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Abstract: A Product—Service System (PSS) is defined as an innovative concept that integrates products
and services into solutions that meet specific customer requirements. This idea allows enterprises to build
a competitive advantage, generate environmentally friendly solutions, and support sustainable develop-
ment. There are many potential applications in PSS industrial practice and PSS design, but examples of
the concept's use in welding are relatively rare. This research work focuses on proposing a conceptual
PSS aimed at welding. This model was developed based on research in a welding company specializing
in producing a wide range of high-quality steel structures, elements for machines and devices, and spe-
cialized components on individual customer orders using welding machines from renowned companies.
During the research, real production problems and the needs and expectations of the welding company
regarding services were analyzed. The PSS developed in this paper provides the welding company with
a comprehensive offer, combining a welding machine and related services that eliminate or significantly
reduce production problems while increasing operational efficiency.

Keywords: Product—Service System, Product—Service System Design, Welding, Welding Industry,

Welding Machines.
JEL Classification: 160, L80, L84, L90, O14.

1 Introduction

There is an increasingly visible evolution in the econ-
omy's structure, with traditionally manufacturing-ori-
ented companies changing their business model to
combine products with services (Domanski, 2012;
Ding, Liu and Yang, 2019). This change in how they
operate allows companies to use resources more effi-
ciently, especially by integrating services with lower
resource consumption, generating higher margins and
increasing profitability (Charro and Schaefer, 2018;
Sarancic, Pigosso and McAloone, 2021). Integrating
services with products fosters innovation, as it forces
them to improve their offerings continuously and, at
the same time, develop innovative solutions, which can
contribute to achieving a competitive advantage (Do-
manski, 2016; Liu, et al., 2019). Combining products
with services enables companies to gain a deeper un-
derstanding and better tailor their offerings to their
customers' needs (Salwin, Lipiak and Przeczka, 2018;
Salwin, Lipiak and Kulesza, 2019). This translates into
increased customer loyalty and a stronger market

position for the company (Ardolino, Adrodegari and
Saccani, 2017; Cong, Chen and Zheng, 2020). Com-
bining products with services fosters innovation, forc-
ing them to continuously improve their offerings and
develop innovative solutions, which can contribute to
a competitive advantage (Abramovici, et al., 2014; Ad-
ler, et al., 2024). The change in approach also benefits
sustainable economic development, enabling more ef-
ficient use of natural resources and reducing the nega-
tive impact on the environment (Domanski, 2011;
Abou-foul, Ruiz-Alba and Soares, 2020). Such
a change in the way it works also favors the develop-
ment of the economy by promoting the growth of the
service sector and increasing employment in it
(Annarelli, Battistella and Nonino, 2017). These points
underline the need for businesses to adapt to a new eco-
nomic structure increasingly focused on customers and
services (Mordecai and Dori, 2016; Chen, et al., 2019).

The answer to the structural evolution of the economy
is the Product—Service System (PSS) (Belkadi, et al.,
2020; Baines, Ziaee Bigdeli and Kapoor, 2024). This
model offers companies an innovative business
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strategy that combines products and services into co-
herent solutions (Kloock-Schreiber, et al., 2020;
Baines, Ziaee Bigdeli and Kapoor, 2024). PSS enables
companies to transform their traditional products into
integrated products and services. This promotes
a deeper analysis and understanding of individual cus-
tomer needs, translating into better-personalized ser-
vices (Domannski, 2012; Boucher, Coba and Lamy,
2024). Under a PSS, the customer purchases a product
and benefits from related services such as training, ser-
vicing, or consultancy (Chen, et al., 2019; Belkadi, et
al., 2020). This solution increases the value of the offer
to the customer and positively impacts the sustainable
use of resources (Heisler, Gick and Franke, 2018; Vez-
zoli, et al., 2018). The systematic servicing and moni-
toring of products within a PSS can significantly
extend their lifespan and is compatible with sustaina-
bility and minimizing environmental impact (Centen-
era and Hasan, 2014; Alamerew, et al., 2020). PSS
additionally enables companies to generate profits
while reducing operating costs by increasing the share
of service revenues in the company's financial balance
sheet (Azarenko, et al., 2009; Domanski, Kotarba and
Krupa, 2014). A PSS's financial advantage results
from a more stable yet predictable service revenue
stream compared to one-off product sales (Sarancic,
Pigosso and McAloone, 2021).

The issues discussed are of particular importance in the
context of welding (Technology Cluster Manager
[TCM] et al., 2020). The sector faces numerous chal-
lenges related to implementing sustainable business
practices (Chaturvedi and Arungalai Vendan, 2021).
Welding is constantly challenged to reduce greenhouse
gas emissions and energy consumption, as well as to
reduce waste generation and develop recycling sys-
tems. Furthermore, the sector has the potential to influ-
ence a change in consumer habits by spreading greener
business practices. The implementation of end-to-end
solutions integrating products and services instead of
traditional product sales models indicates an oppor-
tunity to revise the approach to consumption (Davim,
2021). Such an approach can effectively contribute to
a more environmentally conscious society, which is a
priority for the long-term sustainability of the sector
(Skowronska, et al., 2022).

The welding sector is a distinctive branch of industrial
production (Pereira and Silva, 2021). This industry is

not limited to joining materials (usually metals or ther-
moplastics) by heating and melting them at the point
of joining with or without adding a filler metal
(Bohnart, 2017). It also includes using specialized
welding machines and robots necessary for production.
This sector has played a fundamental role in promoting
technological progress and innovation, significantly
influencing the rapid development of various indus-
tries. Over the past decades, welding has undergone
significant transformations (Bowditch, et al., 2024).
The dynamic development of technology in this indus-
try has contributed to the continuous expansion of the
range of products available and the improvement of
their quality. This demonstrates the great importance
of welding in the context of global economy (Technol-
ogy Cluster Manager [TCM], et al., 2020).

Welding organizations, businesses, professionals, and
managers see PSSs as a beneficial solution that con-
tributes to the welding industry's efficiency, reliability,
quality, and sustainability. According to experts, PSS
has the potential to become the sector's future while
responding to complex market expectations, consumer
needs, and stringent environmental standards and fos-
tering the development of environmentally friendly in-
novations (Technology Cluster Manager [TCM], et al.,
2020).

This work aims to develop a PSS adapted to the weld-
ing industry. PSS presented in this paper is based on
research carried out at a welding company specializing
in producing a wide range of high-quality steel struc-
tures, components for machinery and equipment, and
specialized components for individual customer or-
ders, where welding machines from renowned compa-
nies are used. With PSS, several innovations will be
introduced to the welding industry. The welding ma-
chine manufacturer offers comprehensive solutions
that include the supply of materials, services, and tech-
nical support. As a result, customers no longer have to
worry about purchasing, storing, or disposing of raw
materials, allowing them to concentrate on their core
business. PSS for welding proposed in this work intro-
duces a revolution in this sector through flexibility in
financing, a comprehensive solution, and a concern for
sustainability. The benefits of the developed PSS can
be seen for the transaction stakeholders and the envi-
ronment.
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The paper is structured as follows: the first part is the
introduction. The next part presents the research meth-
odology. The third part contains the literature analysis.
The next part presents the analysis of the welding com-
pany. The fifth part contains the PSS model for weld-
ing industry. The last part is the conclusions.

2 Research methodology

The paper aimed to develop a PSS for welding. The
following questions were posed in this research work:

e What is the potential for the application of PSS in
the welding industry?

e What benefits can PSS bring to welding machine
manufacturers, their customers, and the environ-
ment?

The analyses carried out in this article cite suggestions
that are applicable to the development of PSS for the
welding sector.

The research methodology used in this article includes
the following steps (Figure 1):

1. Literature analysis: A specific type of literature re-
view was used in this step, namely a systematic lit-
erature review. A double literature review was
performed here. The first was a review of industrial
PSS cases, while the second focused on PSS design
methods. The leading scientific databases (Web of
Science, Scopus and Science Direct, among others)
were used for the literature review. The article au-
thors searched the databases above for the keyword
"Product—Service System in the industry,” as well
as its synonyms. The search criteria included pub-
lications edited in English from 2000 to 2022. One
hundred and fifty papers on PSS in different indus-
try sectors were identified.

