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Abstract. There are plenty ways to enhance the efficiency and extend the life of downhole sucker-rod pumping
units, one of the vital ones is timely diagnostics, monitoring of downhole sucker-rod pumping units. There are two
widespread methods to monitor the operation of downhole pumping units: dynamometry and wattmetry. One of the
effective ways of monitoring is dynamometry, which provides complete information about the state of underground
equipment and enables to evaluate the operating mode of the well. Dynamometry is mostly used for monitoring and
obtaining information on the condition of downhole equipment and underground pumping units. Dynamograms are
recorded with dynamographs, which include force and position sensors to measure the load on the polished rod and
obtain data on the movement of the polished rod. Wattmetry is applied to monitor the surface equipment of rod and
well pump units, represents the dependence of the power consumed by the pump motor or the power of the unit on
time. The article describes the methods of monitoring and diagnosing the operation of sucker rod and well pumping
equipment, as well as reviews of modern methods of monitoring the operation of these units.

Keywords: monitoring, rod deep-well pumping unit, dynamometry, wattmetry, dynamogram, wattmetrogram.

Introduction The tubing string pump units (Figure 2) are a

The use of rod-and-well pumping units (RWPUs)
is the oldest and most common method of oil produc-
tion. The use of rod-and-well pumping units during
well operation is reasonable in the final phase, when
the value of natural reservoir pressure has decreased
or when it is not impossible to operate by artificial
method, etc. [1].

Recently, the drop in demand for fuel due to
the pandemic and the war in Ukraine has caused a
crisis in the oil industry. Oil producing countries,
including Kazakhstan, are forced to reduce oil pro-
duction in order to prevent a drop in oil prices. This
will inevitably lead to the suspension or complete
shutdown of about 30% of the wells of their total
number. Since 85% of Kazakhstan's well stock consists
of dry wells, the shutdown of 30% of wells would
severely affect the normal, uninterrupted operation
of producing wells, in particular their equipment and
facilities.

As shown in Figure 1, in the oil fields of
Kazakhstan, sucker-rod pumping is the major
method of oil production. Roughly 85% of all wells
are operated by sucker-rod pumps, 13% of wells are
developed using an electric submersible pump, and
the remaining 2% are other methods of oil produc-
tion (hydraulic pumps, etc.).

set of underground equipment: borehole pump (1),
tubing string (2), column of pump rods (3) and surface
equipment: polished rod (4), wireline suspension (5),
wellhead fittings with wellhead gland (6), pump jack
(7).

Methods and materials

There are numerous methods to enhance
performance and extend the service life of downhole

Artificial oil production

“« RWPU = ESP = Other
Figure 1 — Statistics of artificial methods of

production in Kazakhstan
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1 - borehole pump, 2 — tubing string, 3 — column of pump
rods and surface: 4 — polished rod, 5 — rope hanger, 6 —
wellhead fittings with wellhead gland, 7 — pump jack

Figure 2 — RWPU general scheme

sucker rod pump units, one of the most significant of
which is timely diagnostics, monitoring the operation
of the sucker rod pump unit.

There are two widespread ways to monitor the
operation of downhole sucker rod pumping units:
dynamometry and wattmetry. Dynamometry is
applied for monitoring, mainly for monitoring
and obtaining information about the condition of
downhole equipment, underground pump units [2].
Wattmetry is conducted for monitoring of above-
ground equipment of the RWPU.

Dynamometry. One of the efficient methods of
monitoring is dynamometry, the construction of a
dynamogram, which gives complete information
about the state of the underground equipment and
allows to assess the operating mode of the well [3].
The dynamogram is captured by dynamographs,
which contains force and position sensors to measure
the load on the polished rod and get the data about
the movement of the polished rod.

