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Abstract
This thesis examines the past, present and future of industrialised architecture and

roles of computing in the evolution of the practice of architecture. Modern
manufacturing industries are now fully integrated with computers which control the
managementprocesses and manufacturing of products offering increased levels of
sophistication and quality while delivering enhanced economies and efficiencies. In
this respect architecture and the construction industry have not kept pace with the
advances demonstted in other industry sectors.

Given recent progress in the realm of digital architecture, the hypothesis is that the
potential industrialization of architecture and the greater use of machines to make
buildings do not necessarily result in a higher level of undesirable standardization

might lead to a similar revolution as seen in the wider manufacturing sector. This premise

XXV



is initiated by considering buildings as the result of a production processes, a view much
closer to the field of product design.

The methodology underpinnindpé research has been to follow the evolution of the
design process and the introduction of design computing through the development
of increasingly sophisticated technologies commonly employed within a range of
industries. Within this progression it Wik shown that all aspects of computing now
facilitate the advanced levels of design, communication, planning, manufacturing
and construction of just about all modern products. While it is acknowledge that
architecture has a different market from most otheanufactured goods it will be
evident that there are aspects of new manufacturing technology that if adopted,
would have fundamental implications for the construction industry.

Within the context of a broader investigation exemplary projects have beesen

to illustrate some of the desirable qualities of leveraging new technology. These will
demonstrate that architectural quality can be enhanced, efficiency and economy can
be delivered and that mass customisation can be achieved in a more sustaindble a

advanced level compared to other conventional methods.

1. Introduction

The research reported here intends to investigate new possibilities for building
design and construction through the application of the emerging digital technologies.
Given recentdvances in the realm of digital architecture, the hypothesis is that the
industrialization of architecture and the use of machines to make buildings should
not necessarily result in a higher level of standardization or just the repetition of
forms and spees which had become familiar in the era of post war mass produced
buildings. This document seeks to explore examples demonstrating different
approaches in applying digital technologies to the making of buildings where the
research has identified exemplaf the ability to enhance creativity, increase

efficiency, improve environmental impacts and tailor outcomes through individual

customisation.

XXIX



Usually the introduction of new technology or working methods will be viewed as a
threat to traditional valuesut here it is possible to propose a synergy from within
the examples cited above that would serve to enhance and protect the existing

vernacular values of traditional architecture.

Finally, there is the prospect that new manufacturing techniques andhimacy

could pave the way for the development of structures which could provide greater
scope for the design and customization of living spaces based on the needs of any
individual while also delivering economy and efficiency within a sustainable product

lifecycle.

1.1. Motivation and problem statement
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the designs which were being developed fugneering architects such as Gehry,

Foster, and others. were not common practice amongst the majority of other

architects; therefore for a while people could see buildings which not many
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knew the details of their design and construction. On the other hand, conventionally
most of thedza S 2F O2Y LIz SNBE Ay | NOKAGSOGAQ g2I
models which only carried a representation of the geometry but could not be
attributed with the real life features of buildings; consequently this is the only aspect
of Computer Aided 8sign known by many people and even architects. These types
of models were not useful in simulation, evaluation and ultimately the manufacturing
of the design. With the presence of Computeided Design applications and
techniques as design tools and natledly as means to visualise illusions, designers
are now able to add real life features to their designs and assess them in a virtual
replica of the real world. They also could define some rules which can for example
govern the structural features of desigand keep it in the feasible margin(Kolarevic,

2005).

Looking at the cities and our living spaces, we realise that, in the real world of building
construction the majority of our design proposals are based on conventional
concrete and/or steel and/or titmer beams and columns which, based on the nature
of the materials and the conventional construction methods, are lacking the
capability of handling complicated and multi curved forms. In the mainstream of the
current trend in design and construction, apémm the limits in form generation,
projects also inherited some complications on the construction site. In contrast with
the historical vision of a Master Builder, architects were becoming more and more
distanced from the construction work. Projects wdaiegely designed by a person or

a group and built by another group; usually the two groups had minimal knowledge
o2dzi SIOK 204KSNRa ¢g2NJ o !'a | NBadAZ G 02y
that were not resolved during the initial design phase ahe final structure was
subject to numerous alternations, distancing them from the original design. The lack
of transparent communication between all groups is wasteful and expensive and in
some cases may cause the dilution of important design concefite iiinal product.

Even if the design and construction teams were fully integrated and share a good
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be incapable of realizing complicated designs and taking advantage ohatesials.

With the expected standards in aesthetics and quality, producers need new tools,
techniques and means of communication in order to update their workflow and

products (McMahon & Browne, 1998).

The built environment forms a large part of the culil identity of many countries
which in turn means that architecture, as a cultural phenomenon, is influential on
the culture of people and therefore the local culture is consequently influential on
the architecture of that region. In fact architecturedlocal cultures share numerous
similar roots such as climate, historical background, religious beliefs, and local
customs. Nonetheless technical changes in the way of delivering buildings have
always had an influence on this cultural link. History hasvshthat the growth of

the global population had increased to the extent that the material needs of society
can no longer be met by hand crafted artefacts. The root of this problem lay in the
limitations to the quantities of goods able to be produced by oma@mmethods and

the attendant lack of economy in manufacturing both in terms of the time scale and
the material usage involved. In response to this scenario, industrialised processes
evolved to mass produce basic items in such quantities and at a costtpairwas
attractive to the consumer market. As a consequence processes and components
became increasingly standardised which, while delivering the desired efficiencies and
economies, have also reduced consumer choice and the opportunity for local
optimisation.

The significance of increased levels of standardisation is also evident in some aspects
of the design and construction of our built environment. At its extreme extent this
has resulted in generic building types being constructed all around thédwath

the consequence that there is an over reliance on electrical and mechanical services

to tackle the problem of poor indoor environmental quality. There is a similar risk in

(



ignoring local geographical and cultural features which tend to resulconigruous

and unsuitable architecture.

After the Second World War, the process of modern architecture [modern
architecture has varied description and scope and is primarily based upon the
industrial revolution of mid eighteen century. The term is widedgdito describe the
architectural movement at the beginning of the26entury.] was subject to a major
transformation that not only resulted in the evolution of modern architecture in
western countries but also had a significant influence on the ardhitecof other
countries. The extent of the destruction left by the war and subsequent
socioeconomic necessities of reconstruction brought modern architecture and
dzNB F yAAaY AyiG2 O2yaARSNIGA2Y Y2NB GKIFy |
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Europe were seeking to follow in the reconstruction and revival of theirtasar

cities (Etesam, 1995). Accordingly, high levels of standardization appeared to be the
favoured solution intie process of construction and renovation of the buildings and
cities. Hence, due to time and cost shortages, application of previous forms,
structures and construction techniques were often abandoned and architectural
decorations and details were sometisiexcluded in order to achieve a higher rate

of productivity and efficiency in building construction. This approach to the creation
of new buildings and the revival of cities has become even more intensified after the
Second World War (Mohammadzade, 2009).

The influence of post war shortages in Europe had generated a style of buildings and
urban construction which has been replacing the local architecture in developing
countries [especially where they were technologically dependent on Europe and the
United States]. Nevertheless the penetration of this relatively new style has mostly
ignored any sort of domestication that reflects the local social, economic, cultural,
climatic traditions and identities (Mohammadzade, 2009). Although there might be
some adapation to methods, structures, forms and the resulting spaces, the

majority of these revisions are now regarded as shallow and not fully compatible
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formed as modern architéare in developing countries appears to be mostly
deprived of any local identity, products that affect their users in every possible way
but still not responsive to their needs in respect of climatic, and cultural/social
considerations. Therefore, the inogatibility of architecture with the local
necessities has resulted in an increasing use of energy and natural resource, causing
modern buildings and cities to become increasingly unsustainable both socially and

environmentally.

Nowadays there is a bettemwareness of the limitations and problems of mass
production in building construction. People recognise that the quality of living spaces
relates to individual lifestyles and individual needs, many of which are informed by
cultural and social differencesmong diverse populations. Every day we hear about
new methods and devices which can reverse the negative effects of global
standardization, but their influence in the building design and construction industry
and the impacts of new possibilities in theahm of the built environment are as yet
unclear. What is the future direction of construction and Architecture? What
percentage of the population is actually involved in the design and construction of
habitable space? How can we increase the number obooizied living spaces while
improving the economy of construction projects? How can we design and build more

efficient and creative architectural products.

1.2. Research aim and objectives

The aims and objectives which this research seeks to address éoboavs:

A One: To investigate and describe the state of the art in the realm of
ComputerAided Design, Computé&ided Manufacturing, process planning
and the organization of work in digitally integrated production industries and
to study the possible peintials for improvement of the workflow and

production.

w
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To consider the history of digital design and production in order to
identify emerging trends

To investigate the role of computers in the systematic approach to the
design and productiono To compae the results of applying
conventional and digital tools

To demonstrate different aspects of the application of digital
technology

To determine the advancement in the quality of products using
computers

To illuminate the design/manufacturing link in a modern organization
o To investigate new means of project planning using compuélre
explore new potentials for supplier/producer/customer linkages
through the digital environment

To outline the potentih for ultimate productivity and efficiency
through new systems, methods and devices

To identify new strategic trends in design and productiofno define

the new approach towards making comprehensive models of products
to be used in design, production, gruct lifecycle and recycling

procedures

A Two: To study the notion of conventional approaches to industrialized

architecture and also to investigate the role of CAD and CAM in its progress.

o

o

To investigate the history of industrialized architecture andaitow

its path of progress, reasons for failures, elements of successes and
changes in the flow of progress

To define the poplar methods which are currently used to construct
LINEFFONROI SR o6dzAf RAy3aa Ay 2NRSNJ

advantages and dadvantages.



o To exhibit examples of using digital technologies for gaining extreme
creativity, productivity, efficiency and customization in designing and
making of buildings. In fact to demonstrate different aspects of digital

architecture.

A Three: To deermine the role of digital architecture and to explain the
potential for new improvements in this field.

o To study the impacts of globalization and undesirable standardization
within local societies

o To highlight the loss of vernacular values and subsetqbeilding
failures

o To investigate new systematic and technical improvements with the
potential to reverse the negative trend

o To establish the strategies to democratize architecture through
making architecture and uniquely designed spaces available and
affordable for the majority and to explore the potential for involving

communities in the creation of their living space.

1.3. Methodology

Based on the objectives of this research, the sequence of work was designed to
synthesise the literature and provide an original interpretation of the collected
information. The aim is to build a narrative that connects the rise of computidg an
its role in the delivery of economies and efficiencies within modern manufacturing.
Also to describe how aspects of technological and economic progress have
influenced the global construction industry. Further development of the concept will
be dependenton knowledge concerning the current qualities of the digital design
and production area, an understanding of the differences compared to traditional

methods and will conclude with observations on the future directions in the field.



Literature based studs will provide more specific data regarding the history of
industrial manufacturing of architectural products throughout recent history as well
as investigating the available common practices in this field.

Studying the architecture in the northern araéntral regions of Iran lays out a
historical context and will establish the fact that industrialization and modernization
have been culturally and ecologically influential within the local communities. The
intention of this part is to demonstrate the nessity for changes in the ways we

design and build our living spaces.

The next stage of research includes reference to examples in order to illustrate how
different influences have impacted on architectural design in different periods of
time. The intentim is that this part of the research will use existing buildings as
examples to show how digital architecture can influence the design and production
of building.

The presented research consists of a few main topics, each playing an essential role
in the formation of the narrative of the written document. One of the key elements

of this research is CADCAM and the quality of work in such a system of design and
production. In order to establish a firm knowledge base in this topic the research
refers to soures such asCADCAM Principles, Practice and Manufacturing
Managementby Chris McMahon and Jimmie Browne (McMahon & Browne, 1998);
Digital design and manufacturing by Daniel Schodek (Schodek & Bechthold, 2005);
Green BIMy Eddy Krygiel (Krygiel & Nie®08).

As the other major field in this research, literature based research then targeted the
industrialisation of architecture. The main references reviewed akechitecture,
Technology and Proceby Chris Abel (Abel, 200Mtanaging the building degn
procesdy Gavin Tunstall (Tunstall, 2008)¢hitecture in the digital age, Design and
manufacturingby Branko Kolarevic (Kolarevic, 200B&fabricating architecturey
Stephen Kieran (Kieran & Timberlake, 2004ipdern architectureby Kenneth
Framptan (Frampton, 2007)Prefab architecturdoy Ryan Smith (Smith, 2010). In



order to discuss the main topics in detail and explore the most recent works,
developments, innovations and case studies in the realm of digital design and
manufacturing, websites [SEc | & (0 KS W. NBIR O2YLI ye&Q gSc¢
website etc.], published papers, governmental and institutional reports, interviews
and books such d3igital Gehryby Bruce Lindsay (Lindsay, 20ymphony: Frank
DSKNEQa 2| i DADer&hSBordaZBHraeS200B); tias drolided some
very useful material.
As an objective, this research intends to highlight the potentials of CADCAM
technologies for making radical changes in the architectural process and
architectural products. In fact to imduce what has been achieved and what could
be achieved by using the Digital techniques in order to preserve architectural values
[creativity, innovation, efficiency, productivity, practicality,

customisation, availability] and how the built enviroent related problems
of our societies could be resolved by these novel methods and devices. This is gained
through reviewing the most recent presentations in wallown conferences [e.g.
TED] and ground breaking projects that are being developed by leadaagemic

organizations or small groups and individuals.

1.4. Chapter plan

The two chapters, which form the main body of this research, can be described briefly

as follows:

Chapter two: ComputetAided Design and Computekided
Manufacturing technologial overview

This chapter consists of twelve subchapters which intend to demonstrate the
technical capabilities of CAD and CAM. The initial part [2.1] is a brief exploration of
the diversity, penetration and capabilities of CAD. Of particular note is fsteras

were introduced by the high value, heavily capitalized industries but quickly became

more widely available to the general industry. In parallel to the advances and



adoption of CAD it can be seen that there is also a growing advance in associated
CAMtechnology.

After discussing the recent history of CAD CAM systems the next part [2.2] seeks to
review the typical definition of a design process by mapping a path through some
well established models of design. The intent is to provide the contexti@ora in

depth discussion of the relationship between the design process and the technology
of the production line.

Chapter 2.3 is an introduction to the concept of geometrical representation which
starts by briefly defining the idea of 2D representatfoliowed by a discussion of
representation through the adaption of graphical standards which reflects on the
deficiencies and limitation of the process. By the introduction of 3D models more
intelligence could be incorporated in the model.

Innovation wihin CAD triggers a movement from representation models towards a
system which can facilitate design evaluation and other design related processes. In
section 2.4 it can be seen that differing types of models could be made using
computers and what usefulikds of data could be attributed to them and how these
models can help throughout the design process.

As outlined in chapter 2.5 we are faced by the new found abilities of digital
techniques which can potentially revolutionize the conventional wayshith we
manage the organisation of projects. Based on the materials presented in previous
chapters, the discussion so far has revealed that computer aided design has become
ubiquitous and the development of design tools has led to the ability to construct
simulate and evaluate a representation of reality and so the next challenge is to
provide tools and techniques that also provide design decision support.

Despite the fact that what was mentioned so far was mostly focused on the design
phase the researchieported in chapter 2.6 demonstrates that in a concurrent
systems of work the definition of the relationship between design and manufacturing
is not just limited to discrete and sequential tasks but can be considered as a unified

and simultaneous procesdhe aim is to identify strategies which can lead to
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increased efficiency and economy and also provide the designer with better
oversight and control of the production process.

Having introduced the fundamental concepts of computing in design, process
planning and manufacturing process it is essential to introduce developments in
machines and machining processes. In chapter 2.7 it can be seen that as the
technology has developed we have witnessed the introduction of a wider range of
supporting computer basd tools i.e. automatic programming tools and cutter
location data files. The technology has also been extended throughout the
production line and now supports rapid prototyping and robotic controls.