A survey of PSS design methods was then conducted
using the same scientific databases and time range. The
authors searched for the phrase "Product—Service Sys-
tem design” and also its synonyms. This analysis iden-
tified 70 PSS design methods described in 74
publications.

2. Analysis of a welding sector: This research stage
focused on analyzing welding machine manufac-
turers and users of these machines. Statistical

yearbooks, analyses, and reports on the welding
sector were used here.

3. Analysis of a welding company: In a welding com-
pany specializing in the production of a wide range
of high-quality steel structures, components for ma-
chinery and equipment, as well as specialized com-
ponents for individual customer orders, a study was
carried out focusing on the problems and needs re-
lated to the operation of welding machines and the
demand for specialized additional services directed
at the welding machines in the company in ques-
tion. A Pareto—Lorentz analysis was implemented
in the welding company under study to identify
problems generating significant losses and costs.
Subsidiarily, the most critical service needs of the
analyzed company were diagnosed using a brain-
storming technique. On this basis, a questionnaire
form was drawn up, which included service pro-
posals to address the identified problems and needs
of the enterprise. The services in the questionnaire
were classified as follows:

o related to the welding machine,

o welding process related,

o health and safety related,

e quality management,

e environmental,

e additional.

From each group, the welding company employees se-
lected the most relevant services to their work.

4. Constructing a PSS for the welding industry: This
phase focused on constructing a PSS for the weld-
ing industry. It utilized knowledge gained from a
literature review, industry analysis, and research
carried out in a welding company. This enabled the
design of a PSS in which the physical component
of the PSS, that is, the welding machine, stood en-
riched with an additional intangible component in
the form of services of most significant interest to
the company's employees. Subsequently, the devel-
oped PSS was evaluated in a group discussion, en-
abling further refinement. The interdisciplinary
approach and the involvement of the company's
employees from different levels contributed to cre-
ating innovative PSS solutions for welding ma-
chines and related services.
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Figure 1. The research methodology adopted in this article
(Source: Authors’ own research)

3 Systematic literature review

3.1 Product-Service System in industrial practice

In industrial practice, PSS represents an innovative ap-
proach to creating added customer value by integrating
products and services. The idea behind this business
model is to move from traditional product sales to of-
fering comprehensive solutions that meet specific cus-
tomer needs. In addition to increasing customer
satisfaction, PSS aims to promote sustainability and
operational efficiency. Critical aspects of applying
PSS to industrial practice include:

e Innovation: PSS opens up new opportunities for in-
novation development, enabling companies to dif-
ferentiate themselves in the market through unique
combinations of products and services. This ena-
bles them to better respond to complex and evolv-
ing market needs, offering complicated solutions
for competitors to imitate (Annarelli, Battistella
and Nonino, 2017; Adler, et al., 2024).

o Strengthening customer relationships: PSS enables
companies to build deeper and longer-term rela-
tionships with their customers through continuous
value delivery and support. Models such as leasing,
maintenance, or the delivery of results (e.g., guar-
anteed availability of machines) allow a better un-
derstanding of customer needs and a rapid response

to changing requirements (Ding, Liu and Yang,
2019; Baines, Ziaee Bigdeli and Kapoor, 2024).
Sustainability: By integrating products and ser-
vices, PSS promotes better use of raw materials and
materials, reduced waste, and a reduced carbon
footprint. Companies have greater control over the
entire product life cycle, from design to use to re-
cycling or, reusing or disposal, which encourages
environmentally friendly practices (Abramovici, et
al., 2014; Vezzoli, et al., 2018).

Operational efficiency: Relying on PSS can help
optimize production and operational processes, re-
duce costs, and increase productivity. Companies
can focus on their core competencies while out-
sourcing other aspects of the business, which con-
tributes to better resource management (Mordecai
and Dori, 2016; Ding, Liu and Yang, 2019).

Using data and technology: Data and technology
are very important for PSS as they play a vital func-
tion in monitoring the status of products, analyzing
customer behavior, and delivering and improving
services. Technologies such as the Internet of
Things (IoT) and cloud computing enable compa-
nies to deliver personalized and intelligent services,
increasing value for customers (Charro and
Schaefer, 2018; Liu, et al., 2019).

Implementing PSS in industrial practice can involve
significant changes to business strategy, organizational
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culture, and operational processes. However, address-
ing this challenge must uncover new growth potential,
build customer loyalty, and achieve sustainable suc-
cess in increasingly competitive markets (Salwin, et
al., 2021; 2022).

The literature shows that PSS is applicable across in-
dustries, offering innovative approaches to business.
Out of 150 cases, five flagship PSS examples were

selected for detailed analysis: Caterpillar Fleet Man-
agement Solutions, Komatsu Smart Construction,
Philips Lighting as a Service, Rolls-Royce "Power by
the Hour,” and Xerox Managed Print Services (Table
1). These PSS models represent a manifestation of
product and service integration, aiming to provide cus-
tomers with added value through innovative billing

and improved asset management.

Table 1. Analysis of five Product-Service System cases in industry
(Source: Authors’ own research)

Environ-
Com- PSS Innova- Customer
Model | Product Industry . mental Challenges
pany type tion benefits .
1mpact
Fleet COI.I Re- | Construc- Digital Optimize Incr.eased Ir}tegratlon
struction, . . .| machine effi- | with hetero-
. Mana- e sult- tion/he- heavy machine uti- .
Caterpil- mining, - ) o ciency, re- geneous
gement orien- avy equipment lization,
lar and other . duced hardware
Solu- . ted equi- fleet man- | manage op- C
. machin- . emissions and operat-
tions PSS pment agement | erating costs .
ery and waste Ing systems
Optimization Ensurin
Plat- Increase pro- P &
Smart | Automa- s - of construc- | data security
. form- Digital site ject effi- . .
Con- tic con- . Construc- . tion pro- and integra-
Komatsu . orien- . manage- ciency, . ;
struc- | struction tion . . cesses, tion with
. . ted ment improve site . . L
tion machines reduction of existing
PSS safety
waste systems
. Re- Sub- Access to Er}ergy cffi Maintaining
Ligh- L modern ciency, re- .
. sult- . scription- | . .. quality of
. ting as D . Miscella- . lighting solu- duced .
Philips Lighting | orien- based ligh- | . . . service and
a neous . . tions without | consumption .
. ted ting servi- technological
Service large upfront | of raw mate- . -
PSS ces . . innovation
investment rials
Ensurin
Hours- . uring
Re- Reduction in T continuous
based . Optimization o
Power sult- . maintenance availability
Rolls- Jet - . mainte- . of resource
by the . orien- | Aviation costs, in- of parts and
Royce engines nance of use, less .
Hour ted . creased fleet rapid re-
aircraft en- o waste
PSS . availability sponse to
gines .
failures
Reduction in | Reduction of .
Mana- Re- ) Personaliz-
ed sult Compre- operating paper and ine services
& . . Miscella- hensive costs, more energy con- & .
Xerox Print Copiers | orien- . . . to specific
. neous print ma- efficient of- sumption, .
Servi- ted business
nagement fice better waste
ces PSS needs
processes management

One of the leading examples of the application of the
PSS concept in industrial practice is Caterpillar. The
company has developed Fleet Management Solutions,
an advanced fleet management system for heavy ma-
chinery. The solution goes beyond traditional equip-
ment sales, offering comprehensive support services,

performance monitoring, servicing, fleet optimization
recommendations, access to detailed reports and anal-
ysis, and equipment life cycle management. Caterpillar
Fleet Management Solutions uses telematics technol-
ogy to monitor the condition and performance of ma-
chines in real time. The system collects operating
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hours, fuel consumption, location, and diagnostics
data. Then, to optimize equipment utilization, schedule
preventive maintenance, and minimize downtime, this
data is analyzed. The solution allows customers to in-
crease operational efficiency, reduce operating costs,
and improve machine life cycle management. Devel-
oped by Caterpillar, it helps customers make critical
business and strategic fleet management decisions
(Caterpillar, 2024).

