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Abstract:In the science and technology of welding, in the last 20 years, it’s have had multiple transformations, 

the modernity being ensured by advanced technological solutions from other fields of industrial activity. Modern 

welding equipment is conceived and designed based on very strict rules imposed by law, each technical book 

which accompanies the equipment having many statements of operation with mandatory compliance by welders 

of well-formulated rules. The paper presents a study on reducing the level of risk in the operation of welding 

equipment as the level of modernization increases. Examples of upgrades and personal protective equipment are 

also presented, in conjunction with the automation systems introduced with implicit functions to protect the 
integrity of the welder at work. There are also references to the minimum baggage of theoretical knowledge 

necessary for the safe practice of the welding profession, as well as the role of systematic training. 
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1. INTRODUCTION 

In most companies that currently use welding technology, there are various discussions about 

when it is necessary and appropriate to renew welding equipment. As a rule, before the investment 
decision, an analysis is carried out that places the "economic" and "technological" criteria first, leaving 

the "ergonomic" and "ecological" criteria behind. Thus, if an equipment is still functional and covers 

the technological needs, it is decided to extend the use with maximum possible terms. To practice the 

profession of welding, although the remuneration is advantageous, the gloomy outlook of the working 
conditions keeps many young people away from this profession. In the last 20 years, multiple 

transformations have appeared on the market of welding equipment manufacturers, modernity being 

the principle of success. Leading manufacturers have used the latest developments in science and 
technology to conceive, design and manufacture welding equipment. Among the constructive solutions 

applied, in addition to the novelties of the welding process principle, those that improve the working 

conditions of the welder and ensure more safety are increasingly sought after. The sustainability of 
profitable activities in the field of welding essentially depends on the degree of compatibility of the 

actual work capabilities of welders with the specific requirements of the job [1]. Following a survey 

carried out by EU-OSHA, several risk factors for cancer were highlighted, with a high risk in this 

regard being the long-term exposure of workers to various gas emanations or strong electromagnetic 
fields resulting from the processing process, an example concerned being that of the welders [2]. With 

the development of equipment, technologies and manufacturing processes, personnel working in 

industrial environments are increasingly exposed to numerous risk factors and potentially harmful 
agents. Welding processes in industrial environments represented real dangers, both for the welding 

operators and for the personnel present in the areas adjacent to the welding sections. Following some 

research, some advanced risk factor monitoring solutions have been developed, based on the advanced 

concept of IIoT (Industrial Internet of Things), using appropriate sensors and devices for monitoring 
workers working in polluted environments determined by industrial processes, such as welding 

processes. The analysis of the data provided by the sensors and devices in the developed networks 

allow the identification of risk situations and the alarming of personnel in case of imminent danger [3].  

Worldwide, by modernizing welding equipment, various constructive solutions have been found 

that apply new and more efficient welding principles. These are more and more advanced, being based 

on MIG/MAG, TIG/WIG, etc. procedures. [4]-[6]. To ensure ecological welding conditions, in recent 
years the National R&D Institute for Welding, Material Testing ISIM Timisoara (ISIM) has focused 
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more research on Friction Stir Welding (FSW), in different principle variants, introducing ultrasonic 
activation of the tool (FSW-US). Also, the use of electro-ultra-acoustic energy as an augmentation 

factor in material assembly processes is being studied, with unconventional applications and 

innovative processes, such as laser beam welding (FL-US) [7]. 

In Timisoara, a tradition of over 50 years of collaboration between the academic environment 
(especially Polyethnic University Timisoara), research institutes (Ex. ISIM) and the industrial 

environment has been formed, in the direction of optimizing the technologies and conditions for 

making welded joints. This paper, in terms of the level of safety and health of the welder at the 
workplace, presents a way of approaching the analysis of the ratio between the degree of modernity of 

the current welding equipment offered on the market and the classic constructive variants, still existing 

in the equipment of many enterprises. Of course, modernization also implies a greater opening of the 
horizon of knowledge and understanding of the welder, both from a theoretical and a practical point of 

view. To increase the safety of the welder in the workplace, appropriate instructional-training 

programs are necessary, in accordance with the technological progress found in modern welding 

equipment. 

