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Abstract. This paper aims to design a conceptual model of a Smart Product-Service System 

(SPSS) for Intelligent Welding System (IWS). To achieve this goal, a detailed literature re-

view, analysis of the welding industry (WI), and a training-educational-design workshop on 

SPSS and IWS were conducted at a business partner, a welding plant. This allowed the re-

searchers to develop an SPSS in which the tangible component is the IWS (welding robot, 

sensors, monitoring devices, supporting devices, network infrastructure), enriched with an 

intangible component, i.e., services and a digital component in the form of a platform and a 

mobile application. Focusing on specific problems, requirements, and needs of welding plant 

employees, the developed model aims to draw attention to important elements of the plant in 

the context of global digital transformation and environmental protection. Thanks to this so-

lution, the WI receives several advanced innovations integrating digital technologies, ser-

vices, and automation. Additionally, the approach to developing SPSS presented in the article 

emphasizes the need to combine theoretical knowledge with practical knowledge in welding. 

This contributes to developing innovative training, education, and design methods for inno-

vative solutions in the digital era. 

Keywords: Smart Product-Service System (SPSS), Smart Product-Service System (SPSS) 

Design, Intelligent Welding System (IWS), Welding Industry (WI). 

1 Introduction 

Modern manufacturing companies increasingly realize that providing traditional product-based 

solutions generates a tiny competitive advantage and value for the customer [1]. In addition, pro-

duction and sales must be expanded to cover global trends related to environmental protection [2]. 

In addition, manufacturers must provide comprehensive solutions that include both products and 

services to meet market dynamics, growing technological innovations, and customer needs and 

requirements [3]. All this means that they are increasingly moving from traditional forms to com-

binations of products and services [4]. These combinations are commonly known as Product-Ser-

vice System (PSS) [5]. They are defined as an integrated package of products and services that 

aims to create utility and functionality for the customer and generate new added value for him [6]. 

The rapid development of information and communication technologies (ICT) has enabled the 

global digital transformation (DT) of the economy [1]. Digital technologies have begun to be used 

to create and offer new values and generate revenues [7]. DT went hand in hand with developing 

digital servitization by integrating intelligent technologies with PSS [8]. This has become a funda-

mental element of the changing environment and has led to the emergence of the Smart Product-

Service System (SPSS) [9]. SPSS is a business-oriented, customer-specific suite of digitalized and 
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well-integrated artifacts in physical hardware, services, and software that deliver more excellent 

value than when used separately [7]. SPSS is characterized by an interactive and iterative problem-

solving process in a customer-integrated value network spanning the entire customer life cycle 

[10]. This solution enables continuous adjustment of its components to changing buyer needs and 

supplier capabilities[11]. In this way, it opens a continuum that guarantees flexibility and adapta-

bility in a long-term business relationship and supports the diffusion of new technologies (NT), 

and innovative solutions[8]. 

DT has a significant impact on industrial production [12, 13]. Revolutionary technologies im-

plemented in industrial practice are used to automate processes, monitor in real-time, manage in-

tegrated systems that combine computational capabilities with material resources, and reduce en-

vironmental impact and costs [14]. Many traditional industrial processes have become obsolete, 

while digitally based industrial processes have become an indispensable element of intelligent pro-

duction [15]. An intelligent production system is a combination of automated intelligent machines 

that can make precise decisions based on available data and information. In addition, such a system 

can more accurately and independently control production processes. In addition, it contributes to 

eliminating problems related to waste generation and disposal, emission of pollutants, and elec-

tricity consumption [16].  

Welding is one of the important areas of industry, and the issues discussed are of particular 

importance [17]. The development and dissemination of the Intelligent Welding System (IWS) is 

a fundamental factor for modern welding [18, 19]. These advanced technological innovations al-

low the transformation of traditional welding processes into automated, intelligent, efficient, and 

precise production systems that respond to the requirements of today's industry sector [20]. The 

development of IWS focuses on the integration of modern technologies (Artificial Intelligence 

(AI), Machine Learning (ML), Intelligent Digital Twin (IDT), Cyber-Physical Systems (CPS), and 

the Internet of Things (IoT)) [18]. The fundamental goal of IWS is to maximize the flexibility, 

quality, and efficiency of welding processes while minimizing costs, reducing the negative impact 

on the environment, and adapting to the dynamically changing needs of the market [19]. 

