curved
hole, the pipe column stiffness and the curvature of the shaft
will affect the mechanical behavior of the pipe column
during the operation. +erefore, the influence of the pipe
column stiffness and the wellhole curvature on the pipe
column force needs to be fully considered in the curved well
section. +e paper will establish a 3-D mechanical model
considering the pumping rod and column stiffness of the
inclined shaft pumping pump to describe the force situation
of the pipe column in the curved shaft section.

+e natural coordinate system OsTNB is taken on the
axis of the pipe column, and the infinitesimal body with any
arc length of ds on the column was taken as the object of
force analysis and is shown in Figure 1. Point A and point B
are taken as the initial point and the end point, and their
curve coordinates are s and s + ds. +e force analysis of the
infinitesimal was carried out on the basis of comprehensively
considering the influence of the load, concentrated force,
and torque of each division.

2.1.1. Geometric Equation. According to the basic principles
of differential geometry,
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where α is the angle of deviation, rad.
ϕ is the well oblique orientation Angle, rad.
Kα is the well slope change rate, rad/m.
Kφ is the bearing rate, rad/m
K is the hole curvature, rad/m.

2.1.2. Equilibrium Equation. According to the condition
characteristics of inclined shaft pump, the load of the pipe
column in the well eye includes the dead weight of the pipe
column, the support force of the pipe column and the well
wall, the friction resistance, the internal and external fluid
pressure, the viscous friction of the fluid, and the temper-
ature load. +erefore, according to the stress condition, the
infinitesimal section of the pipe column is analyzed as
follows:

(a) Internal force and internal torque at both ends.
As shown in Figure 1, the concentration force F
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Figure 1: Schematic representation of the infinitesimal force
analysis.
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(b) Dead weight of pipe column.
Dead weight is a part of the load of the pipe column on

the overall force. In the straight well, the load is the weight of
the pipe column itself, while in the curved well eye, it needs
to be decomposed in all directions. Meanwhile, due to the
formation fluid, the column will be subject to fluid buoy-
ancy.+erefore, the floating weight is used for the analysis in
the calculation. Column float weight per unit length qm is

qm � q · Kf, (13)

where Kf is the floating force coefficient; q is the unit weight
of the tube string in the air, kN/m.

+e dead weight load vector of the pipe column in the
eye of the curved well can be expressed as:
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(c) Support anti-force.
Under the action of dead weight, the pipe column will be

subjected to the support and reverse force of the well wall:
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(d) Friction between the well wall.
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where Nn is the positive pressure in the main normal di-
rection, kN; Nb is the positive pressure in the subnormal
direction, kN; μt is the friction coefficient in the circum-
ferential directio; μα is the friction coefficient of the axis
direction.

(e) Internal and external fluid forces.
During the water injection operation, there is high

pressure injection liquid in the TUPIPE, external bore liquid
pressure and injection pressure. +erefore, a set of axial
“fictitious forces” are be generated on the pipe column
during the operation. Under the action of internal pressure,
the equivalent axial compression force at both ends of the
microsegment can be expressed as:
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where Ai is the cross-sectional area of oil lumen, m2; Pi is the
pressure in the tubing, MPa.
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Similarly, under the external pressure, the two ends are
subjected to a pair of equivalent axial tensile forces:
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where Ao is the cross-sectional area of oil lumen, m2; Po is
the pressure in the tubing, MPa.

(f ) Fluid viscosity and friction resistance.
+e viscous friction resistance of the pipe wall subjected

to the fluid can be expressed as:
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where τf is the fluid structure force, N/m; μ is the fluid
dynamical viscosity, Ns/m2;ω is the column rotation angular
speed, rad/s; Dw is the well eye diameter, m; R is the outer
radius of pipe column, m; v is the fluid speed, m/s.
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2.1.3. Physical Equations. In the well-hole track, the
transverse deformation of the pipe column is constrained by
the wellhole, and the deformation is still within the elastic

deformation range, so the physical relationship of the oil
pipe deformation is:

Mb � EIK,

dMb

ds
� EI

dK

ds
,

d
2
Mb

ds
2 � EI

d
2
K

ds
2 ,

(26)

where E- is the Young’s modulus of elasticity, kN/m3; I is the
moment of inertia of the tube column, m4.