The theoretical dynamogram is a parallelogram
on a graph with axes: P is the polished rod load, S is
the movement of the polished rod (Figure 3). At point
A, the plunger is at BDC (bottom dead center), there
is no fluid friction and corresponds to the statistical
weight of the rod. Consequently, the friction of the
tubing column against the fluid reduces the length
of the plunger stroke and the exhaust valve closes at
point Al, not at A. At point B1 the load on the rod is
equal to the sum of the weights of the fluid column
and the rods, at that point the discharge valve opens
and the fluid flows into the pump cylinder. The

further stroke of the plunger is described by the line

B1-C1. At C1 the plunger is at TDC (top dead center)
and the suction valve is closed. As the downward
movement begins, the friction force changes, the load
change corresponds to line C2-E2 with the unloading
of the tubing column. Point E is the opening of the
discharge valve, line E-A describes the downward
movement of the plunger.

The dynamogram varies depending on the
plunger fit, changes in load parameters, gas influence
(Figure 4, 1), turning of the boom, plunger, discharge
and suction valves (Figure 4, II), in case of clogged
valves (Figure 4, I1I), etc. Theboom ruptureisindicated
on the dynamogram by the load difference during
the up-and-down movement, the dynamogram in
this case will have the form of a narrow loop [4].

Dynamograms describe about 35 parameters of
RWPU state, determine the dynamics of quantitative
and qualitative indicators, which allows to effectively
operate wells with minimal undercutting and the
least losses due to timely monitoring.

The real dynamometer map differs from the
theoretical one mostly due to the influence of inertial
forces and oscillation processes in the sucker-rod
string. As a result of the influence of inertia force, the
dynamogram is rotated by a certain angle clockwise,
and longitudinal oscillations in the sucker-rod string
cause wave-like changes in the load on the wellhead
rod.

The size and shape of the actual dynamogram are
determined by the length of the polished rod stroke
and the forces acting on it, which in turn depend on the
depth of descent and pump diameter, the frequency
of oscillations and the nature of disturbances in the
underground equipment or hydrostatic load on the
plunger.

Comparison of the dynamograph dynamogram
with the theoretical dynamogram allows finding out
deviations from the normal operation of the unit as a
whole and defects in the operation of the RWPU itself.
Regular inspection of the RWPU is mandatory, since
it enables to prevent more serious complications in
time. The dynamogram, in addition, allows to specify
the pumping mode and to improve it if possible.

Wattmetry. The wattmetry method is grounded
in taking values of consumed power in relation to
time [5]. Advantage of this method is the simplicity
in installation, in measurements, possibility of the
account of consumption of the electric drive.

This method began to apply the first
dynamograms at diagnostics of RWPU. The first
algorithms of the analysis of wattmetrograms were
developed and presented in works Krichke V.O. [5],
nevertheless development in this area was restrained
by limited possibilities of controllers.

The wattmetrogram is a dependence of power,
consumed by the pump motor or power of the
installation on time (Figure 5).

The wattmetrogram of a fully balanced and
functioning rocking machine has two half-periods for
each full stroke of the rod, with peaks corresponding
to the horizontal positions of the crank.
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Figure 3 — RWPU dynamogram
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Figure 4 — Dynamograms examples

The difference in the maximum values of power
consumed by the drive motor of the deep pump rod
should not exceed 10% [6].

Analysis of wattmetrograms enables to control
the condition of rod well pumping units. By using
wattmetrograms the efficiency of the pumping
machine can be estimated, as well as its equilibrium
[7].

Wattmetering gives the possibility to detect the
following electric motor faults: current overload,
phase imbalance, supply voltage frequency deviation,
etc.

The wattmetrogram provides real-time moni-
toring of faults such as: rod breakage, defects in the
mechanical drive, namely runout in the gearbox,
unbalanced counterweights, defects in both discharge
and suction valves, gushing manifestations in wells,
belt breakage and slippage, polished rod and plunger
faults [Figure 6].

The analysis of the wattmetric spectrum will be
useful in determining the vibration and shock loads,
which enables us to diagnose defects in the bearings
and the gearbox.

