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Annotation. Today in Ukraine, the necessary intervals between controls, their content and volume are formed on
the basis of statistical data. These statistics do not take into account the specific features of a particular SRPU, the real
conditions of its operation, but only the SRPU type of SRPU type. The monitoring of SRPU, based on such monitoring
and control, cannot be objective.

Objective technical monitoring and monitoring of the state of the system requires that the actual real-time state be
monitored, taking into account the factor analysis, which will significantly increase its turnaround time and reduce operat-
ing costs. A four-view classification of the main methods for controlling a sucker rod pumping unit (SRPU) has been pro-
posed. The essence of each control method of a SRPU is disclosed. Made their comparative analysis and opportunities.
The vibration control and monitoring of the pumping unit gearbox of the SRPU is considered in more detail. The strategy
and experiment planning of the reduction gearbox of a SRPU has been developed using factor analysis. An experimen-
tal model installation of a SRPU has been developed and created, which allows implementing the developed strategy to
study the effect of gearbox defects, its operating conditions and the influence of other elements of the SRPU on the vi-
bration characteristics of a wellbore well pumping unit. It is shown that there can be no objective control when the ne-
cessary intervals between controls, their content and volume are formed on the basis of statistical data, without taking
into account the specific features of a SRPU and the real conditions of its operation, but only the type is taken into ac-
count. An objective technical monitoring of a SRPU has been proposed, which will significantly increase its overhaul mi-
leage and reduce operating costs.

Keywords: monitoring, pumping unit, factor analysis, vibration characteristics, reduce operating costs.

Introduction. The restructuring of Ukraine’s economy and its entry into the EU’s
economic structure consists primarily in the fact that Ukrainian output must grow
faster than its costs, and that by involving significantly fewer resources in production,
greater returns could be achieved. The most important condition for such restructur-
Ing and restructuring is an increase in the productivity of the enterprise and an in-
crease in the economy mode by reducing the costs of labor, material and monetary
resources. Today, more than ever, Ukraine needs new approaches that would ensure
the reformation of the enterprise’s production based on the acceleration of scientific
and technological progress. The modern concept of the development of the oil com-
plex of Ukraine provides for the stable supply of the country with its own oil, which
largely ensures its sovereignty and independence. Most oil wells in Ukraine use
SRPU.

The depreciation of fixed assets by structural units of Ukrnafta is very high, the
equipment has exhausted 77% of its service life and requires high-quality repairs and
the introduction of new control technologies during its operation.
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Figure 1 - Pumping unit for the SRPU at the Dolinsky oil and gas field

Regular objective monitoring of the SRPU is mandatory, as it allows timely pre-
vention of more serious complications for the oil field. In Ukraine, the main means of
monitoring the SRPU in working condition is technical monitoring, regulated by a
number of regulatory and industry documents [1]. According to the author, there are
four basic methods for controlling the SRPU - methods: barographing, wattmetering,
vibrocontrol and dynamometering. Although there are other opinions on this issue,
for example [2].

Methods. Analysis of the current state of methods for diagnosing SRPU [3, 4]
shows that the most common is the dynamographic method using portable hydraulic
dynamographs [3, 5-9]. The dynamographic method is based on classical mechanics
with the use of removable hydraulic dynamographs mounted on a supervised unit
SRPU. Original torque gauges and systems of dynamography of a well pumping unit
have been developed [3, 6-12].

The barographing method controls the pressure in the suction valve and at the out-
let of the SRPU sucker rod pump, the pressure drop in the valves, the nature of the
leakage of the depth equipment, etc. In the case of the barographic method for moni-
toring the pressure, the pressure is recorded by a special depth gauge, which is lo-
wered on the cable through the annulus of the tubing.

The method of barographing allows you to control, mainly, only the work of the
deep equipment of the SRPU. In addition, a significant disadvantage of this method is
its extreme complexity and laboriousness, as well as the fact that it cannot be used for
operational objective monitoring of SRPU.

