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Abstract

Product Lifecycle Management (PLM)s the business paradigm that companies
employas a keyfor successCurrently, ndustry needpeople &working in a cd-
laborative environment witRLM, since this is the challenge they will faeing in
the global economyAt the moment tis professional profile imot common irthe
work market and here is thereforean educationabap As well as technical
knowledge,new enginees must befamiliar with the PLM philosophy and use its
toolsto work effectivelyin collaboration with teams around the worlldl order to
bridgethis gap this papelpresentsa visualization model thagives the guidelines
for a properunderstandingf the CAD desig activities executed im PLM sys-
tem The proposednodel which follows the work method of a large car masufa
turer,has beersuccessfully tested araghplied in a university course.

1. Introduction

Nowadays, companies operate over several continents. A designer in one country

can specify a product that is thenade in another and probably assemblegetn

another. Furthermore, the worldwide business environmepisriencingan n-

crease in the use of esburcing and subontractingTheglobalization of markets

and augmented consumer sophistication havedexrise in the variety of pde

ucts that customers demand and a consequent growth in the number of variants of

any given product line that a manufacturer must supijlyThere is also ami

creasing demand for outstandifugnctions of productat alow price[2].
Organizationg€ommunicate routinely to and froteir supply chairandwithin

their own orgarzation. Most of the information is created, stored and shae

electronic files[3,4]. An example ofthis is the extensive use of CAD/CAM

systens in industry; it has become an important and widely used technology.

Companies have invested large amounts isgkgstems and are becoming very



dependent on CADethnology for the development of new prodyé&ks These
circumstances have chamnigbe traditionaineans otommunication in industrin
recent years

In such a global markeBLM is the only stablehannelof communication.
PLM deals with the creation, modification, and exchange of product information
WKURXJKRXW WKH [B]URIG X Bri\e§sent@lltddt fon Eopilty with the
challenges of more demanding global competjtiewershortening prduct and
component lifecycles and growing customer ng&tls

The main use of PLM includgerospacejefense, automotive, electronics/high
tech, fabrication and assembly indusfi@sMost PLM knowledge is withinn-
dustry and universities arew being asked to preparetfine graduates withasic
knowledge of PLM. The challenge for universities is to train alhigkilled pool
of enginers and professiona#ble to work and communicagdfectivelyin PLM
systems.

Politecnico di Torinorecentlybecame awaref this situation and decided to
deploy PLM theories iteachingdesig practicesusinga market leader PLM sy
tem Properunderstandingf the PLM philosophyrequires awareness of tie
strument(software)functionality and the methodology of use.

Torino is famous primarily for its car manufacturing industiis industry,
due to itscomplexity, @pends almost exclusively &*LM technology.lt is then
extremely importanto prepare the students of Automotive Eregiring on the
way industryworks Since the university did not have that knowledge, a col&bor
tion agreement with FIAT FGA was estabksh

The course of Fundamengadf Machining Design and Drawin(@MDD) aims
to providestudentswith basic knowledg®f the technologies used mechanical
design aiéd systemsn order toenabk an efficient collaboration among desig
ers This coursewnas the idealest bencho introduce a PLM based prograifhis
program is inspired by FIAT work method.

PLM goes beyond CAD and PDM applicaticarsd there are several examples
in literatureof collaborative product development curricul{(®al1]. However due
to the course contengmd creditsit was not possible to introduce an entire PLM
approach. CAD integratiom a PLM system is envisageas the first step of an
ambitious projecthataims at introducinglifferent PLMbased exercises in diffe
ent courses (i.e. the clamp used in this exercise will be reused in the Manrufactu
ing assemblies course to desigmanufacturing cell).

There areseveralmethods to represenpsocessesHowever certain complex
data, when visualized graphically, convey far more information to the reader than
the raw data itself12]. We therefore developed a formal Visualization Model
(VM) of enterprise processes that offers a graphic representation of the main el
ments of a product lifecycle (processes, people, tools, skills andnation) and
makes it possible to address them on an overall [&@¢l

The VM provel to be an useful tool to represent istlial processes and to
transfer them t&LM systems. Moreger, it wasexceptionallyeffectiveasa train-



ing methodfor explaining theconcepts of information managemeatpersons
new to this subjecWe therefore decided to use thi& as a tool to expia PLM.

