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ABSTRACT 

 

Prospects for the further development of the oil and gas industry are mainly associated with the development and 

commissioning of high-rate fields. In this regard, the production of more economical and durable equipment by 

machine-building enterprises, an increase in the level of its reliability and competitiveness, as well as further 

improvement of technological production processes, is of paramount importance. 

The evolution of technology in a broad sense is a representation of changes in designs, manufacturing 

technology, their direction and patterns. In this case, a certain state of any class of TC is considered as a result of 

long-term changes in its previous state; transition from existing and applied in practice vehicles to new models 

that differ from previous designs. These transitions, as a rule, are associated with the improvement of any 

performance criteria or quality indicators of the vehicle and are progressive in nature. 

The work is devoted to the study of the evolution of the quality of high-pressure valves during the period of their 

intensive development. 

Keywords: technical system, evolution of technology, high-pressure valves, shut-off devices, gate. 

 

INTRODUCTION 

 

It is known [1, 2, etc.] that the development of technical systems is subject to the law of progressive evolution, 

which reflects the changes made in them, aimed at eliminating the shortcomings identified during operation. It 

has been established that, despite the individual characteristics inherent in various technical systems (TS), the 

law of progressive evolution, as a rule, is linked to the analysis of the "life cycle" of the TS, according to which, 

ultimately, a period of slowing down of the TS development comes, leading most often to the need to replace this 

TS with a more perfect system [3]. 

Such patterns are of great importance for clarifying the possibilities of further development of the TS and 

determining the feasibility of improving the applied system or creating a fundamentally new system. Therefore, 

the further development of any vehicle is based on the entire history of its design and technological evolution. 

In addition, the study of the evolution of the TS makes it possible to identify the main stable factors influencing 

its development, as well as the possibility of moving to the next stage. 

The law of progressive evolution, as a rule, is linked to the analysis of the TS "life cycle" [2] and represents a 

sequence of the following periods of its development: relatively slow development of the created TS, due to its 

development; intensive development of the vehicle at high growth rates of the efficiency criterion by eliminating 

the shortcomings identified in the process of its operation and using new progressive design and technological 

solutions; slow development of TC due to the approach of the efficiency criterion to its limiting value. 

It was found [3] that further this TS either degrades, being replaced by a modernized or fundamentally new 

system, or its operation continues while maintaining the value of the efficiency criterion achieved by the system. 

Often TS - parts, assembly units and assemblies connected by a certain commonality (first of all, which have the 

same functions with the given TS), in the process of evolution go through similar stages of development. These 

cases are referred to as "parallel lines of evolution" [4], since knowing at the moment the stage of development 

of one, as a rule, the most progressive of the systems, it is possible to predict with sufficient confidence the 

evolution of the second system. 

In addition, possessing the listed generalizing features inherent in certain types of oilfield equipment, such 

representative objects make it possible to extend the findings to other similar vehicles. 

In this regard, the performed studies are typical, the objects of which are high-pressure drilling and oilfield 

pumps, mobile lifting units, as well as equipment for pumping wellheads [5, 6]. 

mailto:h.ibo@mail.ru
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Objective. Considering that the production of a significant amount of oil and all natural gas is carried out by the 

flowing method, it is of considerable interest to study the evolution of wellhead equipment used in the gas-lift 

and flowing methods of operation. 

With these methods of oil and gas production, wellhead surface equipment designed to seal the wellhead, 

regulate and control the operating mode, suspend pumping and compressor pipes and direct the produced product 

into the manifold is a Christmas tree. Fountain fittings consist of a pipe head and a Christmas tree, representing 

the articulation of valves, tees, crosses and other parts according to the required scheme, for pressure up to 100 

MPa and above [5]. 

X-mas tree parts, especially valves, operate at high pressures, are exposed to corrosive, often highly corrosive 

environment, with a content of hydrogen sulfide (H2S) and carbon dioxide, (CO2) up to 6% by volume of each 

and mechanical impurities up to 25 mg / l. According to the requirements, the gate valves must remain 

operational until failure at 120 ÷ 125 conditional opening-closing cycles. 

The main working body of the gate valves is the gate assembly, which ensures reliable blocking of the passage 

opening. 

Depending on the design of the gate assembly, the gate valves are divided into wedge and straight-through. In 

wedge gate valves, the shut-off element is a wedge, and the seal occurs at a certain angle to the axial movement 

of the wedge. 

Such valves in Christmas trees were used to equip wells in the initial period of their development [7]. The main 

disadvantages of wedge gates are: the susceptibility of the wedge gate in the open state to intense hydro-erosion, 

hydro- or gas-abrasive wear, as well as wear when the surfaces of the gate parts jam when it is closed. 

The indicated drawbacks of wedge valves, when used in Christmas tree valves, were the reasons for reaching 

their "life cycle" of the limiting value, degradation as a result of this and, as a consequence, replacement for 

direct-flow valves. 

In turn, the development of fundamentally new TS - once-through valves, led to their intensive progress at high 

rates of development. At the same time, in a fairly short period of time, a transition of this TS from the period of 

initial, slow development to the period of its intensive development is noted. 

Direct-flow valves, in comparison with other designs of locking devices, have a number of undoubted 

advantages. This is the simplicity of design, manufacturability, relatively low torque on the flywheel. 

Straight-through gate valves differ in both design and sealing principle. In fig. 1 shows a conditional 

classification of straight-flow valves with a plane-parallel valve, covering their main design features [8]. 

 

 
 

Figure 1.Classification of straight-flow valves with a plane-parallel design of the gate assembly 

For the types of direct-flow valves listed in Fig. 1 with a plane-parallel design of the valve assembly, the 

following should be noted. The metal-to-metal pair is one of the most common types of sealing, in which a high 
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degree of tightness of such a valve is achieved due to the treatment of the sealing surfaces. When a pair of 

"metal-metal with grease" is combined, an additional increase in the tightness of the valve is achieved by 

injecting grease into the area of the sealing surface of the seats. With the type of seal "metal - elastic element" the 

seal is due to the elasticity of the elastic element 

A significant number of works [9, 10, etc.] have been devoted to improving the performance, reliability and 

efficiency of wellhead shut-off equipment, including the development of new designs of valves that meet modern 

requirements [5, 8]; ensuring reliable operation of wellhead equipment at abnormally high pressures, as well as 

with the content of hydrogen sulfide and carbon dioxide [12, 13, 14]. 

At the same time, it is required to ensure a further increase in the reliability of the applied Christmas tree. 

Most of the enterprises produce direct-flow gate valves with gates of the "metal-to-metal", "metal-to-metal with 

lubrication" and "metal-elastic element" types for operating pressures of 21, 35 and 70 MPa. 

The most practical application has been received by the Christmas tree with direct-flow valves with a metal-to-

metal seal. In fig. 2 shows a direct-flow gate valve ZM-65 × 21 with a nominal bore of 65 mm, for a working 

pressure of 21 MPa. 

The body 1 of the ZM-65 × 21 gate valve is filled with grease through the ball valve 9. Gate 12 is connected to 

the spindle 7 by means of a "T" -shaped groove. In the bores of the body, seats 13 are inserted, sealed with 

rubber elements, which are pressed against the gate surface by disc springs 11. A sliding spindle 7 with sealing 

collars is inserted into the body cover 2. and tightened with cap 8. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Direct-flow gate valve ZM-65 × 21 with a metal-to-metal gate: 1-body; 2-case cover; 3-sealing cuffs; 

4-way nut; 5-flywheel; 6-casing; 7-spindle; 8-bearing cover; 9-ball valve; 10 shits; 11-disc spring; 12-gate; 13-

saddle. 

Shields 10 serve as guides for the gate in order to ensure the coincidence of its through hole with the holes of the 

seats when the valve is open, as well as to prevent the settling of abrasive particles and other inclusions carried 

by the medium into the housing on the sealing surfaces of the gate. The casing 6 is provided to protect the 

spindle threads in the open state, as well as for the intended adjustment of the alignment of the bores. 

Gate valves of foreign companies are of certain interest in terms of the evolution of the design. 

The original design of the gate assembly is provided by Cameron gate valves [8]. On the lateral surface of the 

valve saddles that rotate relative to the axis, there are teeth that mesh with the crackers on the gate. Each time, 

when the gate moves, the saddles are turned by crackers at a certain angle. This ensures uniform wear of the 

seats, reduces the likelihood of medium leakage and, accordingly, prolongs the service life of the valve as a 

whole. 

In accordance with the classification shown in Fig. 1, gate valves (of the ZFP-65 × 21 type) are also used, in 

which the seal of the metal-to-metal gate is carried out by a wedging gate. 

 Gate valves with a similar design of the gate assembly [8] are manufactured by many foreign firms. For 

example, BREDA produces gate valves of this type with nominal bore from 2 "to 6" and working pressure up to 

14 MPa (see Figure 3). 
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The gate valve of this type consists of two dies 2 and 3, assembled and pressed against each other with the help 

of two special arcuate springs 2. Dice 3 is the leading, and the ram 2 is driven. When moving the gate, between 

its sealing surfaces and the sealing surfaces of the seats 4, a gap of 0.5 ... 1.0 mm is provided. When the driven 

ram 2 abuts against the end of the cover of the valve body 1, the leading ram of the valve 3 continues to move 

upward until the rams wedge between the seats and the through hole of the valve is closed. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. Straight-through gate valve with a wedging gate from BREDA. 

Direct-flow gate valves with lubricant supply to the sealing surfaces of the gate-valve saddle pair have been 

widely used [9]. So, the gate valve assembly ZFP-50 × 32 and ZMAD-50 × 700 is made with automatic supply 

of sealing grease from the reservoirs to the annular grooves on the sealing surfaces of the seats, in the places of 

contact with the gate, and into the annular grooves of the seats provided for sealing with the body. When fluid 

leaks from the inlet side, in the closed state of the valve, the pressure inside the valve body increases, which 

leads to the squeezing of the sealing grease into the annular grooves of the seats.The presence of sealing grease 

between the sealing surfaces of the gate and the seats also further reduces the torque on the flywheel when 

controlling the valve. 

Of considerable interest, in terms of the evolution of the design features of the gate assembly, is a direct-flow 

gate valve from "Gray" for a pressure of 210 MPa [15]. The plane-parallel gate in it consists of two halves, 

between which there is a wedge-shaped segment. When the gate moves along the segment, its halves are wedged 

and pressed against the seats. To ensure constant contact of the gate with the seats during the entire period of 

opening (or closing) the gate valve, springs are provided between the gate halves. The valve spindle is non-

rising. A special anti-friction coating of the sealing surfaces of the valve parts greatly facilitates the valve 

control. 

Gate valves model "C" from "McEvoy" company have a similar design [8]. The gate valve "Super Madwonder" 

by "McEvoy" is made according to the type of seal "metal-elastic element". On the sealing surfaces of the seats, 

there are annular grooves into which O-rings made of elastic synthetic rubber "Viton" or "Buna-N" are pressed 

(Fig. 4). 
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Figure 4. Gate valve model "C" with automatic supply of sealing grease from "McEvoy": 1 - spindle; 2 - thrust 

bearings; 3 - spindle seal; 4 - system of channels for supplying lubricant; 5 - gate; 6 - reservoir for lubrication; 7 - 

cheek-saddle. 

 

Figure 5 shows an MS-65 × 35-2f straight-through valve with forced lubrication supply, for an operating 

pressure of 35 MPa, developed by the AzINMASH Institute and manufactured by the oilfield machine-building 

plants of the Azneftkhimmash concern. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5. Winding gate MS-65 × 35-2f with forced lubrication 

The gate valve consists of: cast or forged steel body 1; housing cover 2; Belleville springs 3; saddles 4; sealing 

strip 5; gate 6; check valve 7; two fittings for forced lubrication of the sealing surfaces of the valve parts 7a; 

housing flush fitting 7b; spindle 8; position indicator 9; pointer stopper 10; flywheel 11; discharge plugs 12; 

thrust bearings 13; studs with nuts 14, 15; spindle seals 16; bearing caps 17. 

The firm "FMC" also produces direct-flow gate valves with forced lubrication for operating pressures of 14, 21 

and 35 MPa with a gate, which uses composite seats [8]. Saddles consist of two steel rings, one of which is a 

support and is inserted into the housing seat. The support ring has a groove into which an elastoplastic O-ring is 

inserted. The outlet seat is designed so that between its support ring and the ring that locks the seal, there is a gap 

for a forced lubrication supply. In case of natural wear of the plastic sealing ring, the ground metal surface of the 

seats is tightly coupled with the valve sealing surface, thus forming a metal-to-metal seal. 

The tightness of the seal can be increased by injecting a plastic grease through the fitting provided on the valve 

body. When pumped, the plastic grease fills the gaps, ensuring that the seat fits snugly against the gate sealing 

surfaces. 

A review and analysis of the literature shows that foreign firms use various steel grades and methods of 

strengthening the sealing surfaces to manufacture parts of the gate valve assembly [8, 16]. So, by the firm 

"McEvoy", for the manufacture of gate valves, depending on the operating conditions, alloy steel with nickel 

plating or stainless steel is used. FMC uses 4130 low-alloy steel (30XM steel) with nitriding of the sealing 

surface, as well as 410SS alloy steel (12X13 steel) with case-hardening and surface hardening. For the 

manufacture of gate valves, 4130 steel with nitriding or 410SS with surface hardening is used. Firm "IKS" in the 

manufacture of parts of the valve assembly uses steel grade ASTMA-331 (steel 40XHM) chrome plated or 

coated with HF-7 (molybdenum disulfide). 

Domestic machine-building enterprises use mainly steel 38X2MYUA with nitrogen, with volumetric quenching 

and tempering, steel 40X with chemical nickel plating, as well as steel 20X13 and 30X13 with surface hardening 

by high-frequency current. A disulfide-molybdenum coating is also used to reduce the coefficient of friction by 

up to 1.5 times [5]. 

A noticeable increase in the resource of the shut-off unit of the X-mas valves was achieved by the development 

and implementation of the process of cladding the sealing surfaces of the shutter elements, wear-resistant high-

alloy coatings [9]. The developed technological processes of cladding with SNGN-50 powder and subsequent 

machining allow both the manufacture and restoration of locking elements of direct-flow valves with a plane-

parallel gate assembly of all standard sizes. The high content of nickel, chromium and boron, as well as the 

carbon content of up to 0.5 ... 0.7%, provides high corrosion resistance and extreme pressure properties of the 

clad layer. During the tests of the gate and seats, with a wear-resistant coating applied to the working surfaces by 

the cladding method, the high sealing ability of the clad layer was confirmed. A rather high wear resistance of 
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the clad layer was also noted under the conditions of vibrations of the gate valve assembly caused by pressure 

pulsations [9]. 

When seals of a gate of the "metal-elastic element" type, a hydron, fluoroplastic, composite materials based on 

fluoroplastic with graphite, Teflon (polytetrafluoroethylene) and others are used for the manufacture of sealing 

rings. Teflon-based pastes are used as plastic lubricants for metal-to-metal lubricated seals. 

To limit the possible relative oscillatory movements of the sealing surfaces of the gate and seats due to the 

pulsations of the medium pressure, and, therefore, to exclude the main reason: fretting corrosion of the parts of 

the gate valve assembly, appropriate design solutions have been proposed [6, eight]. 

The first of the developed designs of high-pressure direct-flow valves is distinguished by the novelty of the 

saddles with collars and an increased contact area of interface with the gate valve (Fig. 6) [18]. 

 

 
Figure 6. Newly designed saddle 

At the same time, an increase in the interface area reduces the relative vibrations and displacements of the gate in 

the transverse direction, and the presence of collars eliminates the need to use guide shields. 

Field tests of this direct-flow valve showed an increase in its service life by more than 1.2 times. 

In the second developed design, the seat and gate valve were made with elliptical mating surfaces (see Figure 7). 

This made it possible, with unchanged dimensions of the gate in the transverse direction, to increase the area of 

the gate elements; thus, the emergence and development of fretting corrosion processes is excluded [19]. Also, 

the new design of the valve assembly limits the lateral displacement of the gate, which eliminates the need for 

guide shields. 

 
 

Figure 7. Cross-section of a gate valve with elliptical seals of gate (1) and seat (2). 

The evolution process has also affected other elements of the Christmas tree. So, in the presence of sand in the 

produced product, due to significant wear, the chokes installed on the flow line of the valves are often replaced to 

maintain the required flow rate of the well. The problem was solved by replacing the fittings with adjustable 

chokes. At the same time, the necessary increase in the wear resistance of the throttle parts is provided by the use 

of hard alloys and ceramics. 

Conclusions. Thus, on the basis of the research carried out, as well as using the provisions of the law of 

progressive evolution of technical systems (TS), the analysis of the "life cycle" of TS - high-pressure valves, 

used mainly in oil and gas production, has been made. It is shown that the period of relatively slow development 

of the TS (wedge valves) ended with significant changes in the design of the TS (gate valves) and the transition 

to the period of its intensive development. 
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Due to the use of new design and technological solutions, a significant improvement of the vehicle is noted with 

the elimination of deficiencies identified during operation, as well as with the creation of fundamentally new 

vehicles. A slowdown in the development of TS, and even more so their degradation, is not observed at the 

moment. 
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ABSTRACT  

 

The main purpose of this research is to select suitable matrices and fillers for the preparation of composites that 

meet modern requirements to meet the needs of a rapidly growing industry. Studies in various databases have 

shown that metal-matrix hybrid laminated composite materials, mainly aluminum and magnesium alloy plates, 

are used as matrix materials, while carbon-based nanomaterials are used as fillers. 

Keywords: composition, matrix, aluminum, magnesium. 

 

The rapid development of science and technology, as well as improving the quality and reliability of 

manufactured products, required the creation of new modern construction materials that meet the needs of 

industry. In order to meet these needs, modern composite materials were laid in the 1930s with the discovery of 

fiberglass in the United States. Composite materials are used in all areas of industry today. [1] Although 

composite materials are considered relatively new and high-tech materials, their history is so ancient that 

archeological excavations have uncovered remains of composite materials used in ancient Rome, China, and 

Egypt. 

Composite materials are new materials that are created by combining materials with two or more different 

properties at the macro level. The most important feature of the composite material is that these materials are not 

homogeneous at the micro level. Composition materials consist of 2 parts, a matrix and a filler [2,3]. The 

compositional materials are schematically shown in Figure 1. 

 

 

 

 

 

 

 

 

 

 

Figure 1. Schematic description of the composite material [2] 

Matrix: Combines fibers in composite materials to protect them from external influences. Provides rigidity and 

durability in composite materials [2]. The filler evenly distributes the load on the composite materials in all 

directions and increases the resistance and durability of the material. According to the matrix material, the 

composition materials are conventionally divided into 3 groups [4]: 

 Polymer matrix composite materials 

 Ceramic matrix composite materials  

 Metal matrix composite materials  

Polymer matrix composite materials: Polymer matrix composite materials were developed in the 1940s for use in 

the aerospace industry. The main goal in improving these materials was to obtain a material that was lighter in 

weight but more durable, with higher hardness values and corrosion resistance. Polymer matrix composite 

materials are divided into thermoset and thermoplastic matrix. For the reinforcement of polymer matrix 

composite materials,  aramide, basalt, jute, carbon, coconate, glass, etc. fibers are used as fillers. 

Ceramic matrix composite materials: Ceramic matrix composite materials are widely used in industry due to 

their high heat resistance and light weight. These composite materials are mainly used in areas with high 

temperatures. Ceramic materials are very hard and brittle materials. As a matrix material, SiC, Cr2O3, TiN, 
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Si3N4, TiB, B4C and TiC are the most widely used materials in ceramic matrix composite materials. Metal and 

ceramic nanopowders are also used as fillers. 

It should be noted that metal matrix composite materials have a higher ability to work in high temperature areas 

than polymer and ceramic matrix composite materials, the probability of combustion at high temperatures is very 

low and their service life is longer. 

Metal matrix composite materials: Metal matrix composite materials are light metals with low density and good 

mechanical properties and their alloys are widely used in the industry as matrix materials. Metal matrix 

composite materials were developed in the early 1960s because of the need for materials with higher specific 

strength properties that could be used at temperatures higher than the current temperature of existing materials. 

Metal matrix composite materials are composite materials produced by combining two or more different 

materials, at least one of which is metal, at the macro level to provide the desired and required properties. 

Polymer, ceramic and nano materials are mostly used as filler materials in metal matrix composites. 

The advantages of metal matrix composite materials are as follows: [6,7] 

 Strength limit / density ratio (Specific strength) 

 Elasticity modulus / density ratio (Special elasticity) 

 Low density 

 Impact resistance 

 Surface hardness and crack resistance 

 Resistance to thermal shocks 

 Abrasion resistance 

 Corrosion resistance 

Disadvantages of metal matrix composite materials: 

 Difficult and complex production processes of laminated composite material 

 High cost of production costs and production equipment 

Fillers. Depending on the place of use, the main features expected from the reinforcing element in metal matrix 

composite materials are mainly high modulus and resistance, low density, chemical compatibility with the 

matrix, ease of production, high temperature resistance, etc. The effect of the intermediate layer between the 

filler and the matrix on the mechanical properties of the material is great. As external forces are transferred and 

distributed by the matrix to the filler phase, the intermediate layer must meet high mechanical properties. In the 

intermediate layer, there must be a very weak chemical bond between the matrix and the filler, the filler must be 

evenly distributed in the matrix and, in particular, the composition of the filler must not change. Metal matrix 

composite materials use more ceramic compounds, non-metallic elements and nano fillers as fillers. [5,12] 

Metal matrix composite materials have a reinforcing phase added to the metal matrix to provide properties that 

cannot be achieved with one-component alloys. Fillers are added to the material to create a reinforcing phase. 

[5,6,7] 

These fillers are divided into 3 main classes (Figure 2) [5]: 

 Particle filler metal matrix composite materials have low cost, hard and isotropic properties. 

However, the deformation properties are low and the values of fracture stiffness during fracture are low. 

 Fiber filler metal matrix composite materials are considered more expensive but more durable. 

 Continious fiber or laminated metal matrix composite materials have the highest resistance and 

modulus of elasticity, but these materials show anisotropic properties and production costs are very high. 
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Figure 2. Use of fillers in composite materials [5] 

Fiber metal laminated composite materials are hybrid composite materials produced by combining fiber-

reinforced polymeric materials into thin metal sheets. Hybrid composite materials have better properties than 

single-fiber reinforced composite materials. The most widely used system in hybrid composite materials, where 

matrix and fiber combinations can be used in different ways, is a system consisting of polymer matrix glass and 

carbon fibers. Hybrid composite materials have high resistance, fatigue and non-corrosion properties. A 

schematic description of hybrid laminated composite materials is given in Figure 3. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. Schematic view of the fiber filler hybrid laminated composite material 

Al and Mg matrix hybrid laminated composite materials  

Aluminum and its alloys are widely used in the production of metal matrix composite materials due to their 

superior properties. In addition to aluminum, another non-ferrous metal, magnesium and its alloys, is widely 

used in the production of composite materials with a metal matrix. Our research on the characteristics of hybrid 

composite materials with matrix of aluminum and magnesium in the literature is reflected in this article [8-9]. 

The reasons for the most widespread use of Al and Mg metal as metal matrix in composite materials are as 

follows: [10] 

 Being light 

 Corrosion resistance 

 High specific strength 

 Ability to deform 

 Conducts heat and electricity well 

 Being economically efficient 

Al alloys are divided into groups according to their mechanical, physical, chemical properties and 

microstructure: 1XXX, 2XXX, 3XXX, 4XXX, 5XXX, 6XXX, 7 XXX and 8XXX. The most heat-treated 2XXX, 

3XXX and 7XXX series aluminum alloys are used in the production of composite materials. As a matrix 

material, 1mm thick 2XXX (2024-Al) aluminum plates and AZ-61 magnesium alloy plates are widely used in 

the production of composite materials. The chemical composition of these alloys is given in Tables l and 2. [10-

11] 

Chemical composition of 1 mm thick Al-2024 aluminum plate. 

Table 1. 

 

 

Chemical composition of 1 mm thick AZ-61 magnesium plate. 