Organize the formula (1–25) to (26):
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According to the close surface definition τ � 0, the (30) is
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dK

ds
± μαN + fλ − qm cos α � 0,

dMt

ds
� μtRN + 2πR

3ω
τf

���������

v
2

+(Rω)
2

 +
2μ

Dw − 2R

⎡⎢⎢⎢⎢⎢⎢⎢⎣
⎤⎥⎥⎥⎥⎥⎥⎥⎦,

−EI
d
2
K

ds
2 + K · T + Nn + μtNb + qm sin α

Kα

K
� 0,

−K
dMt

ds
+ μtNn − Nb − qm sin2 α

Kφ

K
� 0,

N
2

� N
2
n + N

2
b.

⎧⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

(28)

+e established model belongs to a system of nonlinear
differential equations, which therefore can be solved by the quasi-

Newton iteration method of the system of nonlinear equations.
Choose the difference formula in the finite difference first:
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dT

ds
�

T(s + 1) − T(s)

h(s + 1) − h(s)
,

dMt

ds
�

Mt(s + 1) − Mt(s)

h(s + 1) − h(s)
,

dK

ds
�

K(s + 1) − K(s)

h(s + 1) − h(s)
,

d
2
K

ds
2 �

K(s + 2) − 2K(s + 1) + K

[h(s + 1 − h(s))]
2 ,

⎧⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

(29)

where h(s + 1), h(s) is the segment length of each calculated
segment, respectively.

+e ordinary differential equations are discretized by
using the above equation, we can getT(s + 1),Mt(s + 1).+e
friction resistance F, friction torque Mt, and axial loading T

at each calculation point of the column can be calculated by
taking the above parameters into the nonlinear system of
equations.

2.1.4. %e Length of the Pumping Rod Anti-Centralizer Is
Determined. As shown in Figure 2, due to the small radius of
curvature of the wellhole, the pumping rod will make contact
with the well wall, which will then accelerate the wear of the
pumping rod when the pumping rod passes through two
points: A and B in the wellhole track. In general, it is
necessary to add two anti-grinding blocks to the extraction
rod in order to prevent wear to reduce the life of the
pumping rod. In this way, when the radius of curvature of
the well is small, the anti-grinding block will contact with the
well wall first to effectively protect the pumping rod.

In Figure 2, D is the diameter of the grinding block, d is
the diameter of the pumping rod, R is the radius of curvature
of the two points A and B in the well track, and L is the
spacing between the two grinding blocks.

Where AC⊥CO, AO approximately equal to R + 1/2D,
CO � R + 1/2d, the length of the AC can be obtained by the
Pythagorean theorem:

AC �

����������

AO
2

− CO
2



�

��������������������

R +
1
2

D 
2

+ R +
1
2

d 
2



�

�������������������

R(D − d) +
1
4

D
2

− d
2

 



. (30)

+e spacing L between the two grinding blocks can be
approximately equal to two times AC:

L � 2 ×

�������������������

R(D − d) +
1
4

D
2

− d
2

 



. (31)

3. Results and Discussion

3.1. Well Conditions Analysis of Pile 148-X2 Oil Well.
According to the logging data of pile 148-X2 oil well given in
Table 1, the well-hole track is fitted in 3-D, and the result
curve is shown in Figure 3.

According to the data investigation of the machine
mining well production conditions of the west pile oil
production plant, the main machine mining parameters of
the oil well and those of the inclined well pumping pump are
given in Table 2.

3.2. Calculation Results of Common Pipe Combination of
PumpingPump inPile 148-X2. According to the logging data
of pile 148-X2 well given in Table 1 and the relevant data in
the main parameters of Table 2, the axial force of pile 148-X2
oil well is calculated as shown in Figure 4.

According to Figure 4, the maximum axial force is at the
wellhead, and the value is 62.7 kN.

+e elongation of pile 148-X well is shown in Figure 5.
As is known by Figure 5,+emaximum elongation is at a

well depth of 1,988m, the value is 0.9826m.

+e column curvature of pile 148-X2 well is shown in
Figure 6.

According to Figure 6, the maximum curvature is at the
well depth of 355.1m, the value is 0.02735m−1. According to
the well curvature data, the grinding block can be reasonably
arranged at the large curvature position.

+e lateral force of pile 148-X2 oil well is shown in
Figure 7.

As is known by Figure 7, the maximum lateral force is at
the depth of 269meters in the well, the value is 137.7N.

+e safety factor of the whole well column of pile 148-X2
well is shown in Figure 8.

According to Figure 8, the minimum safety factor of the
pumping rod is at the wellhead.+eminimum safety value is
4.851, which is greater than the production process re-
quirements, and the strength of the pumping rod in the
whole well section meets the standard.

