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ing the product development process. Customers demand a product of high quality and fast
delivery at a low price, while simultaneously expecting that the product meet their individual
needs and requirements. For companies characterized by a highly customized production, it
is essential to reduce the trial-and-errors cycles to design new products and process. In such
situation most of the company’s knowledge relies on the lessons learnt by operators in years
of work experience, and their ability to reuse this knowledge to face new problems. In order
to develop unique product and complex processes in short time, it is mandatory to reuse
the acquired information in the most efficient way. Several commercial software applications
are already available for product lifecycle management (PLM) and manufacturing execution
system (MES). However, these two applications are scarcely integrated, thus preventing an
efficient and pervasive collection of data and the consequent creation of useful information.
The aim of this paper is to develop a framework able to structure and relate information
from design and execution of processes, especially the ones related to anomalies and critical
situations occurring at the shop floor, in order to reduce the time for finalizing a new prod-
uct. The framework has been developed by exploiting open source systems, such as ARAS
PLM and PostgreSQL. A case study has been developed for a car prototyping company to
illustrate the potentiality of the proposed solution.
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Introduction

In the era of Industry 4.0, the reality from H.
Ford’s view is changed completely. In 1909, a few
decades after the Second Industrial Revolution, as
stated in his biography, H. Ford observed: “any cus-
tomer can have a car painted any colour that he
wants so long as it is black”. In this short slogan
lies the soul of mass production: maximum efficiency
achieved with maximum standardization in order to
reach the widest number of customers.

The production of the 21st century, on the oth-
er hand, focuses on the personal needs of the con-
sumer, the companies innovate and introduce new

products on the market led by the consumers, to
anticipate their needs, lean development approach-
es are needed in order to quickly test the products
and reduce the time to market. The past decades
have been characterized by this trend which can be
summarized with the concept of mass customization.
This concept reaches its extreme with the One-of-a-
Kind Production (OKP): every single product is dif-
ferent for each customer. In this scenario the produc-
tion line must become as flexible as possible, since an
on-demand production is needed. In order to allow
fast prototyping of products, modular architectures
are used, since products have their foundations in
a platform, common for a product family [1]. Prod-
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uct features are tested using finite element simulation
(FEM), and designers could create virtual products
and testing their ideas in a very fast and inexpen-
sive way. Montecarlo Simulation and Discrete Event
Simulation are also used to manage product portfo-
lios supporting decision processes.

With new technologies of this revolution, meet-
ing the demands of customers and innovating con-
tinuously are not only possible, but they are an es-
sential requirement for any company, in particular
small and medium sized, that wants to compete in
the market [1–4].

In this context, the concept of reconfigurable
manufacturing systems (RMS) has a great impor-
tance [5]. RMS goes beyond flexibility, and it allows
to achieve responsiveness to market changes. It man-
ages to change quickly both from the point of view of
tools and machinery and form the point of view of in-
formation systems, in this way the production system
is adapted to the requirements of the market. The
RMS is designed using principles of modularity and
integrability both software and hardware side in or-
der to be scalable and convertible but also to handle
real time quality control and product customization
[6, 7].

The information technologies, including the sen-
sors installed along the production line, make ma-
chines, operators and all the resources able to in-
teract among each other and to collect data about
their status and all the issues that happen during
the production. The ability to store, integrate and
use these data is an important feature to accomplish
for a company of the fourth industrial revolution.

Industrial data integration can be seen from three
different point of view: horizontal integration, verti-
cal integration, and end-to-end integration [8]. Hor-
izontal integration allows the flow of data through
various business functions. Production data could
be integrated with the company’s resource data to
make the process more efficient. Vertical integration
requires the involvement of players and partners who
interact with the company. Integrating the systems of
various companies along the value chain is essential
to allow a coordinated and efficient work. Finally, the
end-to-end integration operates throughout the life
cycle of the product and makes it possible to achieve
excellent results that go further the production line
and the supply chan.

