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Abstract

Nowadays modern company that strives to excel in an ever growing competitive market has to
embrace new technologies. One available technology that can distinguish a company from others and
bring about advantages is the Product Lifecycle Management (PLM). The Product lifecycle
Management is the management of all product related information and processes. The PLM system
through database technology and intranet or internet network manages the production process in all
product-related information and processes. This article brings a case study of the ongoing
implementation of the PLM system in a company that produces power transformers engineered to
order. The process and the experience gained in the implementation of PLM software are presented.
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1 INTRODUCTION

Nowadays modern company that strives to excel in an ever growing competitive market has to
embrace new technologies. When the product portfolio is based on low number of manufacturing
units, the company has to develop products that fit specific customer demands. In such cases, product
platforms are used so as to design products engineered by order. Designs are tailored to meet particular
needs, and market pressure results in a need to develop a high number of different designs and
production plans. Traditional approach to coping with such demands and remain competitive has been
based on product platforms and parameterised modules that reduce design time. Such modules used as
scalable building blocks inherit complex knowledge that covers not only the design but embraces all
phases of product development. The standard CAD systems are not designed to support such complex
information sets that include the needs of manufacturing, procurement, delivery, installation, on-site
legal requirements and more. Therefore more advanced technology is a prerequisite in order to support
company attempts to satisfy customer requirements and stay competitive.
One available technology that can distinguish a company from others and bring about advantages is
the Product Lifecycle Management (PLM) [Stark 2011, Antii 2005.]. The Product Lifecycle
Management is the management of all product-related information and processes. The PLM system
through database technology and intranet or internet network manages the production process in all
product-related information and processes [Burden 2003]. Furthermore, the PLM integrates and
manages processes, applications, and information that define products across multiple systems and
media throughout the entire lifecycle of a product in a more efficient and organized way [CIMdata
2001].
In this article a case study of the ongoing implementation of the PLM system in a company that
produces power transformers is presented. The process and the experience gained in the
implementation of PLM software solution shows that, regardless of experience and planning
capacities, each application of such technology is an individual case. In the particular case, the
company has a long time experience in the usage of 2D and 3D (AutoCAD for 2D and Creo for 3D)
software applications to create computer models of their products. They also use a range of software
solutions for the exchange of information among participants in the product development process. In
recent years, the scope of activities, especially in office design, has increased significantly. Thus, the
workload of the design department increased resulting in additional tasks in the management of
documents generated by or used by designers at work. The frequency of exchange of information and
documents both within the design office and other offices in the company has also increased. Large
amount of information and documentation traffic imposes additional noise in already intense
communication between designers. In such environment verification and change management,
processes require additional efforts in order to reduce the possibility of errors. Company management
recognized that the current software solutions were not sufficient and cannot keep track of the
increased pace and scope of work in the product development process.
In order to cope with emerged problems the company searched which methods and tools could be used
in order to increase efficiency in design office particularly with concerns to:

— File management and data retrieval.
Reduce data redundancy, errors and incompatibilities of documentation.
Increase collaboration quality within design office.
Ensure better change management process.
Ensure efficient document verification and promotion mechanisms.
Reduce product documentation development cycle.
A well implemented PLM system should eliminate the need for oral communication and discussions
during the Product Life Cycle [Riitahuhta 2002.]. With the strategic decision of top management, the
steering committee was established. The steering committee formed the project team with the
members from the:

— Design office,

— Company’s IT department,
Planning and organisation department,
— Software vendor,
University.
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The project team responsibility was to govern the project of the PLM implementation [Siddiqui 2004,
Shih-Chih 2012] and to understand and interpret goals defined by the steering committee. Steering
committee planned the PLM implementation process in a several phases or stages. Implementation
plan respected the constraints of regular day to day tasks. Project stages have been synchronized with
forseen activities and customer demands.

Three main phases have been identified in the implementation process (Figure 1.). The preparation
stage, test phase and production phase. In the first phase, software installation and basic configurations
are done. The project team also completed the task of going throughout documentation of the recent
company project that documented the process and documentation flow within a company.

