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Determination of geometric parameters and orientation of the workpiece inside the machine tool using computer-vision algorithms
The paper describes the research of modern algorithms for computer technical vision and proposes their application to determine the geometric parameters and orientation of the workpiece inside the working area of the machine tool. An algorithm for the use of computer technical vision based on a stereo pair of images of the working area was developed and tested to determine the measurement errors.
Keywords: technical vision, computer vision, workpiece coordinate system, machine-tool coordinate system, determining of contour, image processing, stereovision, CNC, machine-tool.
Introduction
Before starting the workpiece processing on the machine, it is necessary to bind the workpiece installed in the working area to the coordinate system of the numerical control system. The binding methods are selected depending on the requirements for the geometry of the part, the accuracy of processing, as well as the technical capabilities of the equipment. The most accurate methods are the use of probes and automated measuring systems. However, such systems are quite expensive and are rarely installed on simple milling or turning machines.
On such machines, the binding is carried out using such methods as facing, turning along the outer diameter, rolling with an indicator. Such methods require the direct participation of the operator in the process of binding the workpiece to the CNC coordinate system, which limits the use of simple machines in automated lines and unmanned industries. The use of computer vision algorithms for determining the position of the workpiece in the working area of the machine can accelerate the automation of the process of binding the workpiece to the CNC coordinate system [1, 2].
Computer vision systems today are an effective and affordable tool for modernization of production, the use of which allows solving a wide range of industrial problems, and in comparison with traditional solutions, they often turn out to be easier, faster, and cheaper.
Technical vision systems in mechanical engineering can replace or supplement manual measurements, solving one or several classical problems at once [3]:
1) determining the position of an object;
2) measuring the dimensions of the object;
3) quality control;
4) marking recognition.
To determine the position and orientation of the workpiece, it is proposed to create a system that solves the first two tasks and to automate the determination of the workpiece zero points in the coordinate system of machines that are not equipped with automated measuring instruments.
Most of the existing technical vision systems that solve such problems either receive an image from a single camera and use the phenomenon of perspective transformations or are organized according to the stereoscopic vision scheme. It is found that the error in determining the distance to the object at observation distances of about 2 m is much smaller for the second type of system [4] (Fig. 1), besides, this measurement method does not require knowledge of the exact position of the camera system relative to the coordinate system of the machine and the dimensions of the object under study. In this case, the error in determining the contours of an object in the image plane linearly depends on the size of the area captured by the camera, per pixel of the image, and is inversely proportional to its resolution [5].
[image: D:\ДИПЛОМ\Вестник\Рисунок1.png]
Fig. 1. Comparison of errors in the analysis of one image (curves 1, 2, 3) and two images (curve 4)
Selection of the method for obtaining and processing the images of the working area
Based on the analysis, it was decided to use a system of two high-resolution cameras. Calculations of the geometric parameters of the workpiece installed on the machine are made based on the analysis of stereo pairs of images of the working area of the machine obtained from a pair of co-directional cameras rigidly fixed relative to each other so that the distance a between the centers of their lenses is known. Such an installation makes it possible to simulate binocular vision, which does not require knowledge of the exact position of the installation itself relative to the zero of the machine, since its position can be calculated relative to special marks on the desktop of the machine being equipped with the installation, the coordinates of which are known in the coordinate system of the machine.
The installation demonstrating a possible variant of the arrangement of the elements of the technical vision system is shown in Fig. 2.
[image: ]
Fig. 2. The installation demonstrating the location of the elements of the technical vision system
To reduce the errors of changes, it is necessary to make some requirements for the hardware of the system. For cameras, this is the immobility of fixing relative to each other and relative to the machine in the time interval between obtaining the main and auxiliary stereo pairs, the minimum possible height of their placement above the table.
Since it is necessary to find an area with a workpiece on the input stereo pair, before placing it on the machine it is necessary to obtain an auxiliary stereo pair of images of an empty table. After placing the workpiece, the main stereo pair of images is obtained. If the natural lighting in the room is not constant or the shadows of moving parts of other equipment fall into the frame, it is necessary to use additional illumination.
It is assumed that the marks in the frame will be located in different quarters of the image so that each is close to the corresponding corner of the image (Fig. 3).
[image: ]
Fig. 3. The expected location of the marks on the images of stereo pairs
To minimize possible measurement errors, the cameras should be fixed so that the angle between their visual axes and the normal of the machine table tends to zero. (position B in Fig. 4a).In this case, the perspective distortion of the stereo pair images will be minimal, which will reduce the error introduced into the measurement during the perspective image correction.
[image: ]
Fig. 4. The intended location of the cameras above the machine table
The best way to install the cameras is to fix the system on a horizontal rod mounted on two tripods (Fig. 2). With this installation option, it is necessary to make sure that the cameras do not tilt, as a result of which one camera will be higher than the other (Fig. 4b).
Development of an algorithm for determining the position and orientation of the workpiece
The algorithm for determining the position and orientation of the workpiece (Fig. 5) is based on finding the contours of the workpiece in the images from the cameras and calculating their displacements.
At the stage of preprocessing, based on the differences of the corresponding images of the main stereo pair with the auxiliary one, the areas that have changed in the images after the installation of the workpiece are determined. The marks located on the table are detected and the pictures are aligned to them to correct perspective distortion. The coordinates of the zero point of the machine in pixels for both images of the main stereo pair and the coefficients of the correspondence of pixels to millimeters for the level of the surface of the machine table are determined.
[image: ]
Fig. 5. Algorithm for determining the position and orientation of the workpiece
As a result of pre-processing, only the areas of aligned images of fragments of the table with the workpiece are obtained. This allows us to simplify the calculations at the next stage and speed up its implementation.
At the second stage, the search for the contours of objects is carried out, while only the areas with the workpiece images of the main stereo pair are processed. Outlines of rectangles and circles are detected, and unnecessary ones are filtered out. The result of this operation depends on the contrast and brightness of the original images. If it is impossible to detect the contours, the image parameters are corrected, and the operation is repeated. After filtering, the type of workpiece is determined, and a set of its contours is transferred to the next stage. At the moment, the algorithm recognizes only the simplest workpieces - rectangular and cylindrical, but in the future, it is possible to expand its functionality.
At the third stage, the distances from the cameras to the table and the surface of the workpiece are determined. The calculations are based on the marks found at the first stage on the desktop and a set of contours and matching coefficients found at the second stage.
The distance is determined as follows: we know the distance a between the cameras, the resolution of the images obtained from the X × Y cameras and their vertical and horizontal viewing angles A and B, and we need to calculate the distance d (Fig. 6).
[image: ]
Fig. 6. Scheme for determining the distance to the object to which the point O belongs
Point O on the scheme is the center of the object under study. The known distance a is related to the angles and the distance d by relation (1).
	
	
	(1)


Angles α and β are calculated using relations (2) and (3):
	
	
	(2)

	
	
	(3)


Subtracting them from 90 °, we obtain α’and β’, substitute them in relation (1) and express the required distance d (4):
	
	
	(4)


Using the found distances from the cameras to the table and from the cameras to the workpiece, are corrected the distortions shown in Fig. 7. Coefficients of pixel-to-millimeter correspondence for the level of the table surface are adjusted by multiplying by the ratio of the height of the cameras above the table to the height of the camera above the workpiece since the size seen in the picture refers to the real size in the same proportion.
[image: ]
Fig. 7. The main distortions
When shooting, the contour of the workpiece is projected onto the image plane, and its "stretching" occurs. Fig. 7 shows that the displacement dx is proportional to the displacement of the point X relative to the visual axis of the camera and its value can be found by the formula (5).
	
	
	(5)


After all the key points of the contours from the "left" and "right" images have been processed, the results are averaged and displayed on the screen and can then be transmitted to the machine's CNC system.
Algorithm testing
To test the algorithm, a test application was developed in C ++ using the OpenCV library [6].
Testing was carried out on images of a three-dimensional model of a milling table with marks applied to it. The resolution of the input images is 5120 × 2880 pixels. The marks form a rectangle with a long side of 900 mm and a short side of 600 mm.
The images of rectangular and cylindrical workpieces were worked out with various methods of installing cameras above the machine table. An example of the result obtained for a cylindrical workpiece is shown in Fig. 8.
[image: D:\ДИПЛОМ\Вестник\Рисунок9.png]
Fig.8 Example of module output data
The error of the calculated dimensions has a range of values of 0.2-0.6 mm. The speed of the algorithm (from the beginning of the analysis of the input images to the receipt of the results) is from 4 to 10 seconds.
Conclusion
The obtained test results allow us to conclude that the developed algorithm for determining the position and orientation of the workpiece based on the technical vision system makes it possible to obtain results that are comparable in accuracy with the methods of facing or external turning, with a significant increase in the speed of obtaining the resulting parameters and almost complete exclusion of the operator from the process. This makes it possible to increase the level of production automation.
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Development of formal description for the typologies of statistical subject constraints in the conceptual modeling of applied problems	
This article presents a formal description of the conceptual model of the 1st kind at the object and specific levels for the subject problem, a description of the typology of statistical constraints of the 1st kind, representing documented technical knowledge.
Keywords: a conceptual model of the 1st kind of object problem, statistical constraints of the 1st kind, typology of constraints of the 1st kind.
Introduction
The preservation of the intellectual potential of industrial enterprises is currently an urgent problem. The intellectual resource of any organization includes the experience and knowledge of its specialists; funds of regulations and standards stored both in documentary and electronic form. To transfer the accumulated information and knowledge from the memory of specialists and documents, it is necessary to carry out their formal modeling. The methodology that provides such a transfer based on formal knowledge modeling (or conceptual modeling) is the methodology of the automation of intellectual work [1,2,5,6], developed at the Department of Information Technologies and Automated Systems of MSUT "STANKIN".
The formal description of the model of technical knowledge in the form of a conceptual representation of subject problems within the framework of the methodology of automation of intellectual labor allows us not only to model knowledge in various methods (research, design, technological, managerial, etc.) but also to additionally process and classify technical knowledge.
Characteristics of the process of forming conceptual models of subject problems
Conceptual modeling is understood as the process of objectifying (revealing) the system of knowledge of the subject area for a specific subject problem and fixing the results obtained in a specific form [1,2,5,6].
The process of conceptual modeling includes the following basic procedures [2]: - formation of a generalized model (for a set of object problems); - formation of a model of the current object problem; - analysis of the model of the current problem; - analytical processing of the model of the current problem; - documenting the model of the current problem; - synthesis model of the current problem with a generalized (initial) model; - analytical processing of the generalized model of problems; - documenting the model of the current set of problems.
The input information for this process is the results of the previous stage, namely, the initial model representation of the problem, including - diagrams and specifications of the system of objective actions for a set of objective problems; - diagrams and specifications of the system of objective actions of the objective problem (for each problem); - classification of information for complex as a whole and each problem; - specification of parameters (for each problem); - specifications of elementary actions and data streams (for each problem); - matrix diagram of relationships between actions and parameters (for each problem).
Conceptual modeling of subject problems is performed by a specialist in knowledge engineering. At the stage of forming conceptual models (generalized and current) of subject problems, the formation of a conceptual model of the 1st kind and a conceptual model of the 2nd kind is carried out sequentially. The formation of a conceptual model of the 1st kind includes the formation of a system of subject dependencies of the 1st kind, the main conceptual structure, the formation of a conceptual model as a whole. The basis for the formation of a conceptual model of the 1st kind of a subject problem is a formal description of the conceptual representation of the subject problem (at the object level).
At the stage of analyzing conceptual models, the structures and models are checked for completeness and coherence, the correctness of their descriptions, the presence of contradictions in them, etc. are analyzed, according to the results of the analysis, recommendations are developed for correcting the model. In the absence of errors, this version of the model is final and subject to further refinement.
The formal description of the conceptual representation of subject problems
For the n-th objective problem, the formal description of the conceptual representation has the form [3]:
	
	
	 (1)



where  is the object level model for the n-th object problem,
 is a set of models of a specific level.
In this case, the model of each level of abstraction includes two submodels of the corresponding i-th level - the 1st () and the 2nd () kind, where i=2, z=n, and i=3, z=n. The refined structure of the representation taking into account submodels is shown in Figure 1.

[image: ]
Fig. 1. The refined structure of the conceptual representation of the subject problem, taking into account submodels
To distinguish structural elements at any level of abstraction, categories and constraints acquire definitions and are named in Table 1.
Table 1. Elements of conceptual relations
	Level
	Elements of static structures
	Elements of dynamic structures

	Object
	-subject categories (SC)
- SC diagrams
	- subject dependencies of the 1st kind
-subject dependencies of the 2nd kind

	Specific
	- instances of subject categories (ISC)
- ISC diagrams
	- instances of subject dependencies of the 1st kind
- instances of subject dependencies of the 2nd kind


The basis for modeling domain knowledge is the conceptual model of the object level, so we will consider it in more detail.
Refinement of the formal description of the conceptual model of the 1st kind of the object level
The conceptual model of the object level of the 1st kind for the n-th subject problem is a combination of a set of subject categories (SC), a set of statistical (structural) relations, and a set of dynamic relations on subject categories[3,4]:
	
	,
	(2)


where each of the sets can be represented:
	
	
	(3)


The set of subject categories for the n-th subject problem is divided into many subsets:
	
	
	(4)


where  is a set of binary relations and is a set of ternary relations on object categories,  are dynamic relations,  is a link between static and dynamic components.
	
	
	(5)


For a better perception and understanding of the developed theory, a graphical interpretation of all semantic constructions was proposed.
Binary relations on categories of any level reflect, in their essence, the "pedigree" of attributes (or, more precisely, subject categories of the "Attribute" class) and their meanings. And ternary relationships reflect levels of semantic complexity or "scale."
	
	
	(6)


Dynamic relations include a system of subject dependencies of the 1st kind:
	
	),
	(7)


where  is the set of subject dependencies of the 1st kind and  is the set of binary relations between subject dependencies of the 1st kind.
	
	
	(8)


The set of subject dependencies of the 1st kind is divided into subsets of different levels of decomposition.
	
	,
	(9)


Any dependence of the 1st kind is always a variant of a certain type. Since the type of dependence is always fixed on a certain set of categories, the subject dependence of the 1st kind, as a variant, is fixed on a subset of this set of categories:
	
	
	(10)

	
	

	(11)



where reflects the ratio of structural and contextual subject categories, the  index marks a subset of the set  of subject categories, which characterizes  - constraint or subject dependence for the selected subject problem.
Refinement of the formal description of the conceptual model of the 1st kind of a specific level
Conceptual model of the 1st kind is a combination of a set of instances of subject categories (ISC), a set of statistical (structural) relations, and a set of dynamic relations [3,4]:
	
	>,
	(12)


where each of the sets can be represented as follows:

	
	
	(13)

	
	
	(14)
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where is a set of binary relations and is a set of ternary relations between SC instances,  are dynamic relations,  is a link between static and dynamic components.
	
	
	(16)

	
	
	(17)


Dynamic relation is a system of subject dependencies of the first kind :

	
	),
	(18)



where  is a set of instances of subject dependencies of the 1st kind (ISD -1) and  is a set of binary relations between ISD -1.
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	(19)
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In this case, each instance of a subject dependency can be correlated with an instance of the dependency type. Since an instance of a dependency type is always fixed on a certain set of instances of subject categories, an instance of a subject dependency of the 1st kind is, as a variant, fixed on a subset of this set of categories:
	
	
	(21)

	
	
	(22)


where  is a condition reflecting the ratio of structural and contextual instances of subject categories for the selected subject problem.
Refinement of the formal description of the relationship of conceptual models of the 1st kind of the object and specific levels
Relationships describing the interconnections of conceptual models of different levels of abstraction for representing subject problems  can be represented as follows:
	
	


	(23)


The relationship of the models can be represented component-by-component:
	
	


	(24)


	
	



	(25)


	
	
	(26)



Or, in other words, this relationship of conceptual models can be represented in the form of Table 2.
	
	
	(27)



Table 2. Relationships of models of different levels of abstraction
	
	
	
	
	
	

	

	
	0
	0
	0
	0

	
	0
	
	0
	0
	0

	
	0
	0
	
	0
	0

	
	0
	0
	0
	
	0

	
	0
	0
	0
	0
	


Thus, the refinement of the models has been carried out for each component of the model: elements, static relations (binary and ternary), dynamic relations (dependencies of the 1st kind and their relationships).
Features of identifying statistical subject constraints and their description
The system of subject dependencies of the 1st kind represents many constraints on the basic conceptual structure. Each simple SD-1 can be analytical, statistical, and empirical according to the degree of formalization.
Moreover, any SD-1 can be associated with a certain type of dependencies, i.e. it is possible to define for it a “closing” vertex or SC of a certain class in the main conceptual structure. Any type of dependence has a two-position code, in which the 1st position characterizes the level of semantic complexity, and the 2nd position defines the "closure" to one or different contextual subject categories of a given level of semantic complexity.
All subject categories (SC) are divided into seven classes: Cycle, Process, Problem, Component, Object, Attribute, Value. These classes also form a strict hierarchy for levels of semantic complexity: contextual subject categories define classes of semantic complexity (1- corresponds to the Cycle class; 3- corresponds to the Problem class; 5- corresponds to the Object class) [4].
Based on the above, it is possible to determine a set of rules for determining the types of subject dependencies of the 1st kind:
- Type 5.1: constraint on the interconnection of the SCs of the "Attribute" class within one SC of the "Object" class;
- Type 5.2: constraint on the interconnection of the SCs of the "Attribute" class associated with different but homogeneous SCs of the "Object" class, that is, belonging to one SC of the "Component" class;
- Type 3.1: constraint on the interconnection of SC of the "Attribute" class associated with different and dissimilar SCs of the "Object" class, belonging to different SCs of the "Component" class, but within one SC of the "Problem" class;
- Type 3.2: constraint on the interconnection of SCs of the "Attribute" class associated with different and dissimilar SCs of the "Object" class, belonging to different SCs of the "Component" class of different but homogeneous SCs of the "Problem" class, i.e. within one SC of the "Process" class;
- Type 1.1: constraint on the relationship of SCs of the "Attribute" class associated with different and heterogeneous SCs of the "Object" class, belonging to different SCs of the "Component" class of different SCs of the "Problem" class, included in different SCs of the "Process" class within one SC of the "Cycle" class;
Thus, any SD-1 "closes" on one SC of a certain class by their hierarchy.
A conceptual model of the 1st kind of any level of abstraction for the n-th subject problem, taking into account the performed stratification process, is represented by a set of model fragments in the form:
	
	,
	(28)



where  describes the conceptual model of the n-th object problem of the object level  is the conceptual model of the m-th implementation of the n-th object problem of a specific level ();
〖is a fragment of the conceptual model for design information;  is a set of fragments of the conceptual model for constant information.
	
	}

	(29)



where  is a fragment of the conceptual model for constant information of any level of abstraction; the index  identifies a statistical subject dependence of the 1st kind or its instance, defining a given fragment of the conceptual model.
The formal description of the statistical subject constraints of the 1st kind of the object level
All subject dependencies by the degree of formalization can be classified into analytical (an), statistical (st), empirical (em). Formally, this can be represented [4]:
	
	
	(30)



Since the typology of dependencies is determined by the level of semantic complexity, subject dependencies must determine their type, taking into account the level of complexity.
Statistical subject dependencies of the 1st kind, respectively, can be classified according to types and content (according to general arguments).
A fragment of the conceptual model of the 1st kind for constant information for the selected statistical subject dependence of the 1st kind at the object level can be represented as follows:
	
	
	(31)



where  is a set of subject categories that characterize SD the 1st kind; is set of binary relations on object categories that characterize the  -th SD of the 1st kind; - - statistical subject dependence of the 1st kind,  - linking of SD-1 and the main conceptual structure.
Abstract spaces can be used for the geometric interpretation of constraints of the 1st kind. Thus, the space itself is defined by a contextual category, its axes are determined by structural categories, and the metrics of these axes are determined by monadic categories. Figure 2 shows a geometric interpretation of the subject dependence of the 1st and 2nd types.
[image: ]
Fig. 2. Geometric interpretation of the subject dependence of the 1st kind of the 2nd type, where  define abstract spaces,  define the axes of spaces of different levels of semantic complexity,  - define fragments of scales on the axis
The formal description of statistical subject constraints of the 1st kind of a specific level
All subject dependences according to the degree of formalization can be classified into analytical (an), statistical (st), empirical (em). Formally, this can be represented:
	
	
	(32)


Instances of statistical subject dependencies of the 1st kind, respectively, can be classified by types and by content (by common arguments and by their values).
Since the typology of dependencies is determined by the level of semantic complexity, it is necessary to determine their type to systematize instances of statistical subject dependencies, taking into account the level of complexity.
A fragment of a conceptual model for constant information for a selected statistical instance of a subject dependence of the 1st kind at a specific level can be represented as follows:
	
	
	(33)


where  is a set of instances of subject categories that characterize the splth ISD of the 1st kind;  is a set of binary relations on the ISC, characterizing the splth ISD of the 1st kind;  - statistical instance of subject dependence of the 1st kind,  – linking of ISD-1 and the main conceptual structure at a specific level. 
	
