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Abstract. The necessity of improving the drives of the sucker-rod hydraulic pump units (SRHP), operated in conditions 

of marginal and complicated wells, is substantiated. For complicated oil production conditions, it is promising to use 

the SRHP drive, which makes it possible to select and set rational operating modes for downhole equipment. The results 

of comparative tests of conventional mechanical and hydraulic actuators SRHP with pneumatic and electrodynamic 

balancing types are presented. A generalized indicator for evaluating the effectiveness of the advanced SRHP drives 

functioning, the energy efficiency coefficient, is proposed. It has been experimentally proven that the use of the SRHP 

drive with pneumatic balancing is characterized by low energy efficiency of the well fluid production process. The use 

of the tested SRHP hydraulic drive made it possible to successfully eliminate asphalt, resin, and paraffin deposits and 

minimize the well downtime. The results of the tests of the traditional SRHP mechanical drive and the hydraulic drive 

with electrodynamic balancing showed a satisfactory energy efficiency of the latter. The advantage of the SRHP drive 

with electrodynamic balancing is the simplicity of the design of the hydraulic part. The process of energy regeneration 

during the drive control system operation causes an increase in the reactive power component in the oil field network 

and the appearance of harmonic interference that adversely affects the consumers operation. Technical solutions aimed 

at improving the operation energy efficiency and increasing the operating time of SRHP drives in the conditions of 

marginal and complicated wells are proposed. The methodological bases for assessing the economic efficiency of the 

introduction of the advanced SRHP drives are given. 
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Introduction. A significant number of production wells in the oil fields of Russia and neigh-

boring countries are at the final (third and fourth) operation stages. Such wells are characterized by 

low flow rates (Q = 1-15 m3/day) and the presence of factors that complicate the operation of sub-

mersible equipment [1-3]. A low-yield and complicated oil wells operation is carried out mainly 

with the use of sucker-rod hydraulic pump units (SRHP), equipped with a mechanical drive – balan-

cing pumping units (SK) [4]. In the delivery ranges of sucker rod pumps of Q = 30-45 m3/day, 

SRHP is characterized by a fairly high energy efficiency, the efficiency of a serviceable installation 

is η = 0.36-0.54.  
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The presence of complicating factors and low well flow rates cause a sharp decrease in the 

efficiency of the SRHP (η = 0.02-0.05 with a power factor of the SK drive motors not exceeding 

cosφ = 0.3) [5]. As a result, the performance indicators of the SRHP are significantly reduced, while 

the cost of oil production, on the contrary, is unreasonably increased [6]. The value of specific energy 

consumption for the well fluid lifting using conventional SRHP for low-rate and complicated wells 

is 5-10 times higher than similar values for medium- and high-rate wells [7, 8]. 

The use of SRHP non-balance drives, which make it possible to ensure long-stroke operating 

modes of downhole pumps and increase the installation energy efficiency during the marginal well 

operation, is limited by the flexible links (chains, V-belts, steel ropes, etc.) low reliability. This fact 

causes the frequent replacement of the short-lived elements of the flexible links, equipment down-

times and, as a consequence, oil companies significant material losses. 

In the works of domestic and foreign researchers, it is indicated that one of the ways to improve 

the SRHP operation efficiency and reliability during the marginal and complicated wells operation is 

the use of a hydraulic drive (HD) [9, 10]. SRHP drive is characterized by mobility, low material 

consumption, ease of adjustment and wide ranges of change in operational parameters. These ad-

vantages make it possible to select and set the SRHP HD operation modes, which are rational in terms 

of the unit energy consumption for lifting the formation fluid, as well as to increase the efficiency of 

implementing the technical and technological measures to eliminate the negative consequences of 

complicating factors [11, 12]. 

The tasks of evaluating the energy efficiency of the serially produced SRHP HD and developing 

technical solutions aimed at improving the reliability of their operation in difficult operating condi-

tions are both relevant and of scientific and practical interest.  

Methods. The development and trial operation of SRHP HD started in the USA in the 40s of the 

XX century. Specialists of Vickers, Pelton, Axelson companies created and tested original designs of 

SRHP HD, which had worse performance characteristics compared to balancing SK, which led to 

their low distribution. At the same time, compactness, mobility, and wide possibilities for automating 

the operation of these drives determined the prospects for research aimed at their further improve-

ment. Domestic specialists developed SRHP HD, the design schemes of which are similar to those 

used abroad, and proposed the original solutions, for example, the installation of an acceleration 

graphic point (AGP) designed by professor G.V.Molchanov [11]. The general classification of SRHP 

HD according to design features is given in Table 1. 
 