Komatsu offers a Smart Construction or construction
site management solution using advanced technologies
such as [oT, data analytics, and drones to optimize con-
struction processes. Key elements of the solution in-
clude:

o the collection of field data using drones and survey
equipment;

o the creation of detailed 3D models using Building
Information Modeling (BIM) software; and

¢ the planning and optimization of construction work
based on analysis of the collected data.

The model is characterized by automatic construction
machines guided by Global Positioning System (GPS)
data and 3D models, which guarantees high precision
and efficiency of the work. Ongoing monitoring of the
progress of the works using drones allows for quick
correction of deviations from the plan. Smart Con-
struction allows for effective communication and co-
operation between all project participants. The benefits
of this solution primarily include increased accuracy
and efficiency, a higher level of risk management, im-
proved safety on site, and cost reductions through
faster project delivery and more efficient use of re-
sources (Komatsu, 2024).

The Philips Lighting as a Service model is an innova-
tive use of PSS for lighting that changes the traditional
model of purchasing and using lighting systems.
Philips offers its customers lighting equipment and,
more importantly, a comprehensive service covering
design, installation, maintenance, and lighting man-
agement. It gives customers access to lighting manage-
ment tools to optimize energy consumption. The
development of this solution starts with an audit and
design of a customized lighting system, followed by
the installation of modern light-emitting diode (LED)
solutions and intelligent control systems. Customers
do not buy the lighting products directly; instead, they

pay for the lighting service, allowing them to benefit
from state-of-the-art solutions without incurring sig-
nificant capital expenditures (Philips, 2019).

The Rolls-Royce Power by the Hour model is an inno-
vative solution in which the airline pays a fixed fee for
each hour the engine runs. The fee also covers mainte-
nance, repairs, and spare parts. A telemetry system
monitors engines in real time, enabling performance
optimization and proactive maintenance, reducing the
risk of failure and the likelihood of aircraft downtime.
The service support that Rolls-Royce guarantees en-
sures a rapid response to problems of all kinds.The
main benefits of Power by the Hour for airlines include
reduced operational risk, cost predictability, increased
operational efficiency, and fleet availability through
engine optimization (Rolls-Royce, 2019).

Xerox has developed Managed Print Services (MPS),
a PSS model focusing on print management that opti-
mizes the entire enterprise print environment. The pro-
cess starts with an analysis and audit of the existing
system. Based on this, Xerox developed an optimiza-
tion strategy that consolidates print devices and imple-
ments central print management. In the next stage, the
company installs new printing devices and dedicated
software for them and takes over day-to-day manage-
ment, including monitoring, servicing, and supply of
consumables. The Xerox solution guarantees optimi-
zation, automatic adaptation to changing customer
needs, reduced costs, increased productivity, improved
security, and support for sustainability (Xerox, 2024).

An analysis of the available case studies on using PSSs
in industry indicates their use in various industries.
PSSs are developed by companies with significant cor-
porate scale. They are complex solutions combining
product and service elements aimed mainly at the busi-
ness-to-business (B2B) market. PSSs develop products
characterized by design complexity that find applica-
tion in the day-to-day operations of their users. Despite
the wide range of PSSs available in the industry, more
implementation in the welding area is needed.

3.2 Product-Service System design

A review of the scientific literature identified 70 PSS
design methods, which were classified in detail based
on a verification criterion. This classification includes
methods validated in an industrial context, applied in
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research projects, and proposals formulated by the ac-
ademic community (as shown in Table 2).

When considering the available PSS design methods,
not all were directly linked to specific economic indus-
tries (as shown in Table 3). Of the 70 methods exam-
ined, 14 were not assigned to specific economic
industries. The most significant number, 13 methods,

was identified in the area of domestic appliances, con-
sumer electronics, and other equipment sectors. Fur-
thermore, the literature analysis must indicate the
presence of PSS design methods dedicated to the weld-
ing sector (Salwin, et al., 2024).

Table 2. Product-Service System design methods — classification by verification
(Source: Authors’ own research)

Verification criterion Number of methods
Verified in industrial practice 19
Verified in scientific projects 22
Proposed by scientists 29

Table 3. Product-Service System design methods — classification by industry
(Source: Authors’ own research)

Industry Number of methods
No reference — potentially arbitrary 14
Domestic appliances, consumer electronics, and other 13

equipment sector

Mechanical engineering 12
Production sector 11
Logistics and transport 10
Construction and environmental engineering 6
Other sectors 4
Energy sector 4
Electronics sector 3
IT sector 3
Food sector 3
Training sector 2
Telecommunications sector 2

The next stage of the analysis focused on the types of
PSS that can be designed using the PSS design meth-
ods available in the literature. The available scientific
literature distinguishes five types of PSS, namely inte-
gration-oriented PSS, product-oriented PSS, service-
oriented PSS, user-oriented PSS, and results-oriented

PSS. Table 4 shows the complete classification of
available methods. The analysis shows that one design
method is often directed to several PSS types. Among
the available methods, as many as 20 can be used to
design all PSS types.

Table 4. Product-Service System design methods — classification by Product-Service System types that can be de-
signed
(Source: Authors’ own research)

PSS design method type

Number of methods

Integration-oriented PSS 37
Product-oriented PSS 49
Service-oriented PSS 64

Use-oriented PSS 48

Results-oriented PSS

40
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4 Welding industry and welding machines
4.1 Welding industry

The welding sector is indispensable for many indus-
tries ranging from construction and industrial produc-
tion to energy, automotive, and shipbuilding. It
provides the required parts and structures for various
industrial applications (Bowditch, et al., 2024). A char-
acteristic feature of welding products is their flexibility
to create complex shapes and the precision of their
manufacture (Bohnart, 2017). As a result, they can be
tailored to customers' specific requirements (Skow-
ronska, Chmielewski and Zasada, 2022). The welding
process makes creating durable and high-strength con-
nections between metals or thermoplastics possible.
Welding makes it possible to create joints that often
have a strength equal to or even exceeding the materi-
als they are joining (Bohnart, 2017). Welding offers
unique strength, durability, and versatility, making it
indispensable in manufacturing, construction, and re-
pair processes in many sectors of the economy (Cha-
turvedi and Arungalai Vendan, 2021).

In 2022, the global welding market was valued at
$23.75 billion. The most important welding markets
are the USA, China, Japan, South Korea, India, and
countries belonging to the European Union. The weld-
ing sector in Europe is an important job generator with
a long history. In addition, it is closely linked to other
industries (Grand View Research, 2023).

4.2 Welding machines

The welding machinery industry underpins the manu-
facturing sector, providing the specialized equipment
and technology needed to create durable and strong
metal and thermoplastic joints (Chaturvedi and
Arungalai Vendan, 2021). The sector encompasses a
wide range of machinery, from portable equipment to
advanced automatic systems (Bowditch, et al., 2024).
Hand-held welding machines, automatic and semi-au-
tomatic welding systems, cutting equipment, and ac-
cessories are among the equipment used. The
equipment is characterized by its versatility, long ser-
vice life, and adaptability to new technological devel-
opments. This is a dynamic area of the economy that is
evolving with technological advances, responding to
the industry's

increasing demands for quality,

efficiency, and occupational safety (Davim, 2021). As-
pects such as worker safety and environmental protec-
tion are fundamental here. Manufacturers of this
equipment pay particular attention to implementing so-
lutions that increase welding efficiency and precision,
provide a high level of safety for operators, and mini-
mize the negative impact of welding processes on the
environment (Pereira and Silva, 2021).