This paper aims to develop a Smart Product-Service System (SPSS) for Intelligent Welding 

System (IWS). The solution was developed based on research and training-educational-design 

workshops in a welding shop (WS) focused on producing pressure vessels and steel elements for 

overhead cranes, hoists, and cranes. Thanks to SPSS for IWS, several advanced innovations inte-

grating digital technologies, services, and automation will be introduced to the welding industry 

(WI). This aims to increase the flexibility, quality, and efficiency of welding processes. By ena-

bling WSs to have easier access to IWS and advanced technologies without the need for high initial 

costs associated with the purchase. This solution will accelerate the digitalization process of the 

WI and the dissemination of innovative solutions, making them affordable for interested compa-

nies. The IWS manufacturer offers welding robots, AI-based software, sensors, and cloud services 

for process management and monitoring as part of SPSS. In addition, it is responsible for the sup-

ply of materials, technical support, and services. The WS, in turn, receives access to IWS, which 

increases welding efficiency, improves weld quality, and allows for cost optimization through real-

time data analysis and predictive maintenance. Additionally, they do not have to worry about issues 

related to the purchase, storage, and disposal of raw materials, which allows them to focus on their 

core business. Thanks to its flexible financing, SPSS has introduced a revolutionary and compre-

hensive solution to the WI, available to every WS. This allows for implementing low-emission and 

energy-intensive solutions based on NT, thus supporting the protection of the natural environment. 
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The paper is structured as follows: the first part is the introduction. The next part presents the 

research methodology. The third part contains the systematic literature review (SLR). The fourth 

part presents the analysis of the WS. The fifth part contains Smart Product-Service System for 

Intelligent Welding System. The last part are the conclusions. 

2 Research Methodology 

The paper aims to develop a Smart Product-Service System (SPSS) for Intelligent Welding 

System (IWS). The paper addresses the following research questions: 

• What is the potential of using SPSS for IWS in the WI? 

• Will SPSS for IWS contribute to improving DT and disseminating intelligent solutions in the 

WI? 

• What is the potential of training-educational-design workshops in developing skills to create 

new SPSS? 

The research methodology adopted in the work included the following steps: 

1. Literature analysis - a systematic literature review (SLR) was used in this step. The research 

was divided into three equal analyses. The first focused on reviewing the industrial application 

of SPSS/PSS, the second concerned SPSS/PSS design methods, and the third the need for a 

new business and technological solution for the WI. Leading scientific databases were used for 

SLR, where the phrases "SPSS/PSS in industry" and synonyms were searched. The search as-

sumptions concerned publications from 2000-2023 in English. 150 scientific papers focusing 

on SPSS/PSS in industry were found. 

Then, the authors searched for "SPSS/PSS design" and synonyms in the previously indicated 

databases and time range and conducted SLR on SPSS/PSS design methods. This review iden-

tified 74 scientific papers presenting 70 SPSS/PSS design methods. 

Then, a study of the demand for a new business and technological solution for the WI was 

conducted using the same scientific databases and time range. The authors searched for the 

phrases "welding," "intelligent," and "businesses" and their synonyms. This analysis enabled 

the identification of 150 scientific papers indicating the need to develop new solutions for weld-

ing. 

2. Analysis of the WI. This step focused on the analysis of manufacturers and users of welding 

machines. Industry reports, sector analyses, and statistical yearbooks were used here. 

3. Research and analysis of a WS. A survey was conducted in a WS whose activity focuses on 

producing pressure vessels and steel elements for overhead cranes, hoists, and cranes. It con-

cerns the situation related to the DT of the WS, SPSS, and IWS used there. The survey was 

composed of closed and open-ended questions. Some closed questions took values from 0 (very 

negative) to 10 (very positive). 

4. Training, educational and design workshop on SPSS for IWS. In this step, interactive and mul-

timedia training of WS employees was conducted on SPSS and IWS dedicated to the WI. Each 

substantive part contained a case study on SPSS, which precisely described how this model 

works in various industries. The method of operation and correct practices related to the use of 

IWS were presented. After the training, an educational exercise was conducted. It consisted of 

developing a solution combining SPSS and IWS. Participants worked in groups. They identified 
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the problems that SPSS was to solve. Analyzing the WS from different perspectives, they de-

termined its needs. Then, they identified the conventional and digital services they needed and 

the technologies that supported them. Finally, each group presented its solution, considering 

the benefits of the WS and the potential challenges associated with its implementation. After 

the groups' presentations, a feedback session was organized. In this session, other participants 

evaluated the projects, indicating areas for improvement and their strengths. Then, the recurring 

and most inspiring elements were selected based on the discussion. Finally, a summary discus-

sion was held. During this session, the employees jointly concluded the SPSS design process 

for IWS and the knowledge and experience gained in connection with it. 

5. Smart Product-Service System (SPSS) for Intelligent Welding System (IWS). This step con-

cerned building SPSS for IWS. All the knowledge obtained in the previous research steps was 

used here. This allowed the researchers to develop an SPSS in which the tangible component is 

the IWS (welding robot, sensors and monitoring devices, supporting devices, network infra-

structure), enriched with an intangible component, i.e., services, and a digital component in the 

form of a platform and a mobile application. Then, the researchers presented their solution to 

the company's employees and subjected it to a company-wide discussion and assessment. This 

allowed for the improvement of the presented solution and the development of the final SPSS. 

