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The selection of suitable material is a key step in the product
design process. In an increasingly competitive marketplace,
not only technology-oriented engineering requirements, but also
production-oriented manufacturing and customer-oriented mar-
keting must be included in the analysis of the materials require-
ments. This work presents a methodology for deriving diversi-
fied product design parameters which are function-based and
project-oriented for supporting the analysis of materials
requirements. When developing the product design parameters,
cross-functional problems attributed to the conflicts between
functional departments should be resolved by the project-
management using a heavyweight team structure in the organis-
ation. The proposed diversified product design parameters form
the basis of materials selection rationalisation.

Keywords: Function-based; Project-management ; Project-
oriented

1. Introduction

In the past, materials selection was considered to be a minor
part of the product design process. The selection task was
based mostly on past experience. Materials were selected from
handbooks with a limited choice and on the basis of limited
property data. Today, this is an unacceptable approach for the
product design process. An improperly chosen material can
lead not only to failure of the part or component, but also to
unnecessary cost. In many manufacturing operations, the cost
of materials may amount to more than 50% of the total cost.
Generally speaking, the steps in the process of material selec-
tion can be defined as follows [1]:

1. Analysis of the materials requirements. Determine the con-
ditions of service and environment that the product must
withstand. Translate them into critical material properties.
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2. Screening of the candidate materials. Compare the required
properties with a large material property database to select
a few materials that look promising for the application.

3. Selection of the candidate materials. Analyse candidate
materials to select the best material for the application.

4. Development of design data. Determine the key material
properties of the selected material to obtain reliable meas-
ures of the material performance.

It is important to consider all possible alternatives during the
design process, since design decisions will play an important
role in determining the feasible manufacturing processes and
the final product cost. Methodology [2] has been developed
for incorporating environmental considerations in the selection
of materials at the design phase. A procedure [3] for materials
selection is proposed on the basis of integrating it with the
manufacturing process. A rational algebra capable of supporting
imprecise queries on the database has been developed.

In recent years, the technology of neural networks has been
applied to the screening and selection of the candidate
materials. Neural networks [4] which have learned pattern sets
deal with the interaction between the function of products and
materials. In addition, an expert system approach [5,6] has
been used for supporting the selection of materials and
developing design data. An expert system [7] has been used
for validating the output of the neural networks and taking
care of situations where the neural networks cannot provide a
unique solution. An expert system can also provide an expla-
nation for the decisions made by the neural network.

In the literature survey, there is little relating to the develop-
ment of material properties for materials selection. Develop-
ment of material properties on a purely rational basis is far
from easy. The problem is not only often made difficult by
insufficient or inaccurate property data, but is typically a
decision-making problem with multiple constraints and without
a clear objective. Therefore, it is crucial to develop the method-
ology for the materials properties on a rational basis.

For materials selection in the product design process, this
work proposes “diversified” product design parameters for sup-
porting the analysis of materials requirements. The proposed
design parameters which integrate the design objectives of the
relevant functional departments are developed in terms of
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design areas [1] – performance, time, cost, and risk. The
material properties will be developed on a rational basis by
applying the diversified product design parameters in the analy-
sis of materials requirements.

2. Literature Review of the Organisation
for Project Management

In the last decade, the concept and technology of concurrent
engineering [8] has been extensively applied in the product
development process. Complicated cross-functional problems
arise, which can be attributed to communication and coordi-
nation problems between each functional department. Project-
oriented project management has been applied in product devel-
opment within an organisation structure. Figure 1 shows various
organisational structures for project management described in
published literature [9]. These can be summarised as:

Functional team structure.
Lightweight team structure.
Autonomous team structure.
Heavyweight team structure.

A functional team structure is the most common structure in
the product development process. The functional manager (FM)
of each functional department is responsible for the business
of that particular department. Complicated cross-functional
problems of communication, coordination and decision-making
occur in product development as the time requirement becomes
more important.

Fig. 1. Team structure of project management.

The solution of the cross-functional problem usually involves
the creation of a project-team independent of the functional
departments in the organisation. The project-team members
come from the related functional departments and represent
the perspectives of their departments. A project manager (PM)
is responsible for horizontal communication, coordination and
decision-making. Recent research involving organisational
development has addressed lightweight, autonomous, and
heavyweight team structures.