Section 2.8 looks at different aspects of manufacturiplgnning by initially
investigating discrete manufacturing and the contrast with continuous
YIEydzZFF OGdzNRYy 3 YR dzAf GAYFGSte GKS STFFSO
the challenges of customised, customer driven manufacturing. The case issonade
GKFG GKS YIFydzZl OGdzNAy3I LINRPOSaa Aa |ff
desires and the ability to convert data into objects. Planning this process is crucially
integrated with time, cost and availability of raw materials.

The pursuit of evegreater production goals has led to the concept of Just In Time
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considers the tothty of the project and although hard to deliver may promise the
greatest return. Key to this concept is communications, flexibility in machinery
deployment, optimal accuracy and zero errors. Implementation of all the previously
discussed computer based quesses is essential to underpin the success of the
system.

The impact of all aspects of the digital technologies on manufacturing has been
compared to the industrial revolution of the previous century. Digital technologies
are supporting all aspects obaety and this impact is augmented by the ability of
disparate technologies to communicate and reinforce each other e.g. autonomous

vehicles. Section 2.10 is intended to briefly demonstrate the latest trends in the
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progression of CADCAM technology. As afiacturing and fabrication become more
complex there are more teams working on a greater variety of aspects of the project.
This calls for closer collaboration and better communications. On the other hand the
logical extension of CAD systems has resuttélde development of a product model
that contains all the information relevant to that object. Networks and internet
communications facilitate the sharing of knowledge and facilitate the connection of
those people who may work on the same project whetlo@ated in the same group

or from different groups. Nowadays accessing knowledge and updating the central
data model is a key to the success of projects where collaborative virtual teams may
gather from different parts of the world and participate in prcig, miles away from
their own location.

Since the focus of this thesis is the architecture industry, chapter 2.11 introduces the
Building Information Models as one family of product model that is used in building
construction. Traditionally productionf the necessary data to transit a project from
the design phase to the construction site was done manually as a result of the
collaboration of different groups of experts, each controlling a different discipline.
When computers stepped in the realm of llilg construction, activities such as 2D
drafting, structural estimation, bills of materials production and project management
scheduling were performed more easily, faster and with greater precision. The
ultimate goal in this field appeared to be the ctiem of an integrated organization

to contain all the building related activities in one virtual place which can provide
better communication between different stakeholders.

Section 2.12 provides a summary of chapter 2.

Chapter three: Industrialised ardtecture and the contribution of
CADCAM

In the previous chapter some of the features of CAD CAM systems and the ways in
which they can be used to improve the workflow in various industries have been
described. It can be a good time to narrow down the dsston to the industry of

interest which is Architecture and Building Construction. The intent of the first part
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of the third chapter [Traditional approaches towards industrialised architecture] is to
32 6101 Ayia2 (GKS KA aduld amswheh herdliatNdd Sign@fQ 6 dzA
computers or NC and CNC devices. Although the main requirement of this chapter is
to introduce the history of construction systems which would ultimately lead to the

F NNAGFE 2F WCAES G2 CI O avbldf this chaptekead? 2 f 2 3 &
right before the time when computers get involved in the construction industry since
the application of the digitaliriven methods are going to be discussed in following
chapters.

Following the exploration through the history prefabrication, chapter 3.2 attempts

to study the various types of popular materials used in prefabricated construction
and the different conventional prefabrication approaches and industrial techniques
that are being used to apply them in buildings. Apom the introduction of
different categories of building elements that are being used in such buildings,
different materials and methods of using them to fabricate those elements are briefly
explained.

As was mentioned towards the beginning of thiscdment, any systematic or
technological modification of the process may have vast cultural impacts both on the
local societies where buildings are built and in the groups which participate in
projects. The intent of chapter 3.3 is to demonstrate the depththese cultural
changes and the potential of these systems to create a new path in the progress of
architecture and construction that can lead the industry to deliver a more suitable
built environment both from a cultural and environmental perspectiverdy the

first part of chapter 3 is concluded by studying the history of prefabrication,
conventional prefabrication methods and an example showing the impacts of current

global standardisation on local societies.

The second part of chapter three illuates three examples each showing a
distinctive approach in the use of CAD CAM techniques. The first example is

dedicated to a discussion of the creative approach of Frank Gehry in designing the
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Disney Concert Hall in Los Angeles. Equally there is menfiomaoy other
inspirational projects from all around the world which used digital technology to take
the definition of building aesthetics and form generation to a higher level. The
aSO02yR OFaS RSaONRO6Sa (GKS . NRIF RgnafdyLJ y&Q
production of multi storey buildings. The efficiency savings run all the way through
the building lifecycle and even impact on recycling and reuse. Their level of efficiency
in design, evaluation and construction methods have broken many worlddseord

they are still working to improve them. The last example of this document as shown
in chapter 3.6 defines the work of a relatively new group called Facit Homes. Their
approach to the use of CAD CAM is to take building construction projects extremely
close to the Just In Time concept. Trying to apply as many as possible of the
optimization techniques in their production process, keeping the process as simple
and affordable as possible, creating a flexible production line to reduce the
manufacturing tine and associated cost as well as focusing on product customization
have made their approach to CAD CAM very interesting. The result is highly
customised buildings which have been constructed using modern techniques and
machinery that could now be more rddy available for wider application. An
improvement that could not be anticipated only a few years ago.

Based on the information presented throughout the preceding chapters we are at a
point where outcomes and results of the use of digital design andufaaturing in

the realm of building architecture could be identified. On the other hand in chapter
3.7 the focus is to show the most recent improvements of digital fabrication systems
which can be accessible for the majority of people even in remote afehs world.

This time, globalization does not necessarily means that people need to use the exact
same products all around the world. Using these newly available methods and
devices can enable us to produce almost everything on a global standard blyt high

customized based on local needs and the availability of resources.
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Section 3.8 presents a brief summgawf chapter three. In this section the reasons
why such examples have been chosen through the course of this research and the

relationship between these examples have also been explained.
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2. CAD and CAM technological overview

Before getting involved in any kind of project and starting any design work or
production initializatiyy 2 NJ S@Sy LI I yyAy3 GKS LINR2SO0a
the prospect of using any type of methods or strategies it is an advantage to know
about the abilities, limits and the quality of their current contribution in other
projects. This way the direioin of projects in which different project teams may get
involved is clear and it becomes possible to avoid many of the difficulties that may
occur later in the process. It is clear that the philosophy of the existence of
engineering and teams of engineesxdth different skills in every project have been
based on the optimization of processes, materials used and also the organization of
the work force and project framework etc.; however the limits and demands of the
modern market and features of the modemdustries do not allow much in the way

of trial and error or defects in the manufacturing of products as may have existed a
few decades ago. The current experience of providing services and artefacts for
society establishes the demand for high qualityieksied in a short period of time to

a large number of users with as little as possible waste and desirably with zero
defects. Growing competition and technological innovations have raised the bar in
the case of expectations in all aspects but fortunatelgnputer aided systems have
brought new resources and solutions to the work of designers, engineers and
manufacturers. Based on what is said so far and in order to realize the quality of the
contribution of the digital technologies in production industride contents of the
twelve sections in chapter two is intended to investigate the design approaches and
tools. This is then followed by an introduction to manufacturing devices,
organizations and planning strategies. This then leads us towards the dbility
envisage the generation of new forms, flexible production lines, mass production and
customization all gathered together in order to facilitate the realization of design
proposals and raise the quality of products and optimize the processes, matsgial u

and human resources.
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Part one: History and basics

2.1. CAD and CAM progress timeline

2.1.1. Introduction

This chapter intends to deliver a very brief narrative in regard to the developmental
chronology of Computer Aided Design [CAD] and CompAided Manufacturing

[CAM]. For the purpose of commencing an investigation on any matter it is always

useful to step in through their background to gather knowledge about the way which
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regarded as the foundation from which it is possible to enter the vast realm of digital
technologies being used in the design and manufacture of all products, ahe in

case of this research, buildings. CAD can be seen as the starting point for the digital
production process; therefore the historical research within this document will begin

with Computer Aided Design.

2.1.2. CAD

Even a cursory review of the work wiost modern design companies over a wide
range of industry sectors establishes the fact that using CAD has become an
inseparable element in modern design and manufacturing. It is not only technically
advanced industries such as aerospace, architectureraedicine but it has also
penetrated through domains such as entertainment, advertising and other creative
industries as exemplified by film and animations, one example of which is shown in
Figure 2.1. Originally developed in the early 1980s as an aidlrefting and
documentation, software now plays a more dramatic role in its ability to expand the
capabilities of designers and now may be utilised to demonstrate, calculate, simulate,
evaluate and fabricate their increasingly highly detailed productscBI&siCAD is the

foundation for modernized systems which allow better communication and the
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exponential growth of creativity and productivity in almost any project in any domain

(McMahon & Browne, 1998).

Figure 2.1 Motion capture

Waz2 A2y al@igitaliedhNiBue dsed in animation and movie making to recreate natural movements in
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body joints]. Those sensors capture the movementsauh join and body parts. These data then could be used

to make digital movie frames or even to move robots in factories. Picture (Hamm, 2007).

Previously the expectation of the output from CAD packages was limited to 2D
printed sheets or virtual modelsNow new and advanced rapid prototyping
techniques have the ability to produce a physical prototype of the design relatively
easily and in a considerably shorter period of time as compared to traditional
techniques [Figure 22]. Unlike before, CAD modaels a more sophisticated BIM
system [an objecbriented system] now contain more sophisticated data [such as
bills of materials, schedule, performance data, production plans, etc.] rather than just
the classic package of shapes or dimensions [known asigregpresentation]. By

the presence of these relatively new tools the traditional manual methods of drawing
and presentation are being gradually eliminated even in many universities and

schools. Since the development of CAD systems are highly relateahtputers,
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knowing about computers can take us to the roots of this relationship and emergence

of CAD (Krygiel & Nies, 2008).

"

Figure 2.2 Stereo lithography
Stereo lithography, a rapid prototyping technique using information from 3D digital CAD models and
produces the physical replicas by plastic materials. Picture (Proto3000, 2012)

A history of devices which can be considered to be computers [based on the
definition of computers as machines capable of calculation and programmability]

dates back to 2500 B.C. when Sumerians used the Abacus (Ifrah, 2007); but in fact

the first time when the term Computer was used can be traced back to the edtly 17

century (&ford English Dictionary, 2009). Nonetheless mankind had to wait until the

mid 20" century when Konrad Zuse [Figure3} developed the concept of the first

digital and programmable computers as the initiators of the current theme in the

digital technold A Sa o6 Cf ALII2E HaAMoULD® LY mMpnnanQazx |
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Study on the mathematical definition of curves founded new descriptions of
geometry that have opened newopsibilities in the formation of digitalyrocessed

geometries and added the promise of graphical processing capabilities to computers

that previously were mostly used for calculations
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Douglas T. Ross who was inspired by the display devices on American defence radar

systems that can now be considered as the first graphic systems and were in use from

1950 (Ross, 1960).

Figure 2.3 Konrad Zuse and the Z1
Konrad Zuse beRiS KA da YI &G§SNLIASOSE wWvmQ (GKS FANRG LINRBANI YYI Ot S

It is evident that the aerospace and automotive industries were at the forefront of
development and were able to take full advantage of digital graphicesyst

European and American car manufacturers focused on design, calculation and
production of multi curved surfaces for their products and among them Pierre Bezier

has been recognised as developing the most distinct inspiring and pioneering work in
designy 3 O NJ 602RAS& |4 GKS wSyldzZ G LY wmoppT
CIHOKSNJ 2F /! 5k/!1aQ LINRPINIYYSR UGUKS Wt NRY
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systems. Later in the early 70s he explored the limits of Computer aided technologies

by foundingtheWa | y dzF I Ol dzNAyYy 3 FyR [ 2y adz GAyYy3
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His company developed software and hardware bundles which were used at that

time by leading companies such as McDonnell Douglas.tBoagh there have been

numerous advancements in the area of CAD/CAM technologies, it has been

estimated that 70% of all the current CAD/CAM systems are based on what the
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Figure 2.4 Hanratty and the Anvid000
Dr. Patrick Hanratty beside the CNC package called AJ0_which was released in 1981 by his company

MCS. Picture (Dalton, 2004)

¢KS LINPINBaa Ay RAIAGEE 3IS2YSGNE A& NBf
hardware and software, but the initial breakthrough can be attributed to the
sketchpad project [1960] by Ivan Sutherland at the Massachusetts Institute of
Technology [Figure 5] which facilitated a better user interface with computers. In

fact the sketchpad was the first tool to develop graphical interaction and was

followed by innovations such as the digitizer and the light pen (Sutherland, 2012).
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By the end of the 1970s what was at hand as a CAD system at a cost of $125,000
consisted of a 1®it minicomputer with 512kb of ram and storage capacity of up to

300 Mb (NASA). Due to the high cost of the hardware, CAD technology first became
used in those industries with a particular interest in form generation and geometry
simulation such as within thear, aerospace and electronics domains but gradually

the technologies achieved penetration within a wider range of industrial areas.

2

Figure 2.5 The SketAchpad
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[under left hand]. The four black knobs below the screen control position and scale of the picture. Picture and
descriptions (Mdller, 2012).

Time has made all those new technologies not to be seen just as exclusive products
and now many other companies and industries find these technologies affordable
and are able to leverage their capabilities in all areas of design and manufacture. In

the mid 60s the first interactive graphics manufacturing system was designed by

R

,

Hanratty inO2f £ F 62N} GA2Y GAGK GKS DSYSNIft az2i
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focusing on designing interior office spaces. Eight years later, the narrow path of CAD
technology became wider as mampmpanies focused their work so as to offer

further advancements in mechanized design systems. This expansion is mostly owed
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2.1. CAD an€€CAM progress Timeline
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Drafting and Machining] was released by MCS and soond its place among the
pioneering commercial digital products serving mechanical design. At the same time

the first prospect of an extension of CAD towards integration with CAM has been

made possible due to innovation ofeXis N/C machining tools (MG512).

LY YAR T1n&a W' a5Q w! @diazya al NOSt 51 aal dz
software licenses [a package called Compu#tegmented Drafting and
Manufacturing also known as CADAM] from Lockheed. In just two years [1977] they
formed a group focusingn creation of 3dimensional interactive software which was

the predecessor of CATIA [Figure .@ [ComputerAided ThreeDimensional

Interactive Application]. The first version of CATIA was released in 1982 as an addon.

It was capable of 3D design, surfadefinition and numerical control planning

(Bernard, 2003).
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Figure 2.6 CATIA
A screenshot showing a recent version of the CATIA work environment designed for mechanical engineering
projects.Picture (Idex Solutions Inc., 2004).

That breakthrougtcoincided with the advent of more powerful computers at lower
LINAOS& FYR GKS FT2NXYIFGA2Y 2F (GKS Wl dzi2z2RS &
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CAD software for PCs with the goal of marketing at a relatively low price [under
Pbmnnné yR (KS Hdi GOXWEikka dévelagmecdt/and the
constant improvement of tools and abilities made this CAD software arguably the
most popular amongst the current users of the technology. However other
companies such as Bentley systems [Est. 1985] alsgbtooany of new tools and
techniques into this world.

