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Introduction. The relevance of the presented paper is due to the widespread use of plunger pumps in industrial practice, 
in particular, in gas and oil production. The quality of working operations and the efficiency of further well operation 
depend largely on their reliability. The improvement of plunger pumps involves increasing their reliability, increasing 
their service life, efficiency, downsizing, reduction in weight, labor intensity of installation and repair work. The 
modernization of the mechanism includes its power study since the found forces are used for subsequent strength 
calculations. Before the appearance of programs for the numerical analysis of solid objects, the analytical solution to the 
problem of strength calculation of the high-pressure pump drive frame was a very time-consuming and expensive 
procedure. The situation has changed with the development of computer technologies and the inclusion of the finite 
element method in the computer-aided design systems. The objective of this work is to perform a strength calculation 
on the TWS 600 plunger pump body made of 09G2S steel. 
Materials and Methods. A method for determining the reactions of the crank shaft supports of a high-pressure plunger 
pump and strength calculation of the drive part housing is developed. The direction and magnitude of the resulting 
forces and reactions of the supports are determined graphically according to the superposition principle of the force 
action on the supports. Strength calculations were performed using the finite element method in the computer-aided 
design system Solid Works Simulation. In this case, solid and finite-element models of the body with imposed boundary 
conditions were used, which were identified during the analysis of the design and the calculation of the forces arising 
under the pump operation. 
Results. The reactions in the crankshaft supports are described with account for the forces generated by the plunger 
depending on its operating mode and the crank position. The forces acting on each of the plungers and the resulting 
reactions in each of the supports are determined. The diagrams of stresses and the safety factor are presented, which 
provide assessing the strength of the body and developing recommendations for creating a more rational design. 
Discussion and Conclusions. As a result of the calculations, we have identified areas of the structure with minimum 
safety factors, and areas that are several times higher than the recommended values. This provides optimizing the design 
under study through strengthening the first and reducing the thickness of the metal on the second. From the point of 
view of weight and size characteristics and maintainability, the results of the strength calculation performed can be used 
to optimize the design of the pump body under typical operating conditions. 
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Introduction. Oil production is not complete without the use of plunger pumps. They are required for such 

working operations as well cementing and acidizing, sand blast perforation, hydrofracturing, etc. [1]. Downsizing and 

reduction in weight of the pumps make them extremely attractive for use in mobile oilfield installations. The reliability 

of the pumps largely determines the quality of processing and the efficiency of further operation of oil and gas wells [2]. 

Despite the overall rather high level of plunger pump designs, they continue to be improved. The improvement 

of plunger pumps involves increasing their reliability, increasing their service life, efficiency, downsizing, reduction in 

weight, labor intensity of installation and repair work. For this purpose, the designs of the components and parts of the 

drive and hydraulic systems are changed [3-5]. The modernization of the mechanism includes its power study since the 

found forces are used for subsequent strength calculations. Recently, in connection with the development of computer 

technologies, numerical methods of strength analysis with the use of applied programs are increasingly used [6, 7]. 

Before the appearance of programs for the numerical analysis of solid objects, the analytical solution to the 

problem of strength calculation of the high-pressure pump drive frame was a very time-consuming and expensive 

procedure [8-10]. The development of the finite element method (FEM) in the deformable solid mechanics and its 

inclusion in computer-aided design systems (CAD, e.g., Solid Works Simulation) opens up new opportunities in solving 

problems of this kind. Strength calculations performed in CAD provide optimizing the design of the body parts. For the 

design under consideration, the body is one of the critical parts that takes up the load and provides the correct mutual 

arrangement of the drive part elements. 

To obtain reliable results in the strength analysis of the pump body using numerical methods in CAD, it is 

required to determine all external loads acting on the body. 

The widely used TWS 600 triplex plunger pump was selected as the object of modernization. In Russia, 

structural low-alloy 09G2S steel is used for manufacturing body parts of high-pressure plunger pumps [11]. Replacing 

the material of the body parts of TWS 600 plunger pump with 09G2S steel will reduce the cost. In this regard, this work 

objective is to analyze the possibility of replacing the material of the body of TWS 600 plunger pump with 09G2S steel 

to optimize the price and provide the possibility of repair work. 