Table 1 

SRHP HD design features classification [11] 

Kinematic connection 
of the power body  

and the balancing  

device 

Balancing method 

Static Dynamic 
Unbalanced 

Pheumatic Loading Mutual Inertial Electro-dynamic 

Hydraulic Pneumatic  

accumulator 

drive 

Drive with individual 

load. installations 

with tubing 

as a balancing weight 

Mutual balancing 

of two or more  

installations 

Using a flywheel 

with an individual 

drive 

– Unbalanced drives 

Mechanical rigid – Balanced rigid 

connection 

– Using a flywheel 

mounted on the 

motor shaft 

Machine operation  

in generator mode 

Partially balanced 

drives 

Mechanical flexible – Balancing load on 

rope suspension 

– – – – 
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Modern mass-produced samples of SRHP HD are equipped with systems for monitoring oper-

ation parameters and self-diagnostics: by monitoring the pressure values in the discharge pipelines, 

dynamometering is carried out, i.e. assessment of the load, technical condition and efficiency of the 

downhole pumping equipment. The position control of the rod string suspension point position, the 

polished rod stroke and oscillation frequency is carried out by means of sensors (magnetic type 

markers). 

The factors that have the greatest impact on the SRHP HD operation efficiency and the amount 

of their operating time in the oil field conditions include: the adopted balancing method; the per-

formed balancing quality; energy transfer method from the balancing device to the power body; 

power structure [5].  

The choice of the SRHP HD balancing device is carried out taking into account its energy inten-

sity, operational stability (reduced durability), pre-charging technology at the initial start-up, as well 

as maintaining and regulating the installation operation mode (Table 2) [11]. 

 
Table 2 

SRHP HD balancing device main parameters 

Parameter 
Balancing device 

Pneumatic Weighing Inertial 

Specific energy intensity, kJ/kg 25-30 1-6 100-200 

Efficiency, % 97 98 95 

Energy storage time, h Not limited Not limited 0.05-0.1 

Number of charge-discharge cycles 107 Not limited Not limited 

Reduced durability (per 1 m of SRSP stroke), h 1.7·104 Not limited Not limited 

 
The task of balancing the SRHP HD in practice can be solved in several ways, which differ in 

the accepted balancing criteria [13]: balancing by maximum loads, by the average work value or the 

standard deviation from the average work value of. These criteria have been developed for balancing 

SK, which are characterized by machine load mode that is different from the load of the SRHP HD 

machine. For a balanced SK, the torque change law on the motor shaft is close to a sinusoid, while 

for a balanced hydraulic drive it is characterized by a graph close to a straight line [1].  

The SRHP drive is considered to be perfectly balanced if the instantaneous power at any moment 

of time is constant and equal to the average power developed by the motor in one drive cycle [14]. 

Since it is difficult to ensure the electric motor instantaneous power constancy during the SRHP HD 

operation cycle, the equilibrium condition is determined based on the minimum power dispersion for 

the full cycle of SRHP HD operation [11]. It follows that it is rational to determine balancing quality 

assessment and the SRHP HD functioning energy efficiency in the oil field conditions by continu-

ously measuring the electric motor power during the drive operation and subsequent analysis of the 

obtained measurement from the wattmeters [15, 16]. 

In the oil fields of Russia and the countries of the near abroad, the SRHP HD with pneumatic 

and electrodynamic balancing are most widely used. They consist of a pumping station and a power 

hydraulic cylinder that provides reciprocating movement of the sucker rod suspension point (SRSP), 

are equipped with remote control systems, remote monitoring and built-in self-diagnostics systems, 

which allows you to quickly change the operating parameters of the SRHP HD and downhole equip-

ment [11]. 

Together with the specialists of OOO “LUKOIL-Perm”, the studies to assess the load and energy 

efficiency of the operation of the SRHP HD with pneumatic and electrodynamic balancing were car-

ried out. The research program included the performance of comparative tests of SRHP drives – me-

chanical balancing drives SK-8 and serially produced SRHP HD: with pneumatic balancing NPK-10-

8-6 (Fig.1, a); with electrodynamic balancing SRHP HD 80-3.5 “Geyser” (Fig.1, b). 
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Evaluation of the change nature and the load magnitude of the SRHP HD, the surveyed pumping 

units energy performance determination were carried out using the AKD-SK software and recording 

complex manufactured by OOO “NPP “ROS” (Perm). The complex is designed to monitor the energy 

parameters of SRHP HD motors, is commercially available, certified as a measuring instrument 

(N 19988-10 in the State Register of Measuring Instruments). Power measurement ranges 4-30 kW, 

channel sampling frequency up to 1 kHz, the main reduced measurement error is not more than 5 %. 