3 Systematic Literature Review 

3.1 Product-Service System in Industrial Practice 

This stage focused on the analysis of SPSSs operating in the industry. Leading examples include 

Tesla, Philips Hue, Amazon Echo, John Deere, GE Predix, Apple Watch, Nest Thermostat, Sie-

mens MindSphere, BMW ConnectedDrive, and Dyson Air Purifier. The analyzed SPSSs were 

developed in large corporations and used in various economic sectors. A long service life and high 

value characterize these solutions. They use advanced technology to collect and analyze data in 

real-time. They are supported by integrated digital platforms, allowing their users to access various 

digital services easily. Their level of technological advancement depends on the target group and 

industry. They have significant potential for adapting to customer requirements and maximizing 

efficiency. It should be emphasized that no solution used in welding was found among the analyzed 

SPSSs operating in the industry [21, 22]. 

3.2 Product-Service System Desing 

The literature on SPSS/PSS design provides 70 design methods. Their analysis indicates that 

only 19 have been verified in industrial practice. The most significant number, 13 methods, have 

been assigned to the domestic appliances, consumer electronics, and other equipment sector, while 

14 of them have not been assigned to any sector of the economy. Furthermore, the analysis does 

not provide SPSS/PSS design methods addressed to the WI. The analysis indicates that some meth-

ods are addressed to the design of several types of SPSS/PSS. Out of the 70 methods, as many as 

20 can be used to design all types of PSS. In turn, the most significant number, 64 methods, can 

be used in the design of service-oriented SPSS/PSS. The analyzed methods emphasize the need to 

maximize customer value, analyze the product life cycle, and identify points of contact between 
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manufacturers' capabilities and customers' needs and requirements. The analysis also indicates 

their high universality and various readiness levels for digital solutions [23, 24]. 

3.3 Demand for a New Business and Technological Solution for the Welding Industry 

The analyzed literature indicates that dynamic changes in technology, environmental protec-

tion, and growing requirements of industrial partners are causing revolutions in the WI [17, 25]. It 

concerns not only individual machines but also complex systems, enabling a significant increase 

in the production capacity of WS [17]. Modernizing traditional welding processes through integra-

tion with advanced digital technologies plays a fundamental role in this revolution. This sector's 

needs include improving the quality of welds, minimizing defects, optimizing costs, increasing 

production efficiency through process automation, and using real-time monitoring [18, 19]. 

Growing needs require implementing AI-based systems that can predict weld quality parame-

ters (penetration, weld thickness, self-adaptation to changing working conditions) [14, 26]. ML 

algorithms and infrared thermography technology (IRT) can be used to monitor and control pro-

cesses [27]. All this will significantly minimize the occurrence of errors and material losses. Im-

plementing innovative solutions such as IDT, multi-sensor IoT platforms, or vision systems for 

quality control enables real-time data analysis and optimization of welding processes [28]. They 

influence the maximization of efficiency and allow for meeting restrictive standards regarding 

quality and safety, including EN ISO 3834, EN 15085, or ISO/IEC 62264 [29, 30].  

The implementation of innovative welding solutions such as IWS requires significant initial 

investments [31]. These investments are mainly related to purchasing and maintaining equipment, 

digital infrastructure, and employee training [32]. This shows that not every company can afford 

this type of solution [33]. Such initial costs are harrowing and sometimes unaffordable for micro, 

small, and medium WS with a limited budget [34]. Implementation costs and a long payback period 

discourage them additionally [35]. In this context, WS expect to develop and introduce flexible 

solutions to the market, giving them access to innovative solutions without incurring substantial 

investment costs [36]. Developing such solutions will allow for a faster transformation of the WI 

and the dissemination of new solutions [37, 38]. 

4 Welding Industry and Welding Machines 

The most important markets of this WI include China, the USA, South Korea, Japan, India, and 

the countries of the European Union. Its global value in 2022 is 23.75 billion dollars. In Europe, it 

is an industry with a long tradition that generates innovation and many jobs. The WI is one of the 

key industries of the global economy, and it integrates versatility, durability, and strength. These 

features make this industry an indispensable element of other sectors (industrial production, con-

struction, automotive, energy, and many others), in which they are responsible for the production 

of structures and parts. Products of this sector are precise in their artistry and flexible in generating 

complex shapes. These features guarantee their broad application and the possibility of adapting 

to various customer needs. The welding process allows for the production of strong and durable 

connections (welds) between metals or thermoplastics, which are often characterized by strength 

equal to or greater than the materials they connect. Welding integrates versatility, durability, and 

strength. 
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The WI is founded on machines ranging from portable conventional welding machines to tech-

nologically advanced robotic welding stations. They are characterized by a long service life, ver-

satility, and the possibility of implementing innovative solutions. Technological progress influ-

ences the dynamic development in welding precision and efficiency, as well as improving work 

safety and reducing environmental impact. Currently, the leading manufacturers of this equipment 

include Kemppi, Fronius International, Electric, ESAB, Miller, and Lincoln Electric. These com-

panies offer a wide range of machines and devices in various equipment options for the WI, to-

gether with essential services during the warranty period. 