 Materials and Methods. The replacement of the material should be validated by the strength calculation. The 

calculation of the body was carried out by the FEM in the CAD Solid Works Simulation. 

The external forces acting on the pump body are reactions in the crankshaft supports. They arise from the 

action of the inertia forces of the reciprocating moving parts of the crosshead connecting rod group and the forces of 

fluid pressure on the plunger. To determine the reactions in the crankshaft supports, it is required to perform a dynamic 

calculation of the slide-crank mechanism of the plunger pump1.  

As mentioned in [12, 13], tasks of the dynamic analysis include studying the influence of external and internal 

forces on the links and kinematic pairs of the mechanism, as well as identifying ways to reduce dynamic loads. 

The crankshaft in question consists of two main journals on the major shaft axis and three crank journals 

eccentrically arranged at 120° offset. The bearing supports are located on the main journals and on the crank webs 

between the crank journals (Fig. 1).  

                                                           
1 Timofeev GA. Theory of machines and mechanisms: a course of lectures. Moscow, 2010. 351 p. (In Russ.) 
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1 Timofeev GA. Theory of machines and mechanisms: a course of lectures. Moscow, 2010. 351 p. (In Russ.) 
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Fig. 1. Crankshaft of TWS 600 plunger pump: 1 — main journals; 2 — crank journals; 3 — webs 

During the operation of the pump, three plungers reciprocate successively to provide discharge or suction (Fig. 2). 

 
а) 

 
b) 

 
c) 

Fig. 2. Design diagram of the mechanism of the drive part of the plunger pump: a) position of the 1st plunger; b) position of the 2nd 
plunger; c) position of the 3rd plunger  

Discharge 

Discharge 

Suction 
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Consider the position of the mechanism in which the first plunger is located at the extreme discharge point (ex. 

p.) and is under maximum load. The angle of rotation of the crank journal for this plunger is zero (Fig. 2 a). Then, the 
second plunger performs suction (Fig. 2 b), its journal is displaced by 120°. The third plunger operates for the discharge 
(Fig. 2 c), the journal is displaced by 240°. Thus, in one situation, the crankshaft is loaded with forces of different 
magnitude, and the reactions of the supports will be different. This occurs when the crank is in the position when the 
first plunger is at the extreme point of discharge, the second performs suction, and the third operates for discharge. We 
will perform the calculation for the specified position of the crank (mechanism) [8-10], and then, for other positions: 
when the second and third plungers will reach the extreme discharge point. 

Link masses were calculated in the Autodesk Inventor Professional 2018 program based on the previously 
created 3D model of the drive of the TWS 600 plunger pump. A design diagram of the mechanism of the drive part of 
the plunger pump was constructed with an indication of the forces acting on its links (Fig. 2).  

Let us denote the external forces for finding the crank shaft reactions: 𝑃𝑃 ж — fluid pressure force, 𝑃𝑃𝑢𝑢 — inertia 
force. 

The fluid pressure force acting on the plunger is found from the expression: 
𝑃𝑃 ж =  𝑝𝑝ж · π ·  𝑟𝑟2, 

where 𝑝𝑝ж — pressure of the pumped liquid applied to the plunger; r — radius of the section of the plunger1. 
The inertia force of the reciprocating moving parts is: 

𝑃𝑃𝑢𝑢 =  −𝑚𝑚 · 𝑖𝑖 =  −𝑚𝑚 · 𝑟𝑟 · ω2 · (𝑐𝑐𝑐𝑐𝑐𝑐φ + (2 · 𝑐𝑐𝑐𝑐𝑐𝑐2φ − 1), 
𝑚𝑚 = 𝑚𝑚𝑘𝑘 + 0,275 · 𝑚𝑚ш, 

where 𝑚𝑚𝑘𝑘 — crosshead mass, 𝑚𝑚ш — mass of the upper connecting rod head, r — crank radius, ω — crankshaft speed at 
230 rpm, φ — crankshaft angle. 
          The force acting on the plunger is determined from the formula: 

𝑃𝑃𝛴𝛴 =  𝑃𝑃ж𝑖𝑖 + 𝑃𝑃𝑢𝑢𝑢𝑢 , 
where 𝑃𝑃 ж𝑖𝑖 — pressure force of the pumped liquid in each position of the plunger, 𝑃𝑃𝑢𝑢𝑢𝑢  — inertia force of the 
reciprocating moving parts in each position of the plunger.  

