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Subject review
The paper presents improvement of a product through the application of Design for Excellence (DFX) tools for assembly, manufacturing and
environmental protection that are incorporated into the commercial software Siemens Teamcenter for Product Lifecycle Management (PLM). Complex
database, that is a heart of every PLM software, allows easy access to all necessary data for DFX analyses starting from functional requirements,
geometric CAD models, technology and process data related to the production system, and can be also used as a Knowledge Database (KDB) for
collecting company’s experience. On the other hand, a module for management of complex processes flows, such as proposals for design changes,
evaluation, verification and modification of a new revision of the product, allows easy parallel work of all participants in the process with minimum
drawbacks. Successful implementation of the research is done on the model of the mechanical bathroom scale, through the required number of iterations.

Keywords: Design for Excellence — DFX, Product Lifecycle Management — PLM, Siemens Teamcenter PLM software

Unapredenje konstrukcije proizvoda s IPS-DFX metodologijom ugradenom u PLM softver

Pregledni ¢lanak
Rad predstavlja unapredenje proizvoda kroz aplikaciju alata za konstruiranje za izvrsnost (DFX) za montazu, proizvodnju i zastitu Zivotne sredine koji su
ugradeni u komercijalni softver Siemens Teamcenter za menadzment Zivotnog ciklusa proizvoda (PLM). Kompleksna baza podataka, koja je srce svakog
PLM softvera, dopusta lak pristup svim potrebnim podacima DFX analiza, od funkcionalnih zahtjeva, geometrijskih CAD modela, do podataka o
tehnologiji i procesima vezanim za proizvodni sustav, a moze se takoder uporabiti kao baza znanja (KDB) za objedinjavanje iskustava jedne kompanije. S
druge strane, modul za upravljanje tokovima kompleksnih procesa, kao $to su prijedlozi za izmjene u konstruiranju, evaluacija, verifikacija i modifikacija
nove verzije proizvoda, dopusta olakSan paralelni rad svih u¢esnika u procesu s minimalnim preprekama. Uspjesna implementacija istrazivanja provedena
je na modelu mehanicke vage za kupaonicu, kroz potreban broj iteracija.

Kljuéne rijeci: konstruiranje za izvrsnost — DFX, menadzment Zivotnog ciklusa proizvoda — PLM, Siemens Teamcenter PLM softver

the desired characteristics of the product in all stages of
product lifecycle, Fig. 1.

1 Introduction

Shortening of product lifecycles and increase of
product varieties [1, 2] are one of the main characteristics
of today’s market development. In the up growing race
for faster product release and indulging the needs and
wishes of customer centric market, design of products has
become one of the most important steps in the product
development. Impacting all the late phases of product
lifecycle, design has direct influence on cost of the
product and the production, ecology, ability for
assembling or disassembling of the product and other for
product lifecycle relevant issues [3].

Design
l Safety

i

Durability

Ny

Through-put

Materials :
time

\

Product development

¥~ Technology

S
/ Environment
- entire life cycle
Standards

o - all relevant
Legislation impacts
Figure 1 Requirements to the new product set by

different stakeholders [5]

Costs

Moreover, the concept development phase is one of
the main knowledge intensive phases of the product
lifecycle management [4]. In that frame a set of design
tools is being applied by design engineers for obtaining

Design for Excellence (DFX) is an umbrella term
used to denote design philosophies and methodologies
which aim to improve designs by raising the designer’s
awareness for a certain product lifecycle value or
characteristic represented by X [6]. It covers a wide range
of specific design guidelines. Each of them addresses a
particular issue that is caused by, or affects the
characteristics of a product [7]. In Fig. 2 development of
DFX can be seen and will be described shortly below.

DFE
DFD
| DFA HDFMHDFMA
DFR
DFA = design for assembly DFX’s|

DFM = design for manufacture
DFMA = design for manufacture & assembly
DFE = design for environment

DFD = design for disassembly

DFReman = design for remanufacture

DFR = design for recycling

DFX = design for X

....................... X = service, etc.

