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Abstract. Due to the commaodisation and globalization of the markets, manufac-
turing companies have been pursuing new business models based on product-
service bundles, which in literature have been investigated under the broad term
of Product-Service Systems (PSS). Efficient provision of PSS is not immediate
since it requires as a first condition a deep integration of product and service
components and the related delivery processes. As regards durable equipment,
maintenance is one of the most relevant and common services offered to the mar-
ket. The identification of the best maintenance policy, and the expected improve-
ment of availability and productivity of the industrial asset depends upon the
knowledge, cognition, and expertise that the provider has on the machine and the
related operating conditions. With this regard, it is fundamental to wisely collect
and analyze data related to the machine and its delivery process, extracting useful
information guiding the policy selection. By investigating the case of a durable
equipment manufacturer, the paper focuses on the problem related to the creation
of a proper engineering process and data infrastructure for supporting a gradual
and robust transition towards a PSS-based business model. A dual perspective
vision for ensuring a continuous improvement of maintenance services is pro-
posed and discussed, based on a cross-analysis of the on-field collected data from
the industrial asset and the maintenance delivery processes.

Keywords: Maintenance, Product-Service Systems (PSS), Data Collection, In-
dustry 4.0.

1 Introduction

Commodisation of the markets has forced manufacturing companies to explore new
strategies for enriching their product offering with additional services in order to dif-
ferentiate themselves from global competitors and to open new market niches. The ad-
vent and consolidation of key technologies positioned under the umbrella of Industry
4.0 (14.0) have undoubtedly provided an important leverage for improving their pro-
cesses and fostering their transition towards the adoption of new business models, based
on the provision of integrated bundles of products and related services. This phenome-
non has been extensively and deeply investigated in literature under different terms, in
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a first instance as servitisation strategy and provision of Product-Service Systems (PSS)
[1].

However, despite the presumed benefits deriving from a long-standing relation and fi-
delisation with the client base and a consequent expected profit increase, the transition
from a product-centric to a PSS-based offering is not so seamless. Integration of product
and services must be designed and engineered since the first conceptual stages, properly
customized in order to create real value within the customer’s processes, but, at the
same time, efficiently standardized in order to avoid being trapped in the service para-
dox [2].

Hence, PSS providers need to adopt suitable approaches and to invest in enabling tech-
nologies to support PSS delivery both from a strategical and an operational point of
view. One of the most relevant services that can benefit from the introduction of 14.0
technologies is undoubtedly maintenance, whose delivery is subjected to provider’s ca-
pabilities, competencies, and knowledge. Depending on the maintenance policy of-
fered, and technology adopted, companies must deal with different benefits and risks.
The provision of preventive or predictive based contracts, though a potential business
opportunity for a service provider, can turn out in higher risks in terms of emerging
operational costs (reflecting contract penalties) and reputational losses.

In order to address this issue, this paper proposes a workflow and the related methods
for maintenance process improvement crossing data from the asset and from the mainte-
nance provision processes. Then, it describes its application in a manufacturing com-
pany, producing durable equipment, that is moving from the provision of corrective and
preventive maintenance services towards the offering of a more distinctive PSS offer-
ing. In particular, the paper focuses on the initial phase of the workflow, putting em-
phasis on the need to assess and deploy a standard procedure to collect maintenance
data from the field and from the technicians delivering the maintenance interventions
to acquire the proper knowledge and capabilities before proposing more challenging
services.

The paper is structured as follows: Section 2 shortly introduces the context and pro-
poses a workflow for maintenance process improvement. Section 3 deals with the case
study. Eventually, Section 4 concludes the paper summarizing the results from the case
study, the main limitations and delineating future researches.