Total force 𝑃𝑃Σ, applied to the crosshead pin axis and directed along the axis of the cylinder, can be decomposed 
into: 
— force N acting perpendicular to the axis of the cylinder;  
— force S acting on the axis of the connecting rod. 

N presses the crosshead against the cylinder wall, which causes wear on their surfaces. This force changes in 
value and direction, alternately pressing the crosshead to one or the other side of the guides. 

The force S, transferred to the of the crankpin axis, can be decomposed into: 
— tangential force T, acting perpendicular to the crank of the crankshaft; 
— radial force K, directed along the crank axis. 

The force K is determined from the formula: 

𝐾𝐾𝑖𝑖 = 𝑃𝑃Σ𝑖𝑖 · cos (φ𝑖𝑖 + β𝑖𝑖)
𝑐𝑐𝑐𝑐𝑐𝑐β , 

where φ𝑖𝑖 — crank angle (Fig. 2); β𝑖𝑖 — angle of deviation of the connecting rod from the axis (Fig. 2); 𝑃𝑃Σ𝑖𝑖 — total force 
acting on the plunger. 

The results of calculating radial forces for all crank journals in each considered position of the mechanism are 
summarized in Table 1. 

 
 
 
 

                                                           
1Catalog of high-pressure plunger pumps manufactured by Weir SPM, Nord-SPM LLC. URL: http://виерспм.рф/catalogues/JI2IK_КАТАЛОГ 
НАСОСОВ.pdf (accessed: 14.02.2021). (In Russ.) 
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force. 

The fluid pressure force acting on the plunger is found from the expression: 
𝑃𝑃 ж =  𝑝𝑝ж · π ·  𝑟𝑟2, 

where 𝑝𝑝ж — pressure of the pumped liquid applied to the plunger; r — radius of the section of the plunger1. 
The inertia force of the reciprocating moving parts is: 
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into: 
— force N acting perpendicular to the axis of the cylinder;  
— force S acting on the axis of the connecting rod. 

N presses the crosshead against the cylinder wall, which causes wear on their surfaces. This force changes in 
value and direction, alternately pressing the crosshead to one or the other side of the guides. 
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where φ𝑖𝑖 — crank angle (Fig. 2); β𝑖𝑖 — angle of deviation of the connecting rod from the axis (Fig. 2); 𝑃𝑃Σ𝑖𝑖 — total force 
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1Catalog of high-pressure plunger pumps manufactured by Weir SPM, Nord-SPM LLC. URL: http://виерспм.рф/catalogues/JI2IK_КАТАЛОГ 
НАСОСОВ.pdf (accessed: 14.02.2021). (In Russ.) 
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Table 1 

The results of calculating radial forces for all crank journals  
in each considered position of the mechanism 

Mechanism position 
I II III 

Plunger position 
1 2 3 1 2 3 1 2 3 

ex.p. suction discharge discharge ex.p. suction suction discharge ex.p. 
φ, degree 

0 120 240 240 0 120 120 240 0 
K, Н 

450000 –2503 –306687 –306687 450000 –2503 –2503 –306687 450000 
 
The reactions of the supports are directed opposite to the radial forces (Fig. 3), and their values are determined 

from the formulas: 
𝑅𝑅1, 𝑅𝑅2 = 𝐾𝐾1

2 , 
𝑅𝑅2

′ , 𝑅𝑅3 = 𝐾𝐾2
2 , 

𝑅𝑅3
′ , 𝑅𝑅4 = 𝐾𝐾3

2 , 
where 𝐾𝐾1,  𝐾𝐾2,  𝐾𝐾3 — radial forces directed along the crank axis. 

 

Fig. 3. Scheme of reactions of supports 

The direction and magnitude of the resulting forces 𝐹𝐹2 and 𝐹𝐹3 of the reactions of the supports О2, О3 re 
determined graphically (see Fig. 3) according to the principle of superposition of the force action on the supports. 

