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Abstract: Today, within the global Product Lifecycle Managerh (PLM)
approach, success of design, industrializationpgoduction activities depends
on the ability to coordinate and improve the intéicm among information
systems that handle such activities. Enterprispioglenainly the PLM system,
the Enterprise Resource Planning system (ERP) andMhbeufacturing
Execution System (MES) in order to manage sufficipnoduct related
information and provide better customer-produatsthis paper, we propose a
preliminary analyse of the interaction problem amoangineering and
production management by focusing on the indugteibn step. A main focus
on the information systems involved in the produ®velopment and
manufacturing followed in this analysis. The usetlé ISA 95 standard
specifications to analyze the realization of a fmesinteraction is also
presented. The recognition of the limitations ofrezolution is also part of
these analyses.

Keyword : Design, Industrialization, Production, PLM systeERP, MES,
Information Systems interaction.

1 Introduction

Modern manufacturing enterprises are facing sevetallenges such as shorten
innovation lead-times, reduction of time to marketduction of costs, mass
customization demands, more complex products, impgoproduct quality, inventories
subject to rapid depreciation and rapid fulfiimeeeds [1]. These new business drivers
encourage these enterprises to deploy informatystems able to tackle the different
challenges and allow them to have visibility of gwot information over the whole
product lifecycle. The emergence of the PLM concefih the deployment of PLM
systems has generated and generates yet impovialntiens of the information system
of the enterprises. In fact, before the emergericth® PLM systems, the Enterprise
Resource Planning System (ERP) has been the hietive anformation system of the
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enterprises. This system focuses on process maeagesh customer orders and the
orchestration of all business activities (comméyci@mancial, procurement, logistics,
production, etc.). To meet the specific needs afheactivities of the enterprise,
integrating business information systems for theserities has gradually been realized.
For instance, for the production activity, the depenent of Manufacturing Execution
Systems (MES) has led by the ISA95 standard tondeflES functions and the data
exchanged structure between ERP and MES. This atdndims to facilitate the
integration of MES and ERP systems whose softwarglers are generally different. In
the absence at this time of PLM system, the ISABBdard has been focused on a
vertical axis from ERP to the production. Basedtos standard, the product data needed
for production management (e.g. Manufacturing &ilMaterial (MBOM) for production
activities scheduling) are recorded in the ERP. Ahd product data needed for
production (e.g. manufacturing process and workruietions for production operators)
are recorded in the MES.

Today, the deployment of a PLM system must lea@rgnises to redefine the limits of
existing systems (ERP and MES). However, the dumadind the cost of deploying these
systems lead enterprises when deploying a PLM mydte limit changes of existing
systems (ERP, MES). Today according to the entmpmand the chronology of
deployment of the different systems, the same imédion can be stored in a system or
another. As revealed by the study "Integrating BieM Ecosystem" conducted by
Aberdeen Group in April 2008 based on a survey@ff @nterprises, the manufacturing
process of a product is registered to 15% in th®1P26% in ERP, 23% in the MES and
finally even more surprising 26% in another systemnowhere [2]. These different
solutions for product data recording would not h@a@blem if they do not hiding the lack
of data management and also the lack of suppodirthe processes that generate such
data. The propagation of product data from des@prbduction is not ensured. The
product modifications will be passed partially atel on production. In this situation, the
study of interactions between the PLM, productioanagement and production is
essential. Thus, the second part suggests the npacoesses that lead to the product
manufacturing. In order to identify the difficui¢éo ensure propagation of product data
from design to production, this second part presanstate of the art with an academic
point of view but also the industrial solutions gatle to address this problem. The
industrialization step in the product lifecyclebisdge between design and production. In
the third part, the detailed presentation of thésemtial step demonstrates the lack of
support systems for industrialization. The fourthrtpstudies the problem of data
management within the industrialization step angppses a division of roles between
PLM and ERP systems. However, the proposed arthitecs a solution to ensure only
propagation of data from design to production. @drass the problem of data feed back
from production to design, the fifth part propoagsamework with the MES system.