2 Maintenance delivery process improvement

Product-Service System is based on the joint sale of products and services aimed at
satisfying specific customer needs [3] ranging from a transactional Product-Oriented to
a more Use-Oriented and Result-Oriented relationship with the customer [4, 5]. As
mentioned earlier, the simple juxtaposition of products and services is not sufficient to
guarantee a prolific PSS delivery [2, 6], especially if a supporting technological and
organisational infrastructure is not available. In this regard, [7] state that the adoption
of new technologies, such as 14.0 ones (e.g. cyber-physical systems, big data, simula-
tion), can foster the transition towards PSS offering, reducing the risk of incurring in
the service paradox trap and increasing the efficiency of service delivery. As [8-10]



affirm, the integration of technologies into PSS can support and enhance the delivery
of more effective services but this is subordinated to the definition of a formalized ap-
proach to the PSS delivery.

Given the possibilities offered by 14.0 technologies in terms of data generation, the
approach should be based on data collection [11], management [12], and exploitation
[13]. In particular, it should take into account product and service components, consid-
ering the data generated both during the product usage and during the service delivery
process [14]. Regarding product components, a deep knowledge of the asset working
conditions is crucial for the definition of the most suitable maintenance policy. In fact,
while the vendor knows its machine from the design phase, he does not know its be-
havior under the user's operating conditions. This would not be possible without the
availability of field data and their interpretation and translation into knowledge for pre-
dicting future states of machines. On the other hand, the service component entails all
the knowledge related to how the service (i.e. maintenance) is provided to customers,
mainly in terms of time, costs, objects and resources used. In both cases a data collec-
tion strategy is essential to sort and extract only useful data, guaranteeing at the same
time a certain quality in data collection [11]. This is necessary also to favor the follow-
ing data integration phase, which is a challenging task due to problems that may arise
when data collected from different sources have to be integrated [12]. A formalized
approach to data collection and management facilitates data processing, favoring the
extraction of useful information from the dataset under analysis [13].

Starting from these remarks, Fig. 1 proposes a dual perspective workflow for ensur-
ing a maintenance delivery continuous improvement process based on the analysis of
data related to industrial asset and to its maintenance process.

From the machine perspective, the first action consists in the identification of the
critical components of the asset by using some consolidated techniques such as the
Failure Modes, Effects and Criticality Analysis (FMECA) [15]. Then, depending on the
critical components identified, technical data should be continuously gathered from the
asset in working conditions. Then, methods such as Root Cause Analysis (RCA) and
Machine Learning (ML) techniques would allow to infer the current machine health
status and predetermine the Remaining Useful Life (RUL) of the components [16, 17].

From the process perspective, a first analysis of the as-is service delivery workflow
would allow to derive the main process criticalities. Then, according to the maintenance
policy adopted, a strategy for collecting data related to the intervention should be de-
signed and implemented.

Once collected, data from products and processes should be cross-analyzed to extract
valuable information on maintenance delivery. In particular, the analysis of data related
to components’ failure along with maintenance delivery process would allow an update
of the asset component criticality. This update would directly impact the maintenance
policies adopted by the company and, thus, their delivery process. For example, it might
emerge the need for more frequent maintenance actions on certain components due to
the length of maintenance intervention, previously underestimated, or to the time re-
quired to retrieve spare parts. On the contrary, it might arise the possibility to reduce
the frequency of the maintenance intervention, thanks to an upgrade of the technicians’
expertise or to the availability of new diagnostics tools. Thanks to the information



emerging from the cross analysis, corrective measures should be adopted both on the
asset and on the process side. In addition, based on the feedbacks from the field, also
components and machines may be re-engineered to make them more reliable and able
to sustain different working conditions.
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Fig. 1. The dual perspective workflow for maintenance delivery improvement

3 The Case Study

The case study has been carried out in the context of the PROMETE@ project (funded
by Lombardia region) in one of the partner companies,Balance Systems (in short BS),
an Italian company founded in 1975 and operating worldwide. Its core business areas
are related to the production of balancing machines for rotary components and the de-
velopment of process control systems for machine tools. Traditionally focused on the
technological excellence of their machines, the company is enriching its solutions with
service components in order to come along with the increasing and challenging requests
from the markets.