The resulting forces 𝐹𝐹2 and 𝐹𝐹3 coincide in magnitude and direction with the forces 𝑅𝑅2 and 𝑅𝑅3
′ , respectively.  

Numerical values and directions of reference reactions are found for the position of the mechanism at which 
the first plunger was at the discharge extreme point (see Fig. 2 a), the second performed suction (see Fig. 2 b), and the 
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third — discharge (Fig. 2 b). For other positions of the mechanism, the reactions of the supports are determined 
similarly and will be numerically equal, alternately changing places. 

Table 2 shows the results of calculating the reactions of the crankshaft supports for the positions of the 
mechanism in which each of the plungers is alternately located at the extreme discharge point. 

Table 2 
Numerical values of the reactions of the supports for all positions of the mechanism 

Mechanism 
position 

Plunger position 
Reaction forces of the supports 

𝑅𝑅1, Н 𝐹𝐹2, Н 𝐹𝐹3, Н 𝑅𝑅4, Н 

I 
1 2 3 

225000 225000 153343 153343 
ex.p. suction discharge 

II 
1 2 3 

153343 329602 225000 1251 
discharge ex.p. suction 

III 
1 2 3 

1251 153343 329602 225000 
suction discharge ex.p. 

 
The body of the high-pressure plunger pump was modeled in Autodesk Inventor Professional 2018 CAD 

system. The model includes bearing cages since the presence of a cage significantly affected the nature of the load 
application. 

The strength analysis is performed by the FEM in the computer-aided design system Solid Works Simulation. 
Fig. 4 a shows a solid model of the calculated structure, and Fig. 4 b shows a finite-element model. 

 
а) 

 
b) 

Fig. 4. Body models of the TWS 600 three-plunger high-pressure pump: a) solid-state, b) finite-element 

Bearing cages 

Pump body 
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Bearing cages 

Pump body 
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The finite element model contains 100,747 elements (175,172 nodes). The body material is 09G2S steel. The 

model describes the loads and records the movements in all directions of the surfaces of the bolt holes. Fig. 5 shows the 
boundary conditions for the contacting surfaces. By the type of contacts, the surfaces are connected to common nodes. 

 

 

 
Fig. 5. Boundary conditions: 1 — operating load (radial force distributed over cylindrical surfaces); 2 — remote loading 

(mass of the gearbox and hydraulic unit); 3 — restriction — “fixed”, zero movements in all axes — Х, Y, Z; 4 — operating load 
(pressure force of the liquid under discharge and suction); 5 — gravity; 6 — type of contact — connected (no gap) surfaces with 

shared nodes 

 
Research Results. Diagrams of equivalent von Mises stresses are shown in Fig. 6. 
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а) 

 
b) 

Fig. 6. Diagrams obtained as a result of the strength analysis of the TWS 600 plunger pump body: a) diagram of equivalent stresses, 
b) diagram of the yield factor  

Yield factor is determined from the formula: 

𝐾𝐾п =
σв
σэкв

, 

where σв — ultimate strength of 09G2S steel, σв = 470 Mpa1; σэкв — maximum equivalent stress, 

σэкв = 396.392 MPa.  

𝐾𝐾п =
470

396,392 = 1,18. 

As can be seen, the equivalent stresses2 have the greatest intensity in the lower region of the pump body 

design. 

The minimum yield factor of the material is 0.82 (see Fig. 6 b). 
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The strength calculation of the plunger pump body was carried out for the third position of the mechanism 

(Fig. 2 b). For other positions of the mechanism (see Fig. 2 a, b) the strength calculation is performed similarly. 

The results of the strength calculation of the body for the three positions of the mechanism are shown in Table 3. 

Table 3 

Results of the strength calculation of the plunger pump body 

Mechanism 

position 
Plunger position 

Equivalent stresses, 

MPa 

Safety factor for 

yield strength ultimate strength 

I 
1 2 3 

231.772 1.402 2.02 
ex.p. suction discharge 

II 
1 2 3 

284.783 1.141 1.65 
discharge ex.p. suction 

III 
1 2 3 

396.392 0.820 1.18 
suction discharge ex.p. 

