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GENERAL DESCRIPTION OF WORK 

 

The relevance of the theme and the degree of development. 

Advanced processing technologies and hybrid processing meth- 

ods are widely used in the processing of complex profile rotating 

surfaces. Technical progress, on the other hand, creates the conditions 

for a comprehensive assessment of the production and operational 

qualities of products by means of more advanced methods and tools. 

The development of new advanced processing methods and 

technologies, as well as controls should be based on the targeted 

management of bilateral and multilateral relationships affecting 

technological processes. 

At present, based on the generalized concept of the relationships 

affected by the mechanical processing of parts and the operation of 

products, the development of new methods, tools and techniques for 

assessing the quality of production, quality resources is a focal 

problem. 

The market economy in the domestic and foreign markets and in 

all spheres of human activity, as well as in all fields of industry dictates 

new conditions for the production of better quality products in relation 

to the existing one. The topic of the dissertation is relevant because it 

is devoted to the solution of these problems on the example of complex 

profile rotating surfaces. 

The purpose and tasks of the research. The purpose of the 

research is to improve the quality of production and operation by 

managing the technological relations formed during the production 

and operation of products and parts.  

In order to achieve the purpose of the work, the following tasks 

and issues have been identified: 

1. Development of a generalized concept of production quality 

formation, scheme and system model, generalized technological 

communication systems that are functionally related to each quality 

parameter formed during mechanical processing. 

2. Development of new methods and tools for assessing the 

quality of production with one and several different indicators at the 

same time, the methodology for assessing the quality of products, 
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which allows the active control and management systems of modern 

RPI machines, 

3. Development of production and operational quality manage-

ment and effective use of products in accordance with the require-

ments of ISO-9000 standards. 

4. Development of the concept of generalized production and 

operational quality relations, taking into account the operating con-

ditions of products, development of a functional mathematical model 

between them, determination of the global direction for improving 

product quality and development of new criteria for assessing the 

reliability of product. 

5. Development and practical verification of the theoretical 

foundations of an effective machining process using the example of a 

complex structural surface (for example, profiled grooves on a rotating 

surface, tooth surfaces) by controlling the geometric shape, measuring 

technological connections. 

6. Development and testing of theoretical foundations for 

compliance with the requirements of the roughness of a complex 

structural surface by controlling static and kinematic technological 

connections, as well as effective adjustment of the technological 

system. 

Methods of Research. Theoretical research were carried out on 

the basis of mechanical engineering technology, the theory of metal 

cutting, probability theory, scientific foundations of analytical 

mechanics. The accuracy of production and performance indicators is 

confirmed by experiments in laboratories and working conditions. 

Main Postulates Represented for Defense: 

1.Development of new methods and tools for assessing 

production and performance. 

2. The relationship of production and performance of products 

and their management. 

3. Ensuring the accuracy of the geometric shape of the turning 

surfaces of a complex profile due to the control of technological 

connections of geometric shapes. 

4. Generalized conceptual model and systems for the formation         

of the quality of machining, quality-technological relations. 
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5. With one and multi-parameter indicator of processing quality  

method and means of assessment. Indicators of the quality of reading 

and reliability of the product of the part, their quality resources - 

methods and techniques for assessing the absolute and relative 

stability. 

6. A functional mathematical model between production and 

operational quality indicators, the regularities of changes in service 

life, taking into account the influence of operating conditions. 

7. New circular-linear measuring chain, the mechanism of its 

formation. 

8. Theoretical foundations of hybrid-helical grooving on rotating 

side surfaces, the results of experiments and tests in this direction. 

9. Effective provision of the required values of the output 

technological parameters due to the control of static, kinematic and 

dynamic technological connections of the geometric shape, size, etc. 

Scientific Novelty of the Research 

1. A diagram and a system model of the generalized concept of 

forming the quality of machining were developed; 

2. For each quality parameter formed in the process of machining, 

generalized systems of technological relations associated with it are 

developed; 

3. Based on the use of the technological capabilities of active 

monitoring and control systems of modern CNC machine tools, new 

methods and means of assessing the quality of machining with one or 

several different types of indicators have been developed; 

4. Developed a methodology for assessing product quality; 

5. In accordance with the requirements of ISO-9000 standards for 

products, directions for managing the quality of production and 

operation and their effective use have been developed; 

6. The concept of generalized relations of production and 

operational qualities has been developed, taking into account the 

operating conditions of the products; 

7. A functional mathematical model of the relationship between  

production and operational qualities is derived; 

8. New criteria and methodology have been developed for 

determining the global direction for improving product quality and  
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assessingproduct quality in terms of reliability; 

9. The theoretical foundations of an effective processing process 

have been developed on the example of a complex structural surface 

(for example, a profiled groove on a rotating surface, the surface of a 

gear) with control of the geometric shape, measuring technological 

connections; 

10. The theoretical foundations have been developed to meet the 

requirements of the surface roughness of a complex structure by 

controlling static and kinematic technological connections, as well as 

effectively adjusting the technological system; 

11. A new technological measuring chain - circular - linear 

measuring chain, the mechanism of its formation is revealed; 

12. Mathematical models of the kinematic accumulation of 

roughness formed on the side and bottom surfaces of the groove in the 

groove by the vortex method. 

      Theoretical and practical significance of the research.  

Theoretical significance:   

1. The scheme and system model of the generalized concept of the 

quality of machining and generalized systems of quality parameters of 

technological relations are the guiding bases for the development of 

the theoretical foundations of the process of determining the functional 

connections between input and output technological parameters for 

any type of machining; 

2. New methods and means of assessment are a new direction in 

quality assessment and form the theoretical basis for assembling 

products from critical parts of the same quality and thus increase the 

efficiency of their use; 

3. The proposed indicators of stability and the axis of quality are 

indicators new theoretical foundations and methods for assessing 

product quality; 

4. Manufacturing and operation taking into account operating 

conditions a mathematical model based on the relationship between 

qualities is a new addition to reliability theory for predicting product  

reliability; 

5. Developed on the basis of control of geometric and dimensional  

comunication, theoretical foundations of surface treatment processes  
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for complex structures of grooves and gears allow developing a 

technology for high-quality surface treatment and predicting its output 

parameters; 

6. The technological dimension chain, which is formed in the  

vortex cutting method of groove, is given its properties, and the new 

linear-circular dimensional chain, which is not found in literature, and 

its mechanism of formation is presented.  

        7. A new circular-linear measuring circuit has been developed, 

the method of its calculation is a new addition to the theory of 

measuring circuits. 

        Practical significance: 

1. Generalized systems and models of the quality of machining 

and qualitative and technological relationships are the basis for 

determining the direction, method and conditions of processing to 

effectively ensure the output parameters of surfaces that require high 

quality in production conditions. 

2. The method and means of one- and multi-parameter 

determination of quality in each specific part create the basis for 

assessing the quality of parts in a set in production conditions, 

managing them, increasing the efficiency of their use by assembling 

products from parts. the same quality. 

3. The developed hybrid technological process for machining 

cap grooves on rotating side surfaces provides a reduction in machine 

time by more than 2.5 times in comparison with the technological 

process used in production. 

4. The developed method and means for measuring the depth of 

the trench provides an increase in the accuracy of measuring and 

assessing the depth of the trench in production conditions and reducing 

the time spent on measurements. 

5. The accuracy of the shape of the machined surfaces is 

increased due to the use of optimal adjustment schemes for spiral 

cutting of tapered grooves on the lateral surfaces of the spindle and 

when cutting the surfaces of gears with a stepped chisel. 

6. The efficiency of using the cranes is increased due to the 

twisting of the tapered grooves. 

7. The use of generalized systems and models of quality manage- 
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ment in the educational process through technological communication 

contributes to the process of understanding and mastering the basic 

laws of engineering technologies, their essence. 

8. The results obtained can be used in the educational process in 

bachelor's and master's theses on this topic, as well as in laboratory 

and training sessions. 

Publications and approbation. results of the dissertation were 

presented and discussed at the following conferences, symposia and 

seminars: 

• International scientific, technical and scientific-practical 

conferences: 

Azerbaijan Technical University, “ Problems of metallurgy and 

metal-science” Ist International Conference, Baku,2013; VIII,IX, X, 

XI, XII, XIII International Scientific-technical Conference: “Modern 

methods and technology of making and machining of materials” PTI 

NAS Belorus , Minsk, 2013, 2014,2015, 2016, 2017, 2018. Azerbaijan 

Ministry of Education, Azerbaijan Technical University and 

Metrology Service Scientific-Research Institute of Russian 

Federation: “ Measurement and Quality: Problems and Perspectives” 

Intenational Sympozium, Ganja ,2016. “ Intellectual Technologies in 

Machine-building”- International Scientific- technical Conference, 

Baku, 2016;Ministry of Education of Azerbaijan Republic, Azerbaijan 

Technical University and Baku Steel Company Ltd. : “ The Problems 

of Metallurgy and Metal-science” 2nd International Scientific-

technical Conference , Baku, 2017.Proceedings of the 6th 

International Conference on Control and Optimization with Industrial 

Applications Baku, 2018; “The Universities of Azerbaijan and 

Turkey: Education, Science, Technology” Ist International Scientific-

Practical Conference, Baku, 2019 Proceedings of the 7th International 

Conference on Control and Optimization with Industrial Applications 

Baku, 2020. 