To achieve system integration, it is necessary that
IT platforms implemented in a company cover the
process of product design, to allow innovation to-
wards customer needs, and the production activity
itself, to minimize costs and lead times. PLM sys-
tems are shared platform at disposal of designers to

allow the interaction and coordination among peo-
ple, thus enabling the knowledge exchange, transfer
and reuse. MES system control and manage the dai-
ly production, providing real-time feedbacks of the
whole process, right through to the completion of the
order. MES, using data obtained by machines, oper-
ators and sensors, is able to create a digital copy in
real time of the system. It is therefore possible to
control the progression of tasks and compare it with
the production planning.

Through the integration between PLM and MES,
designers could observe what is happening in pro-
duction, receive feedback and check where anomalies
have occurred. This data can be reused at the design
level so that this error does not occur again in the fu-
ture. This data could be of great importance at the
design stage of a new product, especially for OKP
companies since, to design a new process, they usu-
ally need several trial-and-errors cycles before find
the final one. For such companies, the knowledge of
the trial-and-errors cycles that contribute to develop
past products and processes, without the presence of
a formalized and structured system, remains in the
minds of the people, or, at best, transferred verbally,
and then, over time, inevitably lost [9, 10]. Similarly,
it is also difficult for a production manager to find
information related to the checks to perform before
and after the execution of an operation on a ma-
chine, and for an operator to report in a structured
way the occurrence of problems and anomalies dur-
ing the production.

Based on such needs, the aim of the paper is to
propose a framework to integrate data coming from
PLM and MES to reduce the number of trial-and-
errors cycles to find the final production process of
a new product. A specific attention will be given to
the collection of data regarding anomalies occurring
at the shop floor.

The rest of the paper is organized as follows. The
Related works section summarizes the relevant lit-
erature available on the topic. The Method section
describes the proposed framework, including the da-
ta model to integrate data coming from the PLM and
MES systems. The Use case section presents the ap-
plication of the framework in an Italian company pro-
ducing car prototypes. Finally, the last section draws
conclusions and states future work perspectives.

Related works

Previous works addressed the issue of struc-
turing and formalising product-related knowledge
[11–15], while several international research projects
addressed the development of industrial knowledge
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sharing systems (e.g., amePLM [16], ICP4Life [17],
Know4car [18], Manutelligence [19]). The benefits
obtained by the symbiosis between design and man-
ufacturing is highlighted in several papers [20, 21].
However, the practical use of tools for supporting
sector knowledge management is still very low, and
an integrated knowledge is still too far for many
manufacturing companies. The GeCo Observatory
(http://www.homeappliancesworld.com/2015/06/01/
italian-manufacturing-innovation-is-possible) found,
on a sample of more than 100 Italian manufacturing
companies, that the most used methods to explicit
knowledge remain the traditional verbal or written
communication, while the use of more structured
software systems is severely limited.

This lack in research on the integration between
PLM and MES is also revealed by the recent increase
of published papers on the topic. Figure 1 shows the
result of a search in the Scopus database of papers
about PLM-MES integration.

Fig. 1. Results of Scopus search: papers published on
PLM-MES integration. Numbers in Venn diagram be-
tween brackets, as the trend graph, refer to a research
carried out on title, abstract and keywords. Free num-

bers, instead, refer to a research only on the title.

The Venn diagram in Fig. 1 compares the num-
ber of papers addressing separately PLM and MES,
and the number of papers addressing both. This last
number is significantly low than the others: only 7
papers contain both PLM and MES words in the title
(74 papers if the search is extended also to abstract
and keywords). However, the interest for this topic
is quickly growing, as shown by the line chart, which
represent the distribution of the 74 papers among the
years.

