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1.Introduction 
One of the most needed requirements for developing 

technology in our today's world is to have a long life 

of sealant structures used in oil and gas and other 

industries. In turn, that makes it important to conduct 

more in-depth research on these structures and 

improve the achieved results [1]. There are several 

constructions included in the sealant structures and 

one of them is valves [2]. Nowadays, valves are 

being majorly used in industry. They are calculated to 

various pressures and being applied in different 

processes. The frequently malfunctioning valves are 

the ones being used at high pressures among the 

assemblies [2, 3].  
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Although the technology is currently being developed 

more than advanced, the problem of friction in the 

working nodes of valves and the wear factor (known 

with its negative consequences) remains as a problem 

[4]. 

 

Friction occurs on the contact surfaces of valve 

structures, which in turn leads to failure of these pairs 

and premature loss of valve performance [5]. 

 

At the same time, it is known that during the 

operation process, the valve structures are damaged 

due to several effects, such as corrosion, erosion, 

hydro abrasive wear, and therefore it loses its 

reliability more premature than specified in its 

technical passport [6]. 

 

The main reason to hydro abrasive wear is that the 

product contains a lot of sand particles. These 

particles remain in the valve's structure due to the 

small gaps between the wedge and the body. When 

the valve is being opened or closed, the sand grains 
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scratch the hermetic material during movement of 

stem [2, 6]. 

  

Due to the reason specified above, the surface is 

drawn along with its full width which is being ended 

up by creating narrow gaps between the surfaces 

when the valve gate is fully closed. The fluid 

extracted from the well leaks from these cavities 

inside the valve. Considering the high turbidity of the 

high-speed fluid, the scratches on these surfaces 

quickly turn into large washes, which, if detected in 

time, can be reused by repairing its junction details 

However, this is not always possible, and, in most 

cases, it is difficult to determine such kind of washes 

during operation as well as other similar situations, 

and thus the trunk becomes irreversible In case valve 

is not fully closed or opened, then the product being 

extracted from wells flush the part of valve in front 

[7, 8].  

 

As an addition to the above-mentioned statements, 

there are also a lot of issues being faced with the 

valve seating in current industry which need future 

exploration and relevant study to be carried out.  

 

One of the main aims in current article is to increase 

the longevity of valves by keeping the wear factor to 

a minimum in the sealing surfaces which are in 

regular contact with each other such as the saddles 

and gates. As it is defined, if we minimize the wear 

factor in any design structure, then we will increase 

the longevity of that equipment many times over. Our 

research showed that the choice of the strength of 

valve technical parts should be based on a relevant 

regularity [9, 10]. A comparative analysis of different 

construction shows that the choice of hardness of 

sealing elements' materials has a direct impact on the 

longevity of the structure. 

 

Ensuring the performance of valve details basing on 

the criteria of strength and rigidity referenced to their 

technical data, allows to guarantee workability of 

valve on the criteria of tightness, controllability, and 

others. The hardness of the details depends on their 

durability, as well as their resistance to wearness. 

Therefore, ensuring the efficiency of these criteria 

allows to ensure the required reliability of the valve. 

 

As a result of our research at NEFTGAZMASH 

OJSC, it became clear that when the hardness of the 

pressurized parts exceeds the hardness of the pressed 

part, the working surfaces - the second working 

surface - are perforated [10, 11]. Different types of 

ZMS and ZMAD valves have been studied and it has 

been found that the current problem reduces the 

longevity of the valves [12]. 

 

The structure of the construction has also a great 

importance in this regard, as structural part details 

must be determined based on the principle of equal 

distribution of pressure on the contact surfaces. And 

in this designation, the choice of parts hardness has to 

be referenced the basis of peculiar research [7, 13]. 

For this purpose, the research considered for the 

selection of hermetic elements' hardness details of the 

shuttering node and the installation of constructive 

details based on this selection [14]. 

 

The objective of this paper is to find nearly ideal 

material grade that can realistically be used in 

construction of valve elements. The mechanical 

properties such as hardness, friction, distortion of 

different materials was measured.  The extensive 

literature about approach of different authors to the 

known issues was discussed in section 2. The 

materials and methods employed in preparing and 

testing the steel materials were presented in section 3. 

Whereas section 4 covers the experimental results, 

hardness factors of different kind of steel materials. 

