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Abstract

The main purpose of this study is to optimize the parameters of the technological process of manufacturing parts by embossing in
Industry 4.0. A multifunctional queuing system in relation to production was used for the research. We took the example of a
production line at the plant, which demonstrates the functionality of the technological process of production and processing of
parts by embossing. We achieved the strategic goals of the research due to a complex combination of detailed studies of the
parameters of the technological process by modeling. The method is implemented in the FlexSim simulation system with a real
set of data. In the process of production of details, it is possible to use the equipment of various quality. Its analysis shows that
the effectiveness of even the most modern technological line depends to a greater extent on the performance of its weakest
element, unit or part. In particular, in the production of stamping parts the weakest element is a stamp. Research, modeling and
calculation of its surfaces, in particular by the method of finite elements make it possible to identify problem areas of the stamp
and strengthen them by calculating with using this method. A simulation model of a part of the production process is created and
the stages of production are analyzed. We take into account that the implementation of such processes is accompanied by the
formation of queues of parts or products that come from the manufacturer for further processing on the conveyor.
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1. Introduction

Modern enterprises use information technology to organize the production process, automation of production with
involvement robotic production complexes, which are based on the Industry 4.0 platform.

The following processes in general are automated: management of production processes, packing, sorting, etc. is
carried out in real mode time using changing data every second. In production, there is often a failure of the process,
which depends on failures in the queue due to incorrect calculation of flow parameters of the number of planned and
manufactured products. For a successful technological process it is important to study its features. This requires the
use methods of mathematical, geometric and simulation modeling. [1, 2, 3]. Modeling of processes of interaction
between various parameters of system describes the general scheme of manufacture work. Algorithms for modeling
the dynamics of technological systems play an important role for researches. In the article, we have implemented an
algorithm that shows the interaction of elements of production, at the center of which is the technological process,
built in accordance with the quality criteria of parts. Based on the theory of queuing and taking into account the main
stages of technological processes, we have the following points:

the operations for the manufacture of parts (drilling, milling, grinding, embossing etc.);
an elements of modern production technologies (3D models, 3D printing etc.);

o the methods of management in production (Product Lifecycle Management) [1], namely the consideration of
product life cycle from manufacture to disposal.

For the technological process was created a single virtual space (information control). To analyze, we involved
the manufacture of products that make up the production process in which errors occur. The analysis of the problem
of increasing the efficiency of the technological process is aimed at studying ways to solve it, as well as to identify
current trends in improving the quality of the process. Therefore, the main research approach is the system approach.
It consists of classical methods involving computer technology. We choose the approaches and the methods used in
the complex. It creates the research methodology (discrete modeling, production-planning systems, geometric
modeling tools, taking into account the multiparametric nature of the research, creative search experiment etc). We
used these points to analyze and to model the technological process to eliminate abnormal situations in the
workplace.

2. Related works

When modeling technological processes, the use of simulation modeling is effective, which has proven itself well
for solving various technical problems [1, 3, 4]. The main point is the analysis and adaptation of the features of the
object of study to the capabilities of the environment of such modeling [2]. Because of modeling such objects,
phenomena or processes, the results are obtained in the form of time dependences of statistical data [5].

Based on the basic provisions of the theory of mass production, it is possible to determine the main parameters
for the effective operation of the model for the technological process of manufacturing products by stamping [6].

We used the means of the FlexSim simulation program [6, 7] allow to build simulation models of such
technological processes and to select data for their final research and analysis [8].

The main prerequisite for creating a simulation model is the analysis of the features of the technological process
of stamping [9]. We take into account the fact that the technological process does not depend on the modernity of
the equipment, but is dependent on finding a problem area in the technological line, which leads to blocking the
whole process and economic and time losses throughout the enterprise [8, 9]. We consider the technological process
of stamping, where the problem area is the stamp. We emphasize that in our case the stamp is a tool designed to
provide a part of a given configuration by plastic deformation of the workpiece or its division into parts [9]. To
select the type of stamp, take into account their technological and design features [10,11]. Technological include
performed operation - felling, bending, extraction, the degree of complexity of operations (combination of
operations). The design features include methods of connecting working parts, fixing workpieces, methods of
removal and removal of products in the stamping process.
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The name of the stamp is determined by the operation performed: cutting is performed on cutting dies, extraction
is performed on exhaust stamps, bending is performed on bending, and so on. The working part of the punch of the
cutting stamp corresponds to the shape of the contour of the part to be cut. We take into account the important point
that the stamp may have internal surfaces in the form of a hole on the thickness of the material of the part.

For effective modeling, the main stages of the choice of dies are analyzed, as this is a key element for the
implementation of the technological process: 1) construction of matrix's 3-D model in a CAD system; 2)
calculations in the CAE system taking into account the following parameters: material of the part, area and shape of
the cross section, its fixing and loading on the matrix; 3) the calculation of the part model for strength by the finite
element method is performed.