The “AKD-SK” complex is installed permanently in the SRHP HD control station, continuously 

registers the wattmeters of the SRHP HD motors, which allows you to control the amount of energy 

consumption, determine the SRHP HD balance degree, analyze the nature of changes in the loads of 

the drives during the monitoring process [17]. 

The software-registration complex “AKD-SK” (Fig.2, a) has a modular design. The complex 

consists of a switching unit, a controller, a power sensor and a magnetic marker. The connection 

diagram of the software-registration complex in the control station SRHP is shown in Fig.2, b. 

Magnetic marker allows you to fix the lower (upper) position of the SRSP.  

The SRHP HD electric motors parameters are determined in accordance with the formulas: 

• effective value of current 

2 1 

3 

4 

5 

6 

1 4 5 7 

8 

6 

c d 

а b 

Fig.1. SRHP drives general view (a, b) and schematic hydraulic diagrams (c, d): a, c – NPK-10-8-6; 

b, d – SRHP HD 80-3.5 “Geyser” 

1 – power hydraulic cylinder; 2 – intermediate hydraulic cylinder; 3 – pneumatic accumulator; 4 – hydraulic distributor;  

5 – hydraulic pump; 6 – tank; 7 – electric motor; 8 – block of intelligent control system 
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1 n

m

m

I i
n 

  ,  

where n – number of measurement points for a fixed time interval ΔT; im – instantaneous value of the 

current at the m-th moment of time, A; 

• effective voltage value 

2

ef

1

1 n

m

m

U u
n 

  , 

um – instantaneous value of the phase-to-phase voltage at the m-th moment of time, V. 

Active Na (kW) and full power Sw (kVA) of the SRHP HD electric motor are calculated in ac-

cordance with the formulas: 

a

1

3 n

m m

m

N u i
n 

  ; 

ef ef3wS I U . 

The power factor is given by 

acosφ / wN S . 

Operational control data is stored in the 

instrument's non-volatile memory. At the 

request of the oil field engineering and 

technical specialists, they are transferred to the 

operator network. Using specialized software, 

the analysis and visualization of information 

obtained during monitoring is carried out. 

As an example, Fig.3 shows a wattmeter di-

agram obtained during the operation of the motor 

of the balancing SK-8 [18]. The marker (green 

 

Fig.2. Software-registration complex “AKD-SK”: a – general view; b – block diagram 

Connecting cable to the marker 
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Fig.3. Wattmeter diagram of the balancing motor SK-8: 

lower (1, 5), horizontal (2, 4) and upper (3) crank position 
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color) indicates the upper position of the SRSP, which corresponds to the lower position of the crank. 

Each movement cycle of the SK balancer head (one swing) is characterized by two power maxima, the 

difference between the values of which (for balanced SK) should not exceed 10 % [11].  

The well flow rates, where the studies were carried out, was determined according to the data of 

verified measuring instruments equipped with verified measuring instruments. The research was car-

ried out in two stages. First, the measurements were carried out on a well equipped with a SRHP with 

a SK-8 type mechanical drive. Then the SK was replaced by the HD and the same scope of tests was 

performed, which made it possible to correctly obtain a comparative assessment of the energy effi-

ciency of the operation of the SRHP drives [19].  

The average daily specific energy consumption for the well fluid production during the operation 

of the SRHP was calculated by the formula 

. day ph./w i i iH W Q  , 

where ΣWdayi – total energy costs for the operation of the SRHP for the i-th operation day, kWh; 

Qph.i – productivity of the SRHP for the i-th operation day, m3/day.  

The average value of the specific energy consumption for the well fluid production during the 

operation of the SRHP for the t period was calculated by the formula 

.

1

/
t

w w i

i

H H t


 . 

Comparative evaluation of the advanced SRHP hydraulic drives performance efficiency was car-

ried out by determining the value of the drive energy efficiency coefficient in accordance with the 

formula 

e.ef .b .test/ ,w wk H H  

where Hw.b – specific energy consumption average value for the production of well fluid during the 

operation of SRHP equipped with a balancing SK (base value of specific energy consumption), 

kWh/m3; Hw.test – the specific energy consumption average value for the production of well fluid 

during the operation of the tested SRHP HD, kWh/m3. 

A promising SRHP HD with pneumatic balancing was tested on Oblivskoye field well 109b. 