The oldest work between this seven [22] proves,
also using simulation technique, that the business
strategy of a company needs the information con-
tained in a PLM-ERP-MES integrated system that
has to include an informatic module to automatize
this integration. This publication discusses method-

ologies and advantages of this integration. The most
cited one [23] is a PLM-MES integration proposal
that aims to overcome the problem of data hetero-
geneity by proposing a mediation system that takes
into account also the ERP. In this work it is cited the
ISA95-IEC62264 standard [24] of MES functions and
MES-PLM data transferring, for which the author
gives a classification in CAD model, plans, BOM,
manufacturing process, work instructions and ma-
chine setup for the flow from PLM to MES, while
from the MES is considered to receive reports about
production problems. Furthermore, this paper intro-
duced a mediation system based on ontologies to
manage this integration. Another interesting article
is a PLM-MES integration proposal for a collabora-
tive design of a spur gear production [25]: an appeal-
ing case-study because the accuracy required for this
product is very high with a consequential very high
unitary cost. The same authors elaborated a PLM-
MES integration applied on the automotive manufac-
turing [26], by focusing on how the real-time mon-
itoring activity of the MES can improve the PLM.
A survey submitted to a set of Italian companies to
measure their digital maturity and their proneness in
implementing further PLM and MES solutions and
their integration was also presented [27]. The main
results of this work are the awareness that none of
the companies own both a PLM and a MES and
that the half of them stated that a PLM-MES col-
laboration could be an advantage for their business.
Another research activity in the intersection is an ex-
tension of the ISA95 standard [24] for manufacturing
PLM integration with a data flow between ERP and
MES [28]. The last article of the list describes the in-
tegration between product management and system
monitoring by using ontologies [29]. The authors con-
sidered the ontology the most suitable tool to design
the PLM-MES-ERP integration according a metric
taken from the literature [30].

Our work addresses two lacks identified in the
literature research. The first one is lack of an ana-
lysis related to highly customized and/or prototypal
production, where the presence of many alternative
routings and operations makes very difficult to man-
age all the manufacturing variables together, in an
efficient way, without increasing wastes of time and
costs. The second one is that there is not an explicit
formalization of the structure designed for collecting
data related to failures and anomalies occurring at
the shop floor, and make them available for designers
that can effortlessly learn past problems about de-
signing new products and processes. The main tech-
nical innovations proposed by our work are the fol-
lowing: (i) an open source architecture for PLM-MES
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integration trough a central Knowledge Based Sys-
tem (KBS), (ii) an advanced data model to relate
data from PLM and MES, and (iii) the allowance
of storing data related to anomalies occurred during
the production.

In this work, the efforts are focused on the PLM
and MES integration. The ERP was not considered,
but we plan to integrate it in a following step. This
choice was made because, after having analysed the
literature, the integration between PLM and MES
is the least investigated and standardized. Howev-
er, the information structure presented in this work
was designed to easily accommodate the information
from the ERP adding and connecting new entities in
the data model.

Method

The proposed framework is a knowledge manage-
ment system able to collect and store data both form
product design and process execution. As shown in
Fig. 2, this framework is based on a central database,
called Knowledge based System (KBS), containing
the subset of data relevant for both PLM and MES
and acting as a bridge between the them.

Fig. 2. Conceptual model of the integrated system.

Knowledge based system

The method we propose is to develop a central
Knowledge based System (KBS), acting as integra-
tor between PLM and MES. The proposed system
will allow (i) to collect all the information regard-
ing the critical realizations of new components in
a structured way, so that the added values of the ex-
perience breakthrough, as well as other useful tips,
could be provided to the users, and (ii) to reuse the
knowledge, i.e. help designers to define more reli-
able processes for new products, reducing the “trial-
and-error” cycles in the development of forming pro-
cesses.

The information flows among PLM, KBS and
MES is represented in Fig. 3. When a customer
makes an order, it means that the company must de-
fine the sequence of production activities to obtain
the required product. If the historical data regard-
ing previous products are stored in the KBS, it can
be used to find the closest product already produced
in the past that needs less changes to be adapted
to the new shop order. The similarity search is done
through the similarity metric defined in [31].