The comparative analysis of the obtained 

experimental results of different steel materials was 

discussed in detail in section 5. Conclusion and future 

work covered in section 6. 

 

2.Literature review 
The problem that is being highlighted in current 

article has been reviewed by several authors at 

different years, and some feasible solutions proposed 

as well as implemented during the timeframes.  

 

In 2012 Cohn [15] conducted his comprehensive 

research to have the characteristics and performance 

of the valves being used in industry. He attempted to 

parameterize the torque by using the available data 

which was taken from the previous experiments 

carried out on the same subject and looked at the co-

efficient by basing on the thickness to diameter ratio 

for numerous valve geometries, most of which were 

symmetrical. 

 

Thus, in 2015 there is a different solution provided 

by Aslanov and Mammadov [16] in the conference 

held in Canada which was dedicated to increase the 

improved plug valve's efficiency by modifying its 

construction. Several calculations run by using the 

applied mechanical engineering methods. As a result, 

construction of plug valve can be improved by 

resolution of wrenching force on working pressure, 
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which happens on tightened contact area of packing 

nodes of it. A new formula suggested to identify the 

relevant surface pressures which is being occurred 

over the contact surfaces.  It provides tightening of 

packing node of plug valve and the permissible 

relative pressure.  

 

In 2019 He et al. [17] discussed about the finite 

element calculation of the materials being used for 

manufacturing of valves and its relevant parts. Finite 

element analysis (FEA) was also done in those parts 

which are mostly subject to wear & tear- packing 

elements. The FEA results showed that the 

characteristics of the valve and it is longevity is 

mostly dependent on materials being used for 

fabrication [18]. 

 

In 2019 Nuraddin et al. [18] applied the fuzzy logic 

for the different materials to predict the efficiency 

changes of improved valve constructions during the 

statical data-based exploitation. A varied range of the 

application in current industry to determine the 

efficiency of valves is currently being applied. It 

assists to determine what the worst-case failure 

scenario of possible failures could be caused in the 

flow lines by loss of valves. 

 

In 2020 Titenko et al. [8] discussed about the 

materials under the influence of temperature and their 

mechanical stresses. The discussion was mainly 

based on the Cu-Al-Mn. Afterwards there was a 

transformation of the information by using the 

method of variations for the constructions of the 

valve manufacturing principles. The article published 

in Materials Science Applied Nanoscience [8, 19]. 

 

In 2021 Aslanov et al. [1] discussed about the 

materials used for valves which are mainly consisted 

of the rubbers, rubber type of seals. The several 

matrixes of the rubber seals have been constructed 

and reviewed in various conditions. The finite 

element of the rubbers identified. This information 

provided a range of several variables for the 

application of rubber in current constructions used in 

industry [19]. 

 

In 2021 Chen et al. [20] reviewed the tribological 

analysis of picosecond laser partially textured thrust 

bearings with circular machined grooves. The authors 

used the same machine for tribological analysis, and 

then they transferred results to a comparison model. 

In the other hand, the authors suggested to use a two-

dimensional analytical model based on the Reynolds 

equation considering mass conservation cavitation is 

proposed to investigate the performance of partially 

textured thrust bearings with circular grooves. 

Tribological experiments carried out on an MMW-1 

tribological rig. The average friction coefficient and 

friction reduction ratio applied to analyses 

tribological performance of partially textured thrust 

bearings. Through a comparative analysis, the 

optimal geometrical values obtained from 

experimental results were in good agreement with the 

theoretical analysis, especially at high rotation speeds 

and a low load condition. 

  

These reviewed articles have been contingent on new 

valve models, which are only valid for no 

disturbances by other particles during the movement 

of fluid in the valve, such that they are restricted to 

ideal operating conditions. Therefore, the aim of this 

article is to find nearly ideal material grade that can 

realistically be used in construction of valve elements 

and compare their performances in different 

conditions by using various methods. 

