
292

ГОРНЫЕ НАУКИ И ТЕХНОЛОГИИ
MINING SCIENCE AND TECHNOLOGY (RUSSIA)

Ershov M. S., Efimov E. S. Stability of a controlled sucker-rod pump unit drive...2024;9(3):292–303

https://mst.misis.ru/

eISSN 2500-0632

© Ershov M. S., Efimov E. S., 2024

POWER ENGINEERING, AUTOMATION, AND ENERGY PERFORMANCE

Research paper

https://doi.org/10.17073/2500-0632-2024-01-213
UDC 622:62-83

Stability of a controlled sucker-rod pump unit drive under operating conditions 
and during voltage dips in the electrical network

M. S. Ershov  SC  , E. S. Efimov 

Gubkin Russian State University of Oil and Gas (National Research University), Moscow, Russian Federation
 msershov@yandex.ru

Abstract
The use of a variable frequency drive (VFD) for sucker-rod pump units (SRPUs), widely employed in oil 
extraction, enhances the energy and technological efficiency of oil production and reduces equipment wear. 
However, its application is hindered by unstable operation under insufficient balancing of the SRPU and 
sensitivity to short-term voltage dips, which frequently occur in the extensive electrical networks of oil fields. 
Insufficient balancing of the SRPU leads to the occurrence of a period within the pumping cycle where the 
motor operates in generator mode, caused by the unevenness and reversal of the resistance torque of the 
working mechanism. The motor’s transition to generator mode, as well as voltage dips in the power supply, 
causes the voltage in the DC link of the VFD to exceed the set limits, resulting in the drive being shut down. 
To investigate the processes during the operation of sucker-rod pump units and to test methods for mitigating 
the negative impact of generator mode and voltage dips in the power supply network on the VFD, a model 
of the “power grid – variable frequency SRPU drive” system with a load characteristic of this application was 
developed in Matlab Simulink. A series of experiments were conducted, and the results were analyzed. The 
suppression function of the generator mode was examined, and the feasibility of its application to real SRPUs 
was evaluated. The use of an uninterruptible power supply system based on battery energy storage to prevent 
operational interruptions during different levels of power supply voltage dips was analyzed. The resulting 
model can be used for general analysis of operability and stability, as well as for verifying the correct selection 
of key elements in the design of sucker-rod pump unit systems with variable frequency drives.
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Аннотация
Применение частотно-регулируемого привода штанговых насосных установок (ШНУ), широко ис-
пользуемых для добычи нефти, повышает энергетическую и технологическую эффективность добычи 
нефти, способствует снижению износа оборудования, но его применение сдерживается неустойчивой 
работой при недостаточной уравновешенности ШНУ и чувствительностью к кратковременным про-
валам напряжения, часто возникающим в протяженных электрических сетях нефтепромыслов. Недо-
статочная уравновешенность ШНУ приводит к появлению в цикле качания периода работы двигателя 
в генераторном режиме, обусловленном неравномерностью и изменением направления момента со-
противления рабочего механизма. Переход двигателя в генераторный режим так же, как и провалы 
питающего напряжения, приводит к выходу напряжения в звене постоянного тока преобразователя 
частоты за установленные пределы и к отключению преобразователя. Для исследования процессов при 
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работе штанговых насосных установок и проверки способов устранения негативного влияния на пре-
образователь частоты генераторного режима, а также провалов напряжения питающей электросети 
с целью повышения устойчивости системы в среде Matlab, Simulink создана модель «электрическая 
сеть – частотно-регулируемый привод ШНУ» с характерной для данного применения нагрузкой, прове-
ден ряд опытов и выполнен анализ результатов. Рассмотрена программная функция подавления гене-
раторного режима и дана оценка возможности ее применения для реальных установок. Проанализиро-
вано применение системы бесперебойного питания на основе аккумуляторных накопителей энергии 
для предотвращения прерывания работы при разных уровнях провалов питающего напряжения. Мо-
дель, полученная в результате работы, может быть применена для общего анализа работоспособности 
и устойчивости, а также проверки правильности подбора ключевых элементов проектируемых систем 
штанговых насосных установок с частотно-регулируемым приводом.
Ключевые слова
штанговая насосная установка, частотно-регулируемый привод, преобразователь частоты, преобразо-
ватель постоянного тока, аккумуляторная батарея, генераторный режим, провал напряжения, компью-
терное моделирование
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Introduction
To enhance the technological and energy ef-

ficiency of sucker-rod pump units (SRPUs), widely 
used in oil extraction, they are equipped with a vari-
able frequency drive (VFD). However, its application 
is constrained by instability during operation under 
conditions of insufficient balancing of pump jacks 
and frequent disturbances in the electrical networks 
of oil fields.