	}
	(34)


Linking is a fragment of a conceptual model for constant information for a selected statistical subject dependence of the 1st kind and a selected statistical instance of a subject dependence of the 1st kind.
For the geometric interpretation of constraints of the 1st kind, the following concepts can be used: abstract space, axes of abstract space, metrics, or scales of axes of abstract space. It is assumed that the axes have "heterogeneous" metrics and any axis can have a set of “non-uniform" scales. Then the abstract space itself will be determined by a contextual subject category, its axes are determined by structural subject categories, and the metrics of these axes are determined by a set of monadic categories.
At a specific level, a monadic subject category instance defines a point on an axis fragment (or a structural subject category instance). The collection of points on the axes defines a point in abstract space (or a contextual instance of a subject category). Figure 3 shows a geometric interpretation of instances of subject dependencies of the 1st year of the 3rd type.
[image: ]
Fig. 3. Geometric interpretation of instances of subject dependence of the 1st kind of the 3rd type, where  is a point in the  fragment of the axis, is a point in the  fragment of the  axis, is a point in space ,  is a point in space 
Statistical SD-1 and instances of statistical SD-1 are a fragment of the conceptual model of the object-level objective problem, in which one SD-1 is associated with a fragment of the main conceptual structure. Based on this, a formal description of the procedure for stratifying the conceptual model of the subject problem for variable and constant information was carried out.
Conclusions
The refinement of the formal description of conceptual representations makes it possible to take into account and systematize all the variety of constraints applied in subject problems, following the typology of constraints on a single conceptual structure.
This is the basis for their subsequent methodological identification and description when developing a methodology for allocating fragments of a conceptual model for permanent information for subject problems.
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УДК 004.057.4:62-526А. 
A.Al Khoury
Batch parameterization of CAN servo drives by using motion controller based on a single-board computer
When upgrading a high-performance CNC, the development of a mechanism for autonomous parameterization of servo drives is an important step. Advanced CNC systems must support multi-protocol control and provide the ability to configure different equipment. Modern servo drives have built-in configuration tools that are designed for devices from the same manufacturer and cannot be used in a heterogeneous environment.
This article describes an approach to developing and using a motion controller to control and configure CAN equipment from different manufacturers based on a single board computer. Program solution for parameterization of different CAN servo drives is demonstrated, the results of the autonomous parameterization are also analyzed.
Keywords: automation, parameterization, CAN servo drives, motion controller, ARM microcomputer, CAN industrial protocol.
Introduction
Various technological tools are used to configure and parameterize the servo drives.
One of the ways of parameterization is the use of the manufacturer's tools. For example, "Motomaster for step CAN servo drives", "MintWorkBench for ABB CAN servo drives", "SuperDrive for WEG servo drives", etc., with the help of which the machine commissioning engineer can select and configure the required parameters of the servo drive operation.
When using the manufacturer's toolkits, the engineer is obliged to connect the servos to a personal computer via the USB interface and install the appropriate software, which increases the cost of the final product, since there will be no configuration tool without a personal computer. In addition, this solution has other disadvantages - the factory setup tools are not open solutions, which does not allow the user to add new functionality, such as automatic setup methods, diagnostics of parameters, and receiving feedback from the CNC system to determine the parameters of servo drives.
Main part
As an example, let us illustrate the CAN servo motion controller, previously implemented in previous works [1], used to perform the control task. In this implementation, the computing platform of the motion controller was an ARM microcomputer Raspberry PI3 with the Linux operating system. The core of the CNC system controls servo drives via the industrial CAN protocol, the interaction between the motion controller and the core of the CNC system is carried out using local TCP/IP [2,3]. The MCP2515 module is a stand-alone CAN bus controller that provides connectivity to CAN servo drives.
To configure servo drives, in addition to the motion controller, we needed a PC with the Motomaster tool.
The previously described classic way of performing servo control and tuning is shown in Fig. 1.
[image: ]
Fig. 1. The classic way to perform control and configuration of servos
Since all servos work in the system and have different loads, this solution has some disadvantages: each drive is configured separately, and the CNC system [4] does not have a complete picture of the operation of the servos, and it is also constantly necessary to re-configure individual drives iteratively.
As a rule, servo drives, in addition to the standard factory setting tool, also support another method of parameterization - the use of a direct industrial fieldbus protocol used for control, which provides customization flexibility and reduces the cost of the final product, since this solution excludes the use of an additional PC.
For the simultaneous execution of tasks of control and adjustment of servo drives using the same industrial protocol, it is necessary to expand the functionality of the motion controller, which was implemented earlier.
[image: ]
Fig. 2. Using the motion controller to control and parameterize servo drives
Additional advantages of using an industrial protocol to solve the parameterization problem are the use of a single protocol for configuration and control; all servos will be connected directly to the motion controller via a single line, which provides flexibility for installation, maintenance, and expansion of the system with new components.
In addition, the CNC system receives feedback information not only for control but also on the status of the operating parameters of the servo drives via one communication line.
The motion controller, as a controlled device, receives information in the form of frames of a certain format via the real-time CAN protocol.
The motion controller as a parameterization device sets the value of a specific parameter of any connected servo drive using the technological CAN protocol (the technological protocol is intended for configuring the drive and analyzing its operation), the frame format for this protocol is shown in Fig.3, with the help of this protocol, you can access any parameters both for writing and for reading.
[image: ]
Fig. 3. The format of the frame of the CAN technological protocol
To perform the task of controlling and parameterizing servo drives, the CNC core [5] initiates the exchange of information with the motion controller and controls the change of communication phases. The main 3 phases are initialization, parameterization, cyclic exchange, as shown in Fig. 4.
At each communication phase, different sets of commands are available, which are perceived by the motion controller. In the parameterization phase, the CAN technology protocol is used, where the procedures for reading and writing the parameters of the servo drive are reproduced in the form of "Request-Response" packets, where the core sends a request [6,7], and the drive responds within a certain period.
[image: ]
Fig. 4. The phases of the motion controller operation and the principle of "communication state machine"
In the parameterization phase, the entire list of parameters of drives and input/output devices will also be set. Depending on the preset values that are stored in the CNC core [8] or entered by the system engineer, high precision of the part processing is ensured. Thus, the motion controller will receive or set the correct set of parameters of the servos via the technical CAN protocol.
In the core of the CNC system, some classes have been developed that allow sending a file with a whole set of servo parameters to the motion controller, for this, we should create an appropriate file, place it in the executable directory, and specify the file name in the machine parameters [9]. The content of the parameterization configuration file depends on the drive type, as shown in Fig. 5.
[image: ]
Fig. 5. Sending a file with a whole set of servo parameters from the CNC core to the motion controller
Thus, according to the technological CAN protocol, each of the drives receives a corresponding set of parameters, then the parameter values are decrypted by the CAN frame identifier.
To change a specific parameter of a servo drive, an online editor of servo drive parameters was implemented, which allows you to change any value and test the accuracy of the movement of the drive when machining a part. The online editor of the servo drive parameters is shown in Fig. 6, it is integrated into the user interface of the control system.
[image: ]
Fig. 6. Online-editor of the step servo drive parameters
There are several models of CAN servo drives on the domestic market - these are synchronous servos and step servos. The synchronous servo, in contrast to the step servo drive, has higher output power, a wider speed range, and high smoothness at low engine speeds. But step servo drive is cheaper for desktop machines. Our approach extends to both models since our motion controller uses the industrial CAN protocol, and the addresses of the parameters of both drive models and their allowable ranges of values have been added to the software solution. In addition, in the structure of the configuration file for parameterization, it is necessary to indicate the used servo drive model - synchronous or step servo drive.
To test the implemented system, a parameterization configuration file was created, with the help of which the parameter used for the step type drive "Acceleration/Deceleration" will be automatically set to the value 1000 when parameterizing. The text file is shown in Fig. 7.
[image: ]
Fig. 7. An example of the configuration file for the parameterization of the step servo drive
To compare this approach with the classical parameterization method, the cores of the CNC system and the motion controller were launched on the hardware base of the Raspberry Pi microcomputer, and an additional PC with the Motomaster tool was needed for the classical method.
Table 1 shows the key points of comparison:
Table 1. Key points of comparison
	[bookmark: _Toc30697285]Parameterization
 method
	Cost
	Parameterization of several drives simultaneously
	Parameterization time for 3 drives
	Used interfaces

	Classic
	15,000 rubles
(PC + Raspberry)
	no
	7 min. (including USB switching)
	- USB for parameterization
- CAN for control

	Our solution
	4000 rubles
(Raspberry only)
	yes
	2 min.
	- CAN for parameterization and control


Conclusions
In this work, an autonomous mechanism for batch parameterization of servo drives was developed using a motion controller based on a RaspberryPi 3 single-board computer, which allowed performing drive parameterization procedures directly from the control system via the industrial CAN protocol and reducing the cost of an additional PC with a factory setup tool. Also, the corresponding software elements were implemented in the CNC system, allowing sending parameter sets to the drive via the motion controller and editing the values of any parameter through an Online editor. This solution gives the CNC system the ability to perform some additional tasks.
These include online readjustment of drives and self-diagnostics. During online readjustment, the CNC system, based on the load of the servo drives, can adjust its own control loop regulators. In self-diagnostics, the CNC system during machine operation receives feedback on the status of the servo drive parameters, analyzes the compliance of the operating parameters, and issues warning messages to the operator about the need to reconfigure the parameters.
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Development of method and algorithm for preparing the control program of machine for mounting printed circuit board with a wide range element base of domestic production.
The work presents the problem of difficult preparation of the control program of the modern high-tech equipment for mounting electronic products with a wide range element base of domestic production. The analysis of structure electronic uploading for preparation of the control program and operation of hardware of the machine with computer-controlled equipment (CNC) for surface mounting is made. The method and algorithm of software-implemented tool for preparing electronic uploading for preparation the control program of the machine have been developed.
Keywords: automation, computer-controlled equipment, CNC, control program, printed circuit board (PCB), surface mounting devices (SMD).
Introduction
At the stage of experimental work on the automated production cell, it was revealed that the vast majority of technological equipment performing automated surface mounting of the planar-type element base has the software [1] adjusted for the installation of the imported element base.
This problem concerns almost all electronic engineering enterprises engaged in the implementation of government orders, which are regulated by generally accepted industry production standards. Based on this, the layout of electronic equipment is made only by the domestic element base to maintain competitiveness in the electronic engineering market. At the same time, production cells engaged in the production of electronic products on a commercial basis can set their conditions for the execution of the order [2]. Enterprises that use the technology of surface mounting of printed circuit boards set the requirements for the design of electronic products for the production facilities that the enterprise has. As a rule, enterprises that produce electronic equipment set the design of products with 90% of the imported element base due to the problem associated with the peculiarities of the operation of technological equipment [3].
Analysis of the process of creating a control program for a CNC machine
In practice, during the preparation of production, due to the indicated drawback, it is necessary to carry out the laborious process of creating the control program of the machine tool manually. If we consider the process of creating a control program on a CNC machine, it is divided into the following stages:
1. preparation of electronic unloading from the board design environment;
2. reconciliation and editing of the parameters of electronic unloading with design documentation;
3. preparation of the installation file by the built-in software of the machine that performs the automated installation.
When generating an electronic upload file, it is necessary to determine in which systems (environments) the printed circuit board was designed. In this study, the design and construction of electronic products are governed by the use of AltiumDesigner and P-CAD programs [4]. In the presented automatic design systems (CAD), the process of generating an electronic download for automatic looks like this.
Generating electronic uploads in AltiumDesigner
In AltiumDesigner, a constructed model of a printed circuit assembly containing a topological drawing of a printed circuit board with the extension ".pcb" must be opened using the appropriate software. With the built-in CAD software, the "Pick and Place Setup" dialog box is opened sequentially in the tabs (File → Assembly Outputs → Generates pick and place files), the necessary parameters are set in it, which will later be generated in the form of text data for electronic unloading for the CNC installer (Fig.1).
[image: ]
Fig. 1. The order of opening tabs for generating the upload file
In this dialog box, the unit of measurement for the coordinates of the element base is indicated (in practice, the metric system is always used), then the file in the form of a text table (Fig. 2) is generated automatically in the root folder of the project. This file is required to implement the installation of components on a printed circuit board on an automatic installer.
[image: Описание: E:\Рабочий стол\Безымянный.png]
Fig. 2. View of the text file of the electronic upload
Formation of electronic upload in P-CAD
The procedure for creating an upload from this software is identical to the previous one, except that in this program it is necessary to specify what data to enter in the electronic upload (all project data is generated in AltiumDesigner).
To create an electronic upload after designing a printed circuit assembly, using the tabs "File" and "Reports" in the dialog box that appears (Fig. 3), select the attributes required to generate an electronic upload. Further, to configure the generated file, you need to select additional settings (coordinate value, nominal value, standard size of the electronic component, etc.).
[image: ]
Fig. 3. View of the "File Reports" dialog box
Then the file in the form of a text table (Fig. 4), as in the previous case, is formed automatically in the root folder of the project. This file is necessary to implement the installation of components on a printed circuit board on an automatic installer.
[image: Описание: к Инструкциям]
Fig. 4. View of the text file of the electronic upload
Description of the structure of electronic unload from CAD
To represent the structure of the electronic unloading for an automatic installer with a CNC system, we define the value of each attribute:
• Mid X, Mid Y as well as LocationX, LocationY - coordinates relative to the center point of the component; this parameter is required for precise positioning of the element base on the contact pad;
• Layer - the side of the component (bottom or top); since most electronic products are mounted on both sides by design, this parameter allows you to sort them by location on the board;
• Designator - component identifier on the printed circuit board; as a rule, the identifier, in addition to the model, is duplicated on the printed circuit board in the form of silk-screen printing for checking during the start-up launch for the correspondence of the location of the component relative to its seat; 
• Rotation - the angle by which the component is rotated on the model; since chip components are supplied in a vertical position in the tape, this parameter is required when the component is automatically rotated by a given angle;
• Type and Footprint - component size; this parameter is the key to the productivity of the installer, since thanks to it, the electronic unloading is linked to the library of components of the installer, after which the automat performs manipulations on the installation of this component, linking through the library all the attributes and options related to the specifics of its installation.
Problem statement
A significant disadvantage of automatic installers, due to which the productivity of the machine tool drops sharply at the stage of technological preparation of production, as mentioned earlier, is a large volume of domestic hardware components used in electronic products [5].
When developing a method for solving this problem, the option of replenishing the built-in library with domestic cases was considered, but in the process of mastering the machine software that adds a new component to the library, a problem arose associated with the need to enter a large number of element base parameters:
• selection of the type of centering of the component in the setting head of the machine (laser, machine vision, automatic mechanics, etc.);
• input of component dimensions (height, width, length);
• location of the key or polarity symbol of the component;
• selection of a nozzle for gripping a component;
• setting the vacuum level in the nozzle;
• creating a graphical image of a component using the built-in software utility;
• binding the feeder to the component and choosing its type;
• advanced settings for gripping a component from a feeder;
• setting parameters for each type of component centering;
• adjusting the speed of movement of the manipulator with the component in the head.
In general, if we imagine the process of replenishing the built-in library with the nomenclature of all domestic elements used in electronic products of computer control systems, then, according to preliminary calculations, this process may take several years. Also, an increase in the labor intensity of the process of replenishing the library is due to a number of the following factors: re-equipment of electronic products and technological equipment, development, and implementation of new electronic products, updating outdated elements base, etc. Based on the above, it was decided to simulate a software tool that adapts electronic unloading for automatic installers [6].
Development of a model and method of forming electronic unloading for CNC machines
When studying the standard sizes of the domestic element base, it was found that it corresponds to almost all known import designations of standard sizes. The difference lies in the material from which the microcircuits and size coding are made. For example, the domestic standard size of integrated microcircuits 4308.16-1 fully corresponds to the standard sizes of the imported SO16 coding (Fig. 5), based on which it can be concluded that the element codes of domestic production and the element codes of imported production are interchangeable. In other words, the means for adapting electronic unloading, a sub-automatic installer of the element base, must replace the code of the domestic standard size of the case with an imported designation of the standard size. With this, it is possible to adapt electronic products with a wide range of domestic element bases for installation on modern equipment that carries out automated surface mounting of electronic equipment [7].
[image: Описание: E:\Рабочий стол\Безымянный.png]
Fig. 5. Comparison of standard sizes of cases of domestic and foreign production
Based on the type of electronic unloading presented earlier, it can be concluded that the replacement of the code values will be made in the columns "Type" and "Footprint" since they contain the code of the standard size of the element base. Due to this, the process of replacing the codes of the standard sizes of the element base can be represented in the form of an algorithm (Fig. 6).
Based on the given model of the algorithm for the formation of electronic unloading, adapting domestic cases for imported ones, it is possible to perform a software implementation of such a converter to significantly increase the performance indicator at the stage of technological preparation of production and assembly processes in general.
[image: ]
Fig. 6. Algorithm of work of the electronic unloading converter
Modeling and development of this method is a conceptual solution to the problem of preparing a control program for automatic CNC installers for all enterprises that use surface mount technology for electronic products.
Research results and their discussion
Based on the results of the work carried out on modeling the automation tool for technological preparation of production, which converts electronic unloading for an automatic element installer, an experimental model of the program was designed based on the developed converter algorithm [8].
The software model developed based on the algorithm, by creating an integrated data library, is completed with codes of domestic elements that are closest to their imported counterparts, for subsequent automatic replacement of the code synonym.
If the synonym of the code of the body of the domestic element base is not found, then the code of the synonym is entered manually, after which a new code (precedent) is entered into the library to implement the replacement of this body of the element in the future.
When testing the starting version of the designed model of the electronic unloading conversion software, it turned out to convert the initial form of electronic unloading from the CAD for the design of electronic products into the final form adapted to the built-in software of the CNC machine, using the pre-installed library of element base cases used on printed circuit assemblies (Fig.7).
[image: Описание: Безымянный]
Fig. 7. View of electronic upload before and after conversion
Based on the results of the test work of the model of the automatic converter of electronic unloading (in comparison with the manual method of its preparation), it was concluded that the time for compiling the control program of the CNC machine was significantly reduced. Since the manual preparation of electronic unloading required a time-consuming operation to study the product specification and the composition of the element base to determine the code of the component body, using the developed converter model, the operation of processing design documentation for labor intensity is minimized, and since electronic unloading is generated from the source project file, checking the drawing for inconsistencies is not required.
Conclusion
Based on the above observation, we can conclude about the positive effect of the developed model of the electronic unloading converter, thanks to which, at the stage of preparing the control program of the CNC machine, there is no need to perform a labor-intensive and responsible operation for pre-processing design documentation, which greatly reduces the time of implementation of technological preparation for the production of electronic products.
According to the results of the test work, in addition to simplifying the technological preparation associated with the development of a control program for a CNC machine, there is a significant reduction in the labor intensity of the production of electronic products. Moreover, with an increase in the complexity of the design of the printed circuit assembly, the time spent on preparing the electronic unloading decreases, and there is no need for operations related to the processing of design documentation. This effect is caused by the fact that with a manual type of assembly of a printed circuit assembly, the installer should constantly refer to the design documentation for the correct installation of the element base, just as in automated assembly the operator of the CNC machine based on the design data of the printed circuit assembly composes a control program, creating an element base that is constantly changing from time constructively due to the high rates of development of domestic electronics.
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Development of OPC UA server and conducting bench tests for remote monitoring of parameters of the CNC system core
The OPC UA protocol is widely used for data collection of technological production equipment and monitoring its operation. 
This work describes a way of connecting the CNC system to the OPC UA server for performing remote monitoring of parameters and then conduct bench tests to evaluate the performance of the OPC UA servers.
[bookmark: _Toc30697224]Keywords: Automation, monitoring, OPC UA server, CNC, testing.
Introduction
Industry 4.0 and the Industrial Internet of Things (IIoT) provide a powerful industrial digitization solution for remote monitoring and control of process equipment. This solution supports several types of technological equipment, for example, CNC machines, PLCs, controllers, network switches, data collectors, etc. It also supports many standard communication protocols (OPC UA, MT Connect, Modbus, PROFINET, MQTT, etc.) for connecting process equipment, making it suitable for various applications and projects of process automation.
OPC UA is widely used as a key communication and data modeling technology for the Industry 4.0 initiative. It works with many software platforms, is fully scalable, and, due to its flexibility, is widely used in several manufacturing industries.
Since there are many OPC UA protocol libraries in different programming languages and with many types of licenses, an important step after the implementation of an OPC UA server-based on various libraries is to conduct bench tests to evaluate the performance of OPC UA servers, the data exchange rate of each node for reading and writing. 
Main part
There are many communication interfaces, profiles, and mechanisms for integrating CNC machines into the production network, including standardized solutions for specific manufacturers.
A large number of different standards and the lack of consistency in standardization lead to significant difficulties when creating new OPC UA networks. OPC UA is a standard for cross-industry communication between different participants.
Although OPC UA is currently used in the field of CNC machine tools, there are no universal and consistent information models. The main goal of OPC UA is to create standard companions for CNC systems [1,2].
Figure 1 shows an OPC UA information model for remote monitoring of the parameters of the CNC system core. Conventionally, the components operating in real-time are distinguished in the architecture of the technological equipment control system: the core of the control system (the core of the CNC system) and the components operating in machine time: the terminal of the control system (the terminal of the CNC system) and the OPC UA server.
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Fig. 1. Information OPC UA model for remote monitoring of the parameters of CNC system core
The OPC UA server runs on a personal computer, generates parameters specific to the CNC system, and communicates with the core via a TCP/IP socket. Using this protocol, the server receives a list of readable parameters of the CNC system core. Remote monitoring of the parameters of the core of the CNC system is carried out by cloud clients and ready-made clients available in the OPC UA market, as well as by clients developed by OPC UA.
Any client connected to the OPC UA server has access to the list of parameters of the CNC system core to monitor and read their values. Thus, a system engineer, using the OPC UA client, can remotely monitor the parameters of the CNC system core.
[bookmark: _Hlk26040021][bookmark: _Hlk25868130]The OPC UA information model is implemented in the OPC UA server and reflects the logical structure of a CNC machine [3]. A proposed information model corresponds to the hierarchy of the internal structure of objects of the CNC system, which makes it possible to have complete and structured information about the machine tool and the machining process, as well as to build full-featured operator interfaces like OPC UA clients. Restrictions of the AxiOMA Control platform are imposed on the information model for the CNC system, for example, the maximum permissible number of channels, the number of axes, etc. These restrictions are implemented in software and can be extended if necessary.
The OPC UA server provides remote monitoring of the parameters of the core of the AxiOMA Control CNC system, which solves real-time problems.
The OPC UA server also establishes a relationship between the parameter of the CNC system core and OPC UA clients. The tasks of the architectural model of the OPC UA server for customer service of the CNC system [4,5] include:
- Detection of CNC systems specified by a text format list and automatic connection to those that are working at the time of launch. Interaction between the CNC system client and the CNC system core is carried out using an open protocol.
- Automatic creation of C ++ objects corresponding to the main objects of the core of the connected CNC systems (the core as a whole, channels, axes, etc.).
- Automatic creation and subsequent updating of OPC UA data of elements corresponding to objects and their data of connected CNC systems.
In particular, OPC UA elements of the "CNCType" type are characterized by such data about the state of the CNC system core, such as the connection status, the total operating time of the machine, the processor load, etc. OPC UA elements of the "ChannelType" type are characterized by such data as working mode, channel state, name of the current control program, etc. For elements of the "AxisType" type - the axis type, current, set and end coordinates, etc. A simplified hierarchy of OPC UA server elements is shown in Figure 2.
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Fig. 2. Architectural model of the OPC UA server for remote monitoring of the parameters of the core of the CNC system
As a result, the OPC UA server has data on the state of the core of the CNC system [6] and on control objects (spindle, drives controlling machine axes, etc.) and transmits this data to all OPC UA clients operating based on various operating systems, providing complete remote monitoring of machine data.
The main code of the OPC UA server does not depend on the hardware and software platform. This is the most common way to build multiplatform software modules.
All available data received from the CNC system [7] are similarly defined in the information model of the OPC UA server. After establishing communication between the OPC UA server and the CNC system, the clients connected to the OPC UA server gain access to the data of the CNC system such as the connected channels, the state of the connection with the OPC UA server, and the total operating time of the system. The Channel node displays general information about the channel and the working axes in it. In the Axis node, information about the current state of the axis is viewed. Figure 3 shows the viewing of nodes and access to data from the OPC UA server of the CNC system. These nodes provide the ability to remotely monitor the parameters of the CNC system core.
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Fig. 3. Viewing nodes and accessing data from the OPC UA server of the CNC system
The OPC UA CNC server [8,9] was implemented using two different libraries:
- OPC UA SDK C ++: A closed source solution suite developed by Unified Automation GmbH in C ++ and has rich developer documentation detailing how to create a basic OPC UA application. But it is not completely free.
- OPC UA Open62541: Open source and completely free project under the Mozilla Public License v2.0 (MPLv2). This library implements the OPC UA specification and is developed in the C \ C ++ and C # languages. Has well-described documentation with instructions for building and creating an OPC UA application.
UAExpert OPC UA client can be used to measure the efficiency of an OPC UA server. This client can be configured to call OPC UA services (read, write, create and delete items) a certain number of times or to call services as often as possible at a specified time interval. UAExpert OPC UA client can also specify the number of nodes to be used for OPC UA service calls. For each test case, a cumulative value is provided that displays the average time of all tested OPC UA services tested for each number of nodes.
Using this client, the efficiency of the OPC UA SDK C++ and OPC UA Open62541 libraries was compared. The comparison is performed using a different number of nodes (10,50, 100, 250, 500, and 1000) and by repeating the comparison 100 times for each number of nodes. The test results are presented in Tables 1 and 2, as well as in Figures 4 and 5.
Table 1. Average time of tested OPC UA services of the OPC UA Open62541 library using the UAExpert OPC UA client
	