+e installation spacing of anti-wear block in the whole
well section of pile 148-X2 oil well is shown in Figure 9.

According to Figure 9, the installation spacing of anti-
grinding block can be reasonably arranged to improve the
wear of the pumping rod and improve the life of the
pumping rod.

3.3. Optimization Culation Result of Lining of Inclined Pump
of Pile 148-X2. According to Figure 7, in the 170m-400m and
810m-930m wells, the lateral force of the inclined well
pumping pump stem is too large, which increases the safety
risk. +erefore, the 170m-400m and 810m-930m well
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Figure 2: Geometric relationship of anti-grinding centralizer.

Table 1: 148-inclined 2 well oblique survey data.

Well depth (m) Angle of deviation (°) Azimuth (°)
1 108.49 0.22 155.78
2 127.15 1.14 73.28
3 155.15 3.03 49.18
4 183.13 5.45 44.98
5 211.97 8.61 43.68
6 240.69 12.74 42.68
7 269.01 17.01 41.28
8 297.72 20.57 38.98
9 326.38 24.05 41.88
10 355.06 28.54 41.48
11 383.73 31.33 37.78
12 412.36 30.98 38.08
13 440.83 30.28 38.88
14 469.66 30.06 39.98
15 498.13 32.48 36.28
16 526.64 31.42 36.58
17 555.30 31.99 36.63
18 583.75 32.56 36.68
19 612.54 33.27 37.18
20 641.23 33.27 37.28
21 669.95 33.49 37.48
22 687.24 33.66 39.18
23 701.00 33.66 38.18
24 726.69 33.53 36.38
25 755.51 33.53 36.08
26 784.10 34.06 36.18
27 812.63 33.84 35.58
28 841.45 37.31 37.08
29 869.81 41.00 39.18
30 898.44 45.26 38.58
31 926.97 47.50 39.58
32 955.48 47.77 39.38
33 984.13 47.81 39.08
34 1012.88 47.24 39.08

Table 1: Continued.

Well depth (m) Angle of deviation (°) Azimuth (°)
35 1041.46 48.56 39.28
36 1070.12 48.47 39.08
37 1098.96 48.16 38.98
38 1127.58 50.54 38.48
39 1156.15 52.34 37.88
40 1183.08 52.21 37.68
41 1211.92 51.81 37.48
42 1240.54 50.84 37.38
43 1269.11 52.43 36.28
44 1297.63 53.53 37.08
45 1326.39 53.22 37.08
46 1355.25 53.22 36.98
47 1383.98 52.51 37.08
48 1412.61 53.79 37.38
49 1441.49 54.14 37.08
50 669.95 33.49 37.48
51 1470.05 54.40 36.58
52 1498.75 55.77 36.38
53 1527.42 56.69 36.28
54 1585.07 54.49 37.18
55 1613.91 53.79 36.98
56 1642.64 53.17 37.08
57 1671.48 52.69 37.08
58 1700.16 51.81 37.08
59 1728.94 52.60 37.88
60 1757.64 53.75 38.28
61 1786.07 54.89 38.18
62 1814.85 54.62 38.08
63 1843.19 54.54 37.68
64 1873.02 54.58 37.98
65 1902.55 54.58 37.78
66 1931.10 56.07 37.08
67 1959.64 57.35 36.28
68 1988.32 56.82 35.58
69 2017.16 56.43 35.48
70 2045.74 55.81 37.28
71 2074.50 55.15 37.58
72 2103.10 53.79 37.18
73 2131.86 54.14 36.88
74 2160.27 54.84 37.58
75 2188.97 53.96 37.48
76 2217.75 54.27 37.38
77 2246.32 53.96 38.48
78 2275.12 54.10 39.08
79 2303.58 53.53 38.98
80 2332.21 52.91 38.88
81 2360.80 53.22 39.98
82 2389.42 54.71 39.68
83 2417.99 55.68 39.68
84 2446.74 55.77 39.98
85 2475.43 54.98 40.48
85 2504.20 54.18 39.48
87 2533.40 53.44 39.38
88 2561.62 52.73 39.28
89 2590.35 52.87 38.98
90 2619.10 53.70 40.08
91 2647.83 54.00 41.68
92 2676.54 54.01 40.98
93 2705.27 55.90 40.58
94 2733.86 57.57 39.28
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sections are selected with lined oil pipes to replace the ordinary
oil pipes for pipe string combination optimization.+emethod
can reduce the lateral force by reducing the friction force.