 

 

 

Composition Al Cr Cu Fe Mg Mn Ti Si Zn 

Wt.% 90.7-94.7 Max 0.1 3.8-4.9 Max 0.5 1.2-1.8 0.3-0.9 Max 0.15 
Max 

0.5 

Max 

0.25 
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Table 2.  

 

Composition Mg Al Zn Mn Si Cu Ni Fe 

Wt.% 92 5.80-7-20 0.40-1.50 0.15 0.10 0.050 0.0050 0.0050 

 

Al-2024 and AZ-61 alloys were selected as the matrix material in our study due to the fact that they combine the 

necessary mechanical and physical properties and are particularly suitable for use in the aircraft and defense 

industries. 

After the use of carbon nanotubes discovered by Iijima in 1991 as fillers in composite materials, a high increase 

in the mechanical and physical properties of composite materials was observed. As a result of the addition of 

graphite as a nano-filler to the composition materials, increased abrasion resistance, corrosion resistance and 

improved thermal properties were achieved. Short-fiber composites are used in areas where high resistance is 

required. The best combination of hardness and resistance is reflected in infinite fibrous or laminated composite 

materials with anisotropic properties and high production value. [12,13,14] 

Due to the suitability of the properties of boards made of Al and Mg alloys in metal matrix composite materials, 

the use of graphite as a nano filler, the best combination of hardness and strength values is present in laminated 

composite materials. The production and application of composite materials in many industries is a topical issue. 

[10,15,16] 

These composite materials are the basis of the fuselage of aircraft and helicopters in the defense industry due to 

their special strength, corrosion resistance and light weight. Because in the aviation industry, the most ideal 

option for reducing the weight of air transport, saving fuel, increasing durability and strength, ensuring longer 

life, minimizing crack layers are hybrid composite materials with a metal matrix. As an example, Figure 4 shows 

the use and application positions of hybrid composite materials with a metal matrix of 50% of the fuselage of a 

Boeing 787 passenger aircraft. [17,18,19] 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4. Material use in Boeing 787 passenger aircraft [18] 

CONCLUSION 

 

As a result of our literature research, it has been determined that the optimum properties of the new laminated 

hybrid composite material produced using boards made of Al or Mg alloys and graphite nanostructures 

impregnated with carbon fabrics as a matrix material allow its use in many industries. The high performance of 

metal matrix hybrid composite material in the defense and aviation industries of developed countries shows that 

the production and application of nano-graphite-filled aluminum or magnesium matrix hybrid composite 

materials in the defense and aviation industry is very relevant in our country. 
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ABSTRACT 

 

The modern economy is increasingly based on knowledge and, more broadly, on intangible assets that ensure 

sustainable innovation growth. The formation of an innovative type of knowledge economy can be considered 

one of the fundamental development trends at the global level.     

The modernization of the economy in the lifetime period means the introduction of modern technologies, 

increasing energy efficiency and labor productivity, producing high-quality products according to the most 

advanced standards. Ultimately, this is the creation of a competitive economy.  

Keywords: Casting, billet, castings, method of making castings, injection molding, centrifugal casting, 

investment casting, shell casting, chill casting. 

 

Relevance of a problem. In structure of domestic engineering industry, the essential part is assigned to 

castingproduction which serves as the keybillet base of this economic complex. As it is known, consumers of 

castings are all branches of mechanical engineering and therefore possibilities of their development largely 

depend on a condition of casting production. This defines the great economic importance of casting production 

and its role in providing branches of mechanical engineering with billets. It is specified in special literature that 

advantages of producing billets by methods of casting is the possibility of producing various sizes and weights 

and the most complex geometrical forms, a short cycle of production, rather low production cost, high 

mechanical and operational properties of cast alloys, possibility of producing products from the materials 

unmachinable under pressure[1]. 

Cast billets are most close to finished partsin size and configuration, and their mechanical processing capacity is 

less than the billets produced by other technological methods. Thus, one of the main requirements for castings is 

to increase their geometric accuracy and purity of the treated surface, as well as to reduce the weight and 

maximum approximation of the shape and size of castings to the finished products. This ensures metal savings 

both in the production and consumption of castings. 

It is important to highlight that throughout the entire existence of casting production, the demand for maximum 

approximation of the configuration of castings to the shape of the finished product was the key trend in the 

development of casting production. However, the state of works in casting production cannot be considered 

satisfactory, which reflects, moreover, the data on utilization factor of metal. Our analysis on the indicators of 

various branches of mechanical engineering shows that the processing of castings into chips on average takes 

from 20 to 30% of castings weight, which is about half as when making parts from forgings. 

Accuracy of geometrical forms of castings and purity of their surface in essential depends on how they are made. 

The most progressive, in this regard,ways of producing castings are exact methods of casting: injection molding, 

centrifugal casting, investment casting, shell casting,chill casting, etc. Their key advantage in comparison with 

production of castings in sand-earth forms is to provide high-quality surface of billets, lack of spatial deviations 

and high accuracy configuration. 

A significant increase in the efficiency of casting production is achieved with the use of chill casting. 

Calculations oncasting materials show that this type of casting provides a metal saving of 2- 10% by reducing the 

weight of the billets; 11-23% decrease in machining labour intensity by increasing the accuracy of casting sizes 

and reducingsurface roughness; 8-63% decrease in the cost of billets of parts; improving the quality of produced 

parts. The latter is achieved due to the fact that chill castingincreases the density of castings and improves its 

structure, as a result of which mechanical properties increase by 15-30%.An efficient method of producing 

castings is also centrifugal casting, at which high quality cast parts and metal savingsare achieved due to 

increased yield of sound casting and reduction of allowance for mechanical processing. By changing the design 

of pattern and using a replacement insert, this method is also used under small-scale production conditions, 
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which, according to the approximate calculations of individual authors, allows reducing the labor input of 1 ton 

of castings from 67 to 35.7 rate - hour, or by 46.7%. 

Injection molding is a very economical and productive method of producing castings. The advantage of this 

method is that it enables to producethin-walled parts of complex configuration; complete elimination or 

minimization of subsequent mechanical processing; saving of expensive non-ferrous metal by 13-67% is 

achieved; significant decrease in losses from rejects, which are 1.6-3.0times less than with sand casting method. 

With a number of economic advantages over other methods of producing billets, according to implemented 

models casting has been widely used in domestic engineering. This method allows producing castings with a 

high accuracy and surface purity. Metal saving reaches 40-60%, and further mechanical processing is sharply 

reduced or eliminated. 

One of the progressive and relatively young technological processes in casting is shell casting. This method can 

provide metal saving due to reduction of cast weight by 15-20%, reduction of manufacturing labour intensity by 

30-50%. 

In most cases, the use of accurate casting methods allows producing castings with less material and labor costs, 

while reducing the technological cycle, the volume of suitable casting with area of 1 m² is increased and, 

accordingly, a lower cost is achieved. 

Despite progressive and effective casting methods, the method of producing castings using sand molds (80.2% of 

the total casting output) prevailed in cast steel production. Meanwhile, it is generally known that the method of 

producing castings is the least productive compared to other more progressive methods-it does not provide 

sufficiently high accuracy and surface purity of the cast products, requires high metal consumption and the use of 

mechanical processing, etc., which ultimately leads to a significant increase in the cost of castings and products 

made from them. The form made of the ground cannot be reused, a lot of dust, dirt, etc. is released from the 

ground when making the forms, which negatively affects human health, safety, industrial injuries and 

occupational diseases.  

Currently, one of the predominant method of casting in the republic is the production of castings using sand 

molds, which accounts for more than 82.2 of the total output, including 87.16 for cast iron and 82.5% for the rest. 

The global economic crisis of the beginning of the 21st century, which hit Azerbaijan industry, was reflected in a 

significant drop in production, an increase in unemployment and sharp decline in economic indicators, especially 

in engineering. Problems in casting of the machine-building complex have accumulated for decades due to the 

lack of investment in the reconstruction and construction of workshops, low degree of implementation of 

scientific and technical developments and daily use of outdated technologies and materials. 

In the republic, as a result of the liquidation of advanced castings or the privatization by non-competent people, 

the drop in production level amounted to more than 75%. Raiding, forced bankruptcy of casting shops and 

organizations, unemployment among high-quality specialists and workers have reached mass levels. 

Enhancing the application of liquid self-solidifying mixtures in manufacture of molds and rods is the reserve for 

improving quality, reducing labor intensity and on this basis the cost of manufacturing castings. High strength 

and gas permeability of molds and rods made of liquid self-solidifying mixtures improves the quality of casting, 

and significantly reduces rejects. 

Labour intensity of rod production is reduced by half, which provides an increase in labor productivity, in 

addition, a decrease in fuel consumption for rod drying and savings in wages are achieved. 

With regard to casting, the implementation of these tasks determines two main technical directions for the 

development of the industry. 

The first direction is to implement technological processes, materials and casting equipment, which ensure the 

production of accurate castings with maximum approximation in size and weight to finished part, and therefore 

with minimal allowance for mechanical processing. 

The second direction is the comprehensive mechanization and automation of all processes of casting production, 

providing an increase in productivity and a radical improvement in the working conditions of casters. 

Implementation of these directions can be performed both by introduction of new, more advanced technological 

processes, materials, equipment, means of mechanization and automation of production, and by improvement of 

existing ones[2]. 

The high pace of development of mechanical engineering requires a significant increase in the volume of 

production of billets, an increase in their quality, and a change in the structure of production. The main tasks of 

casting development include: 

 Acceleration of productivity growth through the creation and implementation of new high-performance 

equipment, machine systems, complex mechanization and automation of production processes and 

management systems: 
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 improvement of quality, reliability, accuracy and purity of casting surface with their optimal 

approximation to the sizes of finished parts: 

 reduction of mechanical processing, reduction of billet and parts mass by 15-20% and introduction of 

progressive alloys and technological processes: 

 further improvement of casting structure to increase the specific gravity of castings from high-quality 

cast iron and alloys with improved physical and mechanical properties; 

 deepening of specialization and concentration of casting production 

 

After the collapse of the Soviet Union, noany melting shop has been established in Azerbaijan. On the contrary, 

two mould casting plants Baku Steel Plant and “Sentrolit”have been completely destroyed and are out of service. 

The rest of the existing workshops operateusing outdated methods and this negatively affects the development of 

machine-building production. For example, in Russia, new workshops provide “Gusar”reinforcing plant with 

high-quality billets which comply with all the standards and requirements for the production of wedge and gate 

valves. 

Casting production is equipped with the following equipment: smelting furnaces manufactured by Inductotherm 

(England), molding line manufactured by “FAT” (Germany) thermal furnaces Bosto (Slovenia), blasting 

equipment Wheelabrator (Germany). Manufactured mold patterns are performed on 3 and 5 CNC axial machines 

using CAD /CAM/ CAE – projection systems. The design of castings is developed using a specialized software 

complex for modeling the conditions of crystallization MagmaSoft [3]. 

Similar products are produced by OJSC Baku Machine-Building Plant  

Advantages of foundry Gusar LLC 

1. Own design-engineering department - development of structures in the SoliWorks using modeling 

programs for crystallization process MagmaSoft; 

2. Manufacturing mold patterns on CNC machine - reduction of manufacturing time of patterns and 

increase in geometric accuracy; 

3. Production for a chrome sand casting mixture - improves the quality of casting surface and increases the 

density and continuity of metal, eliminates shrinkage porosity: 

4. Control of melting furnaces using software - provides improvement of metal quality: 

5. Cast molding from joinery ladle– excludes "slag blow hole" type defects in castings: 

6. Thermal furnaces with programmed control provide uniform temperature distribution in working space 

of the furnace, which improves the quality of heat treatment; 

7. Control is performed for all technological processing of casting with recording the data in factory 

control journals and centralized electronic database. 

Installed and operated main technological and laboratory equipment allows producing castings: 

•  from carbon (low-carbon and medium-carbon) non-alloyed ferrite and ferrite - pearlite steels; 

•  from carbon low- alloyed steels, including cold resistant, pearlitic classes; 

• from middle-alloyed steels including heat-resistant, heat-resistant pearlite-ferrite and pearlite-

martensitic classes; 

•  from high-alloyed non-corrosive, heat-resistant ferrite, martensitic, martensitic-ferrite, austinite-ferrite 

and austinite steels. 

The level of production and equipment shows the quality of casting. Therefore, reducing the metal consumption 

of castings and their manufactured parts, as well as improving their operational properties, are the most important 

tasks of casting production and its solution should be comprehensively stimulated, including with the help of 

wholesale prices for castings. However, progressive changes in this direction occur at slower paces than required. 

The difficulties in solving these problems are caused primarily by the fact that additional costs are usually 

requiredto improve the quality of casting production. Therefore, when adequate compensations are not available 

for these costs, it becomes unprofitable for enterprises to introduce new equipment and technology. This obstacle 

becomes particularly difficult in casting production, where poor sanitary and hygienic working conditions cause 

a chronic shortage of labour, and therefore even a slight decrease in the profitability of production and, as a 

result, economic stimulus funds, due to the introduction of an economically disadvantageous innovation, can lead 

to personnel leakage and significantly hamper the implementation of production plans. 
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However, despite the high growth rate in the production of castings, the demands for mechanical engineering are 

not fully satisfied by casting production. Some industries of mechanical engineering are constantly experiencing 

lack of small and complex castings. A significant part of the castings is made with excessive allowance for 

mechanical processing, which leads to additional loading of machines and an increase in the cost of machines. 

The metal utilization factor is 0.85 for casting iron and 0.75 for cast steel. 

The main direction of technological progress of cast production is to improve the accuracy of castings of the 

operational reliability of cast parts. A significant reserve for improving efficiency is to develop the concentration 

and specialization in cast production. 

Analyzing the formation and development of cast production in the republic, it should be stated that it has long 

developed as an auxiliary production within engineering enterprises, which were built based on the principle of a 

closed production cycle. Almost every machine-building enterprise had a small foundry or workshop and 

produced the necessary cast stamping, forging, etc. Thus, the small-batch manufacturing was dominant for a long 

period. Currently, many enterprises also continue to maintain small foundry plants. This negatively affects the 

quality and cost of castings, which is due to the technical backwardness of a significant part of the key 

production assets of cast production, as well as the shortcomings of the current pricing system and the evaluation 

of the operation of cast shops.  

The radical improvement of the state in cast production, in our opinion, could be facilitated by the separation of 

this industry into an independent one with an appropriate central management scheme. 

Considering the importance of cast products for the national economy, the separation of new industry 

management body can be carried out on the basis of enterprises that deal with the manufacture of machine-

building casting. At present, many enterprises producing products of their own use have the potential to increase 

sharply the output and, accordingly, increase technical and economic indicators. However, the owner of these 

enterprises, as a rule, is not interested in capital investment and in further expansion of production volumes, and 

even more so in their reconstruction, since the available capacity mainly provides their needs, and the supply of 

casting to the side does not improve the performance of their production and economic activities. 

The subordination of such enterprises to one center opens up opportunities for the development of specialization 

and concentration of production, the widespread use of advanced methods and technology, mechanization and 

automation of production processes. The tasks of liquidation of non-promising enterprises, workshops and areas 

are being solved, which will ensure the increase in the production efficiency in the relevant branches of 

mechanical engineering [4]. 

The implementation of this proposal on castingwill significantly facilitate the solution of complex tasks on 

planning, management and pricing due to the specifics of the industry. So, for example, in the USSR, the 

Ministry of machine tool and tool building industry created a special association, including more than ten casting 

plants. This significantly increased the production in the industry using special casting methods. 

As a result, the highest increase is achieved in the manufacture of chill castings and by centrifugal method, 

injection molding, according to melted models, by continuous method [5]. 

Currently, most of these plants have successfully introduced expensive equipment and as a result provide 

machine builders with high-quality casting. 

One of the key indicators of the development of cast production is a casting yield from a metal charge. At a high 

casting yield the costs of sound casting and the consumption of charge materials are reduced. 

Analysis of technical and economic performance indicators of casting enterprise in the republic shows that in the 

overwhelming majority of cast plants the volume of casting yield is lower than the optimum size (according to 

foreign and domestic researchers, the minimum allowable capacity of iron foundry is currently 10 thousand tons 

of cast per year). According to our calculations, the implementation of the proposal on specialization and 

concentration of foundry will reduce the number of foundry shops and sites; iron foundry from 87 to 49 units and 

increase the average capacity of foundry from 8,300 tons to 14,500 tons of steel casting - from 53 to 36 units, and 

increase the average capacity of the workshop from 4600 to 6800 tons and finally non-ferrous foundry - from 88 

to 49 units and increase the average capacity of the workshop from 680 to 1000 tons of cast per year [6]. 

As the analysis of the experience of foreign foundries and sites shows, due to the use of more advanced 

equipment and high level of mechanization and automation, as well as effective methods of organizing 
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production, we may significantly increase the technical and economic performance. Estimated calculations show 

that an increase in the average capacity of iron foundries from 8,300 to 14,500 tons of cast per year allows 

increasing labor productivity averagely for 60-70%, or from 34.5 to 55-59 tons per year, while reducing the 

average cost of 1 ton of annual cast. Technical level of casting production is determined by the volumes of 

casting yield by progressive methods, using the machine method of making molds and rods, mechanized casting 

of liquid metal on casting conveyers, as well as by complex-mechanized and automatic flow lines in general. 

The characteristic of foundry is uneven level of mechanization and automation in various areas of the main 

production. As a result, there is an imbalance in the productivity of the interconnected production departments of 

foundries, which hampers the complex mechanization and automation of the foundry as a whole and 

improvement of its effectiveness. At the same time, the level of mechanization and automation of the most labor-

intensive processes is very low.      

Herewith, the level of mechanization and automation of the most labor-intensive processes is very low. 

 

CONCLUSION  

 

The efficiency of improving the technical capabilities of cast production is achieved not only by quantitative 

growth or qualitative replacement of foundry equipment, but also by wide use of progressive technological 

processes and special casting methods, which make it possible to mechanize and automate production as much as 

possible and sharply reduce the labor intensity of casting and increase labor productivity. There are currently 

about 50 different methods of making casting in the foundry. These methods can be divided into two large 

groups by types of moulds used; casting into one-time green sand casting and permanent metal castings. 
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ABSTRACT 

  

The article considers the following two tasks. 1) Strength calculations are carried out for a long thin-walled 

cylinder, the ends of which are not closed during reloading. At the first loading, the thin-walled cylinder is 

stretched by a longitudinal force leading to longitudinal plastic deformations. When reloaded, the cylinder twists 

and at the same time uniform pressure acts from the inside. It is noted that, in particular, the shaft of wind 

generators is subjected to such loading. It is proved that the equation of the yield curve in the plane of the normal 

and tangential stresses of the stress space is an ellipse, whose semi axes are a function of the mechanical 

characteristics of the material and the residual stresses after the first loading. 2) We consider cyclic twisting with 

internal pressure of pre-stretched thin-walled cylinders. The yield surface equation is obtained for a thin-walled 

cylinder under repeated loading τ + p. which stretched upon first loading. 

It is proved that the yield surface equations also yield the fatigue surface equations if the yield stress σT. is 

replaced by the fatigue stress σ0. 

Expressions are found for the number of cycles required for fatigue failure under an asymmetric loading cycle 

under repeated loading. 

It is proved that in order to increase the number of cycles required for fatigue fracture, during the first loading, 

when the material is strengthened due to plastic deformation, and with repeated cyclic loading, the same stress 

components must take place. It is proved that if during repeated loading the end of the loading path is inside the 

endurance surface, then the number of cycles required for fatigue failure in an asymmetric loading cycle tends to 

infinity. 

Keywords: Initial loading, reloading, cyclic loading, strength, fatigue failure, plastic deformation, residual 

stress, yield surface. 

 

INTRODUCTION 

 

This cyclic loading occurs, for example, on the shaft of wind turbines. Wind turbines have three blades. The 

fewer blades a turbine has, the higher its rotation speed and the lower the torque generated on the shaft. The more 

blades in size, the higher the torque and the lower the rotational speed due to the increase in drag. The lower the 

speed, the more complex the system of gearboxes transmitting rotation to the generator shaft. Therefore, the 

three-blade design is recognized as optimal, at least for mega-watt installations. 

Formulation of the problem. The stresses arising in the cylinder will be denoted using the local Cartesian 

coordinate system by x, y, z (see Fig. 1): the x-axis is parallel to the generatrix of the cylinder, the z-axis is 

directed tangentially to the midline of the cross-section, the y-axis is the continuation of the radius R. 

 

 
 

Fig. 1. General view of a loaded thin-walled cylinder and its cross-section. 

Suppose, during the first loading, a thin-walled cylinder is stretched by a longitudinal force. Because of the 

thinness, it is assumed that the stress state in the cylinder will be uniformly, i.e., it does not change from point to 

point of the cylinder and changes only when the tensile force changes. The stress components at the first loading 

will be: 

σxx = σ0;        σxy = σxz = σyy = σyz = σzz = 0                                            (1) 
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Upon repeated loading, the cylinder is twisted and at the same time a uniform pressure acts from the inside, i.e. 

the repeated loading is M + P (the ends of the cylinder are not closed). In this case, the components of the stress 

tensor σzz = σz and σyz = τ are nonzero.  

In [1], an equation obtained for the loading surface was  in the following form: 

ℐ1
2 + 2(1 + ν)ℐ2 =

k0+1

2
⌊ℐ1

02
+ 2(1 + ν)ℐ2

0⌋                                                (2) 

               

Where ℐ1and ℐ2 are, respectively, the first and second invariants of the stress tensor under repeated loading, and 

ℐ1
0 and ℐ2

0   are under the first loading, ν is Poisson's ratio,  

k0 = √
2k2

ℐ1
02

+2(1+ν)ℐ2
0

− 1                                                                     (3) 

                                              

2k2 = σ1T
2 + σ2T

2 ;  σ1T,  σ2T − yield strength in tension and compression, respectively. We will assume that 

σ1T =  σ2T = σT. Then the first and second invariants of stresses under the first loading, respectively, will be: 

                ℐ1
0 = σ0 ;     ℐ2

0 = 0                                                                (4) 

and upon repeated loading 

             ℐ1 = σz ;       ℐ1 = τ2                                                                (5) 

Substituting (4) into (3), we obtain:  

k0 =
√2σT

2 −σ0
2

σ0
                                                          (6) 

Moreover, it is assumed that √2σT >  σ0 >  σT. Substituting  (4), (5), (6) in (2), we get  

σz
2 + (1 + ν)τ2 = (√2σT

2 − σ0
2 +σ0)σ0                                             (7) 

  

Divide both parts (7) into 

k1 = (√2σT
2 − σ0

2 +σ0)σ0 

Then                                                               
σz

2

k1
2 +

τ2

k2
2 = 1                                                                    (8)         

where                                                             k2
2 =

k1
2

2(1+ν)
 

Equation (8) is the equation of an ellipse with semiaxes k1 and k2. 

In [5],was obtained the following expression  for the number of cycles required for fatigue failure under an 

asymmetric loading cycle. 

             N =
2σТ

2

[(ℐ1
2+2(1+ν)ℐ2−(1+ν)σίϳσίϳ

′ +νℐ1
′ℐ1)](1−kв)

                                                      (10)     

Where                           

                                             ℐ1 = σίϳℊίϳ;  ℐ1
′ = σίϳ

′ ℊίϳ                                                           (11)       

σίϳ 
′ end σίϳ- respectively, the stress values at the beginning and at the end of the cycle. In (10) and (11), the 

summation from 1 to 3 is performed over the repeated indices i, j. 

                                     kв = √
2σB 

2

ℐ1
2+ 2(1+ν)ℐ2

− 1                                                              (12)        

 

σв - endurance limit. 

In [2], was obtained an equation for the yield surface for the initial loading  in the following form: 
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ℐ1
2 +  2(1 + ν)ℐ2 =σT

2  

and the equation of the endurance surface in the form: 

ℐ1
2 +  2(1 + ν)ℐ2 =σв

2 

As can be seen from the last two equations, in order to obtain the fatigue surface equation in the first equation, 

the yield stress σT   should be replaced with the fatigue limit σв. If we take into account the second equation in 

(12), we obtain kв = 1, then the denominator of the right-hand side of (10) turns to zero and the number of 

cycles required for fatigue failure under an asymmetric loading cycle tends to infinity.  