	Average time of tested OPC UA services for each number of nodes (ms)

	
	10 nodes
	50 nodes
	100 nodes
	250 nodes
	500 nodes
	1000 nodes

	OPC UA Service
	Read
	0.4739
	1.1989
	2.5491
	5,7597
	14,2555
	37,9581

	
	Write
	1,4998
	6,2471
	12,0716
	29,0203
	63,3387
	126,6281

	
	Create
	0,7412
	2,6965
	5,2722
	12,8442
	29,2738
	71,4381

	
	Delete
	0,2251
	0,3481
	0,6618
	1,2856
	2,6373
	16,9371


The average time of all tested OPC UA services for each number of nodes using the OPC UA Open62541 library is also shown in Figure 4.
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Fig. 4. Average time of all tested OPC UA services for each number of nodes using the OPC UA Open62541 library
Table 2. Average time of tested OPC UA services of OPC UA SDK C ++ library using UAExpert OPC UA client
	
	Average time of tested OPC UA services for each number of nodes (ms)

	
	10 nodes
	50 nodes
	100 nodes
	250 nodes
	500 nodes
	1000 nodes

	OPC UA Service
	Read
	2.0291
	7.0718
	11.6071
	26.2831
	50.4835
	92.7631

	
	Write
	1.3382
	6.1828
	11.3316
	25.6181
	52.5566
	91.7058

	
	Create 
	2.1801
	8.7217
	15.3221
	35.0561
	70.4501
	130.089

	
	Delete 
	0.4564
	0.9609
	1.5543
	3.3545
	7.2471
	19.3253


The average time of all tested OPC UA services for each number of nodes using the OPC UA SDK C ++ library is shown in Figure 5.
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Fig. 5. Average time of all tested OPC UA services for each number of nodes using the OPC UA SDK C ++ library
Comparison of the data presented in tables 1 and 2 shows that the OPC UA Open62541 library is faster than the OPC UA SDK C ++ library for OPC UA services for reading, creating, and deleting items, but the OPC UA SDK C ++ library is faster than the OPC UA Open62541 library for OPC UA writing services elements.
Conclusions
In this work, bench testing was carried out. We also compared the efficiency of the OPC UA SDK C++ and OPC UA Open62541 libraries using the UAExpert OPC UA client. It turned out that the OPC UA Open62541 library is faster than the OPC UA SDK C++ library for OPC UA services for reading, creating, and deleting elements, but the OPC UA SDK C++ library is faster than the OPC UA Open62541 library for OPC UA services for writing elements.
The current implementation of the project is a way to connect the CNC system to the OPC UA server for remote monitoring of the parameters of the core of the CNC system.
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УДК 681.5:622.276
Drapak K.A., Krylov E.G., Kapitanov A. V.
LNG terminal risk assessment analysis using a risk diagram
The features of the operation of gas processing plants with an increased risk are considered, a methodology for analyzing and controlling the risks of an LNG terminal using the LOPA method is presented. The assessment of the probability of failures on demand, taking into account the provision of safety integrity for high-tech automated systems, is described. A risk diagram has been drawn based on the likelihood of an incident and damage to the plant or equipment. 
Keywords: LNG terminal, LOPA analysis, reliability, safety, risk, risk diagram.
The operation of the regasification terminals of liquefied natural gas (LNG terminals) of the Rosneft LNG complex has revealed the need to study and reduce the environmental risks that arise during the operation of the equipment in the harsh climatic conditions of Russia (frost, hot climate, high humidity, heavy winds).
The LNG terminal is a special regasification complex consisting of a berth, a discharge jetty, storage tanks, an evaporation system, evaporation gas treatment plants from tanks, a metering unit, and technological blocks. The technological equipment of the LNG terminal is shown in Fig. 1 and includes: stands for loading gas onto LNG and NG tankers (1, 3); floating isothermal tanks for storing ПлХГ gas (2); compressors and recondensers of flash gas; LNG evaporators or regasifiers, low-pressure submersible pumps of tanks (4). LNG production plants are also shown in Fig. 1 and are indicated by numbers: the NG dehydration unit (5); the NG liquefaction unit (6); the rectification unit (7); the LNG regasification unit with a pumping station (8).
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Fig. 1. Technological scheme of the LNG terminal equipment
The design of LNG terminals in terms of general requirements is carried out by GOST R 54257, GOST R 54382, GOST 5P4483. During the construction and operation of the LNG terminal, a quantitative risk assessment is necessary, which will allow taking into account the adjacent or responsible port facilities and civilian areas, as well as the geographical conditions of port territories and resort areas to reduce the likelihood of accidents and man-made disasters. Table 1 presents an analysis of accidents on Russian gas pipelines.
The main factors and reasons contributing to the occurrence of emergency ruptures of gas pipelines are an increase in the initial (pre-operational) damage during operation (defective construction and installation works, factory defective pipes), undetected during testing and commissioning; the formation of corrosion damage (atmospheric and soil corrosion; stress corrosion); mechanical defects of pipes by construction (earthmoving) equipment; low-quality performance (or absence) of diagnostic and repair work.
To reduce the risk of occurrence and development of emergencies and to ensure that the gas transportation system of the Russian Federation is in working condition, some measures should be taken to prevent and reduce the accident rate of main gas pipelines [1].
Table 1. Analysis of accidents on Russian gas pipelines
	1. Analysis of accidents on Russian gas pipelines

	Date, place
	Causes
	Consequences

	August 23, 2018
Sakhalin-2 LNG plant of Gazprom PJSC
	Malfunction in the operation of one of the two LNG gas compressors. 
	Reduction of gas production.

	January 22, 2019
Gas tankers Maestro (IMO 8810700) and Candy (IMO 9005479), Kerch Strait, Black Sea.
	Violations of safety regulations during the transshipment of LNG from one vessel to another.
	A fire on a gas tanker and pollution of the sea area.

	November 23, 2019
The water area of the port of Odessa, the Black Sea.
	Climatic conditions (storm).
	Pollution of the sea area and the territory of the city beach.

	June 12, 2020
LLC "Gazprom liquefied gas", Kazan
	Violations of safety standards.
	Ignition of a stationary container of finished products with a volume of 200 m3.

	July 13, 2020
Section of the Okha – Komsomolsk-on-Amur oil pipeline of RN-Sakhalinmorneftegaz LLC of Rosneft PJSC
	Corrosion of the metal of the oil pipeline.
	Contamination of the territory with oil products.

	December 3, 2020
Igrim-Serov-Nizhny Tagil main gas pipeline, Novolyalinsky city district, Sverdlovsk region.
	Depressurization of the gas pipeline.
	A fire on a gas pipeline.

	February 26, 2021
Yubileynoye gas field, Novy Urengoy, Yamalo-Nenets autonomous district
	Violations of safety regulations.

	Fire in the gas treatment building, decrease in gas production, pollution of the territory.


To solve this problem, it is proposed to use the LOPA analysis, in which the possible consequences are calculated up to the order of magnitude of severity, which is much simpler than mathematical modeling, but at the same time allows you to compare the risks of different scenarios.
The LOPA analysis can be performed immediately after the HAZOP hazard analysis, or concurrently with it, or after re-confirmation of the results of these analyzes [2]. The general process for performing LOPA analysis is shown in Fig. 2.
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Fig. 2. Block diagram of the "LOPA Analysis" process
The steps of performing the LOPA analysis.
The first step. Registration of all reference documents, including hazard analysis documentation, safety valve design documents and inspection reports, protection level design documents, etc. 
The second step. Entering data on the deviation of the technological process and the dangerous scenario considered by the analytical group into the documentation.
The third step. Determination of all initiating reasons for a given deviation of the technological process and determination of the frequency of each initiating reason.
The fourth step. Determining the consequences of a dangerous scenario.
The fifth step. Enumeration of independent levels of protection that can eliminate all the initiating causes. They must meet the requirements for independence, specificity, trustworthiness, and verifiability.
The sixth step. Submission of specific documentation to reduce the risk.
The risk assessment matrix provides a qualitative analysis of the risk level of an undesirable event during the performance of this type of work at the automation facility. When forming a list of significant hazards and risks in the field of labor protection, industrial safety, and environmental protection (LP, IS, and EP), the significant risks are those whose assessment result is 8-25 (Fig. 3).
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Fig. 3. Matrix of the value of risks in the area (LP, IS, and EP)
By multiplying the impact scale, which ranges from 1 to 5, and the probability of risk occurrence from 1 to 5, an assessment of the risk level is obtained, which can take a value from 1 to 25. The risk assessment algorithm is shown in Fig. 4. The key to the risk matrix is presented in Table 2.
Table 2. Key to the risk matrix
	2. Key to the risk matrix

	ОВ
	Extremely high risk (catastrophic)

	В
	High risk

	С
	Significant risk

	НЗ
	Insignificant risk

	Н
	Low risk
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Fig. 4. Risk assessment algorithm
The risk assessment methodology is as follows. The risk diagram is based on the probability of an incident and the damage caused to the enterprise or equipment. A table of possible incidents is compiled, after which the risks are identified and their qualitative assessment is carried out. Further, the risks are divided into categories depending on their importance and the damage caused. The data is presented using a diagram, where you can see which of the risks is the most significant.
The risk identification analysis of LNG terminal equipment revealed 24 risks (Fig. 5).
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Fig. 5. Diagram of risks during operation of gas equipment
These risks are classified into the following categories: strategic, technological, technical, personal, political, legal, economic, and force majeure situations (environmental). There were 6 risks in the high-risk zone, the quantitative assessment of which took the value from 8 to 16 points:
- physical wear of the equipment;
- mechanical damage to the components of technical devices;
- impossibility of achieving the planned level of gas production;
- actuation of safety devices;
- manifestation of a latent defect of an equipment element;
- deviation from the norm of the technological process.
The described methodology for assessing the risk of LNG terminal equipment using a risk diagram provides a qualitative and basic quantitative analysis of the level of occurrence of an undesirable event during production operations and can be used to increase the reliability and safety of complex automated systems at the steps of their design and operation.
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Sukhanova N.V., Sheptunov S.A.
The neural network models of equipment and technological processes in mechanical engineering and their application in automated control systems
The purpose of the study is to reduce the cost of the development and operation of automated control systems. Research methods - modeling, artificial neural networks. The obtained results - new neural network models of equipment and technological processes in mechanical engineering are proposed. Models are implemented based on switching neural networks. The switching structure of neural networks allows you to modify, complement and complicate models at all stages of the life cycle.
Keywords: automated control systems (ACS), neural network models of equipment and technological processes, switching structure, artificial neural networks.
1. Relevance
At the present stage, "the time between obtaining new knowledge and creating technologies, products, and services, and their entry into the market has been significantly reduced"[1]. Using models instead of real objects allows us to reduce the time of the automated control system innovation cycle. It is proposed to use models based on artificial neural networks (ANN). The use of ANN with a traditional structure is limited due to the complexity of their hardware and software implementation. An increase in the number of neurons in an ANN with a traditional structure leads to an increase in the number of their mutual connections and an increase in the time spent on training. A change in the structure of the ANN or the training sample for a traditional neural network requires its re-synthesis and subsequent training. New neural network models of equipment and technological processes in mechanical engineering based on switchboard neural networks are proposed [2,3], see Fig. 1.
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Fig. 1. Switch ANN
The switch structure allows you to combine the trained fragments of neural networks with each other, see Fig. 1. The change and complication of the neural network model occur by adding additional switches and newly trained fragments to the already trained neural network. The switch neural network allows you to make changes to the developed model, change its functions and properties. The switch structure of neural networks eliminates the need for repeated synthesis and training of the entire neural network, which reduces the training time, the cost of implementing the model and should give a great economic effect.
2. Development of a neural network model of ACS equipment
It is proposed to use a modular computing system (CS) with a switch structure to develop a neural network model of equipment. In the computing system [4], modules of the same or different types can be used, depending on the functions of the simulated equipment:
1. Peripheral modules are designed to exchange data with the external environment, technological processes, equipment, and other models.
2. Intelligent modules contain fragments of a trained switching ANN.
3. Algorithmic modules implement a program based on an algorithm for processing input data and generating output data.
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Fig. 2. Modular computing system with a switch structure
The modules of the computing system are combined and form layers [5], see Fig. 3.
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Fig. 3. Multi-layer modular computing system with a switch structure
At different stages of the life cycle, the functions of equipment can expand and become more complex, which requires corresponding changes in the neural network model.
[image: ]
Fig. 4. Functional model of the equipment
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Fig. 5. Neural network model of the equipment
The neural network model of the equipment is created by the method of sequential synthesis, when there are basic and additional functions of the equipment, see Figure 4.5. The main functions of the equipment are implemented in an existing neural network model. Additional hardware functions are implemented in new layers that are connected through switches.
3. Development of a neural network model of the technological process
A neural network model of technological processes based on a modular computing system is proposed in this paper. The technological process is represented by a network model of operations that are performed serially or in parallel in time. Transitions from one operation to another occur at random times, see Figure 6,7.
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Fig.6. Structure of operations in TP
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Fig. 7. Neural network model of the technological process
The transition time is modeled based on a statistical law, which is given by the probability distribution function. The modular computing system is supplemented with random number generators that set the execution time of each operation. The random number generator is connected to the control input of the switch. When a signal is received from a random number generator (RNG), the switch switches the inputs and outputs. Mutual connections of switches implement serial and parallel execution of technological process operations. At different stages of the life cycle, changes can be made to the technological process that relates to the execution of operations, their sequence, or the statistical law of the distribution of the time of execution of each operation. The switch structure of the neural network model of the TP allows connecting additional and disconnecting redundant modules and layers in the following cases [ 8-9]:
- neural network models of various equipment and technological process are implemented on the same hardware and software complex of the computer system,
- at different stages of the life cycle of the automated control system, the functions of the equipment and technological process change, respectively, it is necessary to connect additional or disable redundant modules of the computer system,
- neural network model allows you to implement and compare the effectiveness of different variants of the automated control system structure.
Conclusions
Neural network models of equipment and TP based on neural networks with a switch structure are proposed. Through additional switches, new fragments of the neural network are connected, which expand and change the functionality of the model at different stages of the life cycle. The use of neural network models allows you to simulate the operation of various equipment and TP on one hardware and software complex and reduce the period of the innovation cycle from requirements development to product release.
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Milling cutters for machining parts in the railway industry
The paper is devoted to the calculation method (algorithm), design of structural elements, creation of a parameterized model, and calculation of the cutting modes of a milling cutter with changeable polyhedral inserts.
Keywords: milling cutters with polyhedral inserts, form milling cutters, design of cutting tools, modes of a cutter with polyhedral inserts.
Prefabricated shaped milling cutters are widely used in various industries, for example, in the railway industry. The problem of processing hardened shaped parts with a straight guide (pointers of switches, side barrel-shaped profiles, railheads, etc.) or processing of a hardened shaped part of the body of rotation (wheelset tires) [4,8]. When designing prefabricated shaped milling cutters, a comprehensive study of such issues as the choice of the shape of carbide replaceable polyhedral plates depending on the profile of the part, their location on the profile, errors that occur during processing, the influence of profile parameters on performance, etc. is required.
Thus, the design, development, and evaluation of the operational characteristics of the structures of prefabricated milling cutters with replaceable polyhedral plates (RPP) for processing the above parts is an urgent task.
When designing prefabricated milling cutters with RPP, the initial data are the processed material and the profile of the tire (rim) of wheelsets or the profile of the railhead [3]. A schematic block diagram of a CAD system of a prefabricated shaped cutter with an RPP has been developed (Fig. 1).
[image: ]
Fig. 1. The developed basic block diagram of the CAD of the prefabricated shaped milling cutter
The design of prefabricated shaped milling cutters with replaceable polyhedral plates should be considered as a system of separate, functionally interconnected structural elements, clearly represented in the form of an oriented graph [1]. The graph model of the design of a prefabricated shaped milling cutter with replaceable polyhedral plates allows you to analyze the constituent elements of the design of a prefabricated shaped milling cutter, build a logical scheme of the found technical solution and evaluate its effectiveness (Fig. 2). Also, the considered model is open and can be modified by specific technical requirements without changing the initial structure.
[image: ]
Fig. 2. Graph model of the construction of a prefabricated shaped milling cutter
The error in the processing of any part, namely, the set of precision parameters that affect the processing of a prefabricated milling cutter with an RPP, can also be represented in the form of an oriented graph (Fig. 3). The proposed model allows you to visually determine all the components of the processing error of a part, identify and classify the parameters that affect the processing accuracy. The graph model does not include errors from thermal, electrochemical, and dynamic processes (except for the action of the cutting force). The total processing error in this model is decomposed into its parts: errors of the machine (device), fixture, tool, part. This allows you to identify the relationship between the components of the error and select those edges of the graph, with the elements attached to them, which have the greatest impact on the total error. Thus, it becomes possible to control the quality of processing.
[image: ]
Fig. 3. Graph of processing errors when milling with prefabricated shaped cutters
Based on the obtained data on the design features of the milling cutters, the formation of the processing error, methods for calculating the design parameters of the milling cutters for processing the railhead, and wheelset bandages will be obtained [2].
After analyzing the designs of prefabricated shaped milling cutters with round plates for processing wheelsets, the design of a shaped milling cutter with a diameter of D = 250 mm with 10 blades was selected for further research.
The roughness of the wheelset rim surface when machining with prefabricated shaped cutters depends, first of all, on the angle of overlapping of the shaped cutter with a blade, i.e. on how close the envelope surface is to a given profile of the wheel's working surface. The height of residual irregularities after machining wheelsets in concave and convex areas should be minimal. This is achieved with the optimal mutual arrangement of the round plates (Fig. 4). In this case, the design of the blades allows us to place on each blade 13 round plates with a diameter of d = 12 mm, the center distance of which is P = 14 mm (Fig. 5).
[image: ]
Fig. 4. Wheel profile divided into 5 sections
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Fig. 5. The layout of the RPP on the convex (a), concave (b), and straight (c) surface of the workpiece
The height of the residual irregularities hвып1,2 after processing the part for convex surfaces is calculated by the formula (1) [1]:
	
	
	(1)


residual irregularities hвог after processing the part for concave surfaces is calculated by the formula (2) [1]:
	
	
	(2)


The height of the residual irregularities hпр after machining the part for straight surfaces is calculated by the formula (3) [1]:
	
	
	(3)


In formulas (1) - (3) Rвог/вып is the radius of the processed concave or convex profile, mm; P is the distance between the centers of the plates, mm; p is the distance between the centers of the plates located on adjacent teeth, mm; p1 is the distance between the main base points, mm; g is the distance between the plates located on one tooth, mm; δвог/вып - angular step between the centers of the plates on one tooth, º; βвог/вып is the angular step between the centers of the plates located on adjacent teeth, measured in the axial plane of the cutter, º; h - the height of residual irregularities after processing, mm.
The results of calculating the heights of residual irregularities for the corresponding sections of the processed profile are given in table. 1.
Table 1. The heights of residual irregularities in different parts of the processed profile
	Section №
	1
	2
	3 and 5
	4