2. RESEARCH METHOD 

2.1. Risk management considerations 

At the level of each gainful activity, at each job, risks can be identified that represent threats to a 
certain extent and that can reduce or limit the worker's ability to achieve their goals. Thus, unforeseen 

events of a different nature may occur, leading to workplace injuries or occupational diseases. All 

these events have common economic consequences for the organization and problems in achieving the 

objectives. Risk is a combination of the probability of harm and its severity, (ISO/IEC Guide 51:1999 
Safety aspects – Guidelines), respectively “the effect of uncertainty on objectives”, (according to ISO 

31000 Risk management – principles & manual) [8]. The effect of the deviation from the expected 

level - positive or negative, varies depending on the working conditions ensured at the workplace, the 
worker's health, environmental conditions, the organizational level, etc. Risks cannot be completely 

avoided. That is why risk management was developed as a systematic application of management 

principles, procedures and practices on activities related to hazard identification and risk assessment. 
Risk management represents coordinated activities to manage and control risk in an organization 

(according to the ISO 31000 Standard Risk management – principles & manual). The purpose of these 

activities is to implement harmonized and economically rational measures to minimize the negative 

consequences of adverse events. (According to ISO/IEC Guide 51:1999 Safety aspects – guidelines) 

[8]. 

For the good functionality of a workplace where technological welding operations are performed, 

risk management is much more important. According to the legal provisions, regarding safety and 
health at work, the employer is obliged to establish a risk management system to avoid them at work, 

thus involving: 

• risk assessment at the workplace, a risk that cannot be avoided, 
• eliminating risks right from the source with the help of modern technical solutions, 

• harmonizing work and the workplace with employees, especially regarding the choice of work 

equipment and work methods, 

replacing dangerous technological processes with less dangerous ones 
• prioritizing collective safety over individual protection and health measures at the workplace, 

• training employees for safe and healthy work and developing workplace safety instructions. 

The risks that a welder has at work can be caused by human error in the operational process. But 
this risk is not only the operator's responsibility, but it must also be managed. The risk of human error 

is a chronic residual risk that requires constant attention, with the express responsibility of the 

employer. Risk management involves trying, through various means, to control exposure to risk and 

the consequences of human error. There is a tendency to misunderstand what safety is, which is not 
only limited to the absence of damage. Safety involves not only what a person does every day, every 
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moment, only protecting assets from damage, but also controlling the intrinsic dangers of operations 
[8]. 

In Romanian legislation, harmonized with the legislation of the European Union regarding safety 

and health at work, (Law of Safety and Health at Work 319/2006), the managers of economic units are 

the only ones responsible for the health and safety of employees, having the legal obligation to ensure 
the state of security and to protect the health of employees. 

The objective of the risk assessment is to enable the employer to adopt appropriate 

prevention/protection measures, relating to: 

 prevention of professional risks 

 worker training 

 informing the workers 

 the implementation of a management system that allows the effective application of 
the necessary prevention/protection measures. 

About safety and health, employers must ensure an adequate level of competent preventive 

supervision for welders. Supervisors must acquire the responsibility of the employer, understand the 
health and safety policy, so that they can always manage critical situations correctly and effectively 

[9]. 

2.2. Method for assessing the risks of illness and injury for an electric welder 

For the present study, a theoretical model of the genesis of work accidents and occupational 
diseases was used, involving all the components of the work system and a global theoretical model of 

the accident dynamics in the work system, under the action of both objective and subjective. This 

model was developed in the 90s by INCDPM Bucharest (Dr. Eng. ŞT. Pece), making important 
contributions to the assessment of risks in the man-machine system. In Romania, this method is most 

frequently applied [10]. 

Within this research method, the following steps are taken: 
1. Establishment of the evaluation team. 

2. Characterization of the workplace - specifying the applied welding technology, work tools, 

work tasks, working conditions, security requirements, depending on the legislation in force, 

provisions, internal instructions, regarding security and health in the work. 
3. Identification of risk factors in the system - grouping them into four categories: executor, 

means of production (equipment), workload, work environment. 

4. Evaluation of the global level of risk of occupational injury and illness at the welder's 
workplace. 

5. Hierarchy of risk factors and establishment of prevention priorities. 

6. Proposing preventive measures. 

7. General evaluation report. 

8. Conclusions. 

One of the essential documents that is drawn up is the "Job Evaluation Sheet" which contains the 

partial risk level for each risk factor, respectively the overall one related to the workplace, a document 
that is the basis for drawing up the plan of measures. The evaluation method is rigorous, practical and 

is still accepted by the main decision-makers in Romania. 

The assessment mechanism is based on the inclusion in certain risk assessment grids, drawn up 
based on the combination of the severity of the accident risks (7 classes) and the probability of 

accidents (6 classes). Coefficients between 1.1 (minimum) and 7.6 (maximum) are obtained for each 

case. Based on them, based on a mathematical calculation formula, the global accident risk level and 

implicitly the workplace security level is determined. The method ensures the possibility of 
determining the weights of the causes of the risk level, divided into the four categories in which the 

risk factors were initially grouped. Following these determinations, the evaluators draw up a sheet of 

preventive measures, with the determination of related conclusions. 

