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Abstract

Today products are manufactured and marketed globaly and supply chains have dominated the
manufacturing landscape. Most companies have much wider product ranges. These companies
are introducing new products more quickly with a sharp focus on the market. As we move into
the new century, we need to incorporate these improvements to develop truly agile product
development process. There is trend towards a multiplicity of finished products with short
devedlopment and production lead times. An agile goproach to manufecturing faces the redlity
that we mugt serve customers with smal quantities of custom designed parts with perfect qudlity,
100% on-time delivery, and a very low cost. Companies are forced to organize themselves in

such a way that high qudity products can be developed very quickly in response to customer
requirements.

Globdization of the product desgn and manufacturing requires its practitioners to master
engineering methodologies, cultures, and languages from more than one country. The Internet
enables manufacturers to design and produce wherever these can be done most efficiently so that
any one globdly can be a competitor. Studying best practice used by dhers and benchmarking
them has become a standard procedure. The importance of globdization has dso been stressed in
the engineering criteria EC 2000 of ABET. The techniques listed in this paper are used by world-
class companies to guide the design, and development of high-quality products in a step-by-step
manner usng andytical tools and case dudies The paper highlights how a typicd product
design course should include topics on building a product team, new product cregtion Strategy
and process, credtive desgn techniques, impact of globdization on the principles of desgn for
manufacturing, design for disassembly, and ergonomics. In view of the deveopment in lean
manufecturing and information technology, emphasis on vaue sream mapping and its influence
on product development are important. The paper concludes by summarizing the specid topics
that need afocused approach to product design.
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Introduction

During the Second World War, quantity was the greatest concern to the user and the industry had
to respond to the demand. From the 1970s, the emphasis shifted and manufacturing had to
respond to demands for improved qudity. The industries developed basc knowledge of the
proceses as wdl as manufecturing logigics, which was followed by expanding dectronic
indugtry and factory automation. By the mid 80s, invesment in automation and tota quality
management began to show congderable promise. Rise in computer industry led to enormous
growth in both hardware and software. Through the use of computer technology, flexible
automdtion integrates product, process and management information into a sngle interactive
framework, which reduces the number of operations. By late nineties, Internet based
manufacturing was the naturd extenson of these paradigms, where an enterprise could respond
to deivery, qudity and vaiety. The new generation of manufacturing companies are adle to
identify and supply each customer’s unique requirements with an integrated sat of products and
sarvices that fit cod, timeliness and functiond requirements and that are flexible enough to
evolve with changes in the cusomer's needs. To do this, companies are developing core
competencies, organizationd structure, and business practices.

New Generation of Manufacturing

When we review the science of manufacturing, it can be concluded that the activity of
menufecturing is much more than the machining of metds or the eching of wafers for
semiconductors.  In the new competitive environment of manufacturing today, product cycles are
short and markets are fragmented, thus making quality and speed critica. The automation of
mechines - a pevadve technology impecting every dimenson of  manufacturing.
Microdectronicss, MEMS, nanotechnology, sensors is contributing to the development of
intelligent products. Photonics, light processing dectronics and ingrumentation  revolutionizing
the communication indudry. Hexible automaion system, inteligent processng of materids,
precison engineering, and technology of rapid prototyping that asssts in the credtion of a
product is aso noteworthy.

The new generation of manufacturing companies is able to identify and supply each customer’s
unique requirements- products and services that fit codt, timdiness and functiond requirements
and that are flexible enough to evolve with changes in the customer’s needs. Companies are
developing core competencies, organizational dtructure, and business practices. As a reault,
managers of the future must be more skilled a& developing and implementing manufacturing
drategies in totdity, rather than as a series of isolated, sequentid deps. The measure of
maneger’s ability to react fast to sudden, unpredictable change in cusomer demand for its
products and services and make a profit is very important

Changesin Product Development Concepts

The price of a product, which is marketed globaly, is dictated by world economy. Successful
companies are expected to be the ones that use the best practices of engineering approach, by
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focusng on product and process ddivery sysem and knowing how to transform process
innovations into technical success Some have moved the hard-core product design and
manufacturing from high wage locations to places where they can be generated inexpendvey. In
a globa economy tha is becoming more and more integrated, a shift is taking place in many
companies. These companies are dso undertaking actions for survival to generate products that
ae globdly compdtitive in a changing environment. Many have formed patnership with
suppliers, customers and international partners.