2. Pilot group

Introducing a new tool, as complex as a PLM system with an integrated CAD
software, in a university course without a proper testing phase would have been
too risky. For this reason it was decided tg the contents witha Pilot Group A

small group of students fromutomdive Engineeringjoined theVoluntary Edi-
cational Program (VEPJPLM in automotive industrito test the contents of the
courseand the software platform that that makes it possible to integrate machine
design in a PLMramework.

At the end of the/EP course some important issues ard$e need forcus-
tomizationthe PLM systemwas evident. fie direct use of existing features did
not guarantee the correct representation of the desired design pfessa se-
en monthgeriod different modifications were madette PLM platform at dif-
ferent levels (client optionsite variables, access rulegrver managerMoreo-
ver, from the didactic point of viewit was recognizethe need for a model that
accounts for therincipal concepts of PLMndserve as a guide for students.

3. Course Re-definition

Epistemology

A packed curriculum leaves little time for students to acquire a deep understan
ing of the subject or toadelop lifelong skills such asritical thinking, protem
solving, and communicatiofiL4]. This course is envisioned tencouraggeam
work using industal instrumentshat fosterthe learning proces®ather than e
pendingon a teachexcentered approach, tlteurse is based can active process
(problem solvingand interactiohthat relates obuilds upornknowledgepreviously
acquiredby students. Thisangructivist learning approadmcreass critical think-

ing and ative learning

Case study

A case study, aindustrial clamp fixture Fig. 1), was carefully chosen among
other proposaldespitea relative easy geometry it prasga good number of die
icate design issuesEven though the clamp fixture is not a car component, it is
employed to assemble and weld the car ldgnentsn the production line.

Students Background
FMDD is a mandatory course of the third yeatheBachelor program of Agk
mative Ergineering. $8udents havacquired on previous coursesthe basic



knowledgeand skillsfor interpreting unambiguously and correctly drawings of
parts and assemblies

Parts description

1 |Operating lever

2 | Top fixing plate

3 | Support

4 | Swingig transmission

.

5 |Rotary support

6 | Block fixing brackts

Fig. 1. Industrial Clamp Fixture

Situational Constraints

Automotive Engineeringis an internationaprogramtaughtin English. Ithoss
155 students (per yedrpm all over the worldFor the year 2012early100 su-
dents were expected atendthe FMDD course.

FMDD is a 4 credit courseyhich means 40 hoursf frontal teaching.The
planned lectures were divided 18 hours oftheoreticallectures and 22 hours of
training on PLM integrated CAD system

The Mirafiori campus has three laboratories with different ciéipa (from 30
to 50compute). The aailable softwardor the exercise iblX 7.5asCAD system
andTeamcenteB.0(TC) for Product Data Management

Learning Objectives
The main objective of the course te teach students how teork semi
autonomously on recurrindesigntasks usinga PLM instrunent. Studens learn
how to carry out @ollaborativeproductdesignusing anintegrated work method

In order to do this, very studenfirst realize the clamp assembly individually
and then within a 6 people team where he performs, in turn, the role of member
and teardeader.Both exercises are based on the use obtme partyet differ-
ent purposes are assessed. During the singlesnsetise gvery students asled
to designall parts of the clamp and to assemble thesimgstandard fastenerkf-
forts are focusedn the CAD system whileat the same time, studerdsquaint
confidence withithe TC environment

On the other hand, duritgamwork, students reuse the parts created intthe si
gle user exercise and focus their attentiarthe information exchangehe main
aim of a PLM syste A design error igntentionallyintroduced in one of the
partsthat has to be identified and fixég studentsHere is where the previode-
sign knowledge is assessed and students develop the collaborativelskitis
paperonly the team exercise presented.



4. Methodological Strategy

The VM follows a TopDown strategy, breaking down the prodliGcycle to
gain insight into it$’rocess Areas (PAEachPA characterizeéhe aspects of pds
uct development to be covered by organizational processgsan be expressed
asaworkflow. Every component of the workflow is then described Deaomm-
sition Diagram (DD)that contains the information of who (role) is responsible of a
workproduct (item)generated with an activity that requires particular tools and
skills. The methodology of the VM is presentedHig. 2a.