	Radius of the processed convex or concave profile R, mm
	45
	12.5
	−
	15

	Distance between the centers of the plates P, mm
	14

	Distance between plates g, mm
	2.409

	Distance between the centers of the plates located on adjacent teeth p, mm
	1.4

	Distance between main base points p1, mm
	1.239
	0.97
	1.4
	2.67

	Angular pitch between the centers of the plates located on adjacent teeth, measured in the axial plane of the cutter β, °
	1.578
	4.447
	−
	10.212

	Angular pitch between the centers of the plates on one tooth δ, °
	15.778
	44.467
	−
	102.212

	Height of residual irregularities after machining h, mm
	0.036
	0.029
	0.043
	0.083


The results of calculations of cutting modes for milling cutters with round plates and milling cutters with the tangential mounting of plates are shown in Tables 2 and 3. All formulas and coefficients used for calculating cutting modes were selected by the recommendations of the manual of a mechanical engineer [7].
Table 2. The results of calculating the cutting modes of cutters with the radial attachment of round inserts
	Cutting depth t, mm
	1
	2
	3
	4
	5
	6

	Feed per tooth Sz, mm/tooth
	0.12

	Cutting speed V, m/min
	310
	240
	205
	183
	168
	157

	Rotational frequency n for Ø250 mm, rpm
	395
	305
	260
	233
	214
	200

	Minute feed SM, mm/min
	474
	366
	312
	280
	257
	240

	Cutting force Pz, N
	63.5
	116.6
	166.6
	215
	261
	307

	Torque Mкр, N*m
	79.4
	145.7
	208.3
	268.7
	326.2
	383.7

	Cutting power N, kW
	0.322
	0.457
	0.558
	0.643
	0.716
	0.788

	Machine time T0 for processing wheelset tires, min
	8.76
	11.36
	13.33
	14.85
	16.2
	17.3



Table 3. The results of calculating the cutting modes of cutters with the tangential attachment of plates
	Cutting depth t, mm
	1
	2
	3
	4
	5
	6

	Feed per tooth Sz, mm/tooth
	0.12

	Cutting speed V, m/min
	295
	227
	195
	174
	160
	149

	Rotational frequency n for Ø230 mm, rpm
	408
	314
	270
	241
	222
	207

	Minute feed SM, mm/min
	735
	565
	485
	434
	399
	372

	Cutting force Pz, N
	100
	184
	262.8
	338.5
	412
	483.7

	Torque Mкр, N*m
	115
	212
	302.3
	389.3
	473.8
	556.3

	Cutting power N, kW
	0.482
	0.682
	0.835
	0.964
	1.08
	1.18

	Machine time T0 for processing wheelset tires, min
	5.38
	7.33
	8.55
	9.54
	10.4
	11.12


According to the obtained calculation results, it can be observed that a milling cutter with the tangential mounting of cutting plates, in comparison with the radial mounting of round plates, has a higher spindle rotation frequency n, minute feed SM, cutting force Pz, and the cutting speed V of the cutter and machine time T0 is less at the same cutting depth t and feed per tooth Sz. Based on this, we can say that the use of the design of a prefabricated shaped milling cutter with the tangential mounting of cutting plates increases the processing performance of wheelset bandages by almost 36% compared to existing designs of prefabricated shaped milling cutters with the radial mounting of round plates [6].
[image: ]
Fig. 6. 3D model of a prefabricated shaped milling cutter with RPP for processing the profile of wheelsets
[image: ]
Fig. 7. 3D model of a prefabricated shaped milling cutter with RPP for processing the profile of the railhead
Based on the analysis of existing designs of prefabricated shaped milling cutters with replaceable polyhedral plates [5], new designs of prefabricated shaped milling cutters with replaceable polyhedral plates for processing the profile of wheelsets (Fig. 6) of railway trains and railheads (Fig. 7) were developed. Patents for inventions No. 2746202 and No. 2746204 of 09.06.2020 were also obtained for the developed new designs of prefabricated shaped milling cutters with replaceable polyhedral plates for processing the profile of wheelsets of railway trains and railheads.
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Implementation of group cutting scheme for prefabricated hob milling
Currently, when processing gears, arises the problem of the operability of standard hob cutter when processing gears of large modules. In the current conditions of sanctions, import substitution and the launch of the state program for the development of domestic metal cutting tool designs by tool companies, the creation of hob cutters equipped with changeable cutting inserts can be considered a promising and effective solution.
Keywords: prefabricated hob cutter, hard alloy, group cutting scheme, gear
The article considers the possibility of creating prefabricated hob cutters with replaceable cutting carbide plates for roughing large-module gears. The effectiveness of the use of prefabricated tool structures with cutting elements made of tool hard alloy has been repeatedly confirmed by leading Russian researchers [1-8]. Gears have entered our daily life everywhere, their range of applications is very wide. For the Tyumen region, which is the leading oil and gas-bearing and oil-producing region of Russia, the need for processing gears is very high, since they are used in all technological installations.
There are many methods of processing gears, but let's focus on the method of rolling using hob cutters. Tool companies in the Russian Federation today do not offer designs of prefabricated hob cutters for processing large-module gears. The design of such tools must withstand high non-stationary loads and stresses that occur during processing, providing the required performance, high productivity, and economic efficiency during gear milling.
The creation of a prefabricated design of a hob cutter must begin with the location of replaceable cutting carbide elements in the initial contour of the tool rail (ICR). As an example, consider the ICR for gears with a module m=14.
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	Fig.1. ICR for m=14


By GOST 13755-81, we perform mathematical calculations and construction of the initial contour of the tool rail in the Compass-3D software (Fig. 1). Next, we proceed to the placement of replaceable cutting carbide plates (RCCP) in the ICR. As mentioned above, the process of gear milling is complex and places high demands on the tool.
Based on this, in the design of the tool, it is necessary to use an RCCP of such a form that facilitates operation at high non-stationary loads without destruction. After the information search, attention was drawn to the work [9], which describes the classification of RCCP in the areas of functional efficiency, i.e., increasing the strength and accuracy of positioning (Fig. 2). The author speaks of the need to use cutting elements with the maximum apex angle ε.
[image: ]
Fig. 2. Classification of forms of RCCP
Therefore, as an example, let's take a pentahedral plate and place it in the ICR (Fig. 3).
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Fig. 3. Scheme of the pentahedral RCCP in the ICR
Similarly, we will place a round RCCP with maximum strength (Fig. 4).
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	Fig. 4. Scheme of the position of round RCCP in the ICR


However, these schemes of the location of the RCCP on the instrumental rail have their drawbacks. After processing with a tool with a similar position of cutting elements in the tool body, further processing will be required with large values of the cut layer and a machining allowance. If we talk about a round plate with an angle ε = 180o, then it is rather difficult to fix it in the tool body. Therefore, the way out of this situation is to use cutters with a new, more perfect cutting scheme.
In search of solutions [10-15] for the creation of a fundamentally new tool and the choice of the optimal method for fixing cutting carbide plates, modifying the tool, and reducing loads in the process of tooth cutting, the results of the research were studied in [16]. It puts forward the idea of the tangential arrangement of the cutting elements in the tool body.
In works [17-18], a combined scheme of the RCCP in the tool body was proposed. This positioning scheme of cutting elements in the body of a gear-cutting tool is called group. The group scheme is realized by sequentially cutting off the machining allowance for the gear blank with the main - elliptical, radially located, and lateral, tangentially located plates. Due to this, the chips are divided into simpler elements by sequentially cutting off the machining allowance (Fig. 5).
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Fig. 5. Group scheme of RCCPs that fit into ICR
In [19-20], studies were carried out to determine the cross-sectional areas of the cut layer and the boundary conditions for loading the cutting elements. This made it possible to determine the main stresses that occur during the machining process using the ANSYS software.
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	Tooth of a standard hob cutter
	Elliptical element of a prefabricated milling cutter


Fig. 6. Pictures of the distribution of the main stresses for the tooth of a standard hob cutter and an elliptical cutting element of a prefabricated tool
The analysis of the obtained isolines of the distribution of the main stresses showed that the value of the maximum tensile stresses at the base of the tooth of a standard hob cutter reaches 1355 MPa, which is 2.6 times more than with a replaceable elliptical cutting element installed in the design of a prefabricated hob cutter with a group positioning of cutting elements (Fig. 6).

Fig. 7. Dependences of the distribution of the main stresses on the front surface of the tooth of a standard hob cutter and an elliptical cutting element of a combined hob cutter at m=14
The highest values of tensile stresses σ1 are observed at the base of the tooth along the front surface of a standard hob cutter, which correlates well with the stress distribution in a cantilevered pinched beam. As for the values of tensile stresses in the contact zone and behind the contact zone, their values range from 610 to 800 MPa along the front surface of the tooth from 0 to 30 mm. For an elliptical element of a combined hob mill, the maximum tensile stresses reach their maximum of 500 MPa outside the contact zone at a distance of 2 to 5 mm from the apex (Fig. 7).
This nature of the stress distribution is explained by the fact that due to the implementation of the group cutting scheme, there is a sequential cutting of the allowance for processing the groove of the wheel tooth by separate cutting elements located both radially and tangentially [21]. Also, the use of an elliptical plate with an increased apex angle ε compared to the tooth of a standard hob cutter allows you to reduce the values of dangerous stresses σ1 by 2-2.5 times and, consequently, increase the strength of the cutting plate. Thus, the processing of gears in the implementation of a group cutting scheme by using prefabricated hob cutters with replaceable cutting carbide plates in comparison with the work of a standard high-speed steel hob cutter can significantly reduce the tensile stresses on the front surface, increase the cutting speed and, accordingly, increase the efficiency and productivity of processing.
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Investigation of the influence of modes and conditions for supplying the minimum quantity lubrication on the parameters of the grinding process of heat-resistant nickel alloy
The implementation of two technology options has been investigated: the basic one with the use of minimum quantity lubrication (MQL) and with additional air cooling (CAMQL). The influence of the dosing modes of the lubricant medium and the amount of cooling air flow supplied to the cutting zone on the parameters of the grinding process of the heat-resistant nickel alloy has been evaluated. It was found that the use of CAMQL provides a decrease in cutting force, the temperature of the processed surface and helps to clean the working surface of an abrasive tool.
Keywords: minimum quantity lubrication, cooled air, grinding, cutting force, and temperature.
Introduction
Recently, the scientific direction of researching the technology of supplying the quantity lubrication (MQL) at metalworking operations has been widely developed [1, 2], since the traditional use of cutting fluids (coolants) has several significant disadvantages. These include the negative impact on the environment, the need for disposal, high health risks for workers, and the decomposition of microorganisms in tanks [3]. The grinding process is one of the most difficult machining processes. Here, each abrasive grain performs a single cutting action, but in the aggregate, the presence of many cutting edges leads to a significant increase in energy, which is converted into thermal energy, thereby significantly increasing the temperature of the surface layer. Accordingly, in the process of abrasive machining, the use of MQL in its usual form is not always effective in comparison with cooling the lubrication fluid.
Several steps have been taken in the scientific community to improve grinding efficiency when using MQL technology. The authors of works [4, 5] achieved a positive effect by using additional cooling of the cutting zone with cryogenic media (liquid nitrogen, CO2). The complexity of the design of the supply and storage of cryogenic media creates problems for the further development of this direction. In works [6, 7] it is proposed to cool the contact interaction zone using a vortex tube (based on the vortex effect). This method is quite simple to implement, but its effectiveness without the use of lubricants is not so high. In works [8–10], it is proposed to use the technology of supplying a minimum amount of lubricant in a cooling air flow (CAMQL - cold air with minimum quantity lubrication).
Because a vortex tube is used in the CAMQL technology and the degree of cooling depends on the ratio of the proportion of cold and hot air, the question arises of choosing the most effective settings for the tube operation. An important factor is the amount of lubricant supplied to the cutting zone, which affects the processes of contact interaction. Thus, the purpose of this work is to study the influence of the dosing modes of the lubricating medium (vegetable oil) and the amount of cooling air flow supplied to the cutting zone during the implementation of the CAMQL technology on the performance of the grinding process of the heat-resistant nickel alloy.
Materials and research methods
For experimental studies, a CHEVALIER surface grinding machine, model Smart-B1224III, was used. Characteristics of the abrasive tool - 24AF90J10V5. Grinding mode: wheel speed v = 30 m/s; table feed speed vs = 6 m/min; feed to depth t - 0.01 mm/stroke. The size of the allowance removed in one experiment is 0.5 mm, the number of parallel experiments – 3. Based on the analysis of the available works on the application of the MQL and CAMQL feed technology in the grinding process [8, 9], the following modes of dosing of the lubricating medium were selected: 20, 30, and 50 ml/h. An AIRRUSCE 250-V135 compressor was used to supply air to the air cooling system. Soybean vegetable oil was used as a lubricating medium [10] because it has a minimal negative impact on the environment [2], which corresponds to the concept of environmentally friendly grinding.
The device for supplying the minimum amount of lubricant in cooled air (CAMQL) is realized by synthesizing the MQL installation (model Spraymat700 manufactured by Steidle Germany) and a vortex tube (Fig. 1). When adjusting the MQL supply system, it is possible to vary the air flow rate for transporting the lubricant medium. Using a rotameter, the volumetric flow was adjusted to 2 and 4 m3/h.
In the process of grinding using the CAMQL technology, the value of the cooling air flow was taken equal to 8, 12, and 16 m3/h at the corresponding temperature of –10, –5, 0 ° C. The choice of the flow rate is based on the research results presented in [8, 9]. Using the capabilities of 3D printing, a nozzle for the implementation of CAMQL technology was manufactured, in which the MQL delivery nozzle is located in the center of the tip with a circular cross-section. The angle of inclination between the nozzle and the workpiece is 15º.
The heat-resistant alloy KHN45MVTYUBR (EP718), which is an analog of one of the most popular nickel alloy Inconel 718 in the world, was used as the processed material. For experimental studies, samples with a size of 75×35×7 mm were prepared, which were heat-treated according to standard technology, as a result of which their hardness was 37 HRC.
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Fig. 1. Scheme of the experimental installation: 1 – Spraymat700 lubrication supply system; 2-nozzle; 3-compressor; 4-vortex tube; 5-hot air outlet; 6-workpiece; 7- cold air supply; 8 – lubricant supply tube
The components of the cutting force (Pz, Py) were measured using a six-component Amti MC36-1000 force measuring complex, an analog-to-digital converter L-CARD E14-140 and a laptop with special Powergraph software.
The working surface of the wheel was photographed after the experiment using a USB digital microscope at 100x magnification.
To measure the temperature in the contact interaction zone, a semi-artificial cut-off thermocouple was used. The main thermoelectrode is a constantan alloy wire. The second thermoelectrode of the thermocouple is the workpiece itself (sample). The signal was recorded using an amplifier, L-CARD E14-140 ADC, and LGraph software. The recorded temperature is the surface temperature of the workpiece after contact with the abrasive wheel.
Research results and their discussion
The evaluation of the components of the cutting force showed that a change in the dosage mode of the lubricating medium has a significant effect on the results obtained. Thus, a significant decrease in the radial component Py is observed with a sequential decrease in the amount of supplied lubricant, regardless of the type of technology we are investigating (Table 1). In this case, when the dosing mode of the lubricating medium was 50 ml/h, the Py values for all conditions and settings, taking into account the confidence intervals, remain approximately at the same level. With a feed of 20 ml/h, the Py component is in almost all cases lower when using the CAMQL technology, and the degree of reduction increases with a decrease in the flow rate of cooled air supplied to the cutting zone. This is especially significant when transporting oil with a flow of 4 m3/h.
Table 1. Influence of processing conditions on the obtained values of the components of the cutting force (Pz, Py)
	
	Air flow

	
	2 m3/h
	4 m3/h

	
	MQL 
0 m3/h
	CAMQL 16 m3/h
	CAMQL 12 m3/h
	CAMQL 8 m3/h
	MQL 
0 m3/h
	CAMQL 16 m3/h
	CAMQL 12 m3/h
	CAMQL 8 m3/h

	Lubricant supply, 20 ml/h

	Pz, Н
	17,1±0,3
	16,0±0,4
	15,9±0,2
	16,2±0,4
	15,9±0,5
	16,7±0,3
	15,4±0,3
	15,1±0,2

	Py, Н
	45,6±0,7
	43,2±0,6
	42,2±0,5
	40,3±0,8
	41,2±0,8
	41,7±0,7
	37,4±0,7
	33,6±0,6

	Lubricant supply, 30 ml/h

	Pz, Н
	15,1±0,4
	15,6±0,3
	15,3±0,3
	15,1±0,3
	17,4±0,4
	16,9±0,2
	16,3±0,4
	16,4±0,2

	Py, Н
	49,6±0,9
	51,1±0,8
	49,8±0,8
	48,3±0,7
	51,2±0,8
	47,9±0,8
	46,9±0,7
	47,3±0,7

	Lubricant supply, 50 ml/h

	Pz, Н
	14,8±0,3
	14,6±0,2
	15,4±0,2
	15,0±0,3
	17,0±0,5
	18,2±0,4
	17,0±0,4
	17,4±0,3

	Py, Н
	55,5±0,9
	54,7±0,9
	57,6±0,7
	55,5±0,8
	54,5±1,0
	56,7±1,0
	52,0±0,8
	53,5±0,9


Considering the results for the Pz component, it can be noted that although the values are quite close in absolute terms, some trends can still be detected. First of all, this is the opposite dependence of the change in the Pz value when varying the dosing mode of the lubricating medium, when the flow during oil transportation changes from 2 to 4 m3/h. In the first case, a decrease in the amount of lubricant leads to an increase in Pz and vice versa at a flow of 4 m3/h. Nevertheless, if the amount of lubricant in the cutting zone is significant, the Pz component is slightly less when transporting oil with a flow equal to 2 m3/h.
A very important indicator characterizing the quality of the grinding process is the temperature of contact interaction, the lower the thermal conductivity of the material being processed contributes to its high values. According to the research results (Fig. 2), it can be argued that the CAMQL technology copes with its main function since in all cases there is a decrease in the average temperature on the surface during the grinding process. However, the efficiency significantly depends on the selected modes and processing conditions. Thus, at a dosing level of the lubricant medium of 50 ml/h, the results are almost identical for all settings, and the temperature decrease is more related to the effect of the cooling air flow. With a decrease in the amount of lubricant to 30 ml/h, the selected air flow for transporting oil begins to influence the nature of the results obtained. This is reflected in an increase in temperature with a flow equal to 2 m3/h (Fig. 2a) and a decrease in temperature at 4 m3/h (Fig. 2b). The lowest temperature values are observed when the lubricant is dispensed at 20 ml/h. At the same time, in absolute terms, it is less with an air flow equal to 4 m3/h.
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	а)	b)
Fig. 2. Estimation of the temperature of the treated surface when varying the dosage mode of the lubricant (ml/h), the amount of cooling air (m3/h), and the air flow rate for oil transportation: 2 m3/h (a) and 4 m3/h (b)
It can be noted that with a flow equal to 2 m3/h, at all levels of dosing of the lubricating medium, the tendency remains since as the flow rate of the cooled air supplied to the cutting zone increases, the temperature of the treated surface decreases (Fig. 2a). But with an increase in the flow, the mentioned dependence is valid only for the dosage level of the lubricating medium of 50 ml/h, and then it changes oppositely with the lubrication supply mode of 20 ml/h (Fig. 2b). The nature of these results, in our opinion, is explained by the better penetrating ability of the lubricating medium at a higher flow. This is especially noticeable when the amount of lubricant is insignificant. A similar mechanism of action is described in [11], where by changing the settings of the MQL system; favorable grinding conditions are created by reducing the size of lubricant droplets and increasing the efficiency of their delivery to the cutting zone.
Thus, in general, the results obtained are influenced by several factors at once. An increase in the amount of lubricant leads to an increase in the degree of contamination of the working surface of the wheel and to an increased formation of adhesion on abrasive grains, which in turn is reflected in the component of the cutting force Py. The use of CAMQL technology helps to clean the working surface of the wheel. There are much fewer traces of adhesion of the processed metal and sludge (Fig. 3). At the same time, the additionally cooled air supplied to the cutting zone, in addition to its direct cooling function, influences the grinding process by spraying a lubricating medium, especially at high flow rates. The value of the flow during oil transportation also makes its contribution through the influence on the size of the formed lubricant droplets and the penetrating ability into the cutting zone. As a result, the most favorable combination of the considered factors was formed with the following experimental parameters: lubricant dosage mode- 20 ml/h; air consumption for oil transportation - 4 m3/h; cooling air consumption - 8 m3/h.
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	а)	b)
Fig. 3. Photos of the working surface of the wheel after grinding: MQL (a) and CAMQL (b)
Conclusions
1. The effectiveness of the CAMQL technology in reducing the temperature of contact interaction relative to grinding with MQL has been proven.
2. The working surface of the abrasive tool when using CAMQL technology is less exposed to chip adhesion.
3. It was found that when the lubricant medium supply mode is 20 ml/h, the lowest values of the cutting force and temperature of the treated surface are observed.
4. The level of air consumption for oil transportation has a significant effect, according to the results of experiments it is more rational to use higher values.
5. The degree of influence of the cooling air flow supplied to the cutting zone during the implementation of CAMQL technology depends on a combination of factors, and the results obtained are determined by the specific prevailing processing conditions.
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Determination of the optimal thickness of hard-to-cut material to restore the product's working capacity
At the moment, improving the productivity and performance of products is an important aspect. During the operation of objects, high abrasive loads and impact types of wear are formed practically over the entire surface area. To increase the durability and service life of large-size products with a high cost, hard material (stellite) is fused onto the affected areas to minimize the cost of disposal and the purchase of a new element. Since this type of material is rather difficult to process due to its ultra-strong characteristics, it is proposed to begin with a choice of deposition thickness. The paper presents computer studies to identify the rational thickness of stellite surfacing on worn surfaces of the product and concludes.
Keywords: hard-to-cut alloys, working capacity, quality, deformations, vibrations, modal load. 
Introduction
Currently, with the acceleration of the development of the engineering industry, the requirements for the production of objects by more profitable and economically feasible methods are changing.
The development of this industry is supported by the development of various programs and strategies in the machine-building industry, the important tasks of which are to improve the models of the final assembly and stimulate the localization of production [1,2].
For example, the use of various methods of restoring the performance of products improves the quality of work performed.
One of these methods is the deposition of a layer of hard-to-cut material on the worn parts of the product. The characteristics of hard-to-cut materials include hardness, strength, viscosity, corrosion resistance, heat resistance at low thermal conductivity, the parameters of which are very high.
Moreover, the cutting of these types of materials is carried out with great difficulties. The high temperature developing in the contact zone with the processed material causes softening of standard hard alloys and, as a result, a sharp decrease in tool durability and cutting speed [1,3].
In addition, by GOST 21449-75 [4], rods intended for surfacing a wear-resistant layer on parts of machinery and equipment operating under conditions of abrasive wear, shock loads, corrosion, erosion at elevated temperatures, or aggressive environments can increase the service life of products 4 times.
Therefore, an urgent task is to select the thickness of the deposited material to obtain the required technical characteristics of the product after restoration at the lowest cost.
Material and research methods
The study used methods of analysis, generalization, as well as the ANSYS software package to perform modal analysis of stresses, deformations and displacements, and finite element analysis.
Research results and their discussion
To determine the frequencies and forms (modes) of natural vibrations of structures, modal analysis is used. It can also be the first step for other types of dynamic analysis, such as transient analysis, harmonic and spectral analysis [5]. The possibility and feasibility of using this method are presented below.
The object of the study is the excavator bucket pin shown in Figure 1, as it is included in the category of parts that are subject to rapid wear.
Bucket pins of overall dimensions are disposed of after abrasion of the surfaces, but it is more expedient and more effective to apply surfacing of hard-to-cut material to the affected area with further machining.
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Fig. 1. Excavator bucket pin
In computer studies, stellite 6 was used as a surfaced material. It is a widely used wear-resistant alloy based on cobalt, which has good universal performance, good resistance to many types of mechanical and chemical degradation in a wide temperature range, good impact strength, and resistance to erosion [6].
The use of this material for surfacing on worn areas of the pin increases the reliability and durability as a result of the operation of the product.
This type of material during mechanical processing has its distinctive features from structural materials.
The processing of these alloys is complex. By the requirements for the quality and accuracy of the investigated part, a certain layer of material is removed from its surface. In this case, the remaining deposited layer after machining must have sufficient adhesion to the base material and satisfy the operational characteristics as a whole. Therefore, it is necessary to research the choice of the optimal thickness of the deposited stellite using computer technologies.
Based on the data obtained during the review of literature sources, the parameters of the depth of the deposited layer of the material (stellite 6) were determined, which made it possible to formulate boundary conditions for performing calculations.
The main initial data for the calculation in the ANSYS software package are presented in the form of characteristics of stellite 6 (surfaced layer) and steel 40X (product design) in Table 1.
Table 1. Initial data for the calculation
	Characteristics
	Stellite 6
	Steel 40X