Figure 2 The sequence of the development of the DFX [8]

Design for Assembly (DFA) is one of the most
important members of DFX family. The application of
DFA results in product more suitable for assembly. The
application of DFA could also result in more complex parts
with additional features [9]. There is also a DFA for
automated assembly. This type of DFA will for example
enable the supplying of parts in right orientation for
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assembly process. Nowadays DFA is addressed in the
frame of DFA/DFD where DFD is Design for Disassembly.

Design for Manufacture (DFM) [10] includes a wide
range of design rules and guidelines defined from the
perspective of improving the manufacturability of parts.
Applying DFM will impact directly on end process
capability. DFM is with DFA a predecessor of all DFX tools.

Design for Environment (DFE) has a purpose to
reduce the potential risk a product could have to people
and the environment by finding ways to prevent pollution.
Design for Disassembly (DFD) and Design for Recycling
(DFR) are a part of DFE tool.

Other DFX’s that are most used are Design for
Quality (DFQ), Design for Cost (DFC), Design for User
Fulfilment (DFUF), Design for Mass Production
(DFMASS), Design for Packaging (DFP), Design for
Reliability and Maintenance (DFRM) and Design for
Rapid-prototyping (DFR/VP).

Recently, new product development (NPD) has been
widely performed in networked environment [11]. There
is a huge advantage in cooperation among companies, for
example, shortening of the product development process,
using common resources, knowledge or technology, and
cost and risk sharing [12]. Connecting the participants in
the process of product development in internet surroundings
enables the companies to reduce costs and to shorten the
time necessary for developing new, or improving present
products [13]. An adequate way of communication and
decision making strategy is needed among all of the
involved participants, for the reduction of product
development time, cost, and diminishing error occurrence.

The development of sophisticated software tools in
the field of Product Lifecycle Management (PLM) has
opened a possibility for efficient product development
and successful cooperation between engineers, not only
having in mind the concurrent engineering, but also a
collaboration between the different functions of the company
[14]. Managing of the projects in PLM software has taken
development of products on a whole new level [15].

PLM is the process of managing the whole lifecycle
of a product starting from generating an idea, concept
description, business analyses, product design and
solution architecture and technical implementation, to the
successful entrance to the market, service, maintenance
and product improvement [16, 17, 18]. The goal is to
enable product development teams and manufacturing
teams to work together in the product lifecycle as early as
possible to minimize production costs, improve product
quality, deliver more reliable products [19].

The primary goal of the research shown in the paper
is the improvement of a product design in a conceptual
phase, through built-in DFX methodology in PLM environment,
supported with the Siemens Teamcenter software. The
results of the application DFA, DFM and DFE tools will
be shown through series of iterations, managed in PLM
software, significantly saving time and money.

2  IPS-DFX methodology

IPS-DFX methodology has been developed on the
clearly defined principles, IPS - Integration,
Parallelization and Standardization, generating the
acronym of the full name which denotes
comprehensiveness of the IPS-DFX platform. The basic
characteristic of the platform is the common PLM

database in which process of integrated product

development starts and flows, through the entire lifecycle.

It contains information about:

=  Defined functional requirements for a product;

= Production system and process support data;

= Geometric model of the product, as well as other
necessary information which will be used during the
developing phase [20].

All currently developed IPS-DFX methodologies
(DFA, DFM and DFE) transfer necessary data from the
common PLM database, process them through developed
procedure and return the report with suggestions for
corrections on the design. The integrated platform collates
all returned suggestions for reconstruction from other
methodologies, revising them and equalizes existing
differences, primarily on economic criteria but also on
other general design evaluation criteria which could not
be explicitly expressed through expenses.
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Figure 3 IPS — DFA methodology

The proposals have to be clearly presented in the
document "PROPOSAL FOR RE-DESIGN", where the
expected savings in assembly times and costs are
particularly highlighted. Further, the proposals have to be
critically analysed if they cause negative consequences in
some other aspects of the design, and if so, the proposal
has to be rejected avoiding the additional efforts of other
experts in the DFX team. The DFX expert’s team has to
have as much iteration as necessary until none of
participants has any objections to the proposal, so a
consensus about the design reconstruction is achieved.