Comparing to other major industries, architecture was among the first to benefit
from the efforts of software developers who produced a modelling application called
WI NO/ ! 5Q% & LIS OusEs)inl9812in 199EXD6tddésks e canmhthetfifth
leading software company due to their outstanding improvements onto AutoCAD
and 3D studio. Their attempt to produce specific version of CAD software for each
field of industry proved to be a great successtlhie company. It was mainly their
endeavours which made it possible for users to purchase comprehensive CAD
software in a reasonable price and run it on their own ubiquitous PCs and make the
best out of cuttingedge technologies, it was accessible angossive to students,
professionals and at the highest level of industrial needs. Their rtl@dlock
technical support and constant development cycle keeps Autodesk always a few

steps ahead of their users and responsive to their needs (Jassi, 2013).
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Hgure 2.7 AutoCAD
A screenshot showing a recent version of AutoCAD work environment. Picture (Cloud Atlas, 2013).
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2.1.3. CAM

In general, the action which is defined by the term CAM or Computer Aided
Manufacturing is to conduct the processfabrication and provide necessary data to
control machinery and manufacture a product through digitally driven devices and
applications (Hosking, 1992). In a broader regard to the term it may also refer to other
miscellaneous groups of activities contralley computers which result in fabrication

of a product which may range between designing to shipping schedules or
supervision throughout the product process (Pichler & Diaz, 1992). The distinct
product of CAM systems is a lean production process rathan flast objects. It
enables factories to produce in shorter periods of time with much less waste of
material and energy. These elements have a direct influence on increasing
productivity and reduction of production costs. Accurate machining tools devhp t
quality of final products. In addition CAM systems are capable of fabricating
complicated objects which otherwise in most cases are not feasible using other
conventional methods of manufacturing [Figure.&. A direct link between the
designed objectand the manufacturer in a CAD/CAM system also makes the final
product as much as possible close to the purpose of the design and with as few as

possible errors during the process (McMahon & Browne, 1998).
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Figure 2.8 Multi-curved surfaces
Curvedsteel plates in conference chamber of the DG BBeKin designed by Gehry and Partners and built in
2000.Realization of some forms is not possible using traditional methods. Picture (Wikime204.0).

What we see today as the great capabilities of #é 2 Y LIdAIRSNR a | y dzF I O d:
aeaidsSya Aa 2NRAIAyFEte adSYYAy3d FNRY Wb/ Q
series of programmed sequential commands which orchestrates one or more tools

to execute certain prelanned actions based on a precisenitig and order of

actions. These lists of commands are saved and fed to machines via various types of
media. The concept of Numerical Control is also highly related but at the same time
different from the mechanical control which existed long before N@nipkes of
mechanical control could be found in car engines [camshaft], factory machinery or
AAYLE & AY WYdza A9D.ITheir poputadyiican be Caked deiSto the

1800s where cams mechanically controlled the movements of parts that each was
capable of creating exact musical note by small pins or other family of components
(Chapuis, 1980). Although cams had been used since 300 BC it was only around a
century ago at the time of the Great War that those media which were responsible

for dictatingcommands to machines had reached to their full potential and were

used in many devices and war military machines(Wilson, 2002).
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Figure 2.9 Cam shaft
A cam shaft was designed to control the sequence of musical notes made by a metallic comb usioltdax.
Picture (deviantART).

Signalling the end for the dominance of mechanical control, John Parsons can be
recognised as the father of NC machining tools(Ward, 1968). In the process of
designing a helicopter his team used punched card calcul®dtsa A 3y SR 06 &
From this experience he formulated the idea to automate the process of milling,
cutting and connecting the components and fundamentally initiated the automated
manufacture of the aircraft. Thus the first NC manufacturing machines usechpd

cards [Figure 210] to store and transfer fabrication and machining commands to the
machines and acted as a connector of the design to the automated fabrication

procedure(Smil, 2006).
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Figure 2.10 Punch card
Punch card operator, a personsgonsible for manually encoding the manufacturing commands and presenting
them on punch cards. Picture (Fuller, 2010)

As the technology matured, the focus of research and development concentrated on
bringing accuracy to automated processes. At this tiheeuse of a Servomechanism

was a step forward in the field of NC technology. Although engineers could transfer
stored commands to machines the main obstacle in the way of increasing precision

in production was the lack of machine feedback and an analytiodl in the
production line which could assess the ongoing progress and redirect commands
based on the production line conditions [basically to monitor and check to see if the
process is going as planned, and that machines are doing the correct job end th
results are as desired]. The presence of such control systems could also add to the
2LISNF G2NBRQ FoAfAGASAE (2 2NHIYAT S GKS Yl

Parsons developed his machine and produced an integrated device to fabricate
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perfectly pecise components which were a product of the work of the
Servomechanism Laboratory at the Massachusetts Institute of Technology. Later in
1955 MIT replaced the punch card with a magnetic tape (Seames, 2002). NC
techniques slowly but constantly spread thghout various industry sectors and the
benefits were convincing to the point that Boeing published a report asserting the
efficiency of NC (Makely, 2005). After further research on the input methods of the
NC systems, MIT also published a report indicétwegbenefits of NC over manually
controlled machines while criticizing the time consumption which had moved from
fabrication of objects to programming the magnetic tapes. However the presence of
computers was revolutionary and fundamentally changed thg théngs were being

designed and produced.

By making the Whirlwind [redime computer] at MIT in late 1950s [Figure 12],

John Runyon and his team dramatically lowered the time needed to produce tapes

for NC machines by up to almost 97% through drept program to automate the

process which was seen to be much faster and more precise than the existing manual
methods (Ross, 1978). The first computer integrated Numeric Control system was
released as a result of MIT collaborating with the aligned grofimerospace
companies in 1959(MIT Tech TV, 1959). In 1970 Lockheed acquired

W5 A3FAINI LIKAOEAQ wO2YyiNRf RIGIB FYyR I LILX ASI
Galaxy [Figure 211]. This aircraft has come to be regarded as the first integrated

product of CAD/CNC.
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2.1. CAD and CAM progress Timeline

Figure 2.11 The C5 Galaxy
The C5 Galaxy, the first product of CAD/CNC technology. Picture (Demand Media, Inc., 2013)

It is evident that changes in the field of CNC was not just the preserve of one institute
or company and had lem pieced together gradually to build the present state of the
art. Despite all of the revolutionary innovations in the field of digital technologies,
each of which had opened new opportunities for CNC to grow in capability and
acceptance, in similar manndo that seen in the CAD world, it was the price
reduction of the hardware and computer applications that made CNC popular
amongst manufacturers. A large variety of industries has flourished under the
capabilities of computer controlled production; nevieeless no one can disregard
the contribution of both MIT and the Aerospace industries in helping promote the
technology as being both affordable and practical. This developmental trend had
continued until the present when it can be seen that there is inst presence of

CNC systems even in the smallest manufacturing companies.

30



_m‘({t"’ ™ e ‘ o 2
-.mrmmrum ‘J‘”“" "

( :1{;11!:111&1“! ~"=‘="

! ’c. .!,:‘\\ Yt

Figure 212 The WhirlwindPicture
(Ganapati, 2010).

As the technology began to deliver tangible benefits, more manufactures of this
equipment brought more models to th@arket. This wider range of equipment also
started to be used in a wider range of applications. This in turn meant that with this
gradual acceptance there came a need for standardization of programming
languages, fabrication commands and machine contralo@ is one such example
which today has become a defacto standard (Smid, 2003).

Today there are all sorts of CNC systems each use series of strategies, applications
and materials to serve a range of industries. Now there are 2D cutting and milling
machnes of a large variety of capabilities [FigurelB], and other 3D subtractive
[Figure 2.14], additive [Figure 21.3] and formative [Figure 25] devices which add
much more flexibility to production lines(McMahon & Browne, 1998). The current
popularity of such system and with their affordability, ease of programming and the

ability to integrate with almost all of the common CAD applications have brought
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these machines even to our homes. As well as seeking to develop extended
capabilities of this tehnology, R+D engineers are also trying to reach a domestic
market. This way, customers can buy a design, or even design something themselves

[as CAD applications are getting as easy to be used by everyone], and ultimately print
their own products that tkey might need in their homes. It may not be a legal or moral

action, but one of the most recent examples has been the open source organization
Ottt SR W5STFSyOS 5AaiNA0dzISRQ ¢K2 RSairdays
could be downloaded from theniernet and could then be actualized by a 3D
printer(Greenberg, 2012).

After briefly following the development o

progress in the CAD and CAM technolog:
over the past decades in this chapter, tr

following sections of the CAD and CA:

technological overiew intends to deliver a
more detailed definition of these

technologies and to explore the capabilities

they add to industries and their products

within the current manufacturing domain.

Figure 2.16 Laser cut device
Laser cut devices are one of tBB fabrication

Figure 2.14 CNC milling
devices. The 2D operation can lead to the

CNC milling machines are the min devices used for
production of 3D objects as parts are assembled subtractive manufacturing. Picture (Lmnts).
together. Picture (Subcon Laser Cutting Ltd, 2013).

32



Figure 2.15 Robofold Figure 2.13 Additive technique

RoboFold, a new formative CAM technology. Additive techniques use large variety of materials Picture (Piasecki,

2009). to create forms. Pictugesignboom, 2012).

To summarise this section, figure below demonstrates the overall timeline of the
CADCAM progression through the past seven decades. It contains significant

movements which have happened during this period of time.

1950 | The first graphic system was developed by US Air Force's SAGE (Semi Autor
Ground Environment) air defense system. The system was developed at
Massachusetts Institute of Technology's Lincoln Laboratory.

1957 | Dr. Patrick J. Hanratty known as "tRather of CADD/CAM" for his pioneering
contributions to the field of computeaided design and manufacturing, develop
PRONTO, the first commercial numericahtrol programming system.

1960 | McDonnell Douglas Automation Company (McAuto) was foundgthayed a
major role on CAD developments with the introduction of CADD program.

1962 | SLS Environectics in Chicago began development of theMamachine,
intended to draft plans for interior office space.

1965 | Donald Welbourn heard a lecture to tlngineering Society by Strachey of the
Mathematical Laboratory (now the Department of Computer Science) on the ¢
work at MIT on Computer Aided Design (CAD).

1967 | Dr. Jason R Lemon founds SDRC in Cincinnati.

1972 | The MCS company's first produdDAM (Automated Drafting and Machining),

was released in 1972, ran on-b@ computers, and was one of the first
commercially available mechanical design packages.
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1975

AElectronic Data System Corporation (EDS) is founded.

AAvions Marcel Dassault (AMpYrchased CADAM (Computaugmented
Drafting and Manufacturing) software equipment licenses from Lockheed th
becoming one of the very first CADAM customers.

1976

United Computing, developer of the Unigraphics CAD/CAM/CAE system, acq
by Mc DonnelDouglas Company.

1977

Avions Marcel Dassault assigned its engineering team the goal of creating a
threedimensional, interactive program, the forerunner of CATIA (ComAitiad
ThreeDimensional Interactive Application).

1979

Boeing, General Electric and NIST develops a neutral file format as a contrac
Air Space called IGES (Initial Graphic Exchange Standard).

1981

Unigraphics introduced the first solid modeling system, UniSolid. It was based

PADL2, and was sold as a staatbne product to Unigraphics.

1982

ACATIA Version 1 is announced as anaugroduct for 3D design, surface
modeling and NC programming.
AAutoCAD Release 1.0 was launched.

AA company called-BAD released a CAD program called CADplan. Later the
product was purchased by CalComp and renamed CADVANCE.

1983

AUnigraphics Il introduced to market

AAutoCAD Release 1.1 was launched.
AAuUtoCAD Release 1.2 was launched.
AAutoCAD Release 1.4 was launched.

1984

AutoCAD Release 2 was launched.

1985

ACATIA Version 2 is announced with fully integrated drafting, solid and robot
functions.

ACATIA becomes the aeronautical applications leader.

AAutoCAD Release 2.1 was launched.

ADiehl Graphsoft, Inc. is founded and the first version of MiniCAD is shipped
same year. MiniCAD will become the best selling CAD program on the Mac
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1986

A Dassault acquires CADAM
A AutoCAD Release 2.5 was launched.

1987

AGeneral Motors selects Unigraphics company as a Strategic Partner
APro/ENGINEER-1987 (Autofact 1987 premier)
AAutoCAD Release 13 was launched.

AAuUtoCAD Release 2.6 was launched.

1988

A CATIA Version 3 is announced with AEC functionality. CATIA is ported to IE
UNIXbased RISC System/6000 workstations. CATIA becomes the automoti
applications leader

A Surfware Inc., ships the first version of SurfCAM, a CAD/CAM program.

A AutoCAD Releasd was launched.

1989

Parametric Technology ships the first version of Pro/ENGINEER

1990

0 McDonnell Douglas (now Boeing) chooses Unigraphics as the corporate st

for mechanical CAD/CAM/CAE

O AutoCAD Release 11 was launched

1991

AGE Aircraft Engine and GE Power Generation select Unigraphics as their
CAD/CAM system
APro/ENGINEER 8.02991

1992

A CADAM was purchased from IBM and the next year CATIA CADAM V4 waj
published

A Pro/ENGINEER 9.0992

A AutoCAD Release 12 was launched.

1993

A Pro/ENGINEER 10.0993
A Pro/ENGINEER 1%1.0993
A Pro/ENGINEER 12.0993

1994

A Pro/ENGINEER 13.09940 Pro/ENGINEER
14.0- 1994
A AutoCAD Release 13 was launched.
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1995

ADassault Systems ships ProCADAM, a shorter version of CATIA for use on

systems.
APro/ENGINEER 15.0995
AUnigraphics on Microsoft Windows NT debuted

AFirst Autodesk Web site www.autodesk.cehCADKEY version 7 was launche

1996

ASolid Edge version 3 from Intergraph hits the market at the price of around
6000.

AEDS Unigraphics version 11 with 4 new CAM modilés August Autodesk
ships Mechanical Desktop version I.Camand version 11, a CAM product fr
SDRC.

AcCorel Visual CADD version 2 (a 2D program) and CorelCAD ( a 3D version
Corel.

APro/E version 17 with a new module which allows files to be exported into V
file format for display on the Internet.

APro/ENGINEER 16.0996

Aln 1996, it was portedrém one to four Unix operating systems, including IBM

AIX, Silicon Graphics IRIX, Sun Microsystems SunOS, and {Rewkettd HRJX.

1997

AAutoCAD Release 14 was launched.

ATurboCAD Professional version 4 from IMSI.

AVGX technology from SDRC provides intuitive interaction for the design ang
modification of parametric featurebased solids. It will be used first HDEAS
Master Series 5.

APro/ENGINEER 17.0997

APro/ENGINEER 18.0997

AFirst version of IDEAS AdisSeries from SDRC, fully compatible with Master
Series, priced at ~ USD 5,000.
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1998

AAN entirely rewritten version of CATIA, CATIA V5 was releBdedst version of
IronCAD for VDS market.

ASolid Edge version 3 from Intergraph with more than 150 new features.

ATurboCAD Professional version 5 from IMSI.

APro/ENGINEER 19.0998

APro/ENGINEER 20.0998

A1998, V5 was released, which was an entirely rewritten version of CATIA, w
support for UNIX, Windows NT and Windows XP since 2001

1999

AUnigraphics Solutions signs fiyear, $43 million contract with Boeing for
CAD/CAM Software

Aln June Pro/E 2000iag launched.

APro/ENGINEER 20060i999

AUnigraphics Solutions Acquires German kigth Company, dCADE.

AMarch- Dassault Systems introduces CATIA Version 5.

AAutoCAD 2000 was released.

2000

ASDRC, a global supplier db@siness collaboration solutions for the product
lifecycle, announced on MarctDEAS 8, a major software release to enable
edesign automation.

A Dassault Systemes and announced the readiness of CATIA Solutions Versi

Release 3(b) (V5R3) for Microsoftidtows 2000 operating platform.

APTC announced two major updates to its RB€ries of flexible engineering
solutions: Pro/MECHANICA 2000i? and Pro/DESKTOP 2000i2.
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A Dassault Systemes announced that it plans to integrate Microsoft's Visual B
for Applications into its products, including SolidWorks, CATIA, SmarTeam,
ENOVIA, and DELMIA..

AIBM and Dassault Systemes launched Version 5 Release 5 of CATIA, to be
availabé for Windows and UNIX.

A Delcam has been the world's leading specialist supplier of NC machining
software and services during 2000.

A Second position is Hitachi Zosen followed by Cimatron.

A solidworks 2001

AUnigraphics Version 17 was launched.

APro/ENGINEER 2000i2000

A AutoCAD 2000i was released.

2001

A SolidWorks 2001 Plus launched

A SDRCDEAS was bought by its competitor, Electronic Data Sydlems
Unigraphics Version 18 was launched.

A Pro/ENGINEER 202001

A AutoCAD 2002 was released.

