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It is well known that the bearings of the mechanism of the conventional pumping units are heavily loaded
so that their design has to be accomplished very carefully. In this scope the values of the connection forces
acting on these bearings has to be determined as accurately as possible. In the paper is presented the
kinetostatic analysis of the mechanism of the conventional sucker rod pumping units, obtaining in this way
the values of the connection forces in the joints and of the motor moment at the cranks shaft. For processing
the experimental records it has been used the program Total Well Management. The simulations have been
performed with a computer program developed by the authors using Maple programming environment.
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It is well known that the bearings of the conventional
pumping units are some of their most loaded components,
so for increasing safety in operation these bearings design
has to be accomplished very carefully. For this purpose,
the determination as accurate as possible of the values of
the connection forces acting in the bearings plays an
essential role, this being accomplished by an exact
determination of the loads to which the component parts
are subjected and by modeling the dynamics of the
pumping unit mechanism. Some significant results
regarding the kinematics and dynamics of the mechanism
of the conventional pumping units that have strongly helped
to the achievement of the research from this paper are
presented in [1-5].

A method commonly used in the dynamics of the
mechanisms for calculating the connection forces in the
joints is that which uses the kinetostatic study [6-8]. In this
paper is presented the kinetostatic analysis of the
mechanism of the conventional sucker rod pumping units.
The values of the force at the polished rod have been
measured at a well serviced by a C-640D-305-120 pumping
unit. The program Total Well Management [9] has been
used for processing the experimental records. The
simulations have been performed with a computer
program developed by the authors using Maple
programming environment [10].
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Experimental part

For processing the experimental records it has been used
the program Total Well Management [10]. The analyzed
well is serviced by a C-640D-305-120 pumping unit
manufactured by Lufkin (fig. 1). The stroke length during
operating is 85.714 in (2.177 m). The total weight of the
four counterweights is of 10604 lbs (47169 N).

In establishing the variation on a cinematic cycle of the
connection forces acting on the pumping unit mechanism
bearings and of the motor torque at the crank shaft using
the simulation program mentioned before were used the
records concerning the variation of the force at the polished
rod for two strokes: stroke 10 (fig. 2) and stroke 54 (fig. 3).

Kinetostatic analysis of the conventional sucker rod
pumping units mechanism

The conventional pumping units mechanism is
presented in figure 4. C,, C, and C, are the mass centers of
the cranks, connecting fods and of the rocker, respectively.
m., represents the total mass of the balancing
counterweights, m , is the total mass of the connecting
bearings between the cranks and the connecting rods, m,
is the mass of the spherical connecting bearing betweeh
the connecting rods and the rocker, m,_is the mass of the
equalizer traverse; m, is the mass of the rocker head
considered to be concéntrated in point D’, M_is the motor
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Fig. 2. The variation of the force at the polished rod during the stroke 10

moment at the cranks shaft; F is the force acting at the
end of the polished rod.

iy,

Fig. 4. Conventional pumping
units mechanism

Infigure 5 are presented the load schemes of the rocker,
of the connecting rods and of the cranks. szmj.. 0,j=1.3,
are the weight forces of the cranks, of the connécting rods
and of the rocker, respectively; m,, m and m, are their
masses; g=9.81 m/s? is the gravitatlonai acceleration that
acts in the opposite direction of the yaxis; G ,;=m ;. g is
the weight force of the balancing counterweights;
G,,=m, .gis the weight force of the two crank pin bearings
(itjhas been considered that only half of the weight of these
bearings is concentrated on the connecting rods, the rest
remaining concentrated on the cranks); G, ,=m,. g is the
weight force of the equalizer bearing; G,.=m . g is the
weight force of the equalizer; G ,=m_,. g is the weight
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Fig. 3. The variation of the force at the polished rod during the

stroke 54

force of the horsehead; F.=-m.. Ecj;j =1.3 are the inertia
forces corresponding to the cr’a_nks, connecting rods and
to the rocker, respectively;a.=1.3 are the accelerations of
their mass centers; Mij =-J_.. €, ] = 2.3 are the inertia
moments, where oo = 2.@, are the mass moments of
inertia correspondiﬁg to the connecting rods and to the
rocker and Tsj; j = 2.3, are their angular accelerations;

Fes =Mpg -8y Fpy=—my-a,, Fp=—mp-83. F

ir = "My - Qg

and F,., = —m., - @, are the inertia forces corresponding to

the balancing counterweights, to the two crank pin
bearings, equalizer bearing, equalizer and to the horsehead,
respectively.

