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Abstract

This paper examines the organizational features concerning the implementation of digital technologies in
mechanical engineering production. When introducing advanced technologies into the production
process, the main attention is usually paid to technical aspects, and insufficient attention is paid to
organizational and economic aspects. The authors show that organizational factors are no less important
than technical ones because they can generate transaction costs, the amount of which can level the
economic effect caused by the introduction of new technologies. The machine-building production
development testifies that together with technical innovations, organizational innovations were created,
which contributed to the disclosure of the potential available for new technologies in the production
system. By the example of machine-building enterprises, it is shown, that ignoring the organizational
factors reduces the efficiency of modern digital technologies and requires additional costs for their
implementation. A comprehensive approach to the implementation of advanced digital technologies is
necessary to avoid unnecessary costs and to increase the efficiency of their use.
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1. Introduction

At present, there is a radical technological basis transformation of modern machine-building
production through the introduction of digital technologies. New technologies contain a significant
potential for increasing labour productivity, the realization of which provides a sustainable competitive
advantage. For the Russian machine-building industry, modernization of production systems based on
digital technologies is a key direction of transition to the non-resource scenario of economic development
and provision of technological independence of the country.

In the last decade, in Russia measures for technological modernization of machine-building
industries have been implemented, significant resources are invested in the creation of new products and
technologies of their production, the material and technical base of enterprises is updated. This allowed
increasing the share of the high-tech machine-building sector in the country's economy: at present, the

machine-building sector accounts for 2.5% of the added value created in the economy.
2. Problem Statement

The issues of organizing production processes in mechanical engineering were considered in the
works of domestic and foreign researchers such as Fayol et al. (1992), Sokolitsyn and Kuzin (1988),
Novitsky (2002) and Fatkhutdinov (2005). A comprehensive approach to the study of technological
development problems is presented in the works by Perez (2011), Glazyev (2010) and Sukharev (2008).
The influence of digital technology on modern product development is devoted to the works by
Brynolfson and Makafi (2017), Ford (2016), Astakhova et al. (2019), Shashlo et al. (2019), etc. The role
of organizational factors in production systems development is studied by Titova (2020), Christensen and
Overdorf (2000), Williamson (1996), Yakubovsky (2006), Danchikov et al. (2017), Kuzubov et al.
(2018). However, the available works do not pay enough attention to the problems of implementing
digital technologies in machine-building production, which requires additional research.

But despite positive shifts in the development of the industry, the share of high-tech machine-
building products does not cover the internal needs of the country: machine-building products account for
44.5% of Russian imports. One of the reasons constraining the technological development of domestic
mechanical engineering is insufficient attention to organizational factors when carrying out measures of

technological modernization, which determines the need for further research.
3. Research Questions

The main issues of the study: the study of organizational factors of technological development, the

identification of problems of implementing digital technologies into machine-building production.
4. Purpose of the Study

The purpose of this work is to investigate the role of organizational factors in the implementation

of digital technology in machine-building production.
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5. Research Methods

The main methods of research can include the method of observation (determination of working

time losses), economic-statistical method, and logical reasoning.
6. Findings

1. Organizational factors of technological development.

The existing approaches to the understanding of technological development are focused on
improving the production system through the development and implementation of technological
innovations. At the same time, insufficient attention is paid to the organizational component of
technological development, which does not allow revealing the potential of new production technologies.

Production and distribution of products within the production system involve the intersection of
related technological stages. From the technological point of view, the transition of products from one
stage to another is not associated with significant resource costs and should be carried out without
hindrance. However, apart from the technological system, the production one includes the economic and
social components based on informal relations. Therefore, in addition to transforming the technological
structure of the production system, the introduction of new technology affects the socio-economic
relations between the participants involved in the production process. This can lead to the emergence of
barriers in implementing the new technology; to overcome the barriers, it will be necessary to spend
significant resources, which will increase the cost of products and reduce their quality. To avoid this, it is
necessary to take into account economic and social aspects in the designing of the production process.

In the economic theory of organizations, a transition of products from one production stage to
another is called "transaction" (Williamson, 1996, p. 27). The advancement of goods along the
technological and distribution chains will be effective if we create structures that coordinate the activities
of subjects involved in the process of production and sale of goods. The creation and operation of the
transaction management structure involve resource consumption, which represents transaction costs.
There are market and management transaction costs (Perez, 2011).