2.1 IPS-DFA methodology
IPS-DFA methodology is the first one that has to be

applied in the process of product improvement [21]. It has
three aspects of comprehensiveness:
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=  Analysis at the level of the product assortment, structure
of the basic product and at the component part level,

= Design rating with ability of detecting drawbacks and
the developed tools for design improvement as
generators of ideas and suggestions;

= Integration into the procedure of assembly process
planning and system designing.

Fig. 3 illustrates the concept of comprehensive IPS-DFA
methodology based on the principles within the frame of
IPS-DFA platform, enabling simultaneous application of all
available IPS-DFX methodologies.

In the first phase of the product analysis, there is a set
of 11 different assembly suitability indicators that have to
be determined, where assembly time and costs are
dominant. In the second phase, methodology assumes
application of the five levels of different DFA tools,
starting from: part optimization level, reducing part’s
number through integration of functions, optimization of
the relative position of the product structure, adjusting the
level of modularity and conceptual level, which consider the
possible use of different technology. The results are
suggestions and/or solutions for design improvement. If
DFA expert is not satisfied with the new version of the
product, process is repeated through the necessary number
of iteration, before sending it to confirmation.
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Figure 4 IPS — DFM methodology
2.2 |PS-DFM methodology

Manufacturability is the next, very important analysis
in the DFX sequence. DFM methodology (Fig. 4) starts
from considering manufacturing process plans for each
part in terms of type and number of operations, chosen
technology, quality, tools and fixtures, etc. [22, 23] DFM
software provides results of the estimated average

manufacturing time and costs for each operation with the
possible drawbacks that could be improved in terms of:

=  Dimensions;

= Shapes;

= Tolerances;

= Surface quality;

= Materials;

= Unification, etc.

Since the number of manufacturing technologies is
extremely large, DFM tool contains only basic technologies,
with the ability to complement the new procedures
specific to a given company. Thus, all necessary
parameters required for the given process and system
analysis are available in PLM database and accuracy of
output results, largely depends on updating company
database.

2.3 IPS-DFE methodology

A product’s potential environmental impacts range
from the release of toxic chemicals into the environment to
consumption of non-renewable resources and excessive
energy use. Life stages of a product include the time from
the extraction of resources needed to make the product to
its disposal [24]. In effect, designers design a product life-
cycle not just the product. Awareness of a product’s life —
cycle will help the company avoid environmental surprises
and liabilities. Ideally, the design team will seek to reduce
these environment impacts to the lowest possible level [25].
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The IPS-DFE methodology, shown in Fig. 5, uses
specifically defined questions that address a wide range of
design and environmental topics, highlighting areas of
environmental concern and providing ideas and options
for resolving those concerns. The questions have been
written in a manner general enough to apply to numerous
types of products; however, the design team can adopt or
modify the questions to their own use, noting the specific
product attributes.

Figure 5 IPS — DFE methodology
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The matrix scoring system allows the design team to:

= Score a product design as part of an overall product
evaluation,

= Compare alternative product designs,

=  Recognize areas where design changes are the most
imperative from an environmental standpoint.

The matrix score is a relative measure of the
attributes of the product. It complements the economics,
customer-value, manufacturability and other parameters
that may be evaluated. The matrix score should become of
a part and be used as an input in deciding which product
design will be pursued.