To approach this transition, BS is trying to improve its maintenance provision creat-
ing a structured knowledge at both product and process level, leveraging on data acqui-
sition, management, and processing. The definition of a formalized way to handle and
create knowledge and wisdom on the process is a necessary step for the company mov-
ing towards a PSS business model. To this purpose, the workflow described in Fig. 1
has been applied to the company following a gradual multi-step approach, which is still
underway. Specifically, BS has been focusing on the first three steps of the product and
process improvement, which were carried out in parallel.

Within the project, two researchers have carried out multiple semi-structured inter-
views to collect data related to the asset and the current maintenance delivery process.
Information has been then used to define a clear picture of the activities currently per-
formed and the way information collected during and after maintenance were used and
shared inside the company.

Regarding the asset, the company started applying a basic FMECA analysis. A pilot
project has been carried out on one machine. Since BS machines are made up by stand-
ard groups, which are assembled differently in accordance with customer requirements,
the company will be able to easily extend the FMECA analysis to other machine con-
figurations. The purpose behind the FMECA application has been to analyze in depth



the machine’s structure and identify the main causes and effects for each component
failure. To do so, a team composed by researchers and company experts has performed
the machine’s functional breakdown starting from the main working groups and ending
with the single components. For each component, a list of possible failures and causes
has been created. Following, the company experts have evaluated each component in
terms of failure’s Severity (S), Detectability (D) and Probability (P). The multiplication
of the three factors has led to the definition of the Risk Priority Number (RPN), used to
prioritize the risks deriving from each component failure.

Regarding the process, the company started from the analysis of the current mainte-
nance delivery process (as is) that has been mapped using BPMN 2.0. From the inter-
views with the Service Engineering Supervisor, it has emerged that BS offering in-
cludes both corrective and preventive maintenance interventions. The analysis of the as
is processes has led to the identification of several issues. One of the first criticalities
emerged in the corrective maintenance is in the diagnostic phase, where a lack of
knowledge on failure causes and effects often lead to a maintenance delivery slow-
down. Other criticalities have been found in the scheduling phase, where multiple iter-
ations are required to select the technician due to difficulties in matching customer re-
quirements with technician skills and availability. Regarding preventive maintenance,
criticalities are mainly related to intervention scheduling, due to the poor exploitation
of data collected from the process, caused by an ineffective data collection strategy.
Indeed, during the maintenance delivery, BS technicians used to fill out a form in an
electronic sheet, created in Microsoft Excel®, called Service Card, to report the infor-
mation on the maintenance activity. The previous version of the Service Card was not
user-friendly; technicians used to fill it out wrongly or partially. For this reason, infor-
mation was used only for the final quotation to customers but not to generate new
knowledge on maintenance. To address this issue, the Service Card has been re-engi-
neered to simplify the filling phase. Moreover, to improve data collection, and to facil-
itate the analysis of critical components, the FMECA has been used as an input for the
Service Card. The new version, with drop-down menus, guides the technician while
specifying the critical components and entering the information of failure causes and
relative fixing actions. In the scope of favoring data analysis, data extraction, storage,
and management have been reconfigured, and a specific database has been created. In
particular, since the efficiency of the maintenance service offering is bonded to the
ability to collect and analyze historical data, the following data are now collected
through the Service Card (Fig. 2): (i) general data of the client and kind of manufactur-
ing process; (ii) information related to machines that underwent maintenance operation;
(iii) hours and pieces worked by the equipment before breaking; (iv) the problem iden-
tified by the technician; (v) the spare parts used to fix it; (vi) the time spent by the
technician on the machine.

This has led to the possibility to improve the knowledge of maintenance interven-
tions (length, problems, spare parts used) that can be used for multiple purposes: up-
dating maintenance plans, upgrading design of machines, rearranging spare parts man-
agement, improving service offering and delivery, etc. to obtain benefits both on asset
and process sides.