• Republican scientific and scientific-technical conferences: 

The Republican  Scientific –Technical Conference “ The youth 

and scientific –technical progress” devoted to  the 92 nd anniversary 

of national leader Haydar Aliyev. Baku , 2015;   

• Scientific seminars of “Mechanical Engineering Technology”  
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department of Azerbaijan Technical University: 2017, 2018, 2019.  

The results of the dissertation work are reflected in the reports 

of the Azerbaijan Technical University with the State Register of 

Scientific Research. The author participated in this report as a res- 

ponsible executor.  

The main results of the dissertation are used in the educational 

process of the Faculty of Mechanical Engineering of the Azerbaijan 

Technical University. At the same time, it was used in the production 

process in the Sabunchu “Azneftkimyamash”; Applied to the produc-

tion process and existing tests were carried out in the Company 

"Sabunchu Scientific and Production Machine-Building Enterprise"; 

It was used in oil and gas production at Bibiheybat oil, owned by 

SOCAR. The results obtained in the course of industrial tests were 

confirmed by the Act, and the results were as follows. The number of 

leaks in SK 50x50 taps, collected from finger milling operations, was 

36.7% of the total number of taps and 4.3% in threaded-filled taps. 

Leaky taps in SK 50x70 taps accounted for 21.6% of the total number 

of taps and 5.5% for screw-filled taps. It was found that the number of 

leaks in valves assembled with threaded nozzles was approximately 

24.3% higher than the number of leaks in valves assembled with the 

new proposed threaded nozzles. This is Taksma 4KM. It is processed 

according to the technology of "rotary processing of groove profiles 

on the lateral surfaces of rotating objects". 002 "and" Taxma 3PK 004 

"show that the productivity of the assembled cranes is higher than that 

of the existing method. The results obtained confirm that the 

processing method is also cost effective. 

Publication of the dissertation. 

On the topic of the dissertation, 59 scientific papers (43 articles 

and 16 conference reports) were published, of which 14 were 

published without co-authors and 1 patent was received. 15 articles 

were published in periodicals published in international systems 

(databases) recommended by the Higher Attestation Commission. In 

total, 35 articles in journals published in Azerbaijan and 24 articles in 

peer-reviewed foreign journals. 

The organization where the dissertation work performed.  

The dissertation work was performed at the Azerbaijan  
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Technical University. 

Scope and structure of the work. The dissertation includes 

introduction, 8 chapters, results, references and additions. The 

dissertation consists of 277 printed sheets, including 70 figures, 8 

graphs, 10 tables. The dissertation consists of 350562 characters 

excluding the figures, tables, graphs and references. 

 

The content of the dissertation 

  

The introduction is based on the relevance of the work, the 

purpose and the key issues that have been addressed, its scientific 

novelty, practical significance and the defended provisions are 

justified, and the content of the dissertation is briefly presented. The 

current state of scientific research on the issues raised in the 

dissertation is deeply analyzed. 

The first chapter is an overview of numerous studies of 

technologically developed countries and the post-Soviet space, 

including Azerbaijani scientists, based on the main provisions of the 

situation of increasing production and operation efficiency through 

product quality management. The features of the formation of 

production and operational qualities of engineering products have 

been studied. The main results of this chapter are reflected in the works 

of the author [8, 9, 10, 14, 36, 44, 49]. 

A critical analysis of these studies shows that although sufficient 

research has been carried out and measures have been taken to ensure 

and improve the quality of engineering products, this issue is still a 

traditional problem. As time passes, the population of our planet is 

growing, and the wealth of nature is rapidly declining. These two 

interrelated phenomena highlight the problems of improving the 

quality of machine tools, their reliability and productivity. 

Based on the results of existing research, there is a consensus 

that quality is a complex, complex and dynamic concept. Although it 

has been interpreted differently by different researchers, in all cases it 

essentially complies with the ISO standard. 

Due to the dynamic nature of the production quality of products, 

this problem has always been relevant in mechanical engineering, and 
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numerous research works of researchers have been devoted to its 

study.The effect of product quality on productivity has also been the 

focus of scientists. A wide range of functional relationships between 

individual output parameters of production and production indicators 

are identified, and directions for improving product quality are iden-

tified. Research in Global Quality Management dedicated to the 

scientific work of scientists and generally managed quality great 

successes have been achieved in this direction. 

To manage the production quality of products, first of all, it is 

necessary to determine its quality indicators and compare with the 

current and expected short-term market demand. For this, quality 

criteria and tools should be used that characterize and evaluate them. 

Obviously, the requirements for quality criteria and quality asses-

sment tools must also change and develop in the context of quality 

requirements, comply with them and be consistent with them. 

Traditional control methods are used to assess the quality of a 

product, its parts and elements. However, the requirements of the 

computer age are different. CAD/CAM/CAE systems are now used in 

all areas of mechanical engineering. Therefore, using these qualities 

of the equipment, its digital control systems, in accordance with the 

requirements of the modern Total Quality Managment (TQM), the 

overall quality of the active part and generalized quality criteria are 

assessed during the processing  obtained quantitatively at the time of 

displaying the text. They were studied on the example of complex 

surface treatment. 

In general, studies on grooving on rotating surfaces of complex 

profiles by the vortex method are very limited and their accuracy is 

low. Therefore, in this direction, it is advisable to conduct detailed 

presentations, taking into account various technological connections. 

Thus, the management of quality and accuracy of production, the study 

of the relationship between it and reliability, which is typical for 

mechanical engineering products, as well as the development of 

directions for assessing and improving the quality of work are of great 

importance. 

The second chapter sets out the principles of product quality  

formation in mechanical engineering. The main results of this chapter 
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were published in the author's papers [8, 17, 40, 44, 52, 53, 54, 55]. 

Although enough scientific works have been devoted to the formation 

of surfaces of machine parts by various mechanical methods, as well 

as to the manufacture of technical structures, their technological 

qualities and indicators are not systematized and not summarized in a 

single concept. In a limited number of scientific works published in 

this direction, the influence of a number of technological factors 

affecting the quality of products and their formation, as well as the 

influence of operating conditions on their quality indicators when 

using products, etc., is overlooked.   

Thus, in generalization of the formation of quality in products 

it is important to take into account all the factors involved in the 

formation of quality, improve the existing concept of resurrection and 

study the relationship between the factors influencing quality. 

It is known that the foundations for the quality of technical structures 

are laid at the design stage. Although technological processes play a 

decisive role in shaping the quality of a product's production. It is 

necessary to take into account the influence of anthropological factors 

and the environment on it. Ensured dimensional and shape accuracy 

during machining and assembly, geometric qualities of surfaces, etc.  

play a decisive role in shaping the quality of the machine. 

       The minimum total cost of designing, manufacturing and operat- 

ing a product is a prerequisite for its effective use. The production 

qualities of products are determined by the quality of the materials of 

the parts, their mechanical processing characteristics and the assembly 

qualities of assembly units. Parameters characterizing the quality of 

parts can be divided into three main groups: - parameters of the quality 

of materials, parameters of surface quality and parameters of measure-

ment accuracy. The quality of each product is not only a complex and 

dynamic concept, but also a certain system. This complex system 

consists of relatively simple subsystems. Therefore, to assess the 

quality of products and their parts, functional systematic methods and 

mathematical relationships should be used, and the assessment should 

be carried out using computer systems. The following complex system 

model can be used to express the quality of the product, its life cycle: 
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where, lK - subsystems of product design quality; iK - quality sub-

systems for machining; isK - product operation subsystems; B - 

market requirements and data set that functionally affect the product 

design quality subsystem (DQS); ET - the amount of research work on 

the results used in the project that has a functional impact on the 

(DQS); T - database of results used in the work of machine-building 

enterprises and related products that have a functional impact on 

(DQS); L - A plurality of abilities that functionally influence (DQS),  

forming an individual designer's creativity; - iM  a set of material 

parameters that functionally affect the quality production subsystem; 

- iP  a set of workpiece parameters that functionally affect the quality 

production subsystem; kE  - a set of parameters formed by a part that  

functionally affect the production quality subsystem; nY - a set of 

parameters formed during the assembly of the product, functionally 

affecting the production quality subsystem; S - a set of parameters 

related to the storage of products, functionally affecting the production 

quality subsystem; - I a data set with climate-related, functionally 

influencing the production quality subsystem; G - a set of input 

parameters of products that functionally affect the production quality 

subsystem; X - a set of parameters covering the service of products 

that functionally affect the production quality subsystem; mkji ,,, - 

the number of parameters that have a functional impact on the 

corresponding subsystem.   

Thus, during the life cycle of a machine-building product, the 

quality system model and its detailed form should be used to determine 

(design) and ensure (production) the quality of the product and its 

organizers at all stages, to resolve issues of its maintenance (operation) 

issues. The relationships that determine the constructive and produc- 

tion qualities of technical structures are revealed. In contrast to 

existing research, it has been shown that the qualities of the parts are 
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directly involved in the formation of the qualities of the parts. 

However, in the formation of the design qualities of parts, this usually 

does not manifest itself and remains hidden. 