         It was obtained in [5] that 

 

σij
∗ =

1−k0

2
σij

0                                                          (13) 

Expressions (13) determine the residual stresses after loading with stresses σij
∗ = 0, where k0 = 1 is determined 

by formula (3).  

It is known that when there are no plastic deformations [3] and as seen from (13). Thus, residual stresses arise 

only in the presence of plastic deformation. Based on (13) for this problem we have: 

                               σx
∗ =

σ0−√2k2−σ0
2

2
                                                     (14)          

Based on (13), we find that all other components of the tensor σij
ʹ  are equal to zero. From (11) and (14) 

 ℐ1
′ = σx

∗ =
σ0−√2k2−σ0

2

2
                                                   (15)      

J1, J2 are determined from (5). 

Now let us determine the components included in the denominator of equality (10). For this problem, taking into 

account (5) 

                                       𝒥1
2 + 2(1 + ν)𝒥2 = σz

2 + 2(1 + ν)τ2                                                   (16) 

The tensor σίϳ
′  differs from zero only σxx

ʹ = σx
ʹ , all other components are equal to zero, because at the beginning 

of repeated loading there are only initial stresses, therefore, from (14)  

σxx
ʹ = σx

ʹ = σx
∗ =

σ0−√2k2−σ0
2

2
                                                         (17)          

ℐ1
′ = σx

∗ =
σ0−√2k2−σ0

2

2
                                                              (18)         

The tensor σίϳ is nonzero σxx = σx and σxz = τ, all other components are zero. Then from (17)  

σίϳσίϳ
′ = σz

σ0−√2k2−σ0
2

2
                                                                (19)    

Substituting (16) into (12) we have: 

kв = √
2σB 

2

σz
2+2(1+ν)τ2 − 1                                                                     (20)               

Substituting (16) - (20) into (10) for the denominator of the right-hand side, we obtain: 

ℐ1
2 + 2(1 + ν)ℐ2 − (1 + ν)σίϳσίϳ

′ + νℐ1
′ℐ1 = 

= [σz
2 + 2(1 + ν)τ2 + ν

σ0−√2k2−σ0
2

2
(τ + σz)](1 − √

2σB 
2

σz
2+2(1+ν)τ2 − 1)                                 (21) 

As can be seen from this expression, with an increase in σ0, the denominator increases, hence the number of 

cycles required for fatigue failure decreases. The denominator decreases due to the component (1 + ν)σίϳσίϳ
′ . This 
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means that in order to increase the number of cycles required for fatigue failure during the first loading, when the 

material is hardened due to plastic deformation, and during repeated cyclic loading, the same stress components 

must occur, and the larger the number of the same stress components, the stronger the increase the number of 

cycles required for fatigue failure. It should be noted that for fatigue failure of structural parts, the end of the path 

during repeated loading must be located between the loading and endurance surfaces. 

At the end, we note the main conclusions of this section.  

 

Conclusion 

1.An equation for the yield surface is obtained for a thin-walled cylinder under repeated loading τ + p. which was 

stretched at the first loading. 

2. It is proved that the equations of the yield surface also give the equations of the fatigue surface, if the yield 

stress σT is replaced by the fatigue limit σв.  

3. Expressions are found for the number of cycles required for fatigue failure under an asymmetric loading cycle 

under repeated loading. 

4. It has been proved that in order to increase the number of cycles required for fatigue failure during the first 

loading, when the material is hardened due to plastic deformation, and during repeated cyclic loading, the stress 

components of the same name must occur. 

5. It has been proved that if during repeated loading the end of the loading path is inside the fatigue surface, then 

the number of cycles required for fatigue failure under an asymmetric loading cycle tends to infinity. 
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ABSTRACT 

 

 Since the end of the 20th century and the beginning of the 21st century, as a result of the large-scale 

implementation of the industrialization policy in Azerbaijan, a large number of industrial enterprises with 

powerful potential have been created. Based on this, the volume of industrial production over the past 10-15 

years has increased 2.7-3.0 times. The current state of the country's economy has created ample opportunities for 

the development of the non-oil sectors along with the oil sector. At the same time, attention is drawn to the 

variety and speed of work on the extraction of precious metals. 

Azerbaijan International Mining Company (AIMC) is one such company and is currently engaged in exploration, 

production and processing at the Gadabay deposit. 

The high technology used here and the associated equipment and tools emphasize the need to apply and update 

recovery technologies, as well as various improvements over time. One of the main directions of scientific and 

practical work carried out here is to increase the resistance of grinding balls to corrosion. 

The article is devoted to determining the relationship between the wear rate of grinding balls of a semi-

autogenous grinding mill and the parameters that control the process. 

Keywords: industrialization, industrial production, non-oil sector, mining company, drum mill, grinding balls, 

wear, the relationship between process controllers. 

 

INTRODUCTION 

 

Azerbaijan International Mining Company, operating in Azerbaijan since 2009 (51% - Azerbaijan, 49% Anglo 

Asian Mining PLC), began to extract gold (2009), silver and copper (2010) at the Kedabek mine, and since 2013 

- at the site Double. provides gold mining. Precious metals at the Gadir site will be available from the summer of 

2015, and at the Ugur mine - from the fall of 2017. Besides, AIMKL was instructed to continue geological 

exploration work and carry out the processing process [1]. As a whole, AIMKL was instructed to conduct 

exploration, mining and processing at 6 locations (-1 in Nakhchivan, -2 in Kedabek, -3 in Kelbajar and 

Zangilan). 

 The production capacity of the enterprise was 2,200 tons / day until 2013, but in 2013, as a result of 

modernization, the company increased it to 4,000 tons / day, and in 2020 to 6,000 tons/day. 

The efficiency of the processing process at the enterprise is related to the energy consumption of the mills used 

here, as well as the intensive consumption of linings and balls. For this reason, all research work to reduce them 

is relevant. 

The purpose of the work. Determination of the relationship between the wear rate of grinding balls in the SAG 

Mill mill and the parameters that control the process 

Materials and research methods. As a result of our research, it was determined that the average daily ball 

consumption in mills is 2.2-2.5 tons for d = 40 mm; 1.0-1.1 tons for d = 100 mm. This is 90-120 tons / month for 

balls with an average monthly ball consumption d = 40 mm; For spheres with d = 100 mm, it is equal to 31-33 

tons / month. In addition, balls with diameter d = 125 mm were used in the tests.  

The test balls were manufactured in Baku Oil Drilling Equipment CJSC and Baku Steel Casting OJSC based on 

the technology produced in Turkey and Ukraine, as well as the technology offered by us. 

From the methodological point of view, each time the mill was stopped for a short time after 100 hours of 

operation, 10 balls d = 100 and d = 125 mm were taken from them and subjected to measurements. 

Results and their discussions. In order to assess the effectiveness of the balls against corrosion and spillage in the 

experimental tests, 100 balls with a diameter of 70 mm and a weight of 6 tons, a diameter of 100 and a weight of 

12 tons, as well as 100 balls with a diameter of 125 mm were made according to the proposed technology [2]. 

The use of a diameter of 125 mm was adopted in order to distinguish them from the wear and tear that occurs in 

them. Table 1 shows a comparison of the amount of food consumed in the spheres prepared and operated on the 

basis of existing and proposed technology. 
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Table 1 

Comparison of the amount of food consumed on the basis of existing and proposed technology 

№ Name of ore deposit and diameter 

of spheres used  

Erosion by diameter of spheres,% 

Service life, days 

3 5 10 15 20 

1 Gadir, d = 100 mm d=125 mm 3,8 9,4 26,8 51,5 - 

2,3 5,7 14,8 28,7 40,5 

2 Gadabay d = 100 mm d=125 mm 3,2 7,8 21,6 44,4 56,4 

1,8 4,1 12,8 23,8 37,4 

3 Uqur, d = 100 mm d=125 mm 2,6 6,2 14,4 34,6 48,5 

1,5 3,2 8,1 16,2 23,8 

 

As can be seen from the analysis of the Y change in the spheres with diameter d = 100 mm, the value of this 

change in the Ugur, Gadabay and Gadir fields after the first 3 days is (2.6 - 3.8) / (1.5-2.3), respectively. , After 5 

days (6,2-9,4) / (3,2-5,7), after 10 days (14,4 - 26,8) / (8,1-14,8), after 15 days (34.6 - 51.5) / (16.2-25.7). 

The comparative analysis shows that although the ore from the Qadir field loses more than 50% of its size on the 

15th day of operation when processed using existing balls, the proposed balls are able to maintain their capacity 

and only 32.5% of their resources are available on the 20th day of operation. % used.  This indicator was more 

effective in ores with low hardness. 

In general, the resources of the spheres made on the basis of the proposed technology are on average 13.6-18.1% 

more than the existing ones. 

Experiments have shown that the hardness of the processed ores and the speed of rotation of the mill have a 

significant impact on the rate of change (wear) of the balls in diameter compared to other factors. 

In addition, based on numerous experiments in research and the results of repeated studies (Y = f (t), Y = f (H) 

and Y = f (V)) in the MILLTRAJ simulation program, The existence of the following empirical relationship 

between:  

 

Y=k·(H+4)∙Va∙Tc=(0,012·H+0,048)∙V0,2∙T2                       (1) 

 

Here, the wear rate of Y spheres,% 

V- speed of the mill, period / min; 

T - service life of the mill, days. 

H - hardness of the processed ore, on the Mohs scale; 

k - correction factor, k = 0.012; 

The results of using the empirical expression are given below. 

Example 1: In a mill with a rotational speed of 13.1 rpm, let's determine the lost resource of the balls in the 

process of processing ore with a hardness of H = 5 on the Mohs scale (T = 12 days): 

Y= k·(H+4)∙Va∙ Tc =0.012·(5+4) ∙V0,2∙T2 = 

0,108∙ 13,10.2 ∙ 122 = 26,02 %. 

Example 2: In a mill with a rotational speed of 13.8 revolutions / min, determine the lost resource of the spheres 

in the process of processing ore with a hardness of H = 3 on the Mohs scale (T = 18 days): 

Y= k·(H+4)∙Va∙ Tc =0.012·(3+4) ∙V0,2∙T2 = 

0,084∙ 13,80.2 ∙ 182 = 46 %. 

Example 3: In a mill with a rotational speed of 14 revolutions / min, determine the lost resource of the balls in 

the process of processing ore with a hardness of H = 7 on the Mohs scale (T = 10 days): 

Y= k·(H+4)∙Va ∙ Tc =0.012·(7+4) ∙V0,2 ∙T2 = 

0,132∙ 140.2 ∙ 102 = 22,38 % 

As can be seen from the above reports, in Example 1 (T = 12 days), the spheres lost only 26.02% of their 

resources and can be exploited successfully. In Example 2 (T = 18 days), the spheres lost only 46% of their 
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resources and their use was inefficient. In Example 3 (T = 10 days), the spheres lost only 22.38% of their 

resources and can be exploited successfully. 

Results. Thus, based on the results of experimental work to determine the relationship between the wear rate of 

grinding balls and the parameters that control the process at the SAG Mill mill, an empirical expression was 

proposed for the purpose of operational control of the processing process. 
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ABSTRACT 

 

In this study, experiment were conducted to determine influental process parameters to the hardness and porosity 

properties of newly developed brake pad composites. Brake pad composites were preperad by traditional powder 

metallurgy methods. The development of friction brake pad specimens used in this work were based on a non-

asbestos organic type formulation. The plan of experiments conducted to by 2-level design model using 5 factor 

on base L8 array. Results of analysis of variance showed that “plasticizer” was most important factor to influence 

both properties. 

Keywords: friction composites, hardness, porosity, powder metallurgy, Taguchi’s technique 

 

Relevance of the issue: The safety is one of the key factors for achieving effiency of the brake system [1]. Brake 

couples are constantly subjected high thermomechanical loading during braking process. High thermal stresses 

are ultimately leads to increase wear and decrease friction properties. Non-stable friction characteristics affect 

the safety and overall performance of braking system [2]. For such reasons, new materials are constantly needed 

to meet modern requirments of industry. Nowadays, non-asbestos organic friction composites are most 

researched and demanded materials in various type of tribotechnical units [3]. These polymer composites not 

only used in consturction, textile, sporting good and etc. but  are widely used in tribological areas as well,  due to 

their excellent properties such as lightness, high strengh, cost-effetivness and simple processing features [4]. 

However, there is a still great demand for increasing the quality and further improving the properties of friction 

polymer composites [5]. Current trend in machine and application safety impose the development of new eco-

friendly, low-cost and high thermally stable materials [6,7]. 

The purpose of the study: The purpose of this paper is to develop new sustainable friction material for medium or 

heavly loaded braking systems. The present work aim to establish correlation between design parameters and 

physical properties of new organic polymer composites. 

Materials and equipment: The main constituents of brake pad materials are usually consist of these main 

components: space filler, binder, fibers abrasive and solid lubricants [8]. In this study phenolic resin was used as 

binder material. Barite was used as space filler. Eleven ingredients were selected as raw materials to prepare 

composite materials. The composite formulation was used by following weight proportions: 25% barite, 25% 

phenolic resin, 7% aluminum dioxide, 10% lead, 10% tin, 7% copper-graphite (80% Cu 20% C), 5% silicon 

dioxide and 5% wollastonite. The samples were fabricated in rectangular form (in size of 22.9 x 15.7 x 7.8 mm) 

by conventional powder metallurgy methods including ball-milling, dry mixing (for 16 hours with speed of 60 

cycles/min on a horizontal drum mixer), following mixing with glcyerin (plasticizer), pressing (pre-forming and 

hot pressing) and sintering in muffle furnace (for 5 hours in 140°C).  

The plan of experiments  was conducted considering five parameters and two level design based on the Taguchi 

L8.  Following parameters determined to produce specimens: heating tempearture (X1) and time (X3), plasticizer 

(X4), hot pressure (X2) and pressing time (X5). Levels of choosen variables are given in Tab.1. 

 

Table 1. 

Design factors and levels 

Code Design factors Units 
Levels 

1 2 

X1 Heating temperature  °C 160 120 

X2 Hot pressure  MPa 25.5 10 

X3 Heating time  min 155 20 

X4 Plasticizer  wt.% 10 5 

X5 Pressing time  min 40 5 

 

The experimental results and analysis of variance (ANOVA) were processed by Minitab 19 software. Hardness 

of signal-to-noise ratios (S/N ratio) was calculated with setting goal of the experiment to “larger-the-better” and 
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porosity S/N ratio was calculated using “smaller-is-better” criteria. S/N ratios were calculated using logarithmic 

loss function (1) and (2) [9]. 

                                            

S

N
 (Hardness) =  −10 log [

1

n
∑

1

yi
2

n

i=1

] 

                                                       

 

S

N
 (Porosity) =  −10 log [

1

n
∑ yi

2

n

i=1

] 

                                                          

Where, y - response for the given factor level, n - number of experiments 

The hardness test was carried out using Brinell hardness testing method with a load of 62.5 kg·f and a steel ball 

with a diameter of 2.5 mm in accordance with with GОSТ 9012-59.  

In order to calculate the porosity, the JIS D 4418: 1996 standard (Japan) was applied [10]. Samples were initially 

stored in a desiccator at room temperature for 24 hours. Before immersing the samples in oil, their mass was 

weighed on an electronic balance. The samples were then placed in an oil-filled container and stored in an 

furnace at 90°C ± 1°C for 8 hours. The tests used crude oil with a density of 0.850 g/cm3. Then the container 

with the specimen removed from the furnace was left at room temperature for 12 hours to cool the oil. Finally, 

the samples were rolled on a dry cloth several times for remove oil and weighed again. The percentage of 

porosity is calculated using the formula: 

Porosity (%)  =
m2 − m1

ρ
 x 

1

V
 x 100 

where, m1 is the mass of the sample before immersion in oil (g), m2 is the mass of the sample after immersion in 

oil (g), ρ is the density of oil (g/cm3) and V is the volume of the sample (cm3). 

 

Results and discussion: Tab.2 shows the response of hardness (Y1, HB), porosity (Y2, %) and corresponding S/N 

ratio (dB) values for each combination of the levels of the five factors. Obtained experimental data are converted 

to S/N ratio to estimate the quality characteristics of process. 

Table 2. 

Design of experiments and results 

Run 
Design matrix Response S/N ratio 

X1 X2 X3 X4 X5 Y1 Y2 Y1 Y2 

1 1 1 1 1 1 42.1 0.00012 32.4856 78.4164 

2 1 1 1 2 2 34.5 0.00065 30.7564 63.7417 

3 1 2 2 1 1 41.2 0.00024 32.2979 72.3958 

4 1 2 2 2 2 40.5 0.00017 32.1491 75.3910 

5 2 1 2 1 2 41.0 0.00020 32.2557 73.9794 

6 2 1 2 2 1 33.6 0.00078 30.5268 62.1581 

7 2 2 1 1 2 41.2 0.00023 32.2979 72.7654 

8 2 2 1 2 1 33.7 0.00071 30.5526 62.9748 

 

Brake friction materials must have efficient hardness and low porosity to ensure reliable friction by developing a 

improved contact surface [11, 12]. Based on the S/N ratio result, it is possible to determine which is the most 

influential factor in increasing the hardness and decrasing porosity. The ranking of input parameters using 

obtained result S/N ratios (Fig.1) are given in Fig.2.  

 

(1)                                                  

(2)                                                  
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Figure 1. Main effect plots (data means) for the hardness 

S/N ratio results for both parameter are almost the same, only hardness (Y1) are shown in Fig.1.It is clear from 

S/N ratio plots (Fig. 1) and ranking graphs that plasticizer (X4) (Fig. 2) is most significant parameter which is 

influences both response parameters. By performing ANOVA it can be determined the percentage contribution 

of each factor and interactions on output parameters. 

 

 

Figure 2. The ranking of design parameters 

In order to understand the effect of chosen design parameters and their interactions ANOVA is studied at 95% 

level (p ≤ 0.05) of confidence. The results of ANOVA for hardness and porosity are presented in Tab. 3 and 4, 

respectively. Obtained informations about significty of the factors and conditions were then used for final 

regression model. 

 

Table 3. 

ANOVA table for hardness 

Source DF Seq SS Contribution Adj SS Adj MS F-Value P-Value 

X1 1 9.680 9.60% 9.680 9.680 1.63 0.330 

X2 1 3.645 3.61% 3.645 3.645 0.61 0.516 

X3 1 2.880 2.86% 2.880 2.880 0.48 0.559 

X4 1 67.280 66.72% 67.280 67.280 11.30 0.078 

X5 1 5.445 5.40% 5.445 5.445 0.91 0.440 

Error 2 11.905 11.81% 11.905 5.952   

Total 7 100.835 100.00%     

 

Table 4. 

ANOVA table for porosity 

Source DF Seq SS Contribution Adj SS Adj MS F-Value P-Value 

X1 1 - 12.98% - - 1.48 0.348 

X2 1 - 3.79% - - 0.43 0.578 

X3 1 - 2.43% - - 0.28 0.651 

X4 1 - 54.74% - - 6.24 0.130 

X5 1 - 8.53% - - 0.97 0.428 

Error 2 - 17.53% - -   

Total 7 0.000001 100.00%     
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Where, DF is degrees of freedom, Seq SS is sequential sum of squares, Adj SS is adjusted sum of squares, 

contribution is percentage of contribution. P-values of selected design factors from Tab.3 and 4 was higher than 

0.05, which is proves that their significanty on hardness and porosity properties. ANOVA results confirmed that 

plasticizer is the most dominant control factor for hardness with 66.72% and porosity with 54.74%. After 

plasticizer (X4) following percentage of contribution were determined: X1-9.60%, X5-5.40%, X2-3.61% and 

X3-2.86%  for hardness. Besides X1-12.98%, X5-8.53%, X2-3.79% and X3-2.43%  for porosity. The results 

show that the effect of the factors for both parameters is very close to each other. This effect can be better 

observed in comparison of output parameters (Fig.3). 

 

 

Figure 3. Comparison of the relationship between hardness and porosity 

Fig. 4 shows that decrease of hardness leads to accordingly an increase in porosity percentage. It is known that 

lower porosity will result in higher friction coefficient and lower wear resistance due to higher contact areas 

between brake couples surfaces [12]. Plasticizer (X4) (Fig.4 a) and pressing time (X5) (Fig.4 b) with dependence 

of heating temperature (X1) are great influence on porosity. By changing the levels of these parameters, output 

value can be affected. 

 

 

Figure 4. Contour plot dependece between porosity and input parameters: a) X5-X1 b) X1-X4 

From the porosity results it can be seen that for all specimens porosity were very low (0.0008 ˃) (Tab.2). The 

fact that the porosity in the investigated specimens is almost non-existent should be taken as very high 

achievement for friction materials. Mentioned result can be explained by role of glycerin which is used as a 

plasticizer. Glycerin had a very great impact on the formation process by affecting contact between the particles. 

Even though in general, glycerin in sharply reduces the porosity in all samples, the use of 10 wt.% plasticizer is 

more purposeful. This also applies to the hardness property. If we look at the values of hardness, it can be seen 

that this claim is justified. Another important benefit of glycerin was preventing sticking of specimen mold on 

the press-die walls. As a result of all the above mentioned features of plasticizer led to improved hardness and 

porosity properties. 

In Fig.5 plot dependence between hardness and design factors are given. Fig.5 a demonstrates that best 

performance be achieved only second levels of heating temperature (X1) and pressing time (X5). Similar effect 
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can be observed for heating temperature (X1) and heating time (X3) and parameters (Fig.5 b). For these 

parameters only first level values are effective. 

 

 

Figure 5. Surface plot dependece between hardness and input parameters: a) X5-X1 b) X1-X3 

The linear regression equation, showing the coded relationship between the predicted and predictor variables for 

hardness concluded as follows: 

Y1 = 52.05 - 2.20 X1 - 3.90 X2 + 1.20 X3 - 5.80 X4 - 3.60 X5 + 3.50 X2*X5 

The information about model summary and coefficients can be found in Tab.5 and 6, respectively. For hardness 

and porosity R-sq are 94.27% and 94.08%, respectively. Regression model showing that most important 

interaction factor which is affecting in increase of hardness is X2*X5. The positive values of X3, and X4*X5 

terms is indicate that increase in heating time and hot pressure and pressure-plasticizer increases the hardness. 

 

Table 5. 

Model Summary 

Model S R-sq R-sq (adj) 

Hardness (Y1) 2.40416 94.27% 59.88% 

Porosity (Y2) 0.0001768 94.08% 58.53% 

 

Where, R-sq is coefficient of determination and S is standard error of the regression. Smaller values of S 

indicates that the observations are closer to the fitted line [13]. 

 

Table 6. 

Regression coefficients for hardness 

Term Coef SE Coef T-Value P-Value 

Constant 52.05 9.58 5.43 0.116 

X1 -2.20 1.70 -1.29 0.419 

X2 -3.90 5.38 -0.73 0.600 

X3 1.20 1.70 0.71 0.609 

X4 -5.80 1.70 -3.41 0.182 

X5 -3.60 5.38 -0.67 0.624 

X2*X5 3.50 3.40 1.03 0.491 

 

The linear regression model for porosity was concluded as follows: 

Y2 = -0.000752 + 0.000185 X1 + 0.000425 X2 - 0.000080 X3 + 0.000905 X4 - 0.000150 X5 

- 0.000350 X2*X4 

The information about model summary and coefficients can be found in Tab.5 and 7, respectively. Regression 

model showing that most important interaction factor which is affecting in increase of porosity is X2*X4. The 

negative values of X3 and X2*X4 terms is indicate that decrease in heating time and hot pressure*plasticizer 

combination decreases the porosity. 

 

Table 7. 

Regression coefficients for porosity 

a b 
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Term Coef SE Coef T-Value P-Value 

Constant -0.000752 0.000704 -1.07 0.479 

X1 0.000185 0.000125 1.48 0.378 

X2 0.000425 0.000395 1.08 0.477 

X3 -0.000080 0.000125 -0.64 0.638 

X4 0.000905 0.000395 2.29 0.262 

X5 -0.000150 0.000125 -1.20 0.442 

X2*X4 -0.000350 0.000250 -1.40 0.395 

 

Results of optimization tests are given Tab.7. As mentioned above, the results of the optimization were the same 

for both output parameter because the relationship between the two properties was similar. 