BS can now use data collected from maintenance interventions to extract relevant
information. For instance, the engineering department is now able to analyze failures
mode in those components most subjected to failures, as identified through the
FMECA.

Customer [Division [Town

Address State Country

Equipment Job Serial no.

Service type
[JA=senice []1=Start-up [Joutof warranty [ JInwarranty [ ] To be completed [] By contract [ ] Promotional
Pieces worked Hours worked hnici

Problem signalled by the customer

Problem identified

Other:

Description of work carried out

Fig. 2. An excerpt of the upgraded version of the Service Card adopted in BS

As an example, the horizontal axis belt has been recognized as one of the most crit-
ical components; for this reason, more in-depth analyses have been carried out on the
belt and on other components that were discovered critical. Data related to the power
absorption when the horizontal axis belt was at the right tensioning have been collected.
Then, the belt tensioning has been changed several times to collect new data on power
absorption. The aim of this procedure was to collect data on the right and wrong power
absorption to identify useful patterns that could be used to detect problems during the
machine worktime. In particular, four ML classification techniques (Multinomial Logit,
Discriminant Analysis, K-neighbor, and Neural Networks) have been used to analyze
the dataset to understand if they could be used in this scope and to identify the one with
the better performance.

Information collected on customers such as location, Service Level Agreement
(SLA), machines, and a list of those technicians who usually deliver maintenance in-
terventions is now fruitfully used to customize the service offering, creating new pro-
posals tailored on their characteristics. For example, the same technician could be sent
every time to the same customer, improving the knowledge level on the customer and
machine issues. The proposal of new product-service contract bundles would be sup-
ported by historical data recorded about service timings and related costs. Different
types of SLA-based contracts could be proposed according to the machines and cus-
tomers characteristics. This is particularly importance considering the different PSS
offerings, where the bond between machines and associated services could differ con-
sistently depending on the way they are sold and perceived by customers.



4 Conclusions

The transition toward advanced PSS business models without incurring in the service
paradox trap is not an easy task for a company. To this purpose, a dual perspective
workflow for maintenance delivery improvement, based on the analysis of asset and its
maintenance process data is proposed, and a case study shortly described. The analysis
of the as is maintenance delivery process of the company demonstrated the presence of
criticalities, and improvements were conducted both on the process and asset sides. If
on the asset side, FMECA and machine learning approaches has been applied to identify
and analyse critical components (e.g. for the analysis of the belt power absorption), on
the process side, a traditional tool used to collect data on maintenance intervention,
namely the Service Card, has been re-engineered to make it more user-friendly and
enable a systematized data collection, favoring the subsequent analyses. A structured
database has been created to store data from maintenance in the scope of using them to
improve the service offering. Despite the results achieved, the transition of Balance
Systems towards PSS is only at the beginning.

In conclusion, the profitable offering of corrective, preventive or predictive mainte-
nance is strictly subjected to the capacity of the company to exploit data from both the
maintenance delivery process and product, allowing the company to improve its effi-
ciency and make the right decision supported by data. In this sense, the role played by
technologies, as machine learning techniques, is crucial since they are a support for a
more formalized data collection, management, and analysis.

Concerning limitations, the workflow and case study developed in the paper could be
improved in different ways. Regarding the workflow, a more detailed analysis of meth-
ods and tools supporting the different phases should be carried out, providing some
guidelines to help companies in selecting the most suitable ones. Regarding the case
study, the first two parts of the workflow has been applied to a single company with the
aim of formalizing the data collection and management phases both regarding the asset
and the maintenance delivery.

Future developments require to carry out a cross-analysis phase (when a good set of
data will be available) which should enable a consistent update of the asset and process
information as well as a better understanding of the tools more suitable for inferring
decisions on the service maintenance strategies and policies to adopt and supporting the
definition of new contracts customized on both the machines and the customer's needs.
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