The primary benefits of wattmetering over
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Figure 5 — RWPU wattmetrogram

a competing method of diagnostics, namely the
dynamometer method, are:

- relatively small number of sensors (current and
voltage transformers);

- possibility to measure electric energy consumed
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Figure 6 — Wattmeterogram under normal operation of the unit

by the drive;

- possibility of integration with automated
systems of technical and commercial electric power
accounting.

As it was already mentioned above, the method
of wattmetering is a reliable and trustworthy method
of diagnostics of RWPU, which provides not only its
underground part of the pump installation, but also
the ground part, such as a dynamogram.

Development of the dynamogram by means of
wattmetering and the modern computer equipment
will enhance efficiency of both methods, from the
side of wattmetering it a simplicity of installation,
the minimum quantity of gauges and more profound
analysis of failures by means of a spectrum of
wattmetrograms, and from the side of dynamometric
it is development of the given theme. Altogether,
the resulting method of equipment diagnostics has
advantages over other non-destructive diagnostic
methods.

Results

It is required to start from the measured
parameter during the wattmetrogram analysis.
Thus, for example, to assess the shock and vibration
loads a three-dimensional image of the spectrum of
wattmetrograms should be built up (Figure 7). In the
absence of shocks, the three-dimensional spectrum
has a flatter and smoother appearance. «Convex»
areas are characterized as the difference between the
energy consumed from the mains or expended to lift
the plunger and fluid and to lift the counterweight
and the energy expended to overcome friction.

Diagnostic features of breakage in the pumping
column of pipes are growth of peak values on the
wattmetrogram, as well as defects of the suction
valve of the submersible pump are revealed. By
analyzing the spectrum of wattmetrogram of power
consumption in electric motors, faults in the electric

part of the rotor, electric part of the stator, defects in

the bearings can be discovered.

By the nature of changes in the spectrum of the
power signal defects in the gearing, gears on the shaft
are determined. Wattmetering also enables to assess
the balance of the work, calculate the efficiency of the
RWPU.

Conclusion

In the article the review on modern methods
(dynamometry, wattmetry) of monitoring the rod
deep-well pump units operation is given.

One of the effective methods of monitoring is
dynamometry, the construction of a dynamogram,
which gives complete information about the state of
the underground equipment and allows to assess the
operating mode of the well.

By analyzing the wattmeter spectrum of energy
consumption in electric motors, faults in the electric
part of the rotor, electric part of the stator, bearing
defects can be detected. Wattmetering also makes
it possible to assess the balance of operation, to
calculate the efficiency of the RWPU.

The analysis of wattmetrograms allows to control
the condition of sucker-rod well pumping units. With
the help of wattmetrograms it is possible to calculate
the efficiency factor of the rod pumping unit, as well
as its balance. To determine vibration and shock
loads, we can use wattmetrogram spectrum analysis
to diagnose bearing and gearbox defects.

The construction of a dynamogram with the
use of wattmetry and modern computer equipment
will enhance the effectiveness of both methods. On
the wattmetry side, this is an easy installation, the
minimum number of sensors and a deeper analysis
of faults using the spectrum of wattmetry, while on
the dynamometer side, this is the development of this
topic.