2 State-of-the-art review

Nowadays, manufacturing enterprises are facing dmereasing challenges of
geographically dispersed design teams to manageofeatl manufacturing systems
dispersed all over the world [1]. With the aim tddeess all these challenges, the
enterprises support the need to connect produ@rdaesd industrialization to production
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during the Beginning Of Life (BOL). This connectids realized by the interaction
among the information systems deployed within e&ML step. In an extended
enterprise context, the greater data sharing arel ‘fsibility among design,
industrialization and production allow the reduntiof cycle times, improve quality and
efficiency and support strategic planning effoB% We start by define these steps and
the data generated and used within each step.

2.1 Design

In fact, requirements and design teams start thdyat development by performing the
engineering specifications and conceptual desighe.data generated by designer build
the As-designed record. This record encompassgxtiteict information provided using
CAD tools such as the parts attributes, produatvish@g, structure relationship, Electronic
Bill Of Material (EBOM) and so on. We proposed taldhe system, supporting all the
design activities, the PLM system. The PLM systeipperts the management of product
information. It integrates a set of meta-modelodpict data, process and organization).
Each class instanced is involved in the producetigpment [4].

2.2 Industrialization

The industrialization is the second step of the BOhe main activity within this step is
to define how to manufacture the product in smiaflet with ensuring better product
quality. This activity is performed depending onsigeer's specifications and
requirements. The data generated by the manufagt@mgineers build the As-planned
record. This record includes work instructions, hiae setup, Manufacturing BOM

(MBOM), Programmable Logic Controller (PLC) codalaso on [5] [6]. The information

generated is communicated to the production managem

2.3 Production

The production team performs the production plag@ind execution. In order to control
production operations, the production team is ithisted into three control levels. The
first is the strategic level using ERP system. $&eond level is the production execution
where the MES is used. Finally, the shop floor tlegiresents the operative level. The
information granularity and execution time is difat between these different levels.
After executing production operations, the produttidata generated forms the As-built
record. The As-build record contains the manufactudata collection. It is the creation
of a virtual counterpart to the physical produdt [B]. It is divided into two important
parts: product related information and informatadyout processes that created product,
as well as the monitoring and quality control imf@ation as the product went through the
manufacturing process. That information inform thigh level steps about parts,
equipments, labor and production status such aste@dwork instructions, generic
issues, non conformance issues, component tolerandeso on. The feedback of
production status from shop floor is important toprove future product design and
information, maintain manufacturing process, fé&ié recall in case of problems and
ensure production traceability.
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In fact, the product lifecycle intersects the lifgcle of the manufacturing system at
the production step. The life cycle of the manufaog system has no an
industrialization step due to the construction osiagle manufacturing system. The
manufacturing system development starts after gggnining of product design [9]. The
Figure 1 shows the intersection between the protifectycle and the manufacturing
system lifecycle.

Figurel The intersection between the product lifecycle Bredmanufacturing system lifecycle.
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The need for a more effective methodology suppgiitifiormation system interaction
is clearly stated by academics and industrial ifasers worldwide. For this purpose,
we focus several researchers which have engagemsiarch and development of
industrial information technologies to pursue theshcompetitive business advantages in
product lifecycle [1]. A recent academic statetwd-aart review related to PLM reveals
that several works has been conducted in this gbnBome researchers focus to how
PLM and Supply Chain Management (SCM) systems eaintegrated together and play
their role during the development and maintenarfcanolnternational Thermonuclear
Experimental Reactor (ITER) remote handling sys{a®]. Other efforts include the
collaboration between process planning and marnurdact within the product lifecycle
management by integrating Computer Aided Proceasnitig (CAPP) and Computer
Aided Manufacturing (CAM). This work tends to protaahe exchange between the
product design and the shop floor while knowing tBAM tool generates Numeric code
(NC) for machines [1]. Other researchers proposeapproach for integrating NC
planning into PLM by developing a PLM NC refererfiganework [11].