The connections of technological systems applicable to all types  

of machining are shown schematically. Given in Fig. 1. The quality 

design and manufacturing subsystem model was developed using the 

relationships that determine the quality of the design and 

manufacturing presented. It should be noted that the quality of the 

product is based on the main parameters specified in the expression 

for the formation of the design subsystem, but its model is similar to 

the model.  

 

The difference between them is that while iK - represents the range of 

changes in the actual values of the elements iK - parameters obtained 

as a result of the production process iK - practically reflects the 

intervals of changes in these parameters in the design line. Now let's 

look at the technological ratio of the main indicators of the quality of 

machining. Technological relationships for 7 quality indicators (size, 

shape, orientation, location, multiplication, indicators of the quality of 

the surface layer and surface roughness) were compiled on the basis 

of studies of the mechanisms of formation of quality indicators during 

machining and the study of existing research work Fig. 1. 

Although the quality of the surface layer of the paste affects the  

size of the processed material through dynamic links, it is included in  

the group of static links, since it is a static factor. Determination of the 

size that will be obtained during processing on RPI machines, 

translation of the tool to a given size and control of the translation of 

sales are carried out mainly with the help of kinematic mechanisms 

and connections. Of course, managerial relationships and other 

kinship relationships can also be attributed to the group of intellectual 

relationships. The geometric connections of the machine affect the 

formation of some dimensional characteristics. Surface geometry 

changes when the shape of the tool and its relationship to placement 

errors are determined by the size of the tool surface. The geometric 

shape appears only when machining complex surfaces with an 

adjustable size.  



 
 

15 
 

 
 

Figure 1. Generalized system of technological  

relationships in machining 
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Machine geometrical errors affect geometrical accuracy in 

different directions. Due to the wear of the pads of the polishing 

machine spindle, its impact creates a shape error in the cross section 

of the polished surface. One of the ways to improve the geometric 

accuracy of surfaces formed during processing should be based on the 

control of dynamic connections between the elements of the 

technological system. 

A mechanism for controlling a dynamic connection for the 

formation of surfaces of gears of a complex profile by plastic 

deformation has been developed. It is known that the rotation of the 

teeth on the gears is carried out by two toothed rollers, which are 

opposite to the formed interdental space, both rotate synchronously, 

and at the same time they (or one of them) move radially. The tool 

roller profiles are incorporated into the paste, creating a space between 

the teeth. Deviation of the smooth surface of the paste from the 

working surfaces of the rollers, the cylindrical surface formed by their 

distribution diameters due to the non-parallelism of the spindle axis of 

the spindle axis, as well as the bending of the spindle axis under the 

action of gears. Surface placement relations are the formation of the 

position of the workpiece in the structure of the part, the accuracy of 

their interaction when processing several identical surfaces (for 

example, n grooves) in one part. When twisting the groove, the 

positional joints form the accuracy of the axis of the groove circles  

with the axis of the transition groove. 

The size of the device ensures that the holes in the holes are 

precisely positioned with the wire grooves. Machine geometrical 

errors affect geometrical accuracy in different directions. Due to the 

wear of the pads of the polishing machine spindle, its impact creates a 

shape error in the cross section of the polished surface. 

Directional joints form the direction of the machined surface 

relative to any base element. For example, the wrong direction of the 

gear teeth is the result of such connections. Tooth direction error is a 

manifestation of the toolpath being aligned with the tooth axis. The 

direction of deviation of the groove circumference from the theoretical 

surface of revolution during vortex groove cutting on the lateral 

surfaces of revolution. For grooves, these connections result from 
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pistachio placement, tool and gun elastic deformations. Injection 

molding couplings are designed to process internal and external 

surfaces of rotation and lateral surfaces in rotating parts. Geometric 

impact of the gear rim on the axis of the groove when cutting gears, 

the deviation of the elements of the same name from the surface of 

rotation (cone, cylinder) groove the circumference during helical 

cutting is mainly the result of the connection formed during the 

placement of the gear. 

Thus, the improvement of any quality indicator during 

processing should be based on the management of these respective 

technological relationships. To ensure the breadth and scope of 

management of the relationship of quality relationships, the control 

mechanisms and methodologies of these relationships are 

implemented in the work by processing complex profile surfaces, that 

is, the surfaces of gear wheels and groove profiles on rotating side 

surfaces. 

The third chapter develops new methods and tools for 

assessing the quality of production and operation, and also provides a 

methodology for assessing product quality. The main results of this 

chapter were published in the author's papers [8, 9, 11, 21, 32, 49]. 

As you know, the performance of products is formed by the 

production qualities of their parts and components, which form 

production indicators. 

There are certain functional relationships between them: 

y1=F(x1, x2 . . . xi);         y2=F(x1, x2 . . . xi)                           (2) 

Here y1, y1 are performance indicators (for example, reliability, service 

life, efficiency, etc.); x1, x2 . . . xi - quality parameters of product 

manufacturing (for example, dimensional and shape  accuracy of 

surfaces, surface quality, etc.). Such a relationship can be linear, 

parabolic, etc. The parameter and performance of any structural 

element can simultaneously characterize both production and operati- 

onal qualities. 

 Thus, a large number of parts of the product (n-1), consisting of  

the critical part n (limiting the reliability of the product), can be made 

close to the high quality limit, and one - close to the low quality limit. 

The labor resources of the remaining critical parts (n-1) are not fully 
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used, and the utilization rates of labor resources of most units are less 

than one unit (Kri <1). The ratio of the actual indicator of the quality 

of a product, part (its surface, etc.) to its maximum possible quality 

indicator, provided by the norm, is called the quality factor kK . 

Evaluate the quality of products provided by machining, in 

accordance with the performance characteristics of products in two 

versions, taking the quality factor model: 

  - there is a direct relationship between the change in size and 

the quality of the product, part and the performance it provides. During 

operation, there is a direct relationship between measuring the working 

surface of that part of the product, which limits its service life 

(expressed  in terms  of service life), and  measuring  the  quality  of           

workmanship. 

- it is assumed that the relationship between change in size and 

quality is parabolic. At the same time, it is taken into account that the 

time dependence (experience) of an employee's dismissal is subject to 

an exponential law. Preliminary theoretical studies have shown that 

even in tensioned seals, the tension varies from the maximum limit 

value to the minimum limit value in accordance with the relief, and 

the maximum axial load on the joint changes parabolic depending on 

the tension value. When developing a criterion for a mathematical 

model of measurement accuracy, it is assumed that the quality of 

manufacturing suitability varies from 1 (unit) to 0.5. It is clear that 

during the operation of the product, the quality of its parts gradually 

decreases. Thus, the theoretical and normative interval of changes in 

the accuracy criterion related to the production process [1; 0] is 

accepted. 

Suppose that the parts are to be made of any nominal size A 

given by T and deviations ei and es. If the value corresponding to the 

deviation es corresponds to the highest quality, and the value 

corresponding to ei corresponds to the lowest quality, then in the first 

case the quality factor should be equal to 1, and in the second - 0.5. 

The quality factors of parts of intermediate dimensions (dimension x) 

must vary within the range 1≤ Kk≤0.5. Let us express this analytically. 

That is, the quality factor of any x dimensions of parts (ei≤x≤ es): 

The quality parameter is estimated when the dependence is linear and  
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the dependence is parabolic. 

When the dependence obeys a parabolic law: 

)( xesIT

IT
Kk

−+
=                                       (3) 

expressed. 

IT - this is a certain dimensional tolerance for the fit. 

Thus, basic mathematical models of the quality factor have been 

obtained for assessing the quality of manufacturing parts of any size 

(3). Corresponding mathematical models were obtained if the 

assessment of several quality parameters is similar, if the dependence 

is linear and if the dependence is also parabolic.  

Mathematical models were obtained to determine the quality  

factor of the part's manufacturing, if any of the part's surfaces - their 

dimensions limit productivity, and one of them is a coating, and the 

other is a covered surface. If in this case for one of the indicators the 

dependence is linear, and for the other it is parabolic, then the quality 

factor of the part will be as follows, and so on.  
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Suppose that the size n of surfaces of any part, the shape m of  

the surfaces and the surface quality of k parts are of great importance 

from the point of view of operation, and they are parameters that affect 

the performance of the part. For all of them, if the upper limit of the 

workmanship corresponds to the upper deviation, then in the 

generalized case, the quality factor of the part is determined. Consider 

the role of each production parameter in shaping the performance of 

the product, part, in other words, its role in the consumption of 

operating resources in terms of the degree of importance (4): 
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Here, i , i  and i  accordingly, there is a coefficient that takes  

into account the share of each of the indicators of size i , shape  and 

y number of roughness in the consumption of operating resources. 

If the performance of a product is limited to a thousand measure- 



 
 

20 
 

ments of the surface area of its n parts, the production quality factor is 

determined from the following expression, if the upper limit of the 

production quality for all of them corresponds to the upper deviation 

and the dependence of the quality factors on the parameter values 

changes according to the parabolic law: 
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Applying the last expressions (4), (5) and (6), an analytical 

expression is obtained for the production quality factor for any part 

and product. Thus, expressions (4) ... (6) the key is the relative 

production of parts and products allow you to set prices in the range 

of 1 ÷ 0.5. 