Wattmetric method of control is mainly based on the control of SRPU on the pa-
rameters of the power engine. Wattmetric control method allows you to control,
mainly, only the work of the pumping unit that drives a deep sucker-rod pump lo-
cated at the bottom of an oil well. The device of the pumping unit on the principle of
action is similar to a hand pump of a bicycle, which converts reciprocating move-
ments into air flow. The oil deep well sucker pump converts reciprocating move-
ments from the rocking machine SRPU into a fluid flow, which flows through the
tubing from the well to the surface.The wattmetric method is comparatively cheaper
and requires less labor in comparison with the dynamographic method of control and
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Is significantly less labor-intensive than the barographing method. However, wattme-
tric control methods for SRPU did not receive their distribution due to the low accu-
racy of the allocation of diagnostic information [3].

There have been attempts to improve and modernize the wattmetric method from
the point of view of the possibility of obtaining dynamograms from wattmetric de-
pendencies, due to the fairly widespread use of dynamographing as the main means
of controlling the SRPU in oil fields [13, 14]. However, these works did not receive
further development.

Wattmetric control methods of SRPU have been used by many researchers who
have developed power meter sensors and control systems [3, 13-15].

Vibration control of SRPU is a convenient and relatively inexpensive form of
control of the technical condition (the lowest labor costs compared with dynamo-
graphic and wattmetric). Vibration control of SRPU is carried out with the help of
removable accelerometers and tensometric sensors mounted in control points. Accu-
racy parameters of Vibration control are not inferior to dynamographic ones. The dis-
advantages of the SRPU vibration control can be attributed to the high cost of equip-
ment and highly qualified staff.

The most common type of industrial control of the vibration state of aggregates is
the determination of the root-mean-square value of the accelerometer vibration veloc-
ity and comparison with the requirements of international standards 1SO 2372, SO
2373 or others, or regulatory documents based on them [7].

The ground equipment of SRPU includes a pumping unit, which provides recipro-
cating rods. There is a significant number of designs of pumping units, which differ
in the kinematic scheme [14]. In works [3, 15-21] mathematical diagnostic models of
a pumping unit for various kinematic schemes with a different degree of simplifica-
tion and taking into account various factors of influence are given.

Results and discussion. Vibration is one of the most important factors that influ-
ences the technical characteristics of SRPU equipment. For example, the operation of
any gear pair of the SRPU gearbox is accompanied by a number of characteristic vi-
brations that arise as a result of friction and shock during operation. The technical
condition of any, even almost perfectly made gear pair, can be assessed in the process
of work with the help of vibration signal analysis.

During operation, there are continuous changes in the technical condition of gear-
boxes under the influence of various operational factors. Excessive vibration during
the operation of the gearbox leads to a quick response of its parts, reduces the effi-
ciency of the work of SRPU and leads to emergency situations. Thus, the vibration
level should be minimal, which will ensure the necessary duration of operation of the
gearboxes. For example, the quality of the repair performed by the SRPU gearbox
should be checked in conditions close to operational conditions with appropriate ac-
curacy.

At the same time you need:

- strive to minimize the total number of experiments;

- choose a clear strategy that will allow you to make appropriate decisions after
each series of experiments;
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- use a mathematical apparatus that formalizes most of the actions of the experi-
menter;

- to develop a strategy for the simultaneous manipulation of all the variables de-
fining the process, according to special rules - algorithms.

The search for optimal conditions for the influence of experimental factors on the
magnitude of the vibration of the SRPU gearbox is one of the important scientific and
technical problems.

We will plan the experiment of the reducer of SRPU using factor analysis.

Factor analysis allows to solve two important problems of the researcher: to de-
scribe the vibration of the SRPU reducer comprehensively and at the same time com-
pactly. Using factor analysis, it is possible to identify hidden variables responsible for
the presence of linear statistical correlations between the observed variables.

The two main goals of factor analysis are:

- definition of interrelations between variables, (classification of variables);

- reducing the number of variables required to describe the data.

In the analysis, the variables that are strongly correlating among themselves are
combined into one factor, as a result, the redistribution of dispersion between the
components occurs and the structure of the factors is as simple and clear as possible.
After combining, the correlation of components within each factor among themselves
will be higher than their correlation with components from other factors. This proce-
dure also allows you to select latent variables. Thus, the goal of factor analysis is to
find such complex factors that best explain the relationships between the variables
that are being studied. When planning experiments, we implement a full factorial ex-
periment of type 22.

The first stage of planning an experiment to obtain a linear model is based on the
manipulation of factors at two levels. So, as the number of factors is known, one can
immediately find the number of experiments necessary for the realization of all poss-
ible levels of factors.