In the era of dynamic DT, well-known welding processes, although practical, encounter several 

limitations related to efficiency, precision, environmental protection, and costs. This indicates the 

need for change and combating challenges to prevent stagnation. The answer to this is IWS, which 

revolutionizes the way welding work is performed. They introduce advanced digital technologies 

to the industry and allow repetitive work automation, which significantly increases quality and 

efficiency. Thanks to such solutions, it is changing its face, becoming environmentally friendly 

and modern. Implementing these solutions involves high initial costs, primarily equipment and 

digital infrastructure investment. The investment size can be a massive barrier for micro, small, 

and medium-sized WS because they usually have minimal budgets for updating their machinery. 

However, the long-term benefits resulting from the implementation of IWS usually outweigh the 

very high initial costs. Therefore, the WI is looking for solutions that will reduce financial barriers 

and allow for the popularization of IWS. 

5 Welding Shop Analysis 

5.1 Characteristics of the Analyzed Welding Shop 

The analyzed WS focuses on pressure vessels and steel elements for cranes, lifts, and jib cranes. 

This small company has been operating on the market for over 15 years. The analyzed WS uses 

MAG, TIG, MIG, and MMA welding methods. In production, unalloyed steel of ordinary quality 

and unalloyed steel of increased strength are used. The machine park consists of 10 machines and 

1 robot. There are 6 welding machines and 1 device for thermal cutting of metal materials with 

plasma and oxygen. The WS also has a shot-blasting plant converted into a machine for the surface 

treatment of metal materials using the shot. The annual mass of manufactured structures is about 

240 tons, and the consumption of additional materials is about 300 kilograms. The structures are 

manufactured here by EN ISO 3834 (lift structures), and the EN ISO 3834 standard (pressure 

structures). The overall percentage share of welding processes in the production of the entire struc-

ture is 40%, while automated welding is 20%. The company employs 5 welders, 4 people in the 

welding supervision staff, and 6 people in the non-destructive testing staff. The company has used 

the machines for no more than 15 years. The ones currently in use are 10 years old. New machines 

are purchased once every 2 years for the company's funds. The company operates in a 1-shift sys-

tem (8 hours of work) and produces 30 products. In 2023, it achieved an annual turnover of about 

EUR 800,000. In recent years, the analyzed company began to invest in welding automation, as 

evidenced by purchasing a welding robot worth EUR 50,000, which increased production effi-

ciency. 
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5.2 Survey of the Welding Shop 

In the survey, the WS rated its level of use of: NT at 4, AI at 5, wearable technologies (WT) at 

2. The level of satisfaction with the use of NT is 4, AI is 5, and WT is 3. Additionally, it indicates 

the need to develop AI-based solutions for welding (9). The company also drew attention to the 

need for harmonious cooperation between people and welding equipment. This factor was rated 

very high (9). The same rating (9) was given to support for operators and welders in the form of 

virtual AI consultants and the development of human-machine interfaces. Staff training is becom-

ing a significant need in the field of NT and IWS. This is supported by a rating of 6. This fact is 

related to the company's concerns in using these solutions by its employees (1). The WS also indi-

cates the need for data protection (9) and is afraid of cyberattacks (7). The study shows that the 

WSop shows high interest in the development of automation in welding and IWS, as evidenced by 

the ratings of 8 and 9. The company indicates the need to improve welding efficiency and increase 

the repeatability and precision of welds. It also emphasizes that this is possible thanks to the use 

of IWS supported by AI and ML. The company rated 9 for the use of real-time monitoring systems. 

This fact refers primarily to the need to optimize welding processes (7), reduce defects (8), and 

minimize the impact on the environment (9). In questions about the use of NT, the company rated 

the possibility of using IoT as 8, IDT as 7, augmented reality (AR) as 7, and Big Data as 6. The 

company noted that the above NT can improve resource management, connect welding equipment, 

and collect, simulate and analyze data and the welding process. The company draws attention to 

the services accompanying the purchase of machines (7) and indicates that their purchase should 

be associated with a service contract (8). It rates the need to add digital services to welding equip-

ment very high, at 7. An important factor for the WS is the reduction of material and energy con-

sumption and the reduced waste generated. This is reflected in the rating of 7. This emphasizes the 

need to invest in new, low-emission technologies and business solutions that fit into the trend of 

environmental protection. Issues related to incurring investment costs in IWS were rated 3. This 

indicates concerns and difficulties in implementing such a capital-intensive investment for a com-

pany of this size. The WS indicates that support for it would be an alternative IWS financing model 

tailored to its needs, which it rates 8. It would eliminate high investment costs and enable the use 

of new solutions. The company shows a high level of interest in solutions based on SPPS, as evi-

denced by the rating of 7. The factors motivating the use of SPSS indicate an increase in resource 

management efficiency, no need to incur high investment costs, reduction of barriers related to the 

use of expensive NT, and quick access to consumables and spare parts. 