The program of comparative tests provided for the specific energy consumption determination for 

the reservoir fluid production during the operation of SRHP equipped with a SK-8 type mechanical 

drive and a NPK-10-8-6 hydraulic drive. Parameters of the tested SRHP are following: pump sus-

pension depth L = 1534.9 m; stroke length S0 = 2.5 m; double strokes number n = 5.5 min–1. The 

specific energy consumption for lifting the well fluid when SRHP was equipped with a hydraulic 

drive NPK-10-8-6 was Hw.test = 25.6 kWh/m3, which is almost twice as high as on the balancing 

mechanical SK-8 (Hw.b = 12.8 kWh/m3), with the use of which the investigated well was operated 

earlier (Table 3). The value of the energy efficiency coefficient was ke.ef = 0.45. 

Table 3 

SRHP HD test results 

Drive type 

Hydraulic drive NPK-10-8-6 SRHP HD 80-3.5 “Geyser” 

SK-8 NPK-10-8-6 NPK-10-8-6 SK-8 
SRHP HD 80-3.5 

“Geyser” 

Used motors 22 kW;  
970 rpm 

15 kW;  
1480 rpm 

15 kW;  
1480 rpm 

22 kW;  
970 rpm 

37 kW;  
1480 rpm 

Operating parameters S0 = 2.5 m;  
n = 5.5 min–1 

S0 = 2.5 m;  
n = 5.5 min–1 

S0 = 5.0 m; 
n = 1.8 min–1 

S0 = 2.5 m;  
n = 5.5 min–1 

S0 = 2.5 m;  
n = 5.5 min–1 

Measurement time, days 9 7 42 6 5 
Average daily energy consumption, kWh/day 123.8 294.0 228.6 117.0 128.9 
Average daily liquid flow rate, m3/day 9.7 11.5 9.7 10.4 10.1 
Specific energy consumption, kWh/m3 12.8 25.6 23.6 11.25 12.76 
Energy efficiency ratio – 0.45 0.54 – 0.88 
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The analysis of the wattmeter data 

obtained during the examination of a hydraulic 

drive with pneumatic balancing showed that in 

the given conditions, the maximum power 

value when lifting the SRSP is Nmotor = 12.1 kW, 

and when the rod is lowered Nmotor = 4.8 kW 

(Fig.4, a). 

As the SRSP moves upwards, the loading 

of the drive motor increases, since the energy 

stored by the pneumatic accumulator is con-

sumed (see Fig.1, c, pos.3). The insufficient 

volume of the latter causes the presence of pro-

nounced peaks in the signal of the electric mo-

tor active power of the tested SRHP HD. The 

presence of asphalt-resin-paraffin deposits in 

the well has a significant effect on the load for-

mation process: the pump rod string and the 

pump plunger move unevenly, periodically 

“hanging”, which causes the appearance of lo-

cal peaks and power dips on the wattmeter dia-

gram of the tested SRHP HD electric motor 

(Fig.4, a). 

To reduce the specific energy consump-

tion for oil production, a rod pump was re-

placed in the well. The stroke length of the 

SRHP rod was increased to S0 = 5.0 m, the number of double strokes was reduced to n = 1.8 min–1. 

A slight decrease in the specific energy consumption for the production of well fluid was noted  

(up to Hw.test = 23.6 kWh/m3). The energy efficiency coefficient increased to ke.ef = 0.54. High specific 

energy consumption and uneven loads during the operation of the SRHP HD NPK-10-8-6 are due to 

the imperfection of the chosen balancing method: the energy stored by the pneumatic accumulator 

during the reverse stroke of the SRSP is objectively not enough to significantly reduce the drive power 

during the working stroke.  

Wide ranges of the HD operation mode parameters regulation allow them to be successfully used 

in complicated operating conditions of the SRHP. For example, in the trial operation course of a 

promising hydraulic drive NPK-10-8-6, a shutdown of the drive was recorded due to the sucker rod 

string hanging due to the formation of asphalt, resin, and paraffin deposits (ARPD) in the pumping 

and compressor pipeline [20-22]. Starting the drive in the well resuscitation mode (swing frequency 

and stroke length automatically change depending on the load in the SRSP) with a set number of 

oscillations n = 1 min–1 and a rod stroke S0 = 0.5 m, together with the hot oil supply to the annulus, 

made it possible rinse the ARPD. After 2 h of drive operation in the specified mode, the stroke of the 

rod increased to the set value S0 = 2.5 m, after 3 h the load in the SRSP returned to normal, the operation 

of the SRHP was returned to the nominal mode without current workover of the well [15]. 

