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Itis well known that the variation on the cinematic cycle of the motor moment at the cranksharft of the conventional
pumping units characterizes their proper functioning. In the paper it was developed a predictive calculation model
ofthe motor moment at the crankshaft depending on the force at the polished rod. The estimation of the predictive
model parameters has been done by minimizing a function that contains the calculus model errors. The
experimental records have been processed with 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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The variation on the cinematic cycle of the motor
moment at the crankshaft of the conventional pumping
units characterizes their proper functioning [1]. The
calculation of the motor moment implies the knowledge
of the dimensions of the cinematic elements of the
pumping units mechanism, their masses and moments of
inertia, the position of their mass centers and the variation
on the cinematic cycle of the force at the polished rod. A
series of interesting results regarding the determination of
the variation on the cinematic cycle of the motor moment
at the crankshaft are presented in [2-6].

Some of the parameters involved in calculating the motor
moment are not known precisely, especially those relating
to the inertia of the pumping units components (the
moments of mass inertia and the position of the mass
centers of some components such as the rocker head).
On the other hand it is necessary to carry out beforehand
the cinematic analysis of the pumping unit mechanism
that is investigated for determining the angular speeds and
accelerations of the component elements and the speeds
and accelerations of the application points of the various
loads (forces of inertia, weights and the force at the polished
rod). Therefore, the calculation of the motor moment
becomes extremely laborious and for satisfactory results
it often requires prior identification of the less known values
of some parameters that occur in the calculations [5].

In this paper it is developed a predictive calculation
model of the motor moment at the crankshaft depending
only on the force at the polished rod in the case of a C-
640D-305-120 pumping unit. The estimation of the model
parameters is done with the least sum of squared errors
method. For processing the experimental records it is used
the program Total Well Management [7]. The simulations
have been performed with a computer program developed
by the authors using Maple programming environment [8].

Experimental part

The experimental results have been recorded at a well
serviced by a C-640D-305-120 pumping unit manufactured
by Lufkin [9] (fig. 1). Processing experimental results was
achieved with Total Well Management program [7].

In establishing the parameters of the predictive
calculation model of the motor moment at the crankshaft
were used the records concerning the variation of the force
at the polished rod for four strokes: stroke 50 (fig. 2), stroke
51 (fig. 3), stroke 52 (fig. 4) and stroke 53 (fig. 5). The
results obtained with the predictive calculation model were
compared with the experimental records of the motor
moment at the crankshaft for the four above mentioned
strokes (fig. 2-5).

(4 1Tw=  Dale eeprrient e Hl=] 5
Fie Mode Opton Tock Heb
T~ lonien Man FieMgnt|  Gerwsl| DatnGude O SufsceBoun | wiolee|  Covetiion |
A it Fo Hon Toscpae Caleubatons Ui
Mo [y R T ot Eabres ERet Potedt vt
= (L] fs—— al :: [t s KB
- T ]
f”‘- 1 TR = " Gt Bk Momees [E st
Pl Sk Lawg [ 714 =ln [
Fa o= Pobslicns ¢ D @ [DW ‘gt O Counter woaghis |18 b
] | e
et | Molor Typar 17 Eloeieat Ll -
Moy e | He i Tima |1 - Fig. 1. Data on C-640D-305-120 pumping unit
MG et |
—_— W 1 e ditod P it
FulLoa [& Eegn 1A4] Promeon Loct
Rasd PP (110 ompmcai :_:"
D [F
Syrebvoraut RPM [3 :
Wokie |41 He I ;I Frain I ] ;l
o EFiw] Flesi]

* email: georgeta_tm@yahoo.com
378

http://www.revistadechimie.ro

REV.CHIM.(Bucharest)¢ 70¢ No. 2 ¢ 2019



T3 1w - Dl cupecrimvead ale

Elhbpmmn-h

A taCo|  Tous| Bodlosdeg| Losifumni| FowsToge|  PowsBents O dnssafor | 4lv
= Becal iae Seolnct Lt Aot [ ok Pl Lo (LB | = (ST ] [y p——p—
— Seloct Harisortal At [Crars. g Foegeea] - ' Baca Fight Asis Datia 08 Lt foin
i -
LELT S | 00188
Daks
= b I mom |
| . _— .
T - I Fig. 2. The variation of the force at the polished rod
Select J g l e s and of the motor moment at the crankshaft during the
Test 3 mm
e stroke 50
F st I om | g
f .. -;' S i
gy & o | 4
o : e
ag | s
bl il Bpeatamatrd Cowiiod
________ Prolakasd Fiond Lol ELEa] |TE 5] e E sfursn
4 Bacinad | T Powwor Bt assten Trgun [T657 Pt
T Place beueaion ol gt ook, Argle Degrasa] |55 71 cPolip | Pbwm:

twatoh| Fone| Poliosia]  GostCumet| P Tonn] P Renis O tedrmPo | o]s]
vl M ol Lol b [t Flin? e 22 '-i Tt Fighdl i (1 Vool Gimatiaim I..-....-l?'-:..n'-i
Lo Hooarrd b |'...;.u|.:.,_. = T B Pghr B Do 088 L i
L
BT 0B
=
Fiex
e |
L&) it "ll
o B
|
o

s i

Tk ahr Wref | rdea

e | emin ] T | s tntiestemtens [

Polbud RatloadFlsel [l 80 gagay r,_"..] e
o

T P e o e powit

=1

4 Pgidy | Pglens

Fig. 3. The variation of the force at the polished rod and of the
motor moment at the crankshaft during the stroke 51
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Fig. 4. The variation of the force at the polished rod and of the
motor moment at the crankshaft during the stroke 52

Predictive calculation model of the motor moment at the
crankshaft

The predictive calculation model having the structure of
a difference equation that relates the motor moment M _at
the crankshaft of a conventional pumping unit with the
force F atthe polished rod (fig. 6) is considered to have the
following form [10]:

A(zOM (k)= B(z)F(k—d)+aq, @

where the sampling angle A¢, corresponding to the
variation of the position of the cranks is omitted in the
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Fig. 5. The variation of the force at the polished rod and of the
motor moment at the crankshaft during the stroke 53

F

Fig. 6. The mechanism of a conventional
pumping unit

arguments; M_(k) and F(k) are the motor moment at the
crankshaft and the force at the polished rod, respectively,
at the angular position k . A¢, of the cranks; d represents
the angular delay d . Ad,; z* is the delay operator, that is:

ML ()= M, (k1) .
A(z™ and B(z") inthe equation (1) have the following
expressions:
Az =1-(a -z +_ _+a, -2,

B(zY=b,+b 2+ +b 2" @)

where:a, b, i =0,n are constant parameters.
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Fig. 8. The variation of the motor moment at the crankshaft during the strokes 50.53 (simulation - curve 1; experimental - curve 2)

The motor moment values recorded from
measurements noted with M, do not satisfy equation
(1) exactly, so an equation error e(k)is introduced as
follows [10]:

e(k) = A(z™ )M, (k) = M., (k) ©)
Using equation (1), equation (3) becomes:
e(k) = Az M, ()~ Bz HF(k—d)—a, ()

The parameters ai, b, i,=0.1...n, grouped in the vector:
a=[a,...ab_..b a]" are determined by minimizing a
quadratic functional E(a) with respect to a [10,11]:

1 n+ N 1

where (n+N) . A¢, is the angle corresponding to the last
estimation of the motor moment.

The values of the parameters a, b, i =0.1..n
a,b,i =0,1...n, may be established from the relation
[10]:

E(a) =

a=[STm+N-1)-Strn+ N-D]*-

ST+ N-1)-F(n+N) ()
where S(n+N-1) and Y(n+N) are derived as follows:

&' (n-1)
@' ()
5 N-I)=
(n+N=D) s )
&' (n+N-1)
(Fr+Ny=[M,_(n) M, (n+l) M, (n+N)]
@

The vectors @ in (7) have the following form:
D(k-1) =[M, (k-1 M, (k=2)--
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By substituting the values of the parameters , obtained
with relation (6) into relation (1), is obtained the variation
of the motor moment with the predictive model that provide
the best fit with the recorded values.

Simulation results and discussions

The calculation methodology presented above has been
transposed by the authors of the paper into a computer
program using Maple programming environment. The
relation that relates the motor moment at the crankshaft
to the force at the polished rod has been considered to
have the following form:

110

M, () =ay+ 3 o1 M (k- )+
J=l

109

+3 afj+110]- F(k—j) (10)
j=1

where the unknown parameter vector a has the following
form:

a=[a a,.a;; b, '51---'5133‘1’3]T (1)

For determining the parameters a,i=0.110 and b,
i=0.108 has been used the recorded values of the motor
moment at the crankshaft and of the force at the polished
rod for the strokes 50 and 51 (figs. 2 and 3). In figure 7 are
presented the values of these parameters in the order in
which they are found in vector q.

In figure 8 the curve I represents the variation of the
motor moment at the crankshaft during the strokes 50, 51,
52 and 53 obtained using the relation (10) and the curve 2
corresponds to the variation of its measured values.

Figure 8 highlights a very good accordance between
the experimental and simulation results, practically the
curve obtained after simulation track all the small variations
of the experimental values of the motor moment at the
crankshaft.
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Conclusions

In this paper it has been presented a predictive
calculation method of the motor moment at the crankshaft
of the conventional pumping units depending on the force
atthe polished rod. The estimation of the model parameters
has been done using the least sum of squared errors
method. It has been analyzed in this way the accordance
between the experimental results obtained at a well
serviced by a C-640D-305-120 pumping unit and the results
obtained after the simulations performed with a computer
program developed by the authors using Maple
programming environment.
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