The recent PLM solutions produced by vendors sh@t an important development
and costs have been deployed to interact PLM systigmproduction management. PTC
is the pioneer in this type of development as & taveloped the Windchill MPMLink.
This tool tends to optimize the Manufacturing Pescdlanagement (MPM) [12]. On the
other hand, Siemens tends to establish several gmemb links among design,
industrialization, and production planning and pcitbn execution by integrating
systems assuring these activities and tasks: PLRMMERP, and MES [6]. A complete
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solution of extending PLM to the shop floor is afmmposed by Intercim. This solution
tends to allow data contained in PLM applicatiomsnmunicated to the shop floor
followed by the feed back of production status froroduction information systems [3].

These solutions and several others vendors tests Ixeen theoretically proposed.
The data contained in each existing solution offees not encompass the complete
lifecycle of the product. Unfortunately, in termsf dnteraction among design,
industrialization and production, there is more ptete solution applied in
manufacturing industry. Such solution should captall relevant data that affects a
product throughout its life, from concept througlktirement and manage the
communication of that information to facilitate gt and process improvement [3].
Within design and industrialization, there are vastounts of intellectual property that
are not effectively conveyed to the shop flooratifall [3]. The existing lack between
product design and production could be solved lyftltus on the industrialization step.
In fact, the industrialization is the linker betwegesign and production. Based on these
analyses, we consider that an important numbereetis still existing in the context of
interaction from design to production. As such, BieM integrates people, processes,
business systems and information together [7]. d&ssiit manages processes in order to
ensure the transfer of updated design and indlizétimn information to production.
However, the lacks that significantly exist is t@mage the industrialization processes
because conventional information systems didn’'tvigi® an application solution
dedicated only for these activities. There is adnakso to improve the consideration of
production constraints in the engineering works. iRstance, we should avoid the gaps
between the results of simulations and what agtuzturs on the shop floor [8]. The
table 1 illustrates the data generated within €&0h step.

3 Theindustrialization process

Within the industrialization step, the manufactgrengineers define how a product is
to be produced. They receive digital product d&bni from designers, consider the
capabilities and capacities of internal plants axriérnal suppliers, and deliver the set of
manufacturing plans required to produce the produdd]. They use designer’'s
specifications such as items, EBOM, CAD models aodon. The manufacturing
engineers require also several manufacturing systdormation such as machines
parameters, operator’s qualifications and so oerdfore, the industrialization process is
performed within the interrelation between prodlitdcycle and the manufacturing
system lifecycle. Usually, they use several apfiboatools for Digital Manufacturing
(DM) such as CAPP and CAM. A serious developmend aptimization of the
industrialization process fills important inforn@ti and process gaps that exist between
engineering and production. In Figure 2, we shoffedint steps of the industrialization
process.
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Tablel Data generated within each BOL step

Design Industrialization Production
Steps of the BOl
Process and dat§q Product design | Manufacturing Process § Manufacturing
As designed: manufacturing system | operations (assembly,
EBOM. 3D ' design painting, etc.): physical
models, Items. As planned: MBOM, product, As built

manufacturing process arjd
work instructions.

Process PLM - ERP/MES
Management

Data PLM - ERP/MES
Management

Tools CAD, CAE CAPP, CAM, DM Machines, operators,

Shop Floor automatiorn]

Indeed, the industrialization activities are simila the design activities. Therefore,
several vendors try to integrate industrializatiactivities to the PLM system. This
solution assumes that PLM system encompasses adugt information management
from product design to manufacturing process mamagé and NC codes. However, the
limitation of this solution appears if the enteggriproduces the same product using
different manufacturing systems. Therefore, theemmise deploys different machines
and lines, uses different raw materials and haferdifit production operators. The
difference among the enterprise‘’s manufacturindesys induces the development of a
manufacturing process according to each manufagf@ystem parameters.