The practical application of VFDs in SRPUs has 
shown that the main causes of drive instability are 
short-term voltage dips in the electrical networks of 
oil fields and the presence of a generator mode period 
during the pumping cycle. This mode arises due to the 
uneven load caused by the inertia and vibration loads 
resulting from the movement of the rod string. A brief 
generator mode during pumping can occur even in 
well-balanced units with shallow pump depths and, 
consequently, low rod suspension force created by 
the weight of the fluid column when the difference 
between maximum and minimum loads per cycle is 
small. When transitioning to generator mode, the 
energy received from the motor through the inverter 
cannot be recovered into the grid via the uncontrolled 
rectifier of the frequency converter (FC). This leads to 
an increase in the DC link voltage, which subsequent-
ly results in the FC shutting down due to its built-in 
overvoltage protection [1].

To improve stability and prevent undesirable 
emergency shutdowns of the VFD in SRPUs during 
generator mode, several solutions can be employed: 
using a frequency converter with energy recovery ca-
pability, installing a braking resistor, or utilizing spe-
cial software settings. Implementing a regenerative 
FC is associated with significant capital investment 
due to the use of an active rectifier. Installing a bra- 

king resistor results in the unproductive consumption 
of recoverable energy, which is dissipated as heat. 
The software setting known as the anti-regeneration 
function (ARF) increases motor speed, which can lead 
to undesirable dynamic forces within the SRPU. Each 
method has its advantages and disadvantages, leading 
to ambiguity in solving the problem of the negative 
impact of generator mode on FC operation.

Another feature of VFDs is their increased sen-
sitivity to power supply disruptions, particularly to 
voltage dips [2]. In the event of a significant voltage 
drop in the DC link, the FC will disconnect from the 
grid due to the activation of undervoltage protection, 
which is necessary to prevent a current surge when 
the capacitor charges after the voltage is restored [3]. 
Enhancing the reliability of SRPU operation during 
voltage dips can be achieved through the use of an un-
interruptible power supply (UPS) system connected to 
the DC link.

In accordance with the identified problems and 
their potential solutions, modeling was conducted to 
examine methods for eliminating overvoltage in the 
DC link that occurs during the operation of VFDs in 
SRPUs, as well as the application of UPS systems to 
maintain operation during power supply voltage dips 
to determine the impact of these solutions on system 
stability.

Methods
To investigate methods for mitigating the impact 

of generator mode and voltage dips on the operation 
of the VFD, a simulation of the electrical complex of 
the sucker-rod pump unit was performed in Matlab 
Simulink (Sim Power Systems library). A model was 
developed, whose main components include: a sec-
tion of the electrical network, a frequency converter, 
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a squirrel-cage induction motor, a four-bar linkage 
pump jack mechanism, a well, as well as a bidirectio- 
nal DC converter (DC / DC converter) and a lead-acid 
battery (LAB).

The electrical system includes a power source 
with a short-circuit capacity of Sshc  =  100 MVA; an 
overhead line (6 kV) 6 km in length, with an alumi-
num conductor cross-section of 16 mm2; a 6 / 0.4 kV 
transformer with a capacity of 40 kVA; a cable line 
from the transformer to the frequency converter, 20 m 
in length, with aluminum cores of 10 mm2 cross-sec-
tion; a frequency converter based on an uncontrolled 
rectifier and a three-phase inverter controlled by 
pulse-width modulation (PWM); and a squirrel-cage 
induction motor with two pole pairs, whose parame- 
ters include: nominal power Pnom  =  30  kW; nominal 
speed nnom  =  1485 rpm; nominal efficiency η  =  0.91; 
power factor cos ϕ = 0.86; nominal current Inom = 60 A; 
starting current ratio is  =  7.7; starting torque ratio 
ms = 2.7; maximum torque ratio mmax = 3.2 m; and mo-
ment of inertia J  =  0.1326 kg ⋅ m2. In this model, the 
VFD is controlled by a scalar control method with the 
motor speed being maintained at the setpoint.

The mathematical model of the squirrel-cage in-
duction motor is represented by the system of equa-
tions (1), which is constructed for the rotor-aligned 
(dq-axes) two-phase orthogonal coordinate system. 
The mechanical part of the drive is represented by 
equation (2). The calculation of the equivalent circuit 
parameters used in the model is performed using the 
formulas presented in [4].