The level of vibration velocity is selected as the output parameter when building
the regression equation. The levels of factors and the intervals of their changes are

shown in table 1.
Table 1 - Levels of factors and intervals of their change

Factors X) Le(;/ els 1 Intervals
X1- SRPU hours of work, hours 10 270 530 260
X,- load effect at the suspension point 100 300 500 200
of the rods, N

The experimental conditions are written in the form of a planning matrix for two
factors in Table 2, where each ruler corresponds to different experiments, and the
columns correspond to the values of the factors. Thus, we have two vectors - columns
of independent variables and one column vector of the optimization parameter.
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As a result of the experiments performed on the stand using the planning matrix
(Table 2), we find the regression equation, which is a mathematical model of the in-
fluence of these factors on the magnitude of the vibration velocity.

Table 2 - Experiment Planning Matrix 22

Factornumber X, X1 Xz X1 Xz Y(mm/s)
1 + -(10) -(100) + 0.289
2 + +(530) -(100) 2.25
3 + -(10) +(500) + 0.496
4 + +(530) +(500) 2.75

To move to the optimal point, you need a linear model y = b, + by X; + by Xo. Ac-
cording to the results of the experiment, we find the values of the unknown coeffi-
cients of the model by, b; and b,

b, = Dy, + Dy, + (D) ys + (+1)y,
4

b, = Dy, + Dy, + (+Dy; + (+D)y,
4

To calculate the coefficient of the model by, the column vector x; is used, and for
b,, the column X, is used.

_ (~1)0.289+ (+1)2.25 + (~1)0.446 + (+1)2.75
4

=1.066

by

_ (~1)0.289 + (~1)2.25 + (+1)0.446 + (+1)2.75
4

It remains to find b,. If the equation y = b, + by X; + by X, is true, then it will be
correct for arithmetic means of variables. Therefore

~0.289+2.25+0.446+2.75
4

=1.43

by

The coefficients of independent variables indicate the strength of influence of fac-
tors. The greater the magnitude of the coefficient, the more influenced the factor. In
this case, because since the coefficient has a plus sign, then with an increase in the
value of the factor, the optimization parameter increases. Since one factor depends on
the level at which the second factor is located, we use the effect of the interaction of
two factors. Then the model will look like this y = b, + by X1 + by X2 + b1 X1X,. To do
this, determine the coefficient of the interaction effect bs.
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b — Dy + Dy, +(+D)y; +(-D)y, _
12 = 2 =

~ (+1)0.289 + (~1)2.25+ (+1)0.446 + (-1)2.75
4

—-1.06

The combined effect of two factors reduces the level of vibration velocity, since
the value of the coefficient of interaction effect b, is negative.
The regression equation using the scheduling matrix will be

y =1.43 +1.066X;+ 0.16X,— 1.06X1X;,

The regression equation shows that decreasing the factors x1 (i.e., the duration of
the work) leads to a decrease in the optimization parameter y (i.e. the level of vibra-
tion velocity). The experiments were carried out on a specially designed and manu-
factured installation (Fig. 2) to study the effect of gearbox defects, its working condi-
tions and the effect of other elements of the pumping unit on the vibration characte-
ristics of the SRPU.

The physical similarity of real vibrations of
SRPU, is carried out in the model, between the pa-
rameters of the object and its dimensional
processes, which are investigated. Such quantities
characterizing processes differ only in scale, and
the characteristics of one process can unambi-
guously get the characteristics of the others.

In the conducted research, the SRPU focuses
attention on the magnitude of the vibration ampli-
tude during the action of various factors during the
SRPU operation, which are determined by the
value of vibration velocity.

Physical modeling of the vibration state of the
SRPU reducer was performed by the method of
conjugate dimensional quantities based on the La-
grange method, taking into account the factor
analysis described above.

Figure 2 - Experimental model instal- An experimental model set-up was created to car-
lation SRPU ry out physical modeling, that is, the replacement
of a physical process studied by a process of the

same physical nature, similar to it.