According to the logging data of pile 148-X2 well given
in Table 1 and the relevant data in the main parameters of
Table 2, the axial force of pile 148-X2 oil well is calculated as
shown in Figure 10.

According to Figure 10, the maximum axial force is at
the wellhead, the value is 43.23 kN.

+e extension of pile 148-X2 is shown in Figure 11.
According to Figure 11, the maximum elongation value

is at the well depth of 1,931meters, and the value is 0.7034m.
+e column curvature of pile 148-X2 well is shown in

Figure 12.
According to Figure 12, the maximum curvature is at the

well depth of 326.4m, and the value is 0.002735m-1.
According to the well curvature data, the grinding block can
be reasonably arranged at the large curvature position.

+e lateral force of pile 148-X2 oil well is shown in
Figure 13.

According to Figure 13, the maximum lateral force is at
240.7 meters of the well depth, and the value is 95.97N.

+e safety factor of the whole well column of pile 148-X2
well is shown in Figure 14.

According to Figure 14, the minimum safety factor of the
pumping rod is at the wellhead, and the value is 7.037. +e
safety factor is greater than the production process re-
quirements, and the strength of the pumping rod in the
whole well section meets the standard.

+e installation spacing of anti-wear block in the whole
well section of pile 148-X2 oil well is shown in Figure 15.

According to Figure 15, the installation spacing of anti-
grinding block can be reasonably arranged to improve the wear
of the pumping rod and to improve the life of the pumping rod.

3.4. OptimizedCalculationResults of LaserOil Pipe of Inclined
Pumping Pump of Pile 148-X2 Oil Well. According to the
logging data of pile 148-X2 well given in Table 1 and the
relevant data in the main parameters of Table 2, the axial
force of pile 148-X2 oil well is calculated as shown in
Figure 16.

According to Figure 16, the maximum axial force is at
the wellhead, and the value is 50.4 kN.

+e extension of pile 148-X well is Figure 17.
According to Figure 17, the maximum extension value is

at the well depth of 1,931m, and the value is 0.7981m.
+e column curvature of pile 148-X2 well is shown in

Figure 18.
From Figure 18, the maximum curvature is at 355.1m of

the well depth, and the value is 0.002735m-1. According to
the well curvature data, the grinding block can be reasonably
arranged at the large curvature position.

+e lateral force of pile 148-X2 oil well is shown in
Figure 19.

According to Figure 19, the maximum lateral force is at
the well depth of 240.7meters, and the value is 110.6N.

+e safety factor of the whole well column of pile 148-X2
well is shown in Figure 20.

According to Figure 20, the minimum safety factor of the
pumping rod is at the wellhead, and the minimum safety
value is 6.035, +e safety factor is greater than the pro-
duction process requirements, and the strength of the
pumping rod in the whole well section meets the standard.

+e installation spacing of anti-wear block in the whole
well section of pile 148-X2 oil well is shown in Figure 21.
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Figure 3: 3-D fitting curve of well-hole track of pile 148-X2 oil well.

Table 2: Main parameter.

Parameter name Value
1 Grading of oil pumping rod 3
2 Grade 1 pumping rod diameter (mm) 25
3 Grade 2 pumping rod diameter (mm) 22
4 Grade 3 pumping rod diameter (mm) 19
5 Grade 4 oil extraction rod diameter (mm) 10
6 Level 1 grade length (m) 549.8
7 Level 2 grade length (m) 572.81
8 Level 3 grade length (m) 863.24
9 Pump self-respect (kg) 50
10 Pump diameter (mm) 44
11 Pump gap (mm) 0.1
12 Number of swimming valves 2
13 Level 4 grade length (m) 450
14 Density of oil pumping rod (g/cm3) 7.85
15 Crude oil density (kg/m3) 0.878
16 Axial friction coefficient 0.1
17 Oil pipe inner diameter (mm) 50.8
18 Wellhead back pressure (Pa) 0.6
19 Allow the stress of the suction rod (MPa) 867
20 Swimming valve plunger area (mm2) 50
21 Valve hole cross-section (mm2) 50
22 Crude oil sports viscosity (mm2/s) 20
23 Valve hole flow coefficient 0.8

Table 1: Continued.

Well depth (m) Angle of deviation (°) Azimuth (°)
95 2762.52 57.83 37.38
96 2791.19 57.44 36.98
97 2819.88 58.40 37.08
98 2848.65 58.80 36.28
99 2877.29 59.19 35.88
100 2905.97 58.71 35.68
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According to Figure 21, the installation spacing of anti-
grinding block can be reasonably arranged to improve the
wear of the pumping rod and to improve the life of the
pumping rod.