2.4 Management of the product development process
through IPS-DFX methodology

The participants of the product development process

are classified into three groups [26]:

= The manager of the product development process,
who represents the head of the development team -
the development process administrator. His
competence is to administrate the developed database
of the participants, companies, projects and parts, to
define the projects, and participants of the project, to
define the level of participants’ access priority, to
analyse and eventually to accept the proposed
changes made by the other participants, based on
multi-criteria analysis;

= The chief constructor, who makes the product’s first
version and includes the accepted changes in new
product’s versions;

= The other members of the product development
process, who are the DFA analyst, DFM analyst and
DFE analyst. They propose several changes with the
corresponding results from the analysis, and also
analyse and eventually confirm all the other changes
proposed by the other team members.

The developed methodology derives the following
relevant parameters, based on IPS-DFX tools analysis
[20, 27, 28, 29]:
= The overall estimated assembling time and cost;
= The overall estimated manufacturing time and cost;
= The overall estimated environmental impact.

The developed method defines several acceptance
criteria based on the derived relevant parameters obtained
from analysis of several DFX tools (DFA, DFM and DFE
tools) [26]:

1) Ciriterion of respecting the deadline of the project;

2) Criterion of minimizing the determined overall time
necessary for the production and assembly of the
product;

3) Ciriterion of minimizing the determined overall costs
involved in the production and assembly of the product;

4) Criterion of minimizing the determined overall effect
of the product on the environment.

The first criterion is independent of the others and the
overstepping of the time limit deactivates the development
process, and thus the project. The other criteria are used
by the project manager as a form of advice to ease the

process of decision making, considering the acceptance or
rejection of proposed improvements. This algorithm is
presented in Fig. 6.

The developed method for connecting the participants
in the product development process in internet
surroundings has two phases [26]:
= Phase of initial project analysis;
=  Phase of altering the project.

Activation of the product
development process

s
L
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Solution
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of the first
criterion

]
Decision making by | No
the project manager
considering the 2., 3.
Yes and 4. criteria

Deactivation of the
product development
process

Acceptance
of proposed
solution

End

Yes

Proposed solution
is accepted

Figure 6 Algorithm for the acceptance of the proposed solutions

During the initial project analysis phase all
participants of the development process simultaneously
determine the relevant parameters for all elements of the
project depending on the field in which they analyse the
project and the results are transferred into the developed
database. The phase of initial project analysis ends when
all the participants have defined and transferred all the
relevant parameters [30].

The developed method supposes the simultaneous
and parallel work of all participants in the development
process, but depending on the requirements of the project
manager different levels of access priority can be assigned
to certain participants during the second phase. The level
of access priority of the participants in the product
development process determines the possibility for the
participants to access the analysis and suggest
improvements to the product [30].

At the beginning of the second phase the highest level
of access priority is activated, when participants with
active access priority analyse the project and suggest
appropriate improvements, which are then transferred to
all the other participants in the development process for
confirmation, Fig. 7.

After confirmation, the results of the suggested
improvements are transferred to the project manager who,
based on the defined criteria for acceptance, accepts or
rejects the suggested product improvements. Once all the
participants with active level of access priority have
finished the product analysis, the following, lower level of
access priority is activated, and this process is repeated
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until all levels of access priority have been activated. If
the project is still active, the highest level of access
priority is activated again and the process is repeated [30].

Parallel process

1. participant with the 2. participant with the k-th participant with the
active level of access active level of access active level of access
priority priority priority

Solution (change)
proposal definition

-Q_Q O

Solution (change)
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Solution (change)
proposal definition

1. participant 2. participant k-th participant n-th participant

Solution proposal Solution proposal Solution proposal Solution proposal
confirmation confirmation confirmation confirmation

—=

Project manager

Solution proposal
acceptance

'

Chief constructor

Project refreshment

End

Figure 7 Phase of altering the project

Any participant with an active level of access priority
has the possibility to reserve a number of parts that could
be involved in a future improvement. Reserved parts are
not accessible for other participants until the proposed
improvement is accepted or the reservation cancelled.
Parts that are included in improvement proposals are
inaccessible until the improvement is confirmed by all the
other participants and accepted by the project manager [30].