During the second phase, a small group of designers (one senior, two experienced designers and two
of novice designers) was formed whose purpose was to test PLM implementation in regular daily
tasks. This phase was considered crucial in the process of making decision of PLM implementation
process advances because much of arguments for or against process continuity we depend on
responses from the test team.

In the third phase, the whole design department was planned to be included. The timeframe for the
entire project was defined and established. Completion of the first phase was expected in three
months, the second phase in one year and the final phase also in one year. Although different PLM
solutions have been considered since the company 3D CAD application was Creo (PTC) the team
selected Windchill PLM software solution from the same producer. As stated in [Cederfeldt 2003.]
the CAD customers (and even their component suppliers) become extremely dependent on their
respective vendor as the system does not offer much support for the integration of third-party tools.
Windchill is not a single application; it can be seen as a collection of various technologies and
applications.
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Figure 1. Project main phases

2 IMPLEMENTATION

Research literature [Brian 1995, Mansson 2002, Avatech 2001] indicates that management
commitment is a crucial factor in the successful implementation of PLM. The implementation of PLM
software solutions at KPT had a firm foothold in the management of the company from the beginning..
The project team had an advantage in the PLM implementation process that was due to the company
having just finished an evaluation for the adoption of new ISO standards. From the project start,
information about processes, employe responsibilities and task assigments were already available and
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prepared (according to adopted ISO 9001 and ISO 14001 procedures). This facilitated the
implementation of the project. During preparations for the ISO standard adoption, a series of
workshops were conducted targeting particular groups and individuals within the company to gather
information about processes and workplaces. The project was done according to the LEAN
methodology [Bendell 2006].
During planning the team had to define deliverables for project tasks and evaluation metrics for a
particular task conclusion. Although it appears quite natural to establish quality metric for project
tasks evaluation, this might be true for tasks wich are easy to quantify. While dealing with complex
tasks, where content of formal document notation was not elaborated in details, quality metrics was an
per case based on evaluation by project team members.
The PLM implementation process has been tailored according to the product building modules (main
subassemblies of the power transformer): core, tank, equipment, cover and conservator
The rationale for such segmentation of the implementation process lies in the concurrent customisation
of the PLM system. With such approach work on templates, library and document preparation and
analysis could be done concurrently. In order to be able to manage clearly information flows over the
entire product life cycle, it is necessary to understand the specific features of communication in
individual phases [Tavcar, 2004]. Even though much ground work in preparation of information on
people and processes was done, that information had to be analysed and scrutinised from a PLM point
of view.
A particular care had to be taken in the transition of relations between information objects, captured
during adoption of the ISO procedures, to relations used by PLM application. One of the primary
considerations were the relations that are missing or not suitable for PLM implementation. The project
team conducted a series of workshops to gather missing or incomplete information. In these
workshops, questioner templates provided by the vendor of the PLM software was used (Figure 2).
At the beginning of the project implementation, user education was scheduled to start after the
completion of the third phase. In order to be more efficient, the steering committee decided to push the
education ahead of schedule to speed up the project. One compelling argument for this was that
informed worker (one has to have the feeling of being part of the project) is more forthcoming in
embracing new technologies or methods. This proved to be a good decision because workers that
completed the education, some even during education, came with their ideas as to how to improve
particular processes or how to deal with design errors or other issues.
Based on the literature research the main reasons for unsuccessful PLM projects [Larsen 2001] are:
— Little or no involvement from senior managers during implementation.
— Project team members are trying to do two jobs at once.
— Senior managers need to find the time to develop their personal understanding of the subject.
— Senior management typically delegates too much responsibility to technical experts. They
mistakenly view the PLM implementation endeavour as an information technology project, not
a business project.
— Senior management is simply unsure of the role they should play. They focus on objectives
and issues while engineers implementing the PLM system expect to focus on processes.
Neither side can ask the right questions.
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Figure 2. Example of captured information

The project team followed the best practice procedures based on the experience and literature.
However the workload in design office (number of customer orders significantly increased during the
project execution) tripled. This becomes a problem because regular work precedes project needs, and
the result was a project delay of about 30%.
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In research literature [Pikosz 1997, Wildeman 2009, Weiss 2004.] the spectra of PLM functionalities
are described ranging from core functionalities to ones that satisfy the needs of particular tasks
(supply, marketing, manufacturing ...). Example of PLM core functionalities:

— Data Vault and Document Management,

— Workflow and Process Management,
Product Structure (Configuration) Management,
Parts and Components Management (Classification),
Communication and Notification,
System Administration, etc.
Taking the pragmatic viewpoint project team head to made decisions about what can be done vs. what
must be done to meet deadlines. Therefore the following Windchill modules (functionalities) were
considered for implementation during the second phase: Windchill PDMLink (Data Vaulting,
Document Management, Product Structure Management, Parts and Components Management and
Workflow Management). Also Change Management and Product Approval and Promotion processes
are considered for implementation.
Even though the project team tried to use all OOTB (Out Of The Box) options available to fulfil task
requirements in order to minimise the customization needs, this was not possible so customization
issues came up much sooner than anticipated. Following the best practices, additional requirements
emerged that had to be dealt with. These requirements were primarily focused on individual or group
methods and practices that are not a part of a formal process, but something people use or do to make
their jobs easier or to complete the job faster. Many of these methods or practises had to be part of
Windchill customization because they were not available in OOTB solutions.

2.1 Customization

Due to time and expenses involved customization is an important issue for every PLM
implementation. The analysis showed that customization was necessary, especially to incorporate the
best practices and inherited knowledge as integral part of the PLM implementation. On the other hand,
complex product customization can potentially raise problems during updates or upgrades of the PLM.
For the successful customization, it is important to customized functionalities already existing in the
system if possible (extending their functionality) or to add a new functionality to satisfy new
requirements. The scope of the customization done during the project will be presented through four
examples:
— The first example depicts solution of the problem of part numbering and naming between Creo
and Windchill.
— The second example deals with the customization of the process of product approval.
— The third case addressed the problem to relaying information from the PLM system to the ERP
system.
— The forth customization have to be done in order to support current design and manufacturing
process.

2.1.1 Example 1.

Windchill has an elegant functionality for this (Object Initialization Rules). Using a number of
“if/then” rules, a numbering mechanism could be tailored to fulfil the requirement. However, a
problem arose from the PLM application itself. One of the project requirements was to have the
product number in the head of the drawing. To achieve this, the information about the product number
have to be passed from Windchill to the Creo. Typically this is performed using PTC_WM_NAME
and PTC_WM_NUMBER parameters. However, these parameters are not accessible from Creo so we
had to create DocumentNamingDelegate and ModeledAttributesDelegate scripts whose job was to
convey information about CAD model numbers and names to the drawing. This is evidence that even
when using products from the same vendor, they do not have to exchange all the necessary
information.

2.1.2 Example 2.

This customization was done in two ways. The first was to enable designers to browse the product
drawings and the second addressed the process of product approval. The process of product approval
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is of high importance during the product promotion process (Figure 3.). The project benefited from the
well-established rules and procedures for product approval and document promotion within the
company. In this process, technical documentation in PDF (Portable Document Format) format is used
by senior designers to approve the design (Figure 4.). Windchill does not support product structure
tree browsing with drawing visualizations in PDF format so this had to be achieved through
customization. In creating this customization pdf.js [pdfjs] library was used for PDF document
visualization. It proved to be an incorrect decision because the new internet browser (Chrome) update
changed the way it works with the browser cache and we encountered problems with the visualization
of the PDF document.

it Lo R i

Approver Approver
Designer | Level | Level 1|
END
Level One -APPROVE Level Two -APPROVE# D3Export Promotion
Reguest

REWORK

START
Promotion
Request

CheckD3

REWORK:

Figure 3. Promotion process

Therefore, this customization had to be changed before it was in full testing. The technical
documentation approval process is driven by a promotion request process through two levels
approving. This can be described, in a way enabled by the application itself, using Windchill
Workflow Editor features. However, the whole aspect of the required workflow functionality could
not so this had to be also customized . In a particular place in the workflow, if the right conditions are
met, the BOM had to be created and exported in the PDF format. This is later used as a way of
relaying information about the product to the suppliers’ and companies’ workshops. The PLM vendor
brought to our attention that the PLM application has a module for supplier management. However,
the cost of the implementation of this module, in the current project stage, was not accepted for two
reasons. The first reason was that the project had already reserved funds that could not be changed
without changing the company financial plan, and this was something that was rejected by the
management of the company. The second reason was that the scope of the project had to be updated
and would prolong the full implementation phase. So the benefits to the new module implementation
would be negligible because suppliers are not at the right IT stage to fully embrace module potential.