The visual representation provided by VM makes it particularly suitabld-for d
dactic purposedt works as an interdiwe guide leading the students through the
prindpal cancepts of PLMbased design.

a) Visualization Model Overview b) Prduct Lifecycle and process areas
Based on Process SR - . e
Product Lifecycle Areas Workflow ’roduct. Product Conceptua
I:IDEI Requirements Design Yes
O =) SoSE ) % :
. )
Organized by Expressed by f 5
Described by Management r
Decomposition Wrml

@ Diagrams L4
Skills '¥ 8 2/ |
Must have [y | Sustamnability

Should use l \Ssessme:
@ Role
Responsible f -
Tools Input for Ware <
’loperfonn ey Items L uavdd | Product
¢ Sale: & maintenance Marketing
—

Output
Fig. 2. a) Visualization model overview b)Product lifecycle and Process Areas

Product Lifecycle and Process Area

The FMDD course focuses on theduct design process aredth particular &
tention forthe activities riated withdetail designThis implies that the process is
located at the beginning pfoductlife, during product definitiorphase(Fig. 2b).

Being the heart of the product lifecycle, the configuration management controls all
data generated during the deomhent of any activity

Workflow

Fig. 3 presentsheteamexercisenorkflow. The process starts with the creation of
the clamp Product Structure; the produBill of Materials (BOM) Then every
student performingthe team leaderole, requires theclamp parts (task assig
ment)to other team members. After all parts are released, the teaen dssdn-
bles the partand releass the clamp assembly is the tearrleader responsibility
to identify the design error (intentionally introduced by the tegcim the asse-
bly and manage the assembly modification (change management).



@

O Product P Task ) I Assemb]\

[Modification]

Change
Management

Fig. 3. Teamexercise wrkflow

Decomposition Diagrams

The product structure is created in the structure manager of TC. Howeves; the r
sulting BOM is reognized only inTC and theCAD systemmust be synchronized
with the PDM. For this reasdrig. 5a presents two activities, the creation of the
product structure and manage pending components, where issues kbiieen
struments are solvedhe process does not need any inputs to start since it is the
first activity of the process. The workproduct bétactivity is the Item Assembly
which is composed by the 6 principal parts of the clamp.

Every student during teamwork will perform two roles: team leader and team
member. As team leader the student is responsible of gathmiteyfrom team
members throghthe use of amutomaticTC workflow (Fig. 4). As team member
the student is asked to perfoersomponent design

N e e
> &  te | [ e

Start Create part Owner approval Team Relase part

Fig. 4. Team release pafiC workflow

Students exchange informatidallowing a permutationdesign Every team
menber receives one part draft plus instructiongo realize theBD modelin inte-
grated NX.At the end of the3workflow execution the part is releasednd a-
counted in the PLM systenThe 3workflow assigment” and 3workflow follow
up” are performed by thimam leadewhile the 3workflow executioh is an acti
ty allocatd toteam membex(Fig. 5b).

The following step is to assemble tmeodelledpartsusing standardfasteners
(screw, nuts and pingreviouslyloadedinto TC. Standardfasteners are retrieved
by team leader using theCTitemsearchfunction. Subsequentlyteam leadedu-
plicates the necessary parésmd modifies the product structurethe TC structure
marager The assembly ithen constrainedand fnally set to apreciseconfigura-
tion. The five activitiesare presented irFig. 6a. At this point the assembly is
complete and can be releasey( 6b) usingan automatid C workflow (Team -
lease assembly)

Once the assembly is reledsthe teacher alerts students that the clamp-kin
matic is compromised by a design error they have to fix. Team work autosemou
ly to solve the problem. Stedts increase thewollaboration skillsand become



acquainted with communication means offered by the PLM system. When the
team agrees on the design change, the team leader creates a revision ofrthe asse
bly and part(s)Kig. 6¢). He then coordinates the activities using the workflow of

Fig. 3.

a) DD Product Structure

Y

Q)

S’

\

Create the
product structure

Team leader
Manage pending
components

b) DD Task assignment

Workflow
assignment

Workflow
follow-up

Team leader

m Workflow

Team member

execution

Items

Visualization Model contain a
specific guideline about work
to be performed.

Item assembly (empty) 1s the product
structure with the following empty
items:

Support, top fixing plate, rotary
support, swingig transmission device,
block fixing brackets and operating
lever

P
Skills

Tools

What is item/ item revision/dataset.
How to create Items.
‘What is Product structure

Teamcenter
Structure manager
Integrated NX

Items

Description

Item assembly with all 3D models
inside.

3D models released of each assembly
part: Support, top fixing plate, rotary
support, swingig transmission device,
block fixmng brackets and operating
lever

Skills

Tools

‘What is product structure
TC Integration.

