Research Concerning the Use of Polynomial Functions in the Study of
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The analysis of the conventional sucker rod pumping units and especially their dynamics is laborious and
requires a large amount of calculations due to the constructive complexity of the component structural
elements. Therefore, expressing in a simplified but sufficiently precise form the various cinematic and
dynamic parameters that characterize the proper functioning of the pumping units is extremely useful in
analyzing the possibilities of their functional optimization. In the paper are presented a series of results
concerning the expressing of some cinematic and dynamic parameters using polynomial functions in the
case of the mechanism of a C-640D-305-120 pumping unit. The simulations have been performed with a
computer program developed by the author using Maple programming environment. Experimental records
processing was performed with the program Total Well Management.
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The analysis of the sucker rod pumping installations in
the perspective of their functional optimization requires an
accurate determination of the parameters that
characterize the operation of the pumping unit mechanism
and those corresponding to the movement of the sucker
rod column [1-3]. On the other hand, especially the analysis
of their dynamics is extremely laborious and requires a
large amount of calculations due to the constructive
complexity of the component structural elements of the
pumping unit mechanism and due to the complex loads
that appear during the movement of the sucker rod column
[4-8]. Therefore, expressing in a simplified but sufficiently
precise form the various cinematic and dynamic
parameters that characterize the proper functioning of the
sucker rod pumping installations is extremely useful in
analyzing the possibilities of their functional optimization.

In this paper are presented some results concerning the
use of the polynomial functions for expressing some
cinematic and dynamic parameters corresponding to the
operation of the mechanism of a C-640D-305-120 pumping
unit. Some significant results concerning the cinematic
and dynamic analysis of the mechanisms that have
strongly helped to the achievement of the research from
this paper are presented in [9-14]. The simulations have
been performed with a computer program developed by

the author using Maple programming environment [15]
and the experimental records processing was performed
with the program Total Well Management [16].

Experimental part

It has been analyzed a well serviced by a C-640D-305-
120 pumping unit manufactured by Lufkin [17]. The
experimental records have been processed using the
program Total Well Management [16]. In establishing the
polynomial function corresponding to the variation on a
cinematic cycle of the motor moment at the crankshaft of
the analyzed pumping unit using the simulation program
mentioned before was used the record concerning the
variation of the force at the polished rod for the stroke 70
(fig. 1).

The simulation results have been compared with the
experimental records obtained for the variation on a
cinematic cycle of the motor moment at the crankshaft
for the strokes 70, 80 and 85 (fig. 2-4).

Establishing the polynomial function corresponding to the
variation of the motor moment at the crankshaft

The mechanism of a conventional pumping unit is
presented in figure 5. For establishing the variation on a
cinematic cycle of the motor moment M_ at the crankshaft
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Fig. 2. The variation of the motor moment at the
crankshaft during the stroke 70

Fig. 3. The variation of the motor moment at the
crankshaft during the stroke 80

Fig. 4. The variation of the motor moment at the
crankshaft during the stroke 85

are taken into account the weight G, of the cranks, the
weight G, of the balancing counterwelghts and the force
Facting at the end of the polished rod. In fig.ure5 with C,
was noted the mass center of the cranks and m
represents the total mass of the balancing counterweights.

The motor moment M_ at the crankshaft is calculated
by expressing the dynamlc equilibrium in instantaneous
powers with the following relation:

M, - ®+G, -V + G-V, +F V=0 )

http://www.revistadechimie.ro

where: w, is the angular speed of the cranks; V=, X
OC is the speed of the mass center C, of the cranks;

=@ X OR, is the speed of the point where is acting the
Welghjt of the balancing counterweights; V_ is the
speed oftﬁe end of the polished rod that can be esta iblished
Wlth the relation [6]: v, =w, . CD, where is the angular
speed of the rocker fRat can be calculated with the
following relation:
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Fig. 5. The mechanism of a
conventional pumping unit
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The manner of determining the variation of the angle ¢, according to the angle ¢, (fig. 5) is presented in [6].
The variation on a cinematic cycle of the force Fat the end of the polished rod can be expressed according to the angle
¢, with a polynomial function whose coefficients are calculated with the method of the least squares [18]:

F(@) =cp+e-@ ¢, -0 +..+¢,, -0 ®)

The values of the coefficients ¢, i= -0,m, that gives the best approximation of the variation on a cinematic cycle of the
force Fcan be determined by solvmg the foIIowmg system of equations [18]:
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where ¢, are the values of the angle ¢, where have been recorded the values of the force at the polished rod.

In a similar way, d¢, / d¢, that appears in the calculus relation of the angular speed w, and the trigonometric function
cos¢, that appearsin the expressmns of the terms G .v_. and G .V, inrelation (1) can be expressed with polynomial
functions, so that in the end is obtained the variation'of the motof moment M - expressed in a polynomial form.

Simulation results and discussions

The analysis of the mechanism of the conventional sucker rod pumping units presented before has been transposed by
the author into a computer program using Maple programming environment [15]. The simulations have been performed
in the case of a C-640D-305-120 pumping unit produced by Lufkin [17], 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. 5) are [17]: x =111(2.8194 m) and y =138 in. (3.5052 m). The value of the crank angle
¢,4 corresponding to the beginning of the upward movement of the sucker rod column’is 88. 976°[6].