3 Connecting IPS-DFX Methodology with Product
Lifecycle Management Software

PLM enables companies to provide outstanding R&D
performance. This is achieved through the three drivers of
PLM, namely management efficiency, process excellence
and technology effectiveness [31]. In today’s global
business environment, that includes all the aspects of the
product and its surroundings, product development is
highly dependent on knowledge intensive and
collaborative systems for building on specialized
knowledge across nations, organizations, and professions
to develop customized products for different market
segments [32]. A knowledge support system, such as
PLM, can provide a solution to support NPD processes by
sharing and reusing knowledge related to these processes.
PLM provides cooperative work systems that enable real-
time collaboration (collaborative product development,
web conferencing, simultaneous modifications with

desktop sharing) and virtual product visualization (3D
presentation viewer, different representations or views of
product information) [33].

PLM aims at reintegrating the manufacturing
organization by closing all the knowledge loops and
positioning the product at the focal point of the whole
organization. It is a strategic business solution and
knowledge management system for integrating people,
information and processes across the extended enterprise
through a common body of knowledge [34]. PLM
systems offer the ability of integrating the design process
with project management aspects providing needed
verifications of all sides taking part in product
development process, in that way downsizing the
possibilities of mistakes in product design [35].

One of the key elements of PLM, for design
engineers, is the Digital mock up (DMU). It gives the
possibility to assess the virtual prototype without a need
of the physical one [36].

In order to optimally support DFX processes, a data
model has been designed which aims at providing product
data throughout the whole product life cycle, establishing
mechanisms to generate DFX knowledge and representing
it systematically. Three types of data can be stored in
PLM data bases: product data, production data and
operational support data. Product data describe how the
product is designed, manufactured, operated or used,
serviced and then retired. Production data focus on all
activities associated with the production and the
distribution of the product. Operational support data deal
with the enterprise’s core resources, such as people,
finances and other resources required for supporting the
enterprise [36]. The required data is distributed to all
organizational sectors providing the needed integration.

User & Control Interfaces

Data from |
Backbone |
1o PEIDs |

PDKM

Metadata
Manage-

Data Analytics & Decision Support
Data Management
Data Integration

System
Manage-
ment

PROMISE Mlddleware

Middleware

(Operational :
= 888 58 -8
Da‘ﬂ Da‘a Influence o’
MOL EOL

PDKM-
Suppurled

| Business Processes

Metadata Flow ~ Data Flow  Control Flow

6 -

Figure 8 PDKM architecture [37]

A Product Data and Knowledge Management
(PDKM) system has been developed by enhancing a
commercial PLM system (Siemens Teamcenter Software).
Being a central component of the overall approach, the
PDKM system aims at systematically integrating and
managing data from all lifecycle phases of products (Fig. 8).
The ultimate goal is to integrate product data of the entire
life cycle from different sources and furthermore to
support comprehensive analysis based on the integrated
data and to enable the enhancement of the operational
business with the insights obtained about the products [37].

Siemens Teamcenter, as a PLM software solution,
enables companies to capture DFX knowledge and
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systematically represent all data related to products,
production and operational support. PLM database is the
foundation of IPS-DFX methodologies (DFA, DFM and
DFE), supporting the processes of integrated product
development and management, throughout the entire
lifecycle. The knowledge captured is always updated and
does not become stagnant as industry evolves. Moreover,
each specific industry can prioritize the different DFXs
and can, with minimal effort, analyse conformity to any
additional DFX at any given moment [38].

4 Implementation

The developed IPS-DFX methodology is applied to the
improvement process of a mechanical bathroom scale [30].
The exploded view of the original product is shown in Fig.
9. The product has 26 different parts and 10 different used
materials. In this example only three of the above
mentioned DFX tools will be addressed - DFA, DFE and
DFM, and the advantages of using PLM software in
enabling the efficient use of these tools will be emphasized.