Comparative tests of SRHP equipped with a mechanical drive with SK-8 balancing pumping 

unit and a hydraulic drive with electrodynamic balancing SRHP HD 80-3.5 “Geyser” were carried 

out at Sosnovskoye oil field well 404. A distinctive feature of the scheme of this hydraulic drive is 

the presence of an intelligent electronic control system (IECS) unit for the oil station drive motor (see 

Fig.1, d, pos. 7, 8), which includes a frequency converter and an inverter [23]. 

During the tests, the well was operated with the following SRHP parameters: pump suspension 

depth L = 1560.1 m; stroke length S0 = 2.5 m; the number of double strokes n = 5 min–1 (Table 3). 

The specific energy consumption for lifting the well fluid during the operation of the SRHP equipped 
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Fig.4. Drive motor power change: 

a – hydraulic drive pumping station NPK-10-8-6 with  

pneumatic balancing; b – pumping station station SRHP HD 

80-3.5 “Geyser” with electrodynamic balancing [24];  

SRSP top position is shown in green 

– 
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with the hydraulic drive SRHP HD 80-3.5 “Geyser” was Hw.test = 12.76 kWh/m3, which is slightly 

higher than the values of specific energy consumption obtained from measurements on mechanical 

SK-8 drive (Hw.b = 11.25 kWh/m3), with which this well was previously operated. On the wattmeter 

diagram of the motor of the pumping station SRHP HD 80-3.5 “Geyser” (Fig.4, b), it is possible to 

distinguish sections of the working and reverse stroke of the power hydraulic cylinder rod [24]. 

During the working stroke, the HP pumping station motor with electrodynamic balancing works 

with a rated load, the power factor is cosφ = 0.85. When the power hydraulic cylinder rod is lowered, 

the motor SRHP HD 80-3.5 “Geyser” recuperates 25-29 % of energy into the oil field network, which 

corresponds to the results of similar studies [7].  

The energy recuperated into the oil field network of the IECS of the SRHP HD 80-3.5 “Geyser” 

pumping station is characterized by the presence of higher harmonics in the current and voltage sig-

nals, which is due to the frequency converter operation. Voltage waveform distortion negatively af-

fects the work of electricity consumers: the efficiency of the generation processes, transmission, and 

use of energy in the oil field network is reduced; electrical equipment insulation aging occurs; the 

losses in the windings of electrical machines increase [15, 25, 26]. 

Results discussion. Both tested SRHP HD showed lower energy efficiency compared to tradi-

tional mechanical drives SK-8. A common disadvantage of SRHP HD with pneumatic balancing is 

the use of two working agents – gas and liquid, which necessitates the use of two separate leakage 

compensation systems. In most SRHP HD models with pneumatic balancing, the frequency of double 

strokes of the power hydraulic cylinder rod is regulated by increasing the pause between strokes due 

to the lower reliability of variable pumps compared to the pumps with a constant supply. This signif-

icantly reduces the energy efficiency of the considered hydraulic drives. Nevertheless, a number of 

manufacturers continue to produce and sell SRHP drives with pneumatic balancing on the market, 

since satisfactory adjusting characteristics and lower metal consumption compared to mechanical SK 

allow the described SRHP HD to be successfully used in complicated operating conditions of down-

hole equipment. 

The advantage of SRHP HD with dynamic and electrodynamic balancing is the hydraulic part 

design simplicity. The open type of hydraulic transmission does not provide for the use of additional 

equipment to compensate for leaks. The regulation of operating parameters is carried out by using a 

frequency drive, which allows using volumetric constant flow motor-pumps in the design. 

Significant shortcomings of the considered drives should be noted. The process of energy recovery 

during the operation of the IECS causes an increase of the reactive power in the oil field network 

and the harmonic interference (parasitic EMF) appearance, which negatively affects the work of 

consumers [7, 27, 28]. Power balance correction in the field network is provided by installing ex-

pensive compensating devices, which increases the operating costs for the maintenance of well 

equipment [29].  

Elimination of this disadvantage is possible when using electricity consumers switching circuit 

as part of the SRHP HD with electrodynamic balancing, which ensures the accumulation and use of 

recuperated electricity for the operation of auxiliary consumers and peripheral devices SRHP (Fig.5).  

