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Abstract 

The development of scientific and technological progress, and transformations in the field of 

production at modern industrial enterprises, along with others, bring to the fore the task of optimally 

solving the issue of ensuring the safety of people in production, including by designing special clothing 

to protect people from the harmful effects of the production environment. This article discusses the 

research and development of workwear for workers with high ergonomic, aesthetic, protective and 

hygienic characteristics, taking into account specific working conditions and the image of the 

enterprise, which can provide a high overall quality indicator and effective individual protection of 

workers. 
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Introduction 

The workwear currently offered on the consumer market does not always correspond to the specific 

level of the set of requirements and does not always ensure the implementation of the specific needs for 

modern special clothing for, often, purely unique conditions of the production environment. In 

addition, the current discrepancy between the system of basic designs of overalls and the real variety of 

design situations from the standpoint of functionally Ergonomic requirements for clothing does not 

allow solving this problem in full [6]. It should be especially noted that ensuring the dynamic 

conformity of clothing designs to the conditions of its operation to the actual tasks of designing special 

clothing for any industry is no exception and machine building. 

One of the leading places in mechanical engineering and metalworking is occupied by the automotive 

industry since it provides about 22%Russia's gross income [7]. Given the growth in car consumption 

per world, including the domestic markets, the relevance of a comprehensive study of the problem of 

providing workers with special clothing in this sector of the economy becomes quite obvious. One of 

the most important issues of complex optimization of production processes in the automotive industry 

is the issue of balanced functioning of the elements of the system "man - working conditions - the object 

of work", in which a significant role is given to human clothing, which can not only effectively protect 
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him from industrial hazards, but also provide maximum comfort. The need for exploratory research to 

create adapted versions of special clothing with improved parametric characteristics for the automotive 

industry is due to the specifics of its operating conditions in this industry, 

Research and development of clothing for workers with high ergonomic, aesthetic, protective and 

hygienic properties based on specific working conditions and enterprise image, which ensures a high 

overall quality indicator and effective individual protection of workers, fulfils the requirements allows 

to increase. 

The problem of purposeful improvement of the range and quality of special clothing that adequately 

meets the range of needs of customer organizations in modern economic conditions is of particular 

importance. Personal protective equipment (PPE) occupies a special place in the complex of measures 

to ensure the safety of workers and the prevention of occupational diseases [1]. Among the widely used 

PPE is special clothing, which is one of the necessary conditions for reducing the impact of dangerous 

and harmful production factors on a person and maintaining his high performance and health. 

At present, a large scientific material has been accumulated, methods and criteria for the physiological 

and hygienic assessment of special clothing have been developed, a relationship has been established 

between the technical parameters of materials and overalls in general, the main methodological 

principles for its design and industrial manufacturing technology have been formulated following the 

requirements determined by the specific operating conditions of overalls. 

A person, performing labour operations, makes movements with different speeds, amplitudes and at 

different rates. At the same time, the size and shape of parts of the human body are constantly changing. 

As a result, overalls made of various materials with different stiffness, thickness and other properties 

either move relative to the human body, causing skin irritation or resist movement and put pressure on 

the body if the possibilities of movement are limited [2]. Overalls are subjected to tensile, compressive, 

abrasion and other influences both from the side of a person and from the side of objects that they come 

into contact with in the environment. This leads to the appearance of mechanical stresses in it, 

eventually causing its destruction [3]. 

The purpose of this section is to apply the principles of constructing optimal workwear designs that are 

ergonomically rational from the point of view of design, i.e., choosing the best solution from a certain 

set of feasible solutions for a specific production situation. 

 

The Main Part 

Product parameters that achieve the best combination between effects and costs, determined from the 

standpoint of reasonable goals and taking into account reasonable restrictions, the initial state and 

upcoming changes over time, are called optimal, and the theoretical and experimental procedures for 

their determination are called optimization [4-8]. 

Following the variety of optimization conditions and the requirements for the quality of optimization 

results, a set of various optimization methods has to be used to establish the parameters of overalls. 

As it was established in [9-12], the use of a variety of optimization methods in the design of overalls is 

due to both objective difficulties inherent in the design task - ensuring the necessary protective 
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effectiveness of overalls at the lowest physiological stress of the body, and the lack of sufficient 

information about the operating conditions of overalls during its operation. 

Thus, as rightly stated in [13-16], the task of creating optimal overalls with improved parametric 

characteristics is a multicriteria one. The solution to such a problem is associated with general 

optimization i.e. the design solution should be optimized as a whole as a single object with a given 

purpose, but partial (local) optimization options are possible due to the division of the design process 

into stages, and the design object into parts according to its individual parameters. In this case, the 

optimized object can be not only the product as a whole, but only one or another part of it. 

When designing optimal overalls, and this means ergonomically rational, it is advisable to use methods 

of partial optimization, because, as studies have shown [15-19], it is fundamentally possible to divide 

the process of providing the necessary ergonomic level of quality into separate components: hygienic, 

anthropometric and psychophysiological. 