Figure 9 Exploded view of the product (mechanical bathroom scale)

The usage of the PLM Siemens Teamcenter software
in service of DFX will be shown on the example of the
most used four modules of Teamcenter software. One of
them is used for the manipulation of files — My
Teamcenter, second one for decision making — Workflow
Process, third one for working with visualizations — Digital
Mock-up, and fourth module for making structures of
products — Structure Manager.

Digital prototyping helps manufacturers to virtually
simulate a product and its associated lifecycle phases such
as, product manufacture, assembly and functionality,
before the product is physically realized. This gives
manufacturers an excellent opportunity to visualize and
anticipate aspects of the physical performance of a design
with less reliance on costly physical experimentation [36].
A digital mock-up (DMU), sometimes referred to as a
virtual prototype, is essentially a digital simulation of a
physical prototype and is increasingly used for the

verification of product functionality. DMU is emerging as
the core design collaboration tool, around which different
engineering teams verify the product through its entire
lifecycle, from production planning to functional testing,
maintenance and recycling [36].

After the marketing department investigates the
market, they share that information with product manager,
using Teamcenter (TC). Product manager collects
necessary data from other departments of the company,
from marketing department and R&D department, and
shares those files with CAD designer in order to create the
first 3D model of the desired product. It is necessary that
every project participant from time to time hits F5. F5 is
refresh button in TC. After hitting that button, CAD
designer sees the shared task in his mailbox (Fig. 10).
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Figure 10 Communication between product manager and CAD designer

DFA engineer opens his mailbox and sees the shared
files he got from product manager. Product manager
initiates workflow process and decides about the role of
each engineer (DFM, DFA and DFE in this case). He
defines the tasks of each person and how much time it
will take for the whole process of decision making.

CAD designer creates 3D model of the scale on the
basis of data he received from product manager. Very
important thing is that every created data is stored on
server, and participants using only shortcuts of files are not
able to delete the original file. Product manager shares
data he got from CAD designer with other project
participants. He sends them a short explanation of the
tasks they have to perform (Fig. 11).

In the first change the person responsible for initiation
of the change is DFA, DFE, DFM and the product
manager decides if the change DFA made is purposeful.
Status of the change is decided by the product manager
and notification about the status of the change is received
by DFA — the initiator of the change.

In process view of workflow — we can see the status of
all scheduled activities in the process of product
development. Available statuses are: green — finished and
approved activities, yellow — activity that is now in
progress, grey — activities yet to be done, red — activities
which are refused and sent to be done again (Fig. 12).
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Figure 11 Sharing of 3D model and giving instruction to DFX experts
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Figure 12 Product manager initiates workflow process and decides about
the role of each engineer

In the next step, DFA engineer elaborates his change
proposition. Also, he shared his estimates and calculations
with other participants, who are defined at the start by the
product manager. DFA uses visualization mock-up, for
other participants that enables easier understanding of the
proposed change. The change of construction of the scale
leads to the need for changing of the scale carrier and the
gear of the scales because they are all in the same
subassembly. Other participants can click on approved
activities (in process view window) and see the written
comment. In this case DFA wrote: "I would suggest three
component merging (scale, scale carrier and gear) into one,
to simplify assembly process. I explained my reasons for this
change and shared it in our item”. DFM analyses the
change DFA did. In this case the change was approved and
common item was filled with his assessment (Fig. 13).