Technological innovetion in manufacturing has been influencing the meanufecturing  environment
and continues to influence the factories of the future Manufacturing technologies include more
than factory automation done. A systematic gpproach to the introduction of these technologies,
adong with changes in management practices, is essentid to generate potentid benefits. To
achieve thee benfits, manufacturers must implement advanced manufacturing technologies and
management practices throughout their operations. Manufacturing will require highly skilled
work force that can be very productive. Equipment has to be flexible with high emphasis on
qudity. In addition, highly accurate equipment will be needed which will be flexible to rapidly
changing set up. Companies tha do not move in this direction will become increasngly
noncompetitive.

Undelying the future of the manufacturing environment of tomorrow, ae the draegic
technologies that we recognize today as playing an important role in our planning in indudria
sector. The industries that are going to adopt these practices will be expected to make changes in
policies and programs that can resch these gods. They dso require collaboration among
government, industry, labor and educationd inditutions To achieve this partnership,
manufacturing companies must make organizetiond changes that will support the new company
culture.

Trendsin Engineering Education

Severd dudies have shown that employment in research and development high-tech indudtries
ae shifting dramaticdly toward sarvice indudries. The demand for high-tech workers is shifting
to jobs more involved with service cregtion than production of goods. Trend is towards more
engineers in jobs related to production of services compared to production of goods. Considering
employment in R&D — intengive high tech indudtries as a percent of dl non-farm, manufacturing,
svices, mining employment, - only R&D intensve sarvices employment gained. (Monthly
Labor Review (Luker)

Conggent with the overdl shift toward R&D intendve sarvices from manufacturing, dmost
three quarters of new production and non-supervisory occupdions were in R&D intensve
sarvice industries. Demand for high-tech workers shifting towards occupations that have more to
do with the production of services than production of goods
A survey of engineers under 30 in smdl private companies indicated (1):

- 19% arein companies with < 100 employees

- 8% arein companies with < 25 employees
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- 40% are in companies with > 5000 employees
The Trend is towards more employment preference in smal companies.

Magor dudies organized by Nationd Science Foundation (NSF) and American Society of
Mechanicd Engineers (ASME) has indicated that a change in engineering education is needed
and it is taking place. The period 1945-1960 is known as the era of hands-on education and use
of handbook, physca experiment. This was followed by the math-based, theoretical, computer
oriented era of 1960-85. There had been more clamors for reform and broader understanding of
the context of engineering practice during 1985-2000. There was a consensus for the need for
improvement without weakening what we have done in the past is evident.

Table | shows the differences between two modes.

Analytical Science Model, 1960-85 Integrative Model, 2000

Vertical thinking Lateral (functional) thinking

Abstract learning Experiential learning

Educationalist I ntegration-Connecting the parts

Develop order Correlate chaos

Understand certainty Understand certainty

Analysis Handle ambiguity

Research Synthesis

Solve problems Design/Manufacture/Process

Develop ideas Formulate problems

Independence Implement ideas

Technological —Science base Team work

Engineering Science Societal context/Ethics
Functional core of engineering

Table 1. Analytical Model and Integrative Model

Characteristics of 21St century education

Our graduates must be educated to understand the functiond core of the engineering process.
They should be able to andyze, synthesze and formulate problems and solve them, become
adept a group problem solving drategy. They should be able to recognize and contribute to the
rdaionship of the enginering enterprise in the socio-economic context. The development of the
motivation, knowledge base, and intellectua capability for career-long learning isimportant.