A quality reading is suggested to reflect the quality resource and 

use of the product and parts. It is a convenient tool for assessing the 

quality of consumption (Fig. 2). It is a horizontal axis with two parallel 

lines (maybe one line). The top line shows the theoretical and 

normative quality indicators, and the bottom line shows the actual 

quality indicators related to the product (details). The theoretical 

quality scale gives the values of the normative resources of the quality 

of products and parts - their permissible limits are 0.5 and 1.  

 
Figure 2. Quality axis  

 

At the same time, the normative range of quality, the maximum 

normative range of operational quality and the normative range are 

reflected along the axis range of product quality. Comparing them 
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allows you to compare the theoretical production and performance of 

the product. The figure shows an arbitrary production quality factor 

(point B) for any product (part) on the real quality scale and an 

arbitrary (residual) actual quality factor (point A) at the time the 

product (part) was taken out of service. 

As shown on the quality axis, the level of achievement of quality 
in production is point B, and its price determines the maximum 

possible efficiency of the product (part). In general, quality reading 

allows you to study and manage a number of quality indicators 

associated with the production and operation of a product and its parts. 

Since the quality of the products produced differs from each 

other, of course, their characteristics also differ from each other and 

change with a certain regularity. We believe that this pattern depends 

on the pattern of changes in the quality indicator that limits the service 

life of the product (refusal to work) and the regularity of the functional 

relationship between this indicator and the failure rate (for example, 

service life).  

The lifespan of the same product may be limited by two parts 

with different manufacturing qualities. Let us consider the use of high-

quality parts resources in two versions, using the example of two 

limiting parts with different quality coefficient Kk and standard  

service life Fn. To do this, using the method of displaying product 

quality on the axis, build graphs of the dependence of service life F

on product quality on product quality ( )kKfF = . Suppose that the 

relationship between service life and quality changes by 1 straight line 

for the first part and by 2 straight lines for the second part. This is a 

directly ( )kKfF =  proportional relationship (Graph 1).  

Suppose that the performance of any product is limited by the  

quality of any two parts of its lifespan. The first 64,01 =kK and second 

83,02 =kK  of them have a product quality factor. According to the 

standard service life of these parts nF1  and nF2 accept them nn FF 21 

Obviously, the maximum service life ( max1F  and max2F ) of the part 

(s) should correspond to the highest possible production quality of the 

parts ( 11 =kK and 12 =kK ). According to the accepted conditions: 
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(Point A), 84,02 =kK  (Point D, Graph 1).  

 
Graph 1. With the service life of product parts’ 

relationships between qualities 

 

 Accordingly, as shown in the diagram, the working life of the 

first part is expressed in terms of the working life of the second part. 

If a product is taken out of service after several işiş FF 21 =  hours of 

use, the first part will have a quality residual life (point E) and the 

second part will have a quality residual life 57,02 =kqK  (point D). As  

shown in the diagram, the efficiency of using the second part is very 

low. Even the residual quality factor of this part, the residual service 

life is higher than the service life of parts manufactured with a quality

57,02 =kqK  close to the lower limit (0,5) of the  manufacturing quality 

range (0,5 ÷ 1). Therefore, if this part has not undergone significant 

changes in other quality indicators, it can be used as a newly produced 

part. From a study of the diagram shown in the figure, it can be seen 

that even the quality 32,0 2 kK  of manufacture of the second part 

(point M) will be sufficient. In this case also, if the product was taken 

out of service, it would still have a residual quality 088,0 2 =kqK  

resource equal to (point N). Thus, a relatively high efficiency of both 
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production and operation of the product will be ensured. Of course, if 

in this case the part retains the ability to fulfill its purpose. 

In the second option, let us assume that the nominal service life 

of the parts is the same as in the first option, and the quality indicators 

have opposite values. That is, let's say that the quality coefficient 

84,0 12 =kK of the first part is equal, and the second part is equal to 

63,0 22 =kK : 2212 kk KK   and 12 nn FF  . As can be seen from the 

diagram, in this case the difference 1222 FF =  in the probable service 

life ( )1121 FF = of the parts is small compared to the first asset 

( ) ( )11211222 FFFF −− . 

As can be seen from the diagram, the service life of the second 

option at the same price (residual quality resource 15,0 =kqK in the 

figure) for both options for product write-off will be higher than F

that of the first. 

This is the quality factor of the second part, equivalent to 

changing the range [0,84 ÷ 0,63] according to the scheme. Thus, one 

of the ways to ensure high efficiency of product use can be the rational 

use of production quality resources of all its components, which is one 

of the most convenient ways to increase the efficiency of product use. 

  The fourth chapter examines the formation and management 

of production and operational relations of product quality. The main 

results of this chapter are published in the author's papers[13,20, 32, 

38, 40, 45]. 

 A product of a certain quality fulfills its function under the 

intended operating conditions. Operating conditions are expected to 

vary within certain limits for all products. The probability that the 

performance of two products of the same manufacturing quality placed 

side by side in the same work area and started to be used at the same 

time is zero. After all, the variability of the operating conditions of 

products also plays a decisive role in the formation of their 

performance indicators. Thus, when studying the characteristics of a 

product, it is necessary to consistently analyze its production quality 

and operating conditions. Let's look at their impact on performance in 

a comprehensive and generalized way. Let us take the service life of 

the product as the criterion of performance. 
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Let's use a three-dimensional system - a spatial coordinate 

system to study the relationship between product quality operating 

conditions and performance indicators (Fig. 3). 

 
Figure 3. Diagram of the influence of operating conditions   

on the service life. 

 

The ordinate axis ( y ) shows the quality of the product, and the 

application axis ( x ) shows the frequency nm /  of occurrence of the 

current product quality  (quality group, a set of quality indicators in a 

certain range) (where n - is the total number of products, m -is the 

number of products in the group (set)). Thus, the regularity of changes 

in the production qualities of products on a plane in a certain interval 

(for example, within the support) is set (Mean square deviation - MSD, 

1 Fig. 3). It is assumed that the pattern of this change corresponds to 

the law of normal scattering. For clarity, the service life of F  products 

is displayed on the ( z ) axis, and the service life of products belonging 

to any ( x ), miF  production quality group is displayed on the  ( mr / ) 

abscissa axis.  

On the y  axis, the quality index of the product with the highest 

workmanship is b , and the quality index of the product with the 

lowest quality of production is denoted by the letter c  (Fig. 3, where 
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r - im  is the number of products with a lifetime iF  is included in the 

quality group). The interval of variation of the product quality index [

cb, ] was taken equal to T shown in the drawing. Since the change in 

the quality index is taken according to the Gauss law, the coordinates 

of its center of scattering - the center of the grouping - coincide with 

the center a  of the support area. 

 First of all, let us assume that products of different production 

quality are ideally operated under the same conditions. It is clear that 

if they create the same ideal operating conditions for products of the 

same production quality, then during operation they will have the same 

service life. That is, in this case, the product with the highest 

workmanship will have the maximum service life, and the product 

with the lowest quality will have the minimum service life. That is, in 

this case, the product with the highest workmanship will have the 

maximum service life, and the product with the lowest quality will 

have the minimum service life. 

Therefore, when the operating conditions are perfectly matched, 

the life of the b  quantitative product group is  and the service life bF  

of the c  quality product group is .cF In this case, cb FF  is paid. If 

we assume that the relationship between the F service life and the k  

product quality is linear (for example, when the service life is limited 

by surface erosion), then the dependence of the service life of all 

products on the )(kfF =  manufacturing quality changes along the 

straight line de  (Fig. 3; curve 2). Now suppose that a group of 

products br  (the quality of which corresponds to the ordinate b ) with 

the same production qualities is operated under different conditions.  

Undoubtedly, in this case, the product operating in the most 

favorable operating conditions will have the longest maxbF  life, and 

the product operating in the most unfavorable conditions will have the 

shortest minbF  life (Fig. 3). The distribution of the service life of all 

products ( br  number) occurs along 3 curves (MSD, 2 ).  

Appropriate consideration can also be made for the lowest 

quality product group ( c  point ordinate). That is, the change in their 

service life dF  occurs along curve 4 (MSD, 3 ). In this case, the 
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value of 2 < 3 is paid. The maximum and minimum product life is  

maxcF  and mincF  respectively. That is, 2 = tri  (where ri  is the 

MSD of the product life in group i , and t  is the ratio that takes into 

account the functional relationship between product quality and 

product life, 1t ).    

When products are used for the same purpose, their operating 

conditions differ within certain limits. Climatic factors governing 

operating conditions, operating mode parameters, and input suppliers 

have a large number of inputs, and life variables for cm  products that 

are necessarily of the same manufacturing quality ( 2 ) may also vary 

under normal conditions’ law (± t3 ; 1=t ) (Fig. 4.2.1; curve 3). The 

figure shows the frequency of occurrence of a number of m   products 

with the same quality index as mr / , with the same service life ( r  is 

the number of such products). We also recognize that a relatively low 

quality product is very sensitive to changes in operating conditions and 

the cost of its MSD is high. That is, the same change in operating 

conditions ],[ maxmin bb FF  allows a relatively limited range of service 

life of high-quality products ( b ) (Fig. 3; curve 3). In this case, MDS 

is 23  ct= . Here ct is the value of the coefficient corresponding to 

the c ( 1ct ) point, taking into account the MDS value. Thus, for all 

products, depending on quality, operating conditions and variability of 

input parameters, the maximum life is limited by the maxbF and 

maxcF , the lowest life is limited by the straight lines connecting the

minbF and mincF the applications (Fig. 3). 