The sucker-rod pump unit was modeled for an  
axial-type pump jack, the kinematic diagram of which 
is shown in Fig. 1 [5, 6]. The following designations  
are used in Fig. 1: R – crank; P – connecting rod;  
C – rear arm of the balance beam; A – front arm of 
the balance beam. Additionally, auxiliary lengths and 
angles used in the modeling are presented.
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The variables in equations (1) and (2) have the 
following designations: Uds, ids – projections of stator 

voltage and current on the d-axis; Uqs, iqs – projections 
of stator voltage and current on the q-axis; drU ′ , dri′  –
projections of rotor voltage and current on the d-axis; 

qrU ′ , qri′  – projections of rotor voltage and current on 
the q-axis; ψqs, ψqs – projections of stator flux linkage 
on the d and q axes; dr′ψ , qr′ψ  – projections of rotor flux 
linkage on the d and q axes; Rs, rR′ – active resistances of 
the stator and rotor windings; Te, Tm – electromagnetic 
torque of the motor and the torque resistance of the 
mechanism referred to the motor shaft; ω, ωm and ωr – 
angular velocity of the coordinate system, mechanical 
angular velocity of the motor shaft, and electrical 
angular velocity of the motor rotor; J, F – moment 
of inertia and viscous friction coefficient of the rotor 
and load.

The operation of the sucker-rod pump unit (SRPU) 
is cyclical. An example of a dynamogram of normal 
operation is shown in Fig. 2, a, where the following 
periods are indicated [7]:

A–B – The beginning of the upward movement 
of the rod string, during which the load (the weight 
of the fluid column) is transferred from the tubing to 
the rod string. The tubing shortens, and the rod string 
lengthens, while the pump valves are closed.

B–C – The upward movement of the rod string 
continues after the load transfer process is complet-
ed. The intake valve opens, allowing fluid to enter the 
pump cylinder.

C–D – The intake valve closes at the uppermost 
position of the rod string, marking the beginning of 
the downward movement of the rod string. The load 
is transferred from the rod string back to the tubing. 
The tubing lengthens, and the rod string shortens, 
with the pump valves closed.
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Fig. 1. Axial kinematic diagram of the pump jack
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D–A – The downward movement of the rod string 
continues after the load transfer process is completed. 
The discharge valve opens. The cycle completes at the 
lowermost position.

Fig. 2, b presents a diagram showing the de-
pendence of the pumping periods on the crankshaft 
angle, with the cycle divided into 4 quadrants. This 
representation is more convenient for adjusting the 
control settings of the unit.

As is well known, even the operation of 
a  well-balanced pump jack can be accompanied by 
the motor transitioning into a brief generator mode 
during the first and third periods of the pumping cy-
cle, as shown in Fig. 2. The duration of this mode may 
increase when the parameters of the SRPU change 
during operation due to equipment wear [1].

In the model of the sucker-rod pump unit, which 
includes the gearbox, the four-bar linkage pump jack 
mechanism, and the downhole section, the cyclic na-
ture of the load, intake pressure, fluid density, dyna- 
mic fluid level in the well, the weight of the rod string 
in the fluid, the weight of the fluid column, the degree 
of balance of the pump jack, as well as the stroke loss 
of the rod suspension point, which is associated with 
elastic elongations during load transfer from the tub-
ing string to the rod, are all considered [8, 9].

The equations and dependencies used in the 
mathematical model allow tracking the position, 
speed, and acceleration of the rod string suspen-
sion point based on the geometric dimensions of the 
pump jack mechanism. They also allow determining 
the coefficient for calculating the resistance torque 
on the crankshaft based on the load at the suspen-
sion point [10, 11].

Thus, the developed model allows evaluating the 
operating modes of the SRPU with different loads and 
degrees of pump jack balance, determining the energy 
consumed from the grid, and the energy dissipated on 
the braking resistor in the DC circuit of the VFD du- 
ring the motor's generator mode, which occurs when 
the rod string moves downward under its own weight.