Some of the approaches to enable studentsto learn how to “work smarter” are:

1. Interdisciplinary, verticaly integrated red design projects

2. Collaboration with colleges of arts and sciences, busness and medicine in curriculum
development

3. Coupling between engineering technology & enginering programs that emphasze
complementary and evolving roles in the workplace

4. Expeimentsin professona magter’s degree

5. Recognition of educationa research and teaching as vauable scholarly activities
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6. Provide two-way trander of knowledge between universties, industry and
government |aboratories.
7. Taget lifdong learning and graduate engineering education

Impact on Product Design Curriculum

Design activity involves a broader range of disciplines:

The corporations have now redized that better and more functiond products can be developed if
the desgn team involves more expertise than just engineering done. This dlows the use of team
gpproach and concurrent engineering practices.

Globalization of engineering practice and increased competition:

The engineering practice is more globad and to be successful, engineers must undersand and
have a good gppreciation of the culture and history of the negotiating partners. At the same time
the globa competition is incressing and the international partnerships among firms are growing
to meet these chdlenges. This shows that the engineering education is now more globd in nature

Concept-to-product time shortened:
It is sad that the useful life of a product is only until a better product emerges in the market. The
designers have to reduce the cycle time for product design and build the best in avalable time

Companies narrow their focus to the core business:
Companies have redigned and narrowed their focus to sdected products that have a niche
market

New technologies emerge at a quickened pace:
The exponentid growth in computing and information technology, E-manufacturing, knowledge
management had changed the way engineering design and manufacturing is done.

Others:

Companies redize that better & more functional products can be created if we have better,
multifunctiond teams. Congantly changing work environment demands interpersond Kills.
Changing demographics, successin serving diverse customer base requires diverse workforce.

Changesin Engineering Practice

The design and devdopment of a product invariably involves condderable investment of time,
effort, and money. It is essentid that a new product is thoroughly examined and reviewed before
it is presented to the public. A company’s credibility, reputation, and finance rest on the
launching of each of its products. The fundamenta questions a product designer has to look into
are the Why? What? How? Who? and When? pertaining to the product. The god is to develop
the product that is best for function, manufecturing, rdiability and servicing. This is the ided
design, but one that is difficult to achieve. Thus, the process has to be managed in steps, which
ultimately have to be integrated successfully.
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Table Il shows a typica curriculum that can be used for product design courses. A typica
product design curriculum should make the students familiar with the steps in creetive product
design garting from concepts © production and marketing.  The students should be introduced to
various product redesgn techniques using case studies. They should learn about issues of desgn
for disassembly, rdiability, and mantanability and different tools that can easly have an impact

on the new product development process.

PRODUCT DESIGN - Product
Redlization Process

Design Approaches

Why Should Promising Products Fail?
Building Blocks of New Product Design
Comprehensive Strategic Plan

Impact of Design on Environment
Concurrent Engineering in Design
Impact of Modern Manufacturing

Tools and Techniques

PRODUCT DESIGN - Conceptua
Phase

Design Concept Devel opment Methodol ogy
Concept Selection Using Function Diagram
Function Analysis for Product Design
Understanding the Customer

Customer driven Product Development
Axiomatic Design Method

Inventive Problem Solving

PRODUCT DESIGN - Design and
Assembly

Design for Manufacturing M ethodol ogy
Impact on Manufacturing Processes
Systematic Process Selection

Manufacturing Processes and their attributes
Design for Disassembly

Design for Life Cycle

PRODUCT DESIGN - Tools and
Techniques

Tools of Optimum Design

Learning Curve Anaysis

Robust Design and Process Capability and Control in
Product Design

Failure Mode Effects Analysis

Product Modeling using CAD/CAM

PRODUCT CREATION -
Sreamlining the Process

Workplace Design
Product Line Design Based on Variation, Volume and
Optimization
Ergonomics in the Industrial Workplace
Managing Product Development
Building Successful Product Groups
Group Interaction
Sdf Directed Working Group

Table Il Product Design Curriculum
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Focused Approach to Product Design