Market transaction costs arise during the conclusion and implementation of market transactions.
They include (Odintsova, 2009):

- Costs for finding a partner and the costs of collecting information about the product offer;

- Costs for negotiating and decision-making (negotiation of contract terms, the conclusion of a
contract, collecting additional information, engaging consultants, etc.);

- Costs for monitoring and enforcement of a contract (tracking delivery time, measuring the quality
of delivered goods, forcing the counterparty to comply with the concluded contract, etc.).

Management transaction costs are inherent in hierarchical management systems, and include
(Furubotn & Richter, 2005):

- Costs for creating, maintaining or changing the organizational structure;

- Information costs (the costs for making management decisions, monitoring the execution of

orders, evaluating the performance of employees, etc.);
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- Costs associated with the physical movement of goods and services within the boundaries of
related production processes (the cost of moving objects of labour within the enterprise).

Transactions of a certain type correspond to the management structures that take into account their
characteristics, which allow minimizing transaction costs. Williamson (1996) includes the specificity of
assets (the specificity of "human capital”, fixed assets, location, as well as target assets) to main
characteristics of transactions. Asset specificity implies making investments in assets that can be used in a
certain type of activity. Alternative use of specific assets is associated with large losses of invested funds.
The emergence of specific assets is caused by the development of scientific and technological progress.
This leads to the fact that organizational innovations should be carried out together with technical
innovations to minimize transaction costs. The development of mechanical engineering technology
confirms this thesis.

The emergence of mechanical engineering dates back to the beginning of the twentieth century
when technologies for the production of internal combustion engines and electric motors, technologies for
obtaining synthetic materials and also fuels were created. Production during this period has become high-
volume. To unlock the potential of new technologies, the Taylor-Ford system of production organization
was developed. The main provisions of this system are (Fayol et al., 1992; Volkov & Devyatkin, 2010):

- Division of the production process into elementary components - labour movements, the study of
the cost of working time to carry out these movements, determination of optimal movements;

- Designing the production process based on optimal ways of performing work, which made it
possible to use workers with low qualifications;

- Ensuring full interchangeability of parts and units of a manufactured product, which made it
possible to organize their flow production;

- The use of conveyor, to ensure the continuity of production processes;

- Standardization of the production process, including raw materials in use, consumables,
equipment, and technological processes;

- Separation of design functions (product design and technology development) from fulfilment
functions (product manufacturing), which allowed to scale production.

The second stage in the development of mechanical engineering is associated with the emergence
of automated systems, which allowed increasing labour productivity and flexibility of production
systems. Unlocking the new technology potential was allowed due to the lean production system
presupposing the involvement of personnel in solving the problems that arise with the help of various
organizational tools: "quality circles", "kaizen", etc. (Womack, 2003).

At present, mechanical engineering enterprises are in a state of transition to new technologies, the
core of which will be digital technologies. The most promising digital technologies in mechanical
engineering include the following (Brovko & Petruk, 2016; Brynolfson & Makafi, 2017; Petruk &
Shashlo, 2019; Petruk & Vorozhbit, 2017; Shashlo, et al., 2018, Titova & Terentyeva, 2020):

- Computer engineering - a set of software products used for product design (CAD-systems),
engineering analysis (CAE-systems) and production (CAM-systems), and also including cloud computing

and big data processing technologies;
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- Additive manufacturing - manufacturing products based on three-dimensional computer models
by layer-by-layer deposition of material in special machines;

- Robotics - the use of robots to perform basic production operations, control the production
process, and transport;

- Industrial Internet - information and communication infrastructure based on connecting industrial
devices, equipment, transmitters, sensors, and process control systems, the data of which are integrated
without human involvement;

- New materials - technologies for creating materials with an internal structure built in such a way
as to correspond to a given set of functional properties.

2 Problems on implementing digital technologies in mechanical engineering

In mechanical engineering, digital technologies are implemented in modern equipment and
production preparation technologies. Modern mechanical engineering technologies are expensive. For
example, modern machining equipment has a high cost: a machining centre "DMU 125 duo BLOCK"
costs more than 60 million roubles. The efficiency of using such equipment is conditioned by its
utilisation.