Generally speaking, a lightweight team structure represents
a fairly minor modification to the conventional functional team
structure. As in the functional structure, those assigned to the
team reside physically in their functional areas, but each func-
tional organisation designates a liaison person to represent their
functional perspectives on the project coordinating committee.
These liaison representatives work with a lightweight manager,
who has the responsibility for coordinating the activities of the
different functions. However, the lightweight team structure
tends to degenerate when the development processes accelerate
because much time is spent on communication activities
between teams.

The autonomous team structure is an extreme approach.
Under this structure, an organisational unit undertakes product
development on its own. The team is given a general sense
of direction and a budget, and is then separated from the
organisation and allowed to work independently. Although this
is feasible for start-up companies and new ventures, this
approach implies total dependence on one project team. The
relatively closed structure may have a negative impact on the
implementation of an overall company strategy.

In many cases, a heavyweight team structure is the best one
to use. In the heavyweight team structure, the project team
must be empowered and trusted. Empowerment not only allows
the team to decide on implementation level issues, but also
provides it with resources for each phase and clear guidelines
and targets, but strategic decisions must be made by the
management or by a product approval committee. A project
charter and a contract book [10] are instruments for helping
to solve the cross-functional problems in this team structure.
Heavyweight teams offer improved communication, stronger
identification with, and commitment to the project, as well as
providing a particular emphasis on cross-functional problem
solving.

3. Diversified Product Design Parameters
for Materials Selection

It is normal to take for granted that the design perspectives of
each functional department will be taken into account in the
analysis of materials requirements for materials selection. How-
ever, materials selection which is carried out only by an
engineering department, is usually unacceptable in the pro-
duction phase for most manufacturing industries. Therefore,
design iteration is normally required because engineering design
has shown little consideration for overall design aspects. This
work presents the use of “diversified” product design para-
meters which integrate the design perspectives of the relevant
functional departments. In this way, the integrity of materials
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selection, which is primarily the responsibility of the engineer-
ing department, can be achieved.

3.1 The Structure of Diversified Product Design
Parameters

Generally speaking, conventional product design parameters
are statements [11] relating to the time, cost, size, weight,
appearance, performance, durability, etc. within which the
design must be constrained. To achieve the objective of diversi-
fication, this work proposes diversified product design para-
meters in terms of design areas – performance, time, cost and
risk, for materials selection. The definitions of diversified pro-
duct design parameters for materials selection are represented
as follows:

1. Design parameters of performance area. The design para-
meters in the performance area for materials selection are
composed of size, weight, mechanical, physical, chemical,
thermal, electrical, nuclear, fabrication properties, etc.

2. Design parameters of time area. The design parameters in
the time area for materials selection are composed of pur-
chasing time, manufacturing time, inspection time, etc.

3. Design parameters of cost area. The design parameters in
the cost area for materials selection are composed of pur-
chasing cost, manufacturing cost, labour cost, etc.

4. Design parameters of risk area. The design parameters in
the risk area for materials selection are composed of new
material evaluation, vender availability, copyright, etc.

3.2 Cross-Functional Problems of Diversified
Product Design Parameters

The objective of the proposed diversified product design para-
meters is to provide an integrated environment for materials
selection in the product design process. As different consider-
ations regarding the design perspectives may arise from each
related functional department, the development of product
design parameters usually results in conflicts during design
integration. If the communication and coordination of different
design perspectives is inadequate, it will require design iteration
in the production phase. Consequently the product cost will
rise and “time to market” will be delayed. Close examination
of each diversified product design parameter reveals that com-
plicated cross-functional problems arise in the decision-making
process. Therefore, it is crucial to provide an integrated
environment for cross-functional problem solving.

4. Project Management of Diversified
Product Design Parameters for Materials
Selection

Diversified product design parameters are proposed herein in
the design areas (performance, time, cost, risk) for materials
selection. An attempt is made to resolve the complicated
cross-functional problems. Such a solution is achieved by

incorporating project management with a heavyweight team
structure into the management of the diversified product
design parameters.