3.5. Analysis of the Preferred Results of the Inclined Well
Pumping Pump. According to Figure 22, the inclined
shaft pumping pump has minimum friction resistance
under the combination of lining pipe and continuous
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Figure 4: Pile 148-X2 well axial force.

Upstroke Downstroke

ELongation (m) ELongation (m)

D
ep

th
 (m

)

D
ep

th
 (m

)

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0 0.1 0.150.05 0.4
2000
1800
1600
1400
1200
1000

800
600
400
200

0

2000
1800
1600
1400
1200
1000

800
600
400
200

0

0.2 0.25 0.3 0.350.8 0.9 1

X: 0.3543
Y: 1786

X: 0.982
Y: 1988

Figure 5: Lengation of well pile 148-X2.

30.50 2.5
×10

–3

2000
1800
1600
1400
1200
1000

800
600
400
200

0

1 1.5 2

X: 0.002735
Y: 355.1

D
ep

th
 (m

)

Curvature (1/m)

Figure 6: Pipe column curvature of well pile 148-X2.

10 Scientific Programming



suction rod. Compared with the ordinary inclined shaft
pumping pump rod and pipe combination mode, the
combination mode of lined oil pipe and continuous

pumping rod can reduce the friction force by more than
30%, so as to achieve the effect of improving the pump
effect.
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Figure 7: Column lateral force data of well pile 148-X2.
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Figure 13: Column lateral force data of well pile 148-X2.
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Figure 19: Lateral force of pile 148-X2 well pipe post.

Safety factorSafety factor

Upstroke

0 2010 80
2000
1800
1600
1400
1200
1000

800
600
400
200

0

40 50 60

Downstroke

0 500 2500
2000
1800
1600
1400
1200
1000

800
600
400
200

0

1000 1500 200030

X: 2188
Y: 1700

D
ep

th
 (m

)

D
ep

th
 (m

)

70

X: 6.035
Y: 0

Figure 20: Safety factor of the pumping rod.

Installation spacing (m)
0 10 155 40 45

2000
1800
1600
1400
1200
1000

800
600
400
200

0

20 25 30 35

D
ep

th
 (m

)

Figure 21: Installation spacing of anti-wear block in the whole well section of pile 136-X15.
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In conclusion, the comparison of mechanical properties
parameters of three different TUtubes is presented in Ta-
bles 3 and 4.

4. Conclusion

+e combination of the lining oil pipe and the ordinary
continuous pumping rod has smaller axial forces and lateral
forces are compared with the other two combinations. For
different well pipes, different rod and pipe combinations
should be adopted.

Take the pile 148-X2 well for example, in well section
0–170, use the combination of ordinary pumping pipe and
continuous pumping rod. In well section 170–400, use the
lined pumping pipe and continuous pumping rod. In well
section 400–440, use the combination of ordinary pumping
pipe and continuous pumping rod. In well section 440–500,
use the combination of laser pumping pipe and continuous
pumping rod. In well section 500–780, use the combination

of ordinary pumping pipe and continuous pumping rod. In
well section 780–900, use the lined pumping pipe and
continuous pumping rod. In well section 900–2000, use the
combination of ordinary pumping pipe and continuous
pumping rod.

+e above combination method reduces the friction
force between the pumping rod column and the pumping
pipe of the inclined shaft pump by reducing the lateral force,
thus improving the pump efficiency.
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Table 3: Comparison of parameters of three different combinations of pipe combination.

General pipe rod combination Lined oil pipe rod and pipe combination Laser tubing rod and pipe combination
Axial force (kN) 62.7 43.23 50.4
Extension (m) 0.9826 0.7034 0.7981
Lateral force (N) 137.7 95.97 110.6
Safety factor 4.851 7.037 6.035

Table 4: Pipe combinations of different well pipes.

Well section (m) Combination mode of rod pipe
0–170 Combination of ordinary pumping pipe and continuous pumping rod
170–400 Lined pumping pipe and continuous pumping rod
400–440 Combination of ordinary pumping pipe and continuous pumping rod
440–500 Combination of laser pumping pipe and continuous pumping rod
500–780 Combination of ordinary pumping pipe and continuous pumping rod
780–900 Lined pumping pipe and continuous pumping rod
900–2000 Combination of ordinary pumping pipe and continuous pumping rod
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Figure 22: Comparison of rod and pipe optimization combination effect.
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