Knowing and assessing the risks gives the employer the opportunity to take actions that lead to 

their reduction or elimination. Investing in the prevention of work accidents and occupational diseases 
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means investing in the improvement of society's activity. Preventive activity is an intrinsic component 

of the work process. 

3. STUDY ON THE EVOLUTION OF SOME RESULTS REGARDING THE ASSESSMENT 

OF RISK FACTORS AT THE WORKPLACE OF A WELDER  

For a greater eloquence of the research, four risk factor evaluation files were considered, made for 
the same workplace (electric welding), within a mechanical workshop, in the years: 1993, 2002, 2012 

and 2022. The evaluations were carried out following reorganizations of the welding workplace and 

replacement with newer equipment. The risk factor evaluation reports were similar, made according to 
the same model presented in subchapter 2.2. 

For a first analysis regarding the evolutionary situation of the identified risk factors, the data 

mentioned in table 1 were extracted 

Table 1 The evolving situation of risk factors 

Reference data 1993 2002 2011 2022 

No. identified risk factors 57 49 38 21 

Global risk level 4,12 3,56 3,20 2,71 

Percentage of causes 

of risk factors, [%] 

Welder 22,03 29.57 32,55 42,31 

Equipment  46,71 45,61 37,20 21,12 

Workload 15,14 20,52 14,65 18,31 

Work environment 16,12 24,30 22,55 18,26 

No. risk factors with an unacceptable, (>4) 12 9 7 3 

 

Based on the data in table 1, the evolution of the risk factors and the global level of risk, for the 

electric welder, was graphically represented (figure 1). It is observed that, over time, with the 

reorganization of the welding station and the modernization of the equipment, the number of identified 

risk factors as well as those of level higher than 4, considered unacceptable, decrease numerically. 

 

Figure 1 The evolution in time of risk factors and the global level of risk, for the electric welder. 

In the figure 2 it highlights the fact that, by modernizing welding equipment and improving 

working conditions, the influence of working conditions on the underlying causes of risk factors 
decreases considerably (by more than 20%). It is natural that in this situation there will be an 
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increasing share of causes due to the welder, however, bearing less liability, because both the overall 
level of risk and the number of unacceptable risk factors have greatly decreased. 

 

Figure 2The evolution of the distribution of the causes that determine the welder's risk level. 

It should be mentioned that the equipment and remodeling of the welding workstation was carried 

out with the support of REHM SUDARE S.R.L. from Timisoara. The new welding equipment is 
complemented by protective equipment, of increased efficiency. 4 welding machines were put into 

operation: SYNERGIC.PRO 404 (MIG/MAG), INVERTIG.PRO COMPACT DIGITAL 280 DC 

(TIG), BOOSTER2 150 (electrode inverters, portable) and BARRACUDA 105i (plasma cutting 
system) [4]. In the new situation, through the applied procedures, thanks to the much-increased 

productivity, the exposure times of the welder have been reduced. The level of noise and gas 

emissions has also been reduced. The 3 risk factors with an unacceptable level refer to: omitting to 
wear protective equipment, falls, slips, imbalances (especially in the case of using a portable device), 

respectively operations performed outside of work tasks, in violation of technological 

recommendations. 

In the new working conditions, in which the aspects of workplace lighting and ventilation are also 
resolved. The equipment has several automatic control systems that do not put too much pressure on 

the welder regarding the control and operating decisions that need to be made. The workspace is also 

equipped with certain sensors and video surveillance camera, with direct link to the welder workplace 

area supervisor. 

4. CONCLUSION 

The current stage of society's development, in which digitization and "smart" systems are 

increasingly found, it is normal to have more concern in the modernization of working conditions, 
considered more difficult. In the educational process, the means of transmitting information have 

diversified, developing to a great extent the young person's ability to use technical systems with a 

higher degree of complexity. That is why, for the formation of skills for the use of modern means of 
work, it is done much faster. 

The technological operation of welding involves the use of concentrated energies, which causes 

fear for those not yet initiated into the secrets of the welding profession. In the research carried out, it 
was possible to observe the upward trend of the welding equipment manufacturers' concerns for 

reducing the physical and intellectual demands on the welder. In the example of equipment presented, 
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the new working conditions were noted as being much friendlier for the welder, bringing a greater 
degree of safety to the workplace, with the prospect of easier health maintenance at work. The 

employer's decision to invest in the modernization of welding equipment can also be eased by their 

superior technological and qualitative performance, and there is also the possibility of a much more 

efficient use of this equipment. 
In an integrated management concept, where the optimal decisions are taken considering equally 

the priority aspects of the safety and health system, as well as those related to quality and the 

environment, modernization can represent a global solution. 
The analysis of the modern/classic ratio regarding the safety of the welder brings also to the fore 

the adaptation of the educational system both for the training of welders and for the superior training 

of engineers, future managers. 
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