As a result, the service life of the products (their performance 

indicators) is determined by the areas of application covered by the 

spatial geometric figure 5, formed by the flat connection of the 

corresponding points of curves 3 and 4 (MDS 2 and 3 ). Thus, the 

curve has an asymmetric shape, which characterizes the change in the 

service life of products under real operating conditions. Because, 

32   , maxmin cb FF  . 

Although performance indicators are mainly formed by the 

quality parameters provided by the product and its parts, they include 



 
 

27 
 

climatic conditions associated with their operation, anthropological 

factors, input parameters necessary for the product to perform its 

function (for example, voltage, intensity, range, etc.) its inactive, 

packed state affects the shelf life. 

The climatic conditions of their operation have a decisive 

influence on the formation of performance indicators. The total service 

life of all products in the set depends on the frequency of occurrence 

of the dependence indicator U  and the limiting quality indicator (x), 

m / n, as well as the service life of the products (y) and quality. The 

indicator  (x) depends on the functional relationship )(xfy = .  

If we assume that the change in the quality of products 

corresponds to the Gauss law, the linear law of the dependence of 

quality on their service life, then this can be found in the expression of 

the change in the total service life of the products. 
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The last expression is a mathematical model of the functional 

dependence of the service life of a set of products on the quality of 

production. The second stroke of the mathematical model indicates the 

number of products falling within a certain range of quality 

parameters, and the first stroke indicates their average service life.  

Suppose that the range of changes in product quality indicators 

is equal to   T−  3),3( . Suppose the Gaussian curve passes through 

the point corresponding to ( 3− ). Let us solve expression (7) by the 

method of solving distribution problems according to the normal law 

in mechanical engineering. Suppose that the upper limit of quality 

indicators of a certain group i  of a set of n products is ix , and the 

lower limit is ( )ii Px + .  

Thus, the total service life of products is in the interval of any 

 )(; pxx ii +  quality indicator is determined from the expression. To 

construct an empirical distribution curve of function )(xfU = , 

each group Pi /61  2 is assigned the values  ( U ). In this case, 
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the generally accepted method of constructing empirical distribution 

curves is used. The value of the interval (step) is 2,0=P . Thus, the 

number of intervals - groups is accepted as 30:6 =P . 

To assess curve )(xfU =  as a whole, in addition to the 

characteristic values of the coefficient k , the maximum product 

service life of 1800 days was taken with 0b  symbols. 
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    (8) 

That is, the study of expression (8) shows that the change in 

dependence )(xfU =  is influenced by the law of change in the  

service life of products ( )(xfy = ). Therefore, taking different values 

for k  coefficients, the change in the expression )( 0 kxby −=  of the 

linear dependence of the service life at different slopes was studied 

(8).  

For this, )( 6b  threshold prices have been set for the service life 

of the lowest quality products. With values of k  for the 5 options 

presented, U were studied by dividing the possible range of changes 

in the quality factor into  3)3( − ix  30 groups. 

The report results were processed using Excel. In fig. 3 shows 

)(xfU =  dependences of the coefficient k  at different values. As 

shown in the figure, when k = 0, dependence )(xfU =  corresponds 

to the Gaussian law. 

The curve representing the change in the function as it grows 

shifts the mathematical expectation towards the maximum service life 

k . Its symmetry is broken, the asymmetry increases. The maximum 
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slip value corresponds to the maximum value of the coefficient  , k  

the maximum slope of the dependence of the quality parameter on the 

service life. 

 

 
Figure 4. Quality of the overall product life. 

parameter dependence 

Studies show that with an increase in the coefficient k , the 

parameters of the studied distribution curve (8) differ from the 

distribution parameters for the initial normal law, and a family of 

scattering curves is formed, shown in the figure. Their detailed study 

is of interest both for mechanical engineering and for mathematics. 

Thus, using the mathematical model (8) and the presented 

methodology, the total service life of aggregate products is 

determined. Suitable from different groups of goods with research, 

taking into account the cost of production and use which is selected. 

Now let's look at a practical check of the obtained theoretical results. 

The fifth chapter covers the issues of ensuring the accuracy of 

the geometric shape of rotating surfaces of a complex profile by 

controlling the technological connections of geometric shapes. The 

main results of this chapter were published in the author's papers [10,  
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12, 16, 19, 22, 41, 42, 49, 35]. Methods and mechanisms of mechanical 

surface treatment of any geometric shape in machine parts are the 

result of the implementation of analytical  geometric  connections  

through  a technological system that determines the design, shape and 

dimensions of this surface. 

The processing of cylindrical, conical and shaped surfaces of 

rotating parts on lathes is based on the use of a given analytical 

geometric shape of the cylinder joints (surfaces). Turning of 

cylindrical surfaces is based on this geometric connection of surfaces. 

The sharp threading mechanism on lathes is a reflection of the 

designated geometric shape of the thread surface connection. The 

cutting edge of the tool is given the groove surface profile and 

movement ( S ), and the piston is given a rotational movement. To 

determine the effective kinematics of grooving, consider the analytical 

geometric relationships of the shapes of the annular grooves of the 

cover provided on the rotating side surfaces (Fig. 5., a).  

         
                a)                                                    b) 

Figure 5. Groove device on a rotating surface  

and its geometric diagram of the relationship  

 

Any 1A  point on the lateral surface of rotation rotates  the 

groove z  axes, providing 22 yxr +=  mathematical connections, 

and at the same time rotates at a certain angle  relative to plane ZOY  
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in accordance with the position it occupies on X  axes in order to 

maintain its position on the surface of rotation ( fig. 5, b).  

In this case, the circular feed is determined by the following 

expression (9). 

d
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d
fD

f

m

t




=
180

arcsin
0

0

                             (9)  

So the position at point 1A  is 11BA ; iA point condition iiBA ; The 

position of point nA  on the plane corresponds to radii OAn , 

RBAOABA iin ===11  (where R  is the radius of the cylindrical 

surface). Therefore, )(xf=  and ( )mt fFf =  are provided, i.e.  

( )mt fFf =  tripartite functional connections. Analytical geometric 

groove shaping, similar to a grooved surface, simulates the groove 

profile of a groove point 1A . This is done by rotating the set of points 

of a groove z axes and rotating it with 3 functional dependencies on 

the plane of the set (Fig. 5., b). The groove cutting with a vortex 

method on the surfaces of rotation is a progressive technology. Since 

this method is new, information about its technological capabilities is 

limited. Nevertheless, the current level of development of equipment 

and technology creates ample opportunities for use in the design of 

surface parts, which until now were considered not technologically, 

but more efficient from the point of view of operation. Therefore, it is 

of interest to investigate the technological possibilities of cutting 

groove by a vortex method. As, thus there is an opportunity to use 

progressive, already technological designs of grooves, etc. in the 

design of parts and devices for the purpose, when design them. 

The design of the tool head, during cutting groove, is a reflection 

of the dimensional relationships, inherent in the groove. The tool 

distance from the axis of rotation is the diameter of the circumference 

of the groove. This size forms the diameter of the circumference of the 

groove in the axial-longitudinal section, during the groove cutting 

process (Figure 6).  

The feature of the method ensures high stability of this size. 

When the groove is cut with a vortex method, the functional 
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relationship between the linear and circular feeds play a special role in 

the formation of groove dimensions on the cross section, perpendicular 

to the axis of the liner feeds. By controlling this functional relation, it 

is possible to control the design (contour shape) of the groove and the 

accuracy of its dimensions.  

 
                         a)                        b)                              c)                             

 
                                  d)                            e)                      

Figure 6. Designs of groove that can be cut by 

 the method of vortex. 

Figure 6 shows some forms of grooves, that can be cut by a 

vortex method. All shapes on the side surfaces of the rotation are 

formed by the vertex method, and there is a symmetric structure that 

is perpendicular to the axis of the cross-section (Figure 6.).  However, 

the symmetrical structure of the groove on the plane  perpendicular to 

the axis of the surface of rotation is divided into  two groups: 

symmetrical (Figure 6. a, b) and asymmetrical (Figure 6. c, d). 

Therefore, the first group includes a double symmetric and the second 

group includes a single symmetric structure of the groove. The 
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projections on the horizontal plane that passes through the axis of the 

surface of the rotation of the double symmetric grooves are off  an oval 

form (Figure 6. a, b). In the left and the right sides of the horizontal 

plane that passes through the axis of surface of the rotation in the single 

symmetric groove  structures are different from each other (Figure 6. 

c, d). The left and the right semi parts of the projections of grooves on 

the horizontal plane are semicircular, semi oval with a small radius, 

semi oval with a large radius, etc.  

When the groove is cut, the dimension 1D  is provided by the 

tool dimension, and the size 2D is the functional relationship 

between the linear and circular feeds ( )mt fFf = . 

We consider some characteristic variants of the connection:  

A. The groove design is symmetrical with respect to the plane 

passing through the symmetry axis of the part: 

1. The diameter of the groove in the longitudinal section is 

ddd == 10  and the diameter of the groove in the cross (perpendicular 

to the axis of the detail) section, ( )addd p +== 2
. In this case, 

)( adlx += ; The relationship between linear and circular feeds is 

expressed as follows:  

𝑓𝑡 =
𝜋 ⋅ 𝐷0 ⋅ 𝑓𝑚 ⋅ 𝑎𝑟𝑐𝑠𝑖𝑛

𝑑 + 𝑎
𝐷0

180 ⋅ (𝑑 + 𝑎)
                                 (10) 

 

In this case, the groove, cut by the vortex method, has the shapes 

shown in Figure 6a. 

