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ABSTRACT

In the paper is presented a method for obtaining the variation dugimgematic cycle
of the motor torque at the crankshaft in the case of the coamahsucker rod pumping
units. The calculation method has been transposed into a computer prebram
allows establishing the influence of different constructind aperating parameters of
the pumping units on the variation of the motor torque at the crankBivadtly, a series
of results of the simulations performed in the case of a C-640E-305%umping unit
are presented.
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INTRODUCTION

It is well known that conventional sucker rod pumping units are unsedsively in oil
extraction, so the study of their optimal operation represempieat issue [1-10]. On
the other hand, the study of the kinematics and dynamicseai#thanism of these
pumping units is part of a broader issue specific to the theomezhanisms and
machines [11-19]. This paper presents a method for obtaining tteioarduring a
cinematic cycle of the motor torque at the crankshaft inctse of the conventional
sucker rod pumping units. A computer program which allows estalgishéeninfluence
of different constructive and operating parameters of the pumpirg amithe variation
of the motor torque at the crankshaft has been developed. Sometismsutasults
obtained in the case of a C-640D-305-120 pumping unit are finatbgpied.

THEORETICAL CONSIDERATIONS AND SIMULATION RESULTS

In Figure 1 is represented the mechanism of a conventional suweck@umping unit.
The positional and cinematic analysis of this mechanism magdmmplished with the
method of projecting the closed and independent vector contours [20].

By projecting the vector equatio®A+ AB+BC+CO=0 (Figure 1) on(Ox) and
(Oy) axes the following system of equations is obtained:

{Il [Cosg, +1, [Cosp, +1;[E0Sp; — X =0

|, Bing, +1,3ing, +1,3ing, - y. =0 @)
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where:l, =OA, |, = AB andl, =BC.

By solving the system of equations (1), the anglesand ¢, may be calculated from
the following relations:

A [tosg, + B, [$ing, =C, 2
where:

A =20, 0, [tosg, — 2, Tk

B, =20, 0, Bing, — 20, T, 3)

C, =13 =17 =17 =>¢ = y¢ + 20, B [tosg, +2[0, [ [$ing,

¢3 =ATAN Z(_Il(h E“;in¢1 +|2 |-_$in¢2 - yc)a_ll(h E)OS¢1 + |2 E:05¢2 - Xc)] (4)

3 3

where: ATAN 2(y, x) calculates arctawx) by taking into account the signs>oandy.

Figure 1. The mechanism of a conventional pumping unit

The angular speeds, j = 23, may be calculated as follows:

dg. dg.
:ﬂg‘ﬂ:qgﬂ;j:zg (5)
dg, dt dgy
where: ¢, is the angular speed of the cranks. By considéhaga, is constant during
the pumping unit operation, the angular accelematig, j = 23, may be calculated as

follows:

W =9

9
£ =0 = g U= 23 6)
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The coordinates of the mass centels,i =123, corresponding to the cranks,
connecting rods and to the rocker may be calculatttdthe relations:

X, =0C, [¢osp;; Y. =OC, [$ing,

X, = OAleosp, + AC, [tosp,; Y. =OALSIng, + AC, [Sing,
X, = OAltosp, + AB[tosp, + BC, [tosg,

Ye, = OASIng, + AB[Sing, + BC, [Sing,

()

The projections o(Ox) and (Oy) axes of the speeds and of the accelerations of the
mass center€,,i = 123by considering that,, is constant during the pumping unit
operation, may be calculated as follows:

(w);&;%@%-m% =123 (8)
(ve), = ve =2 i 2o - wlﬂdy?fl; =123 (9)
() =% = dZ @f; i =123 (10)
(@), = e = dd; Wf; =123 (12)

The motor torqueM,, at the crankshaft may be calculated by expregsiaglynamic
equilibrium in instantaneous powers correspondinthé weights of all the components

of the pumping unit mechanism, to the inertia fesraed moments and to the forEe
(Figure 1) acting at the polished rod:

3
M, @+ G, Wci+§CG[\|7A.+ZF Ve, + Fee +Z|v| @ +F, =0 (12)
s e

where: G],F”,M”,j =123, are the weights, the inertia forces and the imenoments

corresponding to the cranks, connecting rods artigaocker, respectivelyG.., F

are the weight and the inertia force correspondm¢he counterweights whose total
mass is m, (Figure 1); v, is the speed of the point where the mass of the
counterweights is considered to be concentrategli(€il); Vv, is the speed of the point
where the forceF at the polished rod acting (Figure 1).

A computer program that simulates the operatiothefmechanism of the conventional
sucker rod pumping units has been developed. Somdagions results obtained in the

case of a C-640D-305-120 pumping unit are preseb&tolw. The dimensions of the
component elements are in this case as follo@&= 0762m; AB = 3391m;

BC = 2822m; CD = 3937m; OA'= 1295m.
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The coordinates of poir@ (Figure 1) arex. = 2189m; y. = 3505m. The total mass
of the counterweights im., =4808kg and the linear masses of the cranks, connecting
rods and of the rocker arg; = 722kg/m; g, = 34kg/m and g, =300kg/m.

The crank anglesp,, and ¢, corresponding to the beginning of the upward and

downward movements of the sucker rod column hawee hlues89 and 267,
respectively. The manner of obtaining the valuethefanglesp,, and ¢,, is presented

in [8]. In Figure 2 is presented the variation loé force F at the polished rod during a
cinematic cycle, beginning with the ange, , when the angular speed is equal to
6 rot/min.
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Figure 2. The variation of the force at the polished rod

In Figure 3 is represented the variation of theantirqueM , at the crankshaft during
a cinematic cycle, beginning with the angig .
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Figure 3. The variation of the motor torque at the crankshaft
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In Figure 4 is represented the variation of the monM ¢ due to the weights of the

3 —_— —_—
components:M ¢ :—i[EE G; ¥, +Gcs EVA.J and in Figure 5 is represented the
=1

variation of the momenk | due to the force at the polished rod;, = —% EﬁlE BVD).
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Figure 4. The variation of the moment M 2
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Figure 5. The variation of the moment M |

In Figure 6 is represented the variation of the moiM | due to the inertia forces:

3
MD = —itﬁ Fi O, +Feo EVA.J and in Figure 7 is represented the variation ef th
j=1

3 —_—
momentM " due to the inertia moments ' = 1 [EZM” [ZZ)IJ
W \'=
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Figure 6. The variation of the moment M

M," [Nm]

100

a0

-50

-100

Figure 7. The variation of the moment M "

CONCLUSIONS

In the paper has been presented a method for olgdime variation during a cinematic
cycle of the motor torque at the crankshaft in ¢ese of the conventional sucker rod
pumping units. A computer program which allows dmming the operation of the

mechanism of the conventional sucker rod pumpingsumas been developed. The
simulations results presented in the case of a@&D5-120 pumping unit showed

that this one is well balanced. From the analysithe contribution to the variation of

the motor torque at the crankshaft resulted thastnod it is due to the force at the
polished rod and to the weight of the componenmnelds, the influence of the inertia
forces and inertia moments being negligible.
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