	Density
	8440 kg/m3 
	7820 kg/m3

	Young's modulus
	240 hPa
	205 hPa

	Poisson's ratio
	0,3
	0,29

	Tensile strength
	790 MPa
	980 MPa

	Yield strength
	660 MPa
	785 МПа

	Thermal conductivity
	35,6 W/(m*K)
	15,2 W/(m*K)


Figure 2 shows the model in the program.
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Fig. 2. Model in the ANSYS program: 1- pin, 2-deposited material, 3-bushing
The three-dimensional model of the "pin" part (Fig. 2) is transformed into a finite element model, to which boundary conditions are set (Fig.3): the characteristics of the used materials, the coefficient of friction (0.2) between the mating surfaces.
[image: ]
Fig. 3. Boundary conditions for performing calculations in ANSYS
Table 2. Data processing
	Mode
	Results without surfaced material
	Results with surfaced material (3 mm)

	1 "Bending vibrations" 
	Stresses 43,52-6566,6 MPa
	Stresses 32,34-11051 MPa

	
	Deformations 0,89-8,06 mm
	Deformations 0,89-8,02 mm

	3 "Torsion"
	Stresses 62,7 – 8795 MPa
	Stresses 21,81-21613 MPa

	
	Deformations 0,73-6,63 mm
	Deformations 0,78-7,04 mm


As a result of the calculation, a diagram and a table with the calculated values of natural frequencies were obtained. 2 modes were taken for data processing (1 "bending vibrations", 3 "torsion"), which most characterize the process of deformation of the product (see Table 2).
Figure 4 shows a clear change in deformation deviations for the third mode "Torsion", where (a) denotes the results without stellite, (b) - with stellite.
а)[image: ]
b)[image: ]
Fig. 4. Diagram and table with calculated values of natural frequencies
According to data visualization, it was found that it is advisable to use surfacing on worn parts of the "pin" part since the behavior of the model with maximum deformations is formed at large values. The natural oscillation frequencies of the part in the frequency range up to 3712 Hz with insignificant scattering are obtained. In addition, studies were conducted with a 5 mm stellite surfacing, deformations and stresses were approximated in values to the results obtained for 3 mm, so in the "bending vibrations" mode, the deformations were 0.90 – 8.12 mm.
It can be concluded that the provision of the required parameters of durability and operability of the product after restoration can be obtained with the lowest cost for the surfaced material since the results of the work revealed insignificant differences between the indicators of the surfacing depth.
Conclusions
According to the results of the modal analysis of the "pin" part, it was found that the depth of the deposited layer of the material (stellite 6) has a negligible effect on the operational characteristics of the product. Therefore, it is necessary to approach the determination of the optimal surfacing depth only by taking into account economic feasibility. The hypothesis put forward about ensuring the operability of the product after restoration using surfacing methods was also confirmed.
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Application of topological optimization for marine engineering products
The article aims to increase the productivity of manufacturing the mechanism of the "Shaft-turning device". For this purpose, the authors of the article perform topological optimization of the housing of the "Shaft-turning device" mechanism in the SolidEdge ST10 software package for further manufacturing it by the additive method.
As a result of the study, the authors found that the use of topological optimization in the design of the housing of the "Shaft-turning device" allows you to save material, reduce the number of assembly units and increase the production capacity of the "Shaft-turning device" as a whole, compared with the traditional manufacturing method.
Keywords: topological optimization, marine engineering products, additive technologies, traditional manufacturing methods, productivity improvement, digitalization, digital enterprise.
1. Preсonditions for the use of topological optimization technology for marine engineering products
Topological optimization (one of the directions of Generative design technology) is fundamentally new design technology. It is based on the use of software that can independently, without the participation of a designer, generate three-dimensional models that meet the specified conditions. Topological optimization is what allows you to set the optimal balance of mass and strength for a specific part. With this design method, you can create the most optimal design or shape of the part, taking into account pre-set coefficients, for example, the safety factor. [3].
Parts and assemblies optimized using this technology have complex geometry, and their production by traditional production methods is not economically profitable, and in some housings, it is impossible at all. That is why it is more rational to produce such parts using the additive manufacturing method, which is an integral part of a modern digital enterprise and allows you to: reduce the duration of the "drawing – product" cycle, reduce labor intensity, material consumption, and energy consumption, as well as create an environmentally friendly production and increase productivity in the manufacture of parts as a whole.
The prerequisites for the use of topological optimization technology in the design process in mechanical engineering were: increasing the capabilities of 3D printing, increasing the quality of additive technologies in general, the appearance of the "Association for the Development of Additive Technologies" in the Russian Federation, which aimed to develop the additive technologies industry in the Russian Federation, as well as a global positive experience in such industries as aerospace, automotive and medicine.
2. Topological optimization of the "Shaft-turning device" housing in Solid Edge ST10
The general view of the shaft-turning device (STD), the parts of which are made by the traditional method (mechanical processing), is shown in Figure 1, and the housing of the "Shaft-turning device", which will be calculated by the method of topological optimization, is shown in Figure 2a.
[image: ]
Fig. 1. General view of the STD, the model of which was created in the Compass 3D v17 software package
а)[image: ] b)[image: ]
Fig. 2. The STD housing (a), the modified lower part of the STD housing
Before applying topological optimization in the Solid Edge ST10 software package, the lower part of the STD housing must be modified, eliminating all fasteners for the lower support. The modified lower part of the STD housing is shown in Figure 2b.
Before performing topological optimization, it is necessary to import the STD housing stored in the Compass 3Dv17 software package in STL format into Solid Edge ST10 and recognize the surfaces of its parts, as well as set all boundary conditions. The order of setting the boundary conditions of the lower part of the STD housing is as follows. First, we need to specify the material for the housing, the characteristics of which are shown in Figure 3.
[image: ]
Fig. 3. Characteristics of the selected material for the lower part of the STD housing
Secondly, specify the unchangeable areas (in this housing, the unchangeable areas are the holes for fasteners with mating parts and places for installing bearings – Fig. 4a). It should be noted that immutable areas are those areas that are not subject to any changes during the topological optimization, i.e., the removal of unloaded elements and the change of geometry.
а) [image: ] b) [image: Рисунок 4б]
Fig. 4. Setting the unchangeable areas for the lower part of the housing of the STD( a), setting the calculation parameters
At the next stage, we indicate the loads to which the STD housing is subjected during its operation (in our housing, these are forces in the bearing area equal to 2000 N).
Further, as in all modern CAE systems, it is necessary to indicate the fixation of the model in space, corresponding to its real operating conditions (in our housing, this is the lower edge of the STD housing). The final stage in setting the boundary conditions is setting the calculation parameters (Figure 4b), namely, setting the calculation quality (in our housing, the calculation quality is low - to speed up the optimization process), indicating the percentage of the reduction in the mass of the final product (40%) and the minimum safety factor optimized design (1,3).
We perform similar actions to set the boundary conditions for calculating the topological optimization with the STD housing cover and the STD ratchet key housing.
The solutions obtained as a result of topological optimization have a faceted form, i.e. three-dimensional models of the lower part of the STD housing, the STD cover, and the ratchet key housing are presented in the form of a point cloud describing their appearance. However, with the help of Convergent Modeling technology, which is presented in the Solid Edge ST 10 software package, BREP (solid) and faceted representation are combined in one model, and it becomes possible to edit the models obtained as a result of topological optimization. The result of topological optimization for the STD housing is shown in Figure 5.
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Fig. 5. The result of topological optimization in Solid Edge ST10 for the STD housing
The general view of the STD with an optimized housing and a ratchet key is shown in Figure 6.
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Fig. 6. General view of the STD with an optimized housing and a ratchet key
A comparative drawing of the STD housing "before" and "after" the application of topological optimization is shown in Figure 7.
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Fig. 7. The housing of the STD "before" and "after" the application of generative design in Solid Edge ST10
3. Analysis of the results of topological optimization of the "Shaft-turning device" housing
After the conducted research on the optimization of the STD housing in the Solid Edge ST10 software package, the following results were obtained:
3.1. Weight reduction:
a) The weight of the STD housing decreased by 48.7 % (from 28.53 kg to 14.635 kg);
b) The weight of the ratchet key housing decreased by 20.3 % (from 5.57 kg to 4.44 kg); 
c) The total weight of the entire assembly of the STD decreased by 20.3 % (from 73.9 kg to 58.875 kg).
3.2. Reduction in the number of assembly components (standard products were not taken into account):
a) The number of components of the assembly of the STD housing decreased by 91 % (from 22 to 2 components);
b) The number of components of the ratchet key housing assembly decreased by 75 % (from 4 to 1 component);
c) The number of components of the general assembly of the STD decreased by 64 % (from 36 to 13 components).
Thus, with the help of the topological optimization technology carried out in this study for the STD housing and the STD ratchet key housing, we achieved a reduction in the mass of these products without deterioration of their strength characteristics, which will reduce material consumption and, accordingly, reduce the cost of optimized products as a whole. Reducing the number of assembly units of the STD mechanism will reduce the total time of all assembly operations.
The resulting geometry of optimized products allows us to use additive technologies as efficiently as possible in their manufacture, thanks to which it becomes possible: reducing the duration of the "drawing – product" cycle (no tooling and prototypes are required, and the production of the part is carried out immediately after the preparation of the digital model); reducing labor intensity, material consumption (layered creation of products allows you to reduce material consumption) and energy consumption (by reducing the number of technological operations). These positive results from the use of additive technologies can significantly increase the productivity of manufacturing the "Shaft-turning device" mechanism.
Additive technologies are an integral part of a modern digital enterprise and their introduction into production allows many enterprises to move to the stage of new industrial development – a digital enterprise. And the use of topological optimization in the design process allows you to achieve the maximum effect from the use of additive technologies since this technology provides the best solutions for the manufacture of parts that previously could not be implemented by traditional manufacturing methods. In such circumstances, the use of topological optimization in the design process and additive technologies in the manufacturing process gives an undeniable advantage to many enterprises in the highly competitive mechanical engineering market.
References
1. Черепашков А.А, Носов Н.В. Компьютерные технологии, моделирование и автоматизированные системы в машиностроении. – Издательский дом «Ин-Фолио», 2009. – 635 с.
2. Липкин Е. ИНДУСТРИЯ 4.0: Умные технологии – ключевой элемент в промышленной конкуренции». – М.: ООО «Остек-СМТ», 2017. – 224 с.
3. Чад Джексон (Chad Jackson) Новое поколение моделирования / Журнал в области САПР «CADMASTER». 2018. № 1 (87) – 114 с.
4. Зиновьев Д. Основы конструирования в Solid Edge ST10. Синхронная среда. – Студия «Vertex», 2018. – 206 с.

Egor V. Davydov – assistant of department of metal technology and mechanical engineering Northern (Arctic) Federal University named after M.V. Lomonosov, NArFU branch in Severodvinsk.
Тел.: 8 (952)-259-84-68. 
e.davydov@narfu.ru

Evgeny V. Fomin – Ph.D. (Engineering), Associate Professor, Head of the department of metal technology and mechanical engineering Northern (Arctic) Federal University named after M.V. Lomonosov, NArFU branch in Severodvinsk.
Tel.: 8 (902)-193-57-82.  
e.fomin@narfu.ru 



УДК 621.73.045
Gusev D.S., Sosenushkin E.N.
Simulation of hot volumetric stamping of a wrench forging on an impactor
The choice of the shape and size of the initial workpiece in the processing of metals by pressure is largely determined by the parameters of the finished forging, the peculiarities of the metal flow in the stamp stream, and the desire to reduce technological waste in the form of flash. Computer modeling makes it possible, at the stage of pre-design studies, to analyze how much the quality of filling the stamp engraving depends on the original shape of the workpiece, to assess the effect of the initial temperature of the stamp on heat exchange processes in the “workpiece-stamp” system. The search for a rational shape of the workpiece was carried out using the DEFORM-3D software.
Keywords: hot volumetric stamping, wrench, simulation, horizontal impactor hammer.
Introduction
The increase in the profitability of the technology of hot volumetric stamping is associated with a decrease in the rate of metal consumption in the production of forgings and the achievement of the highest performance indicators of the forming processes while minimizing subsequent machining. A large range of parts, elongated in plan and having elements in the form of thin sheets, can be combined into a separate class according to structural and technological features, which will ensure the unity of approaches to the technological preparation of blank production by pressure treatment methods. The accuracy and quality of the obtained forgings depend not only on the correct choice of the initial workpiece for a specific stamping operation but also on the accuracy of the equipment and tools used.
Technologies of hot volumetric stamping of wrenches are typical and are implemented on stamping anvil hammers of vertical layout or hammers with the counter motion of moving masses. However, the most productive is the technology using at least three hammer blows, which in turn can lead to a skewing of the workpiece, stamping of flash, and other manufacturing defects. The material utilization rate(MUR) when stamping round-section workpieces using such technologies is low, and there are some problems associated with the lack of filling of the stream cavity caused by some factors, including the shape and size of the workpiece, as well as the conditions of heat exchange of the workpiece with the stamp. The influence of these factors can be minimized by using horizontal hammers (impactors) with the oncoming movement of impact masses as part of automated complexes.
Mathematical and computer modeling of hot volumetric stamping of forging a wrench in open stamps, taking into account the named specifics, will allow us to identify the features of the kinematics of the metal flow when filling the stamp stream; to assess the stress-strain state of both the deformable metal and the stamp tool; to calculate the force parameters in the process of forming, as well as to evaluate the heat exchange processes in the "workpiece-stamp" system. The relevance of the listed and solved tasks is obvious.
Statement and solution of the problem
The wrench 7811-0001 by GOST 2839-80 [1] was chosen as a typical part. One of the first stages in the design of hot stamping technology involves the development of a forging drawing by GOST 7505-89 [2], which is shown in Fig. 1. The forging is a prototype for the preparatory stage of machine modeling - the creation of 3D models of the forging itself and stamp tooling. An important stage is the preparation and specification of the initial conditions of deformation and initial data on the rheology of the deformed metal, the kinematics of the tool movement, as well as the justification of the limitations for this model. In terms of the equipment used, the specificity of the operation of the horizontal hammer (impactor) ГШМ-4 with an electronic-hydraulic control system was taken into account.
Computer modeling was carried out using the DEFORM-3D V6.1 software [3], which implements one of the energy methods - the finite element method. For the formulation of numerical experiments, workpieces made of round rolled products GOST 2590-2006 [4] with dimensions Ø13, length 84 mm, and Ø9×70 mm were used. Induction heating of the workpiece is 1100 °C and 950 °C. The temperature range of the heating of stamps is from 150 °C to 300 °C. The material of the workpiece is DIN-41Cr4 (corresponds to steel 40X GOST 4543-2016 [5]). The material of the stamps is AISI-L6 (corresponds to the stamped steel 5ХНМ GOST 4543-2016). Equipment is a hammer with a collision energy of moving masses of 4.000.000 Ns2/m; the mass of the impact part is 0.245 t; the efficiency coefficient is 0.85.
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Fig. 1. 4×5 wrench: forging drawing and 3D model
The initial and obtained data are shown in Table. 1. Limitations of the problem: the maximum voltage in the workpiece is not more than 2200 MPa, the maximum temperature of the workpiece is not more than 1250 °C. Based on the restrictions, a mark of compliance is placed in the column of Table 1.
Table 1. Initial and obtained compute simulation data
	Initial data
	Obtained data

	Workpiece number
	Workpiece dimensions, mm
	Workpiece heating, ° С
	Stamp heating, ° С
	Maximum temperature of the workpiece, °
	Maximum stress in the workpiece, MPa
	Compliance mark