Discussion and Conclusions. The reactions in the crankshaft supports with account for the forces generated by 

the plunger depending on its operating mode and the position of the crank are described. The forces acting on each of 

the plungers and the resulting reactions in each of the supports are determined. 

For the strength calculation of the plunger pump body made of 09G2S steel, the FEM in CAD SolidWorks 

Simulation is used. When assessing the body strength, it has been observed that in the third position of the mechanism, 

the lower region of the structure has minimum coefficients of yield factor and strength factor (see Table 3). This area 

requires strengthening since the coefficient values are insufficient for the specified operating conditions. Also, there are 

unloaded areas in the body, where the values of safety and yield factors are several times higher than the recommended 

ones. In the future, it is required to optimize the plunger pump body: to strengthen the areas of the structure with 

unsatisfactory coefficients of safety and yield factors, and in places where the coefficients exceed the recommended 

values, to use a metal of a smaller thickness.  

Thus, the strength calculation results can be used to optimize the design of the pump body under standard 

operating conditions. 

References  
1. Vlasov VS. High pressure pump stations and their application fields. Russian Journal of Heavy Machinery. 

1998;7:53–55.  

2. Popov VP, Kireev SO. Trekhplunzhernye nasosy vysokogo davleniya «Trast-Inzhiniring» [Three-plunger 

high-pressure pumps “Trust-Engineering”]. Toplivnyi rynok. Oil. Gas. 2010;21:6–9. (In Russ.)  

3. Stepanov V, Kireev S, Korchagina M, et al. Fatigue performance of hydraulic unit of high-pressure plunger 

pump. IOP Conference Series: Earth and Environmental Science. 2019;403:012087. URL: 

https://iopscience.iop.org/article/10.1088/1755-1315/403/1/012087 (accessed: 09.02.21) DOI: 10.1088/1755-

1315/403/1/012087  

4. Veselovskaya EV, Papin VV, Bezuglov RV. Perfection of Drinking and Technical Water Supply Systems in 

the Implementation of the Concept a Heat and Power Complex for Highly Efficient Use of Secondary and Renewable 

Energy Sources. IOP Conference Series: Materials Science and Engineering. 2018;463(2):022011. URL: 

https://iopscience.iop.org/article/10.1088/1757-899X/463/2/022011 (accessed: 09.02.21) DOI: 10.1088/1757-

899X/463/2/022011 

5. Parshukov VI, Efimov NN, Papin VV, et al. Energy-Technological Complex, Functioning on The Basis of 

Waste Processing Technologies. IOP Conference Series: Materials Science and Engineering. 2018;463:042029. URL: 



ht
tp

://
ve

st
ni

k-
do

ns
tu

.ru

80

Advanced Engineering Research 2021. V. 21, no. 1. P. 71−81.  ISSN 2687−1653 

https://iopscience.iop.org/article/10.1088/1757-899X/463/4/042029 (accessed: 09.02.21) DOI: 10.1088/1757-

899X/463/4/042029 

6. Babichev S. Inzhenernyi analiz sredstvami T-FLEX [Engineering analysis by means of T-FLEX]. SAPR i 

Grafika = CAD and Graphics. 2016;12(242):36–41. (In Russ.) 

7. Kireev SO, Korchagina MV, Nikishenko SL, et al. Raschet rabochikh kharakteristik uzla treniya «polzun —

napravlyayushchie» plunzhernogo nasosa vysokogo davleniya [Calculation of working characteristics of the “slider-

guides” friction unit of a high-pressure plunger pump]. University News. North-Caucasian region. Technical Sciences 

Series. 2018;3(199):101–106. DOI: 10.17213/0321-2653-2018-3-101-106 (In Russ.) 

8. Chakherlou TN, Mirzajanzadeh M, Abazadeh B, et al. An investigation about interference fit effect on 

improving fatigue life of a holed single plate in joints.  European Journal of Mechanics. 2010;29(4):675–682. DOI: 

10.1016/j.euromechsol.2009.12.009 

9. Makhutov NA. Deformatsionnye kriterii razrusheniya i raschet ehlementov konstruktsii na prochnost' 

[Deformation criteria for fracture and strength analysis of structural elements]. Moscow: Mashinostroenie; 1981. 272 p. 