Table 8.   

Results of optimization tests 

Parameters Solution 

Respo

nse 
Goal Lower Target Upper 

X1 X2 X3 X4 X5 Y1 Fit Y2 Fit 

Y1 Max. 33.6 42.1000 - 
1 1 2 1 2 44.075 -0.0000475 

Y2 Min. - 0.0001 0.00078 

 

Because the models are compatible, their probability test has yielded very similar results, and therefore only 

hardness results have been given (Fig.6). 

 

 

Figure 6. Predicted values of hardness 

The probability plots proves appropriateness of the obtained results to the model. Taguchi’s method is used to 

find optimum combinations to achieve better physical and mechanical properties for organic friction brake pad 

composites.  The obtained results can be used in the preparation of new composite materials. 

 

Results: The ANOVA results showed that plasticizer is the most significant parameter affecting on hardness 

(66.72%) and porosity (54.74%).  

Hot pressure*plasticizer and hot pressure*pressing time combinations were most significant interaction factor 

which is affecting process. 

The obtained regression model show that heating time and hot pressure and pressure*plasticizer has positively 

related for hardness. Also regression model for porosity show that heating time and hot pressure and hot 

pressure-plasticizer combination has negatively related for porosity.  

Optimal combination for hardnes and porosity was determined to be heating temperature (160°C), hot pressure 

(25.5MPa), heating time (20 min), plasticizer (10 wt.%) and pressing time (5 min).   

P-values of selected design factors was higher than 0.05, which is proves that their significanty on hardness and 

porosity properties. 
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ABSTRACT 

 

The main volume of gas produced in the Republic of Azerbaijan is formed in offshore fields. Some of this gas is 

transported to the shore, and the other part is used in gas-operated wells. In both cases, multi-stage compressors 

on SOCAR's balance sheet are used. In the process of compressing gas in compressor stations, its temperature 

rises (T = 115 ÷ 118 ℃) and it is important to cool it to T = 35 ÷ 38 ℃ before sending it to the outlet. 

The heat exchanger proposed by the authors differs in this respect by its simplicity and functional advantages. 

The article provides a comparative analysis of the durability of existing and newly constructed heat exchangers 

used in compressor stations. 

Keywords: heat exchanger, selection, flicker noise spectroscopy, multitaper spectral evaluation. 

 

The actuality of the subject. As important as it is to determine the design parameters of heat exchangers, it is 

equally important to assess the vibrations that may occur during the operation of the device and their impact on 

the work process. 

It is known that vibrations are classified into two groups according to their nature: mechanical and aerohydro. In 

the first case, they are based on vibrations caused by the kinematic effect of the equipment entering the system 

(compressor, pot, etc.), and in the second case, they are vibrations caused by aerohydrodynamic effects caused 

by air or liquid flows. In this case, the effect of the latter is more important than the former, so that the 

mechanical effects in the system can be regulated and regulated by packaging measures. On the basis of the 

second effects, there are cases of abrupt disturbances inside the heat exchanger, the formation of turbulent 

pulsations in the liquid or stream, and the violation of the structural stability under the influence of hydro and 

aero. 

The purpose of the work. The article is devoted to a comparative assessment of the reliability effect of vibrations 

caused by hydrodynamic effects in a newly constructed heat exchanger. 

Methodical base of research work and materials used.  Figures 1 and 2 show the schematic diagrams of the newly 

constructed heat exchangers (IMEs) currently used in existing compressor stations, respectively. The proposed 

IME consists of cylindrical hollow metal tubes in operation and is based on the principle of a hydriaeroelastic 

system as a result of the action of two agents moving along the inner surface. 

 

 

 

 

Figure 1. Kinematic scheme of existing heat exchanger used in compressor stations 
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Figure 2. The scheme of movement of coolant and cooled gas in the newly built heat exchanger 

The hydrodynamic force created here will cause certain elastic deformations 

 in the structure and, as a result, vibrations. 

In the newly constructed IME, the flow rate of the coolant is ϑ = 1.0 - 1.5 m / s, passing through the first pipe 

with an inner diameter of d1 = 200 mm, moving in a straight flow, touching the second pipe (d2 = 500 mm) to 

the spherical surface and backwards fills the gap between pipes I and II. The heated gas moving on the outer 

surface of pipe II and collected between pipes II and III cools in this temperature exchange. 

3. Results of experiments and their discussion. We will show the results of the study using the example of 

calculating vibration in a cooling heat exchanger used at a gas-lift compressor station and compare them with the 

traditional method of calculation. The figure shows a graphical representation of the measurement results with a 

step ∆t = 0.2 sec. stress σ (t) in the annular space obtained using a tensometer. 

  

 

Figure 3. The nature of the voltage change in the shell side of the heat exchanger 

 

The well-known method for calculating the vibration of a pipe in heat exchangers is described in detail in 

scientific papers [1, 2]. The calculation is based on determining the vibration amplitude of the pipe and 

establishing the value of the ultimate stress in this case. By calculation, it was found that the maximum values of 

the amplitude of the oscillations and stresses in this case, respectively, are ymax
турб

 = 3,24 mm and σ = 2,24 MPa. 

A comparative calculation based on the principles of multitaper estimation of pipe vibration power, according to 

the recommendations [4-8], showed that they are Pd ≤ 0,99 xmax  xmax ≤ 2,71 with a confidence level. 

As expected, the value xmax ≤2.71, obtained by the multitaper method, was estimated to be slightly higher 

compared to the value xmax  = 2.24, obtained from the linear differential equation. 

4. Conclusion. Thus, the following conclusions can be drawn: 

-use of the multitaper method, the assessment of the power spectrum of free oscillations of the heat exchanger, 

gives a more accurate estimate of the maximum voltage value; 

- the resulting value of σmax≤2.71, greater than σmax = 2.4 MPa, established using a linear differential equation. 

 

 

 



 

   

 

                                              

 

                                                                                                                                                                    37 

CİLD 05  BURAXILIŞ 01  2021 

AVADANLIQLAR, TEXNOLOGİYALAR, MATERİALLAR  

REFERENCES 

 

1. Шишкин Б.В. Прочность и вибрация кожухотрубчатых теплообменных аппаратов. 

Комсомольск-на-Амуре [Электронный ресурс]: КнАГТУ, 2013, 142с. 

2. Динамика конструкций гидроаэроупругих систем /Отв. ред. С.М. Каплунов, Л.В. Смирнов, 

Ин-т Машиноведения им. А.А. Благонравова – М.: Наука, 2002-397 с.  

3. РД 24.271.01-88. Методы оценки вибрационных характеристик трубных систем 

регенеративных подогревателей низкого давления и подогревателей сетевой воды – М.: 

Минтяжмаш СССР, 1990-37 с.  

4. Percival D.B., Walden A.T. Spectral analysis for physical applications. Multitaper and conventional 

univariate techniques. - Cambridge: Cambridge University Press, 1993 

5. Slepian D. Prolate Spheroidal Ware/Functions, Fourier Analysis and Uncertainty – V: The Discrete 

Case// Bell System Technikal Journal, 57, 1371-1430 (1978) 

6. Riedel K.S., Sidorenko A. Minimum bias multiple taper spectral estimation //IEEE Trans. Signal 

Processing, 1995, vol. 43, pp. 188-195 

7. Тимашев С.Ф. Фликкер-шумовая спектроскопия: информация в хаотических сигналах – М: 

ФИЗМАТЛИТ, 2007 – 248с. 

8. Тимашев С.Ф., Встовский Г.В. Фликкер-шумовая спектроскопия в анализе хаотических 

временных рядов динамических переменных и проблема отношения «сигнал-шум» 

//Электрохимия, 2003, т. 39, №2, с.156-169. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

  

 
     38 

VOLUME 05  ISSUE 01  2021   

ISSUE 07  2020   

EQUİPMENT, TECHNOLOGİES, MATERİALS 
 

DYNAMICS OF IMPACT OF ABRASIVES ON GEARS ON TEETH 
 

Nazim Ibrahimov  

Azerbaijan State Oil and Industry University, Doctor of Technical Sciences,  Professor. (Azerbaijan). 

E-mail: nazim.ibragimov.2015 @mail.ru 

 

ABSTRACT 

 

This article discusses the effect of abrasive between the leading and the driven gear teeth on the formation of a 

stress state. In this case, normal and tangential stresses are calculated under the action of normal and tangential 

forces 

Keywords: gears, abrasives, normal and tangential stresses, segmented shapes, fracture limit, wear depth. 

 

INTRODUCTION 

 

In the dynamics of abrasive particles, the process of abrasive after deformation in the space between the teeth is 

considered. In this case, the movement of the abrasive on the surfaces of both the lead and the carried teeth is a 

complex process. 

The abrasive between the two teeth, the lead and the extracted teeth, is deformed by various influences, often 

resulting in the disintegration of the particles into smaller particles by changing their geometric dimensions. 

These fissile particles continue their friction and wear processes by acting on the surfaces of the teeth. 

The purpose of the work. It is a theoretical and practical solution to the dynamic processes of intensive abrasion 

caused by deformed abrasives on the surfaces of teeth. 

To solve this problem, abrasive particles are considered as spherical elements, and research is carried out within 

the limits of elasticity, plasticity and micro-shear. It should be noted that the spherical particle is accepted in 

accordance with the standards, as in the known literature [1, 2, 3]. 

Problem statement .The gears move the abrasives at the moment of rotation during a certain rotation. In this case, 

as the abrasive moves back and forth and rotates according to the state of rotation of the gears, plane-parallel 

movements are considered. These movements create a friction process by repeating the movements of the 

abrasive tooth along the curved profile. The effect of internal and external forces created by this abrasive during 

its movement on the profile of the tooth surface creates tensions. It is known that abrasive particles remain 

deformed on the surface of the teeth for some time, so it is advisable to conduct research by classical methods. 

Studies show that these tiny particles damage the profiles of the teeth during deformation, forming segmented 

slots at certain depths. In this process, scratches, abrasions, tears and hot spots appear on the segmental surfaces 

of the teeth. The main source of deformations depends on the design of the gears, manufacturing technology and 

operating conditions. Therefore, in such cases, there are cracks in the profiles of the teeth, partial collapse. 

During subsequent operation, the gears are damaged as a result of abrasive wear. Practical experience shows that 

gears operating in severe conditions break down in a short time [4,5]. 

To prevent this, it is important to ensure full strength and rigidity on the surfaces of the tooth profiles. It is 

possible to increase the strength and wear resistance of the tooth profile by various recycling methods and 

application of coatings. Again, stresses caused by heavy loading can lead to abrasive collapse, damage to tooth 

profiles and various forms of deformation. 

Depending on the duration of exposure to these deformations, different geometric foci initially appear within the 

tooth profiles within the elastic limit. The most common is the segmental elastic deformation. These segments 

form spherical segments of various shapes and sizes on the teeth of the drive gears. These segments manage to 

destroy the profiles of the teeth by creating cracks in a short time. For this reason, they take various measures 

against the strength and wear of the teeth within the elastic deformation. The most important of these is to 

increase resilience, and it is advisable to make theoretical and practical calculations. Figure 1 shows a diagram of 

the segmental deformations caused by the teeth and the forces and stresses acting on them. This figure shows the 

direction of change of normal and tangential stresses under the influence of normal and shear forces. It is known 

that under the influence of these stresses, abrasive particles with a spherical shape are deformed. 

Most of the most influential are normal voltages, which form segmental slots. Sliding and its tangential stresses 

occur under the influence of friction in the direction of contact. Therefore, the calculations mainly require the 

study of the characteristics of the effect of changes in normal stress on the profile of the tooth. Taking these into 

account, it is proposed to conduct theoretical research on the process of changing the effect of normal voltage 

and torque of gears. 
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Figure 1. Scheme of forces and tensions caused by the abrasive in the interdental space 

Thus, it is possible to obtain a mathematical dependence on the changes in the received deformations and 

stresses, the torque of the impact gears and the resulting normal force. Thus, knowing the operating conditions of 

the gears and the force factors that affect it, it is possible to determine their durability and wear intensity. 

The most important thing is that different types of gears determine the strength and wear parameters depending 

on their geometric dimensions and mechanical characteristics. [5,6] 

In view of this, it is expedient to first study their erosion process and calculate the strength limit at a later stage. 

It is possible to give the characteristic of change of strength after long-term use. Strength limits can be 

determined based on the 3-rd and 4-th strength theories. Fig. Figure 2 shows the change characteristics of the 

stresses in the abrasive. 

The process of abrasion on the profiles of the teeth goes from elastic deformation to gradual plastic deformation. 

In this case, different erosions occur in the profiles of the leading and extracted teeth. Their diversity depends on 

the physical and mechanical properties of the abrasive and teeth, as well as internal factors. These factors depend 

on the operating conditions of the gears and the trajectory of the abrasive. The main thing is that different types 

of gears, depending on their geometric dimensions and mechanical characteristics, determine the normal stresses 

as follows.Uzun müddətli istismardan sonra möhkəmliyin dəyişmə xarakteristikasını vermək olar.   

 

 

 

 

 

 

 

                     

 

 

 

 

                       

 

 

 

 

 

 

 

 

Figure 2. The location of the abrasive in the gap and on it the scheme of variation of the affected voltages 
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      σr =
N

πr1
2 

 στ =
FS

2πr1h
=

fN

2πr1h
                                                              (1) 

 

Where r1 - is the inner radius of the spherical segment; 

h - is the height of the spherical segment; 

f - coefficient of friction; 

It is known that abrasive particles break down under the influence of external and internal factors and break 

down into small particles. In this case, additional expression is required to characterize the small particles. Thus, 

the process of disintegration of abrasive particles can be determined in the following mathematical sequence: 

1. The breaking point of the abrasive is drawn: 

                                                  PM = Pa                                                                                 (2) 

where PM  = T π r2 - is the maximum force exerted by the tooth on the abrasives; 

T - is the stress at the abrasive flow limit; 

Pa -  is the largest normal force of abrasive on the tooth surface: 

                                          Pa= Ar(HB) = 2 π r hmax(HB)                                                              (3) 

Ar = 2 π r hmax - is the area of influence of the segment in the cavity formed in the tooth. 

HB - is the hardness of the abrasive 

2. The process of disintegration of abrasives on the profiles of teeth is determined: 

Tπ r2 = 2 π r hmax(HB) 

Here   

                                      (
h

r
)

max
=

1

2
(

σT

HB
)   alınır                                                               (4) 

 

Table 1 below shows the main parameters of abrasive particles to calculate the degree of disintegration. 

Table 1. 

Parameters for calculating the scattering limit on 

№ 

Tooth surface materials 

Dişlərin səthlərinin 

materialları 

Flow limit, 

MPa 

Axma 

həddi, MPa 

Surface 

hardness, 

HB Səthin 

bərkliyi,HB 

Contact 

area, mm2 

Touchi 

tension, 

MPa 

 

Penetration 

layer, mm 

 

1 

2 

3 

4 

5 

 Steel Steel-45 

Poliamide P - 10 

Textolite 

Metal coating 

Non-metallic coating 

270 

115 

172 

220 

190 

60 

25 

32 

65 

45 

10 – 20 

15 – 28 

12 – 15 

20 – 30 

35 – 45    

92 

81 

77 

89 

67  

0,18 

0,19 

0,12 

0,25  

0,15 

 

These stresses and deformations increase the effect of the abrasive on the tooth surfaces to the maximum extent 

within the micro-cutting limit, causing the teeth to break down. In this case, it breaks down into abrasive micro-

particles and forms micro-macro crack layers by opening segmented slots in the profile boundaries of the teeth. 

In subsequent use, these complications penetrate deeper and cause gradual tooth loss. In order to prevent these 

processes, it is especially expedient to carry out processes to increase the strength and wear resistance of the 

tooth surface. Studies and experiments show that it is important to choose technological methods to increase the 

durability of gears, depending on the operating conditions. 

Thus, the study of abrasive wear on gears in the research work is to complete the selection and implementation of 

a technological method for the durability of their surfaces. The implementation of new methods and technologies 

in the chosen direction reflects the completion of scientific work. 
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CONCLUSION 

 

1. Intensive wear with elastic deformation occurs under the influence of abrasive on the profiles of the teeth of 

the gears. Dependence of normal and tangential stresses on external and internal forces on wear parameters is 

obtained. This dependence reflects the normal force, the coefficient of friction and the geometric dimensions of 

the resulting spherical segment. 

2. Tension on the surfaces of the teeth in contact causes more intensive wear to the extent of plastic deformation. 

The rate of this erosion is characterized by physical-mechanical and geometric parameters. 

3. At maximum stresses in the contact areas of the teeth, micro-cutting limits are formed under the influence of 

the abrasive. In this case, intensive erosion with the collapse of the abrasive results in the formation of cracks on 

the teeth. 
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ABSTRACT 

  

Present days’ high market competitiveness requires wide range of design and production solutions to ensure 

reliable and efficient usage of various types of machines and equipment. From the different perspective provision 

of equipment with effective preservation and maintenance characteristics is a critical factor to be taken into an 

account. Arising from these factors, systematic approach for solution is require together with identification 

failure related to maintenance and operability of the equipment. 

Various pumps are used in oilfields and particularly their hydraulic parts are among the equipment sets, requires 

frequent execution of maintenance and modernization works. 

The article discusses the issue of increasing the reliability of the hydraulic part of oil field pumps. 

Keywords: oilfield pump, hydraulic part, reliability, modernization, parameters of statistical distribution. 

 

INTRODUCTION 

 

High Pressure pumps are the set of equipment, which are widely used in cementing of wells in oil and gas fields, 

as well as during repair and modernization work. The state of current of high-pressure oilfield pumps progress is 

discussed in detail [1]. As an outcome of this study initial pumping units used in industry mainly consisted of 

two pistons, which were are designed for a larger supply of working fluid than plunger pumps, however, the 

latter have a higher pressure range than piston pumps. The author of the research paper states that the "life cycle" 

of this technical system (TS), covers period between 1950-2010, including five generations of oilfield pumps. 

During this period, starting from the second generation, there has been a transition to the production of triple 

plunger pumps. Currently, equipment sets are used for well cementing are being produced by more than ten 

Russian enterprises covering almost the entire model range of Pumping equipment [2]. In Azerbaijan, the 

Sabunchi Scientific and Production Association DOJSC manufactures pumping units equipped with an upgraded 

three-plunger pump, H5-160 based on provided by the AzINMASH Institute [3]. 

The level of reliability and the main reasons for the failure of the hydraulic part of oil field pumps. The design 

and operability of the oilfield pumps predetermine the requirements to ensure their reliable, continuous 

operation. Main concern is wear parts and assembly units of the hydraulic part of high-pressure plunger pumps. 

Despite a significant number of works devoted to improving the performance of oil field pumps, their hydraulic 

parts still do not meet requirements of current industrty in terms of reliability. 

Table 1 demonstrates the MTBF(Mean time between failures) of hydraulic parts and the plunger pump as a 

whole, obtained on the basis of statistical data. The obtained values of the coefficient of variation indicates a 

significant scatter in the data, which is generally typical for high pressure pumps. 

         Table 1 

Results of statistical processing of data 

Details 
 

Distribution laws 

Statistical parameters of distributions 

Mean time to 

failure T1 ,  hour 

Standard deviation 

, hour 

Variation Coefficient 

V /T1 

Plunger Normal 257,3 153,0 0,59 

Seal Weibull 45,5 25,6 0,56 

Valve disc 
Logarithmically 

Normal 
305,0 107,6 0,35 

Hydraulic part as 

a whole 
Weibull 13,9 9,3 

1,67 
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Three-plunger pump Н5-160 is designed for pumping service water, abrasive and corrosive compounds, flushing 

and squeezing of liquids into the well during treatment of the bottomhole formation zone with salt and carbon 

dioxide, flushing sand plugs and cementing wells during overhauling. Usage of steel 45 as a raw material for 

manufacturing of  Н5-160 (Fig. 1) fosters further interest in design of the equipment. 

Operating surface of equipment is hardened by high-frequency currents (HFC) to a depth of 1.2-1.5 mm to 

ensure the hardness HRC 51-57, then polished to ensure the roughness R   0.2 μm. The plunger seal is a multi-

piece design with rubber seals. 

 

Figure 1. The main parts of the oil field pump plunger unit 1-plunger; 2-crosshead; 3-stock; 

4-washer; 5-thrust; 6-plug; 7-crosshead pad; 8-clamping nut. 

Characteristics of the plunger seal enables fluid pressure to be directed against the collars opposite to the friction 

force. This reduces the risk of pushing the rear of the collar into the gap between the plunger and the packing 

follower. The disadvantage of the plunger seal is the tightening of abrasive particles under the cuffs at each 

suction stroke, which leads to an increase in the plunger wear rate [4]. Another feature of the pump plunger 

assembly H5-160 is the docking of the plunger with the stem (see Fig. 1) with the possibility of sole 

compensation lateral displacements. As a result of dimensional calculations for chains of the hydraulic parts’ 

system, potential  crosshead of the pump [5], angular displacements of the plunger have been identified that can 

lead to consequence of scratches on the metal surfaces of the plunger and packing follower. In combination with 

the effect of the abrasive layer, scratches on plunger, subsequently may leads to cracks and leaks. 

Due to the initial pressure drop through the formed leaks, an abrasive jet starts cracking, which  leads to 

hydroerosive-abrasive wear of the working surface of the parts. However, in single-acting plunger pumps it is 

often possible to prevent such destruction of the working surface of the plunger by timely adjustment via 

compensation of the plunger’s lateral displacements.[5]. Due to difficulties to establish the degree of influence of 

each component link on the closing link when calculating dimensional chains, additional statistical studies have 

been performed. Investigation of two H5-160 triple-plunger pumps under well-flushing conditions made it 

possible to obtain independent data samples on failures of six plunger-seal pairs with various deviations of the 

closing links of their dimensional chains. A total of 56 failures of parts of this pair were noted. The total variation 

series showed the difference in the operating time of nodes to failure T1 from 362 to 556 h (Table 2), with the 

mean time to failure T1 = 455.8 h. 

 Тable 2 

General variation range of operating times to failure of pairs of plunger-seal 

T1,h Rank 
Row 

number 
T1,h Rank 

Row 

number 
T1,h Rank 

Row 

number 

362 1 I 444 20 I 470 39,5 IV 

386 2 IV 445 21 VI 470 39,5 V 

395 3 II 447 22 IV 473 41 III 

398 4 II 449 23 IV 477 41 III 

403 5 III 450 24 I 479 42 VI 

406 6 III 452 25 V 482 44 I 

410 7 V 453 26 V 484 45 II 

417 8 V 455 27 III 487 46 III 

418 9 VI 457 28.5 II 489 47 IV 

421 10 I 457 28,5 ѴI 490 48 I 

423 11 VI 458 30,5 I 494 49 IV 

424 12 IV 458 30,5 III 497 50 VI 
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427 13 II 459 32 V 507 51 II 

430 14 II 461 33 V 509 52 V 

434 15 I 462 34 II 518 53 I 

436 16 III 463 35 VI 526 54 VI 

438 17 VI 466 36 VI 535 55 V 

439 18 IV 467 37 1 556 56 IV 

442 19 V 469 38 T1=455,8 ч 

 

The requirement was established to analyze combined six independent samples as a single general population of 

data. However, due to criteria as homogeneity of mean values or homogeneity of variances, it is necessary for 

investigated random characteristic in each of the variational series to be distributed according to the normal or 

logarithmically normal distribution law. Since these criteria is incorrect for other distribution laws, its usage can 

lead to inaccurate results (in this case, such information is not available). In addition, to test hypotheses about the 

form of the distribution function, the volumes of the obtained samples may also be insufficient to obtain desired 

results. 

In case of the absence of data ton confirm the validity of the use of the normal distribution law, the null 

hypothesis that a number of independent samples belong to a single general population of data can be verified by 

nonparametric analysis of variance, including using the nonparametric Kruskal – Wallis rank test [6]. To perform 

this test the total number of test results belonging to m independent samples is placed in a single variation series, 

and each value of the series member is assigned ranks from 1 to n, indicating the plunger sample number. The 

members of the variation series, equal in value, but belong to different samples with the same (average) rank (see 

Table 1). 