The manner of determining the coordinates of different
points on the mechanism where acting forces and
moments, the speeds and the accelerations of these points
and the angular speeds and accelerations of the
connection rods and of the rocker depending on the
dimensions of the component elements of the pumping
unit, the crank angle ¢,, and the angular speed of the
cranks , is presented in [4, 5]. In [5] itis also presented
the manner of determining the surface stroke of the
pumping unit and of the crank angles ¢,, and ¢,
corresponding to the beginning of the upward and
downward movements of the sucker rod column.

In figure 5 are represented the projections on x and y
axes of the connection force from the centre bearing

(F,, and Ry, ) the projections on x and y axes of the

Fig. 5. Load schemes of the rocker (a), of the connecting rods
(b) and of the cranks (c)
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connection force E,, (E., and F) from the equalizer bearing acting on the rocker; the projections on xand y axes of
the connection force F,, (£, =-F;, and F,, =-F,,) fromthe equalizer bearing acting on the equalizer; the projections
on x and yaxes of the connection forces from the two crank pin bearings(2 7,, and 2 7,,) acting on the connecting rods;
the projections on x and y axes of the connection forces from the two crank pin bearings (27, =—2F,,, and 2F;, = -2F,)
acting on the cranks; the projections on xand y axes of the connection forces from the two joints connecting the two
cranks and the output shaft of the reducer 2 F,, and 2 7).

In relations (1), (2) and (3) are given the dynamic equilibrium equations in forces and moments corresponding to the
rocker, connecting rods and cranks, respectively.

[Z Fx] =0=F;, +Fﬂix+%Fﬂ]x +Fy + Fp, =0

(3 F,),=0= Fp, +Fy +lFE:_1. +Fa, +Fep, L 5G12= Gy =Gy —F =0 W

[—

[Z M, ] =0=CBx(F,+F; )+C‘B><( G, ) +CC < (B, + @)+

+CD' x(FCE+GCE)+CDxF+ M,=0

[Z Fx] =0= F:11:+2Fllx+%Fillx tF+Fy, +%Fﬂlx =0

[Z F‘L]: =0 :>F523'+2Fill' +%Fr12_1' +F;m'+j:f!3' +1Fi'11_1' _%G.Il _GE_GE _% 1= 0 @

(3 M;) =0=Bix(2F,, +2F,, )+E><(%FJ_1+ )+ BC, x(Fy+ Gy +M, =0

ml»—-

[ZFx:]1 =0=2F,, +2F:1x+%Fazlx+E'1x+E'cex =0

(X F ) =0=2F,, +2F, +1Fu,_h+F +F, %GII—Gl—GC(;:O ©)

(3 M,) =0=40%F,, +2F,)+ M, +4C, XGI+E'><GGC =0

The dynamic equilibrium equations from relations 1+3 have been transposed into a compact matrix form:
A-X=58 )
X=[Fy Fy M, Fy Fy, F )

Then, the projections on x and y axes of the connection forces F,, Flz, Ifzs, If and the motor moment M_ at the
cranks shaft may be determined with the relation:

where

_q.

m = Al

X=A41-B (6)
Inrelation (7) is presented the expression of the matrix A and the elements of the vector Bare given in relations 8--16:
T 0 0 0 0 0 1 0 1 0]
0 0 0 0 0 0 1 0 1
0 0 0 0 0 —(vg—Ve) x—x 0 0
0 0 0 2 0 -1 0 00
A= 0 0 0 0 2 0 -1 00 (7
0 0 0 —2y,—ve) 2(x,—xz) 0 0 00
2 0 0 -2 0 0 0 00
0 2 0 0 -2 0 0 00
2y, —2x, 1 0 0 0 0 0 0]
1
BIZ_EFile_FESx_FECEx (8
1 1
B, =_;FEI].1'_FEJ'_FECEI'+;GI]+GS+GCE+F @