(In Russ.) 

10. Kireev SO. Analiz uslovii raboty uzlov treniya skol'zheniya privodnoi chasti plunzhernykh nasosov 

vysokogo davleniya servisa neftegazovykh skvazhin [Analysis of the operating conditions of the sliding friction units of 

the drive part of high-pressure plunger pumps for oil and gas wells]. Khimicheskoe i Neftegazovoe Mashinostroenie = 

Chemical and Petroleum Engineering. 2016;5:25–30. (In Russ.)  

11. Kireev SO, Kaderov HK, Zaikin VP. Avtomatizirovannoe postroenie diagramm kinematicheskikh 

parametrov shatunno-kreitskopfnogo mekhanizma [Automated construction of diagrams of the kinematic parameters of 

the connecting rod-crosshead mechanism]. Progressive Technologies and Systems of Mechanical Engineering. 

2018;3(62):41–46. (In Russ.) 

12. Timofeev GA, Mor EG, Barbashov NN. Sovmestnyi metod kinematicheskogo i silovogo analiza slozhnykh 

mekhanicheskikh sistem [A combined method for the kinematic and force analysis of complex mechanical systems]. 

Proceedings of Higher Educational Institutions. Machine Building. 2015;3(660):11–17. (In Russ.) 

13. Sidorenko AS, Potapov AI. Matematicheskaya model' kinetostaticheskogo rascheta ploskikh rychazhnykh 

mekhanizmov [Mathematical model of kinetostatic calculation of flat lever mechanisms]. Proceedings of the Voronezh 

State University of Engineering Technologies. 2016;1(67):70–78. (In Russ.)  

Submitted 24.01.2021

Scheduled in the issue 27.02.2021 

About the Authors: 

Koleda, Eduard V., graduate student of the Oil and Gas Complex Machinery and Equipment Department, Don 

State Technical University (1, Gagarin sq., Rostov-on-Don, 344003, RF), ORCID: http://orcid.org/0000-0001-6955-

6873, koleda.eduard@mail.ru. 

Kireev, Sergey O., Head of the Oil and Gas Complex Machinery and Equipment Department, Don State 

Technical University (1, Gagarin sq., Rostov-on-Don, 344003, RF), Dr.Sci. (Eng.), professor, ORCID: 

http://orcid.org/0000-0001-9352-3852, kireevso@yandex.ru. 

Korchagina, Marina V., associate professor of the Oil and Gas Complex Machinery and Equipment 

Department, Don State Technical University (1, Gagarin sq., Rostov-on-Don, 344003, RF), Cand.Sci. (Eng.), ORCID: 

http://orcid.org/0000-0001-7092-7176, ms.korchaginamv@mail.ru.  



M
ac

hi
ne

 b
ui

ld
in

g 
an

d 
m

ac
hi

ne
 sc

ie
nc

e

81

Advanced Engineering Research 2021. V. 21, no. 1. P. 71−81.  ISSN 2687−1653 

 
https://iopscience.iop.org/article/10.1088/1757-899X/463/4/042029 (accessed: 09.02.21) DOI: 10.1088/1757-

899X/463/4/042029 

6. Babichev S. Inzhenernyi analiz sredstvami T-FLEX [Engineering analysis by means of T-FLEX]. SAPR i 

Grafika = CAD and Graphics. 2016;12(242):36–41. (In Russ.) 

7. Kireev SO, Korchagina MV, Nikishenko SL, et al. Raschet rabochikh kharakteristik uzla treniya «polzun — 

napravlyayushchie» plunzhernogo nasosa vysokogo davleniya [Calculation of working characteristics of the “slider-

guides” friction unit of a high-pressure plunger pump]. University News. North-Caucasian region. Technical Sciences 

Series. 2018;3(199):101–106. DOI: 10.17213/0321-2653-2018-3-101-106 (In Russ.) 