The model is supplemented with an uninterrupti-
ble power supply (UPS) system, and there are many 
implementation schemes. The simulation considers 
a system that consists of a DC / DC converter connec- 
ted to the DC link of the SRPU's frequency converter. 
The DC / DC converter is similar to the inverter of the 
frequency converter, with the difference being in the 
control system and the law governing the control sig-
nals for the operation of the IGBT switches [12]. In-
ductors and battery packs (LABs) are connected to the 
output of the DC / DC converter, with the quantity and 
connection scheme depending on the duration of the 
backup. The control system must generate the gate 
drive signals for the power switches in such a way as 
to maintain the required voltage level in the DC link 
and regulate the charging and discharging current and 
voltages of the battery packs. It consists of an internal 
loop with current feedback from the DC / DC side of the 
battery pack and an external loop with feedback from 
the DC link voltage of the VFD during discharge and 
from the battery pack voltage during charging [13].

There are several types of battery models avail-
able: those based solely on experimental data, those 
relying on a mathematical description of chemical 
processes, and those utilizing electrical equivalent 
circuit models. For the simulation, the third type 
was employed, with a model available in the stan- 
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Fig. 2. Periods of the pumping cycle: а – on surface and downhole dynamograms;  
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dard Simulink library. The parameters required for 
this model can be determined using technical spe- 
cifications and discharge characteristics provided 
by the manufacturer [14]. However, the most precise 
calibration can be achieved by conducting real-world 
tests on the specific battery in question.

In the control system, the voltage range on the 
battery side is set between 310–435 V, and the voltage 
range on the DC link side of the VFD is set between 
495–550 V. The maximum error for the LAB model in 
the standard Simulink library is 5% for a charge level 
range from 10% to 100%, with currents ranging from 
0 to twice the battery capacity during charging, and 
from 0 to five times the battery capacity during dis-
charging. The assumptions for the considered LAB 
model are as follows:

– the internal resistance does not change with 
current amplitude and remains constant throughout 
the charge and discharge cycles;

– discharge and charge characteristics are iden-
tical;

– the battery capacity does not change with cur-
rent amplitude, and the Peukert effect [15] is absent;

– self-discharge of the LAB is not implemented in 
this model, but it can be realized by adding a large re-
sistor in parallel with the battery terminals;

– the LAB does not have a memory effect.
The parameters for the LAB system of 32 units 

are selected to maintain operation for a 30 kW load 

for 5 minutes, with each battery maintaining a volt-
age of 10.8 V. For this, it is required that during dis-
charge at constant power, each LAB in the system 
must provide, W / battery:

/

1017.3.main
el

DC DC inv

P
P

n
= =
η η  

(3)

Catalog data from various manufacturers indi-
cate that for the case under consideration, a system 
of 32 LABs with a nominal capacity of 33 Ah each can 
sustain a discharge at constant power of 1020 W / bat-
tery. The parameters set in the model are similar to 
such a system of 32 LABs.

SRPU simulation results
The operation of the sucker-rod pump unit with 

a  period of generator mode was simulated. Fig. 3 
shows the graphs for a pump jack with a significant 
imbalance of approximately 50%, with the degree of 
imbalance determined using the current imbalance 
coefficient [16, 17]. Using the lower graph in Fig. 3, the 
beginning of the generator mode can be identified at 
8.2 seconds when the load torque on the crankshaft 
becomes negative. On the upper graph, curve 1 rep-
resents the power dissipated on the braking resistor, 
and curve 2 represents the DC link voltage, which is 
limited to 757 V. When this value is reached, the bra- 
king resistor circuit is activated, and the excess ener-
gy is dissipated.
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Fig. 3. DC link voltage and power dissipation curves on the braking resistor (upper graph), and the torque curve 
on the crankshaft considering the effect of counterweights (lower graph) at approximately 50% imbalance
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Fig. 4. DC link voltage curves (upper graph), speed and power dissipation curves on the braking resistor (lower graph) 
with ARF disabled and active, at approximately 50% imbalance
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Fig. 5. DC link voltage curves (upper graph), speed and power dissipation curves on the braking resistor (lower graph) 
with ARF disabled and active, at approximately 5% imbalance
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For different levels of imbalance, Figs. 4 and 5 
show the DC link voltage curves on the upper graphs: 
curve 1 corresponds to constant speed (without 
ARF), and curve 2 corresponds to active ARF. To 
more clearly indicate the period of ARF activation, 
the speed graphs, labeled as curve 3, are shown in 
the lower part of these Figs. Additionally, curve 1 de-
notes the power dissipated on the braking resistor 
without ARF, and curve 2 denotes the power dissi-
pated with active ARF.