In the other hand, the ISA95 standard proposesadorapass several industrialization
activities within the ERP and MES activities. ISA85the international standard for
integration of enterprise and control systems.adnsists of models and terminology.
These can be used to determine which informatias,tb be exchanged between systems
for sales, finance and logistics and systems fodyction, maintenance and quality. This
information is structured in UML models which ateetbasis for the development of
standard interfaces between ERP and MES systenis b8 instance, Business to
Manufacturing Markup Language (B2MML) is a set dfIX schemas, corresponding to
the ISA95 object models, intended to be used fta dachange between ERP and MES
[14]. In fact, this standard didn't take into acoban independent system dedicated to the
product information management. Therefore, accgrdm the standard specifications,
several engineering activities are supported byeBes & Development (R&D), ERP
and MES. For instance, the R&D and ERP supportréatization of BOM, Bill of
resources and product production rules. In therdihad, the MES performs the product
definition management by extending information reee from R&D and ERP into site-
specific definitions using local material, equiprhand personnel [15].
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Figure2 The Industrialization process
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To synthesize, the complete solution that encongsatise industrialization process
does not exist. Vendors and researchers tend ablisst the entire coverage of this step
by developing an application module that couldriegdrated into the PLM solution. The
increasingly development of PLM solutions encousagihis type of solution
developments. For instance, PTC has developed WihddPMLink module. This
module tends to design manufacturing processes rdinogo to the designer's
specifications to finally generate NC code [12]eTuse of the ISA95 specifications still
exists due to the large contribution of its speaifions in exchange between enterprise
information systems. The table 2 shows the covergthe industrialization process
according to each solution.

4 Theindustrialization management

During the industrialization step, the manufactgrengineers define how the product is
to be produced. This process depends on the infammaystems and tools deployed in

the enterprise. In fact, our analyses are baseresent report achieved in 2008 serving
as a roadmap for enterprises in order to identifst lmpproaches to integrate enterprise’s
applications. This report shows that 42% of MBOMommation is stored into PLM
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system, 42% into ERP system and 16% into the ME&ebVver, the ERP system stores
50% of the manufacturing processes while the PLMesy 17% and MES 7% [2]. These
statistics shows that the enterprises practicesrtkpn the order to deploy information
systems deployment over time. The first deployeddesyis often exceed the borders of its
functions. This is followed by the inclusion of se&l other information systems
functions. These practices induce special consgréi@cause the choices made during the
previous application systems deployments may nafuestioned.

Table2 Industrialization process management

Design Industrialization Production

Process and dat§ Product design | Manufacturing Process § Manufacturing
As designed: manufacturing system | operations (assembly,
EBOM. 3D ' design painting, etc.): physical

models, ltems. As planned: work product, As built

instructions, machine
setup, and MBOM, NC

codes.
Process PLM + ?
Management industrialization ISA95
added modules
Data
Management
Tools CAD, CAE CAPP, CAM Machines, operators,

Shop Floor automatiorn]

For instance, we have interested on the MBOM dedifpually, enterprises use PLM
system or ERP system to handle the MBOM. The MB@Maeéveloped by resequencing
the EBOM in the context of the assembly processofitains the product knowledge how
to build and how to manufacture a product. Usudty, EBOM is generated using the
PLM system. The manufacturing engineers use the MB@d perform several changes
such as the removal of sub assemblies that doist exthe physical world, adding non-
engineering items and so on.