 

3.Methods 

3.1Selection of structural materials of improved 

liner motion gate valves through the 

experiments 

The main working part of the valve is its hermetic 

element. Most failures and rejections are observed in 

these parts considering that they always work under 

pressure and meanwhile provide fully sealing of the 

valve throughout their lifetime. The hermetic element 

main joint is its pairs of gate/wedge and saddle/seat 

ring. One of the main reasons for failure of the gate - 

saddle pair is the change in shape of parts of the 

sealing element due to unequal distribution of relative 

pressure through its sealing surface. Additionally, 

lack of pairs matching as well as ire-reconciling at 

the initial wearing period led to have a failure in the 

hermetic elements. As a result of product 

compression (which being extracted from wells) to 

the annular working part of saddle construction under 

some defined pressure, the round part of the hermetic 

element being bent along the radius (diameter) of the 

circular which freely sits in pair of rings. 

Consequently, the principal of pressure's equal 

distribution is being ignored over the contact phases 

of the gate-saddle pairs [21, 22]. 

 

Such problems, reduce the unit's efficiency and 

accelerates rapid failures because of the 

aggressiveness of liquid and gas passing through the 

valve during operation. The impact of abrasive and 

mechanical particles in the unit, as well as the effects 

of various corrosion processes because of contact 
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between pairs consider another major factor for loss 

of efficiency and reason for possible failures. 

Unequal distribution of relative pressure on working 

surface causes it to be worn during forward and 

backward movement of hermetic element when the 

valve is opened and closed. It also destroys the metal-

to-metal contact surfaces during the movement.  

Given that the product extracted from well contains 

mainly abrasive particles, it is inevitable that this, in 

turn, will reduce the performance of the pair of gate 

and saddle, thus, after some time, will make it 

unusable. Improvement of the closing units' packing 

elements is being carried out mainly in several ways.  

 

So far, different solutions for such issues considered, 

various assumptions, opinions and methods put 

forward for improvement [23]. 

 

Experiments showed that one of the main causes of 

wear and tear is the selection of materials in valve 

structure. As referenced earlier, the phenomenon of 

friction, corrosion occurs mainly during metal-to-

metal friction in gate-saddle pairs [24, 25]. Therefore, 

the current research paper is also devoted to study of 

friction-corrosion process that occurs during the 

movement of different steel structures onto each 

other [26−29]. 

 

Taking above referenced points into consideration, it 

could be concluded that main wear and friction 

occurs over gate-saddle pairs in valve structures. In 

order to carry out the detailed analysis, the samples 

prepared from following steels: ST 20, ST 20X ST 40 

and ST 40X and their wear and friction processes 

studied. The experiment carried out in the laboratory 

of Department of Oil and Gas Equipment of 

Azerbaijan State Oil and Industry University. To 

carry out the experiment, MKS-10 MMW-1vertical 

universal friction machine used which was 

manufactured by Jinan Fangyuan Testing Machine 

CO. Ltd, shown in Figure 1. As it is known, these 

materials behave differently depending on the 

structural changes. Wearing of different shaped 

material surfaces which are in contact with each other 

is also different, despite the same materials used to 

prepare them.  It depends on impact force's contact 

angle [30−34]. 

  

To carry out the experiment, a cylindrical steel rod 

sample and a circular steel sample was prepared as 

shown in Figure 2. Temperature, pressure, and time 

are considered as the main parameters for the 

experiment to be carried out.   

 

A circular sample was prepared to attach the 

equipment to the "stationary seat" and it was placed 

on the sample table of the equipment with a small 

clamp. The cylindrical rod is attached to the upper 

rotating knot of equipment. Rotating knot is rotated 

on a stationary seat by applying a load to the 

equipment on a pre-prepared schedule at variable 

time intervals. The phenomenon of friction-corrosion 

that occurs during the movement on metal-metal (ST 

20-ST20; ST 20X-ST 20X; ST40 -ST40; ST40X-

ST40X) was considered and appropriate graphs were 

obtained. Later, the results in graphs compared to 

each other based on the hardness factors. The results 

were also compared to another steel structure which 

of the three constructed packing element of the valve 

[35−37]. Figure 1 shows the equipment used for the 

testing, and Figure 2 shows the prepared samples in 

order to conduct the test. 

 

 
Figure 1 Jinan Fangyuan testing machine CO. Ltd, 

MKS-10 MMW-1 vertical-universal wearing 

machine 
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Figure 2 Steel samples prepared for testing 

 

The experimental conditions include the loads till 150 

N with contact pressures of 0.00 - 1 MPa, rotation 

speeds of 200–600 r/min, room temperature (RT), 

and test durations of 200–250 s. Each sample is 

tested at rotation speeds of 200–600 r/min (with an 

interval of 100 r/min). The data at each speed are 

collected after the stabilization of the friction 

coefficient. 