Fig. 3. Information flows among PLM, KBS and MES.

The chosen product is then found in the PLM
platform where the needed changes can be done. The
information associated to the new product is sent to
the KBS and made accessible to the MES. The MES
uses the product information to manage the produc-
tion and, when the production is finished, it reports
in the KBS the information related to the execution
of each activity and the success or failure of the prod-
uct. In case of failure, the company can check the
intermediate results reported for each activity and
decide how to proceed to obtain a better solution.

KBS data model

Figure 4 shows the structure of the KBS through
an entity-relationship model, inspired by the Core
Product Model (CPM) [32], the Toronto Virtual En-
terprise Ontology Model (TOVE) [33], the ADAptive
holonic Control Architecture for distributed manu-
facturing systems model (ADACOR) [34] and the Al-
most Perfect Approach to Scheduling (TAPAS) [35].
Entities in green are the ones coming from PLM,
whicle entities in blue comes from MES. There is
one entity in yellow (ProjectInformation), which rep-
resent data usually coming from ERP, since it con-
tains data related to customers and orders. Since in
this work we do not address the ERP integration, we
assume this entity also coming from PLM.
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Fig. 4. UML class diagram of the data model of the KBS

The production of a product starts with the re-
ceive an order from a customer. ProjectInforma-
tion collects all this information and is directly
linked to the product, represented by the entity
MaterialInformation-Product. An order contains in-
formation about a single product, while a product
can be made up of more than one order.

A product is linked to the production cycle
(RouteHeader entity) with a relation (1,n), because
a product can be produced through one or more man-

ufacturing cycles. On the contrary, a production cy-
cle is specific for a single product.

RouteOperation, in turn, is connected to the
PLM system entities: OperationsList, MachineMod-
el and OperationResources; and with the entities of
the MES that control the productive cycle. The enti-
ty OperationsList is an operations record, where an
operation can be linked to one or more sequences of
operations. On the contrary, in a sequence of opera-
tions, the same operation cannot be repeated.
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MachineModel is the entity that collects the main
data about the equipment and machinery. The rela-
tion of RouteOperation with this entity is (1,1) since
an operation can only be executed by a machine;
while, a machine model may or may not be used in
one or several operations. Likewise, MachineMod-
el and MachineInformation are two highly related
entities.

The relation of the machinery (MachineInforma-
tion) with the models of the machines (MachineMod-
el) is (1,1) since every real machine will have an as-
sociated model. However, a model will not necessar-
ily be related to a physical machine, so its relation
will be (0,n). The main difference between these two
entities, apparently so similar, is that the first, Ma-
chineModel contains the information required by the
PLM system, while MachineInformation is the re-
sponsibility of the MES.

On the other hand, the MES entities that define
the production cycle, ProductionRequest and Pro-
ductionSegment, are related to each other. A product
or production cycle (RouteHeader) can be divided
into one or several secondary orders (ProductionRe-
quest) obtaining a relation of (1,n). The orders creat-
ed by this entity will be planned by ProductionSeg-
ment. The same order can be formed by more than
one operation to be planned, therefore the realization
between ProductionRequest and ProductionSegment
is (1,n). Otherwise, a planned operation is associated
with a single order.

The main entity of the MES is ProductionDec-
larations because it contains information about the
progress of the production. This entity evaluates the
data entries to the machinery one by one (Machine-
ProgramEntry). Each one of this data entries can
have associated at most one declaration (Production-
Declarations) and one alarm (MachineAlarms).

ItemProductionDetails provides information about
the production status of a set of products. This en-
tity evaluates the statements saved in Production-
Declarations every certain period, obtaining as a re-
sult the status of the articles declared: good, scrap
or to be evaluated.