6 Training, Educational and Design Workshop 

6.1 Training and Educational Session 

At this stage, training was conducted. It was designed to be a comprehensive educational pro-

gram, combining practical and theoretical elements. Interactive multimedia elements with case 

study analysis were used here. The training aimed to improve WSop employees' competencies inf 

DT, SPSS, and IWS. 

The first stage of the training was a theoretical introduction to SPSS and IWS. The company's 

employees were introduced to the concept of product and service integration and the origins of 

PSS/SPSS. Issues related to the classification and design of PSS/SPSS were discussed. Information 

about IWS, their use, application, and the possibilities and opportunities they offer in welding were 
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presented. Issues related to digital technologies, their evolution, and their impact on welding pre-

cision, efficiency, and quality were also discussed. At this stage, multimedia presentations enriched 

with animations were used. Additionally, an interactive quiz was conducted after each discussed 

issue. 

The next stage of the training concerned a case study session. It was presented how PSS/SPSS 

works in various industrial sectors. The focus was on the leading cases: Tesla, Philips Hue, Ama-

zon Echo, John Deere, GE Predix, Apple Watch, Nest Thermostat, Siemens MindSphere, BMW 

ConnectedDrive, Dyson Air Purifier. Each case was discussed in detail, and its unique features 

were described. Their strengths and benefits for manufacturers and customers were indicated. In 

this stage, multimedia presentations were used, enriched with videos with expert statements and 

opinions. Additionally, after each discussed case study, a question and answer session was held to 

encourage WS employees to ask questions about the presented cases. 

The third stage of the training focused on a detailed presentation of the IWS. It presented what 

the IWS consists of, how it works, and how much it costs. The WS employees were shown some 

of the functions, including the operation of vision systems and sensors to monitor welding param-

eters in real-time, automatic calibration of welding equipment, and IoT to connect it and send data 

for analysis in the cloud. Videos, photos, animations, comparative studies, and simulation software 

supported this stage. In addition, at the end of this stage, each participant had the opportunity to 

familiarize themselves with the software and conduct an individual IWS simulation. Employees 

tested how changes in various parameters affect the quality of welds. Then, the simulations were 

compared with the results achieved in the company. 

The fourth stage of the training concerned correct practices related to implementing IWS. At-

tention was focused on capital needs and the need to train staff. Methods of planning welding 

processes using NT and issues related to predictive maintenance and maintenance were discussed. 

In this case, attention was paid to analyzing operational data from sensors. Issues of data manage-

ment, production optimization, and digital security were discussed. This stage presented possible 

errors, barriers to implementation, and methods for avoiding them. Films provided support here 

with examples of WS and individual interviews with WS employees. 

6.2 Design Session 

The next stage of the workshop was a design session with an educational exercise, which con-

sisted of developing a solution combining SPSS and IWS. Based on the knowledge they had al-

ready acquired, the employees carried out this exercise in groups representing different areas of 

the company's operations. Each group began its project by identifying the WS problems. In the 

next step, each group identified the needs of the WS. Then, the employees identified the conven-

tional and digital services that should be added to IWS in the developed SPSS. Then, the groups 

focused on NT, which would support SPSS. In the next part, they indicated financing models that 

would benefit the company. The results of each group's work are presented in Table 1. 

Table 1. Requirements set for PSS for IWS by welding shop employees. 

 Group 1 Group 2 Group 3 Group 4 

Prob-

lems 

Calibration difficulties Lack of process repeatability 
Insufficient surface prepara-

tion 
Welding robot programming 

Production downtime 
Excessive consumption of raw 

materials and materials 

High costs of quality correc-

tions 

Long project implementation 

time 

Ineffective diagnostics and 

maintenance of equipment 
Excessive energy consumption 

A large number of weld de-

fects 

Long response time to emerg-

ing problems 
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Insufficient use of process data 
Generation of large amounts of 