The same actions are done by DFE. All participants
can see the status of change, comments and time the
decisions were made. The most common way of decision
making is that product manager waits for all participants to
comment the change and makes his final decision at the
end of the process. In this example the comment was:
"Your change is meaningful and like other engineers I will

also approve it." All files of assessment are stored in
common item, and can be later accessed (Fig. 14).

barssssssssssa

b) Decision and the comment made by the DFM

Do Conendt: ] coraved t and ] shared wih you my assessment of this
icharge|

(o) (o]

b) Estimates and calculations of all
articipants situated in common item !
= % 001184-DFA - DFM - DFE

[ 001184 ¥ 3
= % 001184/A;2-DFA - DFM - DFE ———

48 el

T : *
P —
. H
’

- alze ]

) Informaciie vezane 2 DFA anskzy

® &) ] jer ih p: 1 fhrs: false
zmene 1
55 vew
User-Group/Role Iy Date.
Produst Manager (roduct managed-dbal. Your changa iz maaningful and ke others enginsers Il slso spprove il 7.aeu-2011 19:22
DFE (dfe)-dbafDBA 1 made my assessments and aproved this change. My assessments .| 7-ae-2011 19:15
DFM (dfm)-dbaiDBA T approved it and T shared with you my assessment of this change. | 7-me 2011 19:00

a) Decisions and comments of all participants
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Figure 14 Decisions, date of comments, estimates and calculations of all
participants

) New design of gear batten

*| T would supgest change of gear batten,
for ease of the same.

I
a) Initiation of second change

T s

Figure 15 Initiation of second change and DFM suggestion for change

Product manager initiates the second change. In this
case DFM proposes the change — other experts and
product manager consider the proposed change. DFM uses
visualization mock-up like DFA did. He proposed the
change of the gear batten, because current model is
produce quite hard and DFM suggests change of this
component for easy way of making the same (Fig. 15).

Decision-making process related to the second
proposal is the same as with the first proposal. Every
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participant in process makes his own calculations,
estimations, and decisions. Product manager initiates the
process where every participant needs to approve the
proposal, because only in this way the proposal will be
approved as the change. Also, in this case results are the
same, second change has been approved. Flags mark
approved change by product manager who has the final
word on the basis of all made comments. Next, the product
manager initiates the third change. In this case DFE
proposes the change and other experts and product manager
consider the proposed change. The third change (the
change of material of the casing — less harmful for the
environment) has been approved. Again, flags represent
approved change (Fig. 16).
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Figure 16 Initiation of the third change and approval of the same

On the basis of all changes product manager makes
the final report. The report with instructions is sent to the
CAD designer who will create a new scale, with all
demanded changes. The final result of the process is the
new design of the product (Fig. 17).

- —[[A*xuy ago o+t »e =

a) Sharing reports and giving instructions
by the product manager
[ sed cacdl |

el

b) Final scales drawn by the CAD designer

Figure 17 Design of the scale after all the changes made )

eIl

After all the changes a new model of the scale is
developed. Next step is creating product structure of the
new product and comparison with the old one, and
making final decision, which is the task for product
manager.

PLM and BOM (Bill of Material) have been
important since it is necessary to provide many sectors or
enterprise  information systems with the product
information and part list through the whole product
lifecycle [39]. The design process derives and generates
every BOM for the product before the commencement of
production, manufacturing execution and procurement,
while the design BOM is divided into BOM groups for
production plan, procurement and manufacturing
execution. The BOM should also help in the integration of
product data and the product structures throughout the
product lifecycle. Therefore, it has been used as a hub of
product data for product design, production planning,
procurement and financial management. Also, it should
involve not only part lists but also product data which
define the product information [40].

BOM is applicable to many different environments
and industries. Any product which can be manufactured
has a bill of materials. BOM is product structure that lists
the parts and components that constitute the product in the
context of an assembly, subassembly, or model. BOMs
are known by different names across different industries:
a recipe, a formula, an ingredient list, a parts list,
packaging specifications, to name a few. Regardless of
what it is called in a particular industry, it is a list of parts
or items needed to make some product [41].
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Figure 18 Comparison of product structures and getting report

In the past, manufacturing industries managed the
BOM for MRP (Material Requirement Planning) and
production planning in an attempt to transform the design-
BOM to a manufacturing-BOM and procurement BOM.
Therefore, the M-BOM (Manufacturing-BOM) was
managed as one of the most important ways to provide
product information. In the 1980s, the BOM was required
by MRP during the production planning stage to cope
with scheduled production for the manufacturers [39].
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Product manager compares two structures to identify
changes or differences between the two product
structures. For example, he: (1) identifies component
changes between assemblies; (2) tests for consistency
between multiple views of the same item; (3) finds
differences between differently configured structures.