The two previous entities, ProductionDeclarations
and ItemProductionDetails are connected to the enti-
ty Attachment with a relation (0,n) since operators can
attach as many documents as they need for each eval-
uation performed. However, a document is unique to
each statement, therefore, the relationship of the
entity attachment with the other entities is (0,1).

Finally, the entities ProductionParameters and
OperatorsNotifications delve into the progress of pro-
duction, obtaining results with which the company
can improve the production process and the PLM

system implemented. For each final product, one or
several parameters of the machinery have been im-
posed and will be stored in ProductionParameters,
therefore, the relation of ItemProductionDetails and
ProductionParameters is (1,n). In the same way, an-
swers to a questionnaire (OperatorsNotifications) are
collected for each evaluation of the production pro-
cess, getting a relation (0,n).

By analyzing the data model, the data flow from
PLM to MES results clear. Such flow can be divid-
ed in two sub-flows: an occasional and smaller flow
and a continuous and larger one. The first flow refers
to all information that is entered or updated in the
PLM at irregular time intervals of the order of mag-
nitude of the year or more. For example, if a new ma-
chine of the same type as those already present in the
company was purchased, there would be nothing to
update in the PLM and therefore no information that
the PLM must make available to the MES. On the
contrary, if the company decides to buy a new ma-
chine with some different characteristics from those
already present (for example a press with a maxi-
mum power higher than the other machines) or if
there is a need for new machinery to insert a new
type of manufacturing activity in the plant, in the
PLM it is necessary to update the entities related to
machineries, activities and their characteristics. The
continuous flow, instead, is the one related to the in-
sertion of new production cycles. This flow is contin-
uous because each new customer order corresponds
to many new production cycles to be communicated
to the MES as many prototype variants plus the final
variant. Even if the purpose of this PLM-MES inte-
gration is to minimize this number of variants, the
more orders are processed within the same produc-
tion plant and the more unique they are, the more
this flow from PLM to MES has to be considered
continuous.

The data flow from the MES to the PLM con-
tains all production monitoring data describing the
success or otherwise of a variant defined in the PLM.
Unlike the flow described above, all the data concern-
ing a variant are interrogated all at once and by a hu-
man operator who oversees defining a new variant
or validating the last one used in production. For
this reason, it is necessary to compress this amount
of data to minimize the cognitive load provided to
the designer while providing him all the information
he needs. Our framework allows the PLM to give to
the designer only the general percentage of success
of the variant with some adding information about
a single activity which are provided to the designer in
case he wants to deepen the analysis of a particular
phase of work.
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Framework implementation

The open source PLM software ARAS
(www.aras.com) was exploited to digitalise and store
the information related to the resources of the com-
pany and the production process of each product.
Through an automatic procedure, the information
related to the entities together with their relation-
ships, are periodically extracted from the PLM sys-
tem and inserted in the KBS, to make them available
to the MES and ERP systems.

The KBS was implemented as a PostgreSQL
database (www.postgresql.org), with the set of ta-
bles needed to represent the UML diagram of Fig. 4.

The commercial MES platform JPiano
(https://www.aecsoluzioni.it/wp/en/jpiano-panora-
mica/jpiano-prodotti) was used to implement the
MES system. Also, in this case, an automatic proce-
dure allows the synchronization between MES and
KBS.

Several graphic user interfaces were developed in
ARAS in order to allow the users to insert the data
corresponding to the structure represented in Fig. 1.
As an example, Fig. 5 presents the user interface to
insert the information related the Type of machine
entity. Similar interfaces were created for Activities,
Product, Check start and Check end. For each ac-
tivity, the corresponding machine, check starts and
check ends can be added by selecting them from the
drop down menus created.

Fig. 5. Screenshot of the Aras PLM implementation of
the MachineModel entity.

In ARAS, it is also possible to define a production
process (i.e., the relationship between Activities and
Product) by using the Process Plan module shown in
Fig. 6. In order to populate a process plan, a design-
er/planner can easily add the activities by selecting
the activities from ‘list of Activities’ created before.