Taken together, the resulting method of
equipment diagnostics has advantages over other
non-destructive diagnostic methods.
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Figure 7 — Three-dimensional spectrum of the wattmetrogram
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LLImaH2anbIK-yYHFbIMA COPFbI KOHObIPFbIAAPLI MEXHUKACbIHbIH ¥ ali-KyliiH capanmay xaHe duazHOCmuKanay
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AHOamna. LLImaH2abIK-YHF6IMA COPFbl KOHObIPFbIAAPbIHLIH MUiMOinieiH apmmobipyObiH #aHe Kbiamem emy Mep3imiH
y3apmy0delH KenmezeH #0n10apbl 6ap, 0n1apdeiH MAHbI30bLAAPLIHbIH Bipi-WMAH2abIK-YHFLIMA COPFbl KOHObLIPFbIAAPbI-
HbIH, HCYMbICbIH YaKMblabl OUud2HOCMUKanay, 6akelnay. LLImaHaanbiK-yHFbIMAsbIK COPFbl KOHObIPFbLAAPbIHbIH HYMbICbIH
b6aKblnayobiH eKi KeH mapanarfaH adici 6ap: OuHaMmoMempusa HaHe sammmempus. bakblaaydslH muimoi adicmepiHin
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bipi-OuHamomempus, xep acmsi #ab0biKmapbiHbiH #al-kKyli mypasasbl moselk aknapam bepemiH #aHe YHFbIMAHbIH
HCYMbIC percumiH 6aranayra MyMKiHOIK 6epemiH OUHAMO2PaMmMa Kypy. JuHamomempus HeziziHeH KeHMap #abobifbi-
HbIH, Hepacmeol COpFbl KOHObIPFbIAAPbIHbIH, #al-KyliH 6aKblaAay HaHe aKknapam any ywiH KoaoaHulaaodsl. JuHamo-
Mempus Hezi3iHeH KeHHAp HabObIFbIHbIH, Hepacmel COpFbl KOHObIPFbIAAPbIHbIH, #al-KyliH 6aKblaay H#aHe aKnapam
any YWwiH KondaHelnadsl. Bammmempusa wmaH2abiK-yYHF6IMAbIK COPFbl KOHObIPFbIAAPLIHLIK Hep Yycmi ¥abobikma-
PbIH 6AKbIAAY YWiH KOAOAHbLLAAObI, BYs1 COPFbl KO3FAAMKbLIWbEI MYMbIHAMbIH KYyammblH Hemece KOHObIPFbl KyamblHbIH,
YaKbImKa mayendiniei. MaKanao0a wmaHaasblK-yYHFbIMAAbLIK COPFbI KOHObIPFbIAAPbI MEXHUKACbIHbIH H(YMbICbIH OAKbI-
Aay #aHe OuazHocMuKanay adicmepi, COHOal-aK 0Cbl KOHObIPFbIAAPObIH HYMbICbIH 6AKbIAAYObIH 3aMaHayu adicmepi-
He wonynap cunammarsnfaH.

Kinm ce30ep: MoHUMOpPUHe, WMaH2ablK mepeHOiK COpFbl KOHObIPFbICLI, OUHaMoOMempusa, sammmemp, OUHAMO2PAM-
mMa, sammmempo2pamMma.