8. Chakherlou TN, Mirzajanzadeh M, Abazadeh B, et al. An investigation about interference fit effect on 

improving fatigue life of a holed single plate in joints.  European Journal of Mechanics. 2010;29(4):675–682. DOI: 

10.1016/j.euromechsol.2009.12.009 

9. Makhutov NA. Deformatsionnye kriterii razrusheniya i raschet ehlementov konstruktsii na prochnost' 

[Deformation criteria for fracture and strength analysis of structural elements]. Moscow: Mashinostroenie; 1981. 272 p. 

(In Russ.) 

10. Kireev SO. Analiz uslovii raboty uzlov treniya skol'zheniya privodnoi chasti plunzhernykh nasosov 

vysokogo davleniya servisa neftegazovykh skvazhin [Analysis of the operating conditions of the sliding friction units of 

the drive part of high-pressure plunger pumps for oil and gas wells]. Khimicheskoe i Neftegazovoe Mashinostroenie = 

Chemical and Petroleum Engineering. 2016;5:25–30. (In Russ.)  

11. Kireev SO, Kaderov HK, Zaikin VP. Avtomatizirovannoe postroenie diagramm kinematicheskikh 

parametrov shatunno-kreitskopfnogo mekhanizma [Automated construction of diagrams of the kinematic parameters of 

the connecting rod-crosshead mechanism]. Progressive Technologies and Systems of Mechanical Engineering. 

2018;3(62):41–46. (In Russ.) 

12. Timofeev GA, Mor EG, Barbashov NN. Sovmestnyi metod kinematicheskogo i silovogo analiza slozhnykh 

mekhanicheskikh sistem [A combined method for the kinematic and force analysis of complex mechanical systems]. 

Proceedings of Higher Educational Institutions. Machine Building. 2015;3(660):11–17. (In Russ.) 

13. Sidorenko AS, Potapov AI. Matematicheskaya model' kinetostaticheskogo rascheta ploskikh rychazhnykh 

mekhanizmov [Mathematical model of kinetostatic calculation of flat lever mechanisms]. Proceedings of the Voronezh 

State University of Engineering Technologies. 2016;1(67):70–78. (In Russ.)  

 

Submitted 24.12.2020 

Scheduled in the issue 08.02.2021 

About the Authors: 

Koleda, Eduard V., graduate student of the Oil and Gas Complex Machinery and Equipment Department, Don 

State Technical University (1, Gagarin sq., Rostov-on-Don, 344003, RF), ORCID: http://orcid.org/0000-0001-6955-

6873, koleda.eduard@mail.ru. 

Kireev, Sergey O., Head of the Oil and Gas Complex Machinery and Equipment Department, Don State 

Technical University (1, Gagarin sq., Rostov-on-Don, 344003, RF), Dr.Sci. (Eng.), professor, ORCID: 

http://orcid.org/0000-0001-9352-3852, kireevso@yandex.ru. 

Korchagina, Marina V., associate professor of the Oil and Gas Complex Machinery and Equipment 

Department, Don State Technical University (1, Gagarin sq., Rostov-on-Don, 344003, RF), Cand.Sci. (Eng.), ORCID: 

http://orcid.org/0000-0001-7092-7176, ms.korchaginamv@mail.ru.  
 

Koleda E. V., et al. Strength analysis of the TWS 600 plunger pump body in Solid Works Simulation 

 
Efimov, Andrey V., associate professor of the Oil and Gas Complex Machinery and Equipment Department, 

Don State Technical University (1, Gagarin sq., Rostov-on-Don, 344003, RF), Cand.Sci. (Eng.), ORCID: 

https://orcid.org/0000-0001-9940-9030, spu-58.2@donstu.ru. 

Joerg Sperling, Managing Director, ACT Well Services GmbH, (Am Klingbusch 6, Diesdorf, 29413, 

Germany), spu-58.2@donstu.ru. 

Claimed contributorship 

E. V. Koleda: computational analysis; text preparation; formulation of conclusions. S. O. Kireev: academic 

advising; basic concept formulation; research objectives and tasks. M. V. Korchagina: analysis of the research results; 

the text revision; correction of the conclusions. A. V. Efimov: supervising the model construction; monitoring the 

implementation of numerical studies. Joerg Sperling: statement of the research problem; scientific advice.  

All authors have read and approved the final manuscript. 