The execution of each activity is then recorded by
the MES, which insert the actual start and end date
for each activity, so that a comparison between the
planned dates and the actual ones can be performed.

Fig. 6. Screenshot of the Aras PLM implementation of
the ProcessPlan.

To replicate data from ARAS to the KBS,
a merge replication [36] was implemented. Merge
replication starts with a snapshot of the source
database objects and data. Subsequent data changes
and schema modifications made at the source
database and at the destination database are tracked
with triggers. The source synchronizes with the desti-
nation when connected to the network and exchanges
all rows that have changed since the last time syn-
chronization occurred. In this way, the content of the
PLM and the KBS are continuously updated and
synchronized.

ARAS also allows to attach reports to various
objects. In the current framework, this functionali-
ty was used to summarize all the information com-
ing from the MES about a production cycle. In
this report, thanks the ItemProductionDetails table,
data in ProductionParameters, ProductionDeclara-
tion and OperatorsNotifications tables are aggregat-
ed and summarized to provide a general overview
of process performance. At this point the operator
can decide to access the window of a single activi-
ty of that production cycle to see in detail the dif-
ferent production parameters used in the line, any
machine errors that have occurred, possible attach-
ments (video or photo) entered by the operator on
board the machine, the general information about
the operator who has carried out this work and the
answers that he has provided to the various checks
proposed by the MES. Through these reports, there-
fore, the operator can make a conscious choice in
order to decide whether the current variant of the
production cycle is valid or which is the best further
candidate to be valid.

Use case

The described framework was applied in an Ital-
ian company, which produces components for car
prototypes. The main issue the company is trying
to solve is that the information generated during the
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production process is not digitalized and it only per-
sists in operators’ memories.

Company description

The use case company is a tier 2 supplier for
worldwide known automotive manufacturers. The
strength of the company relies in its ability of de-
veloping complex manufacturing processes in short
time providing prototypes and pre-series products.
According to this goal the company is a perfect ex-
ample of the OKP approach to produce customized
products based on requirements of individual cus-
tomers.

Due to the production nature of the company, it
is difficult to forecast the production trend, and there
may be problems and mishaps that prevent the plant
from having a linear production. Unlike series pro-
duction, the production of prototypes is character-
ized by an extremely variable production rate, with
high material waste.

Some of the problems faced by the company can
be attributed to the separation between the design
phase and the production phase. When the design
of the dies is approved by the responsible person,
his role is over, and the designer does not receive
any feedback on possible problems caused by the dies
during production. Furthermore, the shop floor op-
erators do not receive the results of the simulation
that should theoretically indicate which zones of the
piece are the most critical.

This lack of bidirectional information flow im-
pedes the process of continuous learning for both
parties: the designer who, without receiving feedback
on his work, cannot modify his work methodology or
make the simulation more reliable. For the opera-
tors, the lack of information about the results of the
simulation makes their job harder, since they do not
know what the outcome of their work should be.

Another cause of problems is the absence of data
collection during production. The only relevant data
is the quantity of pieces produced at the end of the
shift. No data is collected about the exact quanti-
ty of defectives or of material waste. No information
is stored, about the main problems that the opera-
tors had to face during the shift: such information, if
available, is found only in the minds of experienced
operators, this lack of a structured knowledge man-
agement system results in production mishaps and

delays when such key employees are absent and cre-
ates a dependency on specific personnel which is not
efficient for a production plant.

Production process

The production process of the company is report-
ed in Fig. 7 as an IDEF0 diagram. After the accep-
tance of the order of a component, the process starts
with the delivery, by the costumer, of the CAD mod-
els needed for production. The CAD models are re-
ceived by the technical office, where the designers
define the production process and the dies needed
by the pressing machines.