The simulations have been accomplished by considering the following values of the other parameters involved in
calculations: OA’= 46 in. (1.1684 m); OA”= 95 in. (2.413 m); m_.=4808kg; q, = 722 kg/m, where g, is the linear mass
of the cranks. The angular working speed of the cranks has beer of 6.667 rot/min.

In evaluating the polynomial function corresponding to the variation of the force at the polished rod for the stroke 70
(fig. 1) it has been consider m=30. In figure 6 are presented the values of the coefficients c,i=0,m, in the order in which
they are found in the polynomial function.

[17. 3620801 8810555533220 20607066232 | 51. 50649 2840TEE 1002683025620 | <1602 B4 ZEG0ITRE2ISEEATRASIIT062 | TREI5 TERISA5] JETPESIGGA0T 46T |

JTE660 TERSA4SIE00EE 207005654525 | 0. | 2666044477 3007 20082 33046 107 CDSTREDADEITAGSP] 1 3265541 B40045T 1D ! D LSOE303046E064 10 344 281 700165
-0 314 ADIITITISE 2N 26843 T 31174933 '||.|3 DUSOEEARATTI06T 1303 2T 6120316 :=.=£ , -D.6335 1457 11 $12E507 2665652680070 10% , 0635 10D601403T05541 644317
-0L514 1 36145074 3007581 LT ET LTS “;E, L IIPNTIANEETRS 3611 1 GA00R2 005270 '==£ 0 IE34324 LITE0R0 L 3005508560 14984 10 § D ED5E3S1B5546391 36211934

-0 205 R0 63801 D323 32 1 31447951 Il:'r.-:"‘-."'ll' EINE3IAS0ERINAITELIZAL | -214E00. 1301651 SR900ENT 31667474

SO FES5IEIFTITT0LTHMAS] 159 | 43 BT 0 IT61 003360357 | 21162031 7 53

'.="-3ri|"3'1ll}-'ﬂ':‘ﬁ="."'1l'I."-i-."J'!l".? D103 ES085 T2 M4 | (E3GESMERIIZ0E | 0,00 CALDDIG0IOTS | SSEDSIOT 140027 2024085 |

0000045341 TT02503561406EERIIAT05081 | -0 1602561 BI5EIL023541 155012006060 107, 0 200 024561075871 755235017333 2458 '.'l"l]

Fig. 6. The values of the coefficients of the polynomial function corresponding to the force at the polished rod
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Fig. 7. The variation of the force at the polished rod during
the stroke 70

(simulation -curve I; experimental - curve 2)
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Fig. 8. The values of the coefficients of the polynomial function corresponding to d¢3/d¢1

Fig. 9. The variation of the angular speed (J;
during a cinematic cycle using the polynomial

44

In figure 7 the curve I represents the variation of the
force at the polished rod during a cinematic cycle beginning
with the upward movement of the sucker rod column
obtained using the polynomial function and the curve 2
corresponds to the variation of its measured values.

In evaluating the polynomial function corresponding to
the variation of d¢./d¢, during a cinematic cycle beginning
with the crank angle <|) it has been consider m=7. In
figure 8 are presented ‘the values of the coefficients
¢,i=0,m, in the order in which they are found in this
ponnomlaI function.
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[rad) (curve 2)

In figure 9 the curve I represents the variation of the
angular speed during a cinematic cycle beginning with
the crank angle ¢, , obtained using the polynomial function

corresponding to dq) /d¢, and the curve 2 corresponds to
the variation of its values calculated with relation (2).

In figure 10 are presented the values of the coefficients
¢,i=0,m, in the order in which they are found in the
polynomlal function that approximates during a cinematic
cycle beginning with the crank angle ¢, the trigonometric
function cos¢, that appears in the expressmns ofthe terms
G Vv and GV, inrelation (1). In this case it has been
consider m=6,
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Fig. 10. The values of the coefficients of the polynomial function corresponding to COS(])1
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Fig. 11. The variation of the motor moment
at the crankshaft during the stroke 70
(simulation -curve I; experimental - curve
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Fig. 12. The variation of the motor
{ moment at the crankshaft during the
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stroke 80 (simulation -curve I;
experimental - curve 2)
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Fig. 13. The variation of the motor
moment at the crankshaft during the

In figures 11+13 the curve I represents the variation
during a cinematic cycle beginning with the crank angle
¢,, of the motor moment M_ at the crankshaft expressed
in a polynomial form and the curves 2 corresponds to the
variation of its measured values for the strokes 70, 80 and
85 respectively.

Figures 11+13 highlight a good accordance between
the values of the motor moment at the crankshaft obtained
when it is expressed in the polynomial form and its
measured values

Conclusions

In this paper were presented some results concerning
the use of the polynomial functions in the operation analysis
of the mechanism of the conventional pumping units. The
program Total Well Management has been used for
processing the experimental records and the simulations
have been performed with a computer program developed
by the author using Maple programming environment. After
the simulations performed in the case of a C-640D-305-
120 pumping unit it has been established the variation on a
cinematic cycle of the motor moment at the crankshaft in
a polynomial form after having previously obtained the
polynomial functions corresponding to the variation on a
cinematic cycle of the force at the polished rod and of the
angular speed of the rocker. The simulation results
highlighted a good accordance between the values of the
motor moment at the crankshaft obtained when it is
expressed in the polynomial form and its measured values.
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