Focus on the Customer

World-class manufecturers have placed grest emphasis on being close to the customer. Having
the customers fully paticipae in the desgn of his product can ggnificantly enhance the desgn
process. The customers bring their design skills to bear of the project and your company adding
its production skills into the equation. In some cases the suppliers and outsde process vendors
can aso be integrated into the design process so that the product is desgned to meet the
customer’s needs very effectively. This close cooperation alows for the development of service-
rich products that can evolve over time, as the customer and the company work closely together.
The products may be designed to not only meet current needs but aso to be reconfigurable to
meet the customers future needs. Attention is paid to configurability, modularity, and design for
the longer-term satifaction of customer requirements. The advantage of close rdationships with
the cusomer is that they help ensure that the product being developed redly meets customer
requirements

Focus on Concurrent Engineering

Key concepts of new product development include customer orientation, maor decisons, up-
front, concurrent development of product design and production processes, usng Cross
functiond teams, and use of efficient desgn and manufacturing techniques. The "voice of the
cusome™ mug be translated into product requirements that meet the needs and expectations of
the customers. This is an important step and must be done in the beginning. Customer
satifaction is a primary factor in the success of a product. These expectations can be
summarized in four terms better qudity, reiability, free maintenance, and lower price The
product development process uses the customer expectations as an input and concurrent
engineering as a design approach.

Focus on the Environment

The innovaion of new products has been exerting a more serious impact on our life and
environment than ever before.  Unfortunately, these technological changes have not dways taken
the impact on the enironment into account, in the enthusasm of maximum profit and
efficencies, and thus, become one of the mgor causes of environmental crises  The globd
nature of product design and usage has enhanced the relatiionship between the producer and the
user. It is logicd to conclude that the desgn stage has to be enlarged, fird in terms of the
ecologicd impact of the products, and second, in terms of the dudistic menta framework in
which the design activity is viewed. Ecologica effects in product desgn are an important area of
concern.  Just as we cannot put up a plant without preparing an ecologica impact Satement, a
product needs to be studied for its environmenta impact before it is put on the market.
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Focus on Modularity

Modularity is an important condgderation in maintenance of the product. Modularity dlows the
product to be repaired easily since parts are removed and replaced in modular form.  As a result,
the re-cyclability of these modules must be consdered during the design phase. This aso brings
the life cycdle of the modules into question. In generd, the life cycle of any product can be broken
down into four areas of interest:

1. Dedgn and development 3. Operationd Use and maintenance support

2. Production 4. Retirement and materid disposal

It is becoming increesngly obvious that during the desgn phase, enginers must think about
modularity. With modularity, some of the devices from exising designs can be utilized for the
newer desgns. The short technology life cycdle of many of the functions in these products
combined with customer demand for a wide variety of features necesstates that product
designers optimize the modularity of components for manufacturability and serviceability.

Focus on Materials and Management in Product Design

The regpid developments currently teking place in certain research and development fidds will
have tremendous effects on product design. Wide spectrums of information technologies,
biotechnologies, dong with other new maerids ae influencing the maket dgnificantly. The
enginering community is currently in the process of developing new materids with specid
characterigtics, to replace more familiar materids. For ingance, these materids are known for
ther power to weight ratio in engines and therr efficency. They work a much higher
temperatures and a the same time do not require any lubrication or cooling. Therefore, design
changes and subdtitution of one materid for another, are what we may expect on a larger and
larger scde. Micro miniaturizetion has been going on in the dectronics industry sSde-by-side
with miniaturization of mechanica products.

The importance of people, of cooperation within multidisciplinary teams, of communication and
of the fact that these sills and this knowledge are decisive factors in ensuring the success of the
design process and of the product. Badance within the team and in its interaction with the
customer is crucid, as well as an emphass on production, use and consumption. It dso clearly
demondrates that designers are decison-makers, that design is nothing but decison-making.
Now these decisons have implications and consegquences that often go far beyond the smple
designer-customer relationship.