Once the dies have been constructed, the met-
al sheets used to make the body part are sent to
the Laser office where the metal sheet is trimmed
using a two-dimensional laser to obtain the appro-
priate shape outline. After the sheets have been cut,
they are transported to the presses area where they
undergo the first press operation.

The semi-finished items are then returned to the
laser section where 3D lasers cut the metal sheet
according to specific laser paths obtaining the final
measures of the piece and creating slots and holes.

Framework application

The developed framework was firstly initialized to
address the company needs, and then used to store
data regarding production cycles.

As previously discussed, one of the main poten-
tialities of the framework is the capability of record-
ing information about the criticalities occurring in
the production activities. The entities used to store
this information are the CheckStart and the Oper-
ationQuestions. Examples of CheckStart created for
the use case are reported in Table 1. CheckStart rep-
resents the set of controls that the operators must do
before starting the execution of an activity on a ma-
chine.

This list is set during the initialization phase in
the PLM, and then automatically transmitted to the
KBS, so that they are accessible by the MES. In this
way, the MES can show the list to the operators when
they start the execution of an activity. The operators
can then notify if each control has been satisfied or
not. This result is inserted in the MES, and thus au-
tomatically transmitted to the KBS, where they are
at disposal of the designers.
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Fig. 7. IDEF0 diagram of the production process taken as use case.

Table 1
Examples of Check starts related to the Activities of the use

case.

Activity Check start

3D Laser welding

Presence of a dedicated head

Presence of pincers for fixing the piece
on the stand

Set of self-learning programming mode
of welding path

Press punching

Presence of the mold

Presence of mold mounting brackets

Presence of supports for handling sheet
metal

Deep drawing

Presence of the mold

Presence of mold mounting brackets

Presence of supports for handling sheet
metal

Presence of nylon sheets

Presence of oil

3D Laser finishing

Routes loaded with USB device

Presence of U-bolts for positioning the
sheet

Presence of pincers for fixing the piece
on the U-bolt

Presence of reference holes

Manual molding
Presence of molds from the press de-
partment

Presence of gauges and hammers

Similarly, also for the OperationQuestion, for
each activity it is possible to specify which are the
controls to do at the end of the operation. In the cur-

rent version of the framework, the OperationQues-
tion is a free text where the operator could write if
something went wrong during the operation. A more
complex data collection, including the possibility of
uploading a photo or a video of the anomalous re-
sults, is under development.

Benefits of digitalization
and knowledge reuse

Through the exploitment of the proposed frame-
work, it is possible to perform a dynamic and a his-
torical management of data.

The first one improves the circulation of informa-
tion between different departments of the company.
In OKP, in fact, an efficient communication between
offices with different manages is necessary to respond
to the continuous process changes made during the
production itself. The MES is the main proponent of
this management, since it stores process information
and makes it dynamically available to the various
operators, according to the task and responsibilities
that each of them possesses.

The second management of data consists in the
digitization of the company know-how. In this way,
the technicians responsible for defining the product
life cycle insert the information into the PLM. It au-
tomatically makes this information available to the
MES in the KBS.

The Aras PLM solution meets all the needs for
the management of the OKP, including the possibil-
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ity of adding a report to a shop order that allows an-
alysts to know that products have encountered prob-
lems or changes, and to get an initial description of
these. At this point to deepen the analysis of the
problems, a link to the KBS will provide more details
of what happened: what activities were repeated or
added, the results of the check start and operation
notification and all that is related to that shop order.
In this way, the company has a detailed history of
production and above all of what has not worked, to
understand what changes to make for a current shop
order and to be more accurate about future ones.

The choice of metrics and performance indicators
is crucial to assess the success and the effectiveness of
the integration process. There are some examples in
the literature of metrics developed to analyse the ef-
fectiveness of a PLM for case studies [37] and works
that seek to give a broad view of the problem by
proposing various KPIs [38]. General indicators re-
lating exclusively to PLM are the following [39]:
• number of new products per year,
• number of projects completed per year,
• number of defects per product family,
• return on innovation,
• time to market,
• level of part reuse,
• cost of rework,
• new product revenue.