3. Finding a problem area for serial production of details created with stamping

The design of the part, namely the matrix, and its functional purpose and place in the assembly unit affect the
adoption of many engineering decisions in the construction of the technological process of its machining. Before
submitting the part for production, it is necessary, after analyzing the assembly drawing in general and the design of
the part, to identify problem areas, to eliminate bottlenecks in dangerous sections. Therefore, the design should
represent the design of the part, its purpose in the assembly unit, the principle of operation and its interaction with
adjacent parts of the assembly unit. Important stages are the construction of the drawing of the part, the development
of 3-D model, its calculation for strength and rigidity by the finite element method. One of the first tasks to improve
the configuration of the matrix and prevent puncture of the contour in the early stages of stamping is to eliminate
bottlenecks in dangerous sections.

3.1. Optimization of problem elements in the process of stamping.

The matrix is one of the main part, in the process of use the production of any materials is created. The geometry
of the parts determines the configuration of the matrices by the manufacturers of the outer contour. By calculating
the traditional matrix by the finite element method, we support problem areas exactly where there are dangerous
sections that lead to the control of parts. This requires additional material costs in production. Our proposed method
of analysis of the calculation allows us to move to an improved version of the design of the matrix, which
demonstrates, the unloading of the cross section of the investigated part and prevents damage to the product. For the
technological process, we chose a matrix model and investigated it for strength by the finite element method, which
allowed us to identify its problem areas (Fig. 2).

Fig. 1. The design of the matrix investigated for strength by the finite element method to identify its problem areas (a);
the improved design of matrix (b).
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3.2. Proposed method

We consider the queuing system in relation to the production process of manufacturing products involving
stamping. According to the technological process, the products are processed by stamping after previous operations
and go to the next stage. Processing of products in the production process is carried out based on the provisions of
regulatory documents. Like queuing systems in production, processes adhere to the main requirement of sequential
passage of the product in accordance with the instructions of the technological process. In the production process
with the involvement of stamping, the process is solved on one of the parallel lines, and one of them can be a
backup. Then the automation of the entire production of stamping parts requires the study of features at each stage
of their manufacture. This requirement is universal and common to each previous and all subsequent operations. In
the process of manufacturing products of technological operations, the production of its internal and external
surfaces of equivalent and detailed data takes place on the operation that precedes stamping. With a significant
number of workpieces at the entrance may not be able to supply the product for processing, the product is either
mostly waiting in line, or it may be possible to remove it from the processing. Obviously, there are contradictions
between the actual process of manufacturing products. Limited or no opportunities for the real process of
manipulating the product positively compensate for the endless possibilities of modeling, which allow you to set the
queue for receipt of the product for processing is also infinite. Possibilities of process of processing of a product
with involvement of stamping can be limited by several various requirements, which should be met, ie hierarchy of
directions of movement, statement of products on processing with observance of conditions of coordination of
requirements, etc. Different requirements involve in the presence of values of discrete time of process of stamping.
or directions of movement (in particular, the possibility of movement between machining operations involving
stamping). The change of processing directions is closely related to a certain probability, the set of which at the
point of intersection of the directions of the sequence is always equal to one. The set of such different requirements,
often opposite is analyzed if necessary, to assign primacy in the processing process, considering the type of
requirement or the total processing time of the product, etc. We analyze the process of manufacturing mechanical
engineering products as a multi-directional system, which provides the movement of products in the production
complexes of stamping and finishing. S 1...., S ¢ - arrays of input material for cutting parts; Ci, ..., Cc - the number
of processing lines; L 1, ..., L s - array of queues for workpieces. The stamping division on manufacture can act as the
analyzed system. From several such subdivisions (S i;..., S ) products for stamping arrive. Before the start of the
processing process at the control points, technical documentation is prepared for them. The stamping unit in
production can act as the analyzed system. From several such subdivisions (G 1, ..., C ) products for stamping
arrive. Before the start of the processing process at the control points, technical documentation is prepared for them.
Then they arrive at the processing line. Note the following elements of the process: Dispatching - the first stage of
processing. Stamping of products - the second, and technical control and regulation - the third stage. We have in the
end the transfer of the finished product to the customer or further manufacture - the fourth stage. The technological
process also involves the possibility of packaging manufacturers, which is required before a certain stage. If the
transfer of producers to a further consumer is envisaged, they are preparing for transportation, then we can make the
sixth stage. These stages are serviced and performed by specialists of a special profile. The next step in this study is
to analyze the workload of the production line and determine the optimal time for submission of materials for data
processing and placement [11, 12]. The material arrives p - channel download intensity at p the processing point with
intensity A, the average duration of processing. We performed the calculation (Fig. 2), determining the optimal
processing time for the same material. The algorithm for finding the optimal time for feeding parts to the line is
determined by the following explanations: the intensity of loading lines is determined [10]:

A
p=—. M
y7,
Intensity of supply of materials for n channel y(n):

w(n)= 2. ()
n
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Fig. 2 . Determination of the optimal number of channels for the production line(a), graphical dependences intensity of supply of materials and
number of channels (b).