For project management of the diversified product design
parameters for materials selection, the procedure is classified
into three phases:

1. Organisation phase. The structure of project management
with a heavyweight team structure is top-down designed in
the organisation. The project is constructed and empowered
through a project chart and a contract book.

2. Functionality phase. The functional design perspectives (so-
called functionality) for materials selection are analysed
in the project. The relationships between the functional
departments and subprojects are established through a func-
tionality diagram.

3. Integration phase. The design perspectives of relevant func-
tional departments are bottom-up integrated through cross-
functional integration using the technology of a decision
matrix.

The procedure proposed is defined in detail in the following
subsections, and in the flowchart shown in Fig. 2.

4.1 Organisation Phase

[Step 1] Project Establishment

Based on the structure of project management with a heavy-
weight team structure, a project is independent of the original
departments within the organisation. According to the different
design areas, the organisation carries out subprojects in per-

Fig. 2.The flowchart of project management for diversified product
design parameters.
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formance, time, cost, and risk. Figure 3 depicts schematically
the organisational structure of project management for diversi-
fied product design parameters. The elements of the project
include a project-team, project-managers, project-team-mem-
bers, and functional managers. A project charter established
by the senior management is introduced to define the objective
of the project.

[Step 2] Project Empowerment

Empowerment implies authorising the project team to determine
implementation level issues, as well as providing the team
with appropriate resources for each phase and clear guidelines
for achieving the targets. The project team requires improved
communication, stronger identification with and commitment
to the project. A contract book established by the project team
is introduced to empower the project.

4.2 Functionality Phase

[Step 3] Functionality Analysis

In order to achieve the objective of diversification, the design
perspectives (so-called functionality) from functional depart-
ments are analysed in the project for materials selection.

[Step 4] Relationships Establishment

The relationships between the subprojects (performance, cost,
time, risk) and the functional departments are established in
the project. A functionality diagram is applied to the definition
of the relationships between subprojects and the relevant depart-
ments for materials selection.

Fig. 3. Project management of diversified product design parameters.

4.3 Integration Phase

[Step 5] Perspectives Representation

The different design perspectives arising from related functional
departments are given by original project team members,
according to the relationships of the functionality diagram.

[Step 6] Cross-Functional Integration

Based on the cross-functional problems attributed to the differ-
ent design perspectives of the relevant departments, cross-
functional integration is carried out using a decision matrix.
The diversified product design parameters are bottom-up inte-
grated step-by-step in the cross-functional integration.

In general, the procedure for project management of the
diversified product design parameters is proposed in three
phases and six steps. Cross-functional problems attributed to
the conflicts between relevant functional departments are
resolved by the project management with a heavyweight team
structure in the organisation. The technologies of the project
chart, contract book, functionality diagram and decision matrix
are applied by the project management to achieve the objectives
of the project. Conflicts arising from top priority domination
are controlled by full coordination between the departments,
arguments arising from different design perspectives are
resolved by improved communication, and misunderstandings
are cleared up by strong identification with and commitment
to the project. As a result, the proposed diversified product
design parameters form the basis of rationalisation for
materials selection.

5. Case Study

Over 90% of enterprises in Taiwan industries are small and
medium enterprises. Because of the heterogeneous markets, it
is important for them to offer high-quality products at lower
prices with short delivery times. In order to create competitive
advantages, diversified product design parameters are proposed
to support the analysis of the materials requirements for ration-
alised materials selection. The focus of project management
with diversified product design parameters may differ in differ-
ent industries. Manufacturing industry is considered in this
work.

The studied company produces internal grinders and CNC
internal grinders in Taiwan. The wheel spindle is the main
part of the internal grinder. The wheel spindle [12] is taken
as an example to illustrate the project management of the
diversified product design parameters for materials selection.
The bill-of -materials of the wheel spindle is shown in Fig. 4.

The company’s organisation consists of engineering, pro-
duction-control, material-control, purchasing, manufacturing,
quality-control, human-resource and financial functional depart-
ments. Every department is supervised by a functional manager.
The president and general manager, both having an engineering
background, direct this company.
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Fig. 4. Bill of materials of wheel spindle for case study.