The essence of the technical solution developed by the authors is as follows. The reverse relays 

of the power hydraulic cylinder and the electric power accumulator are installed in the consumer 

circuit of the SRHP HD under consideration. When lifting the power hydraulic cylinder rod and 

SRSP, the voltage from the power grid is supplied to the frequency converter (FC) and then to the 

electric motor M1 of the hydraulic drive pumping station. By means of the frequency converter, the 

speed of the M1 motor rotor and the supply of the hydraulic drive pump are controlled, which makes 

it possible to change the stroke rate of the SRSP (n). The relay K of the hydraulic cylinder (HC) 

reverse run is de-energized, and its closed contact K.2 supplies a control signal to close the automatic 

battery power switch directly from the network. 



 

 

Journal of Mining Institute. 2023. Vol. 261. P. 349-362   

© Dmitriy I. Shishlyannikov, Valeriy Yu. Zverev, Anna G. Zvonareva, Sergey A. Frolov,  

 Anna A. Ivanchenko, 2023 

ЕDN XLRCWN 

DOI: 10.31897/PMI.2023.1 

357 

This is an open access article under the CC BY 4.0 license  

 

When lowering the SRSP, the working fluid from the power hydraulic cylinder rod end is sup-

plied to the pump, which operates as a hydraulic motor, spinning the M1 motor rotor. Motor M1 

operates in generator mode. The generated electricity through the heat exchanger and the closed-

circuit breaker, controlled by contact K.1 of the hydraulic cylinder reverse stroke relay K, is fed to 

the battery and then, as necessary, is consumed during the operation of the auxiliary consumers of 

the hydraulic drive. The motor M2 of the exhaust fan in the drive block box or the motor M3 of the 

working fluid cooler fan (radiator), and lighting devices can act as such. Various connection 

schemes and the use of electrical equipment allow you to supply receivers of different types and 

voltages. 

Electricity from the battery can be spent on the operation of SRHP peripherals: rod rotators, local 

heating devices, dosing units for reagents, etc. The described technical solution ensures the efficient 

use of the generated and stored energy during the operation of the SRHP HD with electrodynamic 

balancing.  

From the point of view of the analysis of the kinematic parameters of the movement of the SRSP 

and the loads on the electric motor, the examined hydraulic drive “Geyser” should be considered as 

unbalanced. These drives require high power motors. Significant dynamic loads cause an accelerated 

consumption of the drives resource with electrodynamic balancing, which determines the increase in 

operating costs for their maintenance in working condition. 

A common disadvantage of SRHP HD with the dynamic balancing is a change in the direction 

of counter torque from an external load on the motor-pumps shafts and drive electric motors. Since 

these parts, as a rule, have small cross-sectional dimensions and are mated with the rest of the drive 

units by means of spline connections, they are characterized by frequent failures associated with metal 

fatigue and the destruction of splines. Over 41 % of the failures of the SRHP HD hydraulic part with 

dynamic balancing occur due to the failure of the axial piston pumps of the hydraulic power trans-

mission. This negative phenomenon is typical for drives with electrodynamic balancing and for 

SRHP HD with the inertial type of balancing.  

An analysis of the theoretical and experimental studies results shows that the use of electrody-

namic and pneumatic methods of balancing the SRHP HD negatively affects the energy efficiency 

and reliability of the operation of the pumping unit as a whole. The load balancing devices are char-

acterized by maximum efficiency and durability (see Table 2).  

Fig.5. Switching scheme of electric power consumers as a part of SRHP hydraulic drives with electrodynamic balancing 
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In SRHP HD with load balancing, a load is used as an energy accumulator of the balancing 

device. The advantage of such drives is the design simplicity and reliability. At the same time, these 

HDs are characterized by increased metal consumption, comparable to SRHP hydraulic drives with 

pneumatic balancing, and worse mounting ability. 

The authors proposed and patented the scheme of the SRHP HD with a load balancing (Fig.6). 

The drive consists of a power hydraulic cylinder 1 and a balancing load-hydraulic accumulator 2  

(it is a vertically mounted hydraulic cylinder with weights fixed on the rod), the rod cavities of which 

are connected by a pipeline 3 as communicating vessels. The pipeline 3 through the check valve 4 is 

connected to the high-pressure cavity 5 of the intermediate double-sided cylinder 6. The pump 7 

supplies the working fluid from the oil tank 8 to the piston cavities of the power hydraulic cylinder 1 

and the hydraulic load accumulator 2 through the hydraulic distributor 9. The working fluid is cleaned 

by the filter 10. Pump protection 7 overload protection is implemented by a safety valve 11.  

The working fluid pumping into the cavity of low pressure 12 and high pressure 5 of the inter-

mediate double-sided cylinder 6 is carried out by the pump 7 through the hydraulic distributor 13. 