Teamcenter Structure manager
Integrated NX
WF viewer

Items

Description

Item part of the following parts:
Support, top fixing plate, rotary
support, swingig transmission device,
block fixing brackets and operating
lever

Drafts of each assembly part:
Support, top fixing plate, rotary
support, swingig transmission device,
block fixing brackets and operating
lever

Skills

Tools

What is product structure
TC Integration.
NX modelling.

Teamcenter Structure manager
Integrated NX
WF viewer

Fig. 5. Decomposition Diagrams of a)Product Structure b)Task assignment



a) DD Assembly Items l—)\:.\‘k_‘l'i}‘llim]
8 | . Standard parts: Screw M8x34,
* i B sBt Screw M8x30, Screw M10x34, Nut
@ 0! W00 | MS. Nut MI0, Pin 6x24, Pin 6x30.
9, "'
& Item assembly with all items parts
. agty released and duplicated, and
Add standard Duplicate standards parts release inside.
m parts . parts
i Add
constraints
Team leader . »
Modify product Set Assembly Assembly constraints
structure to precise ,T Tz sear{:h
Shils Product structure
ys Teamcenter
Tl Structure manager
0018 Integrated NX

b) DD Task assignment

I Assembly
Team leader release’
WF viewer
Skalls Product structure
Teamcenter Structure manager
viewer
Tools

¢) DD Change Management

~

Revise

»JVI Assembly
Team member .
Revise

item part

Item assembly released with all
3D models and standard parts
mnside.

Items

Description

Item assembly revision is a new
version of the item assembly.

Part 1tem revision 1s a new version of
a 1tem part.

Skills

Tools

Change Management
Revision rules

Product structure

Fig. 6. Decomposition Diagrams of a)Assembly b)Task Assignment c) Change management

Activity Sheets
The model is completed with a more detailed description of ttndtass preset

ed in aresumesheet.As an exampleTable1 presents the activitySet assembly

to preF L \bHthe DD AssemblyAt thislevel of detail there is thoroughdescrp-

tion of thecommands students must useTC (or NX). It was decidedo improve

the clarity of instructions and repeatability of tasks by attaching videos to the VM.



Tablel. Activity sheet36 HW DVVHPEO\ WR SUHFLVH’

Se assembly to precise

Target: Operation:

X Open the Assembly item
Set to precise the final assembly x  Go to EditAToggle Precise/Imprecise

X  Save the Assembly
Input items: Output items:
Product structure (Assembily7 standard parts] Product structuréAssembly +22 standard parts)
Role: Attached information:
Student Video: 13_Set to precise

Material

The resulting models were uploaded to the course wehplageall studentan
accesghem. The single use’VM consists ofa workflow, 7 Decomposition G-
grams and 23 activity sheets while team VMconsists of 5 Decomposition &i
grams and 3 activity sheets. Both VMs are supported2byideos.

5. Results

At the end of the course an anonymous questionikiikert scale)wasused for
measuring perception of the VM mod@0 questionsand the general contents of
the coursdfurther 10 questions)The more relevant aspects are lisbelow

X Positive Aspects:

Students agree that the course achieved its objectives.
Students have a fairly clear perception of the way prodestgn is ha-
dled in a collaborative environme}fig. 7h).

Students found the VM a useful support for understanding FRiyl 1p).

+ 1+

I+

Fig. 7. Answers to questionst) The PLM experience enlightened me on how product design is
handled in a collaborate wayby large companies bl think theVM helps to understand PLM

X Negative Aspects:

I+

Too many interruptions due to Teamcenter crashes have been an obstacle
for learning.

The availability of informatics laboratories for exercising was insufficient.
Studentghink that there was some inconsistency in the VM.

+ 1+
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Several recommendations were outlined by students and are now beirdy consi
ering to improvenext yearcourse. Special attentidias beergiven to Teamcenter
for the several drawbackthat caused service iatruptionduring the courseA
causeroot anaysis was performed and all problems were solved.

6. Conclusions

The FMDD coursesuccessfully integrated the CAD designing actiuitya PLM
systemusingawork methodologynspired by FIAT A class 0f99 students of di
ferent naibnalities usedhe VM as a guide for its worka the PLM environment.
All studentssuccessfullycompleted the singland teamexercie. All activities
werefairly clear and the use ofdeos as a support has simplified the explanations
andreducedhe misinterpretations

The VM has proven to be an extremely effective training thialrovethe a-
tions of studentsclarifying the activitiesat everystep and training them to work
in a collaborative environmen®iven the scaity of PLM-specialized pfessim-
als on the work markeBolitecnico di Torino igontributing to bridge the edae
tional gap on PLM.
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