	1
	Ø 13×84 (est.)
	1100
	150
	1250
	917
	+

	
	Ø 13×84 (est.)
	950
	300
	1066
	1041
	+

	2
	Ø 9×70
	1100
	150
	1400
	1950
	-

	
	Ø 9×70
	950
	300
	1060
	1230
	+


Diagrams of cross-sections and diameters (Fig. 2) were constructed using the projected forging, the stamp streams were selected according to the reference data [6]. Based on these data, the geometry of the workpiece was selected as an average calculated workpiece with dimensions Ø13 × 84 mm. Modeling of the stamping process showed ineffective use of metal since most of it goes into the flash (Fig. 3).
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Fig. 2. Section diagram and calculated workpiece
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а)					b)					c)
Fig. 3. The geometry of the workpiece (a) and the results of modeling at Тз = 950 °C and Тз = 300 °C (b); at Тз = 1100 °C and Тз = 150 °C (c)
To obtain accurate results, the model must take into account the heat transfer between the workpiece, the stamps, and the environment. Also, the stamps are usually preheated for hot volumetric stamping processes. For stamps, as for the workpiece, a temperature change is expected due to heat transfer and heat released as a result of the thermal effect of deformation. The temperature fields of stamps and the workpiece were simulated. The results for the stamped material are shown in Table 2.
Table 2. The results of modeling the stamping of the workpiece Ø13×84
	heating of the workpiece 950°C, stamps 150°C
	heating of the workpiece 1100°C, stamps 150°C
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	heating of the workpiece 950 °C, stamps 300 °C
	heating of the workpiece 1100 °C, stamps 300 °C
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As can be seen from Table 2, the metal flow is better at the upper temperatures of the workpiece and stamps. However, the maximum temperature of the workpiece exceeds the critical temperature, which is unacceptable due to the danger of overheating. Therefore, the lower temperature value for the workpiece (950 °C) and the upper value for the stamp (300 °C) will be rational.
Modeling on workpiece 1 showed that the maximum temperature and maximum stresses of the stamped metal were within the normal range. However, in both cases, the modeling of the stamping of workpiece 1 revealed that the hammer energy is not enough to fill the stamp along the axis of movement of the stamps. The stamps were stopped at a distance of 3,618 mm in the first case and 2,097 mm in the second case. From this, we can conclude that the preheating of the stamp does not affect the stamping process as much as the preheating of the workpiece does. It was also revealed that when using the geometry of workpiece 1, a large amount of flash is formed, which will adversely affect the economic efficiency of the technology under study.
The workpiece according to option 2 was made with the dimensions of the diagrams with the choice of a rotating body with a variable section. The workpiece configuration and simulation results are shown in Fig. 4.
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Fig. 4. The geometry of the workpiece according to the diagrams and forging after modeling at Тз = 950 °C and Тш = 300 °C
As can be seen from the simulation (Fig. 4), there is no under-stamping, i.e. the stamp engraving is filled, and forging of the desired thickness is obtained. However, the amount of flash can be reduced.
Based on the results obtained, the geometry of the workpiece was corrected (Fig. 5), which took into account all the previous shortcomings.
[image: ]
Fig. 5. The geometry of the workpiece and the results of modeling the stamp filling and temperature distribution
The simulation was carried out at a workpiece temperature of 950 °C, and a stamp temperature of 300 °C. Fig. 5 shows that with a given amount of flash corresponding to the filling coefficient of the flash groove of 0.4, a complete filling of the stamp stream is provided.
As a result of modeling, the dependences of the effective stresses and the temperature of the workpiece on time are obtained (Fig. 6). The stresses did not exceed 550 MPa, which is a satisfactory result. And the temperature of the workpiece remained no higher than 1250 °C, which will protect the stamped material from overheating.
[image: ]
			а)							b)
Fig. 6. Change in time of effective stresses (a) and workpiece temperature (b)
Thus, computer simulation made it possible to achieve the desired shape and the required temperature parameters to ensure efficient punching of the wrench with the highest MUR.
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Simulation of the combined technological process of severe plastic deformation
Computer simulation of the combined technological process of severe plastic deformation (SPD) has been carried out. The obtained results make it possible to make a rational choice of the parameters of the designed technological process from several alternatives, taking into account the decrease in the force modes of deformation.
Keywords: severe plastic deformation, computer simulation, deforming force, equal-channel angular pressing, screw extrusion.
The actual direction of the development of mechanical engineering is the production of structural materials with ultrafine-grained (UFG) and submicrocrystalline (SMC) structures, which have an increased level of mechanical and operational characteristics [1]. Research in this field is essential for the creation and development of new products in various areas of industrial production.
To obtain materials with a UFG structure, of great interest are methods of severe plastic deformation (SPD), the essence of which is deformation with large degrees of deformation at relatively low temperatures under conditions of high applied pressures. Equal-channel angular pressing (ECAP) [2] and its type - equal-channel angular pressing in parallel channels ECAP-PC [3] are in demand. The attractiveness of these methods is in the simplicity of implementation and high efficiency [4], which allows realizing large values of accumulated shear deformation without changing the shape and size of the cross-section of the workpiece, which contributes to significant grain refinement [2]. Of no less interest is a relatively new SPD method - screw extrusion, the essence of which is to repeatedly push the workpiece through the screw channel, which also leads to the accumulation of shear deformations in the workpiece with a simultaneous change in the deformation route [6].
This paper investigates the possibility of increasing productivity and improving the ECAP technological process by combining simple shear mechanical schemes and screw extrusion.
Several variants of die tooling designs with carrying out solid modeling in the DEFORM-3D environment based on the finite element method (FEM) are proposed. The results obtained make it possible to trace the rheology of the metal, to determine the intensity of the distribution of accumulated deformations, the necessary pressing forces, and to reveal the rational geometric parameters of the matrix channels.
The developed scheme of the combined SPD technological process connects the technological processes of equal channel angular pressing and screw extrusion (ECAP + SE) [7].
Since a large amount of equipment and tooling is required to experiment, it is advisable to first simulate the ECAP + TE process to identify possible technological problems even before they arise in a real physical experiment.
The work aims to substantiate the choice of rational geometric parameters of die tooling that affect the features of the kinematics of the metal flow by modeling the combined ECAP + SE technological process.
To achieve this goal, it is necessary to solve the following tasks:
- to develop a scheme of a combined technological process;
- to create 3D models of die tooling;
- to carry out computer modeling of the combined ECAP + SE process;
- by varying the geometric parameters of the matrix, to determine their influence on the flow kinematics and the pressing force.
As the initial workpieces, we used square rods of 14 × 14 mm made of wrought aluminum alloy (rod АМg2,5. М КВ14П ОСТ 1 92093-83).
AMg2,5 is an aluminum alloy of the "Aluminum-Magnesium" (Al-Mg) system, which belongs to deformable alloys. In addition, this material stands out among others for its high corrosion resistance, ductility, and good weldability. In terms of strength, it surpasses АМц but is inferior to it in plasticity. The chemical composition of AMg2,5 can be called balanced. The magnesium content in it does not exceed 3%, which has a positive effect on the plasticity and corrosion resistance of the material, as well as its weldability. At the same time, the Mg content exceeds 2%, which has a positive effect on the strength of the alloy.
An alloy of the Al-Mg system according to ISO 209-1, the alloy of the AMg2,5 grade, having the designations AlMg2,5 and 5052, is well deformed in the cold and hot state. The alloy, having high overall corrosion resistance, is not prone to stress corrosion cracking and intergranular corrosion, especially in the annealed state.
It is used for the manufacture of forgings for aircraft parts.
The choice of this alloy is dictated by the presence of its specifications for various states in the DEFORM 3D software package due to its wide use in foreign industry, as well as the close chemical composition to the AMg2 alloy, which is widespread in the industry of the Russian Federation, and for this alloy, there are research results for the effect of SPD on it.
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а)					b)
Fig. 1. Semi-matrix: a - 3D model; b - channel diagram
Simulation of the combined technological process of SPD 
The combined technological process of ECAP and SE is the operation of punching a workpiece through a die channel, which consists of input, intermediate, and outlet sections, and the intermediate channel is made of a screw (Fig. 1).
In the process of pressing, the workpiece perceives high pressures and, passing through the zones of the intersection of channels due to large shear deformations, accumulates deformations with a simultaneous grinding of the grain structure by fragmentation.
The simulation included a series of 9 experiments for a single-bend circuit. The channel conjugation angle (2φ) was set to 100, 110 and 120 degrees, and the length of the screw section 2H, 3H and 4H (H=14 mm – the size of the side of the square section of the workpiece) was also varied to find out the influence of geometric parameters on the deformation force.
The combinations of geometric parameters of the matrix channel that participated in the modeling are shown in Table 1.
Table 1. Geometric parameters of the matrix channels
	Experiment
	r, mm
	R, mm
	l, mm
	L, mm
	2φ, °

	1
	3
	4
	7
	28
	100

	2
	3
	4
	7
	42
	100

	3
	3
	4
	7
	56
	100

	4
	3
	4
	7
	28
	110

	5
	3
	4
	7
	42
	110

	6
	3
	4
	7
	56
	110

	7
	3
	4
	7
	28
	120

	8
	3
	4
	7
	42
	120

	9
	3
	4
	7
	56
	120


The following parameters were taken as modeling parameters: the material of the workpiece - aluminum alloy AA5052; the dimensions of the workpiece are 13.9×13.9×100 mm; the model of the workpiece material is rigid-plastic; the number of finite elements is 68470; the smallest element size is 0.5 mm; the scale factor is 3; the Siebel friction factor is 0.4; the speed of movement of the punch is 1 mm/s; the process temperature is 20°C; the step resolution is 0.1 mm/step; the maximum movement of the punch is 90 mm.
Figure 2 shows graphs of the dependence of the force on the punch on the displacement to track the influence of the length of the screw section on the power parameters of the process with the constant angle of intersection of the channels 2φ and the radii of rounding at the intersection of the channels.

а)

b)

c)
Fig. 2. Dependence of the load on the punch on its movement:
a – experiments 1-3; b-experiments 4-6; c-experiments 7-9 (see Table 1)
According to the obtained graphs, it is established that an increase in the length of the screw channel, in general, leads to a decrease in the load on the punch in the process of pushing the workpiece through the screw section of the matrix. This is caused by an increase in the arm of force, and, consequently, the moment of force, as well as a decrease in the angle of inclination of the helix. As a simple example, we can provide a cantilever-fixed beam, which is twisted from the side of the loose end, with a constant cross-section of the beam, for twisting at the same angle, with a longer length of the beam, a force less in magnitude will be required.

а)

b) 

c)
Fig. 3. Dependence of the load on the punch on its movement:
a – experiments 1, 4, 7; b-experiments 2, 5, 8; c-experiments 3, 6, 9 (see Table 1)
Fig. 3 shows graphs for tracking the influence of the angle value 2φ on the power parameters of the process with constant radii of rounding at the intersection of the channels and the total length of the output channel. Computer modeling revealed the influence of the channel conjugation angle on the value of the deformation force, the results show that an increase in the angle value leads to a decrease in the force parameters.
Table 2. Geometric parameters of the matrix channels
	Experiment
	r, mm
	R, mm
	l, mm
	L, mm
	2φ, °

	1
	3
	4
	7
	42
	100

	2
	4
	4
	7
	42
	100

	3
	5
	4
	7
	42
	100


The next stage of modeling was the study of the influence of the inner radius of conjugation r and the length l of the straight section 2, according to the scheme shown in Fig. 2, on the force of deformation. Table 2 summarizes the geometric parameters for studying the influence of the radius r on the force parameters of deformation. Fig. 4 shows the obtained graphs of the dependence of the load on the punch on its movement.

Fig. 4. Dependence of the load on the punch on the movement when changing the radius r
The obtained dependences demonstrate that with an increase in the internal conjugation radius r the average load on the punch increases slightly, in general, the influence on the average load can be considered insignificant, in comparison with the influence of the length of the screw channel and the angle of conjugation of the channels.
Table 3 shows the geometric parameters for studying the effect of the length l of the straight section 2 on the load (see Figure 1). Figure 5 shows graphs of the dependence of the load on the punch on its movement.
Table 3. Geometric parameters of the matrix channels
	Experiment
	r, mm
	R, mm
	l, mm
	L, mm
	2φ, °

	1
	3
	4
	7
	28
	100

	2
	3
	4
	14
	28
	100

	3
	3
	4
	7
	42
	100

	4
	3
	4
	14
	42
	100

	5
	3
	4
	7
	56
	100

	6
	3
	4
	14
	56
	100



а)

b)

c)
Fig. 5. Dependence of the load on the punch on its movement:
a - experiments 1, 2; b - experiments 3, 4; c - experiments 5, 6 (see Table 3)
Analysis of the graphs shows that there is an increase in the load on the punch with the increasing length l of the straight section 2. This circumstance is explained by the fact that the total length of the output of the channel increases with the increasing length of the straight section 2, so the area of the contact friction becomes larger and to overcome friction over a larger area is required a big load.
Based on the obtained data, it was decided to produce a matrix with an internal radius of rounding r=3 mm of the channel intersection zone with a straight section length l=0.5×H=7 mm.
Conclusion
Computer simulation of the combined SPD processes makes it possible to make a rational choice of the parameters of the designed technological process from several alternatives, taking into account the reduction of the force modes of deformation.
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Artificial neural networks architectures for human semantic segmentation investigation
Artificial neural networks are one of the key technologies that make it possible to successfully apply machine training methods. This article discusses the problem of human recognition using various ANN architectures. An overview and analysis of the effectiveness of using various ANN architectures for semantic segmentation of an object are presented, an experimental comparison of ANN architectures is carried out.
Keywords: artificial neural networks, semantic segmentation, human recognition
Introduction
With the development of modern technologies, the problem of human recognition by technical vision systems becomes more and more urgent. Various algorithms capable of determining the location of a person in the image are used in various fields, such as autonomous driving systems, industrial safety systems, multimedia applications, etc. Significant progress in the development of ANN in recent years has allowed us to achieve a high quality of object recognition, exceeding similar indicators for classical machine training algorithms, which makes ANN one of the most effective approaches for this task
There are many methods for localizing objects in an image. One of the most informative for the human recognition problem is the semantic segmentation method, which realizes the classification of all image pixels, i.e. defines the belonging of pixels to the classes "background" or "person", thereby allowing you to localize the figure of a person with pixel precision. The purpose of this work is to analyze and compare various ANN architectures and identify the most suitable for the task of human recognition.
Comparative analysis of ANN architectures for semantic segmentation
Currently, many ANN architectures implement the semantic segmentation algorithm. Based on the study of the results of research on machine training algorithms, such as COCO Segmentation Challenge [1] and PASCAL Visual Object Classes Challenge [2], the architectures that show the best results for the semantic segmentation problem were selected and investigated.
FCN. The Fully Convolutional Networks (FCN) architecture has gained widespread popularity following a publication by Evan Shelhamer et al. in CVPR in 2015 [3]. The authors of the work proposed the idea of replacing the output fully connected layers with convolutional layers. As a result, the ANN output is a two-dimensional tensor, the values of the elements of which can be interpreted as the probability of belonging to one of the classes. Thus, FCN issues feature maps (heatmaps) for each of the classes, thereby solving the problem of semantic segmentation.
In the course of the experiments carried out on the Pascal VOC dataset, it was shown that the proposed architecture outperforms competing architectures such as R-CNN and SDS in terms of the quality of segmentation, determined using the mean Intersection over Union (mIoU) metric and speed of operation (Table 1).
Table 1. Results of testing ANN on Pascal VOC 11/12 sets [3]
	Architecture
	VOC2011, mIoU
	VOC2012, mIoU
	Work time

	R-CNN
	47.9
	-
	-

	SDS
	52.6
	51.6
	~50 с

	FCN8s
	67.5
	67.2
	~100 мс


The disadvantages of the FCN architecture include the relatively low accuracy of the spatial definition of objects caused by the difference in the resolutions of the input image and the output tensor.
DeconvNet. One of the options for solving the problem of low accuracy of spatial definition of objects was proposed by Hong et al. [4], where the DeconvNet architecture was described. The structure of this ANN consists of two main components - an encoder that performs image convolution, and a decoder that converts the results of the encoder's operation into output class masks (Fig. 1).
[image: ]
Fig. 1. DeconvNet architecture
It can be noted that the encoder and decoder are symmetric structures, the difference between which is the use of layers for lowering the dimensionality (max pooling) instead of layers for increasing the dimensionality (unpooling). The new approach, which consists in using layers to increase the dimensionality, allowed to improve the quality of semantic segmentation of objects and to overtake FCN-type architectures on the Pascal VOC dataset by more than 10% according to the mIoU metric.
SegNet. In 2016, in the work of Alex Kendal et al. [5] was presented a modification of DeconvNet - the SegNet architecture. The main innovation in SegNet is the decoder oversampling method. Each downscaling layer in the encoder is directly linked to a symmetric layer in the decoder. Thus, with an increase in the dimensionality of feature maps, information about the pooling indices that were selected at the stage of dimensionality reduction becomes available, which has a positive effect on the accuracy of the final segmentation (Fig. 2).
[image: ]
Fig.2 SegNet architecture
The proposed architecture was tested on CamVid and SUNRGB-D sets and showed better results compared to other popular architectures, such as FCN, DeconvNet, and DeepLab.
Table 2. Results of testing ANN architectures on the CamVid set
	Architecture
	Dependence of mIoU on the number of training epochs
	Maximum number of training epochs


	
	40 ths.
	80 ths.
	More than 80 ths.
	

	SegNet
	50.02
	57.18
	60.10
	140 ths.

	DeepLab-largeFOV
	50.18
	53.34
	53.88
	140 ths.

	FCN
	46.59
	47.95
	49.83
	200 ths.

	FCN (deconv)
	48.68
	50.80
	51.96
	160 ths.

	DeconvNet
	39.69
	43.74
	59.77
	260 ths.


U-Net. This ANN architecture was proposed by Olaf Ronnenberger et al. [6] in 2015 for biomedical image segmentation. The new architecture was based on a SegNet type architecture containing an encoder and a decoder. The authors of the work proposed to improve the quality of segmentation due to the direct concatenation of feature maps of symmetrically located encoder and decoder layers (Fig. 3).
[image: ]
Fig.3. U-Net architecture
The U-Net architecture has shown the best results for biomedical image segmentation in competitions such as the ISBI Cell Tracking Challenge and Kaggle Ultrasound Nerve. Further works [7, 8] showed the high efficiency of using U-Net in other applied areas, which made this architecture one of the most popular for segmentation tasks at the moment.
DeepLabv3+. One of the newest architectures that have proven itself in solving the problem of semantic segmentation is DeepLabV3 +, published by developers from Google in 2018 [9]. This neural network also consists of an encoder and a decoder, but the main difference between DeepLab-type architectures is the use of atrous convolutions, which are filters parameterized by the rate value, which is responsible for the degree of convolution sparseness (Fig. 4).
[image: Atrous convolution]
Fig. 4. Scheme for calculating sparse convolutions depending on the rate parameter
This approach allows us to achieve better segmentation by increasing the coverage area of each of the convolutions without increasing the number of ANN parameters and the number of calculations. The high quality of segmentation was experimentally confirmed on the Pascal VOC data set: DeepLabV3+ with the Xception-JFT architecture as an encoder showed a mIOU metric value of 89%, which exceeds similar indicators for such architectures as SegNet, DeconvNet, and FCN.
Table 3. Results of testing architectures on the Pascal VOC 2012 set
	Architecture
	mIoU
	Architecture
	mIoU

	Deep Layer Cascade
	82.7
	CASIS IVA SDN
	86.6

	TuSimple
	83.1
	DIS
	86.8

	Large Kernel Matters
	83.6
	DeepLabV3
	85.7

	Multipath RefineNet
	84.2
	DeepLabV3-JFT
	86.9

	ResNet-38 MS COCO
	84.9
	DeepLabV3+ (Xception)
	87.8

	PSPNet
	85.4
	DeepLabV3+(Xception-JFT)
	89.0

	IDW-CNN
	86.3
	
	


Analysis of ANN architectures. The use of ANN for the task of human recognition assumes both high accuracy of the spatial localization of an object and a sufficiently high speed of the ANN to ensure real-time operation. Based on the analysis performed, in tasks close to human recognition, DeepLabV3 + shows the highest segmentation quality metrics, which is confirmed by other studies [9]. However, sufficient information was not found to compare the performance of the U-Net and DeepLabV3 + architectures on the same training and test suites. Also, an important issue is the performance of architecture. To solve these problems, it was decided to conduct experimental testing of the U-Net and DeepLabV3 + architectures to determine the most suitable for solving the problem of human recognition using the semantic segmentation method.
Computational experiment
During the experiment, the UNet and DeepLabV3 + architectures were trained on the COCO 2017 dataset. To obtain more reliable results, each architecture was considered with two different encoders: MobileNetV2 and ResNet50V2.
The sizes of the training and test samples are 10,000 and 200 annotated images, respectively. The Adam algorithm with a training step of 0.0007 was used as an optimizer. The loss function is a categorical cross-entropy. The total number of training epochs is 50, the number of images per training step is 16.
During testing, the quality of segmentation was evaluated using the mIoU metric, to assess the performance, the number of operations in gigaflops (gFLOPS) was calculated when processing images with a resolution of 320x320 pixels. The test results are shown in Table 5.
Table 4. Testing results of U-Net and DeepLabV3+architectures
	Architecture
	Encoder
	mIoU, %
	gFLOPS