Kruskal Wallis Test 

H =
12

n(n+1)
(∑

Ri
2

ni

m
i=1 ) − 3(n + 1)                    (1) 

 

Ri - the sum of the ranks of the i-th sample, 

The correctness of the calculation of the rank sums Ri is verified by the formula 

∑ Ri
m
i=1 =

1

2
n(n + 1)                                   (2) 

It is proved that for ∙ ni≥5 and mi≥4, the value of H is distributed according to the law 

 χ2 с к= т-1 degrees of freedom in the case of inequality 

H ≤ χ2                                                            (3) 

In such case, the hypothesis about the identity of the distributions from which the samples are taken is accepted. 

Otherwise, an alternative hypothesis about the heterogeneity of the populations is accepted. 

Based on the variation series obtained from the observation results above, in Table 1, the results of ranking the 

operating time to failure of six plunger-seal pairs for two plunger pumps H5-160 are being demonstrated. 

Plungers I, II, III refer to pump 1. Plungers IV, V. VI - to pump 2. Let us check the null hypothesis that the six 

samples in Table 1 belong to a single general population of data with the significance level α = 0.05 

In such case, the hypothesis about the identity of the distributions from which the samples are taken is accepted. 

Otherwise, an alternative hypothesis about the heterogeneity of the populations is accepted. 

Based on the data in Table 1, we calculate the rank sums: R1 = 282,5; R2 = 230,5; R3 = 268,5 ; R4 =
268,5; R5 = 296,4 ; R6 = 304,5. 
In conformance with the formula(2) 

∑ Ri

6

i=1

= 282,5 +  230,5 +  213,5 +  268,5 +  296,5 4 −  304,5 =  1596; 

1

2
n(n + 1) = 0,5 ∙ 56 ∙ 57 =  1596 

With the use of formula (1), we obtain H = 0.632. From the tabulated values χα
2 2 of the significance level α = 

0.05 and the number of degrees of freedom k = m-1 = 5 [7], we find the critical value χ0.05
2  = 11,1. As a condition 

(3) is satisfied, the null hypothesis is not rejected. 

In addition to evaluating the MTBF of a pair of plunger - seal of pumps Н5-160, the average values of diametric 

wear of plungers Н in the zone of its greatest value were determined. The random variable H was 2.55-0.62 = 

1.93 mm. 
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The parameters of the empirical distribution: arithmetic mean D̅, variance σ2, standard deviation σ and 

coefficient of variation V-were calculated using the following formulas: 

                                         D̅ =
D̅i ∙ ∆ni

∑ ∆ni

=
86,6

56
= 1,55 мм,                                                               (4) 

                              σ2 =
∑ D̅i

2 ∙ ∆ni

∑ ∆ni

− D̅2 =
148,2

56
− 1,552 = 0,16 мм2,                                    (5) 

                                                       σ = √0,16 = 0,4 мм,                                                                       (6) 

                                                          V =
σ

D̅
≅ 0,26 мм.                                                                           (7) 

Based on the analysis of the obtained results, a hypothesis was put forward about the correspondence of the 

empirical distribution function to the normal law. Since D̅>3 σ the non-truncated normal law of probability 

distribution was used. When comparing and checking the convergence of the empirical distribution with the 

theoretical one, the following parameters were taken into account. 

Probability of the each interval: 

P(D̅i) = (
∆D

σ
) φ

D̅i−D̅

σ
   где ∆D=0,2, 

Function values φ(t) =
1

√2π
exp (−t2/2) 

Theoretical frequencies 

   ∆ni
` = P(D̅i) ∙ (∑ ∆ni)                                                                (8) 

The theoretical frequencies were used to construct the distribution function of the studied random variable. 

Substituting the values of D̅ and σ in the formula for the density of the normal distribution. Obtained result: 

𝑓(𝐷) =
1

𝜎√2𝜋
𝑒𝑥𝑝 [−

(𝐷−�̅�)2

2𝜎2 ] =
1

0,4√2𝜋
𝑒𝑥𝑝 [−

(𝐷−1,55)2

0,32
]                       (9)   

 

The hypothesis of the normal distribution of a random variable was tested using the Kolmogorov test. For this, 

the modulus of the difference d between the empirical and theoretical distribution functions was determined. The 

calculation results are shown in Table 3. 

 

  Таble 3 

Determination of the maximum value of the modulus of the difference 

Interval 

number 

 

 

D̅i, 
Мм 

Frequency ∑ Δni

i

i=1

 ∑ Δni
`

i

i=1

 

d = |∑ Δni − ∑ Δni
`

i

i=1

i

i=1

|  

Empirical 

Δni 

teoretical 

Δni
`  

  

1 0,7 1 0,196 1 1,196 0,196 

2 0,9 3 3,032 4 4,228 0,228 

3 1,1 6 6,000 10 10,228 0,228 

4 1,3 11 9.246 21 1 9.474 1,526 

5 1,5 13 11.096 34 30,570 3.430 

6 1.7 9 10.374 43 10,944 2,056 

7 1.9 5 7,552 48 48,496 0,496 

8 2,1 4 4,281 52 52,777 0,777 

9 2,3 2 1,890 54 54,667 0,667 

10 2,5 2 0,652 56 55,319 0,681 

In order to determine the Kolmogorov coefficient, an auxiliary coefficient is required λk = d√N = 0,46 

The maximum modulus of the difference between the empirical and theoretical accumulated frequencies 
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dmax = 3,430 (see table 2); dmax =
3,430

56
= 0,06125 и λk = 3,340√56 = 0,46 . 

Using the tabulated values [7], obtained probability p (0.46) = 0.9827. Such probability is high, therefore, the 

accepted hypothesis about the normal distribution of diametrical wear of the plunger of the pump H5-160 is 

realistic. 

In conclusion, on the basis of the studies performed, it can be declared that the change in the diametrical wear of 

the pump plungers according to the normal distribution law with obtained coefficient of variation V = 0.25 

indicates a desirable manufacturing quality of the pump plungers H5-160. At the same time, the given data on the 

MTBF of the plunger-seal pair indicate the need to further increase the wear resistance of both the pump plunger 

and its sealing elements. 
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ABSTRACT 

 

When manufacturing technologically complex details from polymer materials, it is possible to achieve the 

necessary quality with the control of production regimes depending on the grade of the materials and the design 

of the manufactured details. In this article, the influence of holding time without pressure in the manufacture of 

plastic details operating in oil field equipment was investigated. 

Keywords: parts made of plastic materials, press molds, technological regimes, delay time without pressure, 

quality indicators. 

 

INTRODUCTION 

 

The study of the operating conditions of oil equipment made it possible to identify a set of indicators that most 

fully characterize the quality of plastic details. It is known that the quality of details of products made of various 

materials is a combination of mechanical, physical and operational indicators of any equipment. It partly formed 

during their manufacture, depending on their materials and manufacturing method. And plastic details, 

depending on the area of application, are very different from metals. This is due to the technologies for 

manufacturing structural products and individual parts from them 1. 

The regime of production of plastic details during pressing and die-casting is determined by three components: 

temperature, residence time of the detail in the press-mold and pressure.  

The purpose of the study. The holding time without pressure (t0) is necessary to prevent the detail from sticking 

to the mold, to ensure sufficient rigidity of the detail, determined by the presence of internal stresses that 

contribute to the swelling and warping of the detail, i.e., affects the quality of the details. 

In the figure 1 shows the dependencies of the quality indicators of thermoplastic details on the time of holding 

without pressure. The holding time without pressure was varied by us in the following interval for ABS – (14–

16) seconds, for polyamide – (9–41) seconds. Here are the curves of dependence of shrinkage (Sb), density () 

and surface roughness (Ra) of details made of ABS-plastic material depending on the holding time without 

pressure. 

It can be seen from the curves that as the holding time without pressure increases, the shrinkage and roughness of 

the surface increases to their maximum values, that is, by the heights of the irregularities of the  press mold  

walls and is achieved at t0=4050 seconds per mm of thickness.  
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Figure 1. Dependence of shrinkage (1), density (2), surface roughness (3), hardness (4), disruptive voltage when 

stretching (5) of details made of the ABS plastic from pressure 

 

And the density () of details, on the contrary, with an increase in t0 first increases and then decreases, and the 

intensity begins with slow speeds. 

Methodological base of the research. This pattern is a consequence of the fact that with a long cooling time 

without pressure does not contribute to the compaction of the material in the mold, which leads to a deterioration 

in shrinkage and roughness of the surfaces. On the other hand, the melt in the mold without pressure is poorly 

oriented over the entire surface of the mold and the thickness of the manufactured part [2]. A slight decrease in 

density () over time is the consequence of slowing down the mechanism of temperature stress and breaking the 

bonds of structural elements as a whole. 

In the figure 1 shows the relationships hardness (HB) and disruptive voltage (d) when stretching ABS plastic 

details from holding time without pressure. Here, the hardness of the details increases with increasing holding 

time without pressure, and then begins to decrease after t0 =45 mm/s. 

On the other hand, the relaxation process proceeds slowly with the restoration of the orientation of the material 

along the entire contour of the press mold, which is a normal-uniform redistribution of internal stresses and as a 

result of which the density and roughness of the surfaces of the details are improved when they are in the mold 

(under normal cooling). 

As can be seen from the dependency curves, the density () and surface roughness (HB) increase with an 

increase in the holding time without pressure. Apparently, this is due to the fact that when the melt in the form of 

a material, for a long time, the compaction process is completely completed, as a result of which the material is 

released from internal stresses that reduce the orientation process, the melt when in the form. 

On the other hand, the relaxation process proceeds slowly with the restoration of the orientation of the material 

along the entire contour of the press molds, which is a normal redistribution of internal stresses along the entire 

section and, as a result, an improvement in the density and roughness of the surfaces of the parts when they are in 

the mold. 

And the shrinkage of details with an increase in the holding time without pressure decreases (t0 =1035 

min/mm), and then increases, starting from t =1035 min/mm. This once again confirms the regularity that at t0 

 35 min/mm, the redistribution of temperature voltages is violated, contributing to the deterioration of the main 

quality indicators – strength and density of details. 

In the figure 2 shows the dependencies of hardness (HB) and disruptive voltage when stretching (s) on the 

holding time without pressure of details made of capron. As you can see, of the curves with an increase in 

holding time without pressure, it almost does not change. 

 



 

   

 

                                              

 

                                                                                                                                                                    49 

CİLD 05  BURAXILIŞ 01  2021 

AVADANLIQLAR, TEXNOLOGİYALAR, MATERİALLAR  

 
Figure 2. Dependence of shrinkage (1), density (2), surface roughness (3), hardness (4), disruptive voltage when 

stretching (5) of details made of the polyamide from pressure 

 

Within the chosen limits of t0, we got into the region of the conditional optimum for the study of HB. And the 

disruptive voltage when stretching with an increase in t0, asymptomatically decreases and does not change at the 

end. This is due to the fact that at the indicated values of t0, the material is still in the form, the relaxation process 

ends completely, and the process of equilibrium is almost stabilized. 

In the figure 3 shows the dependencies of the main shrinkage indices (Sb), density () and surface roughness 

(Ra) of the details on the holding time without pressure of details made from the polypropylene material. As can 

be seen, the shrinkage decreases as the holding time without pressure increases. So at t0 =30  mm/min shrinkage 

corresponds to 2,90%, at t0 =50 mm/min shrinkage is equal to 2,70%. 

The influence of the holding time without pressure on the density and roughness of the surfaces is the same in 

nature, that is, with an increase in t0, both of these indices decrease and reach their minimum value and a further 

decrease of these criteria in the area of  the received mode parameters is not observed, i.e. stabilization of the 

selected criteria occurs.  Apparently, this is due to the fact that when compiling the technological modes of 

experiments, we accidentally – almost got to the conditional optimum of these mode parameters. 

 

 
Figure 3. Dependence of shrinkage (1), density (2), surface roughness (3), hardness (4), disruptive voltage when 

stretching (5) of details made of the polypropylene from pressure 
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In the figure 3 shows the dependences the hardness (HB) and disruptive voltage when stretching of details on the 

holding time without pressure of details made of polypropylene. As can be seen from the hardness curves with an 

increase of t0, first increases (t0=3055 mm/min) and reaches its maximum in the studied areas of mode 

parameters, then decreases. And the hardness decreases and reaches its minimum. It should be noted that both 

quality indices achieve the best values at ((t0=4555 mm/min), which is very characteristic of this material when 

processing them in terms of ensuring the quality of details in oilfield conditions [3-5]. 

As shown in the figures, shrinkage of details from ABS-plastic increases with increasing holding time without 

pressure. The shrinkage of the amorphous thermoplastic is more determined by the degree of orientation of the 

polymer chains. With an increase in t0, the degree of orientation increases, and this increases shrinkage. 

The shrinkage of details from polyamide with increasing t0 decreases to a certain value and then stabilizes. As 

the cooling time increases, the degree of crystallinity of the polyamide, which also decreases to a certain value, is 

then stabilized. The unpressurized holding time has little effect on the density of ABS plastic details. 

The disruptive voltage when stretching (5) of details made of the ABS plastic increases with an increase in t0 due 

to an increase in the degree of orientation, which is confirmed by an increase in shrinkage. 

In parts made of ABS-plastic and polyamide, surface roughness increases with increasing holding time without 

pressure. This is because an increase holding time details made of ABS-plastic and polyamide in the mold 

reduces the possibility of complete contact of the material with the mold surface. 

Discussion of the results obtained. From the results of the experiment, it was found that the holding time without 

pressure has an insignificant effect on the mechanical characteristics the details made of polyamide. 

In this article, by analyzing the results obtained, it can be concluded that when manufacturing technologically 

complex parts from polymer materials, the necessary quality can be achieved with the control of production 

modes depending on the grade of materials and the design of the manufactured details. 
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ABSTRACT 

 

This article is devoted to one of the important problems of mechanical engineering, including processing by 

cutting and deploying in sintered antifriction powder material in optimal modes with maximum performance. 

The study was conducted for small diameter cylindrical bushings. Processing of bushings was carried out by 

reamers from high-speed and carbide tools on materials from porous powder and cast iron. It is established that 

the temperature of the tools should not exceed the permissible upper limits, for pressing the bushings, it is 

necessary to use planting with small strains in the cold state. 

Keywords: engine valve, bushing, powder material, cast iron, reamer, cold pressing. 

 

Relevance: One of the main problems of modern mechanical engineering is the determination of cutting 

conditions during processing, both known materials and new difficult-to-machine materials.  To determine the 

optimal cutting modes and the conditions for the maximum performance of the tools, long-term expensive 

durable laboratory tests are required, which lead to certain financial costs, as well as to the loss of time [1]. 

The study of the processing of powder materials with various cutting tools to determine and improve the 

machinability of individual materials, their characteristics, is one of the main tasks of the science of metal cutting 

[2]. 

The reamer is used for finishing small diameter cylindrical holes.  The accuracy and roughness of the reamer 

surface is higher than in the application of other blade tools, therefore reamers are used for final processing after 

drilling, reaming, countersinking and boring.  

The working movements of reaming holes are similar to those using drills and countersinks.  Even many types of 

reamers (other than adjustable ones) are similar to drills or countersinks, although they have shallow grooves and 

a shallow angle of the cutting edge. Their main functional difference is high precision and quality of processing 

up to 6 kvapitet and roughness Ra from 2 to 0.5 microns. 

Such indicators are provided by small allowances (from 0.05 to 0.5 mm), which provides a small depth of cut, as 

well as structural rigidity.  Reaming of cylindrical surfaces is carried out with low cutting speeds: with an all-

metal tool 5 ÷ 15 m / min.‚ adjustable with hard alloy, plates - up to 40 m / min.  As a rule, reamers have straight 

cutting edges, but a special type with spiral teeth is used to deploy holes in viscous materials. 

Recently, the world's leading manufacturers have been producing modular tooling systems for machining, in 

which different holders can be connected in different versions with both solid and adjustable cutting parts.  The 

finished assembly can be classified according to how it is used. 

In modern mechanical engineering, all types of assembly tools are widely used, including reamers, we have 

analyzed the design of branching lines of domestic and foreign firms and identified the main design changes.  

Based on the results of the study in [3] it has been determined that each reamer has its own instrumental intensity 

factor К1с, and there is a relationship between them, which is expressed in an inversely proportional relationship: 

                                                                                 
Ki1

Ki2
 = 

K1c1

K1c2
                                                                          (1) 

When processing porous materials, it is not recommended to use water-based cooling lubricant fluids, as well as 

those containing alkalis and acids, since the entering of such fluids into the pores of parts can cause corrosion, 

both during storage and subsequent operation. 

The durability of cutting tools and cutting speed increase when processing oil-impregnated antifriction parts due 

to the fact that impregnation reduces the surface roughness by about one class, by 1.3-1.5 times the cutting force 

and most significantly affects the processing of powder materials without graphite. 

When machining iron-graphite materials, materials with a ferritic structure are better machined.  Then, in order 

of deterioration of machinability, materials with a ferrite-pearlite, pearlite and pearlite structure with cementite 
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inclusions are arranged.  The effect of different porous material structures on cutting speed is similar to the effect 

of compact material structures.  An increase in the porosity of the material from 15 to 30% increases the 

roughness of the surfaces of the parts by about one class, however, the cutting force decreases by a factor of 1.6 - 

1.7 times. 

When processing iron-graphite powder compositions, the cutting forces are also reduced.  In this case, graphite, 

having a complex atomic-crystalline structure, acts as a dry lubricant.  Oil impregnation of such materials leads 

to an increase in cutting speed by only 30%, since the oil acts mainly as a coolant, lowering the temperature in 

the cutting zone.  Oil impregnation of non-graphite materials increases cutting speed by 2.5 - 4 times. 

When cutting powder materials, tools from high-speed steel, hard alloys, mineral ceramics, diamonds, etc are 

used. The choice of tool material is determined by the economic feasibility of its use, durability and productivity.  

For the processing of porous materials based on iron, bronze and some others, it is most rational to use hard 

alloys of the BK group, which, in order of increasing resistance, are arranged in the following row: BK8, BK3M, 

BK6M.  With a decrease in porosity, mineral ceramics can be used.  For the processing of powder materials of 

high hardness, superhard tool materials are recommended. 

In [4], on the basis of research, it has been proved that each processed material has its own thermal structure of 

maximum machinability θ m.r., on the basis of which the temperature can be determined by changing the 

physical and mechanical characteristics of materials.  And each instrumental material has its own temperature of 

maximum working capacity θ m.r.  at which its ability to withstand loads increases, accordingly wear decreases 

and reliability raises.  Based on this, we can conclude that when processing materials by cutting, the option of 

coincidence of these temperatures will be ideal.  This can be achieved by choosing the appropriate tool material 

and maintaining the required temperature in the cutting zone (by assigning appropriate modes) [5]. 

For the correct choice of hard alloy when assessing the quality of assembled tools, on which the reliability 

indicators, durability (cutting path) and reliability depend significantly, it is proposed to introduce the coefficient 

of thermal compatibility Кt.с.. of the processed material and tool hard alloy.  Thermal Compatibility Coefficient: 

                                                                                Кt.с. = (
θm.р

θm.h
)  n                                                                      (2) 

where, θm.p and θm.h- the temperature of the maximum performance of the hard alloy and the machinability of 

the material; n = 3 at θm.p. < θm.h. ;  n = 3 at θm.h. < θm.p. 

Research technique: Low-alloy (XBG, 9XC) and high-speed (R18, R6M5) steel is used in the production of 

reamers.  In the catalogs of tools of foreign companies, the material is designated HSS.  Reamers are tools for 

finishing pre-drilled or countersunk holes.  Figure 1 shows the design of an all-metal reamer.  The operation 

allows to obtain high-class geometric parameters, dimensional accuracy and surface roughness.  As it can be seen 

from Fig. 3, the operation of boring the guide bushing (Fig. 2) of the valve is better divided into several stages: 

roughing and finishing.  The allowance for the rough cut is 0.1-0.15 mm and for the finishing pass 0.014-0.05 

mm (Table 1). 

 

Figure 1.  General view of the cross-sectional surface of the N-N gauge part and angles of the working 

part in the section Рτ - Рτ and N-N. 
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Figure 2.  Valve guide 

 

 
 

Figure 3.  Hole machining sequence 

Table 1 

Allowances values in reaming 

Allowance type 
Allowances (mm) with hole diameter, mm. 

12-18 18-30 30-50 50-75 100 

General for finishing and rough reaming 0,15 0,20 0,25 0,30 0,40 

For rough deployment 0,1-0,11 0,14 0,18 0,2-0,22 0,3 

For finishing reaming 0,04-0,05 0,06 0,07 0,08-0,1 0,1 

 

In order to understand in more detail how the deployment is carried out, the procedure for carrying out such a 

technological operation using a specific example can be considered.  To get a hole with a diameter of 

12Н8+0.027, first a drill with a diameter of 11mm is used, then the resulting hole is countersunk to a diameter of 

11.6mm, processing is carried out with a rough reamer with a diameter of 11.95mm, and then finishing is 

performed by using a tool with a diameter of 12H8 mm, with which the allowance 0.024 ... 0.027 mm is 

removed. 

The sequence of machining a hole with a diameter of 12 mm in a steel part made of powder materials 

(ЖГр1.5Д2.5) according to 6-7 grades: 

 1 - drilling a hole with a diameter of 11 mm 

 2 - countersinking with 11.6 mm diameter countersink 

 3 - unfolding with 11.9 mm diameter rough  

 4 - reaming with 12 mm diameter finishing reaming 
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How high the accuracy of the hole obtained during reaming will distinguish, as well as the degree of roughness 

of its surface is significantly influenced not only by the geometric parameters of the tool used, but also by the 

type of lubricating and cooling fluid used during processing.  When reaming holes in steel parts, special 

emulsions mixed with mineral oil are used as such a liquid.  When processing bronze and brass parts, mineral 

oils are not added to the lubricating coolant composition [6, 7]. 

 From Table 2.  the processed material ЖГр1.5D2.5 was selected.  The original composition, in addition to iron 

powder ПЖ2M3 (GOST 9849-74), includes 2.5% copper powder (GOST 4950-78), 1.5% pencil graphite ГK-3 

(GOST 4404-78), technical sulfur (GOST 126-76). The porosity of the material after sintering was 18.0% [8]. 

Reamers have an even (Z≥4) number of teeth located diametrically opposite each other.  Each tooth cuts a thin 

layer, which makes it possible to obtain high accuracy. 

Table 2 

Processed material and microstructure 

Processed material Microstructure HB, MPa 

ЖГр1.5 
Lamellar perlite, a small amount 

ferrite, places of inclusion of cementite 
900 

ЖГр1.5 Ferrite + perlite 700 

Ж Ferrite 500 

ЖГр1.5Д 2.5K (sulfiding) Ferrite + sulfides + lamellar perlite 700 

ЖГр1.5Д 2.5K (sulfiding) Ferrite + sulfides + granular perlite 700 

ЖД3 Ferrite + solid solution of copper in iron 550 

ЖГр1.5Д 2.5 
Lamellar perlite, small 

amount of ferrite, places of inclusion of cementite 
1000 

 

 Reaming allowance: 

                                                               t = 0.5 (D-d)                                                                               (3) 

where, D - tool diameter, mm; d is the diameter of the preliminary hole, mm. 

When drilling holes, the recommended drilling feed is doubled.  Recommended deployment feeds are given in 

Table 3. 

Feed rate S mm/rev. in a rough reaming, the high-speed steel reamers is given in table. 3.                                                                                                                            

Table 3 

Recommended deployment feeds 

Processed 

material 

Sweep diameter, D, mm 

Up to 10 
St. 10 

until 15 

St. 15 

up to 

20 

St. 20 

up to 

25 

St. 25 

up to 

30 

St. 10 

until 15 

St. 30 

up to 

35 

Over 40 

up to 50 

ЖГр1.5D 2.5 0,1 0,13 0,15 0,17 0,2 0,23 0,26 0,3 

Cast iron, HB≤200 

and copper alloys 
2,2 2,4 2,6 2,7 3,1 3,2 3,4 3,8 

Cast iron, HB> 200 1,7 1,9 2,0 2,2 2,4 2,6 2,7 3,1 

 

Note: 

1. When finishing reaming, with the feed should be reduced multiplying by the factor КOS= 0,75. 

2. When using reamers with a carbide cutting part, the feed must be reduced by multiplying by the КUS= 

0,7 factor. 