In 2018, the global welding machines market was val-
ued at $11.58 billion. The most important welding ma-
chine markets are China, Germany, the USA, Japan,
South Korea, India, and Italy.

Currently, leading manufacturers, including Lincoln
Electric, Miller Electric, ESAB, Fronius International,
and Kemppi, present the market with a wide range of
machines used in welding, available in a variety of
equipment options, which are offered as a package
with standard services such as training, installation,
and maintenance (Grand View Research, 2023).

5  Company analysis

5.1 Characteristics of the Analyzed Company

The surveyed welding company has extensive experi-
ence and a long tradition. It specializes in producing a
wide range of high-quality steel structures, machinery
and equipment components, and specialized compo-
nents for individual customer orders. The company has
a wide range of machinery and employs a team of spe-
cialists with experience. Using these resources, the
company can perform various tasks, including graphic
design, cutting, welding, painting, and delivering the
finished product to the customer. In addition, the sur-
veyed company adheres to international quality and
safety standards, including ISO 9001 and welding-re-
lated standards such as EN 1090 and ISO 3834. This
assures customers that all products are made to the
highest industry standards in terms of workmanship,
durability, and safety. Over the years, the company has
gained the trust of a wide range of customers from dif-
ferent industry sectors (construction, automotive, and
energy).

The company mainly uses MIG Metal Inert Gas, MAG
(Metal Active Gas), and TIG (Tungsten Inert Gas)
welding methods, which ensure high-quality and es-
thetic welds. MIG and MAG methods are used to weld
steel structures and components of greater thickness,
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ensuring high production efficiency. Due to the preci-
sion and cleanliness of the weld, TIG welding is
mainly used in producing delicate components and for
materials requiring special care, such as aluminum and
stainless alloys.

The company surveyed uses welders from reputable
companies such as Lincoln Electric, Miller, and
ESAB. The choice of these brands results from the
company's desire to ensure the highest weld quality,
reliability, and energy efficiency. For several years, the
company has also started to invest in modern technol-
ogies, such as robotic workstations, which enable the
automation of welding processes for the serial produc-
tion of components.

5.2 Company problems and needs

In this stage of research, an identification of the prob-
lems and requirements of the company that uses
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welding machines was made. The analysis was carried
out in a workshop held at the company under study.

5.2.1 Company problems

Despite having a wealth of tradition and experience,
the company under analysis faces several problems re-
lated to the production process. A Pareto—Lorenz anal-
ysis was used to identify these problems (Figure 2).
The company systematically implements various types
of improvements to reduce the problems encountered.
However, they generate significant costs. The most
significant production problems in 2023 included:
equipment upgrades, downtime due to breakdowns,
welder training, welding waste management, ineffi-
cient material consumption, personal protective equip-
ment, welding tests and optimization of welding
parameters, quality control and inspection, and ergo-
nomic provision for welders.
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equipment
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optimization of welding
Ensuring work ergonomics -

Problems of a welding company

Figure 2. Losses in the investigated welding company — Pareto—Lorenz analysis
(Source: Authors’ own research)

In the company surveyed, the most significant losses
are due to the following problems: equipment up-
grades, downtime due to breakdowns, welder training,
welding waste management, and inefficient use of ma-
terials and PPE. Together, these account for 77.51%.
The company should, therefore, focus on solving these
problems. Their elimination can significantly increase

productivity, reduce costs, and improve production
quality.

The losses presented here are specific to the welding
industry, characterized by high precision, repeatabil-
ity, and a wide range of materials used. Even the small-
est nonconformities prevent the product from being
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shipped from the shop floor to the customer, resulting
in additional costs.

In the company under review, an essential role in the
entire welding process is played by welders who, based
on their knowledge, independently select the appropri-
ate welding technique and parameters for the type of
material and structure, safety measures during work,
and report any problems and defects related to equip-
ment and material orders. Therefore, the training of
welders to which the company dedicates its resources
is essential. The costs associated with the management
and disposal of welding waste are also worth noting.

5.2.2 Company needs

Realization of the industrial workshops made it possi-
ble to identify key service needs of the company re-
lated to the following:

e Service and maintenance of welding equipment:
Lack of systematic maintenance and repairs or re-
placement of parts is postponed, so the company
needs support for regular inspection, repair, and
maintenance of welding equipment to ensure its re-
liability and performance. Continuous access to
spare parts is necessary to carry out repairs and part
replacements quickly.

e Training and development of workers: It is neces-
sary to retrain workers and welders to improve their
skills. Particular attention should be paid to training
on new welding technologies, safety standards, and
updating welding qualifications, as well as training
programs on occupational safety and programming.

e Welding process: Advice on optimizing welding
processes, selecting suitable welding consumables,
and welding technologies for specific applications.
A regular supply of welding wires, electrodes, tech-
nical gases (argon, argon mixtures for TIG, CO2 for
MAG), and base materials. Access to laboratories
and testing services, including non-destructive test-
ing (NDT) and destructive testing, to assess weld
quality and compliance with design requirements.

o Sustainability: Despite the company's pro-environ-
mental activities, there is an apparent need for con-
sultation and advice on best environmental

practices in welding processes. Support for in-
stalling and maintaining advanced air filtration sys-
tems to minimize the emission of harmful welding
fumes into the atmosphere. Implement solutions to
optimize energy consumption and services related
to the segregation, collection, and recycling of
metal waste and other materials from the welding
process.

The company's identified needs have a significant im-
pact on its operational efficiency. Failure to act toward
meeting them can have adverse financial conse-
quences. In addition, they are associated with an addi-
tional burden on the environment, manifested by the
excessive consumption of energy and water resources,
as well as by the generation of waste that does not com-
ply with quality standards and requires a disposal pro-
cess.

5.3 The service needs of the company

The representatives of the analyzed company, includ-
ing management, middle management, supervisors,
welders, and employees in the welding and other de-
partments, were then allowed to select services from
the following six groups:

welding-related services,

e services related to the welding process,
e health and safety at work services,

e quality management services,

e environment services, and

¢ additional services.

Each employee was able to select from each group the
services that, from their point of view, were the most
essential. The selection of services took place in the
form of a survey. The results for the key services in
each group are presented in Table 5.

Incorporating the selected services into the PSS model
is an effective way of addressing the problems and re-
quirements of the welding process, which contributes
to improving the company's operational efficiency.
Such a strategy allows the company to achieve a higher
production quality standard, increase its market com-
petitiveness, and improve customer satisfaction.
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Table 5. Services selected by welding company employees from each area
(Source: Authors’ own research)

. Middle management Welders and
Service areas Management - Other workers
and supervisors employees
Service and maintenance of | Service and maintenance Tool and equipment Service and maintenance of
welding machines of welding machines maintenance welding machines
Spare parts and Analysis of the causes of Machine operation
. . L Spare parts and consumables
Welding-related consumables failure training
services Installation and Monitoring and diagnos- .
L . . . Cause analysis Guarantee
commissioning tics of welding machines
Rent Spare parts and Consultation parts and Rent
consumables consumables
Modernization and automa- | Planning and coordination Advanced training for Automation and digitaliza-
tion of welding processes of welding orders welders tion support