Simulation results of voltage dips 
and the operation of the DC / DC converter

Disturbances in the electrical network are caused 
by short circuits, originating from nearby overhead 
transmission lines and from distant networks of 35 kV 
and above. The simulation of nearby short circuits was 
carried out at the node connected to the 6 kV over-
head transmission line. It was found that during sin-

gle-phase short circuits in the 6 kV network, the drive 
operation can continue. However, three-phase and 
two-phase short circuits in the 6 kV network lead to 
shutdowns, with the SRPU's VFD losing power. In the 
case of a two-phase short circuit not being cleared, 
large voltage fluctuations occur in the DC link, as 
shown in Fig. 6, a, and large current fluctuations at the 
VFD input, as shown in Fig. 6, b, which are highly like-
ly to cause equipment failure. It should be noted that 
when the 6 / 0.4 kV transformer windings are connec- 
ted in a Δ / Y0 – 11 configuration, the average voltage in 
the VFD’s DC link is higher than when the transformer 
windings are connected in a Y / Y0 – 12 configuration. 
In the event of a power supply not being disconnected 
during emergency conditions, individual drive pro-
tection should be activated. It is recommended to use 
both an automatic circuit breaker and a fast-acting 
fuse that match the drive’s nominal parameters to en-
sure comprehensive protection.

DC link voltage of the VFD during a two-phase short circuit in the 6 kV network, V
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Рис. 6. Two-phase short circuit in the 6 kV power supply network:  

a – DC link voltage of the VFD; b – input current of the VFD
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Distant short circuits manifest in 6 kV load nodes 
and at the VFD inputs as voltage dips. To maintain the 
operation of the VFD with centrifugal working me- 
chanisms, an effective means of improving stability 
is the “kinetic reserve” option [18], which essential-
ly functions as the reverse of the anti-regeneration 
function mentioned earlier. The “kinetic reserve” op-
tion causes an accelerated reduction in motor speed 
by lowering the set frequency at the VFD output, with 
the excess motor energy being used to maintain the 
voltage in the DC link.

In the drive system of the SRPU, the use of the 
“kinetic reserve” option would be ineffective because 
the resistance torque of the mechanism does not de-
pend proportionally on the square of the speed, as it 
does in centrifugal mechanisms, but follows a more 
complex law dependent on the position of the suspen-

sion point. The implementation of this option is only 
possible during a short period of the cycle. Therefore, 
the possibility of connecting a UPS system based on 
a DC / DC converter and LABs to the VFD’s DC link was 
investigated.

Typically, the VFD has built-in protection against 
voltage dips in the DC link – undervoltage protec-
tion (UVP), which is set by default within the range 
of 64–76% to 85–90% of the nominal voltage value 
[3]. The voltage level is determined by the permissi-
ble current value of the rectifier diodes during pow-
er restoration and the surge of the DC link capacitor 
charging current, which is mitigated by connecting 
the capacitor charging circuit. The voltage level is 
also related to the minimum allowable voltage nec-
essary to maintain the normal operating mode of the 
of the sucker-rod pump unit.
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Fig. 7. Mode characteristics: 1 – at nominal voltage and 2 – with a voltage reduction to 0.7 of the nominal value, 

the following curves are presented: a – DC link voltage; b – motor speed
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Fig. 8. DC link voltage in normal mode – curve 1, and in mode with a reduction of input voltage to 0.7 
of the nominal value with the UPS connected – curve 2
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Fig. 9. DC link voltage and LAB voltage during short-term dips in input voltage in all three phases down to 0.3 
of the nominal value with the UPS connected

The operation was simulated with a reduction 
in the DC link voltage to 0.7 of the nominal value.  
Fig.  7,  a shows the voltages for two modes, and 
Fig. 7, b shows the corresponding motor speeds.

Fig. 8 shows the results of simulating a prolonged 
voltage dip in the DC (Uпч = 0.7Uпчном), link with the 
UPS connected to the DC link – curve number 2. The 
created model with the UPS is capable of maintaining 
the DC link voltage during voltage dips without caus-
ing negative oscillations in the motor shaft.

Fig. 9 presents the DC link voltage and the LAB 
voltage for the experiment, where the following 
voltage dip periods were used Uпч = 0.3Uпчном: 2–3 s; 
4.1–5.1 s; 6.8–7.1 s.

Results and discussion
Based on the experiments conducted, it can be 

concluded that the anti-regeneration function (ARF) 
can completely eliminate the generator mode only 
when it is necessary to dissipate a small amount of 
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power, as shown in Fig. 5. The acceleration settings 
when using the overvoltage suppression and speed 
and torque limiting functions must be conFig.d with 
regard to the actual characteristics of the well and 
equipment, as in some cases, an increase in speed may 
lead to unacceptable mechanical stresses in SRPU 
parts. The ARF reduces the duration of the pumping 
cycle, which should be considered when planning the 
operation mode of the unit.