An experimental model installation preserves the physical similarity of the model
processes to those processes that actually arise in the SRPU. As can be seen in Figure
3 and Figure 4, they are almost identical. Thus, the experimental model installation
was verified and the physical similarity of the real vibrations of SRPU was obtained.
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Figure 3 - Vibration spectrum of SRPU on an experimental model setup
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Figure 4 - Spectrum of actual vibrations of a real SRPU at the Dolinsky oil and gas field

Conclusions. Today in Ukraine, the necessary intervals between controls, their
content and volume are formed on the basis of statistical data. These statistics do not
take into account the specific features of a particular SRPU, the real conditions of its
operation, but only the SRPU type of SRPU type. The monitoring of SRPU, based on
such monitoring and control, cannot be objective.

Obijective technical monitoring and monitoring of the state of the system requires
that the actual real-time state be monitored, taking into account the factor analysis,
which will significantly increase its turnaround time and reduce operating costs.
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AnorTauis. CoorogHi B YkpaiHi He0OXiaHi iHTEpBanM Mix KOHTPONSMK, iX 3MICTOM i 06CsroM (POPMYHOTLCS Ha OCHOBI
CTaTUCTUYHMX JaHuX. Lis cTatucTika He BpaxoBye CrnelmdidHi 0coBnmMBOCTI KOHKPETHOI HACOCHOI YCTAHOBKW HACOCHOI
wraHrn (HYHL), peanbHi ymoBm ioro pobotw, a Tinbkn Tun HYHLL. Kontpons HYHLL, 3acHoBaHWin Ha TakoMy MOHITO-
PUHTY Ta NepeBipLi, He Moxe 6yTn 06'eKTUBHUM.

O6'eKTMBHWIN TEXHIYHMIA KOHTPOSb | MOHITOPUHI CTaHy CUCTEMM BUMarae, Wob (akTUYHMIA CTaH B PeXuMi pearbHo-
ro Yacy KOHTPOIOBABCS 3 ypaxyBaHHAM (hakTOPHOrO aHanisy, Wo 3Ha4HO 30iNbLLMTL Yac oro BUKOHAHHS i CKOPOTUTb
ekcnnyatauinHi BuTpaTu.

3anponoHoBaHo KnacudikaLlito OCHOBHUX METOAIB YNpaBiHHA HACOCHOK YCTAHOBKOK HACOCHOI LTAHM 3 YOoTUpMa
BMAAMW. PO3KpUTO CYTHICTL KoxHOro metogy ynpaeniHHa HYHLL. 3pobneHo nopiBHAMbHWA aHania ix MOXIMBOCTEN.
KoH-Tponb BibpaLii i koHTponb pegyktopa HacocHoro arperaty HYHL posrnsHyTo 6inbw goknagHo. Ctpateris i nnaHy-
BaHHs ekcnepumeHTy peayktopa HYHLL Gynu po3pobneHi 3 BuKOpUCTaHHAM (hakTopHOro aHanisy. PospobneHo Ta
CTBOPEHO eKcrnepuMeHTanbHy MogeneHy yetaHoBky HYHLL, wo possonse peanisyBaTit po3pobnieHy ctparteriio 3 Bu-
BYEHHS BNAMBY AedhekTiB kopobku nepeaady, yMoB ii ekcnnyatauii i Bnnmsy iHwWmMx enemenTis HYHL Ha BibpauinHi xapa-
KTEPUCTUKM HACOCHOrO arperaty cToBOypa cBepAnoBuHu. MNokasaHo, Wo He Moxe Oyt 0B6'EKTMBHOMO KOHTPOSIO, KOMK
HeoOXiaHi iHTepBanu MiX KOHTPOMNAMM, iX 3MICTOM | 06CAroM (POPMYKOTLCS Ha OCHOBI CTAaTUCTUYHUX JaHuX, 6e3 ypaxy-
BaHHS creuudivHnx ocobnmeocteit HYHL i peanbHUX yMoB ioro po6oTi, Konu BpaxoBYETbCS Tirbku TUN 06NaHaHHS.
3anponoHoBaHO 06'eKTUBHUIA TEXHIYHUIA MOHITOPUHT HYHLL, Sikni 3Ha4YHO 36inbLUMTbL TepMiH ekcnnyaTauii 4o KaniTanb-
HOrO PEMOHTY i 3HWU3UTb eKCrnyaTayiinHi BUTpaTu.