The utilisation of equipment is limited, on the one hand, by the availability of control programs for
machining parts, and on the other hand, the sufficiency of the production program available in the
production division where modern equipment is installed. To utilize a modern manufacturing equipment
unit, it is necessary to redistribute the production program of the enterprise between its structural
subdivisions (workshops). Naturally, the redistribution of a production program will lead to a decrease in
income for the personnel of the shops where the old equipment is installed, and will also violate social
interaction between the units, which implies conflicts. Violation of social balance within the staff of an
enterprise will make it difficult to retrain personnel for new technologies. As a result, it will have a
negative impact on the economic efficiency of the entire production.

The authors carried out a study of a load of machining centres DMU in the first year after their
introduction into operation at the machine-building enterprises of Primorsky Krai. A total of 7 units of

equipment were studied. The results of the study are presented in Fig. 1.
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Figure 1. Equipment utilization rate values
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The average equipment utilization rate for the period under consideration was 0.32. Given the high
cost of the equipment used, its low utilization rate leads to an increase in the cost of production, which
negatively affects the performance of the enterprise.

The reasons for this situation were:

1) Insufficient number of developed control programs for machines;

2) The presence of errors in the control programs used, which required their correction;

3) Lack of tools and technological equipment;

4) The system of staff motivation, which did not encourage employees to increase their
productivity.

The main reason for low equipment utilization was the lack of a sufficient number of control
programs for the machining centres. The development of control programs requires certain competencies
in programming and machine-building technology. When the new equipment was introduced, writing
programs was entrusted to engineers-technologists, whose remuneration system did not encourage them
to work productively.

In addition, when writing programs there were problems caused by the lack of coordination
between the various structural subdivisions responsible for the preparation of production at the enterprise.
There were cases when it was necessary to make corrections into a ready-made control program in
connection with changes in product design. This required time for writing a new program and debugging
it.

When writing a control program, a lot of time was also spent on searching for the necessary
normative and reference information. This was because the new equipment was introduced into a
production system, where the information and communication system of production preparation was not

effective enough.
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Figure 2. The role of modern information technology in the preparation of an engineering production
(Brovko & Karastelev, 2021)
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The role of modern information and communication technologies used in the preparation of
production at a machine-building enterprise is shown in Figure 2.

Modern information and communication technologies make it possible to improve the interaction
between structural subdivisions involved in production preparation. For example, the services that
develop the control program will promptly make adjustments to the program, as they will be able to track
changes in the product design in real-time. Also, modern information and communication technologies
lead to the reduction of time for approval of various documents, which increases the speed of
implementation of advanced technological processes.

The use of modern information and communication technologies improves information support of
the production preparation process. Data and previously developed technological processes, control
programs, available equipment, technological equipment, technical and economic standards are stored in
a single database. Production engineers can use the information they need without spending a lot of time
searching for it.

One of the reasons for low equipment utilization was a lack of tools. Special expensive tools are
used for high-performance equipment. Due to errors in control programs and overestimation of machining
modes by workers, tools often malfunctioned, which led to equipment downtime and extra time spent on
searching for the right tool (10-15% of working time). In addition, tool shortages were caused by the fact
that outdated standards were used in planning tool requirements.

Thus, it follows from the study that the introduction of modern equipment based on digital
technology requires a comprehensive approach. Digitalization should cover not only production
processes but also supporting processes, in particular production preparation processes. It is also
necessary to work out the issues of employee labour organization and personnel motivation.

To remedy this situation, it was proposed:

- To change the personnel motivation system: the salary of control program developers should be
linked to the quantity and quality of the implemented control programs;

- To create an information system for production preparation at enterprises based on modern
information and communications technologies;

- To organize the centralized provision of workplaces with necessary tools. Calculation of tool
requirements shall be made based on tool consumption research data.

As a result of implementing the suggested measures, there should be a decrease in the cost of
production and an increase in labour productivity: production volume should increase by 62 %, the

average cost per one part should decrease by 36 %.

7. Conclusion

It follows from the results of the study that the introduction of modern digital technologies, which
have great potential to increase efficiency, should be comprehensive, covering also organizational and
economic issues in addition to technical ones. Insufficient attention to the organizational and economic
components at the initial stages of implementing those technologies leads to higher prices for new
technology, requires additional costs, which ultimately has a negative impact on the economic efficiency

of the implemented technology. In addition, advanced technologies should cover not only a separate main
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stage of the production process but the supporting processes as well. A comprehensive approach to the
implementation of advanced digital technologies will improve the efficiency of technological

modernization of domestic mechanical engineering.
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