Focus on Modern Manufacturing on Product Design

In ealy eghties mogt of the indudries were involved in organizing manufacturing operations
under contral through the use of formd production and materids planning, shop floor scheduling
and enterprise resource planning. This has happened with varying degree of success. In the
1990's many indudries have attempted to achieve world-class daus by implementing tota
quaity management methods. Some of them introduced just-intime manufacturing techniques
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like cdlular manufacturing, quick change-over procedure, one piece part flow, kanban, and other
techniques resulting in inventory reduction. Spurred by success dories, the industries moved to
team-based continuous improvement and experimented with sdf-directed work teams. Studying
best practice used by others and benchmarking them has become a standard procedure.

Aglity is the ability to succeed in an environment of constant and unpredictable change. There is
trend towards a multiplicity of finished products with short development and production lead
times. The impact of this is seen in many companies in the areas of responsveness, inventory,
and organizationd dructure. An agile gpproach to manufacturing faces the redity that we must
serve customers with smdl quantities of custom designed parts with perfect quaity, 100% or+
time deivery, and & very low cost. Companies are forced to organize themsalves in such a way
that high quality products can be developed very quickly in response to customer requirements.

Focus on Product Teams

The use of cross-functiona product development teams has a mgor effect on both g/cle time and
qudity. With people from different functions working together, development gets done faster
because activities can be done in pardld rather than in series Qudlity improves because people
from different functions work together to undersand and solve development problems. The
process is quicker and quality is better - so the net result is that it is aso chegper. Team members
come from functions such as marketing, design, service, qudity, manufacturing engineering, test
and purchasng. Often, key suppliers are included in the team. Sometimes, representatives of the
cusomer ae ads included in the team, dlowing the Voice of the Customer to be heard
throughout the development process. Team members work together, sharing information and
knowledge, and producing better results faster than they would have done if operating in a
traditiona product development mode. The end result is that products get to market faster, costs
are reduced and quality isimproved.

Focus on I nformation

The <kills and knowledge of the people within the company become a paramount consideration
as a company develops results-based marketing. This knowledge includes product knowledge
and experience, but it dso includes a rich depth of knowledge of the customer’s needs, anxieties,
and service requirements. Increasingly, the best way to create close customer awareness is to
provide the people within the company, and the customers themsdves a great ded of
information. This may be product information, company information, and education and training,
product upgrades, manuds, ingdructions and specification. Orders can be placed automatically
from the customer and scheduled within the plant, yidding the customer accurate ddivery
promises. The design requirements can be automaticaly picked up in the cusomer’'s information
systems without drawings or specification being printed and passed. This enables the company to
address cusomer needs with great speed. Desgn, delivery information, history, accounts
receivable, customer service contact can dl be integrated. The wide access to the Internet and the
World Wide Web opens up a standard and direct method of access information and providing the
customers with a standard link into a companies system. The Internet, and other networks, alows
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the customer to have a ample and standard link to place orders, make inquiries, send message,
and specify their needs.

Focus on Cycle Time

Cycle time has become a key parameter. Reduced lead times open up new market opportunities
and improve profits. They reduce market risk by reducing the time between product specification
and product delivery. The sooner customers use a product; the sooner their feedback can be
incorporated in a new, improved verson. In fast-evolving technologica environments, products
become obsolete sooner. The reduced time between products launch and product retirement
erodes sales revenues. Since this phenomenon depends on factors beyond a company's control,
the only way it can lengthen aproduct'slifeisto get it to the market earlier.

Bringing products to market quickly means that product offerings will be fresher and the latest
technology can be included because less time passes between definition of the product and its
ariva on the market. The company responds quicker to customers, gets more saes, and sets the
pace of innovation. A company, which is good a developing new products, can use this
advantage to gain market share.

Focus on Development Process

A dealy defined and wdl-organized product development process lies a the heat of an
effective engineering environment, yet only a few companies have teken advantage of the
potentia advantages it offers. To make improvements, the process has to be andyzed and
understood in detall.