The working fluid is drained from the rod cavities of the power hydraulic cylinder 1 and the load-

hydraulic accumulator 2 through a two-position hydraulic distributor 14 through an adjustable 

throttle 15. Working pressure in the hydraulic system is controlled by manometers (pressure sen-

sors) 16-18. The number of swings and stroke of the power hydraulic cylinder 1 are determined by 

the readings of sensors 19, the signals from which are transmitted to the intelligent control unit (ICU) 

20. In the drain line of SRHP HD, the fluid flow is switched by the distributor 21 to the controlled 

throttle 22 for damping loads on the final sections of the SRSP movement. 

After filling the hydraulic system with a working fluid and installing the described SRHP HD 

above the wellhead, its work is carried out as follows. The power hydraulic cylinder rod 1 is connected 

to the pump rod string and the downhole pump plunger. The lifting of the power cylinder rod 1 is 

carried out by pumping the working fluid by the pump 7 from the tank 8 into the piston cavity of the 

hydraulic load accumulator 2 when the hydraulic distributor 9 is switched to position II. At the same 

time, in the SRSP, a load Gp occurs on the rod of the power hydraulic cylinder 1, balanced by the 

weight of the loads Gа, fixed on the rod of the hydraulic load accumulator 2. The weight of the bal-

ancer with the same design parameters of the power hydraulic cylinder and the balancing hydraulic 

cylinder of the hydraulic load accumulator is calculated by the formula 
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Fig.6. Hydraulic scheme of advanced SRHP drive with load balancing 
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Ga = Grod + 0.5Gliq, 

where Grod – sucker rod string weight in liquid, kN; Gliq – liquid column weight, kN [11]. 

The working fluid from the piston cavity of the power hydraulic cylinder 1 through the distribu-

tor 9 is fed into the drain line by means of a two-position distributor 21, which, at the SRHP movement 

final stage, switches the fluid flow to the throttle 22, braking the power hydraulic cylinder 1 piston. 

The signal from the ICU 20 to the magnetic coil of the hydraulic distributor 9 ensures that the 

latter is switched to position I. The working fluid from the tank 8 is supplied by an adjustable pump 7 

to the piston cavity of the power hydraulic cylinder 1, the reverse stroke of the SRHP and the plunger 

of the borehole pump is carried out. In this case, the working fluid from the rod cavity of the power 

hydraulic cylinder 1 is displaced into the rod cavity of the balancing hydraulic cylinder of the load-

hydraulic accumulator 2. The loads weighting Ga, fixed on the rod of the load-hydraulic accumula-

tor 2, rise, and energy is accumulated to balance the SRHP HD. From the hydraulic load accumulator 

cylinder 2 piston cavity, the liquid is drained through the hydraulic distributors 9 and 21 into the oil 

tank 8. 

If it is necessary to reduce the power hydraulic cylinder 1 stroke, a working fluid partial discharge 

from the pipeline 3 is realized through the adjustable throttle 15 and the two-position hydraulic 

valve 14 into the oil tank 8. The working fluid injection into the rod cavities of the power cylinder 1 

and balancing hydraulic cylinder 2 to increase the stroke length of the SRSP is carried out through 

the pipeline 3 by the intermediate double-sided hydraulic cylinder 6. The process is implemented as 

follows. ICU 20 sends a signal to the control coil of the hydraulic distributor 13 and switches it to 

position I. The working fluid is pumped by the pump 7 into the high-pressure cavity 5 of the interme-

diate double-sided hydraulic cylinder 6, while the liquid is forced out of the low-pressure cavity 12 into 

the oil tank 8.  

After cavity 5 is filled, the hydraulic valve 13 switches to position II at the ICU 20 signal, the 

low-pressure cavity 12 of the intermediate double-sided hydraulic cylinder 6 is filled with working 

fluid from the oil tank 8, from the high-pressure cavity 5, the working fluid is displaced through the 

check valve 4 into the pipeline 3. Operation of the intermediate hydraulic cylinder 6 and the hydraulic 

distributor 13 is carried out until the rod cavities of the power 1 and balancing 2 hydraulic cylinders 

are filled with a given volume of working fluid, which ensures the required amount of movement of 

the SRSP, its actual value is determined by the readings of sensors 19. Change in the amount of 

return-but-translational movements of the rod of the power hydraulic cylinder 1 per unit time is car-

ried out by regulating the supply of the positive displacement pump 7. 