Services related
to the welding

Diagnostics and analysis of
welding processes

Optimization of welding
processes

Supervision of the weld-
ing process

Technical and engineering
consulting

Optimization of the con-

Material analysis and

Technical and engineering

process sumption of welding materi- . . Risk management
als consulting consulting
. Welding project manage- | Delivery of materials and | Supplies of binder and tech-
Technical consultancy £Proy £ y . PP .
ment supplies nical gases
. . . Measurements of harmful
Occupational risk assess- Occupational health and . W i
e Personal protection factors in the work environ-
ment of welders safety training
ment
Iting in the field of er- . . .
Health and Consu tlpg in the field oter Workplace audit Risk assessment of use Risk management
gonomics of workstations
safety at work - —
. Inspection and research of Ventilation and dust
services . . Work clothes Work clothes
the working environment removal systems
. Consultlng.ln the field of Consulting in the field of .
Personal protection ergonomics of work- ) Personal protection
. workplace ergonomics
stations
Traini rtificati li ti 1 i- . laint
raining and certification | Qua ity testing, we d certi Product quality control Customer complain
for welders fication, and inspections management
Qualit Legal support and advice on |  Supplies of binder and Binder and technical Benchmarking and competi-
Y standards and certification technical gases supplies tion analysis
management Quality management Data analysis and Quick response to qualitative
services & Y Advice and consultations por q
systems reporting incidents
Quality control of supplied | Complaints and non-com- Workshops on quality Alignment with industry
raw materials pliance management control methods standards and regulations
Recycling and waste Environmental audit Ecological training for Recycling and waste mana-
management employees gement
. . . Recycling and waste . .
Environmental certification Take-back yeung was Energetic audit
. management
Environment Development of corporate
services elop ) cotp Life cycle analysis of Filtration and emission Optimization of energy
social responsibility pro- . . .
orams welding products reduction systems consumption
Optimization of energy Filtration and emission Monitoring of residue Take-back
consumption reduction systems emissions
Financial and insurance Market analysis and Services related to em- Supplier management and
services competition research ployee health protection supply chain audits
Human resources develop- Adaptation to regulations
ment and talent Software updates pt su Legal and regulatory support
. and industry standards
Additional management
services Maintenance of infrastruc-

ture and facilities

Access to welding
parameter libraries

Planning responses to
awareness

Technical and engineering
consulting

Legal services and intellec-
tual property protection

Automation and digitali-
zation support

Analysis of the cause of
defects and non-conformi-

ties

Financial and insurance
services
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Table 6. Service packages within the Product—Service System tailored for the welding industry
(Source: Authors’ own research)

Services areas Basic package Standard package Advanced package Premium package
Service and mainte- Analysis of the Automation and digi-
Rent nance of welding ma- . .
. causes of failure talization support
chines
Welding-related Spare parts and con- Monitoring and diag- Emergency response
g Guarantee pare p nostics of welding gency resp

services

sumables

machines

plans

Installation and com-
missioning

Maintenance of tools
and ancillary
equipment

Machine operation
training

Financial and insu-
rance services

Services related to

Supply of raw mate-
rials and materials

Advanced training
for welders

Technical and engi-
neering consulting

Diagnostics and anal-
ysis of welding
processes

Modernization and

. Supplies of binder Supervision of the Optimization of wel- .
the welding ) . . automation of weld-
and technical gases welding process ding processes X
process ing processes
Material analysis and Plam}mg and coprd1— Opt1m1zat1qn of the Automation and digi-
. nation of welding consumption of L
consulting . . talization support
orders welding materials
Consulting in the o
Work clothes Workplace audit field of ergonomics Ventilation and dust
. removal systems
of workstations
Health and safety Inspection and re- Measurements of

at work services

Personal protection

search of the working
environment

harmful factors in the
work environment

Risk management

Occupational health
and safety training

Occupational risk as-
sessment of welders

Services related to
employee health pro-
tection

Maintenance of infra-
structure and
facilities

. . li 1 of . .
Training and certifi- Qua. ity control o . Quick response to Data analysis and
. supplied raw materi- DR .
cation for welders als qualitative incidents reporting
li . Legal Ali ith in-
Quality Workshops on qual- Product quality cgal support and ignment with in
management . advice on standards | dustry standards and
. ity control methods control . . .
services and certification regulations
. . lai - li i 1
Quality management | Advice and consulta- Comp aints and non Qua. 1ty te;stmg, we d
. compliance manage- | certification, and in-
systems tions .
ment spections
. . Filtration and emis-
Life cycle analysis of . . . .
Waste management . Energetic audit sion reduction
welding products
systems
Environment . . Monitoring emis-
. Recycling and Environmental . . .
services . . . Environmental audit | sions of harmful sub-
reusing certification
stances
Take-back Ecological training Environmental Optimization of
for employees consulting energy consumption
Welding project . Benchmarking and Development of cor-
Risk management . . porate social respon-
management competition analysis o
sibility programs
Additional Market analysis and Supplier manage- Analysis of the
services competition rescarch Legal services ment and supply causes of defects and

chain audits

non-conformities

Software updates

Human resources de-
velopment and talent
management

Intellectual property
protection

Access to welding
parameter libraries
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At this stage, the company expressed an interest in
renting a welding machine and services to improve its
operation and the whole welding process. In addition,
the company was more interested in a monthly sub-
scription for using the welding machine than purchas-
ing it.

6  Product-Service System for welding industry

Using a methodology based on the PSS philosophy and
based on the knowledge gained on the problems and
needs of the company analyzed, the next stage of the
workshop involved the construction of a PSS model.
In this system, the key players are the manufacturer of
the welding machines and the company using them. At
the center of the model will be the welding machine

and the services that interest the company, as detailed
in Table 6.

The welding machine company provides its customers
with access to these machines, complemented by a
comprehensive set of services (Table 7, Figure 3). The
billing structure is based on an hourly rate for the use
of the welding machine and a monthly subscription. It
should be noted that ownership of the welders remains
with the manufacturer and is not transferred to the end
user. The priority for the customer is to use the welders
to maximize the number of welded structures pro-
duced, rather than directly owning, managing, and
maintaining these machines. At the end of the desig-
nated helpful life, it is possible to replace the welders
with a newer model.

Table 7. Concept of Product—Service System for the welding industry
(Source: Authors’ own research)

Service
. Benefits for th Benefits for th .
Ownership Sale packa- enelits for the enelits for the Environmental benefits
ges customer manufacturer
The ma}nufac _ Basic Focus on core Reduction of harmful im-
turer is the | Subscription . Increased customer value .
package business pact on the environment
owner
Stan- . .
Payment for Flexibility and Increased competitive .
- o dard . Reducing waste
working time scalability advantage
package
Payment for | Advan- | Reducing your Development of long- .
. . : Reducing energy
- welds perfor- | ced pac- | total cost of own- | term relationships with .
. consumption
med kage ership customers
Pre- . Optimization of binder,
. Technical and .
- - mium . New sources of revenue | technical gases, and other
service support .
package materials
. . Increased brand aware- | Extending the service life
- - - Risk reduction . . .
ness and company image | of the welding machine

Implementing a PSS offers numerous benefits to all
participants in the transaction process. The service re-
cipient can concentrate on the key aspects of its busi-
ness, that is, the welding process and the expansion of
its welding business, eliminating the need for involve-
ment in maintenance, repairs, or the procurement of
spare parts for welding machines. The exemption from
training welders and other personnel and purchasing
dedicated equipment is also a significant benefit, sav-
ing time and money. In addition, in the event of a
breakdown, the welding machine manufacturer under-
takes to repair the machine expressly because of its in-
terest in maintaining the uninterrupted operability of

the machine. This approach enables the customer not
only to increase the volume of orders processed, but
also to reduce the operating costs.

The developed PSS plays a vital role in the operation
and reliability of welding machines, offering signifi-
cant benefits to end users and manufacturers. The im-
plementation of PSS in the context of welding
machines allows the equipment to be integrated into a
suite of services, greatly enhancing the reliability and
operational efficiency of these machines. Regular ser-
vice and condition monitoring allows potential failures
to be detected and counteracted in advance. All this

minimizes downtime and associated costs. This
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solution allows the welding machines to be adapted to
the specific needs of the users through continuous soft-
ware updates and technical modifications, resulting in
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Figure 3. Concept of Product—Service System for the welding industry
(Source: Authors’ own research)

The implementation of IoT and cloud computing
within the PSS for welding machines are significantly
transforming the management and monitoring of weld-
ing processes, offering a range of benefits to compa-
nies and their customers. loT devices collect real-time
data on the status of welding machines, enabling rapid
response to failures and optimized maintenance, im-
proving business efficiency. Customers benefit from
personalized services such as remote problem diagno-
sis, contributing to business continuity and reduced
risk of downtime. In addition, the IoT-based PSS
model enables flexible financial solutions and pro-
motes the development of new business models
through integration with advanced data analytics algo-
rithms.