Due to the difference of MBOM management from omgelprise to another, we
distinguish two main practices:

e The MBOM is handled in the ERP system. The manufatwy engineers
communicate with designers to get the EBOM and theriorm the MBOM
depending to the EBOM structure. Therefore, anraatiton between ERP and
PLM system should be realized. The first limitatioihthis solution is that the
ERP system is not dedicated for MBOM design. Theeeefit is a difficult task
to ensure the correspondence between the EBOM hedMBOM. The
manufacturing engineers have to update the MBONhénERP database after
each EBOM modification performed in PLM system.

e The MBOM is handled in the PLM system. During psxengineering there is
a need to use, analyze and sometimes adapt erigmetata. This could be
done in the most efficient way within one systemewehall product data is
available. The PLM system contains tools to crepiekly based on certain
rules a MBOM derived from EBOM and when changesuo@ven compare
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both structure again, to adapt to these changeshdfmore, having a single
environment for product definition and manufactgritmproves the total
product understanding. The limitation of this swmint is that the MBOM
generated in PLM system, should be communicatetegdERP system in order
to calculate needs and make the purchase of raeriaat In this case, the item
cost is the main product information added viaBRP system.

Based on the second practice, it seems that the mesid today is the communication of

updated data from engineering to production managémm order to ensure continuous

improvement efforts. This collaboration architeetis illustrated in figure 3.

Figure3 Data exchange among PLM system, ERP and shop floor
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Production Plan
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Despite the contribution of this architecture, thare some limitations. First, production
needs data from the PLM system and ERP system.dlfessity of data sources causes a
problem of multiple Human Machine Interfaces (HMor the production operators.
Therefore, the coordination of data received frdma two systems is required. The
production operators should perform production apens while applying production
plan received from ERP system and work instructiomseived from PLM system.
Second, the information granularity and executioretare different between PLM, ERP
and the shop floor. The need becomes importanefdogt a system such as the MES
which is able to exploit the shop floor data andnomnicate sufficient and up-to-date
data to PLM and ERP.

5 Architectureusingthe MES

5.1 Utility of the MES

The information flow from PLM system to the shopdt is crucial in order to perform
the production using updated designs and manufagtysrocesses. However, it is
impossible to establish an information flow frone tehop floor to PLM or ERP. These
systems are not dedicated to gather and handlerdgmeaal-time shop floor data. In fact,
the shop floor data is captured by the MES. Thgimsi of the MES concept are to be
found in the data collection systems of the ea®80s [16]. It aims at executing
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manufacturing plans; it builds a bridge betweemptanagement level and bottom layer
control. The MES is found on the intermediate levetween CNC machine tools and
PLCs on the lower level and the ERP system on tpbkeh side [17]. When real-time
events occur in the shop floor, MES can prompthkeneesponse to them, restrict and
process them with current accurate data [18].

5.2 Data exchange architecture

To synthesize, sufficient and up-to-date engineedata should be communicated to
production. In return, design and industrializatimeed production status information to
improve product designs and manufacturing prodesgitate recall in case of problems
and ensure production traceability. This data feedbbecomes important in order to
allow each lifecycle step to make decisions whidevihg visibility to others lifecycle
steps. Indeed, this data exchange is between aigh-linformation provided by
engineering and low-level information provided byoguction management. This
exchange leads to a closed loop among design, timliration and production [19]. The
closed loop architecture is illustrated in Figure 4

Figure4 The closed loop architecture
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5.3 Problems in practice

5.3.1 The data content of the MES

Several practical problems appear when PLM systadch ERP acquire data from the
MES. In order to overcome these problems, we gtaahalyze problem’s origins. In fact,
the data acquired from the MES is divided into wirads [20]:
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e Product related information: product reference, motmber, manufacturing
process reference, BOM reference, production tintesa on.

e Manufacturing system information: operator idengfion, machine number,
line number, raw material reference and so on.

In order to ensure better exploitation of theseadate consider that there is a need to
extract product related information from data pded by the MES. This data extraction
is needed due to the incapability of PLM systerrhémdle the manufacturing system
information. In the other hand, the manufacturiggtem information is important for
ERP system in order to plan the maintenance opesatito have visibility of raw
material consumption and operator’s performances.
To synthesize, the interaction solution among Plygtem, ERP and MES should take
into account the classification of the data commated from the MES into these two
kinds. Therefore, each system handles the datat ttatcerns.