Maintaining consistency between the defined in-
dicators and the medium-long term strategic objec-
tives of the company is essential. For this reason,
in a following phase of the project, it will be neces-
sary to discuss with the project stakeholders to define
the main metrics taking into account the benefits ex-
pected from the integration between PLM and MES.
Once the system will be running, it will be possible
to evaluate the expected positive impact.

Conclusions

The objective of this paper is to propose a frame-
work to integrate design and production data, since,
especially in small manufacturing companies, they
often remain separated and stored in two different
systems: PLM and MES. The framework is based on
a knowledge-based system, which collects and inte-
grates two subsets of data, one from PLM and one
from MES, making such data accessible by both sys-
tems. In this way, anomalies that occur at the shop
floor during the production can be easily found by
designers, who can use them to improve the process
already defined or to define the production cycle for
new products that have similarities with old ones.
Furthermore, the proposed framework allows the da-

ta retrieval of previous products and its re-usage to
define variants and changes to them.

Future works will consider on the one hand data
analysis techniques for using the stored data in the
KBS, and on the other hand a more comprehensive
integration also considering the enterprise resource
planning (ERP) system. The flow exchange between
the three system will allows the management to have
a better overview of the enterprise and will support
the tactical-strategic decision making. Integration is
not easy to achieve; it is necessary to understand
what the three systems need to know about the other
two. The information must be aggregated and easi-
ly accessible. We believe it is possible to introduce
a new integration paradigm, the outright enterprise
system integration (OESI), which represents a sys-
tem integration that grows vertically among the com-
pany functions and along the product’s life cycle in
order to guarantee its management.

Furthermore, it is necessary the definition of
a new metric, that maybe considers also quantita-
tive key performance indicators, to evaluate the effi-
cacy of the proposed framework in terms of reduction
of process design time and process quality (like the
number of refuses).
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72 Volume 11 • Number 2 • June 2020



Management and Production Engineering Review

[31] Bruno G., Measuring product semantic similarity by
exploiting a manufacturing process ontology, Inter-
national Conference on Industrial Engineering and
Systems Management (IESM’15), 1251–1257, 2015.

[32] Fenves S.J., Foufou S., Bock C.E., Bouillon N., Sri-
ram R.D., CPM2: A revised core product model for
representing design information, Internal report ni-
stir no. 7185, National Institute od Standards and
Technology (NIST), 2004.

[33] Jin J., Fox M.S., Bilgic T., A requirement ontolo-
gy for engineering design, Concurrent Engineering:
Research and Applications, 4, 4, 279–291, 1996.

[34] Borgo S., Leitão P., Foundations for a core ontology
of manufacturing, IntegratedSeries in Information
Systems, 14, 1, 751–775, 2007.

[35] Moutarlier P., Geneste L., Grabot B., Tapas: a mod-
ular framework to support reuse in scheduling soft-

ware development, Production Planning and Con-
trol, 11, 7, 648–659, 2000.

[36] Hammond B., Merge replication in Microsoft’s SQL
server 7.0, Proceedings of the 1999 ACM SIGMOD
International Conference on Management of Data,
527, 1999.

[37] Alemanni M., Grimaldi A., Tornincasa S., Vezzetti
E., Key performance indicators for PLM bene-
fits evaluation: The AlcatelAlenia Space case study,
Computer in Industry, 59, 833–841, 2008.

[38] Tomovic C.L., Ncube L.B., Walton A., Grieves M.,
Development of product lifecycle management met-
rics: measuring the impact of PLM, International
Journal of Manufacturing Technology and Manage-
ment, 19, 3–4, 167–179 2010.

[39] Stark J., Product Lifecycle Management, Vol. 1, 21st
Century Paradigm for Product Realisation, p. 9,
2015.

Volume 11 • Number 2 • June 2020 73