Product devdopment is a complex process involving many poorly understood variables,
relationships and abdractions. Converting a concept into a complex multi-technology product
under these conditions is not easy. It requires a lot of effort, definition, analyss, investigation of
physicad processes, verification, trade-offs and other decisons. Companies without a wdll-
defined product development process wont get the benefits they expect from initiatives to
improve engineering performance. Without a clearly defined methodology, it's not known which
systems and practices are most appropriate - S0 the necessaxry integration of an initiative will be
difficult to carry out. Any gains that come from use of an initiative in one place are likdy to be
log in another place because a coherent solution hasn't been prepared. Companies that
understand this and put in place a clear product development process supported by a well-defined
development methodology have every chance of becoming market leaders. They can use the
methodology as the bags for involving people a& dl levds and in dl functions in defining,
designing, and producing the best product and getting it to the market faster.

Focus on Supplier

To respond to the need to get products to market faster, to reduce the cost of developing products
and to make sure the product provides customer satisfaction, the product development process
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needs to be re-organized. There are many possble gpproaches to re-organization. Most of them
will increase the reliance on suppliers. Companies that focus on upstream product specification
and design activities where they can best use ther resources will want to outsource downstream
activities where they are not cost-effective or are less competent than specidized organizations
so suppliers will have a greater role to play in these areas. For many companies, the cost of
purchased materials accounts for more than haf of their expenses, so it's a good place to try to
reduce costs.

Focus on Prototyping

Computer-based dmulation and rapid prototyping provide fast and low-cost proof of design
concepts. Simulation is carried out to study the performance of a system, product or process
before it has been physcaly built or implemented. Rapid prototyping is the production of a
physica prototype directly from a computer-based model of a part or product.

There are materid cogts savings because dl the activities of defining the process for meking the
prototype and then building it and testing it are no longer needed. Quadlity is improved kecause it
is possible to define and test many more potentid designs usng a computer-based modd of the
pat than when usng physcd prototypes The bendfits of Smulaion come from use of
computer-based models. The benefits of rapid prototyping come from use of physcd modds
produced directly from computer-based models.

Focus on Costing

Activity Based Cogting (ABC) is a coging technique used to overcome deficiencies of traditiona
product costing sysems which may cdculate inaccurate product costs. The reason for these
erors is often that the attributes chosen to characterize costs related to a particular product are
atributes of unit products (such as direct labor hours per product) whereas many codts (such as
set-up time) are related to batches of products. ABC is based on the principle that it is not the
products that generate codts, but the activities that are performed in planning, procuring and
producing the products. It is the resources that are necessary to support these activities that result
in costs being incurred. ABC cdculates product costs by determining the extent to which a
product makes use of the activities.

Conclusions

World-class companies to guide the design and deveopment of high-qudity products in a step-
by-step manner using andyticd tools and case sudies use the techniques listed in this paper. A
typicd product desgn course should include specific topics such as how to build a product
team, characteristics of a sdf-directed product team, new product creation Strategy and process,
credtive desgn techniques, principles of dedgn for manufacturing, desgn for disassembly,
optimization, and ergonomics. In view of the recent development in lean manufecturing and
information technology, emphass on vdue dream mapping and its influence on product
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development are important. The paper concludes by summarizing the specid topics that need a

focused approach to product design.
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APPENDI X shows the tools and techniques linking them to the product development phase.

Concept Development Phase Market Studies

Voice of the Customer
House of Quality

Design and Devel opment Function Analysis

Design for Manufacturing

Design for Disassembly

Product Modeling using CAD/CAM
Simulation

Optimization

Design for Six-sigma Analysis
Rapid Prototyping

Design for Environment & Service

Analysis and Testing Failure Mode Effects Evaluation

Robust Design
Satistical Reliability Analysis Tools
Design for Life-cycle

Process of Product Creation Workplace Design

Flexible Automation Tools
Value Stream mapping

Appendix | Toolsand Techniques
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