IT tools will play a key role: IoT management plat-
forms, analytical tools, enterprise management sys-
tems, data security systems, loT device life cycle
management systems, visualization dashboards, and
mobile applications. They all provide the ability to

collect, process, and analyze data generated by weld-
ing machines. IoT platforms (including AWS IoT
Core, ThingWorx, Microsoft Azure loT Hub, and
Google Cloud IoT) allow the user to connect welding
machines, send data to the cloud, and manage commu-
nication between machines and applications. Thanks to
them, data generated by welding machines is collected,
processed, and analyzed as part of the developed PSS.
This data is later used to optimize the operation of
welding machines, automate maintenance activities,
and predict failures. These platforms support the inte-
gration of all machines, allowing for the development
of a comprehensive IoT ecosystem within PSS. Ana-
lytical tools (including Azure Stream Analytics,
Splunk, and Apache Kafka) are used to process data in
real time. They enable the analysis of data streams gen-
erated by loT devices. This enables the detection of
patterns, monitoring of machine conditions, and very
fast making of specific operational decisions. These
tools, combined with machine learning algorithms, en-
able predictive data analysis, optimizing resource
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utilization and failure prediction. However, integrating
IoT devices with enterprise management systems
(Customer Relationship Management, Enterprise Re-
source Planning) uses [oT middleware (including IBM
Watson [oT and ThingWorx). These solutions guaran-
tee fast data exchange between IoT devices and busi-
ness applications. This enables the automation of tasks,
improvement of process management, and personali-
zation of customer services. In [oT, data security is en-
sured, thanks to Identity and Access Management tools
(including AWS IoT Device Defender and Cisco IoT
Security). They guarantee control of access to ma-
chines, data, and information and protection against
unauthorized activities. Support in the field of data
protection is also guaranteed by encryption and net-
work monitoring systems (including Palo Alto Net-
works IoT Security). The following important element
is the [oT device life cycle management systems (in-
cluding SAP IoT, Bosch IoT Suite). Thanks to them,
monitoring and managing devices in every operation
phase is possible, from implementation to decommis-
sioning. This allows for the continuity of devices' op-
eration and reduces maintenance costs. Visualization
of dashboards and mobile applications (including
Power BI and Tableau) are critical. Thanks to them,
customers can monitor [oT data and manage machines
in an accessible and intuitive way. All the indicated
tools make it possible to create a coherent PSS ecosys-
tem.

Cloud computing will provide greater flexibility,
scalability, and security, enabling access to data and
services from anywhere. By using a cloud infrastruc-
ture, data is stored securely and the risk of data loss is
minimized. Integrating different cloud services sup-
ports the creation of advanced analytics that help opti-
mize processes and reduce operational costs. Cloud
computing also allows the rapid deployment of new
functionalities and services, such as remote training or
software updates, thereby increasing the competitive-
ness of businesses. In addition, it enables better man-
agement of IT resources and ensures service
continuity.

Advanced IT tools will play a key role here: cloud plat-
forms, product life cycle and customer relationship
management tools, cybersecurity systems, and IoT
platforms, the role and use of which have already been
discussed. They enable the integration, management,

and analysis of real-time data. Cloud platforms (in-
cluding Google Cloud Platform, Microsoft Azure, and
Amazon Web Services) enable scalable environments
for storing and processing large amounts of data gen-
erated by management systems, loT devices, and ap-
plications. The platforms guarantee access to data
analysis tools (including Google Cloud and Azure Ma-
chine Learning), enabling predictive and diagnostic
analyses based on data from welding machines. An-
other important tool is cloud-based Product Life cycle
Management systems (including Dassault Systémes
ENOVIA and Siemens Teamcenter). These tools ena-
ble full integration of design, welding, and service pro-
cesses, while ensuring the availability of information
and data for all stakeholders. In addition, they support
real-time monitoring and identification of areas requir-
ing optimization and analysis of the life cycle of weld-
ing machines. Another system integrated with cloud
computing is Customer Relationship Management. It
enables support in the scope of personalization of ser-
vices and delivery of fast service solutions to custom-
ers. In turn, Enterprise Resource Planning class
solutions (including Oracle NetSuite and SAP
S/4AHANA Cloud) enable effective management of lo-
gistics, warehouse, and financial processes within the
developed PSS. As discussed earlier, [oT solutions are
key in data integration and communication. In cyber-
security, tools from the scope (including IBM Security
QRadar and Alto Networks Prisma Cloud) play a key
role in protecting data transmitted in the cloud. They
guarantee monitoring and protection against threats,
which is extremely important in cloud-based systems.
In turn, data visualization tools (including Microsoft
Power BI and Tableau) will enable transparent presen-
tation of information on system performance, their
technical condition, and operational results. This will
allow manufacturers and customers to make more in-
formed operational decisions. All indicated IT tools
will support the operation of the developed PSS, guar-
anteeing integration, optimization, and management of
complex processes in a more effective and customer-
oriented manner.

7  Conclusion
PSS is an innovation that integrates the offering of

products with services to meet customer needs better
and add value. It moves away from the traditional
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approach focused solely on selling products, promot-
ing a more sustainable and efficient use of resources
by combining products and related services into a co-
herent and comprehensive solution. Global research
considers the practical application of theoretical PSS
concepts to industrial realities. In this article, a PSS-
focused design workshop was conducted, focusing on
the welding sector. The results of this workshop iden-
tified the main challenges and needs of a company us-
ing welding machines and developed a set of services
that effectively address these needs. The welder and
services, tailored to the company's actual needs, were
integrated into a comprehensive PSS.

Based on the design workshop conducted, the follow-
ing conclusions can be drawn:

o Understanding the customer's needs: The workshop
reveals a deep understanding of welder customers'
specific needs and expectations, which is essential
for creating valuable PSS offerings.

e New technologies: Integrating IoT and cloud com-
puting within the PSS for welders enables solutions
that are more integrated and efficient and precisely
tailored to individual customer needs. This synergy
of technologies benefits both manufacturers and
end users, opening new opportunities for optimiz-
ing and personalizing offerings.

e Welding process services create a new proposition
for welding companies previously absent from the
market.

e Ownership on the part of the manufacturer allows
him to constantly control the welder's performance.
This allows the manufacturer to detect its weak-
nesses and components that can be improved in fu-
ture versions.

e The subscription option can be an interesting choice
for customers, allowing them to use welders with-
out making a large initial outlay. This can be par-
ticularly attractive during periods of high inflation
and rising interest rates, which can prevent compa-
nies from being restricted in their new investments.
In addition, it eliminates charges associated with
machines' gradual wear and tear.

e By integrating welders and related services into
PSS, it will be possible to manage their life cycle
more efficiently, reducing the need for frequent
equipment changes and reducing material con-
sumption. The solution allows precise monitoring

and adjustment of welding processes, minimizing
the waste of energy and raw materials. The concept,
developed at the workshop, motivates a more con-
scious use of resources, and thus supports sustaina-
ble development.

e Setting up a service network for PSS for welding
machines can be challenging, mainly due to the lo-
gistical complexity and the requirement for a high
level of technical expertise. A PSS system requires
not only the supply of welders, but also the provi-
sion of comprehensive support, including mainte-
nance, repairs, and upgrades. This, in turn, requires
an extensive service network with well-trained staff
capable of responding quickly to customer needs in
different locations. In addition, it can be difficult to
maintain a uniformly high standard of service
across a wide service network, especially with ever-
changing technologies and product specifications.
As aresult, developing such a network requires sig-
nificant investment in training, knowledge manage-
ment, and logistics, which is both organizationally
and financially challenging.

e Grouping services into baskets and ensuring flexi-
bility in their selection. This strategy allows cus-
tomers to tailor the service package to their
individual needs and expectations, which increases
the value of the offer and customer satisfaction.
Thanks to PSS's modular design, users can choose
from various services, creating a solution that per-
fectly suits their operational and financial require-
ments. This flexibility allows for better cost
management and more efficient use of welding ma-
chines, while facilitating adaptation to changing
market and technological conditions, making PSS a
more attractive and competitive solution.