2002 | A SolidWorks 2003 was released.
A Unigraphics NX was launchétdPro/ENGINEER
Wildfire 1.0- 20020 AutoCAD 2003 was released.
2003 | ASolidWorks 2004

AUG NX 2 was launched
AAutoCAD 2004 was released.

2004

ASolidworks 2005

AEDS sold off its EDS PLM Solutions business to the private equity group of
Capital, Silver Lake Partners, and Warburg Pincus in 2004. The company
resumed operating under the UGS name following the private equity sale.

AUG NX 3 was launched.

APro/ENGIEER Wildfire 2.020040 AutoCAD 2005 was released.
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2005

O SolidWorks 2006 (Native Windows x88 version was released from SP4.0

onwards)
AUGS purchased Tecnomatix Technologies Ltd.
AAutoCAD 2006 was released.

2006

A SolidWorks 2007 (A Beta version for Vista
exists with limited support.l UG NX 4 was launched.

A Pro/ENGINEER Wildfire 3.20060 AutoCAD
2007 was released.

2007

ASolidworks 2008: Includes full support for Vista x86. Out in October, 2007.
includes native Vista x64 support

AUGS was purchased by Siemens AG in May 2007, and was renamed Siem
Software.

AUG NX 5 was launched.

AAutoCAD 2008 was released.

2008

A SolidWorks 2009: Released September, 2008. Includes native Vista x86 an
support. Final update is SP5.1

A Solid Edge with Synchronous Technology was launched.

A Dassault announced and released CATIA V6.

APro/ENGINEER Wildfire 420080 AutoCAD 2009 was released.

A 2008, Dassault announced and released CATIA V6.While the server can ru
Microsoft Windows, Linux or AlX, client support for any operating system ot
than Microsoft Windows is dropped

2009

ANX 6 was launched by SIEMENS PLM Softwares.
ASolidWorks 2010: SP0.0 Released October, 2009.

ASolid Edge with Synchronous Technology 2 was launched.
APro/ENGINEER Wildfire 5.2009

AAuUtoCAD 2010 was released on 24 March 2009.

ANX 7 was launched by SIEMENIS Softwares
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2010

A AutoCAD 2011 is launched on 25th March 2010.
ANX 7.5 launched in mid 2010. NX 7.5 to include more industrial design
enhancements to make styling easier.

ACreo element pro R 5.0 launched in2010.(Pro/Engineer)

A SolidWorks 2011: Launched in jun 2010.

ANovember 2010, Dassault launched Catia V6R2011x, the latest release of i
PLM2.0 platform while still continuing to support and improve its Catia V5
software

2011

AutoCAD 2012 is launched on 22 march 2011.
NX 8 is launched on 17th october 2011.
SolidWorks 2012 is released on 10 october 2011.

S S SIS

Creo 1.0 launched in 2011.(Pro/EngineBrjune 2011, Dassault launchg
V6 R2012.

2012

AAutoCAD 2013 is launched on 27 March 2012.
ASolidWorks 2013 released in September, 2012.
AcCreo 2.0 launched in 2012.(Pro/Engineer)

2013

AAutoCAD 2014 9.1, is launched on 26 March 2013.
ASolidWorks 2014 released in october, 2013.

2014

A AutoCAD 2015-20.0, is launched on 27 March 2014. (29th Release)
ACreo 3.0 launched in 2013.(Pro/Engineer)
A SolidWorks 2015 releasing in october, 2014

Figure 2.17 CAD CAM timeline
Information (Jassi, 2014).
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2.2. Design and process, the role of computers
2.2.1. Introduction

This sectiorseeks to review the typical definition of a design process by mapping a
path through some well established models of design. Attempts are made to clarify
the integration of computebased technologies within systems, offering examples
from leading exponerst of design methods such as those discussed through the work
of Pahl and Ohsuga. The intent is to provide the context for a more in depth
discussion of the relationship between the design process and the technology of the
production line that might allowdr further efficiencies in concurrent engineering
and opening opportunities for further investigation of integrated design and
manufacture.

In the modern societies of the 2icentury, mankind is surrounded by all kinds of
engineered products. On a dabgsis, we all use countless products, tools and spaces
GKAOK N3 WRSaA3IYySR F2N) KS LlzZN112aSQd G
phenomenon of recent years, decades or even centuries; it is demonstrable that the

history of design dates back to a time @hearly man started to make basic tools for
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dramatically becoming more and more complicated. Procedures are becoming more
productive and the products more efficient. Nowadays, daily presentation of
improvements in various aspects of design makes the productshwiave been
designed and produced some few years ago appear to be outdated compared to
G2RI& Q& LINPR]zOOE& WCAITdzNBE H

In the path to achieve efficiency and productivity and to cope with complicated
obstructions to design and production, engineers hbeaefited from computers as
machines which can speed up data processing and calculations and which provide

rapid communication to facilitate design, management, planning, supply, fabrication,
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distribution and recycling [e.g. BIM systems which are discu$ser in chapter
2.111].
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Figure 2.18 Samsung phondsast

development of technology....

Left: Samsung Galaxy S4 released in 2013. Picture (GSMArena, 2013)
Right: Samsung S&700 released in 2005. Picture (phoneArena)

2.2.2. Design strategies
To discuss the production process the best way is to start from the beginning and
study the roots. Needs are the generators of innovation and production. In order to
FRRNBaa | ySSR GKNRdAzZAK Ayy2@0lFG4A2y | YR

which ddines the need and the required features of the desired product.

Researchers can help designers build a comprehensive knowledge about the subject.

Their hypothesis and experimental work opens new horizons in the minds of
designers which may have not beeralised or had been previously ignored.
Research can also help introduce new materials or technical advancements which
can enhance the level of design and production. The design brief, accompanied by
related research form the foundation for designers tovdp their ideas and create

the best functionally and economically possible design proposal. In every proposal

there is always the possibility of mistakes and unexpected problems. Analysts study
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the proposal and break it down to smaller elements; consexye they can map
errors and malfunctions within the design. Using design analysis and prototyping
techniques, product developers can modify the product and run finetuning processes
before finalizing the design proposal in detail(Pugh, 1990).

After the onfirmed design, comes the next stage which can be seen as a transition
from design to production. Conventionally, Process Planning can be regarded as the
overlap of two major phases of design and production [Figur&92 The reason is

that the work beng done in this stage is closely related to both design and
production. Traditionally it is not similar to either of them, yet, organizational plans
are truly essential links that connect the design to production and to lead the way to

manufacturing.

Process and

Production ﬁ Production

Figure 2.19 Desigrplan-production
Planning process connects the design and production phases in a traditional production system.

Process planning is thact of identification of those required procedures,
technologies and actions in order to fabricate components and pull them together to
produce the intended artefacts. This plan has to be processed based on the
production line intended to be used. Plannifgg production integrates the process
plan and the design proposal into a timeline, based on the factory potentials and
limits(Nam, 1990). [More of organizational planning is going to be discussed in
chapters 2.6, 2.7 and 2.8]

In fact, all the factors entioned above can be seen as a very simplified view of the
design process. Going deeper into the details of every aspect of the production
course, shows that existing stages and their details can be fundamentally different in

every production system anddm one product to another. The complexity of each
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part of the process and the number of operations involved is directly connected to

the complexity of design and fabrication(French, 2010).
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Figure 2.20 The Pahl and Beitz model

Pahl and Beitz flowchart, defining the design process in 1984 (Pahl & Beitz, 2006).
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Figure 2.21 The Ohsuga Model
Ohsuga model of design process released in 1989 (Ohsuga, 1989).

Throughout recent decades, there have been many effortinitiate a universal

method of design and production to be used in all design projects which seek to
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divide the whole process into certain steps and define a standard procedure to link
them together. Despite all of these endeavours, until now there isonetdesign and
fabrication process within which all details are approved by all experts so as to be
declared as a standard procedure(Tunstall, 2006). There are many ways of
conceptualising the process which vary in details but almost all can unanimously
agee on those key process elements which start from an expression of a need then
pass though many filters of analysis and the generation of a complete knowledge in
regard to the implicit set of problems, constraints and solutions, followed by
fabrication, hvestigation and application. The most recent paradigms recognise and
include more elements into the previous way of thinking which support the lifecycle

of the product and ultimate recycling.

In 1984 Pahl and Beitz published a methodical design apprfféghare 2.20],
defining the design process (Pahl & Beitz, 2006). Key elements of their concept are
demonstrated below:
A Data collection: gathering knowledge about the need, problems, limits and
restrictions
A Concept generationinvestigating possible angrs
A Formation of the design proposatransformation of the theoretical possibilities
into controlled reality
A Refinement and developmentto finalize the design proposal with analysis,

measurements, supplies and features of every piece of the artefacts

In such systems the organization of the process is based upon the product where its
production is based on a requirement to serve those exact needs of the users which
were initially highlighted and investigated. Designers can categorize components of
the product based on the features that suit the design process in order to simplify it.
More complicated components also can be broken down into smaller, less

complicated parts to ease design and fabrication. Nevertheless although such a
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subset of componentsan be easier to design yet, it may cause some problems in the
fabrication process unless appropriate strategies are in place(Pahl & Beitz, 2006).

It can be seen that apart from the key stages of a design process, the flow of the
process is also demonated in the model. This additional layer to the design model
plays a key role in increasing the quality of products and the efficiency and
productivity of different teams in every stage of the process and ultimately
throughout the whole project. A well twed model of the design process can
guarantee the success of projects due to the fact that a suitable model can link

different teams and organize the tasks within a suitably hierarchical structure.

Five years later in 1989 Ohsuga released his model osmr@pproach(Ohsuga,
1989). As illustrated in Figure.21 and in a similar way to the previous model, the
gradual evolution of the design happens through several stages of modelling, analysis

and modifications.

In this method repetitive iteration of edn activity develops the concept and design.
In each stage, the model circulates between different parties until the designer
decides that it is ready for more detailed work and takes the model to the next stage.
This flow of work continues right to the drwhere the finalized design proposal is
ready. Again at this point the process and production planning method delivers the

design to the manufacturing plant for production.

The increasing pressure for faster processes imposed by market demands has made
large scale companies attempt to conclude their research, design work, analysis,
refinement, process and manufacturing planning stages almost at the same time. The
two design trends which have been described above, when compared to current
themes in desigare notably oldfashioned. In response to the needs of the modern
market they do not have much to offer. In addition, major changes happening in
manufacturing systems make traditional practice less and less compatible with the

new systems. Inreturn rel@iSft &8 yS¢ YSGK2Ra (y2¢6y | a W/
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seem to offer the best response for demands and changes at the moment(Cross,
2008). Different aspects of concurrent engineering which are influential in many
stages of the production process are going &discussed in chapters 2.6 and 2.7.

2.2.3. Design models and systems of communication

First and foremost it is important to know that in a design project there can be many
fundamentally different families of models which may define the design approach
establish the process of the design development or can only be models which just
represent the design proposal. Any product while being developed in the design
phase is a virtual entity. Designers use various kinds of metaphors encapsulated in
vitualoNJ LIK@ A A Ol f Y2RSta wlyz24y a WYwSLINBaSy
ideas and transfer data amongst themselves [communication] and to be able to
analyse, measure the qualities of the design, modify concepts and improve them with
added details [Docuentation] or many other purposes. Since the design method,
the nature of the intended products and the complexity of the designs are different
in every project, representational methods may vary from a simple concept in the
RSaA3IYySNRa YAy Rombiation for Y dztuatianyid/eving greater
complexity(Dym, 2012).

Representation is one of the participant tools in the design process that has a
constant presence in all stages of the production process. For example in the Pahl
and Beitz model: the search team gathers information with the focus on needs and
problems and transform this data into parameters and through them communicates
with the designer who is then tasked with findings solutions which fulfil the stated
requirements. These actions ae&pressed through 2D and 3D drawings or 3D virtual
or physical models which provide sufficient information for analysts to run evaluation
tests and suggest required amendments to the design group in order to modify the
design proposal. A wide range of repentational methods, from technical drawings

to prototypes can be used for analysis and preparation of fabrication data or even

pre-production marketing(McMahon & Browne, 1998).
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2.2.4. Simultaneous and efficient
Despite all of the technologicahprovements, technical drawings are still the most
widespread method of representation to be used for documentation, records and
communication among all of the other different groups in every production stage
from pre-design and conceptual design to maaciuring and recycling preparations.
Analysts and testers as a part of their job map errors and highlight aspects of the
design which need alternation and improvement. Typically they return the drawings
accompanied by analytical comments to the designersamendment. This means
that they should solve the problems and then reissue an updated version of the
proposal. In most cases of very complicated products such an exchange happens
more than one time and not just for design purposes but also for fabaocati
adjustments. This continuous pattern of trial and error is considerably time, cost and
labour consuming. On the other hand simultaneous systems which focus on
increasing productivity and efficiency try to group several consultants who are
experts in evey aspect of design and fabrication of a certain product, eliminate the
wasteful course of trial and error and produce a flawless piece of design work through
the seamless collaboration of specialists right from the initiation of the project in
order to awid any single defect in component compatibility through
miscommunication amongst different parties, in a similar manner to what happens,

for example, in a gradual evolution system(Hartley, 1998)(Nevins & Whitney, 1989).

Like most conventional methods, mourrent engineering is not limited to the design

phase and the system can also be seen as being applicable qarquection and
YIEydzZFl OGdzNAy 3 adlr3asSaed !yviaAlS +y W20SN (K
over the wall for the next group] where press planning is being pursued in several
separate stages and the potential for miscommunication is the largest disadvantage,
simultaneous systems create a firm connection between all groups and factories. In

the Figure 2 .22 a schematic comparison of ca@mtional approaches and

simultaneous engineering is illustrated(Prasad, 1997).
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Although a concurrent flow of work has many positive features, it is not always an
optimal choice; especially in cases which need unusual product planning and
development. Inlhese circumstances before starting on the production planning and
other lifecycle issues, designers may need to primarily focus on unfamiliar or less well
understood functional aspects of a novel design proposal until becoming assured
about the feasibilityof design and compatibility of all components(Aitsahlia, et al.,

1995).
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Comparison of the sequential and simultaneous production. Extracted from (Prasad, 1997).

2.2.5. CAD models

Nowadays models of all lds clearly play a key role in all design projects. Using these
models, designers are able to develop their designs from initial concepts to fully
detailed proposals and then prepare them for fabrication. These models are
represented through various type$ media and associated metaphors. Information
presented within the design model can be seen as an established source of data with
which to test the design proposal for desired features.
By reviewing a simultaneous engineering oriented system it can &e th&at many
different types of design models are being used throughout the process. In many
cases several models are being made or modified at the same time. While the model
of physical features and dimensional details are under development, there is ofte
opportunity for the concurrent development of other models containing (McMahon
& Browne, 1998):

AlTtArASyiaQ ySSR YR SELISOGlIGA2ya 6KAOK

A Feasibility limits

A Environmental impacts from the intended product

A Comparable features of the product for simulation and tests
Ly | WHARISRI SNNaGAIYQ aeadSY RAIAGEE G§SOKyY
to share knowledge which concern various aspects of the project and which can also
provide the functionality tocreate further design models for a variety of allied
purposes. Basically, computers are capable of processing and storing data for the
purpose of (Schodek & Bechthold, 2005):

A Representation and documentation

A Generation, simulation and evaluation

What made computers the favourite tool for representation and documentation
[computers are currently mainly dedicated to serve these purposes especially in small

projects] is the automation of the drafting process and the elimination of recurring
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procedures in dafting where users can copy and modify similar components of any
product instead of drawing them by hand repeatedly. In addition these machines
compute data with both great speed and accuracy thereby increasing the
productivity of the design process andising the quality of products. Dealing with
complicated designs [such as curved surfaces] is also an important aspect of the
Y OKAySaQ OlFILIoAfAlGASaAad LYy Ylyeé OFasSa
geometries accurately; in other words it is gettingrtier to create complicated
volumetric models without applying computers.

Currently, there is not much evidence of computer use throughout the very initial
stages of design. This is because of a lack of precise information about the desired
qualities ofthe products. A computer functioning in the role of a design generation
tool is totally reliant upon given parameters and human intervention. After all they
just process and analyse provided data based on constraints which are defined by us,

the human(Koleevic, 2005).