5.1 Diversified Product Design Parameters for
Materials Selection

The main attributes for the materials of the wheel spindle can
be summarised in seven categories: engineering, purchasing
and financial, manufacturing, chemical, physical, quality-control
attributes. The definition of the main attributes is shown in
Table 1. According to the structure of the diversified product
design parameters, the main attributes of materials are divided
into four design areas: performance, time, cost, and risk. The
diversified product design parameters are shown in Table 2 for
materials selection of the wheel spindle.

5.2 Project Management of Diversified Product
Design Parameters

Based on the procedure for project management of the diversi-
fied product design parameters proposed in Section 4, the
organisation, functionality and integration phases are estab-
lished sequentially. Data was collected and summarised from
interviews with the company.

Organisation Phase

[Step 1] Project Establishment. A project is independent of
the original functional departments in the organisation. The
organisation carries out four subprojects: performance, cost,
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Table 1.The materials attributes of the wheel spindle.

Engineering attribute

Properties Mechanical, fatigue, wear, thermal,
fabrication properties

Size Size of materials
Weight Weight of materials
S-ratio Ratio of length to diameter

Purchasing and financial attribute

Cost Purchasing cost of materials
Price Price of product
Purchasing time Purchasing time of materials
Transportation Traffic problem of materials transportation
Law Copyright
Vendor Vendor available

Manufacturing attribute

Surface Heat treatment of spray
Machining time Machining time of materials
Machining cost Machining cost of materials
Machine Type of machine
Tools Type of machining tools
Fixture Type of fixture/jig
Assembly Procedure of assembly
Assembly time Assembly time of materials

Quality-control attribute

Inspection item Inspection item of materials
Equipment Type of inspection equipment
Inspection time Inspection time of materials
Inspection cost Inspection cost of materials
Error Inspection error

Chemical attribute

Poison Poison of materials
Oxidation Oxidation resistance of materials
Corrosion Corrosion of materials

Physical attribute

Temperature Thermal stability of materials
Conductivity Conductivity of materials
Fire resistance Fire resistance of materials

time, and risk. Staff chosen from the relevant functional depart-
ments form the project team members. The project managers
chosen from top management and the project team members
comprise the project team which is responsible for the develop-
ment of the diversified product design parameters. As defined
by senior management, the project charter expresses a clear
mission. Each project team member must, before joining the
team, understand fully and follow the guidance of the charter.
The project charter is established as follows:

“Diversified product design parameters are proposed for the
materials selection of the wheel spindle. Design iteration must be
minimised and the project must provide a high-quality product
with a lower price in a significantly shorter time.”

[Step 2] Project Empowerment. The project-team must
understand the mission defined by top management. The team
is given time to write a contract book which empowers the
project. The general manger of this company was chosen
to be project manager and he must ensure that complete

Table 2.The diversified product design parameters for materials selec-
tion of the wheel spindle.

Performance area

Properties Surface
Size Machine
Weight Tools
S-Ratio Fixture
Inspection item Assembly
Equipment Temperature
Error Conductivity
Poison Fire resistance
Oxidation Corrosion

Time area

Purchasing time Machining time
Inspection time Assembly time

Cost area

Purchasing cost Machining cost
Inspection cost Price

Risk area

Vendor Law
Transportation

communication and coordination is carried out between depart-
ments. In this case, a contract book is used which specifies:

1. The mission of the project manager is to communicate and
coordinate the resources for materials selection.

2. The mission of the project team members is to represent
the design perspective of their original departments for
materials selection.

3. The mission of the functional manager is to make the
project work in the production phase.

Functionality Phase

[Step 3] Functionality Analysis. Functional design perspec-
tives are analysed between the functional departments for
materials selection of the wheel spindle. Functionality of the
departments is shown as follows:

1. Engineering: environmental requirements, machining type,
machining tools, etc.

2. Production control: resources (tools, manpower) coordi-
nation, etc.

3. Material control: inventory control, storage problem, etc.
4. Purchasing: availability, vendor, purchasing policy, etc.
5. Manufacturing: machining technique, machinability, etc.
6. Quality control: inspection tools, inspection technique, etc.
7. Human resource: manpower, direct/indirect duty coordi-

nation, etc.
8. Financial: direct/indirect cost, cost control, etc.