By =~ [(Fiay ~Gi)- (5 =)~ Fipae- (s~ 3ol ~[(Fs, = Go)- G — )~

(10)
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B; Z_%Fﬂly — Fiy = Fy _%Fﬂ]\r +%G1: +G, +G, +%Gz1 (12)
1
B, = _E[(Fam- =Gy )Gy —xp) = Fpy - (v, —v)]— (13)
_[(‘F:'!_r —G:)-(x,:: —xg)—Fy, '(J"c; _J"E)]"'J.:: =5
1
B, = _;Fanx —Fy —Fige 14
1 1
B, = _qum- _Fﬂ.r _EC@' +?GJ_1 +G +Gpg (15)
B;zGl-(xc__—xA)+GGc-(x_, -x,) (16)

Simulation results and discussions

The kinetostatic analysis of the conventional sucker rod
pumping units mechanism presented before has been
transposed by the authors into a computer program using
Maple programming environment [10]. The simulations
have been performed in the case of a C-640D-305-120
pumping unit produced by Lufkin[11], whose component
elements have the following dimensions: OA = 30 in.
(0.762 m); AB = 133.5in. (3.3909 m); BC = 111.09 in.
(2.8217 m); CD = 155 in. (3.937 m). The coordinates of
the point C (fig. 4) are [10]: X, =111in.(2.8194 m) and

- =138in. (3.5052 m). The values of the crank angles
gm and ¢,, are: 88.976° and 266.929° , respectively.

The simulations have been accomplished by considering
the following values of the other parameters involved in
calculations: CD’ = 140 in. (3.556 m); OA’ = 54.5 in.

(1.3843 m); m,, = 88 kg, m,, = 169 kg, m_= 580 kg; m_,

= 840 kg; g, = 722 kg/m; q, = 34 kg/m; q, = 300 kg/m
(9,, g,and g, are the linear masses of the cranks, connecting
rods and of the rocker, respectively). The work angular
speed of the cranks has been of 6.6 rot/min.

F,[N]

In figures 6=+-10 are presented the variation on a
cinematic cycle of the values of the connection forces
Fo., Fiu, Foss Fos @nd of the motor moment M_ at the
cranks shaft for the strokes 10 (curves 1) and 54 (curves

Figures 69 highlight the extremely high values of the
connection forces acting in the bearings of the analyzed
pumping unit, especially the values of the connection force
Fos- The differences occurring when the crank angle ¢,
varies between 250 and 320 degrees between the
calculated values of the connection forces for the two
strokes 10 and 54 are mainly due to the differences
occurring for the two strokes regarding the variation of the
force Fatthe polished rod in this angular range (figs. 3 and
4). Regarding the variation of the motor moment M_(fig.
10), it has the same allure for the two strokes 10 and 54,
differences appearing in the same range of variation of the
angle ¢, (250-320 degrees) due to the variation of the force
F at the polished rod in this angular range.

Fig. 6. The variation on a cinematic cycle of
the connection force F, for
the stroke 10 (curve 1) and the stroke 54
(curve 2)

':P||“]

Fig. 7. The variation on a cinematic cycle of the
connection force F, for
the stroke 10 (curve 1) and the stroke 54 (curve 2)
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Fig. 8. The variation on a cinematic cycle of
the connection force F,, for
the stroke 10 (curve I) and the stroke 54
(curve 2)
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Fig. 9. The variation on a cinematic cycle of the
connection force F, for
the stroke 10 (curve I) and the stroke 54 (curve 2)

Fig. 10. The variation on a cinematic cycle of the
motor moment M_ for
the stroke 10 (curve 1) and the stroke 54 (curve 2)
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Conclusions

In this paper it has been presented the kinetostatic
analysis of the mechanism of the conventional sucker rod
pumping units, highlighting the manner of determining the
connection forces in bearings and the motor torque at the
crank shaft. The program Total Well Managementhas been
used for processing the experimental records and the
simulations have been performed with a computer
program developed by the authors using Maple
programming environment. The results obtained after
simulations in the case of a C-640D-305-120 pumping unit
underlined the extremely high values of the connection
forces acting in the bearings of the analyzed pumping unit,
especially the values of the connection force acting in the
centre bearing. Therefore one of the directions of future
research is to develop a method of optimizing the
mechanism of conventional pumping units having as one
of the objectives the reduction of the extreme values of
the connecting forces in the component bearings.
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