2.2.6. Constitution of Computer -Aided Design

CAD whether being regarded as a tool or a system, has been formed by elements
namely (Ingham, 1990):
A Electronic devices, also known as visible parts of a computer or hardware
A Applications angrograms which organize the work of hardware to serve a
certain purpose known as software
A Raw material or information which needs to be processed. Information can
also be produced by computers which used some data primdtilyser

interaction

BasicallyComputerAided systems are computer applications which are empowered

by computer hardware. Figure 23 shows the hierarchy of a computers function

OKNRdzZAK2dzi RSaAdIyd 9ftSyYSyiGa 2F O2YLIzi SNAE:

(Kolarevic, 2005):

A creation of vitual models of geometric measures
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A design evolution and improvement

A visualization for the purpose of communication and presentation
A operator interface as a bidirectional communication to input data and

receive feedback

A Documentation and keeping record$ information to create a virtual base
for all parties referral.

A Analytical elements which extract data for different intentions

A System tools which are not influential on the geometry of design but define

parts of the process such as machining detailmanufacturing.

The data processing can be performed by a single software package or in some
cases several compatible computer programs can process information. A
program may also have access to several resources to gather data or store all

informationin one database(Krygiel & Nies, 2008).
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2.2. Design and Process, the role of Computers

Figure 2.23 CAD systems
Schematic definition of a CAD systédcMahon & Browne, 1998).
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2.3. Conventional and digital geometric models for design

2.3.1. Introduction

In the previous section some approaches to the design problem, exhibiting common
stages of design that are shared by differepstems have been discussed. It has also
been mentioned previously that apart from the design proposal models [popularly
the geometric model of products are represented by technical drawings] there are
models which define the engineering process and stya® of design and fabrication

in which information can be held using a variety of types of media such as charts and
flowcharts. A variety of representation techniques which are comprehensible by the
whole system can be used as a common language to comsiteges of the process
and different parties.

This chapter attempts to study the methods which have traditionally been used as
representational tools to imply the volumetric formation and geometrical details of
the intended product. It also demonstratdbe quality of the integration of CAD
systems into the design process in order to evolve modelling representation and

consequently design.

2.3.2. Conventional representation

The most popular representation method throughout the past centuries has been th
technical drawings. The history of Technical Drawing [known as drafting, draughting]
dates back to antiquity when this representational technique was broadly used to
plan and construct buildings. However, to a large extent, what we use today as a tool
in our projects is a result of the work of Gaspard Monge [Figur242 a military
engineer who introduced the orthogonal elevation and plan in drawings. The
technique which is known as descriptive geometry is basically used to depict 3D
objects in 2Dprojections (Baynes, 1981) (Booker, 1979). Technical drawing and

descriptive geometry has become respectively the common language of design all
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around the world. However these flat drawings can carry very useful information

which is mentioned briefly belo@Vright, 2011):

ATAySa RSEADGSNI AYTF2NXNIGA2Y | 02dzi 2025«

colours are used to differentiate function and different lines have different

significance.

Sections are views, revealing inner parts of objects

Parallel projections are based on the original scale

o o I» Do

Perspective projections also carry depth of view and represent a more realistic
3D view of objects but scales are variable basetherangle.

A Drawings basically show the form of objects and can utilize added annotations

which carry other data such as dimensions.

Figure 2.24 ’ Gaspard Monge
Gaspard Monge the inventor of
descriptive geometry [the mathematical basis of technicad] tive father of differential geometry drawing. Picture
and description (Wikipedid, 2013).

In some cases in order to eliminate time consuming drawing of the same components,

certain signs or conversations are used to substitute for complicated geoniétege

signs are both ubiquitous and recognized by all people using 2D draughting
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techniques or may be appointed as a set of default conventions in companies
(Bielefeld & Skiba, 2006).

As well as the common use of models for describing and communicatorgegey

the use of technical drawing has evolved a language comprised of a common
vocabulary and grammar composed of symbols. Figurg52shows a refrigerator

door alarm circuit diagram which uses standard symbols and annotations to
represent the electrial circuit of the product. The use of well defined standards in
terms of symbols and their usage is essential to avoid confusion between different
parties engaged on the design process. There are many standards recognized by
various institutions in which igns representing certain activities, objects and

components (Bielefeld & Skiba, 2006).
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Figure 2.25 Schematic electronic design
Refrigerator door alarm circuit diagram (Marian, 2010).

Various kinds of diagrams exist and each of them is designed for a certain purpose. In

every stage of the design process we may require some sort of them. For example if
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we initially want to show the hierarchy of processes or connection between

components a block diagram may be the best solution Figugé 2
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Figure 2.26 Block diagram

Block Diagram showing a transmission system (Viel, 2009)

Using this representationdbol, designers can break the whole project down into
smaller components to cope with more complicated designs. The same applies to
volumetric models; diagrams can develop to more detailed levels. The approach is
Ol t f SRR dWUR Ld KA OK | tior dDtKaSiyillustraté€d inRnG Figuse A

2.27.

A L B [c C

Figure 2.27 The Togbown approach
An approach where based on the necessity, new set of information and details should be provided to explain
smaller systems which work within larger systems.

Traditional methods of representation have been effectively used for many decades
in designfabrication and in the construction of countless products due to the limited

complexity of the design and the requirement for relatively straightforward
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processes. This also applies to almost all systems which can be planned and defined
by flowcharts and hgrams. Rules or standards defining the representation
framework and symbols became a common language which connects all designers,
technicians, consultants and others involved in the design process.

Eventually and by the end of the 2@entury fundametal shortages and constraints

of technical drawings and manually designed diagrams had confined the capability of
the traditional methods; they appeared to be insufficient in order to remain dominant
and responsive to the new needs imposed by more recemjepts. First and
foremost, there is a need for persons who are trained as draftsperson that have
learned how to draw symbols and know the rules and styles of a universal drafting
FNFYSG2N] 2N+ O2YLIl yeQa 2¢y &SifeceoF adl y
traditional methods is the constant presence of possible misperception due to the
2NI K232yt HW5 RNIrgAy3adaQ tF01 2F FoAfAGeE
instantaneously and on demand. A simple error in using symbols may result in a
dramatially different product. It is a fatal obstacle against the timescale of projects
and such defect weakens the connection of different groups in design departments
and the connection of the design departments to the manufacturers. Additionally
each mistake alls for the redrawing of the whole set of documents. And last but not
least is the inability to represent complicated designs such as curved surface as
commonly used in the aerospace and car industries. Most of the time it is impossible
to realize or to igure out the connections between several components in a highly
complicated system while just drawing on paper and by hand [FigLl2&]ZSimmons

& Maguire, 2012).
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Figure 2.28 Manual drafting
Manual draughting is a labour intensive and time consuming process. Picture (Beutel, 2009).

2.3.3. Computer -aided representation

It has been mentioned before that the integration of computers into design and
fabrication systems can introduce new sotuis for processes and products, but
currently they are mostly applied to advance the existing and conventional methods.
¢tKSaS | ROIyOSYSyita KIFI@S 0O02YS Fo2dzi (KN d:
models or to add dimensional and production details basedjiven parameters and
through elimination of recurring procedures in drawings and other representation
methods. All the refinements on design models can be determined by only making
changes on the existing digital model without the need to redraw thelevtexchnical
documents or rebuilding the model from the scratch. In addition, the remarkable
accuracy of the Computekided Representations is now becoming almost
irreplaceable in production of complex products (McMahon &

Browne, 1998) (Kolarevic, 2005)

The techniques and standards which are being enforced in computer drafting are
similar to the rules in conventional methods. Even products of the two different
techniques either being printed on paper sheets or displayed on computer screens
may look the sme; although the digital versions are usually capable of carrying out a
lot more actions. Either prepared digitally or manually, alD 2geometric

representation models are composed of different types of lines and dots. Their
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length, positions, directionand angles are assigned by coordinates on the X and Y
axis [Figure 229].

Unlike traditional technical drawing, computer drawings are drawn in full scale. The
limit of drawing size is dependant of the capacity of data storage units whereas
conventionadrawings are limited to the size of the drawing sheet. The ability to draw

at full scale means that the possibility for errors is much less in ComputerAided
drawings. In addition it is worth pointing out that the digital capabilities of digital

systems hae made the drafting much more efficient than other traditional methods.

Figure 2.29 Digital drafting

Digital drafting has almost the same appearance as the traditional techniques but digital capabilities have made it

much more flexible efficienPicture (Classical Drafting).

Using CAD applications solely as drawing tools means that most of the progress in
G§SOKYAOIf RNIgAYIAQ> YSUK2RA 2F RAFIAINI Y F
in computers would be similar to traditional methods. x8s, lines, curves and
connections are drawn and standard signs should be placed by operators. In many
computer applications there may be some templates for shapes, symbols and
connections. These, facilitate making diagrams but basic CAD applicationg do no

carry the ability to analyze and evaluate diagrams and inform users about errors.

Specific diagram production software has been developed which can be used in
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various industries and can characterize symbols and connections in virtual diagrams

andcanevy NB LI AOIFGS aeaidsSvyaQ o0SKIF@A2dzNI Ay GF
2.3.4. Computer -aided 3D modelling

One of the major advancements of Computsded representation and visualization

is that it has given the ability to designers and operators to create virtual 3
Dimensimal geometric models of products and work with a more realistic view
towards evolving their designs-[3 models provide a good volumetric understanding

of an object and can help to eliminate errors caused by misunderstanding flat
representations by providig reattime views from different angles on demand.

Although there are several ways to create-® 3nodel, they are always produced in

a GCS [Global Coordinate System, XYZ axis] using lines, curves, faces and solid
components. The resulted models can lepresented in a number of forms some of

which can be categorized as below:

A Wire frame: a Wirérrame model uses lines and curved segments to represent

the edges of the geometry

A Planar definition: these models present geometry through demonstration of
al2z2NJ LI NI 2F GKS 02YLRYySydaQ AyySN 2N

A Solid components: the first two models use two dimensional elements to
illustrate a three dimensional virtual object. Those models could be used for
visualization and many other purposes. But they areedgfe when
simulation, analysis and digital fabrication are the intention. Thus a solid
NBLINSaSyual A2y 2F 202S00a Aa o0SO2YAy3

engineered design and fabrication.

So far what has been discussed was generally focused enagplication of
computers and digital application facilitating activities which used to be performed

by hand and has also briefly introduced the extra capabilities added by the digital
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technology. The following sections are intended to focus more ondatifes which

are specific to digital technology.
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Part two: Design

2.4. Digital models and design

2.4.1. Introduction

The basis of relatively new CAD systems and their application to design
representation and modéhg has been briefly defined in the previous chapters.
Chapter 2.4 attempts to illustrate the predominance of the practical application of
ComputerAided technologies exclusively in the design process and argues as to
/1504 AYyFfdzSSyOS ey RASAAO:23FS NS Al K Szl LINR2R/dzO G &
needs of the users and also how designers can program computer applications to run

automated desigsrelated procedures.

Throughout this section of the chapter, a vision of 2D and 3D representational models

in projects is initially presented. Afterwards the application of CAD models in
volumetric reasoning and Finite Element Modelling [FEM] is discussed which is
followed bydefining the expanded capabilities of CAD applications in order to fulfil

dza SNDa dzyAljdzS ySSRa Ay RAFFSNByYyG | LILIX A O

2.4.2. CAD and technical drawings

The influences of CAD on design representation such as modelling complicated
objects, instantaeous production of limitless views from different angles and
modification of components at any stage of design have been discussed before; yet,
it is not only geometry and form that comprise technical drawings. Several groups of
data accompanying the motlenake them operative for analysis and production
(Rooney & Steadman, 1997).

Nowadays most CAD applications can enable users to categorize elements in product
models in elective groups. These groups of objects and components are often called
layers. Eaclayer may carry certain features which are defined by the designers or

draftspersons and are assigned to all the elements included in that category [Figure
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2 .30]. These features can be related to a wide range of definitions from thickness
and type of les [used in representation] to colours, materials, etc. [used in
evaluation and production planning and machining] or even to determine what
groups should be displayed or hidden in certain views and so on. This way,
modifications become more easily accolisped. These methods of structuring a
drawing are often defined as standards within a company or an industry and are
stipulated from the outset of any collaborative design work (Kugathasan & McMahon,

1997) (Finkelstein, 2011).
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Figure 2.30 Layers in 8D
Layer management Application. Picture (smartcode, 2012).

In every model, information packages which are added to the modelling geometry via
footnotes, dimensions, hatches, etc. are essential for communication and realization
of the design. CAD thoology facilitates the process of adding this information and
this organization of data in digital models by commands and tools which automate
the process. For the task being undertaken it is only a matter of selecting objects and
elements of the designybthe users. The intrinsic ability to perform such actions

ensures that the results are free of human mistakes and unexpected errors.
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Apart from all the benefits of CAD annotating applications there are some
disadvantages which are mentioned below (Ozakaghiris, 2011) (Wright, 2011):

A Most of the CAD annotation applications are designed to respond to various
aidryRIFENRAT odzix Ay &a2YS OFaSa GKSNEB
drafting standards. Sometimes it takes a long time to adjust optiosdar
to fit the desired method.

A CAD software developers try to design a versatile application by adding several
standards to their systems but such broad information and style make those

applications appear quite hard to use for new users.

A Most of the CAD applications allow users to annotate their designs both
manually and automatically. Although the default automated tools are
supposed to ease the process and make them more accurate and fast; yet,
sometimes using automated CAD tools are relatively naificult to add
annotations to a busy model compared to manual methods (Figuda 2
(Figure 232).

A CAD tools may become unresponsive when there is a simple defect in drawing.
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Figure 2.31 Annotation
A manually annotated 2D technical drawing operating in TurboCAD. Picture (TurboCAD).
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Figure 2.32 Automated annotation
Annotation using automated CAD tools. Picture (PLM Engineering).

Perhaps one of the major advantages of CAD systems ceoubd in their ability to

copy and paste large amount of graphical information. This could be through copying
elements and lines inside a single document or importing and exporting data from
and to other documents and the use of readymade templates. Fometsuch as
rotation, mirror, copy, rescaling and many other modification tools make it possible

for a draftsperson to adjust repetitive elements in the desired position [FiguB8]2
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In more recent versions of CAD applications there are guides for users which make
modelling much easier. Polar tracking, object snaps, grids and many other drawing
guides keep drawings accurate as well as easievdrk with [Figure 234]. CAD
models should be drawn accurately and to scale in order to allow automated
procedures to add annotation to the design. Duplicated elements such as lines which
are common in 2D Drawings which when extracted frorD8modelsan cause errors

in automated procedures. Monitor displays are mostly not large enough to illustrate
enough details. Although zoom tools sometimes can confuse users and be time
consuming to use; they can provide views with required details in every step of

drafting process for more accuracy (Finkelstein, 2011).
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Figure 2.34 Drawing guides

Screenshot showing the drawing guide band and some of the object snap choices in Autodesk AutoCAD 2012.

2.4.3. Three dimensional modelling in action

From the mid20" century when the CAM concept was introduced, numerous efforts
in this field have been focused on gathering all of the planning, testing and production
information for every project into a single source which would be accessible for all

members2 ¥ GKS LINR2SO0GaQ GSIFyad ¢KS FdzyRI'YSY



a virtual 3D model. Today such a system is being used in many companies and the
number is growing every day. Even so, the method is arguably not as widespread as
it deserves to be (Kgiel & Nies, 2008). In order to discuss the reasons it would be a
good start to point out that although modelling has become easier using computers,

it is also true that modelling highly complicated geometries calls for computer
operators with a high leveof proficiency and the use of advanced applications.
Companies have to devote considerable resources to train staff based on their level
of work and standards and also in the procurement and maintenance of software and
peripheral systems. -B modelling ks always been dependant on computer
hardware. To run a heavy modelling project, companies have to be well resourced
and need to equip their offices by very capable and up to date computer hardware
supported by high capacity RAM, large storage devicesedaiWCPUs and Graphic
adaptors which are normally very expensive. Another weakness of the digital models
is the need for the continuous presence of computers in order to have access to the
models and to add or extract information from them. The latterkgemn is gradually

being solved as numerous types of portable and effective devices are being
introduced to the market almost every day. And last but not least, when the
production method is not a Comput&ided process which would be based on a
direct link between design, planning and fabrication, we still need to produce 2D
annotated drawings of some kind to express design features in addition to product
manufacturing and construction data.