3. When expanding blind holes, the feed should not exceed 0.2 ... 0.5 mm / rev. 

 

The assigned feed must be adjusted according to the passport of the selected machine.  In this case, it is 

necessary to meet the condition: 

Sm ≤ S                                                                              (4) 
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where, Sm is the value of the feed finally established according to the passport. 

Cutting speed (m / min) during reaming is determined by: 

                                   Vp = 
CV × Dq

Tm × tx × Sy 
 Kv ,                                                            (5) 

where, D is the diameter of the reaming, mm; 

Kv is the total correction factor. 

The values of the  Kv coefficient and exponent are shown for reaming in Table 4. 

 

Table 4 

Сv value and exponents for determining cutting speed during reaming 

 

Processed 

material 
Type of treatment Tool material 

Cv  factor and values 

Cv q x y m 

ЖГр1.5D 2.5 Reaming 
Highspeed steel 10,5 0,3 0,2 0,65 0,4 

Hard alloy 0,06 0,3 0,2 0,65 0,35 

Gray cast Reaming 
Highspeed steel 15,6 0,2 0,1 0,5 0,3 

Hard alloy 109 0,2 0,0 0,5 0,45 

The value of the period of durability T is given in table 5. 

  Table 5 

Average value of the period of durability T min, drills, countersinks and reamers 

Tool 

(operation) 

Processed 

material 
Tool material 

T min, with tool diameter 

Up to 5 6-10 11-20 21-30 31-40 41-50 

Ream 

(reaming) 

ЖГр1.5D 2.5 

Highspeed steel - 25 40 80 80 120 

Hard alloy - 20 30 50 70 90 

Gray and 

Ductile Iron 

Highspeed steel - - 60 120 120 180 

Hard alloy - - 45 75 105 135 

 

The general correction factor for cutting speed (Table 6), taking into account the actual cutting conditions, is 

determined by the formula: 

                                                               KV = KMV · KiV · K1V · K2V ,                                                            (6) 

where, KMV - coefficient for the processed material;   

KiV - coefficient for tool material; 

K1V - coefficient taking into account the depth of deployment; 

K2V - coefficient of porosity of materials. 

 

Table 6 

Coefficient taking into account the effect of material porosity on cutting speed 

Processed material Porosity,% 
For products, 

soaked in oil 

For products 

not soaked in oil 

 

Based on 15 0,85 0,8 

Iron 20 1,0 1,1 

ЖГр1.5D2.5 30 1,25 1,1 

 

The KMV coefficient is calculated by the following formula: 
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KMV = (
750

σb
)  nvwhen processing ЖГр1.5D2.5. 

The KMV coefficient is calculated by the following formula: 

KMV = (
1900

HB
)  nv   when machining gray cast iron. 

The KMV coefficient is calculated by the following formula: 

KMV = (
150

HB
)  nv   when machining ductile iron. 

where, σb is the ultimate strength of the workpiece material, MPa; 

HB is the hardness of the workpiece material, MPa. 

In this case, the tools are high-speed steel reamers and reamers equipped with plates of tungsten hard alloys 

(ВK8, ВK6M).  Preference should be given to reamers with hard alloy. The use of high-speed steel reamers is 

limited by low durability, especially at speeds over 30-40 m / min. 

When processing porous materials, the greatest wear is observed at the transition of the cutting part to the 

gauging part, as well as when processing compact materials.  As a criterion for determining the amount of wear, 

the wear on the back surface is taken, which should not exceed 0.2 ... 0.3 mm. 

 The most significant influence of the considered features of mechanical processing of powder materials has on 

the value of the cutting speed (Table 7) [9, 10].                                                                                                 

 

Table 7 

Cutting speed when processing various materials, m / min. 

Tool material 
Durability, 

m / min. 

Processed material 

 

Steel 40KH 

(annealed) 

Cast iron 

СЧ 15 

ЖГр 

1.5D 2.5 

ВK8 24 210 180 60-98 

 

For materials on an iron base with a porosity of 18%, the following reaming mode is recommended, cutting 

speed 15-60 m / min, cutting allowance no more than 0.1-0.2 mm, feed no more than 0.2-0.3 mm / rev.  

Geometric parameters of reaming: φ=10о, γ = 0о, α = 6о.  When reaming, it is necessary to use a cutting fluid 

such as spindle oil, which helps to improve the quality of the treated surface. 

When drilling, countersinking and reaming, К1V=1‚0. 

After determining the cutting speed, the machine spindle speed nc (1 / min) is calculated: 

nc = 
1000 Vp

π D
,                                                                                (7) 

 where, D - tool diameter, mm. 

The resulting value nc is corrected according to the passport of the machine and the nearest smaller step nst is 

accepted, i.e.  the condition must be met: nst ≤ nc.  In further calculations, only nst is used. 

The torque, Nm, and the axial force, N are calculated using the following formulas for reaming and 

countersinking: 

Mt = 10 · CM · Dq · tx · Sy · Kp                                                         (8) 

Pо = 10 · Cp · tx · Sy · Kp                                                               (9) 

where, Cm and Cp are coefficients that take into account cutting conditions; the Kp coefficient in this case is 

depends only on the workpiece material. 

To determine the reaming torque, each tooth of the tool can be viewed as a boring bit.  Then, with a sweep 

diameter D, the torque is calculated: 

Mt = 
Cp· tx · Sz

y
 D ·z 

S ·100
 , Nm                                                         (10) 

where, Sz - feed, mm per 1 tooth of the reamer; 

z is the number of reamer teeth; 

S= Sm - accepted feed, mm / rev. 

Investigations of determining the executive dimensions of special reamers for finishing the holes, the serial 

bushing is pressed into the cylinder head with a maximum tightness of 0.062 mm (Fig. 5).  Before pressing, the 
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bushing is cooled in liquid nitrogen vapor on the installation for cold treatment of the valve bushings of internal 

combustion engines (Fig. 6).  In order to determine the optimal fit for pressing bushings made of metal powders 

into the cylinder head and the executive dimensions of special rifle reamers for finishing the bushing holes after 

pressing in, comparative studies of elastic and permanent deformations of the inner and outer diameters of guide 

bushings made of antifriction cast iron and powder composition have been carried out.  For this, experimental 

cast iron clips were made (outer diameter - 80, inner - 19.01, height - 80 mm), bushings made of powder material 

and antifriction cast iron (outer diameter 19.05; 19.10; 19.15; 19.20 and 19, 25, internal - 11.62 mm), hard alloy 

reamers with size 12.024; 12.026;  12.028;  12.030 and 12.032 mm.  The mode of reaming the holes of the 

pressed-in bushings with a diameter of 12 (+0.027) mm: n = 2590 min-1 ‚S = 0.086 mm / rev, V = 97.8 m / min. 

The outer and inner diameters and the height of the processed sleeves have been measured, after which they have 

been pressed into the prepared holders and the holes were unrolled, the diameter of which has been also 

measured.  

 

 
 

Figure 5.  Cam mechanism; 1 - cam;  2 - pusher (lever);  3 - valve springs;  4 – bushing 

 

 
 

                                                     Figure 6.  Bushing cooling unit 

An installation for cold treatment of valve bushings of internal combustion engines is shown in Fig. 6.  In this 

unit, the bushing are cooled without direct contact with liquid nitrogen.  Only in the upper part of the cooling 

pipe the sleeves come into contact with nitrogen vapors, which are discharged from the reservoir to the 
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atmosphere through the pipe 1. The valve bushings are cooled in liquid nitrogen vapor (pre-cooling) and by 

direct contact with a refrigeration tube immersed in liquid nitrogen.  After cooling, the bushings are pressed into 

the block of the V-shaped engine on the assembly line.  The refrigeration unit is mounted on a trestle 11. The 

reservoir 3 with liquid nitrogen is placed in the container 12. There is thermal insulation between the walls of the 

reservoir and the container 13. The refrigeration pipe 2 passes through the reservoir with liquid nitrogen.  The 

valve bushings are loaded into the upper part of the refrigerating pipe, and unloaded through the hole in its lower 

part and through the horizontal chute 14 by the pusher 5 are fed alternately into the distribution chutes 6. From 

there, the bushings are fed to the fixing devices 9. The pusher 5 is driven by the pneumatic cylinder 4. 

When the conveyor 10 feeds the next block of the engine 8 to the fixing devices, the pneumatic cylinder 4 is 

automatically triggered and the pusher 5 delivers the cooled bushings along the distribution trays 6 to the fixing 

devices.  Each bushing is pressed into the engine block by rods of 7 pneumatic cylinders located on the sides of 

the engine. The area of variation of the sliding friction coefficient in a cam pair of internal combustion engines 

during normal operation f = 0.01 ... 0.08 (0.1) 

After such a complex of works, the bushings were pressed out of the clips and again subjected to a complete 

measurement.  After data processing, the averaged values of elastic (δd2)elas. ‚(δd0)elas. and residual (δd2)res., 

(δd0)res. of deformations of the outer and inner diameters of the bushings, respectively, were obtained (Fig. 7). 

 

Figure 7.  Dependences of elastic (dotted line) and residual (solid line) deformations of the bushing holes from 

the interference fit: 1 - ЖГр1.5 D 2.5; 2 - Cast iron СЧ15 

To calculate the values of (δd2)elas. and (δd2)res., the following relations were used: 

(δd2) elas = d2´ - Dо  и   (δd2)res.= d2 - d2´,                                                        (11) 

where, Dо - inner diameter of the holder, mm; 

            d2´ is the outer diameter of the bushing after pressing, mm. 

The values (δdо)elas. and (δdо)res. were determined from the dependences: 

                (δdо) elas= d1´´ – d1´,  и (δd0)res.= d1´´- (d0+∆d1),                                             (12) 

where, d1 - bushing hole diameter after pressing, mm; 

d1´- diameter of the hole of the pressed-in bushing after reaming, mm; 

d1´´ is the diameter of the bore of the expanded bushing after pressing out; 

∆d1 - allowance for the reaming operation, mm. 

The interference fit consists of the following values: ∆=(δd2)elas. +(δd2)res., 

 

СONCLUSION 

 

1. It has been determined that one of the important problems of mechanical engineering, is processing by 

cutting a hole by reaming in a sintered antifriction powder material in optimal conditions with the 

achievement of maximum performance. 

2. The study was carried out for cylindrical bushings of small diameter and the processing of bushings was 

carried out for high speed and hard alloy tooling should not exceed the permissible upper limits. 
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3. Reamer is shown to be a tool for finishing pre-drilled or countersunk holes.  The allowance for the rough 

cut is 0.1-0.15 mm, and for the finishing pass 0.014-0.05 mm. 

4. It was determined that the durability of the reamer and the cutting speed increase when processing oil-

impregnated antifriction parts due to the fact that the impregnation reduces the surface roughness by about 

one class, 1.3-1.5 times the cutting force and most significantly affects the processing of powder materials 

without graphite. 

5. It was investigated that, when machining by cutting iron-graphite materials, materials with a ferritic 

structure are better machined.  Then, in order of deterioration of machinability, materials with a ferrite-

pearlite, pearlite and pearlite structure with cementite cut-off are arranged.  An increase in the porosity of the 

material from 15 to 30% increases the roughness of the surfaces of the parts by about one class, but the 

cutting force decreases 1.6-1.7 times. 

6. We recommend reaming feed rates up to 50 mm reamer diameter and a general correction factor for 

cutting speed, taking into account the actual cutting conditions and porosity of the materials. 

7. The tools in this case are high-speed steel reamers and reamers equipped with plates of tungsten hard 

alloys (ВK8, ВK6M).  Preference should be given to reamers with hard alloy plates. 

8. It was investigated that, when processing porous materials, the greatest wear is observed at the point of 

transition of the cutting part to the gauging part, as well as when processing compact materials.  As a criterion 

for determining the amount of wear, the wear on the back surface is taken, which should not exceed 0.2-0.3 

mm. 

9. The reaming mode for materials on an iron base is determined at 18% and the following is recommended: 

cutting speed 15-60 m / min, cutting allowance no more than 0.1-0.2 mm, feed no more than 0.2-0.3 mm / rev.  

Geometric parameters of the sweeps: φ=10о, γ = 0о, α = 6о. 

10. Investigations of determining the executive dimensions of special reamers for finishing the holes. The 

serial bushing is pressed into the cylinder head with a maximum tension of 0.062 mm. 

11. It has been determined that the temperature of the instrumentation should not exceed the permissible upper 

limits.  To press the bushings, it is necessary to use small interference fits in the cold state. 

12. Comparative elastic and residual deformations of the inner and outer diameters of the guide bushings made 

of antifriction cast iron and powder composition were carried out.  To calculate the values of (δd2)elas. and 

(δd2)res., we used the following relations: (δd2)elas. = d2´ - Dо  и   (δd2)res. = d2 - d2´ 

13. It was determined that the range of variation of the sliding friction coefficient in a cam pair of internal 

combustion engines during normal operation f = 0.01 ... 0.08 (0.1) 
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ABSTRACT 

 

At present, the compressor industry of the oil sector of Azerbaijan is one of its leading links. If by the end of the 

20th century the number of wells using the gas-lift method of production was about 42-46%, then by the end of 

2019 it exceeded the 50% level. Compressors are an integral part of this technological process and require a strict 

improvement in the technical level of their safe operation. Therefore, improving the technical and economic 

performance of the compressor unit is an important task. 

This work is devoted to the study of design features and the main causes of valve failures in reciprocating 

compressors, as well as an assessment of their safe operation. 

Keywords: reciprocating compressor, reliability, valve, safety, gas-lift extraction method. 

 

Relevance of the topic. As the long-term practice of operating reciprocating compressors in the system of gas-

lift operation of oil wells shows, the efficiency, safety, reliability and tightness of the valves are sharply reduced 

due to dynamic processes, i.e. frequent changes in pressure and physical and chemical properties of associated 

petroleum gas in the general system of "collection, treatment and transportation of gas". Under these conditions, 

the high-frequency components of the pressure change, as well as the resulting vibrational mechanical vibrations 

of the plate, accompanied by a breach of tightness or breakage of the plate, is the main cause of valve failures. 

The versatility of the design of compressor machines determines the use of a variety of self-acting valves. 

Despite the extensive experience in the use of reciprocating compressors, the initial practical work on the 

creation, improvement and use of self-acting valves continues to this day. 

The purpose of the work. The purpose of the work is to study the design features and the main causes of valve 

failures in reciprocating compressors 

Study of design features of valves. Figure 1 shows the main types of self-acting reciprocating compressor valves. 

The self-acting valves of reciprocating compressors can be divided into two main types according to the shape of 

the closing body - poppet and plate. Poppet valves have mushroom or bowl-shaped closing organs. Lamellar - 

closing organs in the form of plates of various shapes and, depending on the shape of the plates, they are divided 

into annular, disc, tape, strip and reed direct-flow. This classification is basically adhered to by all existing 

standards for self-acting valves of reciprocating compressors. 

More than 250 units of different modifications of reciprocating compressors are operated in the SOCAR system, 

however, two of them are the main ones: - ring and direct-flow. 

The types of self-acting valves, depending on the shape of the closing bodies and the main landing dimensions of 

the valves, are regulated by GOST 13529-77. 

Ring valves are mainly used on high-pressure stages and gas piston compressors (up to 5.0 ÷ 10.0 MPa). 

With the transition to more progressive opposed compressor cylinders with increased rotational speed, ring 

valves began to meet the requirements imposed on them to a lesser extent. Ring valves, possessing whole bore 

sections and large lifting masses, increase the power consumption of the compressor and have a short service 

life. Therefore, ring valves are gradually being replaced by disc and straight-flow valves with large bore sizes 

without a spring. 
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Ring valve  

 
Disc valves  

 
Strip (band) valve  

 
PIK straight-through valve  

Figure 1. Self-acting valves for reciprocating compressors 

 

More than 250 units of different modifications of reciprocating compressors are operated in the SOCAR system, 

however, two of them are the main ones: - ring and direct-flow. 

The types of self-acting valves, depending on the shape of the closing bodies and the main landing dimensions of 

the valves, are regulated by GOST 13529-77. 

Ring valves are mainly used on high-pressure stages and gas piston compressors (up to 5.0 ÷ 10.0 MPa). 

With the transition to more progressive opposed compressor cylinders with increased rotational speed, ring 

valves began to meet the requirements imposed on them to a lesser extent. Ring valves, possessing whole bore 

sections and large lifting masses, increase the power consumption of the compressor and have a short service 

life. Therefore, ring valves are gradually being replaced by disc and straight-flow valves with large bore sizes 

without a spring. 

Disc valves are characterized by the fact that the protective element is made in the form of flat discs with slots 

for gas passage located along concentric circles. The disc diameter is usually 50-150 mm, thickness 1-3 mm. 

Depending on the disc diameter, the number of rows of concentric slots can be up to eight. 

The advantage of the newest designs of disc valves is a high lift of the plate compared to ring valves, which is 

achieved by the presence of damper plates and the use of springs of variable stiffness. 

Strip valves are made with self-springing plates, which are rectangular strips 0.4–1 mm thick [1]. 

The rise in the center of the plate is much greater than at its ends. This deformation of the plate causes it to return 

to its original state due to its own elastic forces. The use of such valves is limited to low pressure compressors 

only. At high pressures of 5.0 ÷ 10.0 MPa, the elastic force quickly disappears and the plates break. 

Tongue valves are made with plates, one end of which is rigidly clamped. The shape of the plates is varied and is 

determined by the design of the seat. Reed valves are used on low pressure or vacuum compressors only. 

The most progressive type of plate valves are direct-flow valves, which are mainly used on general-purpose air 

compressors, reciprocating compressors of main gas pipelines, gas-lift and booster compressor stations [2,3]. In 

all these cases, they have practically replaced the self-acting valves of other designs. 

The use of direct-flow valves allows you to reduce the specific consumption of power consumption, increase the 

reliability of the compressor, maintain performance by reducing the tightness of the compressor valve plates, 

according to technical data sheets, and reduce the noise level it produces. 

Figure 2 shows the design of the once-through valve and its assembly diagram. As can be seen from Fig. 2, the 

valves are assembled in a package of the same type of elements, consisting of a saddle and an adjacent spring 

plate (Fig.2, b). The package of elements is fastened with rings, fixed by locking strips. The reverse side of the 

seat serves as a lift limiter for the adjacent member plate. Valve seats are made of aluminum alloy or steel. The 

plates are installed in the valve parallel to the gas flow, which enters the seat cells, pushes them to the lift stop 

and enters the cylinder (if the valve is suction) or leaves it (if the valve is discharge). 
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In the design of the PIK-AM valve proposed by prof. M.I. Frenkel retained the relative position of the plates and 

channels for the gas passage. 

 

  
а) 

 
в) 

 

Figure 2. Direct-flow PIK valve (a) and assembly diagram (b). 

 

However, the valve plate consists of several closing elements connected by a common bridge along the clamped 

edge. Each movable element covers several channels in the saddle (usually no more than three or four). This 

shape of the plates makes it possible to significantly increase the perimeter of the slot, its useful area of passage 

and, as a consequence, reduce the gas velocity in the valve. In addition, the use of narrower closing elements in 

the PIK-AM valves makes it possible to increase the tightness of the valves and maintain the performance of the 

reciprocating compressor. 

The operating experience of PIK direct-flow valves with rectangular plates without slots shows that the tightness 

and durability of valves depends on a number of factors: the pressure drop across the valve, the presence of gas 

pressure pulsations, the presence of moisture, oil and oil vapors in the gas, mechanical impurities, the travel of 

the plate and its shape, etc. 

 

Research results and their discussion. We have analyzed the failures of some parts and assemblies of the MMC 

and their fittings (see Table 1) installed at the GKS NGDU named after N. Narimanov. Moreover, out of the 

installed 10 units of MMC on one GCS, the table contains failures of parts and assemblies of 4 MMC. It should be 

noted that in Table 1 indicates those elements, the failures of which lead to large downtime of the compressors. It 

was found that within six months each mining and metallurgical plant was on average 3665 in operation, 550 in 

idle time, 795 in repair (or in reserve). 

 

Table 1 

Analysis of failures of some parts and assemblies of MMC 

 

Name of parts and assemblies 

 

Number of failures and within six months for GKS No. 4 

NGDU named after N. Narimanov 

GMK-1 GMK-2 GMK-3 
GMK-4 

 

Compressor cylinder valves 75 71 79 82 

GMK spark plug 51 64 70 72 

Tristor ignition system 17 18 16 17 

MMC flow line check valves 3 2 4 1 

Gas outlet valve GMK 5 6 4 7 

Safety valves on flow lines 1 0 0 2 

Other failures associated with the shutdown of 

the MMC 
10 7 4 5 
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 The data presented indicate the need to improve the trouble-free operation of the mining and metallurgical 

complex, where the main cause of failures is malfunctions with valves (direct-flow type). 

The analysis of the state of the failed parts operating in different conditions (reception, injection) is carried out. 

The analysis of the results of observations of the operation of the intake and discharge valves of the 

compressor cylinders installed at the I stages of the MMC showed that in 67 cases the failures refer to the 

suction valves and 148 to the discharge valves of the 1st stage, and 95 to the discharge and 43 to the suction 

valves of the II stage. 

Thus, the largest number of failures is accounted for by the valves installed on the compressor cylinders of the 

first stage, where the temperature and compression ratio of the discharged gas are much higher than others. 

Consequently, the temperature has a significant effect on the number of failures of direct-flow valves, which, 

and mainly, occur as a result of the destruction of their plates. 

The main factor determining the insufficient MTBF of self-acting valves is cyclic dynamic loads as a result of 

frequent changes in the pressure of associated petroleum gas at the intake and injection of a reciprocating 

compressor associated with frequent changes in the pressure of compressed gas in the gas lift, which is 

accompanied by the vibrational nature of the plates valve. In this case, the number of cycles of movement of 

the plates increases significantly, self-oscillations arise, which sharply reduce the efficiency of the plates. In 

addition, associated petroleum gas with solid mechanical impurities, vapors of heavy hydrocarbon components 

and moisture passes through the valve. In this case, the valve plates, having received additional stresses from 

local bends during closing, adhere to the seat and collapse, and nicks, risks and other damage appear on the 

seats . In most cases, the plates break along the line of their pinching in the valve or at the edge of the seat. In 

this case, due to the leakage of the valve plate, the temperature of the booster gas rises sharply and the 

performance of the compressor decreases and an emergency situation is created. 

After breakage of one or several petals of the plates, the valve begins to heat up, and the suction and discharge 

pipes are heated. In this operating mode, the temperature of the valve and cylinder in the valve installation 

zone reaches 205 ÷ 210 ° C in a short time of operation. At such a temperature, the valve seats warp, their 

depressurization, a further increase in temperature, failure of other parts of the compressor cylinder, especially 

the 1st stage, where the compression ratio reaches 4 ÷ 5. In connection with this, the task of increasing the 

reliability, tightness and safety of the operation of direct-flow valves for the conditions of gas-lift operation of 

oil wells  

 Positive experience in operating single-flow valves in general-purpose air compressors, their high 

performance in terms of efficiency and durability dictates the need for both experimental research and the 

development of technical solutions that would provide an expansion of the field of effective application of 

single-flow valves, in particular, on compressors used for gas-lift operation of oil wells. 

 In the harsh conditions of gas-lift operation of oil wells, PIK-type valves practically had an operating time to 

failure of no more than 1500 ÷ 1700 hours. However, by improving the shape of the plates (making several 

slots in it) of the PIK-A valves, their tightness was achieved. At the same time, the time of their operation to 

failure reached 2500 ÷ 3000 hours. 