The use of the proposed PSS may have some limita-
tions. Effective management and protection of cus-
tomer data is also necessary here. This may prove
complicated and expensive. Integration of the custom-
er's digital infrastructure with the equipment supplied
by the manufacturer may prove fundamental. This may
lead to a need for unified operational standards. This
causes difficult communication and data exchange be-
tween the manufacturer and the customer, increases in-
tegration costs, and consequently slows development.
In addition, the effective operation of PSS requires a
wide range of customers, which may prove difficult to
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achieve in the early implementation phase. From an or-
ganizational point of view, PSS is associated with
changes in the scope of business processes. This may
meet with resistance within the organization on the one
hand and the need for training in the scope of PSS on
the other. Culturally, welding plants (customers) may
be skeptical about giving up owning welding equip-
ment in favor of PSS, especially in the welding sector,
where ownership of welding equipment is sometimes
perceived as the basis for operational independence.
Lack of trust in PSS, fear of dependence on the weld-
ing equipment manufacturer, and concerns about los-
ing control over processes can be severe limitations.

Moreover, organized design workshops in a welding
company specializing in producing a wide range of
high-quality steel structures, elements for machines
and devices, and specialized components tailored to in-
dividual customer orders constitute the necessary
foundation for creating and implementing PSS for
welding machines. They are crucial in identifying ar-
eas requiring special attention and elements that should
be the subject of focus when adapting the PSS to the
client's individual needs.

8 References

[1]  Abou-foul, M., Ruiz-Alba, J.L. and Soares, A.,
2020. The impact of digitalization and servitiza-
tion on the financial performance of a firm: an
empirical analysis. Production Planning & Con-
trol, pp.1-15. https://doi.org/10.1080/095372
87.2020.1780508.

[2]  Abramovici, M., Aidi, Y., Quezada, A. and
Schindler, T., 2014. PSS Sustainability Assess-
ment and Monitoring Framework (PSS-SAM) —
Case Study of a Multi-module PSS Solution.
Product Services Systems and Value Creation.
Proceedings of the 6th CIRP Conference on In-
dustrial Product-Service Systems, 16, pp.140-
145. https://doi.org/10.1016/j.procir.2014.
01.018.

[3] Adler, L., Ebel, M., Rathi, D. and Gebauer-
Drechsel, H., 2024. Design Principles for Prod-
uct-Service-Software-System  Innovation  for
Healthcare Manufacturers. In: Proceedings of
the 57th Hawaii International Conference on

[4]

[5]

[6]

[7]

[8]

[9]

[10]

[11]

System Sciences. [online] 57th Hawaii Interna-
tional Conference on System Sciences. Hawaii:
HICCS. pp.997-1006. Available at:
<https://scholarspace.manoa.ha-
waii.edu/items/15c083e6-5¢50-4c85-8007-
22fdbdae0a8a>.

Alamerew, Y.A., Kambanou, M.L., Sakao, T.
and Brissaud, D., 2020. A Multi-Criteria Evalu-
ation Method of Product-Level Circularity
Strategies.  Sustainability, 12(12), p.5129.
https://doi.org/10.3390/sul12125129.

Annarelli, A., Battistella, C. and Nonino, F.,
2017. Open Innovation practices for Product
Service System as a business model innovation.
ISPIM Innovation Symposium, pp.1-14.

Ardolino, M., Adrodegari, F. and Saccani, N.,
2017. A Design for X framework for PSS busi-
ness models. Proceedings of the Summer School
Francesco Turco. Palermo: Cambridge Univer-
sity Press.

Azarenko, A., Roy, R., Shehab, E. and Tiwari,
A., 2009. Technical product-service systems:
some implications for the machine tool industry.
Journal of Manufacturing Technology Manage-
ment, 20(5), pp.700-722. https://doi.org/
10.1108/17410380910961064.

Baines, T., Ziaee Bigdeli, A. and Kapoor, K.,
2024. Servitization Strategy: Delivering Cus-
tomer-Centric QOutcomes Through Business
Model Innovation. Palgrave Executive Essen-
tials. [online] Cham: Springer Nature Switzer-
land. https://doi.org/10.1007/978-3-031-45426-
4.

Belkadi, F., Boli, N., Usatorre, L., Maleki, E.,
Alexopoulos, K., Bernard, A. and Mourtzis, D.,
2020. A knowledge-based collaborative plat-
form for PSS design and production. CIRP Jour-
nal of Manufacturing Science and Technology,
29, pp-220-231. https://doi.org/10.1016
/j.cirpj.2018.08.004.

Bohnart, E.R., 2017. Welding: principles and
practices. Fifth edition ed. New York, NY:
McGraw-Hill Education.

Boucher, X., Coba, C.M. and Lamy, D., 2024.
Smart PSS modelling language for value offer


https://doi.org/10.1080/095372
https://doi.org/10.1108/17
https://doi.org/10.1108/17
https://doi.org/10.1016

142

Mariusz SALWIN, Tomasz CHMIELEWSKI, Andrzej KRASLAWSKI

[13]

[15]

[16]

[17]

[18]

[20]

prototyping: A design case study in the field of
heating appliance offers. Computers in Industry,
155, p.104041. https://doi.org/10.1016/j.com-
pind.2023.104041.

Bowditch, W.A., Bowditch, K.E., Bowditch,
M.A., Althouse, A.D. and Turnquist, C.H.,
2024. Modern welding. Thirteenth edition ed.
Tinley Park, Illinois: The Goodheart-Willcox
Company, Inc.

Caterpillar, 2024. Fleet Management | Cav-
power.  Cavpower CAT. Available at:
<https://www.cavpower.com/solutions/fleet-
management-solutions/> [Accessed 1 March
2024].

Centenera, J. and Hasan, M., 2014. Sustainable
Product-Service System. International Business
Research, 7(7), p.62. https://doi.org/10.5539/
ibr.vn7p62.

Charro, A. and Schaefer, D., 2018. Cloud Man-
ufacturing as a new type of Product-Service
System. International Journal of Computer In-
tegrated Manufacturing, 31(10), pp.1018-1033.
https://doi.org/10.1080/09511
92X.2018.1493228.

Chaturvedi, M. and Arungalai Vendan, S., 2021.
Advanced Welding Techniques: Holistic View
with Design Perspectives. [online] Singapore:
Springer Singapore.
https://doi.org/10.1007/978-981-33-6621-3.

Chen, D., Zhang, D., Tao, F. and Liu, A., 2019.
Analysis of Customer Reviews for Product Ser-
vice System Design based on Cloud Computing.
Procedia CIRP, 83, pp.522-527.
https://doi.org/10.1016/j.procir.2019.03.116.

Cong, J., Chen, C.-H. and Zheng, P., 2020. De-
sign entropy theory: A new design methodology
for smart PSS development. Advanced Engi-
neering Informatics, 45, p.101124.
https://doi.org/10.1016/j.a2€1.2020.101124.

Davim, J.P. ed., 2021. Welding technology. Ma-
terials forming, machining and tribology.
Cham: Springer.

Ding, H., Liu, H. and Yang, K., 2019. A Method
of Capturing and Transferring Customer Value
in Product Service System. Mathematical

[22]

[23]

[25]

[26]

[27]

[28]

Problems in Engineering, 2019, pp.1-16.
https://doi.org/10.1155/2019/8717386.

Domanski, J., 2012. Competitiveness of Non-
governmental Organizations in Developing
Countries: Evidence From Poland. Nonprofit
and Voluntary Sector Quarterly, 41(1), pp.100-
119.
https://doi.org/10.1177/0899764010395947.