The electromagnetic torque exerts a braking 
effect on the rotor in generator mode, but with the 
ARF active, the electromagnetic torque remains ro-
tational. When ARF is active, the electromagnetic 
torque and the resistance torque, which becomes 
negative during the downward movement of the rod 
string, increase the motor speed, and the decele- 
ration of the rod string at the end of the downward 
stroke occurs more intensively and rapidly [1]. The 
simulation results confirm that the longer the ge- 
nerator mode lasts, the higher the instantaneous 
rotor speed must be. The lack of speed limitation 
with active ARF can lead to acceleration to a speed 
that exceeds the nominal by 50–70%, if this is per-
missible for the motor. Increased speed dynamics 
at the end of the fourth and the first period of the 
pumping cycle lead to additional inertial forces in 
the pump jack elements and dynamic impacts on the 
pump jack structure, which increases wear and leads 
to the failure of the unit. Thus, ARF without the ad-
ditional use of braking resistors can be successfully 
applied if it does not lead to a critical increase in 
load; that is, for SRPUs with a short generator mode 
period, where significant speed increases are not re-
quired to eliminate it, or when the motor operates at 
a speed significantly lower than the nominal speed 
maintained by the VFD.

It should be noted that in the absence of the abi- 
lity to transfer excess energy to the grid, it is recom-
mended to use a braking resistor even with an active 
anti-regeneration function, if there is no complete 
confidence that the operating mode will not change 
over time and the generator mode period will not in-
crease. It should also be considered that an overvol- 
tage in the DC link can be caused not only by transi-
tioning to generator mode, so it is recommended to 
take measures to reduce the likelihood of other caus-
es, such as high output voltage, voltage spikes at the 
VFD output, incorrect grounding connection, motor 
malfunction, and others.

When the voltage decreases, torque oscillations 
increase, as shown in Fig. 7, b, where increased oscil-
lations and the appearance of speed dips can be ob-
served. The model under consideration did not use DC 
link undervoltage protection or VFD overload protec-

tion, which could be triggered under these conditions. 
Further voltage reduction leads to an even greater 
decrease in the stability of the unit and subsequent 
motor shutdown. Therefore, a UPS is recommended 
to maintain operation in the presence of significant 
voltage dips or short-term interruptions.

The UPS simulation results presented in Fig.s 8 
and 9 demonstrated its effectiveness during both 
prolonged voltage dips in the power supply network 
and short-term dips. The obtained results are close 
to ideal, and measurements taken on a real object 
or physical modeling of the UPS with such a load 
will allow adjustments to be made to this model if  
necessary.

It should be noted that the considered lead-ac-
id batteries (LABs) have several limitations and re-
quirements related to depth of discharge, voltage, 
and charge current at different battery charge levels, 
parameters for operation in buffer mode, temperature 
range, and the need for temperature compensation of 
the charging voltage. These requirements are speci-
fied in the LAB manual and should be considered by 
the charge and discharge management system – the 
DC / DC converter control system – to ensure the ma- 
ximum possible service life. An alternative option is 
supercapacitors, which generally have a longer ser-
vice life, can operate in a wider temperature range, 
and have fewer restrictions on permissible voltage, 
current, and charge levels. Detailed specifications are 
usually provided in the datasheets and catalogs for 
the respective equipment.

Future research directions may involve improving 
the accuracy of this model and examining the possi-
bility of using a dynamic voltage distortion compen-
sator (DVD compensator) with the SRPU VFD to com-
pensate for voltage deviations and dips.

Conclusion
A model was developed to analyze the stability 

of the variable frequency drive (VFD) of a sucker-rod 
pump unit (SRPU), which takes into account the cycli-
cal and uneven nature of the load, the balance of the 
pump jack, processes associated with the occurrence 
of generator mode, and the impact of voltage dips in 
the network. The method of eliminating overvoltage 
in the DC link by using the overvoltage suppression 
function was examined. It was determined that this 
function has several limitations, primarily related to 
the duration of the generator mode (degree of imbal-
ance) and the period of its occurrence in the pumping 
cycle. With significant imbalance, the ARF will be less 
effective, and the use of a braking resistor will be re-
quired. If the generator mode occurs at the end of the 
upward or downward movement of the rod string, the 
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