 

3.2Selection of structural materials of improved 

liner motion gate valves by using formulas 

The main purpose of this article is dedicated to 

improving longevity and workability of valve by 

applying variation method of various materials with 

different hardness. The relative pressure unequal 

distribution in hermetic element of a valve is an 

important reason which causes the loss of 

workability. Obtained results of the experiment will 

be a guidance for modifying hermetic elements and 

re-construct a seat for these elements inside of a 

valve. Therefore, the hardness of the different 

materials, verified [38, 39].  

 

In summary, basing on the literature reviews as well 

as experiments conducted, it can be said that 

possibility to reach the aforementioned purpose could 

be possible by evaluating several options which can 

be listed as per following: 

 Loss in force 

 Change the construction of hermetic elements 

 Change the construction (or re-construct) of seats 

according to geometric parameters of the valve 

improved hermetic elements. 

 Chose the materials in different hardness which 

can be smoothly squeezing each other where it is 

necessary 

 

A hermetic element of valves consists of both rubber 

and metal rectangle rings. However, these rings 

provide the compactness when fitting onto each 

other. Rubber seal is subjected to cutting tension due 

to uneven distribution of relative pressure (inside of 

the rubber hermetic element) which causes hermetic 

compactness by squeezing the packing elements to 

each other. Eliminating mentioned tension will 

ensure longevity of hermetic element. It is 

recommended to separate the rectangular hermetic 

element of valve into two parts by delimiting to 

triangular and trapezoidal flatness elements to sort 

out the problem.  

 

Trapezoidal element has got a centerpiece running 

considering triangular element is the first defined 

element during the influence of working pressure. 

Therefore, the triangular element will take the initial 

tension on itself, whereas trapezoidal element 

remains with less tension in comparison with 

triangular element. Thus, triangular and trapezoidal 

elements are compressed onto each other over contact 

surfaces. Consequently, in hermetic elements' seats 

equal distribution of relative pressure is mostly 

ensured [40−46].  

 

Based on the experiment on different steel structures, 

choosing of materials will be mainly dependent on 

application of valves in which industry and follow 

the requirements of relevant standards.  

 

A part of the above referenced points, below 

mathematical formula would need to be met during 

the construction of a valve packing element. 

Following the case study reviewed to get the results.  

 

The gate is compressed to the second saddle at the 

discharge line with a higher force. In this case, the 

stiffness of the cylindrical plate loaded with an 

evenly distributed load in the central axis zone of the 

saddle and resting freely on the contour will be as per 

Equation 1: 

 

  
   

       
    (1) 

here,  

D- stiffness of the cylindrical plate 

E - elasticity module 

h- thickness of the gate 

µ - Poisson's ratio 
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According to the thick slab’s theory, in which the 

gate is partly related to the ratio of its geometric 

dimensions, its maximum deflection is as per 

Equation 2: 

    
  [     (

  

  
)
 

]   (2) 

 

Where, 

w- maximum distortion (centre) 

  
  -maximum distortion for cylindrical plate loaded 

with an evenly distributed load in the central axis 

zone of the saddle and resting freely on the contour  

  - the diameter of the circle contour on which the 

gate compresses 

   -external diameter of the contact surfaces bet 

between saddle and gate in discharge 

 

In Equation 3 the allowable deflection of the gate is 

determined to provide that sealing parts of distortion 

resistance are ensured. 

 

[ ]  
   

 

   
 √

      

   
   (3) 

 
[ ]-permissible maximum distortion 

   -relative contact tension 

      -force squeezes the gate at the discharge 

 

The above referenced formula is concluding the 

maximum permissible distortion for the different 

materials of the gate and saddle. It is determined that 

the results obtained from mathematical calculations 

by the referenced formula would need to be 

experimentally proved.  

 

The novelty of the approach is that the selection of 

equipment parts is based on the friction correlation 

method. This method is based on the individual 

determination of strength of equipment details. The 

friction behavior during the surface contact of 

different parts at various hardness is checked. 