5.3.2 Data consistency

The delay in updating the product information a¢ tbroduction level is frequently
detected. For instance, the manufacturing engingailate the MBOM and transmit it to
the production managers and the production opexaldrerefore, in the shop floor, the
production operators have to verify the data ceesty of the production plan received
from the production managers and the MBOM or mactufing process received from
the designers or the manufacturing engineers.

5.3.3 Loss of data accuracy

The transfer of MBOM, manufacturing process and kwamstructions from the
manufacturing engineers to the production operattasthe manufacturing engineers
causes losses in the accuracy of these data. tinttiacproduction managers use the ERP
system that its data structure is not adapted topat detailed MBOM, work
instructions, etc.

5.3.4 The product data model

For the enterprise, the use of information systgmmvided by several vendors’
causes the incompatibility of the different proddetta. For instance, to communicate
with an MES, the PLM system should be able to handé MES product data model.
This capacity of PLM system to support the MES picicdata model can be performed
by integrating the two systems. Enterprises maytheeStandard for the Exchange of
Product Model Data (STEP). This standard is anrmatigonal standard supporting the
information exchange between engineering applinat[@].

As we mentioned, the ISA95 has defined a prodata chodel that only taking into
account the production point of view. The questibat occurs is how the integration
between PLM system and MES could be realized usiegSA95 models.
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5.3.5 Case of several manufacturing systems

In an extended manufacturing enterprise, the saxgupt could be manufactured using
several manufacturing systems. Therefore, theant®m between PLM system and MES
may depend on this feature. We distinguish two nrggraction cases:

« In the first case, the enterprise has different ufesturing systems located in
several countries which involve the product manwfdcg according to
different manufacturing processes. For exampléddia, the low cost of labor
promote handmade. However, in other countries thenes product is
manufactured by machines. As such, the design addsirialization teams
cannot communicate with each manufacturing systetim taking into account
its specificities. Therefore, the design and indaktation information
shouldn’t exceed common plans and work instructidie local manufacturing
engineers should manage the manufacturing opesatttgpending to their
resources constraints [20].

« In the second case, the enterprise deploys only roarufacturing system.
Therefore, the design and industrialization infoiiova include all the
manufacturing system information and specificities.

Conclusion

The need for a more effective solution supportihg tnteraction among design,
industrialization and production teams, within aolgl PLM, is clearly stated by
academics and practitioners worldwide. This inteoac involves the data exchange
among several information systems, mainly used byge number of enterprises all over
the world, i.e. PLM system, ERP and MES. The maimpose of this paper is to
contribute in the analyzing of extending the cabiediion between engineering teams and
production management teams with taking into actdb@ difference of information
granularity and execution time among informatiostegns used by each team. We have
identified the data exchange among BOL teams afainmation systems. Besides we
have analyzed several particularities related ¢oitldustrialization step that we consider
like the linker between design and production. Irdeo to best focus on these
particularities, we have analyzed two main solgidor supporting industrialization
activities i.e. the PLM system coverage of all @egring activities and the
industrialization activities coverage using the ®5Aspecifications. Analyze of the
limitation of each solution was a part also of izad analyzes.

There is certainly an ideal distribution of role edch system (PLM, ERP, and MES).
From production point of view, ERP and MES wouldcde on the production
management without product and manufacturing systata management contrary to
ISA 95 specifications. Therefore, the PLM systemuldofocus on product design,
industrialization step and the manufacturing systlsign. This ideal solution may be
feasible for the big enterprises (aviation, autoileolpharmaceutical, etc.) but it will
certainly not be feasible for Small and Medium Eptises (SMESs). Indeed, full
integration of industrialization step within thefLM system would be too costly.
Therefore, the SMEs lose probably their flexibilégd responsiveness. According to the
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ideal solution point of view and the criteria tlatnain to be defined, the objective is to
minimize the integration of industrialization stegthin the PLM system with no
guarantee of data propagation from design to primlucwhile developing warning
mechanisms in order to ensure data consistencydesign to production.
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