3. ¥ [0] 30NAI30901£100 KOTAO 300054124 L i S Sta 20
- [Feom saumosasea|” aan00sete
e
IS cnez xora0
- 4% oon) SWaogi3152 DNO KOTLA 300054227 = o P
: = = o o o G
5 % :
r ey I M s | s
. ‘ [ cre ,
T s » g s = oY
] 3 [001] SWOD013264 PLOA DA KOTLA B300054248 . =5 s
67‘* G (2908080 = [ S e
et o FarLe Sonasect]
“ = b E 37 GRANICNIK UZDUZNI 150t BLLOGOS200 O emw ] T [ [ T T T esowseam]
¥ [005) 3W00013194 PLAST KOTLA B300054188 S [omocsims |
O ; £z
[ crez o e | I
. % [010] 3WID013533 NOSAC 8300085030 5 Tz oot e -
i 5 s el
£ [ cnex i L ™) T I I I
% [OL1) 3WID013235 OKVIR KOTLA B300054208 e e
b [ som m ,.:u I I I A )
| 4 g coet S o e
E| - 4% 10011 3W00013202 PLOGA OKVIRA BI000S4205 - v
‘ | e ——— x| e e 51
165 : . 3000 ooz ENCE FEIEEn ]
[T p——— | =
¥ [012] 3WODO1L5188 MONTAZNT OTVOR B300054428 g | e 48
3WO001B5T1 _|PRIKLICAK. B300054888
i
e I I 1 [ [T T T esomsem|
Toohs peENCE FTn
oz : el
w - Saomscrn
[T e —— T
1
o | O O I 1)
E WIOOTT MOl TRANSPORTIE CAPE 300054118
& T
HIEN s = N B B T
— SEOE AE TRANGPORTIE O SR
w0 i
na: = . ™ [ || [ [ [ [T [ T Tesmsome
SIBIRFE10 ¥ 1020) 3WE0013521 PRIKLIUEAK B00054885 SRR o
) i B
||| B il o
— S L b o T Tossomnsar |
‘A_g B300055030 ‘”3. " £ %% [10] 300013555 CUEV 300054676 > W o ‘ g —

Figure 4. PDF documentation browser (during reviewing process)
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2.1.3 Example 3.

One of the main project requirements was to provide the transfer of the BOM data from the design
department to the ERP system automatically. The preparation of BOM for the next office down the
process production line was left, for now, to the PLM BOM management module. Before the PLM
implementation, BOM preparation for the ERP system was done manually. A bill of material (BOM)
is a complete, formally structured list of the components that make up a product or assembly. The list
contains the object number of each component, together with the quantity and unit of measure (DIN
199, part 2, number 51). BOM reports together with drawings are a very important part of the
technical documentation in the product creation process. As such, it is considered as the centrepiece of
the BOM centric approach [BOM-CENTRIC PRODUCT DATA MANAGEMENT FOR SMALL
AND MEDIUM MANUFACTURING ENTERPRISES]. The company is using SAP as the ERP
system and had limited control on the possibility of ERP customization. So, a one direction approach
was chosen, and the data were sent from the PLM to the ERP. For this to be possible, an additional
custom application had to be created. The purpose of this application was to collect data from the PLM
system, convert it to a format acceptable to the ERP system and to create files that can be read by the
ERP system. During the training, a particular emphasis was put on the process of communication with
the ERP system so the right data would be available when needed. Exchanging data bidirectional
between PLM and ERP systems is a challenge for the future.

COMPLETE.