Analysis of graphical dependences shows that y2(n) and y3(n) are considered optimal. They are optimal because
the processing time of 2 minutes and 3 minutes provide high-quality stamping of parts. Less time (less than 2
minutes) leads to failure, more time (more than 5 minutes) is the cause of line downtime.

3. Modeling and results

FlexSim Software's capabilities were used as a means of research and creation of a simulation model for the
production process. Figure 3 presents a 3-D model of the technological process of stamping:

Four sources from each of them details are moving on Queue.

The details are sorted and everyone gets on the conveyor.

On the Processors there are operations of stamping.

Then details move to the formation of transport packaging units Combainer and Conveurs.

Description of the technological process of processing: 1) Queuel receives the details; 2) Then they move
alternately to the working positions of the technological process of stamping Processorl, Processor2, Processor 3,
Processor 4; 3) At each workplace a technological operation of stamping is carried out.

4. Comparison and discussion

Analysis of Fig.3 shows the following result. To study the process of material supply to the processing point took
3 channels, the stamping time of one part is three minutes, because less than two minutes leads to failure, and more
than five minutes leads to downtime on the line. We have chosen the exponential law of distribution [6] of material
on the line of stumping. Fig. 3 shows the uniform distribution of material on the stamping station. Graphical
dependences of the number of products on the processing time shows the relative uniformity of the distribution of
parts, four input parts, for the time range 08: 10... 08: 15.
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Fig. 3. Determination of the optimal number of channels for the production line.

5. Conclusions

The technological problem of manufacturing parts with the involvement of the stamping operation was

investigated, which made it possible to optimize the process and identify problem areas, the stamp matrix, in the
studied technological line. The problem area on its surface is calculated by the finite element method and a variant
of its solution is proposed. The result of the analysis and research of the technological process involving stamping as
a queuing system is a model of such a system that allows to determine the main characteristics of the stamping
process.

References

Paolo Giudici, Silvia Figini. Applied Data Mining for Business and Industry. - Wiley, 2009. - 260 p.

Riittimann, B. G., Stockli, M. T. (2020). From Batch & Queue to Industry 4.0-Type Manufacturing Systems: A Taxonomy of Alternative
Production Models. Journal of Service Science and Management, 13, 299-316. https://doi.org/10.4236/jssm.2020.132019

Shu Ing Tay, Lee Te Chuan, AH Nor Aziati, Ahmad Nur Aizat Ahmad. An Overview of Industry 4.0: Definition, Components and
Government Initiatives. - Journal of Advanced Research in Dynamic and Control Systems 10 (14): 14 ISSN 1943-023X Received: 20
October 2018 / Accepted: 15 November 2018, 1379 - 1387.

El Maraghy H. et al., Product variety management, CIRP Annals — Manufacturing Technology, 62, 2, 629-652, 2013.

QinJ., Liu Y., Grosvenor R., A categorical framework of manufacturing for Industry 4.0 and beyond, Procedia CIRP, 52, 173—178, 2016.
Forcael E., Gonzalez M., Soto J., Ramis F., Rodriguez C. (2018) Simplified Scheduling of a Building Construction Process Using Discrete
Event Simulation, 16th LACCEI International Multi-Conference for Engineering, Education and Technology: " Innovation in Education
and Inclusion”, 19-21 July 2018, Lima, p. 1-11, doi: 10.18687 / LACCEI2018.1.1.194J.

N. Chukhrai and Z. Koval, ‘Essence and classification of assessment methods for marketing strategies’ efficiency of cost-oriented
enterprises’,Actual Problems of Economics, vol. 145, is. 7, 03, pp. 118-129.

Jon Holt, Simon A. Perry, Mike Brownsword. Model - Based Requirements Engineering. - Institution of Engineering and Technology,
London, United Kington, 2012. - 333 p.

Tolio T. [Ed.], Design of flexible production systems. Methodologies and tools, Berlin, Heidelberg, Springer-Verlag, 2009.

Luscinski S., Digital twinning for smart industry, EAI proceedings, 3rd EAI International Conference on Management of Manufacturing
Systems,Dubrovnik, 2018, doi: 10.4108/eai.6-11-2018. 2279986.

Auzinger W., Obelovska K., Stolyarchuk R. A Modified Gomory-Hu Algorithm with DWDM-Oriented Technology. In: Lirkov L., (eds)
Large-Scale Scientific Computing. LSSC 2019. Lecture Notes in Computer Science, vol. 11958. Springer, 2020, pp 547-554
Leontyeva O., Obelovska K., Performance Analysis of IEEE 80. EDCA for a Different number of Access Categories and Comprasion with
DFC. In: Kwiecien A., Gaj P., stera P. (eds) Computer Networks. CN 03. Communication in Computer and Information Science, vol 370.
Springer, Berlin, Heidelberg, 03, pp 95-104