Thus, as a result of the study of the main characteristics and causes of failures of individual units, including the 

valves of reciprocating compressors, it was shown that 

- the efficiency of gas-lift operation is largely determined by the reliability of the compressor equipment; 

-the main reasons for the failure of reciprocating compressors are the assembly of the intake and discharge 

valves of the compressor cylinders (46-54%), spark plugs (30-50%), a violation associated with the ignition 

system (10-11%), etc.; 

- the largest number of failures are associated with direct-flow valves installed on the compressor cylinders of 

the 1st stage; 
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ABSTRACT 

 

 In the drilling of wells, cementing of protective pipelines, development of productive horizons, as well as in 

operation, wells need to be divided into permanent or temporary areas. More advanced than these processes is 

the use of packing devices in the technological separation of layers and the insulation of protective belts. For 

example, delivery of the buffer mixture to the absorption zone by packer-mounted drill pipes saves 40-60% of 

time and reduces material consumption by 1.5-2 times compared to previous non-packer technologies. 

Keywords: packer, cuff, protective pipeline, sliding, sealing 

 

In the early stages of the oil industry, packers were mainly used to insulate surface water leaking from holes in 

the protective belt. In the study of wells in engineering-geological and hydrometeorological processes, packers 

began to be used for the practical injection of liquids. These packers worked at low pressure drops in shallow 

wells, distinguished by the simplicity of their design and the technological scheme of sealing. In recent years, 

significant progress has been made in the field of theoretical research in drilling exploration and production 

wells, as well as in the technology of using packers and improving the performance of packer cuffs. 

Relevance of the case: The packer cuff is one of the important nodes of reliable sealing of packer equipment. 

One of the most pressing issues is the study of the inability of the packer's sealing sleeve to provide sealing 

without friction during contact with rocks when operating in aggressive environments. To study the causes of 

wear of cuffs without friction, the physical and mechanical characteristics of its use in various packers have been 

studied [1]. 

The purpose of the work: To investigate the causes of wear of packer cuffs, which is one of the main equipment 

during the operation of oil and gas wells, and to eliminate these causes and ensure the reliable operation of 

packer cuffs. 

As the depth of the wells increased, and the goals and issues of layering and piping separation expanded, so did 

the loads on the packers' sealing sleeves, and their operating conditions and use became more complex. This has 

led to the development of many different packer constructions and constructive executions. Such a wide variety 

of packers of the required type size is very difficult to collect, analyze, group, and apply in practice. When 

systematizing packer constructions, packers are divided into four groups [2]: 

1. Packers with elastic elements covering the well by swelling and deformation of the grains located in the inner 

strip of the sealing sleeve under the influence of pressure. Such packers are not used in modern times. 

2. Packers with anchors or skirts. In this group, the sealing sleeves are attached to the well wall by means of an 

axial force, such as the weight of the pump-compressor pipes after the packer has been installed in the well. 

3. Wall packers. This group includes packer devices where deformation of the sealing sleeves occurs after the 

friction plates are fixed to the well wall. Wall packers, in turn, are divided into two subgroups: first, the packers 

'plates are working under the influence of friction springs, and second, the packers' friction plates stick to the 

walls of the well after the load falls on the surface of special drill pipes. 

4. Hydraulic packers. Sealing of the well with these packers is carried out by deformation of the sealing sleeve 

and compression of the well wall under the influence of the working pressure of the liquid injected from the 

surface. 

By analyzing the constructions and technological schemes of packers used in the operation of oil wells with 

hydraulic piston pumps, injection of water into injection wells and hydraulic fracturing of the formation, a 

classification of a large number of packers with different impact principles was prepared. The main features of 

this classification are: types of packer installation in the well; types of deformation of the sealing cuff; the cost of 

lowering the packer into the well and the pressure drop it can accept. 

Packers are divided according to the type of installation in the well: packers installed on the well with support, 

without support or "hanging". Packers are divided into hydraulic and mechanical packers according to the type of 

deformation of the sealing element and the sealing of the protective belt. Mechanical packers include all packers 
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whose sealing sleeve is deformed due to the weight of the pipeline. Hydraulic packers - packers that seal the pipe 

by deforming the rubber sleeve as a result of a pressure drop from below or above the installed packer. 

According to the type of discharge into the well: they are divided into packers, which are released into the well 

by pipes and thrown. 

Slip-backed packers have a device that seals the well after it is anchored in the wall of the well, it is a special 

knot, open or closed type spring, combined with special slip pulls and placed under the sealing sleeve. The main 

difference between inverted packers and slip packers is that the support knot is located under the "sealing cuff". 

Self-sealing packers are characterized by the fact that their sealing sleeves are bell-shaped, the outer diameter of 

which exceeds the diameter of the well, which is covered in a free state. Therefore, its compression in the well 

wall is carried out due to the elasticity of the rubber of the cuff material, sealing occurs automatically, as the 

degree of compression of the cuff on the walls of the well increases under the influence of pressure drop. 

Combined packers are a combination of self-adhesive packers and well-wall packers. In modern times, they are 

widely used in test tool kits used to test productive horizons of oil and gas wells and aquifers of hydrogeological 

wells. The advantage of slip-backed packers in the well wall is that the sand plugs do not affect their 

performance, and they do not require a tail support to perform their work, as the flowers of the well walls are 

below the place where they are installed. Despite some construction complexity, these packers are considered to 

be more promising than compression-type packers, which makes them widely used in hydraulic fracturing, 

injection of water into the reservoir, and insulation of the absorption zone with detergent. Packers installed 

without a support at the bottom or wall of the well do not have the above advantages, so the method of creating a 

support is used in all types of packers. 

Properties of rubber cuffs. Many researchers have studied the mechanical properties of rubber used in packers. 

Physical and technical characteristics of rubber cuffs are given in Table 1. The following features of rubber cuffs 

are taken into account: 

- working deformation of the cuff σ 50% longitudinally; 25% in diameter; 

- the rate of deformation of the cuff at work is several centimeters; 

-packer can stay in work for 30 minutes to several hours in case of deformation; 

-sealing cuff is designed for multiple use; 

-packer works in high temperature and pressure conditions. 

Resistance methods of materials allow to calculate the strength condition in one stress type for another stress 

state type according to the strength condition [3]. However, such calculations do not take into account the effects 

of stresses, loads, temperatures, environments and other similar factors occurring in the process. 

Deformation properties of rubber cuffs. The elastic deformation ability of rubber is one of the main reasons why 

it is widely used in all industries, including in the manufacture of packing cuffs for packers. Table 1 shows the 

physical and technical characteristics of the rubber cuff. 

 

Table 1. 

Physical and mechanical characteristics of cuffs 

 

Name Symbol Numerical unit 

The crowd 
 q/sm2 

Temperature limit in brittleness  хр 0C 

cuffs elastic module ЕϬ MPa 

frost-resistance coefficient, КБ - 

wear durability 
  

MPa 

cuffs relative elongation   % 

tension to relaxation РϬ % 

Mass tensions Qk % 

volume change QH % 

Stretch Time   min 

Slip speed   min 

Relative residual deformation in compression G % 

 

The description of rubber as a structural material can be compared with its high elastic deformation, which is due 

to the ability of long-chain molecules of rubber polymer to change their configuration under the influence of 

external forces. This change in the configuration of the polymer is not accompanied by any significant change in 

the distance between the molecules. In undeformed rubber, individual areas or points of the molecular chain are 
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randomly located in space. If the temperature is high, the molecular bonds have a sufficiently large mobility, and 

the nature of their mutual arrangement and heat transfer is the same as in low molecular weight liquids. The 

application of an external force causes the dams to focus on the force acting in parts. 

The free recovery of a highly elastic body after the application of an external force is the result of thermal action 

and its disorientation effect on the location of the dams. The processes of orientation and disorientation of dams 

occur when the balance between the force and the deformation caused by it is not instantaneous, it takes a certain 

amount of time, and the process of sliding takes place. Crawling is the process of restoring the balance between 

stress and strain. It occurs in a constant voltage mode. Here, slip is a continuous process of increasing the initial 

deformation to the equilibrium value of the deformation from the time of application of a constant load force. 

The slippage of the rubber leads to significant changes in the tightening joints of the constrictive dimensions and 

the elastic cuff of the packer.  

Suppose a packer works under the following conditions: maximum pressure drop: 

∆P = 50 MPa, the diameter of the sealing sleeve before compression d=250 mm, outer diameter of the protective 

belt dq.k. = 210,6 mm, ρst = 6840  kq/m3, 

Est = 2 ∙ 1012MPa, 
Poisson's ratio of rubber cuff μ = 0,573, 
elasticity of rubber Er = 188 ∙ 105MPa,  

packer durability coefficient k=1,25. 

First, calculate the annular cross-sectional area of the sealing sleeve (Figure 1). 

 

 
 

Figure 1. Ring section of Packer's sealing sleeve 

 

F = πR2 
 

 

where: R is the outer diameter of the packing sleeve of the packer and 

r is the inner radius. 

F = πR2 − πr2 = 3,14 ∙ 0,10252 − 3,14 ∙ 0,0452 = 26,6 mm2                           (1) 

To check whether the packer is airtight in the well, we calculate the contact pressure between the protective belt 

and the sealing sleeve:  

                                                  Pk = Ps.k.t + Pt.d.                                                               (2) 

Where  Ps.k.t - contact pressure due to pre-compression of the seal ; 

 Pt.d. pressure drop accordingly [4]. 

The hardness of the rubber is in itself a design indicator. However, there is a limited connection between rubber 

stiffness and tension. Resistance methods of materials allow to calculate the strength condition in one stress type 

for another stress state type according to the strength condition. However, such calculations do not take into 

account the effects of stresses, loads, temperatures, environments and other similar factors on the process. The 

thermodynamics of the state of a rubber assumes that there is a relationship between elongation, moving force, 

temperature, and energy. 

The deformation mechanism of rubber has a superior kinetic origin, and the mechanical stress in the deformed 

material depends on the amount of entropy. 
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Given the equality of loading and deformation, it is assumed that the stiffness of the packing sleeve of the packer 

is always lower at reloading than at the first loading. The modulus of elasticity in the reloading of the cuff is 44% 

lower than in the initial loading [5]. The residual deformation measured as the load is taken depends on the value 

of the transverse deformation of the element. For 25% transverse deformation (maximum deformation in the 

well), the residual deformation averages 4.5%; has a value of 1.2% to 9.5% in inclinations on individual samples. 

Residual deformation at reloads is more stable and is only 1.15%, ie several times lower than the deformation of 

the element under initial loading. It follows that the cuffs must be manufactured at the factory with a transverse 

compression of 25-30%. In this case, elements with a residual deformation of more than 5% must be considered 

defective.  

The cuffs used in inflated packers are made on the basis of nitrile rubber, in which the movement of molecular 

chains significantly affects the strength and deformation behavior of the cuff, causing a large number of 

conformations at the ends of macromolecules. The friction force of the cuff in contact with rocks depends on 

many factors, the most important of which are: the composition and properties of the environment, the nature and 

area of the contact surfaces; normal pressure; deformation rate and. Researchers note that the greatest dry friction 

occurs when the cuff comes in contact with solid rocks (sand, lime, gypsum, salt, etc.). In this case, the frictional 

resistance is quite large, and the energy required for the deformation of the rubber is used to break down the 

material during the viscous-plastic process.  

 

CONCLUSION 

 

The reasons for the low performance of the packers' cuffs have been studied. 

1. Residual deformation at reloads is more stable and is only 1.15%, ie several times lower than the deformation 

of the element under initial loading. 

2. It follows that at the manufacturing plant, the cuffs must be made with a transverse compression of 25-30%. 
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ABSTRACT 

 

The article provides information on the research carried out to eliminate this problem due to the friction of the 

plates with integral sealing nodes during the mounting of packers used in the drilling, operation and 

technological processes of oil and gas wells. The problem of the packers losing their ability to work without 

friction during the installation of the packer is that the packer is removed from the well prematurely and replaced 

with new ones, which leads to both loss of time and material and technical losses. 

Keywords: plate, worn out, mounting, cohesion, packer. 

 

Experience with the use of packers in the testing of layers shows that in many cases the packing elements lose 

their ability due to the collapse of the lower part of the rubber element. In practice, it is very important to ensure 

reliable fixation of the packer at the wellhead in the separation of the space between the pipes by placing the 

packers in different ways. This is due to the different anchors, plate knots and packers of different constructions. 

An analysis of the design of the packers' anchor nodes used showed that a more reliable design of the fixation is 

a plate-type structure that separates in a radial direction when in contact with the spacing cones. 

Relevance of the work: The plates are one of the important knots in the sealing of the packing device. When the 

packer is installed in the wellbore, the teeth on the surfaces of the plates are attached to the metal holes on the 

outside of the protective pipe wall. The problem of friction wear of the anchor knot plates during the interaction 

with the pipe is relevant and requires further research, taking into account the factors of friction wear and tear of 

the plates with the pipe. 

The purpose of the work: To investigate the causes of friction wear of the knot during the implementation of 

various technological processes in the packers during the implementation of various technological processes and 

to conduct research to eliminate this problem. 

Over time, the improvement of packing facilities is due to the expansion of the use of hydraulic fracturing in 

wells. The implementation of such a technological process in oil and gas wells has placed the following 

requirements on packer systems. 

- packers should be sealed at a pressure of up to 50 MPa for 30-40 minutes; 

- The strength properties of the sealant (in aggressive environments) must be resistant to temperatures of 1200C. 

"A", "NII-B" brand constructions of auto-controlled packer structures have such qualities. A characteristic 

feature of this type of packer is that its sealant can create a self-sealing effect. Such a constructive approach can 

be found in the packers PS-500 and PQ-500. 

Petroleum equipment (NMA) is classified into 4 groups, which are structurally complex, functionally 

multifaceted: drilling, operation, ancillary and control equipment. The structures of this equipment include 

various types of joints, mechanisms that move them, transmissions, motors, nodes that perform power and 

displacement functions, parts that are subject to friction and deformation, and so on. include. At the same time, 

the design of the NMA, as well as the uniqueness of the technological processes used in their manufacture, the 

dynamics, aggressiveness and complexity of the operating conditions of the equipment further complicate the 

requirements. 

Operational equipment is broadly divided into two groups: wellhead and wellbore equipment. The installation, 

maintenance and repair of the second group of equipment is very different from the first. Thus, the method and 

technology used to place this type of equipment inside the well is very difficult and complicated. 

One of the most widely used methods of placing operating equipment inside a well is to anchor them with special 

holders. Anchors are typically used when underground equipment is required to be placed in a well to prevent it 

from slipping. 

In general, when anchoring wells, the principles of anchor installation are used in 2 variants: 

              1. Supporting equipment performs the function of anchors independently. 
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              2. The anchoring mechanism is intended as a separate knot on the equipment (packers). 

Independent plate anchors are designed for mounting and centering equipment inside the well. They are 

produced in 4 groups (ЯЭЦ,  ЯК , ЯГМ, ЯT and  ЯГ). 

ЯЭЦ -type anchors are used in inclined wells. Here, anchoring is provided by eccentricity between the wellbore 

axis and the equipment axis. The constructive solution of the problem was solved with the help of the centering 

element and spring in the structure of the equipment. 

ЯК -type anchors are commonly used to drill a second well in a wellbore. The advantage of the equipment is that 

the operation of supporting the bottom of the well is eliminated when fixing the wellbore. 

ЯГМ -type hydromechanical anchors can prevent PVC-designed packers from sliding up and down when placing 

the wellbore inside. 

ЯТ-type anchors prevent the NKB from sliding downwards, referring to the production belt. 

At present, the reliable separation of the inter-pipe space with a packer is very important, especially in the use of 

high-pressure working solution during the hydraulic fracturing. Analysis of various studies in this area has shown 

that the force of interaction of the pipe plates with the pipes has a significant effect on the height of the plates and 

their conductivity [5]. 

In the following formula, the maximum carrying capacity of the tubes of the pipeworker depends on the live 

cross section of the pipe, its radius, the height of the plates and the angle of their interaction: 

 

                                                                σRƏ =  
σTFe.k.s.Qp.ə

R2
2CK

                                                                      (1) 

where: 

σa - flow limit of the pipe material; 

Fen k.s - cross-sectional area of the worn pipe; 

Q - inner radius of the pipe; 

h - is the height of the plate; 

ε - capacity coefficient of the pipe perimeter; 

R2 - radius from the outside of the pipe; 

C - coefficient characterizing the voltage concentration in the dangerous section; 

K - is the coefficient of retention of the plates from the surface of the pipe and the coefficient of inclination of the 

conical surface of the plates to the body of the device; 

σRƏ - is determined for the interconnection of the pipeline (6 units) and the suspension of the pipeline. 

A similar problem can be solved by ensuring that the packer is fixed with plates when exposed to excess pressure 

from below during hydraulic fracturing: 

( 1 ) it is clear from the formula that as the height of the plates increases, so does the packer's storage capacity. If 

we assume that the height of the plates is close to zero, then the G-force that the packer receives and transmits to 

the plates is a force directed to infinity. This time 

 

                                                     σq=
PD

2δ2                                                    (2) 

 

where: 

p - fluid pressure; 

D - inner diameter of the protective belt; 

δ - wall thickness of the protective belt. 

 

It can be seen from the obtained formula that the contact voltages that can be released at the boundary of the 

"sealing-protective pipe pipe wall" can be determined from the known force received by the packer and  

transmitted to the plate. 

It is known from practice that the contact voltages at the boundary of the packer's seat belt can be 10-15% higher 

than the working pressure [3]. From formula (2) it is possible to determine the permissible value of pressure P: 

P =  
σb.2δ

D
 

The analysis of the obtained result shows that the threat of contact voltages at the boundary of the "sealing-

protective pipeline pipe" is close, which should be taken into account, especially in the coverage of the space 

between the pipes in these worn protective pipelines. The use of the traditional method of radial deformation of 

the sealant due to axial loading requires a sufficiently large load. In this case, the sealing mechanism of the 
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sealant must be changed, if a detachable plate cone is used for radial deformation of the sealant, then the tension 

is evenly distributed along the length of the sealant. Experience with this method has shown that the axial force 

required to deform the sealant is significantly reduced when the detachable cone of the plate is used. 

During hydraulic fracturing, the sealant may lose its tightness due to the high pressure received by the packer 

from below (the force that pushes the anchor plates with a blow) and the packer may move from where it is 

installed. This leads to the cessation of the fixation process. The protection of the tightness of the interstitial 

space depends directly on the plates of the anchor knot. Therefore, it is necessary to develop new structures and 

anchoring devices for the installation of the packer. Some packers' cut plates are equipped with cut spring rings 

that are fixed to the protective belt body at the calculated depth. Fig. Figure 2 shows a single-pass hydraulic 

packer. Anchor from anchor body, 9 or 12 round plates; It consists of springs (9 or 12 pieces) that hold the plates 

in a compressed position during operation, cover shafts and fastening screws that restrict the radial movement of 

the plates. 

A rubber ring is placed on the lower surface of the round plates. These plates are placed in the appropriate slots 

opened on the body (according to the rules of chess) and a bow is placed under each round plate. After the plates 

are installed in three or four rows by 4 on the perimeter of the body, the cover shafts (there are four of them, of 

course) are fastened with screws. The lower plate knot consists of a cone, three or five plates (in packers for 8 

service belts) and a plate holder. On the outer surface of the cone are placed plates in three wedges opened at an 

angle of cone to  = 12o ... 15o (side protrusions of the conical surface of the plates), but the lower "T" -shaped 

ends of the plates are placed in the corresponding "T" -shaped wedges of the plate . After the packer is released 

into the well and brought to the required depth, water is pumped into the packer barrel (via the NKB). In this 

case, the fluid pressure in the packer's hydraulic cylinder, to which the valve is closed, rises, and the piston 

moves, tightening the rubber sleeves through the support washer and sealing them to the inner surface of the 

service belt. The cone is also pushed under the plates and thus the packer is seated. To direct the lower layer into 

the packer, the pressure is increased by an additional 3.5MPa (23 …25MPa from the seating pressure) and the 

cutting screws are cut, releasing the ball from the packer together with the saddle. Packer's channel opens. In this 

case, due to the pressure of the well product (oil or gas), the circular plates on the anchor are pressed into the 

belt, which prevents the packer from being pulled up. Under the influence of the pushing force, the packer leaves 

the place of installation. It is necessary to increase the number of holes in the body of the packer by increasing 

the depth. Also, the anchor should be provided with teeth in the body at a given depth, covering the entire body 

of the plates. Such a constructive design is implemented in the structures of the anchor with two protrusions 

along the height of the plates, which increases the adhesion of the anchor plates to the protective belt. 

It has been experimentally determined that the friction of the anchor plates with the pipes during the installation 

of the packer at the bottom of the well is due to the friction of the material surface of the two bodies, their 

pressure on each other, the relative speed of corrosion. Friction also depends on the quality and nature of the 

treatment of friction surfaces. In addition, the coefficient of friction depends on the speed. Friction forces are 

forces created by tangential interactions in the relative displacement of objects in contact with each other. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Single-acting hydraulic packer 

1 - anchor plate; 2- the body of the anchor; 3 - cuffs; 4 - barrel; 5,13,19- cut screws; 6 - slips; 7- piston; 
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8 - cylinder; 9 - slide; 10-handle; 11 - cone; 12-plate; 14 - plate holder; 15,16-guide tube; 17-ball; 18- saddle. 

                                                                     

CONCLUSION 

 

1. It is recommended to take the conical angle of the cone-plate pair in the packer plate node. In this case, the 

compressive force transmitted to the plates ensures a smooth fit of the plates. 

2. As a result of the analysis of the work on the plate knot, increasing the height of the plate to reduce friction 

and increasing the number of teeth along the length of the body of the plate increases the adhesion strength, 

which reduces friction by increasing its efficiency. 
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ABSTRACT 

 

In modern mechanical engineering, transmissions with the use of an involute tooth profile are widespread. 

However, one of the main disadvantages of these transmissions is that they exposure to wear. In this study, 

research on the cycloid profile is conducted as an alternative option. Cycloid profiles are one of the profiles 

applied to the teeth in order to transmit motion. 

Although cycloid profiles are mainly used in instrumentation, satellites are made of cycloid profile in planetary 

gears. Cycloid profile teeth are less exposed to wear during operation. Practically, the shape of cycloidal teeth 

does not allow them to break, so there is no bending deformation in the teeth. In planetary gear transmission, the 

satellites are usually made of a cycloid profile. Cycloid profile teeth are exposed to less wear. Currently, 

planetary gear reducers are widely used mainly in the oil industry, drilling equipments, in the lifting mechanisms, 

gearboxes, on chain conveyors, rotary tables, in robotics, manufacturing, mechanical and chemical engineering 

fields and so on. 

The increased load capacity of the cycloid pinion gears is due to the multi-pair contact surface and it has a 

superior adhesion profile than the involute profile. The loading schemes of cycloidal and evolvent profile teeth 

shows that the normal force in contact Fn and its dangerous section on the tooth of the cycloidal profile is much 

less than in the case when the tooth has an involute profile. This is due to the fact that with cycloid profile 

transmission the number of teeth simultaneously transmitting the load is significantly greater than when 

implementing the same transmission with involute teeth. Cycloid profile gear reducers can be considered as a 

modern solution to current requirements such as high efficiency, smooth and quiet work, ability to accept short-

term maximum loads, small overall size, minimum technical requirements etc. 

The simulation of the real load conditions and interference generated during the rotation of the shaft was 

developed in Solidworks in order to determine the contact stresses and the contact areas resulting from these 

stresses of the teeth of the gear and satellites of cycloid profile planetary gear reducers. This simulation 

determines the values of the teeth involved in the contact, the interference of those teeth, the contact areas and 

the contact stresses generated in these areas, depending on the angle of rotation of the shaft. The profile of the 

proposed teeth allows to achieve the minimum size with the maximum transmission ratio. 

Keywords: cycloid profile, cycloid transmission, planetary reducer, interference, simulation, contact area. 

 

The actuality of the subject.  At present, industrial transmissions are required not only for high efficiency, but 

also for high longevity and reliability. Although the use of evolvent profile transmissions is widespread, it has 

many disadvantages. In this study, research on the cycloid profile is conducted as an alternative option. Cycloid 

profile gear reducers can be considered as a modern solution to current requirements such as high efficiency, 

smooth and quiet work, ability to accept short-term maximum loads, small overall size, minimum technical 

requirements etc. 