Memodbi MOHUMOpPUH2a U ouaeHOCMUPOBGHUH COCMOAHUA MeXHUKU WMmMAaH208bIX CKBAXUHHbIX HACOCHbIX
ycmaHoOB80K
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AHHOmMayus. Cywecmayem MHOXecmaso crnocobos nossiueHuUs aghhekmusHocmu pabomel U nNpoodsieHUA CPOKA CAYH(-
661 WMAH2080-CKBAMUHHbBIX HACOCHbIX YCMAHOB0K. OOHUM U3 8AX(HbIX A8/A0MCA c80es8peMeHHoe OUaz2HOCMUpPo8a-
HUe U MOHUMOPUH2 pabomebl WMAH2080-CKBAXUHHbIX HOCOCHbIX YCMAHOB0K. Ecmb d8a pacrnpocmpaHéHHbix criocoba
MOHUMOPUH2a pabombl WMAH2080-CKBAHCUHHBIX HACOCHbIX YCMAHOBOK: OuHamomempus u eammmempus. OOHUM U3
ahhekmusHbix cnocobos8 MoOHUMOPUH2a A8aA9emca OUHAMOMeMPUs, nocmpoeHue OUHaMo2PaMMbl, Komopasa 0aém
MOAHYIO UHGHOPMAYUI O COCMOAHUU Nod3emMH020 060py008aHUA U 1038075em OUeHUMb PEeXUM SKCAyamayuu CKea-
HCUHbI. JUHAMOMeMpPUA UCMOAb3yemcs, NPeumMmyu,ecCmeeHHo, 04158 MOHUMOPUH2a U MoayYeHUs UHGhopMayuu o cocmo-
AHUU npu3aboliHo2o 060pydosaHusA, MOO3eMHbIX HACOCHbIX a2pe2amos. [JUHAMO2PaMMy CHUMAOMmM C noMmouwbto Ou-
Hamozpaga, 8 cocmase KOMOPO20 eCMb 0AMYUKU YCUAUA U M0A0HEeHUA 05 U3MePeHUSA Ha2PY3KU HA MoAUPOBAHHbIU
WMOK U rosy4eHus OaHHbIX O repemewjeHuuU noaupo8aHHoO20 WMoKa. Bammmempus npumeHAaemcs 0158 MOHUMOPUH-
20 Ha3eMH020 060py00B8aHUA WMAH2080-CKBAXCUHHbIX HACOCHbLIX YCMAHOBOK, npedcmasasem coboli 3a8ucumocmes
MowjHocmu, nompebrsgemoli 0sueamesnem HAcoOca, Uau MOUHOCMU YyCMAHOBKU om epeMeHuU. B cmamee onucaHs! me-
mo0dbl MOHUMOPUHaa U OUA2HOCMUPOBAHUA pabomel MexXHUKU WMAH2080-CK8AHUHHbIX HACOCHbIX YCMAHOB0OK, MAK-
e 0630pbl Ha cospemMeHHble Memodbl MOHUMOPUH2a pabombl 3mux YyCMAaHOBOK.

Knrouesoble cnosa: MOHUMOpPUH2, WMAH2080A 2/1y6UHHGFI HACOCHAA yCmaHoBKa, aUHGMOMempUFI, sammmempus, ou-
Hamoapamma, eammmempozcpamma.

REFERENCES

1. Arbuzov V.N. Exploitation of oil and gas wells. Part 2 / V.N. Arbuzov — Tomsk: Tomsk Polytechnic University Publishing House, 2012.
—-272p.

2. Yuriy Shinyakov, Maxim Sukhorukov, Daria Torgaeva and Andrey Soldatov. Methods and facilities for monitoring the operation of a
sucker rod pump / International Journal of Mechanical Engineering and Technology (IJMET) Volume 9, Issue 12, December 2018.
—Pp. 1224-1231.

3. Molchanov A.G. Ways of further improvement of rod borehole pumping units / Moscow: Specialized journal «Drilling and Oil»,
2014. - Pp. 2-4.

4. Tecle, S.1., & Ziuzev, A.A Review on Sucker Rod Pump Monitoring and Diagnostic System. In Proceedings — IEEE Russian Workshop
on Power Engineering and Automation of Metallurgy Industry: Research and Practice, PEAMI 2019. — Pp. 85-88.

5. Khakimyanov M.l., Shafikov I.N., Khusainov F.F., Semisynov R.A. and Bezryadnov E.A. Monitoring of sucker-rod pump units as a
result of the analysis of wattmeter cards / International Conference on Information Technologies in Business and Industry. — 2016.
—Pp. 2-5.

6. Zyuzev A.M. Diagnostics balance of the rod deep pumping unit according to the wattmetrogram / A.M. Zyuzev, M.V. Bubnov — News
of Tomsk Polytechnic University. Georesource engineering. — 2019. — Vol. 330. — No. 4. — Pp. 178-187.

7. Manakhov V.A., Tsvetkov A.N. Determination of the condition and functioning of the equipment of rod borehole pumping units
during operation according to the parameters of the wattmetrogram // Izvestia of higher educational institutions. PROBLEMS OF
ENERGY. 2021. VOL. 23. No. 3. Pp. 127-139. doi: 10.30724/1998-9903-2021-23-3-127-139.