2.  The diameter of the groove in the longitudinal section is 

ddd == 10 and the diameter of the groove in the cross section is 

( )addd p −== 2 . In this case, )( adlx −= ; The relationship 

( )mt fFf =  will be:  

In this case, the groove, cut by the vortex method, has the shapes  

shown in Figure 6, b. 

B. The design of the groove is asymmetrical, with respect to the 

plane passing through the axis of symmetry of the part: 
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In this case, the functional relationship between the linear and 

circular feeds ( )mt fFf =  differs for the left and right parts of the 

groove.  

3. The diameter of the right side (with respect to the axial plane)  

of the groove is equal to dd =0 ; and the diameter of the left side of 

the groove (with respect to the axial plane) is equal to ( )add p +=  

(Figure 6, c). In this case, the relationship between the linear and 

circular feeds is determined for the right-hand side by the formula (10), 

and for the left-hand side by the formula (11), and )( adlx −= . 

4. The diameter of the right side of the groove is equal to dd p =

; and the diameter of the left side of the groove is equal to dd p =   

(Figure 6, d). In this case, the relationship between the linear and 

circular feeds is determined for the right-hand side by the formula (10), 

and for the left-hand part by the formula (9), and )( adlx −= .  

Therefore, to cut the groove with different sizes in the right and  

left side of the groove, different relationships between the linear and 

circular feeds should be provided respectively.  

Along with the machining of grooves on rotating side surfaces, 

the issue of increasing the accuracy of the geometrical shape of the 

gear was studied by controlling the technological connections of the 

geometric shape when grinding the surfaces of the gears. In this 

regard, we will consider the scheme of forming the profile of the gear 

teeth by geometric and mechanical processing. It is known that the 

working involute profiles of the gear teeth are the geometric positions 

of the bearings corresponding to each point of the involute. 

Accordingly, involute tooth profiles can be formed according to the 

following rules: 

- involute (profile) in a continuous place along the length of the 

tooth as the geometric arrangement of the shell; 

- forming it from the end of evolution to its beginning as a 

geometric arrangement of displacements along the length of each point 

tooth. 

On the basis of the formation of the involute tooth surface 

according to the first rule, the method of processing the teeth by speed 
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transmission, according to the second rule, on the basis of its 

formation, rolling processing methods were developed. Let's take a 

look at the shaping mechanism in traditional toothpicks to increase the 

efficiency of the toothpaste by controlling both the static and 

kinematic connections of the cutting mechanism when cutting teeth 

with a chisel. 

In research experiments conducted under the guidance of 

Professor N.N. Markov, standard 25-tooth pliers groove the teeth of 

75-tooth gears. The experiments used state-of-the-art devices and 

presented a waveform recorded for fragmented kinematic errors. 

Unfortunately, the mechanism of formation of fragmented kinematic 

errors and their relationship with tooth kinematics were not studied in 

the study. We have researched this issue. According to the mechanism 

of forming the shape in the toothpaste, the instrument must do at least 

three cycles during one toothpick cycle in order to form the teeth 

groove the entire circumference. 

It is clear that the workpiece has its own errors in operation (for 

example, the radius of the circle of the i , iR  tooth differs from the 

radius of the ( 1+i ), 1+iR , 1+ ii RR tooth), the eccentricity error when 

placing the tool head and the axis of the tool shaft. There is a slight 

multiplication error.    

These errors are cyclical and are repeated in each o120  cycle of 

the tool from a theoretical point of view, with the same mechanism for 

influencing the geometric shape. The figure clearly shows the 

geometric error agroove the distribution of the gear teeth caused by 

these errors. In this case, a form error is generated only from the 

specified errors. 

It is known that at the beginning of the process of cutting a 

toothpick, the teeth of the bit must enter the paste to the height of the 

gear teeth. In other words, the entry distance in engagement 

corresponds to a certain, usually 0,3 transmission period. In fact, the 

teeth stuck in this part of the gear are cut in two different ways. 

From the beginning of tooth formation, the depth of cut increases  

from zero to tooth height until the tooth returns to angle 0 . To com-

pletely form the teeth in this area, they are cut with a second tool 
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stroke. In this case, if the depth of cut for the other teeth is )( 21 hht +=  

the depth of cut in those teeth decreases starting at )( 21 hh +  and 

eventually becomes zero in the corresponding tooth.  Thus, with a 

decrease in the cutting depth, the shear force reduces the elastic 

deformations of the elements of the technological system, and the tool 

enters the machine more. Dynamic technological relations have a 

decisive influence on the formation of the geometric error. 

Now let's explain the mechanism of the influence of the tool and 

the geometric relationships that have a similar effect on it, on the 

geometric shape of the distribution circle of a gear in a traditional 

gearing. It is understood that in conventional tooth grinding, each gear 

tooth is formed by a corresponding cane tooth. In the traditional dental 

process point a of the tool forms point A on the paste, and point b 

forms point B. As described, the Ra -radius of the distribution circle is  

formed in the paste corresponding to the radius from the rotational axis 

a of the cutting tongue of the cutting tool. The radius rb from the axis 

of rotation of the cutting edge of the tool forms a radius Rb on the 

blade. 

Thus, from the manufacture of the tool, its placement, elastic 

deformations, etc., the ( ba rr − ) error of the forming edge on the 

resulting distribution circle causes the corresponding error ( ab RR − ) 

in the paste. This measurement chain research result was based on the 

study of precision issues in the cutting process. 

In traditional gearing, one of the components of the techno-

logical geometric shape of the gear circle connection is the adjustment 

of the geometric shape of the connection. It is important to improve 

the geometrical accuracy of the gears by examining and managing 

these gearing joints. 

The sixth chapter explores the issue of ensuring the quality of 

products by managing technological relationships to ensure accuracy. 

The main results of this chapter were published in the author's papers 

[6, 7, 15, 18, 22, 23, 27, 31, 34, 37, 39, 41, 48, 49, 56]. 

The accuracy of the groove internal diameters of the grooves is  

indicated directly on their drawings, d+es (for example, 63+0.8 for 

filling valves of type 3PK.004). The outer diameters of the beams are 
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determined by D, and their deviations are determined by the structural 

measuring chains. Thus )2()2( ESesbdD +++ , ES-  is the upward 

deflection defined by the groove width (where b is the groove width). 

Although: 8,16,70 +D mm, TD=1,8 mm is large enough for the 

aforementioned mixer fillings, studies show that a number of factors 

influence their formation.  

 For processing, the cutting head is placed on the spindle of the  

milling head of the machine, and the pistachio is placed on the lathe 

of the lathe (or, in the second technology, on the handle of the machine 

on the machine table). After adjustment, the tool and paste are brought 

to the condition required for processing. The groove is cut in two steps. 

In the first movement, the tool is given a rotational movement ( n ) and 

a vertical movement ( vS ). A high speed rotating tool removes 

material from the paste at regular intervals during each cycle. When 

the tool penetrates to the depth of the groove, its vertical movement 

stops. The paste is given a coordinated circular ( cS ) and linear ( lS ) 

movement perpendicular  to the axis of the filling. According to the 

cutting pattern, the diameter of the inner circumference of the groove 

depends on three diameters, which are theoretically equal and 

overlapping, as well as the diameter of the base surface of the groove 

rotation. The study of the groove cutting scheme and dependence (14) 

shows that in the formation d , and ad , )( cSf=  dimensions are 

involved both with scalar values and with directions. Therefore, the 

measuring chain, in which the dimension d ( add = )is the end 

point, is represented as a vector. 

xa lBdd
→→→→

++=                                 (11) 

here, B  - is the length of the tendon formed by the circumferential 

trade in the rotation of the pistachio in accordance with the xl  linear 

displacements.The last vector equation is intended to determine the 

inner circumference of the groove formed during cutting in two 

characteristic sections perpendicular to each other (passing through 

the filling axis and its transition slot (hereinafter referred to as the 
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longitudinal section) and perpendicular to the filling axis). transition 

(further perpendicular to the axis) allows you to explore. 

In this case, vectors B


 and xl


 in equation (11) are equal in 

nominal size, and since their directions are opposite to each other, they 

are essentially interchangeable. Thus, obtained from the vector 

equation (11), only the static dependences of the measurement along 

the axial section: 

aad bbdD
→→→→

++=                                            (12) 

Here, ab - is the tool width; D - nominal size - diameter of the rotating 

surface on which the groove is located;  - the angle of rotation of the 

gear of the device for the formatio n of the groove. Accordingly, a 

chain of measurements perpendicular to the axis, derived from the 

vector equation (11), is obtained (Figure 7). 

ax dDld
→→→→

+−= sin0                                    (13) 

aax bdDlD
→→→→→

++−= 2sin0   .                     (14) 

Consequently, d - the mathematical model of measurement 

accuracy should take into account double the permissible errors of 

dimensions cS and ll . Thus, taking into account that all the initial 

errors affecting d measurements are caused by a number of factors 

and their number is large, the determination of the total error of d  

measurements is performed by the probabilistic method. In Figure 7, 

the max and thousand indices of the parameters represent their 

allowable limits. Mathematical model of the error of the inner 

diameter of a circle when machining on the RPI machine. 