Anthropometric conformity of overalls to the size and shape of the human body is considered from two 

positions [19-214]: static and dynamic conformity. Basically, it is provided due to the rationality of the 

design parameters of overalls. Since the main purpose of workwear is functional, its ergonomic system 

also manifests itself in dynamic processes, that is, its dynamic correspondence to the nature of the main 

labour movements of the worker is of paramount importance for the choice of the principal design 

scheme of workwear. 

It was found [3] that the dynamic correspondence of overalls to the dimensions of the human body can 

be characterized by two complex indicators (level 3): the degree of restriction of human movements 

and the tension of the clothing sections. The latter indicator can be determined by the following single 

indicators: the tensile strain of materials in the details of the product, the tensile force of the material 

and the seams of the product. 

The “man-clothing-environment” system operating in production in dynamics, by its main target 

function, allows you to select and justify the necessary and sufficient number of individual ergonomic 

indicators of dynamic compliance. The system characterizes the ability of the worker to perform 

specified movements with a maximum range, with the lowest level of clothing pressure on the body 

surface, minimal deformations of materials in its details and limited movement of individual sections 

of the product relative to the worker's body surface. 

The ergonomic evaluation of overalls uses as criteria such single indicators as the movement of clothing 

relative to the human body, the tensile deformation of the material of clothing parts along the warp and 

weft, the deformation of the fabric mesh, tension, stretching and pressure of clothing, while the complex 

criterion of the system "man - clothing - environment » (CHOS) is the functional state of the body - its 

performance. The validity of these provisions, confirmed by numerous experimental data, is beyond 

doubt, therefore, in our study, they were taken as the basis for solving the problem of optimizing the 

parameters of overalls for workers in the automotive industry. 

Physical ergocriteria are considered the most informative for assessing the ergonomic level of quality 

of workwear designs because they show the direct effect of the interaction of the elements of the CSP 

system in dynamics and make it possible to carry out their objective measurement. 
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The functioning of this system during the performance of labour movements cannot be considered 

separately from each other. The main element of this system is the figure of a person, which, in the 

process of performing labour movements, changes its position in space, thereby involuntarily forcing 

the shape and position of the clothing structure worn on him to change. Moreover, at the beginning of 

the performed working movement, the clothing structure freely moves after the position of the human 

body, but at some certain moment, the internal reserves of the structure’s mobility begin to be lacking, 

which leads to the appearance of tense clothing areas where loads begin to act. 

The physical and mechanical properties of workwear materials to a certain extent affect the 

optimization criterion for the “clothing pressure on the human body”, because its value is determined 

not only by the geometric parameters of the shells but also by the deformation abilities of the materials 

from which it is made. 

In the process of operation of workwear items that are identical in design but made of different 

materials, as the author notes [20-22], contact pressures and tensile strains of different magnitudes 

arise. Consequently, the ergo criterion "tensile strain" will be considered informative in the comparative 

assessment of the dynamic compliance of the finished and designed overalls. The pressure of clothing 

that occurs in the dynamics of labour movements also affects the functional state of the body of the 

worker. 

This situation allows us to conclude that it is advisable to choose the contact pressure between clothing 

and the human body as one of the main single ergocriteria for assessing the dynamic conformity of 

clothing design. In the process of dynamic contact, clothing is observed to move relative to the human 

body, which is also of interest from the point of view of assessing the dynamic conformity of the 

structure. For the design of special clothing, this is especially true. It characterizes the movement of 

free sections of the structure of the bottom of the product, and not the movement of the product in the 

zones of the stressed state and may depend on the value of the coefficient of tangential resistance of the 

workwear fabrics, which to a certain extent will affect the ergo-criterion "displacement". However, 

studies [17-22] showed that the value of this coefficient is largely due to the characteristics of the 

material of linen worn under overalls. Therefore, the ergo criterion "displacement" mainly depends on 

the design parameters of the product and will be another informative ergo criterion of the dynamic 

conformity of the structure. Analyzing the mechanism of interaction between the elements of the "man-

clothing" system in the dynamics of working movements, we can conclude that the most informative 

ergocriteria for assessing the dynamic conformity of structures for optimization is the contact pressure 

between clothing and the human body and the movement of clothing (bottom lines of the jacket of a set 

of overalls ) relative to the human body, especially dependent on the optimization of the parameters of 

the “armhole-armhole” knot, as the most exposed to dynamic loads due to the high degree of mobility 

of the arms relative to the human body. Thus, for an objective study and solution to the problem posed, 

it is necessary to study the working movements characteristic of the production environment under 

study. 
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Conclusion 

A theoretical justification for improving the design of overalls to optimize the process of its design has 

been carried out. 

As a result of the research, the topography of the damaged areas of the overalls used in the technological 

process, the matrix values of the areas of the destroyed areas for all types of impact were compiled, and 

the intensity of the impact of the OVPF was calculated. 

An analysis of possible ways to optimize the interaction between the components of the “man-clothing-

working environment” system for the conditions of the technological process of assembly and body 

products made it possible to determine that the study of the operational reliability of the system should 

be carried out based on the development of its mathematical model. 
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