KntoyoBi cnoBa: KOHTPOmb, HACOCHa YCTaHOBKA, (PaKTOPHUI aHani3, BiBpaLifHi XapakTepUCTUKK, SHKEHHS eKC-
nnyaTaviiHux BUTpar.

AnHotauus. CerogHs B YkpauHe Heobxoaumble MHTepBasbl Mexay KOHTPONAMM, UX COAEpXaHWeM 1 06beMOM
(hOpMUPYIOTCS HA OCHOBE CTATUCTUYECKMX JaHHbIX. OTa CTATUCTIKA He YYUTLIBAET CrneLmduyeckue 0COBEHHOCTU KOHK-
PETHOMO HACOCHOM YCTaHOBKOW HacocHow LwTaHrk (HYHLL), peanbHble ycnosus ero pabotbl, a Tonbko Tun HYHLL. KoHT-
ponb HYHLL, ocHOBaHHbIN Ha TaKOM MOHUTOPUHIE M NPOBEPKE, HE MOXET BbiTb 0OLEKTUBHBIM.

O6BEKTUBHBIN TEXHUYECKUIA KOHTPOSb 1 MOHUTOPUHT COCTOSIHUS cUCTEMbI TpebyeT, 4Tobbl (hakTUyeckoe cocTos-
HME B pPEXWUMe peanbHOr0 BPEMEHW KOHTPONMPOBANOCh C y4eTOM (DaKTOPHOTO aHanmusa, YTo 3HAYMTENbHO YBEMUYMUT
BPEMS! ero BbINOMHEHUS 1 COKPATUT JKCNyaTaLMOHHbIE Pacxogbl.

MpeanoxeHa knaccuukaums OCHOBHbIX METOLOB YNpaBneHWs HAaCOCHOM YCTAHOBKOW HACOCHOW LUTAHIW C YeTbl-
pbeMs BUgamu. PackpbiTa CylHOCTL kaxaoro metoga ynpaenenus HYHL. CaenaH cpaBHUTENbHbIA aHanM3 1x BO3MOX-
HocTel. KoHTponb BubpaLum 1 KOHTpOMb pegyktopa HacocHoro arperata HYHLL paccmotpeH 6onee nogpo6Ho. Crpa-
TErMs N NNaHupoBaHue akcnepumeHTa peayktopa HYHLL Beinn paspaboTaHbl ¢ MCNonNb30BaHWeM (HaKTOPHOMO aHanmaa.
PaspabotaHa 1 cosgaHa akcnepuMeHTanbHas MogensHas ycraHoska HYHLL, nossonsiowas peanusosats paspaboTan-
HYI0 CTpaTErio MO M3Y4YEHNHO BNMSHWSA LedekTOB KOpoBkv nepeaay, YCnoBuii ee aKcnryatauun v BIUSHUS Apyrix ane-
meHToB HYHLL Ha BMOpaLMOHHEIE XapaKTEPUCTUKM HACOCHOTO arperaTta CTBOMa CKBaMHbI. [1okasaHo, YTO HE MOXET
BbITb 06BEKTUBHOIO KOHTPONS, KOrAa He0OX0AUMbIE UHTEPBASbI MEXAY KOHTPONAMM, UX Coepx)aHneM n 0b6bemom go-
PMUPYIOTCA HA OCHOBE CTAaTUCTUYECKVX AaHHbIX, 6e3 yyeTta cneuundmieckux ocobeHHocten HYHL n peanbHbix yeno-
BUIA ero paboTbl, KOrAa y4UTbIBAETCS TONbKO TN 060pyA0BaHUs. MpeanokeH 06bEKTUBHBIN TEXHUYECKUIA MOHUTOPUHT
HYHLL, KOTOpbIA 3HAYMTENBHO YBENWYUT CPOK SKCMTyaTauun 4O KanuTanbHOMO PEMOHTA U CHUUT 3KCMyaTalUyoHHble
pacxofbl.

KnioyeBble cnoBa: KOHTPOSb, HACOCHAs YCTAHOBKA, (haKTOPHbIN aHanu3, BUOPaLMOHHbIE XapaKTepUCTUKNA, CHU-
XEHWe AKCnNyaTaLMOHHbIX PacXOL0B.

Cmamms Haditiwna 0o pedakuii 23.11.2018
PekomeHdosaHo 00 OpyKy d-pom mexH. HayK, npocp. MiHeesum C.I1.
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