( ) ( )
+

++






 ++








+



=

232

2sin2sin2

2

sin0
360

0

uTdaT

SxlDT
D

d




        (15)           

Here,  - the angular error of the angle of rotation of the paste; 0DT

- support for the diameter of the surface of rotation; xl - error for 

linear transfer;  - position angle in the trough formation of the tool 
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(s); S - error allowed for circular shopping transfers; daT - support 

for the design size of the tool; uT - is an aid to eating the tool. 

For the error of the outer diameter of the groove: 

( ) ( )( )
222

22
2

0
0

26

sinsin2sin
360

buda

xD
D

TTT

SlT
D

+++

+++







+



=




      

(16)    

Expressions (15) and (16) can be used to solve the problems of 

accuracy of the outer and inner circles of the groove.  

 

Figure 7. Forming circular groove accuracy 

scheme of influence of some factors 

 

(12) determine the inner circumference of the groove formed in the 

process of cutting the vector into two characteristic sections, 

perpendicular to each other, passing through the axis of the packing 

and its transition slot (hereinafter the longitudinal section) and 



 
 

40 
 

perpendicular to the axis of the filling (hereinafter perpendicular to the 

axis) and allows you to investigate. 

In this case, the nominal sizes of vectors B


 and xl


 in equation 

(12) are equal, and their directions are opposite to each other, so they 

 are mostly interchangeable. 

The study of the vortex notching of the grooves shows that the  

relationship between the depth of the groove and the factors influenc- 

ing it can be expressed as follows. 

( ) = ,,,,,,,, YSUlKDfh bebo        (17)                   

Here D - is the error arising from the difference in the diameters of  

the outer surfaces of rotation, the assistance provided to it; K  - error 

due to the conical deviation of the conical deviations of the rotating 

surfaces; l  - an error arising from an error in placing a pistachio on 

its axial base; bo  - an error due to the absence of an axis at the base 

of the pistachio; bl  - error caused by eccentricity of the base of the 

paste; U - an error caused by eating a tool; S  - error due to 

geometric errors of the machine, error in setting up the technological 

system; Y  - errors due to elastic deformations of the tool and pistol; 

  - errors due to thermal deformations of the tool and pestle. By 

accepting the laws of variation of the arguments in (17) in accordance 

with the laws adopted in machine-building, a mathematical model of 

their quantity was obtained by applying the theory of probability: 

( )





2222
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5,0)sin()5,0(

++++

++++
=

YSU

TT
h

adolD
           (18) 

A number of technological issues can be solved by applying the 

latter expression. For example, taking into account the nominal size of 

the interval of change of the depth of the trench, it can be predicted  

that the depth will be smaller than the allowance hTk  , and so on.  

 Experimental study of the depth accuracy of the grooves was 

carried out both at the Sabunchu EIB and at the Sardarov Machine-

Building Plant on beams cut by single-fiber technology. 

The seventh chapter deals with the issues of improving the 

quality and efficiency of processing surfaces of a complex profile by 
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controlling the technological relationships of the kinematic surface 

roughness. The main results of this chapter were published in the 

author's papers [14, 24, 25, 26, 27, 28, 31, 37, 39, 42, 46, 47, 49]. 

It is known that the geometric qualities of the surfaces of parts,  

including roughness, are one of the main technological parameters 

that affect their performance. 

In vortex grooving, the surface is cut in one direction and in the 

opposite direction on one side of a plane perpendicular to the axis of 

the part that forms the surface. The kinematic set of roughness zkR  is 

the maximum height of deviation from the theoretical profile - the 

surface that should be formed by traces left in the paste by the cutting 

mechanism of the tool (or tools) that produces the material. 

Considering the structural dimensions of the grooves: 

𝑅𝑧𝑘 = 0,5 [𝑑 + 𝑏 − √(𝑑 + 𝑏)2 − 0,5𝑓𝑚
2 (

𝜋𝐷⋅𝑎𝑟𝑐𝑠𝑖𝑛
𝑑

𝐷

180⋅𝑑
− 1)

2

]  (19) 

The kinematic sum of the roughness of the inner side surface of 

the groove is formed during the same tool stroke with the width B = b 

(where b is the width of the groove) simultaneously with the roughness 

of its outer surface. Applying the method of extracting the last 

expression, we obtain a mathematical model of the kinematic  

accumulation of roughness for the inner surface: 

𝑅𝑧𝑘𝑑 = 0,5 [𝑑 − √𝑑2 − 𝑓𝑚
2 (

𝜋𝐷⋅𝑎𝑟𝑐𝑠𝑖𝑛
𝑑

𝐷

180⋅𝑑
− 1)

2

]             (20) 

Mathematical analysis of the kinematic irregularities of the outer 

and inner side surfaces.Using the holes (19) and (20), it is possible to 

determine the greatest kinematic roughness accumulation depending 

on the design dimensions of the groove and the elements of the cutting 

mode. 

A mathematical model of the kinematic accumulation of 

roughness at the bottom of the groove with two-tool processing is 

presented in 21. As already mentioned, to reduce the roughness height 

causes an increase in the number of cutting tools and a decrease in the 

longitudinal travel. Since there is a functional connection between the 

circumferential gear and the longitudinal gear 𝑓𝑚  and 𝑓𝑟, when the 
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longitudinal gear is lowered, the circumferential gear also decreases 

accordingly. 

𝑅𝑧𝑘2 =
0,5𝐷 − ℎ

𝑐𝑜𝑠
90 ⋅ 𝑓𝑚(𝜋𝐷 𝑠𝑖𝑛

𝑑
𝐷 − 180𝑑)

180𝜋𝑍𝑑 ⋅ (𝐷 − ℎ)

− (0,5𝐷 − ℎ) 

          (21)                          

To reduce the height of roughness, it is more expedient to 

increase the number of cutting tools. Because a reduction in 

longitudinal trade leads to a decrease in productivity. An increase in 

the number of cutting tools leads to an increase in the amount of 

adjustment work. Therefore, the best option for this issue should be 

addressed in a comprehensive manner, taking into account production 

volumes. 

The real roughness of the groove surfaces is formed on their 

kinematic roughness. While the relationship between kinematic sum 

and real roughness is an interesting issue, researchers have overlooked 

it. The twisting of grooves on the lateral surfaces of rotation by the 

swirling method developed by the author has been tested and applied 

at the Machine-Building Plant named after I. B. Sardarov and the 

Sabunchuy Scientific and Production Association. 

The eighth chapter deals with the management of static 

technological relations, the methodology of research. The main results 

of this chapter are reflected in the works of the author [26, 29, 37, 39, 

41]. 

Production quality in any type of machining is ensured by 

dynamic connections based on static and kinematic connections. The 

range of change of dynamic technological relations in the process of 

forming a surface of arbitrary design and size in one paste or a set of 

paste determines the range of change of shape and size of the 

processed surface. By controlling the dynamic technological 

connections, their range and direction, it is possible to control the 

production quality indicators of the surfaces to be processed and to 

produce parts with a higher production quality coefficient. The main 

components of dynamic connections in technological operation are 

thermal and elastic-plastic deformation connections of elements of 

technological system. 
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Because their mechanism of action is very complex, more 

complete and accurate results are obtained through experiments. One 

of the main indicators of technological operation is the shear force. It 

is the result of dynamic connections of processes in the cutting zone, 

which allows them to be evaluated. The management of dynamic 

technological connections is studied on the basis of the results of 

research on step teeth with external teeth. The fast tooth-grinding 

process with step-by-step chisel developed at AzTU ensures high 

productivity and processing quality. 

The mechanism of cutting and forming external teeth, developed 

by the author on a theoretical and experimental basis, differs sharply 

in terms of the mechanism of cutting and shaping, as well as the nature 

of the dynamic connections involved. Therefore, it is very convenient 

in terms of research and comparison of dynamic technological 

relations. 

During the traditional method of drilling in steel 40XHM 

material with a modulus of m = 4 mm and 25 teeth, the vertical shear 

force gradually increases until zP  chisel teeth reach the required depth  

(Graph 2; oscillograms 1, 2, 3 and 4). Then, as the cutting in the 

direction of the cutting depth of the tool is stopped, zP  almost 

stabilizes (Graph 2; oscillograms 4, 5, 6). Machine time is formed by 

the time spent by 4 workers and idle trips ( ,1it ,1bt ,2it ... nit ). Dynamic 

connections are formed by one-way linear displacements of the tool in 

the statically stable position of the pistachio.  

Since the formation of teeth when cutting teeth with the used 

stepped chisel is carried out continuously by means of a radial gear, 

the cutting force is continuously increased when zP  tool is put into 

operation. During the cutting process, breaks occur in the dynamic 

links that are affected, the cutting process occurs in the dynamic state 

of the tool and tool during their relative movements. After the radial 

gear has reached the desired height of the cut teeth, the dynamic 

connections, which are affected by one axial gear of the tool, are 

calibrated without modification. The creation of new dynamic links 

based on kinematic links in the gearing provides a significant 

reduction in both shear force and machine time .stepT .During 
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machining, the teeth are used as an intermediate connection to control 

dynamic links and input parameters tool axis by tilt angle   addiction 

),,( SVfzP = . 