waste 

Insufficient visual inspection 

of welds 

Lack of technical support for 

equipment 

Needs 

Automation of complex pro-

cesses 

Optimization of production 

processes 

Improve equipment mainte-

nance 

Shortening project implemen-

tation time 

Access to new technological 

solutions 

Elimination of production 

downtime 
Minimize the risk of defects Reduction of human errors 

Improvement of the use of pro-

cess data 

Comprehensive analysis of 

welding processes 

Increase welding accuracy, 

precision and repeatability 

Improvement of ergonomics 

and work safety 

Remote monitoring of welding 

parameters in real time 
Waste disposal Improve quality control 

Welding robot programming 

training 

Conven-

tional 

Services 

Monitoring and diagnostics of 

welding equipment 

Recycling and waste manage-

ment 

Supply of filler metal and tech-

nical gases 
Training 

Installation and commission-

ing 
Equipment rental 

Supply of raw materials and 

materials 

Welding equipment service 

and maintenance 

Maintenance of tools and aux-

iliary equipment 
Take-back 

Supervision of the welding 

process 
Analysis of failure causes 

Optimization of welding pro-

cesses 
Spare parts and consumables Technical consulting Warranty 

Digital 

Services 

Automatic calibration 
Monitoring of welding process 

contamination 
Automatic quality analysis Training platform 

Automatic firmware updates 
Automatic energy manage-

ment 

Remote technical support in 

real time 
Cybersecurity services 

Offline programming for weld-

ing robots 

Adjustment of machine param-

eters to individual needs 

Access to welding parameter 

libraries 
Predictive service 

Advanced multidimensional 

analyses in real time 

Remote monitoring of welding 

parameters in real time 

Automatic detection of weld 

defects 
Cloud data analysis 

New 

Tech-

nologies 

IoT AI IDT Augmented reality (AR) 

Cloud Computing (CC) ML 
CAE (Computer-Aided Engi-

neering) platforms 
Virtual reality (VR) 

Big Data (BD) Edge Computing (EC) Metaverse (M) Blockchain 

Forms 

of Fi-

nancing 

Subscription model with 

monthly fees 
Rental with purchase option Leasing Payment for time of use 

 

Then, a presentation session was held. During this time, each group presented the results of 

their work (Table 2) and discussed them in detail. Each group highlighted the unique elements of 

their solutions, which resulted from their experiences and analyses of the WS. The presentations 

showed that Group One focused on welding automation, Group Two on issues related to sustaina-

ble development, Group Three on quality issues, and Group Four on staff development. 

After the presentations, a feedback session was held. Participants asked questions, discussed 

strengths and areas requiring improvement of the developed solutions, and indicated the benefits 

resulting from them. This session showed that the solutions proposed by each group complement 

each other. It also indicated recommendations regarding SPSS. The results of this session's work 

are presented in Table 2. 

Table 2. Feedback session - results of the work. 

Strengths Areas for improvement Benefits Recommendations 

Automation and digitalization of 

processes 

Better integration of digital sys-

tems with existing infrastructure 
Increased production efficiency 

Combination of solutions pro-

posed by the groups 

NT application Employee training Improved weld quality 
Cooperation with the IWS manu-

facturer and suppliers 

Minimization of energy con-

sumption and waste reduction 

Consideration of data security is-

sues 
Reuse of materials 

Education of staff regarding 

long-term savings 

Promotion of sustainable devel-

opment 

Adaptation to changing standards 

and regulations 
Support for the DT of welding 

Systematic analysis of the WS 

needs 

Financial flexibility and cost re-

duction 

Reduction of emissions and car-

bon footprint 

Alignment with environmental 

protection programs 

Cooperation in interdisciplinary 

teams 

7 Smart Product-Service System for Intelligent Welding System 

The final solution was developed in this chapter using the knowledge and fundamentals of 

PSS/SPSS design acquired so far. In the developed solution, the tangible component is the Intelli-

gent Welding System (welding robot and welder, sensors and monitoring devices, supporting 
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devices, network infrastructure), enriched with an intangible component, i.e. services, and a digital 

component in the form of a platform and mobile application. Then, the researchers presented their 

solution to the company's employees and subjected it to a company-wide discussion and evalua-

tion. This allowed for the improvement of the presented solution and the development of the final 

SPSS. The results of the work are presented in Table 3, Figure 1, Table 4. 

The company producing the IWS makes it available to its customers and provides them access 

to a wide range of services. Settlements are based on a flexible financing model tailored to the 

needs of the WS and dependent on the period of use of the IWS. Ownership and maintenance of 

the IWS remain with the manufacturer; the WS only uses this solution. The priority for the WS is 

to use a modern solution that will positively impact its digitalization and increase the number of 

welded structures produced. After the specified period of use, it is possible to replace the IWS with 

a newer or updated model. 

Table 3. Smart Product-Service System for Intelligent Welding System – Components. 