Such shortcomings of CAD applications are not permanbstructions and have

been the subject of many research projects. Software companies like Autodesk and
Bentley and many others develop and progress their CAD software and release new
versions in relatively short periods of time. Processor manufacturer§ sut & WLy G S
YR W!a5Q LINBPRdzOS FIFadSNJ KIFENRglINBE O2YLR
market. Getting more and more involved in CAD/CAM technologies makes companies
more eager to make investment and benefit from the seamless technology which

would allow hem to extend the levels of creativity and productivity in their projects.
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Even though the application of 3D models is not definite in all design projects, but
some certainty exists when we talk about (Kolarevic, 2005):

A Representing a complicated surfamgch as aircraft body which is not possible
by traditional technical drawings.

A Abandoning the physical prototypes in order to test the design, such as what
which has happened in designing the 777 Boeing. This way prototypes of many
more design proposalsao be tested in much cheaper ways; therefore the end
product is going to be more accurately evaluated and the resulted data are
more reliable and also there is going to be less waste of materials and time for
evaluation purposes [Figure.25]

A ComputerAided Manufacturing which is based on 3D digital models and
direct link of design and fabrication [or File to Factory technology].

A Accurate design of complicated components which is mostly impossible using

traditional methods.

Figure 2.35 Digital andysis
/ C5 @/ 2YLWzil GA2ylf CftdzAR 5éylYAOa8 GKSN¥If | ylLfteara a:
software. Picture and description (ThermoAnalytics Inc.).

As previously mentioned, when working with traditional fabrication methodspus
views of 3D models need to be converted to 2D, flat technical drawings with added

annotation arranged in a sheet to be printed and shared with the production team.
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2.4. Digital Models and Design

In many of the older versions of CAD applications, raw raster images could not be

usead for representation and annotating and needed some modifications to fix lines

which may not be in a desired segmented manner or need layer rearrangement to

define design properties. However such shortcomings are becoming less relevant in

the most recent ersions of the CAD applications due to the persistent development

and progress.

In many projects, 3D models may be used only for 2D representation; nevertheless

even in the creation of technical drawings there are benefits in using 3D CAD models

as follov (Autodesk, 2009):
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Figure 2.36 Developed surfaces
A developed surface of a sliced cone in Rhinoceros software. Picture (Autodesk, 2009).
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2.4.4. Evaluation of design

From the initidion of a design project, several models of various types each
concerning certain aspects of the products are produced to create a platform for the
design work and representation, however the core models are those representing
geometry and structure. Othdorms of models are either developed from these or
would be regarded as additional information completing the geometric models.
Additional models may be in the form of analytical and production engineering
models.

Design proposals are subject to many tsesrom different aspects. These tests
comprise a wide range of evaluations from material choices and the feasibility of
production to the assembly of components and post production features such as
stability, environmental impacts, the level of responget dzi SNE Q Yy SSR& | yF
of life disposal. Depending on the complexity and sophistication of the final products
many groups of analysts and testers apply a number of methods to assess their
products. Sometimes in order to test a certain feature of desids not possible to

run all the tests on a volumetric model of design and, based on given data, as it can
be seen in Figure B7 engineers can produce a secondary duplicated parametric
model of components to gather the necessary information (McMalebral., 1995).

Other sorts of secondary models exist which may be produced in any stage of the
design and planning process as needed. Their existence can be based on their
application which can be temporary or long lasting [e.g. models of product ligdcycl

In some cases tests may be run on each component separately, whereas sometimes
the work of one component is influenced by the work of some others. In this case the
whole system is usually divided into subsystems and technicians run tests on each

subsysem to analyse constitutive components (Kolarevic, 2005).
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Figure 2.37 Digital evaluation

An illustration showing the result of thermal evaluation of Graphic adaptor chipboard used in personal
computers prepared using a parametric model carrying he® RdzOG A2y TSI GdzNBa 2F GKS
In this case there can also be a model showing electrical circuit of the parts. Picture (Electronics Weekly.com,
2013).

Finite Element Method [FEM], amongst all of the evaluation techniques, is an example
of a powerful method, capable of providing comprehensive results by running tests
on design proposals and products in regard to various aspects of technical,
performancebased and volumetric features and is highly popular among designers
and manufacturers.

The basic concept of the finite element analysis is to deal with highly complicated
problems by breaking down the whole system into smaller parts and solve the
problem in each smaller component individually. The sum total of the results of
individual analgis of parts is an approximation of the answer for the whole system.
In this concept the small elements which form the totality of systems are named as
Finite Elements (Mottram & Shaw, 1996). Basically in a FEM analysis system, large
problems are dividednto smaller problems which could be resolved much more
easily. This technique may be used in design and manufacturing of complicated forms
and objects. In order to design and manufacture a complicated forms such as multi
curved surfaces, they could be fen down into more manageable shapes which
allow more accurate calculations and therefore improves the feasibility of the

realisation of such complicated forms for example in building construction.

2.4.5. Spontaneous design organizations

CAD systems haveeen designed and developed to facilitate the design itself and

broaden the limits of product design and feasibility of production. Some users take it
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even further and begin to modify CAD applications to integrate them more into their

type of requirementsand thereby switch repetitive, time consuming routines into an
automated system of work. Nowadays organization modification and customization

is a crucial activity in the work process of many companies to benefit from the most
celebrated strength of man@AD applications.

In cases where the same elements or geometries are being used, the role of
OdzaG2YAT FGA2Y FyR LINRPINIYYAYy3 YI& 06S 2dza
a similar standard in a process it can be automated to save time. At a morecadvan

level designers extract the grammar of their design and define its features and
constraints by parameters and variables of the context. When a situation changes it
induces changes upon the variables and parameters, thus the result fits the new
constray il a +Fa ©Sff a GKS RSaA3IyQa Fdzy Rl YSyi
amount of research has been conducted towards the development of the Knowledge
based systems which can run analysis, extract data and modify design based on
varying parameters. Adncements in the realm of the Artificial Intelligence
technology and robotics have also been influential on automated design procedures

(Leyton, 2006) (Leyton, 2011).
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2.5. CAD a breakthrough in the quality of design

The following chapter discusses an emergent view in design which considers
computers as tools to automate the design, planning and engineering process. It
discusses the current theme in which these approaches work and in some cases
brings up some suggestions which can develop the abilities of those methods. Topics
such as Atrtifi@l intelligence, Knowledge Based Engineering [KBE], parametric design
and featurebased techniques are in fact extensions to generic CAD applications and
serve to promote them from being just used as representation tools and so allow
them to be more and mre involved in the actual act of designing geometries,

components, objects and planning automated fabrication process.

2.5.1. Introduction

Nowadays, it is widely acknowledged that CAD systems are inseparable elements of
most of the manufacturing induses and consequently have become the
mainstream of design organization in numerous companies. As has been mentioned
in previous chapters, the current theme of applying such systems is not so prevalent
in the initial stages of design such as conceptionfanu generation. Computers are
mainly used as tools, simulating the design geometry and processing design
information about fits and CAD applications can be used to develop analytical models
and provide the ability to run tests on them; yet, they do nawh a direct influence

on decision making about form generation or the suitability of suitable structural
systems. Computers may extract fabrication and planning data and perform
sequential programming but, for instance, they cannot choose materials \sbisie

the purpose both functionally and financially due to the current reality of the market.
The nature of CAD models sometimes makes them less applicable to model the
geometry of products during the initial stages of design, when designers experiment
with various objects and elements and forms which do not possess a tangible scale
and position. Traditional paper, pencil and hand drawings are still the most favoured

design tool at this stage. In general, CAD models mostly need engineering data and

75



specifed features of products to be influential and most designers in the early stages
of design prefer to use hand sketches and metaphors of elements to experiment with
forms and geometry because it is more creative, faster and easier to manipulate,
where theycan draw several sketches and compare them visually just in a few
seconds (Aliakseyeu, et al., 2006).

Throughout recent years much research has been directed to the development of
Artificial Intelligence as well as computer integrated systems and infooma
technology to involve CAD more and more in the process of geometry generation.
Computerintegrated systems provide a number of alternative organizations of
O2yOSLJia G2 o0dzAfR | F2dzyRFGA2Yy FT2NJ 6KS R
The combination of these new methoded systems causes a dramatic change in the
process of product design, representation, planning and manufacturing. A more
recent trend in design methodology is to create several working models based on all
of the necessary fields of information which argsential for the progress of work.
These information or geometric based models are then used to generate knowledge
as to different aspects of the project and serve to develop the concepts right down
to the narrowest and deepest details. These models mayagdogether and form a
stronger source of information with the ability to mix all of the model information in
databases as a core component of a modern production systems has been developed
into a new organisational concept [Figure3B].This core of data can be accessible

based on predefined limits for all of the projects members.

2.5.2. Computers which think?
PLILE AOIF GA2ya 2F WI NIATFTAOALFE LyGStftAaSyOoS:
industries. For a long time mamki has been dreaming about the creation of
YI OKAySa ¢gKAOK OFY YAYAO GKS KdzYlkyQa LIK®@:
researchers conceived the concept of a computer with the capability of the human
mental behaviour designers become attracted to #pplication of such tools in their
design work. The radical effort to recreate human intelligence via computers is still a

topic of debate and faces severe criticism about its practicability.
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Nevertheless there is another less intensive view toward #ehihology which seeks the
production of computers that can simulate the real world context; some aspects of this
philosophy currently exist. Applications can be used to mimic the decision making process
the human mind to overcome the problems in bettways in comparison to conventional

methods (Jagdev, et al., 2004).
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Figure 2.38 Organizational approach
An example of organizational approaches demonstrating the connection of various models of design in a data data

core. Extracted (Spur, et al., 1989).
Studies in the field of Al and its applications in design are mainly focused on
computing design data arfdrm generation, analysis, regeneration and modification
based on all of the input parameters. This process depends on a logic that can turn

information into different forms of representational models, as required by
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designers. Systems that run this kinfl exploratory activity in the field of Al are

known as expert systems or in a wider view knowledge based systems (Pahl & Beitz,
2006).

¢CKS GSNY WI NODAFAOALFE LyaSttA3aSyoSQ o1l a
RSa ONX o6 St sclefice &nd engireng of making intelligent machinés

6al0/ I NIK&z HnntoO® on &SFENB fF3iSN Ww. NI OK!
AAIAYATFAOLF yi AvsitiigSdgnin Xigsafiptiend of the. wolldan sdch a way

that an intelligent machine can come to new conclusiaipgut its environment by

formally manipulating these descriptighs 6 . NI OKYly g [ S@SaljdsSz
feature of a knowledgdased system [Figure o dida farmal and explicit
representation, stored in a knowledge base, of the knowledge pertaiaiaggiven

area [or domain] of activity 6 aOal K2y 9 . NRSYSZT mMphyo d
data [concepts and protocols of relationships] using a certain language consisting of
symbols and well defined metaphors which conduct system outputs. An inference
Ergine computes the data which has been gathered in the Knowledge base to exploit

YSg AYTF2NNIGA2Yy D ¢KS 9y3IAYySQa OUADGAGE
on search and comparison of the default data that has been defined by the system

users.

Progression of the knowledgebase is dependent on an activity called Knowledge

I Olj dzA & A (i A the/transfisrlamiKransférmation of potential problesolving

expertise from some knowledgeurce toaprograéh 6 . dzOKI y Iy g { K2 NI
Knowledge &citation is one of the methods which can perform such a process by
FylFrfel Ay3 (GKS SELISNIQ&a LISNF2NXYIyOS «C2NJ
decision making in order to populate defined templates of questions and problems].

But how does Al integinSa ¢AGK GKS RSaA 3y a0SIRA YIS R
Wwdzf S6FaSRQ YSiK2Ra OFy NHzy GKS RSaixiday LI
activities of decision making and problem solving where based on certain rules which

have been defined by users, computeran optimize the process of production

planning or detailing features of products such as choosing materials.
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Apart from those techniques mentioned above there are other variations which are being

applied by engineers.
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In the definition of the FEM it has been said that a successful method in solving some

aspects of highly complicated products or problems is to break down tbdugt

into smaller components and solve the problem in each element separately. In

addition to physical and geometric issues of design we also have to consider planning

problems such as manufacturing and the supply chain which would add to the

complexity d the process. One of the concerns of the Al technology developers is to
FAYR 2dzi K2g (2 tdeBnBuelon pibeuStORhH dBrapAse & 1arge Q

number of components. The other challenge is to reassemble elements to put the

whole system togetheagain without any possible defects happening during the

process of regathering of components together after the analysis and improvement.

There are several ways in using this technique in design. Decomposition can be

applied either on physical componenbf objects or on problems, based on the

chosen problensolving techniques. There are two main approaches in the

application of decomposition

according to the hierarchy of design. One, as
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mentioned before, is to design a product and then proceeds towastits, it is

called the topdown method. The second trend is to design components of objects
and then assemble them to create the intended product which is known as bettom
up approach (Hinchey & Coyle, 2012).

Another Al design technique is to ppéan several design scenarios and based on the
case and contextual conditions choose a method and modify the solution to fit that
OSNIiFAY LINRBOf SYD ¢ KA &cavh® isk®irRvar®dus industries. y w S
This concept comes from Medical and Pharmacealitprocedures where doctors
diagnose the sickness, choose a treatment method and based on the severity of
sickness and physical condition of the patient, they modify the treatment to be
effective (Gonzalez & Gomez, 2011) (Shahar, 1999).

Most design propsals are constrained by the needs, limits and creativeness of the
designer. There are several factors involved in every design; each has its own fits and
constraints. To design a component using a certain material it should itself be stable
aswellasredy aA @S (2 (KS NBXald-0248SRRS 15OXKY 33 Y @zS
a series of default features on a design to define a boundary and then test elements
for meeting the criteria of constraints (Yvars & Sellini, 1999).

The other technique which share slarities with the Plan Refinement method is

W/ laS SR NBThs 2agpkosicA Gsdfounded upon designing based on
experiences of similar activities. To solve a problem we always search our memory
for solutions to similar problems which we have usedviasly or try to discover
answers from the similar problems solved by others. Compassociated
techniques try to simulate this activity. By referring to a data base where information
about similar processes is stored and by checking the proposal agaimstraints, a
computer can produce several alternatives for designing a product (Coyne, et al.,
1990).

It has been shown in the Ohsuga model of design [chapter 2.2] that the design
process can be a recurring sequence of design analysis and modifioptimnthe

point where it reaches a desired result. The process of modification can be applied
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to various elements of the proposal such as dimensions, components and/or
a0 NHzO( dzNB & WD Mla ¥ysténiiwhichl-fibds i $oatd id sGch a model of
design [Figure 240]. Its way of generating design iterations is to follow a general
structural instruction and rules of systematic modification which are both defined
and stored in database (Brown, 1997). Based on this definition, a grammatical design
database contains:

A Grammar: that creates a basic structure of the product,

A Vocabulary: all of the possible components which can participate in creation of final

product.

A Modification criteria: to set regulation for possitieanipulation of design based on

needs and constraints and system feedbacks.

Figure 2.40 Shape grammar
Shape grammar is a type of Grammar deign concerning the form generation. Picture (GRAPE).

Similar to linguistics, grammar in product design defines a template for the use of
elements. It acts like a pattern which dictates standards and calculable procedures
G2 RS&aA3IYy IyR aStSOG adaaidloftS StSYSyida S

that the result fits the boundary of instructions, carrying fixed features. Grammars

81
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of design which determines selection of components and methods in which they
gather togethe (Brown, 1997)(Stiny, 1991).