Processing of the results obtained allows us to select 

the details of the equipment based on the friction 

correlation of the materials, resulting in reduced wear 

of the contact parts. This increases the longevity of 

the working surface of the parts accordingly. 

 

As referenced above, the different steel materials 

were chosen for reference to continue with testing. It 

can be summarized as per following:  

 

Steel 20X (as per GOST 7809) consists of the 

following main chemical composites (Table 1): 

 

Table 1 Chemical composites Steel 20X (as per 

GOST 7809) 

C Si Mn P S Cr Cu Ni 

0.17

-

0.24 

0.17

-

0.37 

0.35

-

0.65 

≤ 

0.03

5 

≤ 

0.04

0 

≤ 

0.2

5 

≤ 

0.3

0 

≤ 

0.3

0 

 

Steel 40 is a high-quality carbon steel and is widely 

used in construction and engineering. As per state 

standard of the Soviet Union (GOST) 1050-88 and 

GOST 7809, its chemical composites are consisted of 

the following items shown in Table 2.  

 

Table 2 Chemical composites steel 40 (as per GOST 

7809) 

C Si Mn P S Cr Cu Ni 

0.37

-

0.45 

0.17

-

0.37 

0.50

-

0.80 

≤ 

0.03

5 

≤ 

0.04

0 

≤ 

0.2

5 

≤ 

0.3

0 

≤ 

0.3

0 

 

4.Result 
Figure 3 determines the movement of 2 steel samples 

onto each other, and the relevant graphs show the 

wear changes over the period (sec) dependance on 

force (N) applied and called "Load Time Curve". 

Here, both materials are the same ST 20X - ST 20X.  

A circular sample was prepared by ST 20X to attach 

the equipment to the "stationary seat", and it was 

placed on the sample table of the equipment with a 

small clamp. The cylindrical rod, which was also 

prepared by ST 20X attached to the upper rotating 

knot of the equipment. The rotating knot was rotated 

on a stationary seat by applying a load to the 

equipment on a pre-prepared schedule at variable 

time intervals. 

 

As it can be noticed the wear increases at the 

beginning to a level and then starts to decrease over 

the period for the same steel materials while moving 

onto each other. Applied load varied during the time 

change and consequently the wearing factor changed 

accordingly.  

 

Figure 4 determines the movement of 2 steel samples 

onto each other, and the relevant graphs show the 

wear changes over the period (sec) dependance on 

the force (N) applied and called "Load Time Curve". 

Here, the materials chosen to differ from each other, 

such as the one is ST 20X whereas another one is ST 

40X.  

 

A circular sample was prepared by ST 20X to attach 

the equipment to the "stationary seat", and it was 
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placed on the sample table of the equipment with a 

small clamp. The cylindrical rod, which was prepared 

by ST 40X attached to the upper rotating knot of the 

equipment. The rotating knot was rotated on a 

stationary seat by applying a load to the equipment 

on a pre-prepared schedule at variable time intervals. 

 

As it can be noticed the wear increases at the 

beginning to a higher level and almost reaches its 

maximum which is the time when two different metal 

surfaces contact with each other. After a while, the 

decrease of the wearing observed during the 

normalization of ST 40X movement onto ST 20X. 

The increase of the force lead to have the increment 

of wearing after certain time and it reaches a level of 

wearing again. Applied load is varied during the time 

and consequently the wearing factor changed 

accordingly.     

 

 

 
Figure 3 Processing of the experiment in Example 1 

 

 
Figure 4 Processing of the experiment on example 2 
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Figure 5 determines the movement of two steel 

samples onto each other, and the relevant graphs 

show the wear changes over the period (sec) 

dependance on the force (N) applied and called 

"Load Time Curve". Here, the materials chosen to 

differ from each other, such as the one is ST 40X 

whereas another one is ST 20X.  

 

A circular sample was prepared by ST 40X to attach 

the equipment to the "stationary seat", and it was 

placed on the sample table of the equipment with a 

small clamp. The cylindrical rod, which was prepared 

by ST 20X attached to the upper rotating knot of the 

equipment. The rotating knot was rotated on a 

stationary seat by applying a load to the equipment 

on a pre-prepared schedule at variable time intervals. 

As it can be noticed the wear is not considerably 

higher at the beginning, however it reaches to a 

certain level of increase when two different metal 

surfaces contacted with each other and started to 

move for a while which led a continuous wearing. 