The purpose of this work is to determine the interference, contact stresses and the contact areas resulting from 

these stresses through a simulation of the real load conditions of the cycloid profile teeth of the gears and 

satellites of the planetary reducer, developed in Solidworks. This work allows to achieve the minimum size with 

the maximum transmission ratio. 

Problem statement. Cycloid profiles are one of the profiles applied to the teeth in order to transmit motion. The 

transmission of motion through a cycloid profile is called a cycloidal transmission. A cycloid curve is a curve 

represented by a straight line or circular trajectory in which a point at a constant distance from the center of the 

circle is rotated without slipping. The cycloid curve is based on the circumference of the base. If a rotating circle 

rotates along the outer surface of the base circle, its trajectory is called an epicycloid curve. If the rotating circle 

rotates along the inner surface of the base circle, this curve is called a hypocycloid curve. 

Let's suppose that, point A is located inside a rotating circle which its radius is r. (fig. 1) This circle rolls around 

the base which its radius is R and it’s located at a distance of OA = e from the center. In this case, the curve is 

mailto:alesker.meherrem@gmail.com
mailto:gasimovaaidan@gmail.com
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called shortened epicycloid curve.  The ratio 
e

r
=λ is called the epicycloid shortening factor. The shortened 

epicycloid equations are as follows: 

xe(τ) = (R + r) cos τ − λr cos(
R + r

r
τ) 

ye(τ) = (R + r) sin τ − λr sin(
R + r

r
τ) 

where τ – independent coefficient, τ = 0…2π.  

 

The number of teeth of a cycloidal profile gear is equal to the ratio of the radii:  

z1 =
R

r
 

Figure 1. Schema of a shortened epicycloid transmission. 

The design and working principle of a cycloid gearbox is as follows: 

The figure 2 is shown a planetary gear transmission consist of a gear (1) over cylindrical pins (2) and a satellite 

(3) with cycloid profile teeth. The satellite (3) is mounted on the ball bearing (4) of the eccentric shaft (5) in this 

position. The rotation of the eccentric shaft around the point O1 forces the satellite to roll on the pins and slowly 

rotate around the axis of rotation of the satellite, indicated by the point O. 

 

Figure 2. Construction of a cycloid gear reducer 

The increased load capacity of the cycloid pinion gears is due to the multi-pair contact surface and it has a 

superior adhesion profile than the involute profile. If the difference between the teeth of the gear (1) and the teeth 

of the satellite (3) is equal to the unit, then, in theory, about half of the cylindrical pins are involved in contact. 

Solution of problem. Let us determine the interference values of the load condition and the teeth under load at 

different values of eccentricity. (fig. 3) Partial elastic deformation will occur between the teeth of the gear and 

the satellites by rotating the shaft to determine the contact stresses of the teeth participated in contact and the 

contact areas resulting from these stresses. Displays the appearance of the interference - simulation of one tooth 

overlapping another developed in Solidworks. This interference allows to determine the contact stresses and the 

contact areas resulting from these stresses. (figure 4-6, table 1-3, diagram 1-3)  

Table 1. 
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Figure 3. Pairs of gear teeth 

Eccentricity =  4.86 

 

№ 

Angle of 

gear rotation, 

𝛗𝟏, deg 

Angle of 

satellite 

rotation, 𝛗𝟐, 

deg 

Interference, mm3 

«0» «1» «2» ∑ 

0 0 0 0 0 0 0 

1 0,01 0 0 0 0 0 

2 0,02 0 0 0 0 0 

3 0,03 0 0 0 0 0 

4 0,04 0 0 0 0 0 

5 0,05 0 0 0 0 0 

6 0,06 0 0 0 0 0 

7 0,07 0 0 0 0 0 

8 0,08 0 0 0 0 0 

9 0,09 0 0 0 0 0 

10 0,1 0 0 0 0 0 

11 0,2 0 0 0 0 0 

12 0,21 0 0 0 0 0 

13 0,22 0 0 0,11 0 0,11 

14 0,23 0 0 0,39 0 0,39 

15 0,24 0 0 0,8 0 0,8 

16 0,25 0 0 1,3 0,16 1,46 

17 0,26 0 0 1,88 0,46 2,34 

18 0,27 0 0 2,54 0,84 3,38 

19 0,28 0 0 3,26 1,3 4,56 

20 0,29 0 0,00074 4,04 1,82 5,86074 

21 0,3 0 0,21 4,88 2,39 7,48 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Diagram 1. Load diagram of teeth when eccentricity = 4,86 
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Figure 4. Load states 

Eccentricity = 4.6 
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Table 2. 

 

№ 

 

Angle of 

gear rotation, 

𝝋𝟏, deg 

Angle of 

satellite 

rotation, 𝝋𝟐, 

deg 

Interference, mm3 

«0» «1» «2» ∑ 

0 0 0 0 0 0 0 

1 0,01 0 0 0 0 0 

2 0,02 0 0 0 0 0 

3 0,03 0 0 0 0 0 

4 0,04 0 0 0 0 0 

5 0,05 0 0 0 0 0 

6 0,06 0 0 0 0 0 

7 0,07 0 0 0 0 0 

8 0,08 0 0 0 0 0 

9 0,09 0 0 0 0 0 

10 0,1 0 0 0 0 0 

11 0,2 0 0 0 0 0 

12 0,21 0 0 0 0 0 

13 0,22 0 0 0 0 0 

14 0,23 0 0 0 0 0 

15 0,24 0 0 0,01 0 0,01 

16 0,25 0 0 0,2 0 0,2 

17 0,26 0 0 0,52 0,07 0,59 

18 0,27 0 0 0,94 0,32 1,26 

19 0,28 0 0 1,45 0,67 2,12 

20 0,29 0 0 2,03 1,1 3,13 

21 0,3 0 0 2,67 1,59 4,26 
 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

Diagram 2. Load diagram when eccentricity = 4.6 
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Figure 5. Loaded states 

 

                                                                              Eccenctricity = 4.5 
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Table 3. 

 

№ 
Angle of gear 

rotation, 𝝋𝟏, deg 

Angle of 

satellite 

rotation, 𝝋𝟐, 

deg 

Interference, mm3 

«0» «1» «2» ∑ 

0 0 0 0 0 0 0 

1 0,01 0 0 0 0 0 

2 0,02 0 0 0 0 0 

3 0,03 0 0 0 0 0 

4 0,04 0 0 0 0 0 

5 0,05 0 0 0 0 0 

6 0,06 0 0 0 0 0 

7 0,07 0 0 0 0 0 

8 0,08 0 0 0 0 0 

9 0,09 0 0 0 0 0 

10 0,1 0 0 0 0 0 

11 0,2 0 0 0 0 0 

12 0,21 0 0 0 0 0 

13 0,22 0 0 0 0 0 

14 0,23 0 0 0 0 0 

15 0,24 0 0 0 0 0 

16 0,25 0 0 0 0 0 

17 0,26 0 0 0 0 0 

18 0,27 0 0 0 0 0 

19 0,28 0 0 0,14 0,12 0,26 

20 0,29 0 0 0,43 0,4 0,83 

21 0,3 0 0 0,81 0,77 1,58 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Diagram 3.  

 

Load diagram when eccentricity = 4.5 
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Figure 6. Loaded states 

Material selection and calculation of strength.The material of the gear, satellite and eccentric shaft is determined 

by the manufacturer. Exp: 20ХН3А. Young’s modulus for this material Е=132 GPа. 

Firstly, we find the relative deformation in order to determine the compression stress: the volume of interference 

should be divided by the volume of the tooth. 

ε =
Vint

Vtooth

 

The yield strength of  20XH3A steel is �ys = 690 MPa 

According to Hooke’s law 

σ=E∙ε 

The result obtained σ is compared with the maximum allowable stress (table 4) 

Table 4.  

Comparative analysis of cycloid and evolvent profile tooth loading. 

Angle of gear 

rotation, φ1,deg. 

Volume of interference, 

mm3 

Volume of tooth, 

mm3 
Strain 

Compression 

stress, MPa 

0.22 0.11 

2340 

0.00004701 6.21 

0.23 0.39 0.00016667 22.01 

0.24 0.8 0.00034188 45.13 

0.25 1.3 0.00055556 73.33 

0.26 1.88 0.00080342 106.05 

0.27 2.54 0.001088547 143.68 

0.28 3.26 0.00139316 183.89 

0.29 4.04 0.0017265 227.89 

0.3 4.88 0.00208547 257.28 
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The figure 7 shows that the normal force in contact Fn and its dangerous section on the tooth of the cycloidal 

profile is much less than in the case when the tooth has an involute profile. This is due to the fact that with 

cycloid profile transmission the number of teeth simultaneously transmitting the load is significantly greater than 

when implementing the same transmission with involute teeth. Although transmissions with involute profile teeth 

are common in modern engineering, these transmissions do not show high wear resistance. Practically, the shape 

of cycloidal teeth does not allow them to break, so there is no bending deformation in the teeth. 

 

Figure 7. Gear tooth loading schemes 

a) cycloid profile; b) involute profile 

 Results of research: 1. As a result of the research, it can be concluded that the reducer rotates evenly in the 

unloaded state. However, when the torque is simulated, we see that there are no teeth when in contact up to a 

certain value of the load. Only when the gear is rotated more than 0.27°, then the teeth begin to come into 

contact. For this reason, it is very important to calculate the correct eccentricity for cycloidal gears during design. 

2. In planetary gear transmission, the satellites are usually made of a cycloid profile. Cycloid profile teeth are 

exposed to less wear. Currently, planetary gear reducers are widely used mainly in the oil industry, drilling 

equipments, in the lifting mechanisms, gearboxes, on chain conveyors, rotary tables, in robotics, manufacturing, 

mechanical and chemical engineering fields and so on. 

3. The shape of the proposed teeth allows to achieve the minimum size with the maximum transmission ratio. 

Several teeth coming into contact makes the high-load reducer more compact. 
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ABSTRACT 

 

It is known that a large block of deep-sea foundations consists of a truss sheathed with wood, a metal beam 

system, floating structures and four pyramidal metal blocks with a truss structure. The design characteristics of 

the foundations of oil platforms depend on the conditions under which the vertical interaction, along with the 

calculation of permanent and temporary loads, is accompanied by the specific gravity of drilling equipment and 

rigs or horizontal wind pressure, as well as the influence of horizontal wave loads on the foundation blocks. 

Horizontal waves and wind loads can be constant and variable in different conditions, therefore the effect of each 

of these loads on the device must be considered separately. To determine the wave pressure acting on the support 

blocks of stationary offshore installations, SN-92-60 was used under the editorship of the team of authors under 

the leadership of Doctor of Technical Sciences, Professor N.N.Tsunkov. 

Keywords: hydraulic structures, wave factor, wave pressure, wave profile, pressure diagrams, 3D model. 

 

The actuality of the subject. The development of the operating oil and gas fields of the Caspian Sea is of great 

importance in the economy of Azerbaijan. One of the key issues for the development of these fields is the design 

of offshore platforms. When designing these hydraulic structures, it is important to correctly assess the forces 

acting on them during the calculation [1-5].  

Objective. This paper discusses a methodology for calculating large block deep-water structures for wells with a 

depth of 4000 m and a sea depth of 60 m using our algorithm in Excel. 

Formulation of the problem. To study the wave factor on offshore platform foundations, you first need to build a 

wave profile and then consider applying this wave to the foundations. 

The influence of the wave profile on the foundations of a hydraulic device can be studied by plotting the effect of 

the wave load on the supports. To define a wave profile, the wave elements are first calculated, then the wave 

profile is calculated and the profile is built in accordance with the results obtained. 

To establish the effect of the wave on the platform supports, it is necessary to determine the loads generated by 

the wave. 

In the case under consideration, the sea wave profile was calculated from the storm wave formed in the Caspian 

Sea. The dimensions of the platform supports are conventionally taken in accordance with the designs of existing 

offshore platforms. 

 

Discussion of the solution. 

1. Determination of wave elements. 

When calculating the foundations for wave loads, the Oil Rocks fields with a more severe hydrometeorological 

regime were selected. At the suggestion of the State Oceanographic Institute for the region under study, the 

average wave height: 

ℏd = 4,5 m  

The average annual sea depth H = 60 m, we determine the dimensionless parameter, taking it and writing [1]: 

ℏd

H
=

4,5

60
= 0,075 

We set the report wave height at 1%: 

Kh =
hi

ℏd

= 2,4 

mailto:max.company@bk.ru
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Figure 1. Graph for determining the change in the spectrum of wave heights  

during transformation. [1] 

From the approximation, we obtain the following empirical formulas: 

 

Kh= -26,305(ℏ𝑑/H) 4- 2,7808(ℏ𝑑/H) 3 + 13,495(ℏ𝑑/H) 2 - 6,0483(ℏ𝑑/H) + 2,8        (1) 

 
From Figure 1 Formula (1)   we determine the height of the calculated wave: 

 

ℎ𝑖 = 𝐾ℎ ∙ ℏ𝑑 = 2,42 ∙ 4,5 = 10,89 𝑚 

 

Knowing the height of the wave, we set a calculated dimensionless parameter. 

 
hi

H
=

10,89

60
= 0,18 

 

 
Figure 2. Graph for determining the calculated elevation of the wave crest. 

From the approximation, we obtain the following empirical formulas: 

ℏd/h = 2,4471(h/H)4 - 3,8062(h/H)3 + 1,4382(h/H)2 + 0,345(h/H) + 0,5                     (2) 

From Figure 2 or Formula (2) we find the corresponding values of the calculated non-dimensional parameters 

[1]: 

hqr

hi

= 0,599 

Based on this, we determine the height of the calculated wave peak above the reporting level: 

hqr = 0,59 ∙ hi = 0,599 ∙ 10,89 = 6,52 m 

We determine the values of the rising peak peaks in terms of the coefficient of increase of the static level 

obtained by 0.5 m. Taking into account the bearing capacity of the drilling rig, we take 0.75 m, by adjusting the 

static average annual level of the sea to the maximum possible ratio of peaks, performed by the guide to the 

depth of 60 m. In this way: 

hqr.max = hqr + 0,75 = 6,52 + 0,75 = 7,27 m 

The calculated average height of the wave:  
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h0 = hi − hqr.max = 10,89 − 7,27 = 3,62 m 

The maximum calculated height of the wave top relative to the seabed: 

zmax = H + hqr.max = 60 + 7,27 = 67,27 m 

The calculated wavelength can be set as follows: 

λ = 10 ∙ hi = 10 ∙ 10,89 = 108,9 m 

2. Determination of wave profile. 

Thus, in order to obtain a reportable wave profile, we determine their coordinates. We determine the calculated 

dimensionless quantities: 

hi

H
=

10,89

60
= 0,18 ≺ 0,25 

Thus, we are sure that you need to use the upper curved graphics. Setting arbitrary abscissa to X and calculating 

their immeasurable values x, =
x

λ
   respectively, find the coefficient for determining the profile φ-wave according 

to the graph (empirical formula for program 3). 

The following empirical formula for determining the wave profile is obtained: 

ϕ =-53,022ẍ 
4
 + 62,173ẍ3 - 19,583ẍ2 - 1,1825ẍ+ 1                                             (3) 

The ordinates of the wave profile, ie the distance measured from the base of the wave, are calculated according 

to the following formula:  

η = φ ∙ hi  

The ordinates calculated from the seabed are determined according to the following formula: 

z = η + HC 

All reports are executed in a program compiled in Excel. The results of the calculations are shown in Table 1. 

The obtained ordinates allow you to build a wave profile with a 1% supply. 

 

Table 1 

Wave parameters calculated by the developed program 

 

№ x, m ẍ =
𝑥

𝜆
 

𝜑, 
ℎ

𝐻
< 0,25 

 

𝜂 = 𝜑 ∙ ℎ𝑖, m 

 

𝑧 = 𝜂 + 𝐻0, 

m 

 

1 0 0 1,02 11,09 67,37 

2 4 0,04 0,95 10,36 66,64 

3 8 0,07 0,85 9,24 65,53 

4 12 0,11 0,73 7,90 64,18 

5 16 0,15 0,59 6,47 62,75 

6 20 0,18 0,47 5,07 61,35 

7 30 0,28 0,20 2,19 58,47 

8 40 0,37 0,06 0,63 56,91 

9 50 0,46 0,01 0,09 56,37 

10 54,46 0,5 0 0 56,28 

 

In the blue cells - the given, in the white cells - the calculated parameters are shown. 

After calculating the parameters of the wave, the profile of the wave is established according to Table 1 (Figure 

3): 
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Figure 3. The profile of the wave. 

Once the wave profile was constructed, a model of the impact of the wave on the conventional support blocks 

was constructed using the profile in Figure 1 (Figure 4): 

 

 
Figure 4. 3D model of the wave. 

The drawing of the model was made using AutoCAD program, based on the parameters in   Table 1. 

3. Determination of wave loads. 

In order to determine the wave loads, the vertical axis of one of the blocks is connected to the apex of the wave. 

In this case (Fig. 5), the axis of the second block is located at 28.5 m from the top of the wave, but greater forces 

will be formed on the elements of the foundations. The wave loads acting on the structural elements are 

perceived due to their longitudinal division along the axis. The calculation of the wave pressure will be the same 

as the calculation of the vertical elements. Bend the smooth cylindrical support at 4°22′′. 
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Figure 5. Influence of waves on support blocks. 

 

 
Figure 6. Graph for determining the drag coefficient. 

From Figure 6 the following empirical formula for determining the coefficient of resistance is obtained: 

Cx=4E-11(Re)6-1E-08(Re)5+1E-06(Re)4-7E-05(Re)3+0,0013(Re)2-0,0227(Re) +1,42             (4) 

We define the interaction of waves as follows:  

hi

H
= 0,18 ≺ 0,25 

where hi is the height of the wave; H is the depth of the sea. 

The inner diameter of the wash support for this area is calculated as follows: 

d ≤
1

50
λ =

108,9

50
= 2,19 m 

The wave pressure generated by the horizontal flow velocity in the support blocks is calculated using the 

following formula: 

Px,v = Cx ∙
γ

2g
∙ v ∙ x2 ∙ d 

where γ is the volume weight of water, assumed to be 1,0 t/m2. g is the acceleration of gravity equal to 9,81 

m/san2. Cx is the coefficient of resistance [1]. 

Depending on the Reynolds number, the report is as follows: 

Re =
vx ∙ d

ν
 

48,3

28,5

6
,3

6

7
4

,3
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where: ν- is the kinematic viscosity coefficient, given for water 0,015 ∙
10−4m2

san
. vx − is the calculated horizontal 

velocity of water particles at the points under consideration, determined by the following formula 

vx = vx.orb + u 

where: vx.orb is the calculated horizontal orbital velocity and is calculated as follows: 

vx.orb =
π2

λ
C

ch
4π
λ

(H − z0)

sh
2πH

λ

∙ cos
2π

λ
x 

C = √
gλ

2π
th

2πh

λ
 

u − is the velocity of the calculated flow and is determined by the following formula: 

u =
π2

2λ2
h2C

ch
4π
λ

(H − z0)

sh2 (
2πH

λ
)

  

z0 − is the calculated distance below the static level at the point in question; x is the distance from the support to 

the wave top; Px,v − to construct the velocity pressure curve, we construct the vx -approximate curve, calculate 

the ordinate values for the points according to the height of the support, clarify the Re −  value for these points if 

necessary, and assign the values Cx and Px.v. 

At the intersection of the static sea level with the symmetrical axis of the block, the horizontal abscissa axis to 

the right, and the vertical ordinate axis downwards. By summing, we determine the numerical values of the 

velocities of the horizontal particle at the points under consideration. Given that the support block is a pipe with a 

diameter d = 478mm, we calculate the values of velocity pressure at selected points. When calculating the 

parameters specified in the program we compiled in Excel, we get the values of the wave loads (Table 2): 

 

Table 2.  

Determination of wave loads. 

№ Z0 H-Z0 vx.orb u vx Re Cx Px.v. P'x.v. 

1 -7,37 67,37 4,80 4,70 9,50 302,89 *10^4 0,4 0,792 0,792 

2 -1 61 3,33 2,25 5,58 177,85*10^4 0,4 0,273 0,382 

3 5 55 2,36 1,13 3,48 111,01*10^4 0,4 0,106 0,149 

4 11 49 1,67 0,56 2,23 71,18*10^4 0,4 0,044 0,061 

5 17 43 1,18 0,28 1,47 46,76*10^4 0,4 0,019 0,026 

6 23 37 0,84 0,14 0,99 31,40*10^4 0,78 0,019 0,026 

7 29 31 0,61 0,07 0,68 21,54*10^4 1,09 0,012 0,017 

8 35 25 0,44 0,04 0,48 15,15*10^4 1,16 0,006 0,009 

9 41 19 0,33 0,02 0,35 11,01*10^4 1,14 0,003 0,005 

10 47 13 0,25 0,01 0,26 8,42*10^4 1,09 0,002 0,003 

11 53 7 0,21 0,01 0,22 6,96*10^4 1,2 0,001 0,002 

12 59 1 0,20 0,00 0,20 6,41*10^4 1,2 0,001 0,002 

 

4. Construction of wave pressure loops in support blocks. 

To construct plots of wave pressure on the support blocks, consider several n joints of the block on the support 

and the area where the plots of wave pressure affect the node (Figure 7). We take these areas as trapezoids and 
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formulate expressions for the nodes in question to calculate the loads on the nodes. For nodes other than n = 1 

and n = 2, (n> 2) the following expression is executed: 

 

 

Figure 7. Wave pressure diagram for node n block. 

From Figure 7: 

Pn
d =

1

3
∙

Px.v
(n−1)

∙an−1

2
+

2

3
∙

Px.v
(n)

∙an−1

2
+

2

3
∙

Px.v
(n)

∙an

2
+

1

3
∙

Px.v
(n+1)

∙an

2
∙ k1 ∙ k2                          (5) 

The wave pressure diagram for the upper part of the support block (n = 1 and n=2) (Figure 5): 

 

 

Figure 8. Wave pressure plot at n = 1 and n = 2 nodes. 

From Figure 8: 

P1
d =

Px.v
(1)

∙ a0

2
 ∙  

2
3

 ∙  a0

a0 + b1

+

Px.v
(1)

 ∙  a0

2
 ∙  

1
3

 ∙  a0

a0 + b1

∙ k1 ∙ k2                                             (6) 

P2
d =

Px.v
(1)

2
∙ (b1 +

1
3

∙ a0)

a0 + b1

+

Px.v
(2)

∙ a0

2
∙ (b1 +

2
3

∙ a0)

a0 + b1

+
2

3
∙

Px.v
(2)

∙ a2

2
+

1

3
∙

Px.v
(3)

∙ a2

2
∙ k1 ∙ k2   (7) 

By assigning the values Px,v  and  P′x,v  in the resulting expressions, it is possible to determine the values of all 

node loads acting on the block. We accept the following data for the calculation: 

b_1=2 m - distance from the top of the wave to the top of the 1st knot; a_0=6,3 m- distance from the top to the 

top of the 2nd wave; a_2=a_3=⋯=a_n=6 m-  distance from the vertices of the previous node to the vertices of the 

considered node; k_1=1,25 – coefficient taking into account the static load; k_2 = 1,2 – coefficient, taking into 

account the dynamic load.  After calculating the load, we determine the load of the nodes with the help of the 

developed software algorithm (Table 3). 

 

Table 3. 

Knot loads 
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CONCLUSION 

 

1) On the basis of SN-92-60 was developed a program in Excel, which significantly simplified the report on 

wave loads to account for changes in the parameters; 

2) built mathematical models of data graphs to determine the parameters of the wave and defined their functions; 

3) Established a storm wave profile, which is one of the main factors for the Caspian Sea; 

4) Created a physical (3D) model of the application of the wave installed on the support of the structure; 

5) The influence of wave pressure on the supports of the type of marine oil and gas hydraulic farms and the 

construction of pressure logs created on the supports are studied. 
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Node No. With coverage
Excluding 

coverage

1 2,221 2,352

2 3,793 4,570

3 1,114 1,560

4 0,451 0,631

5 0,207 0,289

6 0,158 0,221

7 0,110 0,155

8 0,062 0,086

9 0,032 0,045

10 0,018 0,025

11 0,013 0,018

12 0,009 0,013

Node loads , t
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