The other accepted intelligent system in production is termed knowlemiged
techniques which shares many of its features with previously mentioned systems and
is regarded as a collection of versatile tools. The more engimgeriented branch

2F U(KAAa aeaidsSyasr 9YFRHBSREPLPIY | a GKS
systems combine the abilities of computer aided design,-balged techniques,
object oriented planning systems and data representation (McMahon & Browne,
1998).

Progress in a knowledgmsed engineering system is based on processing an
electronic knowledge model using objemtiented methods. The representational
model is divided into several groups of components, each carrying a hierarchical
value. Such deitions rule the links between various components considered at
lower levels in order to form a bigger component at a higher level of the hierarchy
(Creen & Kendal, 2007). All the information then can be attached to the product
model to identify necessgrprocesses and their details in addition to the feature of

the final product. Such data can also be arranged in a manner to set up an automated
fabrication process. Nowadays, KBE has been developed as a design tool which works
in handsoff areas of designwith minimum human impact on the design process
(Akerkar, 2009).

Although KBE is a versatile tool in design its specialties are more apparent where
there are a variety of final outputs based on one core design planning procedure.
Basically the applicatio of KBE is to run an automated process of repetitious
rulebased design work. The direct influence of such a system on the whole process
of design and production. The overall intent is to remove tedious and time consuming
manual routines in order to give one of the overall resource to more productive

parts of the organisatioq such as the design stage (Ruschitzka, et al., 2010).
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2.5.3. Parametric design
When designing various types of products, sometimes it is a case of making objects ownir
many simila groups of characteristics but with slightly different volumetric shapes or objects
with related geometries but at different scales or dimensions. In these cases, parametri
design is a useful approach, where we can set rules and alter other featurastdiffjerent

but desirable results [Figure.21].

Figure 2.41 Parametric Design
Picture (Rossi, 2007).

Undoubtedly, in order to design a duplication of a certain group of objects it is always
possible to define geometry rules by computer codasorder to conduct an
automatic design process; yet, any changes in geometry or standards must submit
the project into a tedious process of repetitive change of computer codes which
needs the constant input of highly experienced software experts to igam and

test those commands with which the geometry should be designed. Such trends can
lead to success only if we work with very well defined objects, have plenty of time to
reorganize the system and have the required staffs that are well integratedhsto
source design so as to be able to review command codes. To avoid the complication
of the process some new systems of parametric designs have been promoted which

allow adjustments and changes throughout the design process. Instead of creating
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and recrating design models users with much less software skills than what were
needed before can modify and recycle design models.

Many types of new parametric design methods have been introduced in recent years.
These systems enable us to define objects eithygphysical features or variables and
parameters. This approach allows users to change physical features of the design

simply and rapidly by changing the value of main parameters (Roller, 1991).

2.5.4. Models and features
One of the popular design abiét in the majority of industries is to form a volumetric
shape of an object or component and to modify it toward the desired results.
Products with a high level of complexity also need applications with higher geometric
reasoning capabilities. On the othédand, not many of the existing Artificial
Intelligence computer applications go any further than geometry reasoning or being
programmed to produce geometrically limited objects.
For an architect or product designer it may only take a superficial stuayrmdel to
understand what the dots, lines, shapes and symbols represent. This way they
communicate with the model maker no matter who it is. An expert can recognise all
the technical properties of designs through reading the symbols and annotations. The
problem here is that this form of information is only descriptive and does not add
any practical characteristics to the product models. These engineering characteristics
are known as features and most of the older computer aided design systems are also
incapable of adding any real life engineering features to objects or components and
ultimately product models.
Initially what was called as the features of components was directly related to
3S2YSGiUNE 2F (KSY®dP . & G2RI&Qabe RSAAiNAGAZ2Y
structure, mechanism, etc. Nowadays, not only geometry but also other engineering
information and production strategies are regarded as features. Fabrication and
machining details of components, material and basically any characteristics of

LINE RdzOG & | NB T2 NI A A BatifeSd atydgbt&eded gebmebdd@ R dzO
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functional element or property of an object useful in understanding the function,

behaviour or performance of that objgct 6 . NR gy~ S | f @ mMphpH O

It has been claimed befe that CAD models can carry features of components. The
mechanism which defines these features in a CAD model is known as feature
recognition. There are three major approaches in this area. Firstly, syntactic pattern
technique which uses 2D elements repeatation to define a geometric pattern,
secondly rulebased system which uses series of rules to define features, and thirdly,
graphbased applications, which uses graphs to produce models (Shah & Mantyla,
1995).

Among all of the featurdased techniquesfeaturebased design is probably one of
the most attractive yet not the most comprehensively developed. The concept
behind this method is to make models from scratch, using components with

predefined features [Figure 22].

pocket

slot

Figure 2.42 Featurebaseddesign
Design of a mould by Features. Picture(Salomons).

In this system there are many approaches to design. As an example we can consider

0 KS WRS pracéss{Biguie @S] Qt can be said that the users of this method

basically have thd Odzf LJG 2 NARQ | LIINRIF OK 2F Gl {Ay3 (K¢
and so on) and subtracting pieces from it to reach the intended shape. Such a process

is trivial to automate with a computer issuing a hierarchy of commands where

WF S| (dzNB & Q ds At cammarlddtinEnvdkdmachining operations to

85



remove parts of the block of raw material and form new geometries. The process of
design in this system is unlike what designers usually do. In fact designers need to
know and understand the geometryf dinal products before starting to work on
models. The other negative point is that designers need to have a detailed knowledge
about the intricacies of the machining and fabrication processes which is not always
the case. A CAD application may supply eq@reprogrammed features [templates]

or offer to designers the capability of defining new features (Shah & Mantyla, 1995).

S
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Figure 2.43 Feature based

A schematic example of the Feattlsased production showing three stages of a Destructive prog¢tsture (Parry &
Bowyer, 1993).
In addition to that mentioned above, Featubmsed techniques offer many more automated
activities to their users; some of them are as below:
AT NBFEGA2Y 2F LINB2SOGaQ C9a
A Process planning for CNC machines
A Casting and forming process planning

A assembly planning
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What can be more or less foreseen is that the number of these functions will grow
gradually as ongoing research and development expands the domain of featurebased

G§SOKYAIldzSaQ Ay R&&BEwhe 1998.25004a4 o6alal
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Part three: Production design and manufacturing

2.6. Design and manufacturing hand in hand
2.6.1. Introduction

Throughout this chapter we are on a short journey from the initial design to the
fabrication of products. The journey begins with investigating the emergence of
traditional methods of design and fabrication and the links between them and
identifies the obstacles of those old techniques [although many of those techniques
are still used all arounche world but in comparison with emerging systems they are
considered rather dated] to create a strong relationship between design and
manufacturing. Focusing more on process design instead of the product itself, is
possible to show how concurrent enginesgi can increase efficiency and
productivity of systems as well as reducing miscommunication and errors while
keeping repetitive processes to the minimum. The following discussion focuses more
on the strategies which can be applied by designers to deterrtieeproduction

type, process and flexibility of such methods.

In fact the intention of any engineering design project is to satisfy demands;
consequently all the efforts of the engineers in all design and production projects are
focused on finding fulfing solutions for those needs by making the most

appropriate and efficient use of resources. An engineered product is the result of a
design being somehow turned into an artefact by connecting designers and

manufacturers.

For every type of product theres a unique timeline which defines the product
lifecycle; but, there are some key steps in each timeline which are related to the
formation and realisation of products which are the same for most artefacts. These

can be seen in the Figure 4.
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Figure 2.44 Product lifecycle timeline
Extracted from (Tunstall, 2006).

Not long ago, the process dlfesign and fabrication used to be regarded as two
separate procedures and in order to bring them together and make the production
more efficient and accurate, process and production planning appeared more as
lateral activities [and not a main activity] qugrting the main stages which would be
Design and Fabrication [Figure4s]. The summary of such a process is basically to
complete the design activity [applying any appropriate design model], and then to
translate those proposals so as to be useful amtlerstandable in factories.
Thereafter there is a need to plan for production strategies and finally to apply those
plans to the task of fabricating products. By reviewing conventional systems it is
noticeable that not only are design and planning infloet by all the complications
caused by applying totally discrete stages of work but also such a slow and long
process can distance the production line from the market and consumers. Due to
time consuming processes and the inherent inflexibility of the patin line and

associated machinery, coupled with a changing market, may lead to producers
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manufacturing artefacts in a constant fashion while they are not sure about the
market expectations and consequently the profitability of their product. Companies
employing inflexible systems are mostly incapable of competing with other
companies since flexible systems can enable the design and release of new products

in response to updated market reports.

Processand

Production ﬁ Production
Planning

Figure 2.45 Desigrabrication
Design and Fabrication link in a traditional system.

A large number of popular companies determine their production strategies based
on constant improvement and tmglease new versions of their products at least once
every few months. Sometimes only a few weeks after release they have to redesign
their products and make amendments to sustain their presence in the marketplace.
¢tKA&a Aa GKS NBI f bdudion i engiadering iSusinesB S@ghk 3y =
competition between companies and fast growing technology and demand have
made for a more rapid pace of change, therefore setting up an inflexible and fixed
production facility dedicated to the fabrication of onertain product is becoming
exponentially disadvantageous (McMahon & Browne, 1998). As has been mentioned
before, nowadays, the separation of the two phases of design and manufacturing
within a project can be disastrous. Designers being unaware of faiomcéine
constraints or capabilities can sometimes result in poor proposals which lead to
severe problems in the factory. Apart from that, representational models carrying
design proposals can be deceptive or not capable of containing enough production
data so that the fabrication team may be misdirected about the reason of some
features of the design proposals. On the other hand there might not be any valid

feedback from the production line to the designers about problem areas. Indeed
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miscommunication cahappen in various directions and only a direct link between
teams may help avoid unintended consequences.

It has been mentioned previously that the most dominant concept in many
traditional models of design is to design, evaluate, develop and redesigh [an
reevaluate]. Such a circle of actions in a high level of proficiency and detailed
consideration may lead to both cost and material waste reduction in the production
line. But a repetitive process is also both time and money consuming in other ways
such @ when in the design phase companies need to spend time and money on
recurring procedures and recruit a workforce to redesign and readjust design

proposals based on evaluation results.

2.6.2. Modern fabrication engineering

The modern world has created a high level of demand amongst users which has
changed the concept of manufacturing with minimum defect to a zero defect
production with no error tolerance using lean production techniques (Black, 2008). It
requires averyacdll: 0 S addzRé IyR Ay RSLIIK YINJ]Si
needs. Currently, product design and planning must be very well organized because

in such a competitive environment developing products with higher quality than even
GKFG 2F | LINRtgipaedneddd BeardzdnSréldivie and money and

could be considered as a loss for companies. In a modern flow of work, the quality of
final products is definitely dependent on the output of all members of the project

and not just on one certain productioeam. That approach to the quality of products
ONRAY 3Ia dzLJ G KS G S NI.46iagis intégratipddwlittf all dvérGhe o C A 3 d
whole production process and involves all groups (Peratec, 1994).

In a total quality organization it is vital to regardah department and process as a

small subsystem working within a larger system. A system works optimally based on
RSTAYSR NMzt SaX RSRAOFGSR G2 GKIFG dzyAldzS
processes which produce artefacts, as optimal as they lhmen designed; such
artefacts are also considered as systems which have to work as they have been

designed to uniquely fulfil the targeted need. In these systems stagnancy equals
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corruption and in order to be able to cope with changes and respond to new
cNOdzvyaidl yoOSa GKSe& ySSR (2 KI .thSeabdoftindNBAY T
to design an ultimately perfect product [which is not possible due to rapid changes
in technology and expectancy] it is more practical to enable modification and

persistentdevelopment in a system (Peratec, 1994).

Quality
Improvement

Statistical
Quality Control

Total
Participation

Total Quality
ManagementMission:
Quality Improvement

Systematic
Problem solving
focus

Customer Focus

Figure 2.46 Total Quality Management
Elements of a Total Quality Management based system. Extracted from (Satpathy, 2008).

It has already been said that the segregation of the design and fabrication phase
undoubtedly reduces the quality of products and that design refinement in order to
meet manufacturing constraints needs to be delayed until the end of the design
process. To solve this problem it is necessary to establish a high level of
communication andcollaboration between all departments as well as concurrent
development of the product design and production planning. Simultaneous
engineering and planning regards all stages of a process as concurrent procedures
which are developed at the same time wittue consideration of each stages
influence on the quality of other stages of progress. Undoubtedly the success of a

simultaneous trend is highly dependent on teams with certain specialties, each
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carrying out predetermined jobs dealing with some aspect led project while
cooperating with other teams (Prasad, 1997).

| 2y @Sy dAz2ylrtter (GKS tAFS Oed0fS 2F | LINRF
departments and as it was developing toward fabrication it got passed between
various departments. In those rids of companies their activities were mostly
systematized as artefact engineering and fabrication engineering. Now, modern
companies have applied a concurrent approach in their work flow comprising a group

of multidisciplinary experts, gathered in the jghact engineering team to navigate

FYR Y2YyAG2N) LINPRdzOGAQ fATFS 080fS FNRY Ay
1989).

Ultimately there are strategies which are taken in order to apply systematic
modifications. All of the conceptual and systematiaieges in modern approaches

require some innovative methods of design and production to evolve the process.
Wydzk f AGE SY3IAYSSNAYy3IQ FLILXASE GKSAS YSiOK
In fact the quality engineering concept is an organized grougediniques which

directs engineering endeavours in the direction of the fulfilment of all initial needs as

well as considering enough of a margin to discover probable defects and refinement.
Computers can also play a prominent role in this process dérsydic change.

Computer aided technologies such as compttieled design [CAD] and
computeraided manufacturing [CAM] are becoming the inseparable parts of the
modern organization of the collaborative team efforts which demands information
sharing and autmated procedures. A CAPP [compudgred process planning]
technique can use computers to help extract data, are capable of operating CNC
machines or assist in the planning of fabrication activities. CAPM or corraiatexl

production management equip usewgth the ability to monitor, assess and modify

the fabrication process. In order to do that, CAPM applications need to be fed by
fabrication data and the quantity survey of materials. The use of comgaitkd

technologies and automated procedures whidHiak to a core information resource
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is usually named as a computiategrated manufacturing [CIM] system [FiguretZ]

(Kalpakjian & Schmid, 2006).

Ly FIFO0G W/ LaQ O2dZ R 6S NBX3IFNRSR |a | aea
are connected though a digital organization controlled by computers based on the
commands given by system designers in order to keep them all in step. The ultimate
LJdzN1J2 &S Aa G2 L e WLYFT2NXIFOGA2Y YR [ 2Y
WL/ ¢Q (2 LINB @y and 6 Xadiltase YeahdayfentCsystems offering
STFAOASYU LINRPOSRAINBA&ADP ¢KS YFIAY | NBF 2F /
chain by synchronization of the manufacturing progress with several providers,
connecting the design data with the manafaring line and controlling the flow of

work along the production line (Kalpakjian & Schmid, 2006).

Market,

needs

Manufacturing

Priority

Manufacturing
strategy

Manufacturing cdl Cell capacity
capability profile profile

Figure 2.47 Computer Integratd Manufacturing

Flow of information in CIM. Diagram (Lucas Engineering and Systems, 1988).

In order to expand the capabilities of computer aided technologies many research
projects have been directed toward the exploration of File to Factory technology
which in fact automates the collaborative work of designers and manufacturers. It is
noticeabk that currently there is much misuse of this branch of technology in that it

is being employed to just supplement traditional methods or to automate an old style
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of project organisation. Today a product team is expected to work in a system where
product and/or process investigation constantly and repeatedly tests the design to
check it against the constraints of manufacturing and so creates an optimised
production plan based on the fabrication method aligned to the expected end
product. Figure 248 demonstrates the link which is made between CAD and CAM by
computeraided process planning [CAPP] (Rao, et al., 1993).

CAD

]

Product/process
analysis

Process planning

CAM

Figure 2.48 Computer aided process planning
Schematic figure showing circulation of data in a CAPP system.