After a while, the decrease of the wearing observed 

during the normalization of ST 20X movement onto 

ST 40X. The increase of the force lead to have the 

decrease of wearing after a certain time as it reaches a 

level of "normal wearing" due to contacted surfaces 

smooth movement to each other. Applied load is 

varied during the time and consequently the wearing 

factor changed accordingly. 

 
Figure 5 Processing of the experiment on example 3 

Figure 6 determines the movement of two steel 

samples onto each other, and the relevant graphs 

show the wear changes over the period (sec) 

dependance on the force (N) applied and called 

"Load Time Curve". Here, the materials chosen to be 

the same ST 40X - ST 40X.  

 

A circular sample was prepared by ST 40X to attach 

the equipment to the "stationary seat", and it was 

placed on the sample table of the equipment with a 

small clamp. The cylindrical rod, which was prepared 

by ST 40X attached to the upper rotating knot of the 

equipment. The rotating knot was rotated on a 

stationary seat by applying a load to the equipment 

on a pre-prepared schedule at variable time intervals. 

 

As it can be noticed the wear is not that dramatically 

high at the beginning prior to having the surfaces 

contacted with each other, however it reaches to a 

certain level of increase when two metal surfaces 

contacted with each other and started to move for a 

while which led a continuous wearing. After a while, 

the decrease of the wearing is observed during the 

normalization of ST 40X movement onto ST 40X 

despite it is still high enough for the acceptance level 

of the wearing. The increase of the force lead to have 

the increase of wearing after certain time and it never 

reaches a level of "normal wearing" considering the 

hardness of the chosen steel materials. Applied load 

is varied during the time and consequently the 

wearing factor changed accordingly.   
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Figure 6 Processing of the experiment on example 4 

 

5.Discussion 
5.1Comparative analysis of the obtained 

experimental results 

Movement of two steel samples onto each other by 

taking the weariness into account is mostly dependent 

on the correct choice of the materials observed from 

the above referenced tables and the sample graphs.  

The shape of samples also led to have the 

differentiation in the weariness process considering 

the increase of wear is mainly dependent on the angle 

of moving parts onto the stationary seat. However, 

considering the current samples all are made as 

cylindrical, the case referenced above is ignored in 

our case.  

 

The compared samples in the machine are considered 

as ST 20, ST 20X, ST 40, ST 40X. As it can be 

noticed the wear process is mainly based on the 

change of materials and movement of parts onto each 

other based on their hardness.  

 

While having the ST20X moves onto ST 20X, the 

wear increases at the beginning to a level and then 

start to decrease over the period. Whereas the ST40X 

moves on ST 20X the wear soars at the beginning to 

a higher level and almost reaches its maximum which 

is the time when two different metal surfaces contact 

with each other. After a while, the decline of the 

wearing is observed during the normalization of ST 

40X movement onto ST 20X. The increase of the 

force lead to have the increment of wearing after 

certain time and it reaches a level of wearing again.  

 

The wear is not considerably higher at the beginning 

during movement of the ST 20X over the ST 40X. 

However, it reaches to a certain level of grow when 

metal surfaces contacted with each other and started 

to move for a while which led a continuous wearing. 

After a while, the decrease of wearing is observed 

during normalization of ST 20X movement onto ST 

40X. The increase of force led to have decreased of 

wearing after a certain time as it reached a level of 

"normal wearing" due to contacted surface smooth 

movement to each other. This cannot be observed at 

the same while ST 40X moves on ST 40X. During 

the movement of the same 40X steel materials onto 

each other, the wear is not that tremendously high at 

the beginning prior to having the surfaces contacted 

with each other. It reaches to a certain level of 

increase when two metal surfaces contacted with 

each other and started to move for a while which led 

a continuous wearing. After a while, the decrease of 

the wearing is observed during the normalization of 

ST 40X movement onto ST 40X. It is still high 

enough for the acceptable level of the wearing. The 

increase of the force lead to have increase of wearing 

after certain time and it never reaches a level of 

"normal wearing" considering the hardness of chosen 

steel materials.  