Product structures can be compared using one of the
following standard modes: (1) single-level mode; (2)
multilevel mode; (3) lowest level mode. In this example
product manager uses all mode levels to compare two
product structures, and make final decision if the new
model of scales is really better than the old one.

In the left window (black frame) are product
structure parts (components) of old model, and in the
right window (green frame) is product structure of the
new model of scales. The red fields are used for marking
the differences between the product structures and the
report can be seen below (Fig. 18).

On the basis of comparison of two product
structures and estimates made by participants of the
team for product development, product manager will
make final decision and reports.

5 Discussion

Even though there are many benefits, the presented
research has its limitations. The main are that the IPS-
DFX methodology incorporated in the Siemens PLM
Teamcenter software has not been tested in manufacturing
practice. Furthermore, although authors found that the
use of IPS-DFX Methodology with Product Lifecycle
Management Software in developed model is
appropriate, the use of other methodologies, like SAP
PLM rapid-deployment solution, could also be argued.

As well, the next few things the user needs to be careful
about when working in Siemens PLM Software —
Teamcenter are as follows: once the user enters their login
information and enters into the software, it automatically
loads the latest changes made by other users. In this
software, at least in this version, there is no auto-refresh
button for the input data. So there is a good reason that
the refresh button is pressed before any decision, or
otherwise the decision can be made on the basis of data
that are not current.

Considering the decision-making process, especially
when the job involves more than 10 participants, it is
important to define the time that the decision must be
entered, and whether it is required that the decision be
unanimous or it is enough that the majority of
participants in certain decision-making process agree
(for example 70 % or 80 %), so the decision is made. If
these things fail during the opening process, it leads to
the situation that the entire process is significantly
prolonged. Depending on the type of decision-making, it
is very important to define whether it is possible that a
participant does not agree with the proposal and that all
should nevertheless be accepted or it is sufficient that
only one participant does not agree with the proposal
and that the same be returned immediately to the
beginning.

The future work will be focused on implementation
of the proposed model in practice and testing of the
model’s functionality.

6 Conclusion

Considering the example shown in this paper we can
conclude that combining of DFX tools and PLM software
solutions leads to:
= Maintaining of centralized easy accessible product

data base.
= Easy re-use of existing product structures.
= Shorter time for product development.
= Cost saving engineering processes.
= Fewer mistakes in product development.
= Better communication between engineering and

management.
= Transparent product development.
=  Enabled efficient concurrent engineering.
= FEasier to find differences between differently
configured structures.
= Easier management of engineer change orders (ECO).
= Better management of product development projects.

With the advent of a PLM system, members can work
together in real time on digital models. A change in
design can be immediately communicated to engineering
team, who in turn can adjust component requirements,
which is communicated to purchasing and budgeting.
Since these changes are happening concurrently, the
representatives of each department can focus on their
tasks as they relate to the entire product. Due to the
transparency of the PLM process, employees will be less
likely to inadvertently duplicate one another’s work [42].

In this paper PLM systems have been introduced as
the support for capturing, analysing and evaluating
product, production and operational support data, with the
aim to improve complex methodologies such as IPS-DFX
(DFA, DFM and DFE). Providing a more substantiated
information basis, PLM systems ensure a higher quality if
decision making processes, since the relevant data the
engineers need for their work are integrated on a common
platform with the provision of a single access point.
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