	U-Net
	MobilenetV2
	0.786
	21.053

	
	ResNet50V2
	0.769
	89.706

	DeepLabV3+
	MobilenetV2
	0.770
	9.383

	
	ResNet50V2
	0.750
	54.338


Based on the experimental data, it can be concluded that the U-Net architecture shows a higher quality of segmentation than DeepLabV3+, which is explained by the presence of intermediate concatenations of feature maps between the encoder and decoder. The difference is 0.016%, which is not a significant difference and allows us to say that these architectures have a similar quality of segmentation. At the same time, the performance evaluation shows that the UNet architecture requires more than twice as many calculations.
Conclusion
This paper presents an overview and analysis of various ANN architectures for the problem of object recognition by the method of semantic segmentation. As a result of the analysis, two ANN architectures were selected, with which a computational experiment was carried out. Based on the results of this experiment, it was found that the DeepLabV3 + architecture is the most suitable for human recognition using the semantic segmentation method.
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Methodical issues of using the functional approach to the functional-value analysis of machines and equipment
The questions of the methodology of the functional approach, including the work on the description, classification, and evaluation of the functions of the analyzed object and its parts during the functional-value analysis of machines and equipment are considered. Recommendations for the creative search for new technical solutions based on the use of a functional approach are given.
Keywords: functional-value analysis, functional approach, machinery, equipment
The functional approach is a special feature of functional-value analysis (FVA), the methodology of which provides for the work on identifying, describing, classifying, ranking, and evaluating the functions of both the object of analysis as a whole and its parts. A function for the FVA is understood as an action that the analyzed object can perform under typical conditions of its application. The concept of "action" in linguistics is interpreted as a manifestation of some kind of energy, activity. It has antonyms: inaction, impact, counteraction, assistance, interaction, as well as synonyms: execution, implementation, operation, work, procedure, process, the manifestation of something [2].
The general rules for the formulation of functions are reduced to three requirements: semantic accuracy, sufficient abstractness, conciseness, and quantitative certainty. Thus, a brief description of the functions helps to "get at the root", without being distracted by insignificant details and rationally use the available resources.
With the outward simplicity of the verbal description of functions, it causes difficulties and requires clarification. Since a function is an action, its formulation, at a minimum, must contain a verb or a verbal noun (the action itself) and a noun (the object of the action). The rule "verb plus noun" gives the most concise formulation. If a function cannot be described concisely, then either the analyst does not have comprehensive information, or is trying to consider it in an unjustifiably broad aspect. But laconicism does not exclude semantic precision. For example, the function of a switch: “closes and opens an electrical circuit”, i.e. its name should not be limited only to switching off.
In addition, you should use verbs with active meanings, reflecting the action taking place, and not its possibility. For example, the name “delivers the load” rather than “provides the load delivery”.
The formulation of the function is necessary to facilitate the search for analogs for the object of analysis to borrow technical solutions and data on prices and costs from analogs. However, according to the theory of valuation, in direct comparison, functional similarity alone is not enough. Analogs should also be classified, i.e. they are also similar in the principle of operation and design scheme. Hence it follows that the function formulation should not be too abstract and it should display the features of the function execution technology. For example, the function of a drilling machine can be described as "drilling holes in parts" or "creating holes in parts", the second formulation is too abstract and does not reflect the technology, so the first formulation is more suitable.
Lexical errors in the formulation of functions are often associated with the choice of a name from several variants that partially coincide in their meaning. For example, a certain vehicle is considered, for which the following names of its functions can be proposed: it transports the load, carries the load, delivers the load, forwards the load, sends the load. These names have a common component in their meanings. All of them indicate the movement of the load from one place to another place. However, each of these formulations has a specific meaning and use:
• transports the load - focuses on the movement by the method of transportation on a solid track (car, train, transporter, wheelchair);
• carries the load - focuses on the movement of the load by hanging and lifting from the ground (aircraft, hoist, lift, crane);
• delivers the load - focuses on the arrival of the load at a specific place and time using a particular type of vehicle;
• sends the load - used to indicate the corresponding transport service;
• forwards the load - focuses on changing the delivery address or on overcoming any part of the route.
Therefore, the use of the phrase “transports the load” concerning an aircraft or a ship will be regarded as a lexical error. In this case, the use of the words “carries the load” will be more accurate. 
When formulating a function, the type of function must be taken into account. Functions are subdivided into general-object, related to the object of analysis as a whole, and intra-object, related to the components of the object (aggregates, blocks, nodes, parts). Functions are also classified according to the degree of necessity into useful (positive), neutral, and useless (unnecessary and harmful) [3].
When identifying and formulating functions, sometimes there is a substitution of the concepts of function and property, these concepts are close and somewhat interrelated, but they are different in meaning. A property is a quality, a feature that makes up a distinctive feature of something [2]. To expand the boundaries of the functional approach, some sources mention aesthetic functions [4], as well as value functions [5]. In the theory of commodity science, the concepts of aesthetic, ergonomic, and socially significant consumer properties are accepted. Consumer properties are a set of technical, economic, and aesthetic qualities of a product that provide the buyer with the greatest satisfaction of his needs for an optimal price [1]. Aesthetic or value properties cannot be described in the "language of functions". Functions assume that an object has physical properties (strength, tightness, thermal conductivity, electrical conductivity, etc.). For example, a tank performs the function of storing liquid and for this, it must have the property of tightness. Therefore, it is not necessary to attribute the function of having tightness to the tank.
Another difficulty is related to the need to distinguish functions from elementary operations. Both a function and an elementary operation represent an action, however, a function is characterized by generalization, and an elementary operation is a specific action. The function can cover several elementary operations.
Take a bench hammer as an example. The hammer consists of three parts: a steelhead, a wooden handle, and a spacer wedge. You can name about 15 elementary operations, but this does not mean that the hammer has 15 functions. All operations performed with a hammer are accompanied by blows, but the technology of their execution depends on which part of the hammerhead (striker or toe) it is performed with. Therefore, two functions of the hammer can be formulated: 1) produces directional blows (strikes directed) with a striker on a solid object and 2) produces directed blows (strikes directed) with a toe on a solid object. Most of the elementary operations relate to the first function, and the operations "beat off the scythe blade" and "punches a recess in the material" - to the second function. Thus, in the formulation of functions, technological features must be reflected.
The difficulty with describing the functions of a multifunctional object is not to miss and describe all its functions. When examining and observing the functioning process, it is necessary to find out which functions the object is capable of performing and which of these functions are useful, and which are unnecessary and even harmful. For example, we have formulated two useful functions of a hammer above. The question arises: does the hammer have unnecessary functions? When working with a hammer, blows are applied, and they are accompanied by increased noise. Creating noise is undesirable and can be considered harmful.
Unnecessary and harmful functions should not be confused with operational risks. For example, when working with a hammer, there may be damage to the surface of the object, bouncing of broken parts, injury to the worker's hands, etc. Such risks are caused by violations of technology and are not functions.
The requirements of semantic certainty, conciseness, and quantitative certainty are also imposed on the formulations of intra-object functions, but there are also some peculiarities. An intra-object function, as a rule, supports some general object functions. Therefore, there may be an error when the name of an intra-object function replaces a general object function. For example, the function of a light bulb – “emits light”, but the name “illuminates a space” is incorrect. The lighting function is performed by a lamp, the element of which is a light bulb. Many parts and nodes have names that themselves speak about their function. For example, from the names of such parts as a cover, a pusher, a slide, support, a switch, their functions are quite clear.
	The sequence of operations for analyzing the functions of an object and its parts is as follows:
1) the analyzed object is presented in the form of a technical system, consisting of several structural elements or components (the degree of detail is determined by the given research conditions);
2) the components of the external environment in which the usually analyzed object functions are identified;
3) for each component of the object, functions are formulated as interactions with the components of the object and the components of the external environment, while the component from which the action proceeds is the carrier of the function, and the component to which the action is directed is the object of the function;
4) the functional-structural graphic model is built, which shows components and functions in the form of arrows from carriers of functions to objects of functions, and the same component can simultaneously be a carrier of one function and an object of another function;
5) the constructed functional-structural model is analyzed by obtaining answers to the following questions:
• Are there components in the system from which no function comes, and therefore unnecessary components that can be removed?
• Is it possible to assign some similar functions to one component as the carrier of these functions?
• Is it possible to replace some function carriers with more advanced and less costly objects?
• Are there any harmful functions in the system and, if so, how can they be neutralized or can their carriers be removed?
• Are all functions (actions) coming from the components of the external environment taken into account in the model?
• Are all functions (actions) of the system components aimed at the components of the external environment taken into account in the model?
6) based on the answers received, an improved functional and structural model of the object is built;
7) the determination of the costs of functions, i.e. the costs of manufacturing the corresponding carriers of these functions, among which the "critical" components with the highest costs are identified, which at high costs perform auxiliary, secondary functions;
8) the preparation of proposals for reducing the costs of "critical" components by introducing new technical solutions.
Thus, the inclusion of formulations of functions in the structural model of a real analyzed object helps to identify "weak" points in the structure and suggests ways to rationalize the structure of the object.
The creativity of the functional approach is explained by its closeness to the method of synectics from the theory of technical creativity when new ideas are mentally born in a person through the use of analogies and associations. But the functional approach has not only strengths but also weaknesses. Abstraction and immersion in the sphere of functional descriptions can be accompanied by the loss of important information, which will cause significant errors in calculations and conclusions. The costs of describing functions and preparing additional documentation are not always covered by the results obtained. Inaccuracies in the functional display of useful characteristics of objects cause common mistakes: 1) excessive abstractness and semantic inaccuracy of function formulations can lead to the wrong choice of analogs; 2) incomplete accounting of the composition of functions, especially useless and harmful, distorts the idea of the useful potential of the object of analysis, which gives an error in determining its value; 4) mismatch between the functional decomposition and the subject structure, hence the errors in the distribution of costs between functional components; 5) errors associated with duplication of some names of functions, elementary operations, and properties.
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The selection of company key value drivers based on an A. Osterwalder business model
This article discusses the approach to the selection of value drivers based on the company's business model, proposed by A. Osterwalder and Y. Pigneur. The authors propose to identify the key value drivers in each block of the company's business model, influencing which the organization's management will be able to more effectively manage the business and increase the amount of cash flow.
Keywords: value drivers, enterprise value, volume-based management, business model.
Introduction
Currently, the pandemic caused by the spread of the COVID-19 virus around the world, the increased volatility of the financial and stock markets, the fall in oil prices, have caused the economic deterioration of the country, which, in turn, has led to a decrease in the financial indicators of most economic entities and their competitiveness. Because of the current unstable economic situation, the management of companies in various industries is required to make managerial decisions aimed at overcoming the current crisis, and, often, at ensuring the survival of the business. Thus, issues related to ensuring the company's liquidity, as well as issues of maintaining cash flow and the cost of the business value at the same level (or minimizing the rate of decline in these indicators), are currently becoming the most important.
Main part
Value management, including any actions aimed at increasing the company's cash flow, is an integrating process, the main goal of which is to qualitatively improve strategic and operational decisions at all levels of management by concentrating common efforts on key value drivers [1]. In turn, the main areas of activity on which the company should focus its efforts in value management should be based on the principles of creation, development, and successful operation of the enterprise, determined by its business model. Thus, one of the possible directions for the development of tools for managing the value of the company is the allocation of value drivers, taking into account the developed business model of the enterprise [2].
Today, the classic approach to the formation of the company's business model is the model proposed by A. Osterwalder and Y. Pigneur, which allows to comprehensively consider all the processes of the company, focusing on the most important aspects of its activities, finding "bottlenecks" and identifying new points of growth and ensuring sustainable business development [3].
This business model includes modeling the situation and its analysis in key areas and is presented in the form of nine interconnected blocks: key resources, key activities, value propositions, key partners, customer relationships, customers, sales channels, expenses, and income. Thus, to create the model under consideration, the consumers of the products manufactured by the enterprise are identified and relationships are built with them. To this end, the company, with the help of its key partners and the resources used in production, carries out activities aimed at meeting the needs of customers, by creating such value propositions that define the exceptional characteristics of the enterprise, and the implementation of which is carried out through sales channels. As a result, a stream of income is formed that is directly related to value propositions and, which in turn must exceed the costs incurred by the company in the course of its activities.
Considering the listed blocks of the business model from the standpoint of the concept of value management, it is necessary to identify the key value drivers within each block, providing management influences on which it will be possible to achieve the greatest effect (Fig. 1).
[image: ]
Fig. 1. Identification of key value drivers based on the company's business model
In this paper, the authors consider the key value driver as a characteristic of the enterprise's activities, on which the effectiveness of its functioning for each block of the business model depends [4].
The classification of value drivers presented in the figure demonstrates which methods of influencing a particular block of the business model must be applied to ensure effective management of the company's activities.
In the "Customers" block, one of the main value drivers is the structure of the target segments of consumers. Taking into account the constantly changing market situation, the company should periodically monitor the current structure of its customers and, if necessary, make adjustments to its activities aimed at changing the existing structure, including increasing the diversification of its clientage, to ensure the maximum possible profitability of the company.
The segment growth potential driver reflects the company's ability to increase its market share in the corresponding customer segment. Market share dynamics is an important indicator for any company. An increase in market share contributes to an increase in revenue and directly affects the company's growth rate, while a loss of market share means a decrease in the company's competitiveness and has an extremely negative effect on all performance indicators of its activities.
The most significant value drivers in the “Sales channels” block are the level of diversification of sales channels and the level of coverage of target consumer segments. The company should strive to use in its arsenal the widest range of available sales channels, both its own and partner ones. At the same time, it is important to what extent each of the sales channels covers a particular segment of consumers, the degree of availability of sales channels for each segment of consumers, the possibility of informing consumers about the company's value propositions at all stages of the sale, etc. At the same time, important aspects are the level of integration of sales channels and the level of automation of the company's logistics processes, since these drivers directly determine the company's ability to ensure the promotion and sale of products in the required time frame and are competitive.
The profitability and sustainability of the business will largely depend on what methods of relationship with customers the company chooses, how effective these methods will be, and are they integrated into the overall business model of the company. The choice of a combination of methods of interaction with clients will primarily be determined by the chosen strategic goal of relations with clients - acquiring customers, retaining customers, increasing sales, and one of the most important indicators of the effectiveness of the methods used will be the level of consumer loyalty.
In the “Value propositions” block, the main value driver is the level of key competencies, which is a combination of competitive advantages, features, knowledge, skills, abilities, and qualities of an enterprise that ensure its success and competitiveness in all markets. Therefore, along with this driver, the level of competitiveness of the enterprise is also considered. In this case, the assessment of the competitiveness of the enterprise should be based on the analysis of technological, production, financial, and sales opportunities in the context of the main competitors of the company.
The value drivers that determine the value propositions of consumers also include the enterprise development strategy, which is a set of methods aimed at achieving the goals, and the level of innovative development, which is determined by comparing the effect of innovation and the costs of its implementation.
The “Income” block in the business model defines the ways of generating the company's revenue streams in the context of each consumer segment and each type of product or service provided. Accordingly, the drivers of value in this block will be parameters that have a direct impact on the formation of income streams, such as the overall structure of the company's revenue, the structure of income and profitability of sales by consumer segments, the structure of income and profitability of sales by product, the growth rate of sales by segments of consumers, sales growth rates by-product [5]. Analysis of income in these sections will allow the company to promptly make changes not only in the selected methods of generating cash flows but also in strategic development plans [5]. Since each income stream has its pricing mechanism, the correct choice of the appropriate mechanism will have a significant impact on the formation of cash flows.
In the "Expenses" block, the main value drivers will be the size and structure of the enterprise's costs. Analyzing these drivers, an enterprise needs to understand that the total amount of production costs depends on the type of output, its structure, variable costs per unit of output, the total amount of fixed costs, and the price of consumed resources. The analysis of the total amount of costs should take into account as much as possible all technical and economic drivers, conditions and organization of production, changes in the quality of products, and the efficiency of using production resources due to other influencing reasons.
In the "Key resources" block, it is advisable to allocate human, material, intangible, and information resources, as well as to consider value drivers within each type of resource. The main task of the top management is to develop and implement such a personnel strategy that provides the company with long-term competitive advantages.
Material resource management is characterized by such indicators as the level of technological equipment of production and the utilization of production facilities. The level of technological equipment of production determines the effectiveness of the sale of products and the possibility of the rhythm of its sale with given consumer properties. The utilization of production capacities allows the enterprise to determine the maximum possible annual production output. To assess the company's strategy in the field of information technology, it is necessary first of all to analyze the sufficiency of the infrastructure, which can be determined by estimating the company's expenses on IT as a percentage of sales revenue, to assess how efficiently these resources are used, and also to track how efficiently works the communication network, allowing to maintain the company's databases, as a result of which the exchange of information within the company is significantly accelerated and facilitated. Also, the value drivers in this block are the level of security and the level of limited resources, which allow the company to identify the number of resources available in full at the enterprise, and the resources, the absence of which can hinder the production process.
In the "Key activities" block, the main value drivers should be the level of business diversification, the structure of output, and the structure of the company's profit by type of activity, which also allow determining the share of individual types of products in the total output and the share of profit that each product brings in the total profit structure.
The "Key partners" block, which implies interaction with the main suppliers and contractors, defines communication with them as the main task. The key indicator that characterizes the relationship with suppliers is the quality of such communications. Thus, a sign of reliable partnerships with suppliers is the acceleration of inventory turnover, which allows you to determine the presence or absence of excess inventory since an increase in this indicator indicates problems in the supply system of the enterprise, and the amount of transaction costs associated with the transfer of ownership rights. Do not forget about the main partners of the company – investors. Relationships with them are an integral part of the company's activities. This indicator is characterized by the number of offers that the company made to the market and how favorably they were accepted, which indicates a friendly attitude of investors to the company. The developed approach was tested within the framework of the project of the digital product design of aircraft engines. The following key activities were highlighted:
· production of products (engines) with long service life and high reliability based on a single product platform;
·  production of main components and assembly units;
· fitting-up of finished products
The key resources of the enterprise were identified: the provision of the production process with intangible assets, such as knowledge bases, highly qualified and experienced personnel, as well as tangible assets (technological equipment).
Since the innovative activity of the enterprise was assessed as low by all indicators, it was decided to revise the business model of the enterprise to create digital products based on the allocation of key value drivers in each block of the business model.
First of all, to support key competencies, an innovative technological process was developed that ensures the target cost of aircraft engine production. For this process, the missing resources were determined by the required indicators capable of ensuring the functioning of a modern enterprise.
To ensure interaction with customers, a digital platform based on the SAP S/4 HANA CRM module was chosen, which will reduce the cost of the product lifecycle in the future and ensure high manageability of the supply chain.
It is also planned to increase customer satisfaction in the future through the use of a PLM system that will allow the continuous analysis of engine operation and wear, as well as their maintenance.
As an approach to managing the value of the company, a balanced system of indicators was chosen, the analysis of which is carried out continuously based on data collected by the i-ERP system in four directions:
- indicators of the target value of the product and the value of the business;
- customer satisfaction indicators (quality and after-sales service);
- indicators of the efficiency of business processes;
- indicators of the effectiveness of human resource management.
As a result of the project, a new business model for the production of aircraft engines was developed, which will allow the company to achieve a high level of competitiveness not only in Russia but also in the world market.
Conclusion
Thus, the identification and implementation of management influences on the set of value drivers within the framework of the developed business model will allow the management of the enterprise to analyze, evaluate and control the influence of drivers on the value of the enterprise, considering them as an integral system, which, in turn, will create the basis for making timely operational, tactical and strategic management decisions to increase the value of the business and, consequently, increase the efficiency of the enterprise and the competitiveness of the enterprise.
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The essential qualities of the production function model in a complex form
	Economic and mathematical models of production functions are described in a complex form by the use of two functions of the real variables. The special properties of analytical complex functions are used in complex function modeling based on economic data given by tabular real indicators.
Keywords: mathematical modeling in economics, production functions, analytical complex functions, restoration of complex function.
Introduction
The production function characterizes the relationship between resources and output or profit and, thus, can describe the conditions for effective production methods. Knowing its production function, the manufacturer can estimate on the model how, for example, the volume of output will change with variations in the resources used. The variety of forms of setting production functions is explained by the fact that each new production method is effectively described by its production function. Modern nonlinear models of optimal control in the economy, in turn, are associated with nonlinear models of production functions. Thus, at present, economic and mathematical models of production functions (PF) are used as a helpful tool that allows conducting quantitative optimization analysis and concluding the effective amount of production resources.
The complexity of the mathematical description of the production process determines the variety of such models. The question of the adequacy of a mathematical model of a complex economic structure contains all the features of the question of any kind of mathematical modeling. Thus, Table 1 shows how researchers are modifying and complicating the PF model: using complicating the parameters of processes for optimization, and also using multiplications with a well-tested Cobb-Douglas type power function. As a result, in generalized models, researchers, as a rule, make assumptions about non-compliance with such classical properties of PF as uniformity, constancy of elasticity of factors, rejection of the explicit form of the task. Such artificial techniques are necessary to take into account the mutual influence of factors in the PF model [1].
Table 1. Known modern PF models
	
1. 



	PF with fixed proportions of production resources
• Leontiev
• Leontiev-Harrod-Domar (LHD)

	
2. 


	PF with a multiplicative effect
·  Cobb-Douglas
· CES - constant elasticity of substitution of factors

	
3. 
	· Linear PF

	
4. 




	· Allen
· PF with linear elasticity of substitution of factors(LES)
· Sollow, Hillhorst


Models of complex PF of a complex argument
Mathematical modeling using complex functions of a complex variable has long been effectively used in physics and engineering. Mathematical modeling is implemented most successfully due to the correct use of mathematical theories and conditions for the repeatability of the experiment. In economics, the question of verifying the adequacy of the mathematical model of an economic process remains an unavoidable obstacle, since in economic processes, unlike physical and technical processes, it is impossible to repeat a practical experiment to refine or change the parameters of the model. Therefore, the basis of mathematical modeling in economics can serve as well-founded methods and mathematical theories tested on models of engineering and physics
In this regard, we note that similar techniques and special properties of functions of a complex variable have already been extended to objects of mathematical modeling in economics [6,7,8]. By collecting the factors into one complex number, we eliminate the imperfection of mathematical models that require mutual independence for the factors.

So, in economic and mathematical modeling, we can build models of complex production functions from a complex argument. Then the so-called factors of the economic model will be combined into one number. At the same time, there is no restriction on the mutual independence of factors and the normal distribution present in regression models for production functions [1,2,3]. Let two factors: K-capital and L-labor be reduced to one complex number, and  is a complex function that defines a model of the production function


 , 									 									 (1)

.
Since the complex function is related to real functions describing the real and imaginary parts of the complex function, two real functions of two variables (K, L) are introduced into consideration. It is known that the theory of functions of a complex variable uses the basis of the methods of real analysis. Table 2 presents the simplest complex PF models, which in form repeat the known PF models in the representation of real factors [6,7,8].
Table 2. Complex PF models
	Z - space of complex numbers
	R - space of real numbers

	1. Linear function of the general form


Of a particular type, according to the contribution of factors


2. Power-law function of the general form


	1. Linear function


2. Power-law function



	3. Function similar to the Cobb-Douglas function

Additive model.
 Multiplicative model.


	3. Cobb-Douglas function





In this paper, when modeling functions in a complex space, the author pays attention to a class of analytical functions of a complex variable that have effectively manifested their properties in optimization complex models in engineering. Analytical functions of a complex variable have special properties associated with derivatives that allow us to take into account the rate of change of processes in the model and correctly build the model in a complex form. It is known that the rates of change in the parameters of a mathematical model are set by the values of their derivatives, and the derivative of a complex function requires more "rigid" conditions of existence. The differentiability condition at a point in the complex plane is "rigid" since it requires the value of a finite limit at various increments on the plane or the fulfillment of the Cauchy - Riemann conditions associated with the differentiability of the real functions  that make up the function of a complex variable [4,5]. In addition, analytical functions also require their differentiability on open task sets. In this regard, it is important, according to the author, to note that when modeling complex functions 2 and 3 from Table 2, the conditions of differentiability of functions (in a simply connected open domain) for arbitrary parameters of the model, namely, the analyticity of these functions, will not be fulfilled.


So, to build a model of a complex production function, we will use an important assumption that this function belongs to the class of analytical functions of a complex variable in its domain of definition, i.e. . This condition allows us to link the actual source data for the parameters K, L as correctly as possible, without making a deliberately impossible assumption about the independence of the factors [6]. The differentiability criterion of complex functions sets the conditions for two real functions that make up a complex function in the form (1).