Category Component Description 

Tangible 

Component 

Welding robot and welding 

machine 
Welding automation, increasing welding efficiency and precision 

Sensors and monitoring de-

vices 
Collecting various types of data on the welding process and its parameters 

Support devices 
Accessories that increase the functionality and capabilities of welding (welding tables, ma-

nipulators) 

Network infrastructure Hardware and software enabling communication between devices and employees 

Intangible 

Component 

Conventional services 

Analysis of failure causes, technical consulting, supply of raw materials and materials, sup-

ply of filler metal and technical gases, warranty, installation and start-up, monitoring and 

diagnostics of welding equipment, supervision of the welding process, optimization of 

welding processes, recycling and waste management, service and maintenance of welding 

equipment, training, take-back, maintenance of tools and auxiliary equipment, equipment 

rental 

Digital services 

Cloud data analysis, automatic quality analysis, automatic calibration, automatic firmware 

updates, automatic detection of weld defects, automatic energy management, access to 

welding parameter libraries, adjustment of machine parameters to individual needs, moni-

toring of welding process contamination, offline programming for welding robots, predic-

tive service, training on a digital platform, cybersecurity services, advanced multidimen-

sional analyses in real-time, remote monitoring real-time welding parameters, real-time re-

mote technical support 

Digital 

Component 

IWS digital platform 
A tool that connects welding equipment, services, and data into a coherent ecosystem 

within SPSS 

IWS mobile application A tool that allows access to the IWS digital platform functions from mobile devices 

New Tech-

nologies 

IoT Integration of devices in the network, allowing real-time data exchange 

AI Automatic welding parameter settings and data analysis 

AR/VR/M Visualization of welding processes and training in a virtual environment 

IDT Creation of digital models of IWS and welding processes for simulation and optimization 

CC Storage and analysis of large data sets on the use of IWS and welding processes 

EC Data processing directly on welding equipment 

ML 
Identification of patterns based on welding data and optimization of processes based on 

data 

Blockchain Ensuring transparency and data security during the life of the IWS 

BD 
Analysis of large data sets on information on current, voltage, wire feed speed, welding 

speed and time, and job numbers. 
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Fig. 1. Smart Product-Service System for Intelligent Welding System - Concept. 

Table 4. Smart Product-Service System for Intelligent Welding System - Concept. 

Area Assumptions 

Property 

The manufacturer remains the owner 

The manufacturer is responsible for maintaining the IWS 

The customer uses IWS tailored to their needs in the financial model. 

Sales 

Flexible financing model 

Additional functions or services are available for purchase on request 

Long-term cooperation between the customer and the manufacturer instead of a one-time sale 

Services 

Access to a broad service package 

Combination of conventional and digital solutions 

Additional services on request 

Digital Transfor-

mation 

Integration of NT with the customer's digital infrastructure 

Real-time data collection and analysis 

Access to a digital platform and mobile application 

Customer Bene-

fits 

Elimination of high capital investments 

Tailoring the IWS to the specific needs of the WS 

Reduced responsibility for maintaining the IWS 

Manufacturer 

Benefits 

Long-term and stable revenues thanks to new financing models 

Long-term customer relationships and increased customer loyalty 

Collection and analysis of data from the IWS's service life 

Environmental 

Benefits 

Elimination of overproduction of devices thanks to long-term equipment operation 

Recycling, reduction of waste and emissions of harmful substances 

Reduction of the consumption of raw materials, materials and electricity 

 

Implementing SPSS for IWS benefits all parties involved in the transaction. The WS focuses 

on its core business and does not engage in activities related to maintaining the IWS. In addition, 

it saves financial resources and time. It does not engage in employee training and additional equip-

ment because it provides this as part of SPSS. Additionally, troubleshooting and replacing parts is 

also the manufacturer's responsibility. This approach allows the WS to maximize tasks and reduce 

costs. Thanks to this solution, the manufacturer no longer focuses only on producing and selling 
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IWS but instead enters into long-term cooperation with the WS. This guarantees the stability of 

revenues and the availability of IWS operating data, which will allow the development of new 

generations of welding equipment, digital platforms, applications, and services tailored to the 

needs of the WS. 

The SPSS proposed here plays a fundamental role in the operation and reliability of welding 

equipment while offering significant benefits to WS and manufacturers. Implementing SPSS in the 

context of IWS enables the integration of welding equipment, services, and new digital technolo-

gies, significantly improving the availability of modern solutions for the WI at an affordable price. 

Systematic service and real-time monitoring guarantee the diagnosis of possible failures and the 

implementation of preventive measures. This eliminates the occurrence of downtimes and the re-

lated costs. In addition, it allows IWS to adapt to the needs of WS through systematic technical 

modifications and software updates. This is aimed at dynamic adaptation to the changing market 

situation and working conditions and extending the service life of the IWS. 