 

Putting all aforementioned in a nutshell, analysis of 

the graphs of the experiments shows that the speed of 

wear in friction increases while the hardness of the 

steel rod sample increases. Hardness of the squeezing 

rod stiffness is lesser than that of the compressed 

corresponds to the lowest value of the frictional wear 

intensity in the experimental specimens. As an 
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overall result, correlation of friction process for the 

conditions where ST 20X considered as squeezing 

and ST 40X considered as compressed samples is 

fully consistent. Thus, material hardness for the gate 

to be chosen much harder than the material hardness 

for saddle in improved valves. However, such a 

margin should not be dramatically different.  To 

conclude, the material of the valve hermetic element 

must be selected correctly. The process of installing it 

in the slot must be provided in an appropriate manner 

and the shape of the material must be designed as 

required. This design should be selected based on the 

friction correlation method, depending on the 

construction of valve's improvement. Thus, the 

distribution of the structural materials in the hermetic 

element of the improved valve construction which we 

proposed must be selected in accordance with the 

following law: 

 

    <     >        (4) 

  

Equation (4) - indicates the correlation of friction at 

the hermetic nodes of the proposed valve 

construction. 

 

By choosing the correct material, we ensure an even 

pressure distribution generated on the surfaces during 

the contact process. As a result, the material is being 

considered as fully compatible for the pressure 

equipment. And this result eliminates the possibility 

of having cracks and penetrations over surfaces. 

 

Hardness of new valve structure's sealing details 

selected according to Brinell (based on GOST 4543). 

It was noted that the first sealing element (for saddle) 

was selected as steel 20X, the second detail (which is 

for main gate) was selected as 38X2MYA alloy steel, 

the third sealing element (for saddle) was selected as 

steel 40X.It was found that the following condition 

(Equation 5) must be met among the steel structures 

being used to construct the packing element of the 

valve. 

    <     >        (5) 

 

During the study, it was found that the hardness of 

first saddle should be 207 HB per Brinell, the 

hardness of the gate should be 250 HB per Brinell, 

and hardness of the second saddle should be 197 HB 

per Brinell. Substituting the results of hardness into 

the above equation, following dependence will be 

obtained (Equation 6): 

      <       >         (6) 

 

 

In this case, the condition of Equation 6 considered 

as met and this is in line with the experiment run for 

the different steel materials. A complete list of 

abbreviations is shown in Appendix I. 

 

5.2Limitations of experimental study 

The result of the current study can be applied to 

constructive structures where frictional erosion and 

weariness occur on their surfaces. By minimizing the 

frictional wearing, longevity and reliability of the 

different working constructions will be ensured. In 

this work, analysis is carried out under ideal 

conditions and results mostly focused on the 

changeable friction points. However, the actual 

scenario of wear is also dependent on some other 

factors which cannot be simulated through the wear 

& tear machine. 

 

6.Conclusion and future work 
A comparative analysis of the different grade steels 

used in the improved valve structures revealed that 

one of the ways to increase the efficiency and 

reliability of the valve is to select the materials of its 

main joints based on friction correlation.  

 

A comparison of different grades of steels used in the 

valve's hermetic element constructions showed that 

the main condition for minimizing the wear of the 

valve's main nodes between the pair of gate and 

saddles is that the hardness of its parts to be chosen 

higher than the other. 

 

The hardness selection of the new valve packing 

elements' details is carried out based on regularities, 

specified in the formula      <     >     . 

Thus, the hardness selection of valve details will 

increase the packing elements. 

 

Selecting the hardness of surfaces by proposed 

method will prevent the working surfaces from 

cracks and penetration. It was revealed that the 

hardness of the first saddle should be 207 HB per 

Brinell, the hardness of the gate should be 250 HB 

per Brinell, and the hardness of the second saddle 

should be 197 HB per Brinell. As a future work 

following points to be considered: Loss in force to be 

achieved to increase the efficiency of the valves 

being used in industry. Change the construction of 

hermetic elements or re-construct the seat, according 

to geometric parameters of the improved hermetic 

elements. 
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Appendix I 
S. No. Abbreviation Description 

1 FEA Finite Element Analysis 

2 GOST Government of the Soviet Union 

3 HB Hardness Per Brinell 

4 MMW-1  Type of Tribological Rig 

5 MPa Mega Pascal 

6 N Newton 

7 RT Room Temperature 

8 s Second 

9 ST Steel 
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