For the C-differentiability of a function at the inner point of the domain of definition, it is necessary and sufficient that the functions should be differentiable at the point and that their partial derivatives at this point are connected by Cauchy-Riemann relations

  (2)

The author draws attention to a special property of analytical functions of a complex variable - the property of "restoring" the real or imaginary part of a complex function [4,5] from a known part of a complex function. In this case, we will be able to build a correct mathematical model in a complex form using the known functional dependence of the parameters K, L, usually specified by tables of "working" economic indicators in the form of real numbers, by "restoring" the imaginary part.
As a result, we get the opportunity to "restore" an unknown function of the imaginary part by the formula

  . (3)
Let's consider examples of "constructing" well-known models of production functions (PF) in a complex form.
1. Linear PF


Let the factors (K, L), given in tables, have a linear trend  in the form of time series. We set the real part of the complex PF in the form, then according to the law of "restoration " described above, the imaginary part of the complex function can be easily obtained and has the following form

   .  (4)
Here, without losing generality, we assume C=0.
Then, the modeled complex linear PF will be represented as follows by (1) by the formula

  .  (5)


Note that the linear complex function sets the similarity transformation of the complex plane (K, L). In this case, the module of the derivative sets the degree of local stretching of the original region (K, L) -, and the corresponding argument  is the angle of local rotation, in other words, a possible "reversal" of the trend (Fig.1). In this case, the derivative argument sets the angle indicated by an arrow between lines 1 and 2 and is associated with the control parameter a ( Fig.1).
[image: ]
Fig.1
2. Complex functions of the Cobb-Douglas type
Requirements for the model by the type of the Cobb-Douglas function
First, when constructing a model of a complex function in form 3 for an additive model (Table 2), it should be noted that the approach consisting in modeling a complex PF based on known real data will lead to the fact that we get a non-analytical complex function. To do this, it is easy to check the harmony condition for the function of the real part

  .  (6)

Secondly, when constructing a model of a complex function in the form of a multiplicative model (Table 2), we also get a non-analytical complex function if the control parameters of the model do not satisfy a special condition, which is easy to obtain from the condition of harmony of the real part of a complex function of the form 
The functional relationship for the parameters of the Cobb-Douglas model can be determined based on the initial economic data presented in the reports of enterprises. A condition for the parameters to meet the requirement that the model function belongs to the class of analytical functions is obtained:

.	

In the simplified case, choosing a complex model of the form , it is not difficult to check that the function representing it will be a harmonic function. The conditions (6) are fulfilled for it. Then the imaginary part of the complex function modeled by PF, up to an arbitrary constant, which, without losing generality, can be set equal to zero, will have the form

 					 (7)
As a result, it is shown that the complex function will be analytical, which can be correctly and effectively used in the following form

  .  (8)
3. Power-law complex model
If we construct a complex model in the form of a power-law function (form 2, Table 2), then the function representing it has the following general form

  (9)
In this case, it will be natural when analyzing the behavior of a complex PF to go to the complex logarithm

  (10)
Using the approach described in [4,5], it is possible to notice the alternation of maxima and minima in a power-law function due to the presence of complex logarithms (Fig.2). Such a method of visualizing the values of a function on the Riemann sphere is used in geophysical research and is described in [6], it allows you to visually highlight the anomalous zones and zones of stable behavior of the function.
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Fig.2 
Often, when constructing power-law real models of PFs, they are chosen in the form of polynomials, in this case, for the complex model, the condition is satisfied that the power parameter belongs to natural numbers,

  
In this case, according to the initial data on the known parameters of labor and capital, we can set the function of the real part of the PF in the form

  .  (11)
Then, according to the scheme described above, we perform the procedure of "restoring" the imaginary part according to formula (2), since a power-law complex function with a natural exponent is an analytical function. The property of analytic complex functions can also be useful in this case, that an arbitrary polynomial will be an analytical function of a complex argument and an analytical fractional-rational function of a complex argument in a domain that does not contain zeros of the denominator will also be analytical.
If you build a model with a real power exponent, you should pay attention to the fact that such a function will be multivalent, ambiguous. This difficulty can be overcome by setting the conditions for finding on one Riemann sheet allocated for analysis.
Let us consider the features of the behavior of a power complex function with a real exponent

   (12) 
Based on the representation according to formula (12), it becomes clear that the control parameter a will be associated with a series of maxima and minima of the complex PF.
Complex PF module for an optimization of control parameters of the model


The author pays special attention to the property of the module of an analytical function associated with metric properties in the space of complex numbers [6]. So, it is known that if  is analytic in some open simply connected domain G and in this domain (for example, on the level line) , then the function itself will also be constant in this domain. So, Figure 3 shows the level lines for a power-law complex PF. The construction was also carried out using the geometric interpretation of the complex function using the Riemann sphere (Fig.3) [6].
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Fig. 3 Isolines of the power function module


This position allows us to move the procedure for optimizing the control parameters of the complex PF model to the space of real numbers - R3, namely, (K, L, ). We define the sequence of finding the optimal control parameters of the production function as follows [2,3]:
1. We find a parametric class of analytical complex functions that most accurately approximates the quantitative relations between the selected characteristics of the production function in the real domain according to known economic indicators (the index t determines the nodal point in the source data)



2. We set the numerical parameters of the evaluation models . The set of values of the desired control parameters will be found taking into account these values




3. To define an optimal model of a complex function , similar to the most characteristic dependence in the real domain, it is necessary to evaluate the control parameters of the model  by minimizing the expression

.
Conclusion
So, in complex PF models, the economic factors of the model are collected into one complex number, while the control parameters of the model are also set in a complex form. A complex variable itself can be considered as a model that characterizes the properties of an object more comprehensively, since it consists of two real variables, and not of one variable, as is typical for models of real variables (i.e., taking into account the relationship of factors, unlike regression models). In economic models, the correct correlation of complex variables with economic indicators and functions is often a separate subject of research [10, 11].
The author draws attention to the special properties of analytical complex functions that can be used when modeling a complex PF based on the initial economic data given by tabular time real indicators. In this regard, the application of methods of applied mathematics to the construction of economic models of analogs is a step in complex-valued economic modeling, in particular, on the example of the production function. Such methods of applied mathematics are used in the study of flow potentials of various nature, in physics and engineering and allow us to correctly expand the mathematical instrumental economic modeling.
Illustrations are given on the main complex characteristics: the argument and the module for models of linear complex functions. For linear differentiable functions, a geometric interpretation of the argument of the derivative of a complex function is presented, which can serve as an indicator of trend changes, given economic indicators.
As a generalized quantitative characteristic of an analytical complex function, the value of the metric module in the space of complex numbers is proposed, which makes it possible to move the analysis of the control parameters of the PF model to the space of real numbers and, thus, determine the sequence of the procedure for optimizing the control parameters of the model.
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The heat supply industry digitalization role in achieving sustainable development goals
The main aspects of the information technologies application in the heat supply industry are considered, their connection with the sustainable development goals is shown. Examples of existing solutions in this area are given, and promising areas of digitalization are identified. 
Keywords: sustainable development, digitalization of the economy, heat supply industry.
The modern development of economic sectors and individual enterprises is determined by global trends that have developed today on a Russian and global scale. Among them, first of all, it should be noted the course adopted by the UN for sustainable development. For the first time the term “sustainable development” was voiced in 1987 in the report “Our Common Future” [1] of the UN World Commission on Environment and Development. Sustainable development is generally understood as a balanced solution to the problems of socio-economic development, aimed at meeting the needs of the present and future generations of people and ensuring the preservation of the environment and natural resource potential. Over the past years, the concept of sustainable development has been supported by most of the countries of the world, and since 2015 it has been elevated to the rank of a global ideology shared by all UN member states.
The consistent implementation of the concept of sustainable development is ensured by the development of goals and objectives that are adjusted by the changing situation. Thus, in 2000, the UN General Assembly adopted the Millennium Development Goals (MDGs), which defined the main goals and objectives of socio-economic and environmental development for the period up to 2015. The report, prepared by the Inter-Agency Expert Group led by the Department of Economic and Social Affairs of the United Nations Secretariat, notes that “The MDGs that put people and their urgent needs at the fore have changed decision-making in both developed and developing countries” [2]. At the same time, most of the problems have not yet been resolved, which led to the need to adjust the set goals, and in 2015, in the resolution "Transforming our world: the 2030 Agenda for Sustainable Development" [3], new 17 Sustainable Development Goals (SDGs) that are relevant today. Achieving the set goals requires solving a large complex of interrelated tasks both at the macro-, meso- and micro-levels.
The focus on the SDGs is reflected in the program documents of almost all countries, including the Russian Federation [4]. Within the framework of the SDGs, the main directions of the strategic development of Russia were identified [5], of which a special role is assigned to digitalization. The National Program "Digital Economy of the Russian Federation" provides for "the creation of an ecosystem of the digital economy of the Russian Federation, in which digital data is a key factor of production in all spheres of socio-economic activity" [6]. The digitalization of the economy provides for the development and creation of integrated management systems on the information technology platform, which makes it possible to increase the efficiency and quality of functioning of industries and individual enterprises, move to a new level of development, increase labor productivity and efficiency of production processes, and ensure the quality of products (services).
Despite the presence of common approaches in the field of informatization and digitalization, the solution of the problems of digital transformation of enterprises and industries is largely determined by their specifics. One of the main sectors of the Russian economy, on the successful functioning of which the achievement of some sustainable development goals largely depends, is the heat supply sector, which is unique in its scale. At the same time, its current state can be characterized as problematic, which is confirmed by both official statistics and information published in the Russian media. The solution to many problems that exist today in the domestic heat supply can largely be achieved through the introduction of digital technologies. Let us consider the main directions of digitalization of the activities of heat supply organizations (HSO) and their relationship with the achievement of sustainable development goals (Figure 1).
[image: ]
Fig. 1. Directions of digitization of HSO activities
1) Automation of heat supply systems means the use of a set of automatic devices for controlling technological processes, providing regulation (stabilization) of parameters, control of the operation of equipment and units, their protection and blocking, control and measurement of parameters, accounting for the consumption of supplied and consumed resources, remote control of measurements. Today, there is a sufficient number of software and hardware complexes for the automation of heating network facilities, the introduction of which will solve the problems associated with the optimization of hydraulic operating modes, high electricity costs during heat transportation, improper maintenance of technological modes of equipment, untimely detection of leaks and improperly organized accounting. energy resources, high costs of the payroll due to a large number of maintenance and operational personnel, and others. The effect of the introduction of an automated heating system control system can be up to 30% of all costs for production, transport, and energy consumption [7].
At the same time, to date, the use of various automation tools has not yet found full application in heat supply systems. For example, according to the «Regional Heat Supply Efficiency Rating» published in May 2020, the median value of the indicator "The share of apartment buildings equipped with automated individual heating points" was 0.7 points out of 10 possible, and the indicator "The share of modern pipes" (including pipes equipped with a remote operational control system (ROCS)) - 1.0 out of 5 points [8].
2) One of the main problems associated with the operation of heating networks is the high accident rate due to a significant degree of wear of pipelines and network equipment, as well as the low quality of construction and installation work during the building and repair of heating networks. The consequences of accidents on heating networks are interruptions in the supply of heat energy to consumers, an increase in costs, and a decrease in the profit of HSO, which significantly reduces the efficiency of the functioning of these organizations. The listed problems can be avoided by consistently introducing into the practice of HSO systems of operational diagnostics of the state of heating network elements by monitoring their technological parameters in real time. Timely identification of deviations in the course of technological processes will allow eliminating their causes without waiting for an emergency, which will significantly reduce losses associated with repair and restoration work and disruptions in the functioning of heating networks.
Speaking about the implementation of monitoring and diagnostics systems, it should be understood that they should provide not only a constant readout of information from sensors, which can be provided by various automation tools but also the prompt processing of incoming data. The variety of monitored parameters, large volume, and constant updating of information allow us to classify monitoring data as "big data", which determines the methods used for their processing. These methods include, first of all, statistical methods for analyzing time series, which make it possible to predict the behavior of technological parameters based on the construction of trends. At the same time, it should be taken into account that the dynamics of indicators, as a rule, are characterized by significant fluctuations caused by a combination of various technological and external factors, which makes it difficult to detect a trend.
The author considered some problems related to diagnostics of the equipment condition and predicting the behavior of its technological parameters. One of the approaches applied to solving such problems is the use of quality control charts that determine and visualize various statistical characteristics of the process under study. Quality control of technological processes can be carried out both “manually” using the simplest means (for example, Microsoft Excel), and using specialized software products. In [9], an analysis of pumping equipment was carried out using the Statistica package by Statsoft. One of the modules of this software product, focused on processing data on real industrial objects, is the Quality Control (QC) module, which allows you to build various types of quality control maps [10].
Today, other information technologies are becoming more and more common in the processing of monitoring data: predictive analytics, machine learning, cluster analysis, the use of artificial neural networks, and others.
3) Another direction of digitalization is the creation and filling of databases in various areas of HSO activities. An example is databases that allow accumulating data obtained in the course of monitoring. The accumulation of such information will make it possible to more accurately diagnose possible malfunctions, which will increase the quality and reliability of heat supply.
Another example is a database, the structure of which was developed by the author in [11], for storing information about sections of heating networks (Figure 2).
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Fig. 2. Scheme of a database for storing information about sections of heating networks
Let's describe the individual entities used in the model and their purpose.
The “Section” entity is intended for storing information about individual sections of heating networks. Information about the date of its commissioning is stored for each section, which allows to automatically calculate the service life of the section for use in calculating the probability of its damage. To ensure the integrity of data for decommissioned sections of heating networks, a date is also put down for the decommissioning of the section. This will make it possible to exclude from the calculation of the repair plan areas that are not currently in operation, but at the same time preserve the historical data on their operation, including data on their repairs, failures, power transmitted through them, and transmission losses. This historical data can be used to calculate the likelihood of failure for similar sections of the network still in operation.
The entities "Section characteristic" and "Characteristic values" are intended to store information about various characteristics that describe individual sections. These characteristics include the length of the section, the diameter of the pipeline, the depth, the material from which the pipe is made, the presence and material of insulation, the presence and number of locking devices, etc.
The entity "Repair plan-calculation" is intended for storing information about the made repair plans. It stores information about the date of drawing up the plan, the estimated available amount of funds, as well as the boundaries selected for calculation according to the criteria of losses and costs (as noted earlier, the recommended initial thresholds for these factors are 20% for assigning the section to the first rank and 10% for assigning it to the second rank, but in the future, the HSO can set these boundaries based on existing conditions and established practice).
The entity "Section according to plan" is intended for storing information about the sections included in the plan calculation. For each section, information is saved about the calculated values of the factors of failures, losses, and costs, the assigned ranks, the final rank of the section, the planned repair costs and the final decision to include or not include the section in the repair plan. Since the data on each calculation is saved separately, this will allow you to analyze the change in the state of the section over time, building a history of changes in both the values of individual factors and the overall rank of the section.
The entities "Section selection criteria" and "Planned selection criteria" are intended to store information about which criteria were used to calculate the failure factor. As previously noted, when calculating the value of the probability of section failure, to simplify the calculation, not a theoretical distribution can be used, but empirical data on failures of sections with similar characteristics. Then, when building a repair plan, various criteria can be used, according to which a set of areas similar to it is determined for each section. Selection criteria can be simple (for example, sections whose length differs from the length of the considered section by no more than a given value can be selected) or complex, taking into account a large number of parameters. The data on all such possible criteria is stored in the “Section selection criteria” entity, and the data on the criteria used in a specific calculation plan, together with the selected parameter values, is in the "Planned selection criteria" entity.
The "Failure" entity is intended for storing historical information about failures in sections of heating networks. It is provided for storing data on the dates of failures (which will allow calculating the time elapsed since commissioning), their duration, the costs of their elimination and compensation for damage, the causes and types of failures.
The entity "Transmitted power and losses" is intended for storing historical information about the transferred heat power and heat losses at the sections. This information is used in the calculation to determine the value of the loss factor for each section. Because many HSOs currently do not keep records of losses for individual sections, but only for the entire heat network as a whole, the proposed model was supplemented with the entities "Enlarged section" and "Heating network", which form the "Segment" hierarchy. Due to this, it is possible to keep records of losses both on the scale of heating networks and on the scale of individual sections. At the same time, if the accounting of losses for individual sections has already been implemented on a part of the thermal networks of the HSO, a mixed accounting can be carried out, and the number of losses for sections for which no accounting of losses is conducted can be obtained by distributing losses in proportion to the length of the sections or the transmitted power (having previously excluded the losses of those sections where accounting is conducted from the total volume of losses).
The entity "Planned repairs" is intended for storing information about planned repairs of sections necessary for calculating the value of the cost factor. This object stores data about the dates of repairs and their duration.
The "Defect" entity is intended for storing information about various types of defects.
Information about defects eliminated during planned work and the costs of their elimination is stored in the "Repair defects" entity, and information about defects that caused a failure is stored in the "Failure defects" entity. This information is used to calculate the value of the failure factor: a set of similar sections is determined for each section, the specific share of defects that are the causes of failures and the costs of their elimination is determined based on historical information on failures, and the costs of planned repairs of such defects are determined based on historical information on repairs.
In the course of implementation, the proposed module can be further supplemented taking into account the needs and characteristics of specific HSO, for example, information about the organizations that carried out the laying or repair of the section, suppliers of materials, etc. If the HSO already maintains a database with information about the heating networks under their jurisdiction, such a database can be expanded by integrating the proposed entities into it.
4) Development and standardization of specialized software. Such support includes software products that allow simulating various heat supply processes, monitoring data processing programs, and others.
Today, one of the main elements of the territory heat supply scheme is an electronic model of the heat supply system, designed for simulation modeling of heat network processes to the topographic map of the settlement. The obligation to develop an electronic model and the requirements for it are regulated by the "Methodological guidelines for the development of heat supply schemes" approved by order of the Ministry of Energy of the Russian Federation dated March 5, 2019 No. 212 [12]. The most common environments for the development of such models are CityCom (LLC "Potok", Moscow) and Zulu (LLC “Polyterm”, St. Petersburg). In [13], a comparative analysis of these software products was carried out, which led to the conclusion that, in general, both products meet the requirements and allow implementing the necessary functions.
However, it should be noted that the development of electronic models of heat supply systems faces some problems, among which, first of all, the lack of complete and reliable information about the operating heating networks in most HSOs, as well as the lack of local specialists who can use the specified software products.
Concluding the conversation about the directions of digitalization of heat supply, we emphasize that all of the above areas are closely interconnected and, therefore, require comprehensive implementation. Cloud and blockchain technologies, the industrial Internet of things, the creation of digital twins, intelligent systems, etc. will find increasing application in this area as information technologies are used.
At the same time, it was previously noted that, despite the significant available groundwork in this area, in most HSOs (especially in small settlements) digital technologies are practically not used or are used only slightly. This state of affairs is primarily due to the unsatisfactory financial condition of the industry and the lack of proper investment. Other reasons include insufficient information literacy of the HSO management, lack of understanding of the benefits from the introduction of information technologies, lack of qualified specialists in the field, lack and low quality of available information, and others. Therefore, the following can be noted as the priority measures aimed at solving the problems of digitalization:
1) in the financial sector:
- development of targeted financing programs with the attraction of both budget funds and investors' funds
2) in the information sector:
-development of instructions and methods for collecting data characterizing the state of heat supply in the region;
-development of uniform requirements for presentation, structuring, coding, data processing, and information protection;
- ensuring the completeness and reliability of the data;
3) in the field of staffing:
-organization of advanced training and retraining of HSO employees in the field of information and communication technologies.
The development and implementation of integrated programs aimed at digitalization of heat supply will significantly improve the efficiency of the HSO, which, ultimately, will allow solving some tasks formulated within the framework of achieving the sustainable development goals.
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Load, t
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Load, t
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Load, t
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Load, t
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Load, t
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Load, t
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Load, t
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Load, t
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Load, t
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Designator Footprint Ref X Ref Y  Rotation Comment
VD40 KT-94 155.3461mm  175.438m 99.00 22125592
VD39 KT-94 155.3461m  188.471m 99.00 22125592
a2 K52-2 141.7014mm 177 270.00 K50-68

cap K52-2 117am  138.127mm  180.00 K50-68
R343 P1-12-9,25  174.8566mm 22.987nm  360.00 P1-12-9,25
R343 P1-12-9,25  174.8566mm 22.987nm  360.00 P1-12-9,25
0011 H2.8-18 147.066mm 40.703mm  360.00 SSSOUH1AAY
010 H2.8-18 147.001m 31.718mm  360.00 S55OMH14AY
008 H02.8-18 120.9439mm  166.8066mm 99.00 555OUH1AAY
009 5119.16-A 22.8548nm  108.947nm  270.00 1564T/23N
DA31 5140.8-AH3 47.6837mm  157.622mm  360.00 249KN8Y
DA30 5140.8-AH3 39.4719mm  157.622nm  360.90 249KIBY
DA29 5140.8-AH3 31.2301m  157.622nm  360.90 249KBY
DA28 5140.8-AH3 23.1021mm  157.622nm  360.90 249KNBY
VD26 KT-94(SMD-1) ~ 100.665mm  172.875mm  180.00 22125692
VD25 KT-94(SMD-1) ~ 87.632mm  172.875mm  180.00 22125692
R255 P1-12-1,0 76.311mm 184.15mm  270.00 P1-12-1,0
R254 P1-12-1,0 69.1736mm 184.15mm  270.00 P1-12-1,0
7] Buirpysxa ana UMY 2 - Brokwor - o X
Oaiin Mpatka opuar Bwa Crpaexa

Designator Footprint Ref X Ref Y  Rotation Comment A
a0 SMD-1 155.3461mm  175.438mm 90.60 212125692
D39 SMD-1 155.3461mm  188.471m 90.60 2112125692
ca2 SMD-C 141.7014mm 177mm 270.00 K50-68

ca0 SMD-C 117wm  138.127mm 180.00 K50-68

R343 R1206 174.8566mm 22.987mm 360.00 P1-12-0,25
R343 R1206 174.8566mm 22.987mm 360.00 P1-12-0,25
011 50-8 147.066mm 40.703mm 360.00 S559MH14AY
0010 50-8 147.001nm 31.718mm 360.00 5559MH14AY
008 50-8 120.9439m  166.8066mm 90.60 5559MHLAAY
09 cLec-16 22.8548mm  108.947mm 270.00 156471230
DA31 QLCC-6/8-1  47.6837mm  157.622nm 360.00 249KN8Y

DA3@ QLCC-6/8-1  39.4719mm  157.622mm 360.00 249KN8Y

DA29 QLCC-6/8-1  31.230lmm  157.622mm 360.00 249KN8Y
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