[Step 4] Establishment of Relationships. The relationships
between the subprojects (performance, time, cost, and risk) and
the functional departments are established according to the
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Fig. 5. Functionality diagram for materials selection of wheel spindle.

functionality of the department. Take the performance area of
design parameters, for example, the functionality of the relevant
departments (i.e. the engineering, material-control, purchasing,
manufacturing and quality-control departments) is in connection
with the performance area. The relationships are established
by way of the interviews carried out for the project. The
functionality diagram is established and is shown in Fig. 5.
According to the functionality diagram, the working levels of
project management are also established and are shown in
Fig. 6.

Integration Phase

[Step 5] Perspectives Representation. Based on the relation-
ships between the functional departments and the subprojects,
the project team members represent their different design per-
spectives in terms of their own functional viewpoints. The
performance area of the design parameters is considered as an
example. The project team members from the related functional
departments present their original design perspectives for
materials selection as follows:

Fig. 6. Project management of diversified product design parameters
for case study.

Fig. 7.Decision matrix of the performance design parameters for
case study.

1. Engineering considerations of the mechanical properties and
production planning.

2. Material-control considerations of inventory and storage.
3. Purchasing considerations of the purchasing policy and

transportation problem.
4. Manufacturing considerations of the manufacturing tech-

nique and machinability.
5. Quality-control considerations of the measuring technique

and measuring procedure.

[Step 6] Cross-Functional Integration. The cross-functional
integration of different design perspectives is implemented by
using a decision matrix. Take the performance area of the
design parameters as an example, a decision matrix for
materials selection of the spindle (BOM Code 1093L-P2020)
is shown in Fig. 7. Alternatives (materials A, B, C) are
proposed by the engineering department. The satisfaction rat-
ings of the decision matrix are established in the project
according to Table 3. The outcomes multiplied by the weighting
factor are summed for the functionality for each alternative.
In this case, material A having the greatest overall satisfaction
is selected. Finally, all design perspectives attributed to the
relevant functional departments are discussed and integrated
through a decision matrix with the full communication and
complete coordination. Each product design parameter is bot-
tom-up integrated in the project step-by-step. It is evident that

Table 3.Satisfaction rating table [1].

Rating Description

100 Complete satisfaction; objective satisfied in every
respect

90 Extensive satisfaction; objective satisfied in all
important aspects

75 Considerable satisfaction; objective satisifed in the
majority of aspects

50 Moderate satisfaction; a middle point between
complete and no satisfaction

25 Minor satisfaction; objective satisfied in some but
less than half of the aspects

10 Minimal satisfaction; objective satisfied to a very
small extent

0 No satisfaction; objective not satisfied in any aspect
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the proposed product design parameters are diversified for
materials selection for the wheel spindle.

5.3 Conclusions of Case Study

Diversified product design parameters are applied to support
the analysis of the materials requirements. Project management
with a heavyweight team structure provides an integrated organ-
isation for cross-functional problem solving. The benefits to
the company studied when using materials selection for the
wheel spindle are as follows:

1. Materials selection for the wheel spindle is more diversified
and rationalised in the design phase.

2. Materials selection for the wheel spindle is more accepted
and executable in the production phase.

3. “Time to market” and cost of the wheel spindle are
decreased resulting from the improvement of design iteration
attributed to proper materials selection.

6. Conclusions

This work presents diversified product design parameters which
are function-based and project-oriented for supporting the
analysis of materials requirements. Cross-functional problems
attributed to conflicts between the relevant functional depart-
ments are resolved in the organisation by the project manage-
ment with a heavyweight team structure. The different design
perspectives of each relevant department are integrated in the
project management of the diversified product design para-
meters. More importantly, the method forms the basis of
rationalisation for materials selection.

The features of the present work include the following:

Diversified product design parameters for materials selection.
A procedure of project management for diversified product
design parameters.
A case study showing the project management of diversified
product design parameters.

Future work should include the following areas:

Project Management with CPM/PERT should be applied for
estimation of time/cost parameters.
An expert system based on the diversified product design
parameters should be developed as the basis of rationalisation
for materials selection.
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