Domanski, J., 2011. The Analysis and Synthesis
of Strategic Management Research in the Third
Sector from Early 2000 Through to Mid-2009.
Foundations of Management, 3(2), pp.27-40.
https://doi.org/10.2478/v10238-012-0040-9.

Domanski, J., 2012. Competitiveness of Non-
governmental Organizations in Developing
Countries: Evidence From Poland. Nonprofit
and Voluntary Sector Quarterly, 41(1), pp.100-
119.
https://doi.org/10.1177/0899764010395947.

Domanski, J., 2016. Risk Categories and Risk
Management Processes in Nonprofit Organiza-
tions. Foundations of Management, 8(1),
pp.227-242. https://doi.org/10.1515/fman-
2016-0018.

Domanski, J., Kotarba, W. and Krupa, T., 2014.
The Prisms of Management. Foundations of
Management, 6(2), pp.43-50. https://doi.org/
10.1515/fman-2015-0010.

Grand View Research, 2023. Welding Products
Market Size, Share & Trends Analysis Report By
Technology, By Product (Stick Electrodes, Solid
Wires, Flux-cored Wires), By End-use, By Re-
gion, And Segment Forecasts, 2024 - 2030.
[online] Grand View Research. Available at:
<https://www.grandviewresearch.com/indus-
try-analysis/global-welding-products-market>.

Heisler, P., Gick, S.D. and Franke, J., 2018. The
way to a simple and environment-friendly pro-
duction design of complex foam parts — innova-
tive  solutions for the  polyurethane
manufacturing industry. Procedia Manufactur-
ing, 17, pp.579-586. https://doi.org/10.1016/

j.promfg.2018.10.099.

Jeffus, L.F., Bower, L. and McPhillips, H.,
2013. Welding: skills, processes and practices.


https://doi.org/10.1080/09511

Product-Service System: A New Opportunity for the Welding Industry 143

[29]

[31]

[32]

[33]

[34]

Level 2. Hampshire: Cengage Learning.

Kloock-Schreiber, D., Brockmdéller, T., Schnei-
der, J., Gembarski, P., Mozgova, 1. and Lach-
mayer, R., 2020. TRIZ-Reverse for PSS
Potential Determination. In: Z. AniSi¢ and C.
Forza, eds. Proceedings of the 9th International
Conference on Mass Customization and Person-
alization — Community of Europe (MCP-CE
2020). 9 th International Conference on Mass
Customization and Personalization — Commu-
nity of Europe (MCP - CE 2020), 9 th Interna-
tional Conference on Mass Customization and
Personalization — Community of Europe (MCP
- CE 2020), Re-innovating Business in the Dig-
ital Era. Novi Sad, Serbia: University of Novi
Sad — Faculty of Technical Sciences. pp.111-
120.

Komatsu, 2024. Smart Construction Field | Ko-
matsu. [online] Available at: <https://www.ko-
matsu.com/technology/smart-
construction/field/> [Accessed 1 April 2024].

Liu, B., Zhang, Y., Zhang, G. and Zheng, P.,
2019. Edge-cloud orchestration driven indus-
trial smart product-service systems solution de-
sign based on CPS and IloT. Advanced
Engineering  Informatics, 42, p.100984.
https://doi.org/10.1016/].aei.

2019.100984.

Mordecai, Y. and Dori, D., 2016. Model-based
operational-functional unified specification for
mission systems. In: 2016 Annual IEEE Systems
Conference (SysCon). [online] 2016 Annual
IEEE Systems Conference (SysCon). Orlando,
FL, USA: IEEE. pp-1-8.
https://doi.org/10.1109/SYS-
CON.2016.7490662.

Pereira, A.M. de B. and Silva, F.J.G. da eds.,
2021. Handbook of welding: processes, control
and simulation. Mechanical engineering theory
and applications. New York: Nova Science
Publishers, Inc.

Philips, 2019. Selling light as a service. [online]
Available at: <https:/www.ellenmacarthur-
foundation.org/case-studies/selling-light-as-a-
service> [Accessed 6 April 2019].

[35]

[37]

[39]

[40]

[41]

Rolls-Royce, 2019. Airline Care Services - To-
tal. [online] Available at: <https://www.rolls-
royce.com/products-and-services/civil-aero-
space/aftermarket-services.aspx#carestore.>.

Salwin, M., Kraslawski, A., Andrzejewski, M.
and Hryniewicka, M., 2024. Product-Service
System Design - A Case Study for Parking Fur-
niture Industry. In: A. Hamrol, M. Grabowska
and M. Hinz, eds. Advances in Manufacturing
IV, Lecture Notes in Mechanical Engineering.
[online] Cham: Springer Nature Switzerland.
pp.41-56.  https://doi.org/10.1007/978-3-031-
56474-1 4.

Salwin, M., Kraslawski, A., Andrzejewski, M.
and Lipiak, J., 2021. Product-Service System for
the Pharmaceutical Industry. In: L.M. Cama-
rinha-Matos, X. Boucher and H. Afsarmanesh,
eds. Smart and Sustainable Collaborative Net-
works 4.0, IFIP Advances in Information and
Communication Technology. [online] Cham:
Springer International Publishing. pp.485-493.
https://doi.org/10.1007/978-3-030-85969-5 45.

Salwin, M., Lipiak, J. and Kulesza, R., 2019.
Product-Service System — a literature review.
Research in Logistics & Production, 9(1), pp.5-
14. https://doi.org/10.21008/1.2083-
4950.2019.9.1.1.

Salwin, M., Lipiak, J. and Przgczka, M., 2018.
Product-Service Systems as an Opportunity for
the Enterprise Producing Injection Molds. Mar-
keting i Zarzqdzanie (The Scientific Journal
Marketing and Management), 54(4), pp.75-87.
https://doi.org/10.18276/miz.2018.54-06.

Salwin, M., Nehring, K., Jacyna-Gotda, I. and
Kraslawski, A., 2022. Product-Service System
design — an example of the logistics industry.
Archives of Transport, 63(3), pp.159-180.
https://doi.org/10.5604/01.3001.0016.0820.

Sarancic, D., Pigosso, D.C.A. and McAloone,
T.C., 2021. Investigating Drivers and Barriers
for the Development of Product-Service Sys-
tems in Capital Goods Manufacturing Compa-
nies. Proceedings of the Design Society, 1,
pp-1927-1936. https://doi.org/10.1017/
pds.2021.454.



144 Mariusz SALWIN, Tomasz CHMIELEWSKI, Andrzej KRASLAWSKI

[42] Skowronska, B., Bober, M., Kotodziejczak, P.,
Baranowski, M., Koztowski, M. and Chmielew-
ski, T., 2022. Solid-State Rotary Friction-
Welded Tungsten and Mild Steel Joints. Applied
Sciences, 12(18), p.9034. https://doi.org/10.3
390/app12189034.

[43] Skowronska, B., Chmielewski, T. and Zasada,
D., 2022. Assessment of Selected Structural
Properties of High-Speed Friction Welded
Joints Made of Unalloyed Structural Steel. Ma-
terials, 16(1), p.93. https://doi.org/
10.3390/ma16010093.

[44]  Technology Cluster Manager (TCM), Technol-
ogy Centre System Program (TCSP), Office of
DC MSME, Ministry of MSME and KPMG,
2020. White Paper — Advance Welding Technol-
ogies for Fabrication Industry.

[45]  Vezzoli, C., Ceschin, F., Osanjo, L., M’Rithaa,
M.K., Moalosi, R., Nakazibwe, V. and Diehl,
J.C., 2018. Sustainable Product-Service System
(S.PSS). In: Designing Sustainable Energy for
All [online] Cham: Springer International Pub-
lishing. pp.41-51. https://doi.org/10.1007/978-
3-319-70223-0 3.

[46] Xerox, 2024. Xerox® Content Hub. [online]
Available at: <https://www.xerox.com/en-

us/office/software-solutions/content-hub> [Ac-
cessed 10 April 2024].


https://doi.org/10.3