The implementation of NT in the developed solution significantly accelerates the DT of WS, 

which leads to changes in the management of welding processes and organizational culture. It 

translates into a wide range of benefits beyond conventional and well-known improvements in 

welding processes. The manufacturer undergoes a specific transformation of the operating model, 

thanks to which it can flexibly respond to market requirements and needs changes. In turn, WS 

gain the ability to maximize control of welding processes, as well as their efficiency and quality. 

NT supports the automation of repetitive tasks, thus maximizing work efficiency. NT also provides 

support for the manufacturer in the development of new services. This allows for offering WS 

broader and more complex solutions. Additionally, it supports sustainable development. This in-

volves reducing energy consumption, raw materials, and generated waste. The implementation of 

NT also supports the development of knowledge and skills of WS employees. This is possible 

thanks to the manufacturer providing AR/VR/M-based training via a digital platform and mobile 

application, which increases flexibility. Additionally, platforms and applications enable remote 

access to data and management of welding equipment from any location. 

8 Conclusion 

This paper focuses on the WI. This industry is characterized by the technical complexity of 

processes and the diversity of welding methods. Micro, small, and medium-sized enterprises dom-

inate it. Recent years have been associated with its slow automation and digitalization, which was 

limited by barriers related to the need for massive investments, discouraging companies.  

The analysis of the available literature and the welding market indicates the need for new solu-

tions for the WI. This article fills this gap in the use of SPSS for IWS. It discusses theoretical and 

practical issues related to it. On the other hand, developing a new SPSS for welding was carried 

out through surveys and training-educational-design workshops conducted in a WS. Only the most 

important elements are presented here, emphasizing the importance and necessity of developing 

such models. 

Based on the conducted surveys and training, educational and design workshops, the following 

conclusions can be drawn: 

• Economic aspects – the model proposed in the article enables WS to access IWS without high 

initial investments, which is particularly important for micro, small, and medium-sized enter-

prises. A flexible form of financing, which is also tailored to the needs of WS, minimizes the 
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entry barriers of modern solutions based on automation and digitization for the analyzed indus-

try. 

• SPSS development – The workshops that were conducted constitute an effective form of SPSS 

development. They enable identifying those consistent with WS specific requirements and 

needs. The involvement of the company's employees allows for the adjustment of SPSS to ac-

tual market requirements. All this maximizes the effectiveness of implementation and supports 

the implementation of NT in this industry. 

• Knowledge and competence development – The workshops conducted significantly affect the 

development of knowledge and competencies of the company's employees in the SPSS, IWS, 

and NT fields. Additionally, they raise their awareness of new business solutions for enterprises. 

Finally, they support education and teach skills necessary for DT, which help to use in practice. 

• SPSS for IWS introduces advanced integration of physical, service, and digital NT elements to 

develop a comprehensive ecosystem that meets the needs and requirements of the modern WI. 

This includes using a wide range of NT, thanks to which SPSS optimizes welding processes, 

increases welding quality and precision and improves operational efficiency by dynamically 

adapting to changing production conditions. 

• Environmental protection - including NT elements and services in the physical element of weld-

ing equipment allows for reducing the WI impact on the environment. Additionally, it allows 

for extending its service life, regeneration, and reuse, reducing the need to manufacture new 

equipment. 

• When creating SPSS for the analyzed sector, it is necessary to consider the fulfillment of re-

strictive standards regarding quality and safety, including EN ISO 3834, EN 15085, or ISO/IEC 

62264. Compliance with them will guarantee an increase in the competitiveness of the devel-

oped solution. 

• The use of NT in this solution will significantly improve welding processes, reduce the number 

of defects, minimize energy and material consumption, and support waste management. Addi-

tionally, their implementation will enable monitoring and optimizing processes in real-time, 

translating into an increase in companies' competitiveness level using SPSS. 

In addition, the surveys and training-educational-design workshops provided a solid foundation 

for developing and implementing the SPSS model for IWS. They indicate what elements must be 

addressed and what factors are worth considering when designing a personalized and digitally 

advanced SPSS-based solution. 

Our contribution to education and design is the innovative approach to creating SPSS for IWS. 

With an emphasis on practical aspects and experiences in PSS/SPSS and welding production, we 

conducted a dynamic training-educational-design workshop. It equipped the WS employees with 

the practical knowledge and skills to develop new SPSS solutions for the WI. It allowed the authors 

to develop a new solution that is unavailable in the open scientific literature so far. 

Future research directions should focus on developing the approach based on the workshops 

presented in this article, including additional digital tools and stages of training and individual and 

creative projects in PSS/SPSS. They prioritize innovations in education and the design of 

PSS/SPSS in enterprises; it is important to continue cooperation between universities and industry. 

This will ensure the transfer of scientific knowledge to industry and will allow the introduction of 

solutions into business practices that have not been used in enterprises so far. In addition, it will 

enable the generation of personalized solutions for specific enterprises. 
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