COMHLETE

Change Admin Il

Audit Change
Notice

APPROVE

COMPLETE

d3Export

COMPLETE

END
Change Notice
COMPLETE-

REWORK

Figure 5. Change Management Process

2.1.4 Example 4.

This customization involved establishing communication, on the file exchange level, between the
PLM system and the existing D.3 document management application (http://www.d-velop.de/en/).
Communication had to be done by sending drawings and BOM reports in PDF format to the
application. This was done by customization of the promotion workflow and creation of a BOM
generation utility. When the senior designer approves the design, all the CAD models and supporting
documentation had to be promoted to the next stage (Release). During the process of promotion
documentation required by the D.3 application is gathered and sent to the D.3, BOM reports are also
generated and sent with documentation. Change management process (Figure 5.) implementation did
not require any additional customization apart from the standard process adaptation (roles and gates
definition).

3 DISCUSSION

Project team consisting of company specialists, university researchers and PLM SW vendor conducted
the presented PLM implementation case. Although planning of such project is well described and
documented every project is a particular case that requires careful planning and support on all the
company levels. In addition to well-documented PLM implementation issues, this case has pointed out
the importance of project metrics, customization and education.
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The project metrics is straightforward when tangible outcomes are evaluated, but verification of
intangible outcomes has to be discussed thoroughly since the metrics are blurred. Broadening
discussion beyond team limits increases awareness of the project progress in both directions: the
company management and the future users. Impact of customization on project costs, implementation
duration, are foreseeable, but the impact on system sustainability and overall security are hard to
predict. Light customization involves attribute creation, profile cards adaptation, workflow creation
and new object creation. On the contrary, the heavy customisation involves changing or adding new
mechanisms or functionalities of the PLM software.

A special care should be taken if the PLM solution is based on the web and open source technologies.
Frequent changes in web technologies could have a profound effect on the PLM solution performance
and usage. During this project implementation, java security functionality, has changed significantly;
thus the PLM vendor could not respond on time with updates on the new security level imposed by the
changes. Consequently, customization plans had to be reconsidered in order to satisfy new security
requirements. It is advisable to reconsider company practices rather than to extend software
functionalities. Light customization is unavoidable in order to meet the company needs.

Education and involvement of all parties that will use software should be planned as early as possible,
in parallel with project realisation. Such approach will ensure proper implementation acceptance and
more important the users feedback might be used to reconsider decisions during project progress and
improve the system performance.

4 CONCLUSION

The second phase completion is expected by the end of 2014. At the beginning of 2015, the final phase

of the project of the PLM implementation will commence. Experiences gained during the project will

be evaluated and used in further projects aimed to extend PLM implementation beyond the design
department. Some of the benefits of the PLM implementation (analysed so far) are:

e A reduction of the design cycle time (DCT) — this can be evaluated because we captured
information about the design time using PLM and not using one. The results show that for four
principal components, time reductions were from 10% to 40% that is significant because we were
expecting an average duration reduction of up to 10%. One other important indicator was the rate
of time reduction increase. As users gained experience using PLM, the DCT grew almost 5% to
8% each month (on average).

e  The second significant benefit was an increase in overall product quality — even during the design
of the first product’s components decrease in a number of errors evident. This is not yet at the
level that can be thoroughly analysed, but participants argued that this is true; another factor that
supports this claim is a significant decrease of noise in the communication between designers, a
reduction of the number of design errors was attributed to the fact that designers were following
newly implemented procedures during the design process.
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Figure 9. Reduction of the design cycle time per project

The process of PLM implementation is something that must not be taken likely. It can have a
significant impact on the company design and work process. The important thing that has to be
considered is that once the company is done implementing a PLM (or PDM), getting back to work
without one is very difficult (with some PLM systems harder than others). A commitment from the
company management and all stakeholders must be 100%. Flexibility in how existing procedures or
methods will be used or implemented is crucial if the amount of work implemented is to be decreased.
Customizations have to be avoided if possible, and OOTB functionalities have to be considered. The
project team should be free of all regular tasks and focus on the process implementation. Reporting to
the steering committee is important so the right decisions can be made at the right time.
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