 
Graph 2. By managing dynamic technological connections 

shear control schedules 

The planning of the experiments was carried out according to 

the methodology adopted and applied in the scientific work of the 

author's Doctor of Philosophy. The functional dependence between the 

objective function and the factors that are dynamically related to it is 

perceived as a two-degree polynomial. It is assumed that the variables 

associated with the objective function change at five levels.  Selecting 

the specified parameter, each of them is fast managed in the process 

of brushing, as well as in the course of experiments. 

This is due to the fact that Values close to the middle of the range 

of variations of the accepted values of the arguments in practice are 

considered favorable. In studies, the average values of the parameters 

are mm/per.15,0=S , 60=V  m / sec., = 025 . 

In this work, )(VfPz = , )(SfPz =  and )(fPz =  graphical  

dependencies are also presented, V , S  and   an explanation of the 

the mechanisms of influence of the parameters on the shear force is 

given. 

The issue of quality management with the effective implemen-

tation of static technological connections is investigated. The research 

work was carried out at two different plants from the machine park of 
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Sabunchu Scientific Production Union of Azneftkimyamash OJSC 

model 2E440A, and from the machine park of the machine-building 

plant named after B. Sardarov ГФ217ТС5 vertical milling machine. 

improved for. The tool was designed and used in experiments to 

process the groove, taking into account the technological relationship 

of the groove-tool head. 

The second type of geometric contact applied to the tool by the 

developed operation is the rotation of the corresponding surface of the 

tool in a circle of Ø (63 + 3,8) mm in accordance with the design of 

the groove, etc. taken into account in the construction of the cutting 

head. One of the components of the technological geometric shape 

connections of the gear circumference in gearing is the tuning 

geometric shape connections. By examining and managing these 

connections in stepped chisels, the geometric shape accuracy of the 

gears is improved. A technological system adjustment methodology 

has been developed to manage the adjustment connections in the 

trough cutting on the rotating surface, supply tools have been 

developed to carry out the adjustment and the production quality has 

been improved. One of the indirect directions of production and 

operational quality management is the proper organization and 

management of measurement relationships. Therefore, methods and 

tools for measuring the depth of the processed trench have been 

developed and studied. 

In addition, in the coordinate metrology laboratory at Azerbaijan 

Technical University, the depth measurements were made on a high-

precision Hexagon measuring device. 

The roughness of the bottom and side surfaces of the trough was 

measured with 130 model profilograph-profilometer and model 

TR220 with surface roughness measuring devices.The peculiarity of 

helical cutting by the twist method is that during the cutting process, 

the function that affects the formation of the depth of the groove - the 

factors influencing it - varies in price and direction along the circum-

ference of the groove. The results of preliminary experimental studies 

have also shown that the depth of the groove in each stuffing box 

varies in a certain range and is quite large. The reason for this is mainly  

the primary factors of static origin. 
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The change in the depth of the groove along the perimeter of the 

circle is shown in graph 3. The graph shows the deviation of the depth 

measurement from the nominal size - microns.  

 
Graph 3. Deviation of depth measurements along the 

 groove circumference. 

The depth accuracy of the groove is one of the main output 

parameters that ensures tightness. This is because the depth of the 

groove, together with the accuracy (deviation from conicality) of the 

joining surfaces of both the surrounding and the enclosed parts (insert, 

stuffing), affect the sealing in a complex way.  

The depth of the groove in the groove was studied by the screw 

method with a set of new technological contacts developed and 

compared with the results obtained in the groove with a finger milling 

machine previously used in the factory. 

The study of the depth measurements of the troughs was carried 

out in 8 characteristic cross-sections around the groove in the grooves 

cut in three variants: 

1. The trough is cut by the vortex method, the adjustment of the 

technological system is carried out on the plane passing through the 

axes of symmetry of the trough and the part. 

2. The trough is cut by the vortex method, the adjustment of the  

technological system is carried out on the plane passing from the axis 

of symmetry of the trough perpendicular to the axis of the part. 
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3. The trough is cut with a finger milling machine, adjustment is 

carried out on variant 2.  

The highest accuracy of the trough depth was obtained in the 

groove for the first variant (Graph 3, curve 1), the range of variation 

of the trough depth was 031,01 = mm. When adjustment was carried 

out on variant 2, the range of change of trough depth increased sharply 

in 066,02 =  mm. In the groove with a finger mill, the range of depth 

change was 075,03 = mm. Thus, in comparison with the 

corresponding options, the accuracy of the trough depth in the helical 

section was twice  higher than in the finger mill cutter. 

Thus, the depth accuracy of the trench was increased by 

controlling the static adjustment connections. 

Technologies and results of testing and application of the results 

of the dissertation in production are explained. This information is 

summarized on page 8-9. 

 

CONCLUSION 

 

1. In mechanical engineering, a generalized concept of the 

formation of the production qualities of products and their components 

by mechanical processing has been developed; To determine the 

direction of improving product quality, which can ensure high 

efficiency of product use, functional relationships between production 

and operational qualities are systematized and a set of relationships is 

supplemented. 

2. New methods and tools for assessing the quality of 

production and operation of technical means have been developed and 

are being applied. The developed product quality criterion provides 

mathematical models of product quality coefficients, methods for their 

determination, which allow only in one or several difficult cases to 

assess the quality of each part and compare it with the quality of other 

parts and products. Their application is proposed. The quality indicator 

is intended to assess the current quality of products, their parts, 

changes in their quality during the life cycle and the use of quality 

resources. 

3. A generalized concept of production and operational relati- 
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ons of the quality of products and its parts has been developed, the 

features of the formation of production and operational quality 

relations are presented, taking into account production conditions, a 

mathematical model of the dependence of product quality indicators 

on product quality has been developed. It is determined that the change 

in the characteristics of the set has an asymmetric shape, the center of 

its grouping is shifted towards the qualitative indicator. A 

mathematical model of the regularity of changes in the overall service 

life of a set of products depending on operating conditions is 

presented, a stability criterion is presented as one of the reliability 

indicators characterizing their performance as a whole and separately, 

its performance,  a methodology for assessing and use is given. 

4. Provision of geometric shapes of rotating surfaces of 

complex profile due to control of technological connections of 

geometric shapes affected during processing, as well as structural and 

machined connections of geometric shapes of various surfaces, 

construction of cap grooves and external cylindrical teeth on rotating 

side surfaces. .. and on the basis of technological connections of a 

geometric shape, the theoretical foundations of their formation by 

machining, molding mechanisms, new, progressive methods of 

processing grooves and teeth have been developed. 

5. The theoretical foundations of expanding the technological 

capabilities of the industry with the help of a vortex by controlling 

structural and technological connections of a geometric shape, as well 

as structures of various profiles (prospects), which can be effectively 

cut by the vortex method on rotating side surfaces, are given. The 

mechanisms of sawing are revealed when cutting a groove using a 

rotary method on rotating side surfaces. 

6. The mechanism of the formation of geometric shapes on the 

circumference of the teeth based on the analysis of the geometric 

connections of the tool paste during the rapid cutting of new, outer 

surfaces of the gear wheels with a chisel based on the generalized 

concept of the formation of processed products. processing quality, a 

number of processing errors. A mechanism was developed to eliminate 

similar machining errors and increase the productivity of engagement 

by controlling the technological connections of the replaceable geo- 
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metric shape of the tool and the workpiece. 

7. Generalized connections of roughness of rotating surfaces  

of complex profile are substantiated by controlling the kinematic 

technological connections affected during processing, mathematical 

models of kinematic aggregates of surface roughness formed on the 

bottom and surfaces of the upper surfaces of cut grooves on the lateral  

surfaces of rotation are constructed. 

8. A tool and method for measuring the depth of grooves of a 

complex profile formed on the lateral surfaces of rotation, taking into 

account the peculiarities of the static control of the tool structure and 

three-sided geometric technological connections of machining and 

their control, have been developed and it is currently being used in the 

production process; 

9. Technological schemes for setting up the system have been 

developed, which ensure high accuracy of machining during the 

formation of grooves of a complex profile on rotating side surfaces by 

the method of rotary and high-speed machining. In particular, on the 

basis of both theoretical and experimental studies, it is recommended 

to establish a technological system for vortex machining of grooves of 

a complex profile on the lateral surfaces of revolution on a plane 

passing through the axis of the groove and the groove. In this case, 

machining errors, especially depth errors, are reduced to 35%. 

10. The twisting of the beams on the machined rotating side 

surfaces with the help of two tools was used in the Sabunchi refinery 

of Azneftkimyamash OJSC. The application of the proposed method 

made it possible to reduce the computer time by about 2.5 times. 

- the use of the proposed improved method of cutting grooves 

by the twisted method in the Sabunchi NPO Azneftkimyamash OJSC 

allowed to reduce the production of non-working parts by 24.5% and 

effectively ensure the required quality. 

11. The assembled cranes were used for industrial tests at the 

SOCAR Bibikheybatneft oil and gas field. The number of leaks 

decreased by 33.3%. 

 12. Geometric shape, size, etc. formed in the process of 

machining. In the educational process of Azerbaijan Technical  

University, the concept of generalized technological relations is used. 
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