The application of the described scheme and operation algorithm ensures the balancing of the 

SRHP HD and its energy efficient operation in the oil field [30]. The proposed HD scheme simplicity 

and the dynamic loads minimization on the drive elements will increase the time between failures of 

the entire SRHP, which will positively affect the profitability of the oil production process [31-33]. 

A distinctive feature of the SRHP HD circuit is the absence of a make-up pump: leakage compensation 

and the supply of working fluid to the rod cavities of the power hydraulic cylinder and the balancing 

load hydraulic accumulator are carried out by means of an intermediate double-sided hydraulic cylinder, 

which simplifies the drive design. 

The assessment of the economic efficiency of the load-balancing HD implementation can be 

carried out by comparing the net present value NPV in the operation of oil wells with SRHP, equipped 

with traditional SK mechanical drives and the proposed HD [34, 35]. Factors influencing the assess-

ment of economic efficiency are presented in Table 4. 

The peculiarity of the projects comparison is that the drives service life is different: the average 

service life of the SRHP HD is 1.5-2 times less than that of the SK mechanical drive. To compare 

projects at different times, you can apply the method of chain repetition: determine the smallest mul-

tiple of the terms of projects and compare the sums of their net present value [36]. 
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Table 4  

Assessment of economic efficiency when replacing the SRHP mechanical drive with a hydraulic one 

Factors leading to an increase in net present value Factors leading to a decrease in net present value 

Reduction of unit costs for electricity Increase in the number of repairs and maintenance of the drive 

Reduced drive installation costs (there is no need for massive 
foundations, as for mechanical SKs) 

Increase in the cost of purchasing spare parts during repair and  
restoration work (hydraulic and electrical parts of drives) 

Reducing the number of ongoing well repairs Reducing the service life by 1.5-2 times compared to mechanical SK  

 

It is assumed that the sales proceeds will be the same for the compared projects, since the per-

formance of the SRHP does not differ. The change in net present value ΔNPVΣ is to reduce operating 

costs, change the income tax, the difference in capital investments, and the amount of depreciation. 

Thus, the change in the net present value when replacing the traditional SRHP mechanical drive with 

a promising hydraulic drive is generally determined by the expression 

0
,

(1 )

P
t t t t

tt

O T C A
NPV

r
 

   
 


  

where P – project implementation period, years; ΔOt – change in operating costs for period t, rub.; 

ΔTt – change of the income tax for the period t, rub.; ΔCt – difference in capital investments for 

period t, rub.; ΔAt – difference in depreciation for the period t, rub.; r – discount rate adopted for 

project evaluation, unit share. 

The reduction in operating costs will be achieved by reducing the unit cost of electricity and the 

cost of ongoing well workovers [37]. It should be taken into account that the use of HD with load 

balancing entails an increase in the number of repairs, maintenance of the drive and the purchase of 

spare parts during repair and restoration work (hydraulic and electrical parts of drives) [38]. The 

formula for calculating the reduction in operating costs from the implementation of the SRHP HD 

scheme with load balancing can be represented as 

ΔOt = ΔOel.en + ΔOwo – ΔOmt + ΔA, 

where ∆Oel.en – operating costs reduction for electricity for the production of well fluid, rub.; ∆Owo – 

reduction of operating costs for current workovers, rub.; ∆Omt – additional operating costs associated 

with an increase in the number of repairs and maintenance of drives, rub.; ∆A – difference in deprecia-

tion, rub. 

To calculate the savings in energy costs for the production of well fluids, data are needed on the 

average daily electricity consumption during the operation of the SRHP HD with load balancing and 

the average daily flow rate of the well fluid. In further studies, it is planned to create an industrial 

design of SRHP HD and conduct the test of the proposed drive, during which the necessary data will 

be obtained. 

Conclusion. SRHP HD design and operation features show the prospects for their further im-

provement and widespread implementation in the oil fields of Russia and the CIS countries in the 

complicated and marginal oil wells operation. The described approaches, methodology and equip-

ment for conducting experimental studies make it possible to perform a comparative assessment of 

the effectiveness of the functioning of mechanical and hydraulic drives of SRHPs in terms of the 

energy efficiency coefficient. 

Introduction of SRHP HD with the electrodynamic balancing of power accumulators into the 

switching circuits allows accumulating and using recuperated electric power for operation of the auxil-

iary consumers and peripheral devices of SRHP. Minimization of reactive power and parasitic EMF in 

oilfield networks is provided. A promising scheme of the SRHP HD with load balancing is proposed, 

which provides the possibility of effective balancing of the drive and reducing the dynamic loading of 

its power elements. 
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