2.6.3. Group Technology

One way to optimize projects is to categorize components of products based on their
properties. This categorization can be based on any feature which suits the interes

of the project such as size, colour, material or even fabrication operations. Such a
breakdown of the product has become recognised as a production method called
WDNR dzLJ G4SOKy2ft238Q 2NJ WD¢Qd D¢ A& | (SOK
related or similar components in a production process in order to take advantage of
GKSANI AaAYAfEFNAGASEAET o6& YIF{1Ay3a dzasS -2F3> F2
LINE RdzOGA2Y YS#K2RAaQ ®CAIdzNBE H

The main task of GT is to create product layouts and #tiemamline the fabrication

process. This way production and production planning of families of parts can be
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assigned to a certain group of engineers and technicians. In addition the
configuration of material supply would become much easier and the timenta&
relocate materials between machines and sites as well as any required device
installation and adjustment times are reduced dramatically.

Other uses of families of components are when engineers design a process for the
production of a component. The is the opportunity to inherit a process plan from
other components of the same family. In the main, some minor modifications may
finalize the production plan for new parts.

GT groups parts based on their similar geometry, physical features and pufcess
fabrication. Engineers now have some standard guidelines for component
categorization. These standards may vary in different countries or even from one

company to another based on their needs and organization (Syresh & Kay, 1998).

=
R

Figure 2.49 Group echnology
By grouping the components of products in part families machining and other fabrication activities and planning
are becoming more efficient. The picture shows bronze machined parts carrying similar features grouped in
families. Each family maass through almost the same manufacturing and planning stages.

Picture (JTech Sourcing, 2013).

2.6.4. System organization

The trend towards the analysis and categorisation of systems and environments
which tends to group them through recognition tfieir constitutive elements

[reductionism] has aroused controversies about their accuracy since individual parts
may not work well when gathered in one product. Many specialists believe in a

W3 & & égpreacin which systems are regarded by a plenarw vagher than
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being analyzed or developed based on analysis or development of their individual
components. One of the advantages of this approach is that users can reversibly
break large systems into smaller systems. Another feature of the systems make up
that one system can be considered in a network with other systems. For instance we
can always see the link between the production system and the system of the supply
chain. As has been mentioned in this chapter so far, systematic and plenary views are
an essential component of many production projects. Therefore we need to develop
all subsystems [as larger systems have been broke into smaller systems]
simultaneously to have a better understanding about needs, limits and each
adzoaeaidSyQa Agresdof@thersAGheckldnd 198aNR

2.6.5. Simultaneous organizations

By new standards which get tighter day by day, prosperous projects can be regarded
as those in which experts from various fields feed knowledge into the system from
the inception to thecompletion of projects. It is also a time saver in the engineering
stage due to the elimination of the repetitive cycle of gradual development and this
type of the economy of time can happen over all the various stages and procedures.
Ly FI OG0 Yot (dzayASy2HzaW{oxy IAYSSNAYy3IQ (GKS FlFoN
related activities may happen almost at the same time as the design operations.
With companies moving towards the adaption of simultaneous system they can
become divorced from the traditionalvay of dividing product and fabrication
engineering. The two groups of activities were traditionally separated distinctively
and sometimes were even managed by separate persons; while the modern system
is more team and organization oriented and tends toselep the project in one
unified group, the project team.

There can be some variety of views in regard to the team oriented flow of work. In
companies, they can form groups based on the families of their products. An example
can be the construction compas. They may have teams which work on the
construction of roads, harbours, marine structures or/and bridge construction

depending on the domain of their work. In tedmased organizations it is preferable
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at any stage to have an appropriate group of expewrith a variety of specialties to

work together. In complicated projects or in companies that produce many products

in order to make processes more productive it is an option to create a matrix of the
organization. Such a matrix serves to divide expeatseld on their area of expertise

into different departments and then based on the needs of any project then defines

0KS ljdzr t AGe 2F SIOK RSLINIYSYyGuQa Ayg2f O
matrix organization has been demonstrated in Figuré&@ This kind of matrix or

GroftS 2F ¢2N] F2NOS ftft20FGdA2y Oly |faz2 R
of procedure and highlights departments involved in the production of artefacts of

the same family.

Apart from all of these organizations, we shoaldiays keep in mind that despite all

the efforts to standardize the production process every single type of product needs

an optimal organisational strategy to realise the feasibility of the operation. Every
guideline has its own limits and constraintsaieoriented organizations may have

the advantage of concentrating all the focus of different departments on the

LINE RdzOG & UGKNRdzZIK2dzi F LINRRdzOGaAaQ tAFTS0eO0
exchange of expertise between the different departments or pridteams

whereas, those previously defined in this document and employing a more

traditional system may provide a greater exchange of expertise (Kerzner, 2001).
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Figure 2.50 Matrix organization
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2.6.6. Design for manufacturing and design for assembly

CNI RAGAZ2Y I Efe 20SN) 7> 2F | LINRB2SOGQa
1983); whereas nowadays designers are gradually becoming more distant from the
fundamental procedres of production and fabrication due to the growing specialism
of their own work and the fast growing complexity of novel fabrication techniques,

new materials and machining tools. This deficiency has raised the request for

0C

technologies that help desighth (12 ¢ I AR WS EHNIY T2 NI al ydzF |

DFM can be regarded as a descendant of a traditional means of creating successful
projects but harnessed in a more modern way by seeking the creation of a series of
multidisciplinary design standards definifignits for the designer to more or less
guarantee the feasibility of project in regard to the existing fabrication capabilities.
In the same way as in any other field, DFM has benefited from computers in many
ways. There are automated mechanisms that cawalgze design proposals and
evaluate their fabrication feasibility based on piefined boundaries. They can also
simultaneously feedback some guidelines for the improvement of the design. One of

0KS GSOKyAljdzSa Aa OIF ff SR [Hdu® 2.95 DFAQs 2 NJ
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becoming one of the key branches of the DFM system, playing an important role in
many projects. Since the assembly stage is potentially the most labour intensive stage
of production and the greater the workforce the more expenditorelabour, hence
assembly can become the bottleneck for projects. Although DFM defines design
limits in almost any field it is vital for a designer to have a concrete knowledge in
regard to the design limits and does not wholly rely on automated evalnatial
correction. It is common that some of the DFM standards may not respond to some
project intentions or other classes of constraints. It is not a surprise that in every
system there may be some ambiguities that exist, especially in pioneering projects
and organizations which do not have any prior examples to follow.

To sum up with, some basic concepts of the DFM techniques can be named as follows:

A Benefit from the reduction in the size of projects To use similar
components in not one but as many jpessible artefacts

0 Reduce the number of components as it demands less engineering
work and simplifies the assemblage and reparation.

A Regulate the process but do not limit creativityApply components with
previously proven success Use a diversity of parts from one family of
components

A Apply straightforward techniques Apply methods with previously proven
success

o Apply expensive methods only if they are essential for execution of

project.o Do not apply highly complicated geomies and joints

As posterity of the design for manufacture, design for assembly also can automatically exect
procedures as follows:

A Identification of influential factors on assembly

A Regulate and abbreviate assemblage procedures

A Identification of the impacts of assembly process on product design

(Molloy, et al., 1998).
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Figure 2.51 Design for assembly
Design For Assembly. A demonstration of the assembly quality showing the hierarchy of actions and location of
parts in prodwtion of a card machine. Picture (Collabera).

2.6.7. Approaches to process design
LY | LINBRdzOGaQ tAFS 0Oeo0tSxz GKS OdG 27F LINJ
design geometry, joints and other features to commands and details which describe
the timeline and hierarchy of procedures, machining and finish guidelines and
basically serves to direct the fabrication phase. Therefore the process planning has
righteously become an essential element in the integration of modern design and
production.
It is important to know that in most cases there is always more than just one available
plan in the production of artefacts. The most appropriate general plan would be
chosen by the production strategist depending on a large variety of factors and
details of any procedure which also may differ from one product to another. For
example the volumetric features of a design, the size, and number of components or
required products, etc. are totally influential on process planning. Certain types of
materials mayeed special machines, tools and techniques for shaping and finishing,
or if the number of products is more than one sometimes planners may choose, for
instance, a casting process over CNC techniques. Planners also consider the
accessibility of tools andst benefits (Chang, 1990). To match the requirements of
a modern production project there should be a systematic approach to the plan of a

production process.
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There are many different ways in the systematic approach to production process
design; one of K S LJ2 LJdzf | NJ SEI YLX S& A& 1yz2é6y | &
thorough and well defined structure introduced a systematic approach toward the
process design (Gindy, et al., 1993). This system defines the form of dealing with
geometry, objects and componegitjoints and assembly, using available fabrication
methods and devices and finally designing a suitable production process. GENPLAN
GKSYy OF({iS32NAT S& GKA& AYF2NNIGA2Y AyhGz G
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and the latter consists of end product physical appearance and dimensional features.

The categorized data then forms the basis of a thstp process. The processes

start initially with checking the feasibilitf design proposal.

Afterwards it is time to select the manufacturing system which meets the
requirements of the project in the best possible way. The final phase is to design a
productive, detailed and optimized process based on all previously gathered
information (Gindy, 1992) (Gindy, et al., 1993).

Previously the conventional way of process planning was to perform all the work
manually and by hand, where the quality of the result was totally dependent on the
personal knowledge and abilities of evenglividual involved in the process. In fact

process planners had to analyse the geometry and prepare technical drawings for the
FIONAOFG2NERQ dzaS> RSTAYyS Ftt (GKS YI OKAy
operations all based on the nature of these systantsnately the resulting plans

may inherit some human errors and may not benefit from the best organizational

order as the limits of the human conceptual capabilities may be limited when
concurrently considering many parameters in a single process. Qlgrtar most of

the time it is the case that plans may not follow the same standard. Clearly computers

did not let the same flow to continue and revolutionized the traditional methods.

What is known as CAPP or computer aided process planning presesisraofian

automated process which reduces the process time and provides accurate plans

based on standards and rules which potentially can increase the productivity of the
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process. This automation can run through all the required steps if users can @stabli
the CAD, CAPP and CAM link. This connection is the key element to automate the
data transfer between all designs and manufacture phases in order to create a unified
process (Gindy, 1992) (Gindy, et al., 1993).

In order to briefly summarise chapter 2ibshould be said that in the current climate,
where the market is demanding high quantities and qualibigsroducts, rivals in the
production industry are steering all of their efforts towards a single aim which would
be to own a bigger share of the mk&t. Therefore it is essential that producers and
service providers increase the quality of their products while delivering a high volume
of products and services while still decreasing operating costs. A total quality system
needs to run these aspects thfe organisational work.

This system needs to involve all members of the projects in all stages of production
process thus an ICT system is necessary to manage the communication and flow of
information amongst project members. This communication system unify the
product design, process design and manufacturing together [Figu4& Zomputer
Integrated Manufacturing] and allow concurrent progress [e.g. product design and
production design could be done simultaneously] which will increase produgtivity

efficiency, accuracy and profitability of projects.
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2.7. Fabrication organization and machining planning

2.7.1. Introduction

This chapter seeks to establish the role of machinery and machining process in the

f "

development of design and process planning. The2eNS A 0 Ay AGAl ff& R
technology and visits the required and existing machinery to realise the concepts
before progressing through the various approaches to planning the process using this
technology. In the following sections some of thealateparation methods for the
LJdzN1J2 &S 2F FLFONROIFIGAZ2Y adzOK Fa W dzi2 Yl {
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manufacturing process, the following chapter defines the capabfita 2 F W/ ! 5/ !
in product engineering and the fabrication of complicated geometries. Furthermore
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techniques will be illustrated.

2.7.2. Numeric Control

The technology commdné NBFSNNBR G2 a b/ 2N WbdzYSN.
automatically control machinery in order to fabricate artefacts. The commands
which are fed to machines are usually stored in the form of codes which have been
saved on various types of media. flact these codes replace the input from the
traditional mechanical and manual controls of machines such as wheels. The first
signs of the implementation of NC date back to 1940s when Parsons encoded
machining commands, which were then represented on mdccards, to control

the fabrication of curved objects such as aircraft components (Smil, 2006). After
many years of gradual progression in the capabilities of NC and improvements in
regard to accuracy, speed and the increasing number of complicated ejeem
which can be made using this technique, NC has become the key fabrication factor
in most advanced manufacturing industries. Nowadays it is possible to make
components by subtracting materials off billets or to use lasers, water jets or plasma

cutters to cut sheets and create parts or even assemble components of an electronic
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printed circuit board all automatically [Figure®2]. In fact NC has radically changed
the production of singular and uniqgue components. Also what we see for example in
car phnts as robotic hands which assemble automobile parts are actually numerically

controlled machines which work based on inputs fed to them by coded commands.

Figure 2.52 Numeric control

NC machines can cheaply mill foam moulds for production of precast concrete panels in a short period of time.
Picture (GBM, 2010).

The currently available NC devices are the result of more than 50 years of consistent
development. Such machinescommo@y2 y 4 A aid 2F | O2y G NRf f SNJ
2NJ 0KS Wal OK Mhich play2tyeirdemfithe prgirfar he machine. This

part of the machine is responsible for the retrieval of saved data and then uses this

G2 O2yUiNRf GKS Wlp&fordzméachitng onRvBridpieCeS. anfallyy K A O K
the media for the transfer of commands to machines were punched cards and then
magnetic tapes appeared which were capable of storing large amount of data. And

now, machines can receive information from computesrgen from an unlimited

distance. In a process conducted by a MCU, feedback from the machine, which might
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be quantitative and/or qualitative loops, is essential to keep the process on track.
This feedback is detected by sensors. Based on the shape oftémeléd products

the MCU controls the movements of the cutter and/or the billet holder. Due to the
versatility of machines, they can now move in various directions from one t@xige

[Figure 2.53] (Jain & Chitale, 2010).

Figure 253 A fiveaxis routerPicture
(5 Axis CNC Routers, 2008).

There are different types of movements which can be defined to machines. Some
machines may only be capable of limited kinds of movements. The most basic
Y2@BSYSY(d A& WLR A-gelinedipln, thi2maghin@moves ffomlone LINS
point to another and makes certain changes to the work piece. As an example, an
automated drill which should make holes in certain places of a sheet can be
programmed for pointo-point motion.

A straight cut is thesecond most fundamental type of motion where machines can

cut or move only on one straight line and at a given speed. This type of movements
creates many limits and constraints for the production line. On the other hand as an
example of a more sophisticad technique, contouring by numerical control mixes

the pointto-point motion and straight cut together to perform accurate motion on
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a flat surface and in two axes. Each curve is defined by many straight lines in this
system. Apart from controlling the duil SNRa Y2dA2ys GKS a/! Ol
of any process, position of the work piece via clamps and chucks as well as controlling
cooling systems and many other operations which are involved in the machining
process of certain objects (Jain & Chital@l@).

Until the 1970s, what we can find as fabrication control devices was generally
mechanical. The machine control units basically had no capability for saving and
supplying successive commands to a device and could only manage them
sequentially. In adition the abilities of the control units were limited regarding the
variety of commands that they could handle. It was only in the late@htury that
manufacturing control was revolutionized due to the integration of computers in the
process. ComputeNumerical Control [CNC] has equipped control systems with a
storage unit where successive commands could be stored and analyzed based on the
feedback received from the production and machining line. Consequently the overall
speed rises and changes of presecan be executed relatively easier and faster.
Nowadays and with the help of digital technology highly complicated commands and
operations can be organized with much greater accuracy. The new generation of CNC
machines have digital input and output linkgich are compatible with regular
personal computers; this makes the working progress much easier and faster. Some
CNC tools even provide graphical representation of the real time condition of the
work piece and the process being performed, this servesréate a better user
interface with the system operators thereby facilitating assessment and decision
making activities (Bedworth, et al., 1991) (Kalpakjian & Schmid, 2006).

Not only have the fabrication control systems been transformed by the progifess o
technological development, but also machinery and fabrication operations have
been improved dramatically due to the advance of computer science and robotics.
Instead of being dedicated to certain materials, forms, production operations or
products, machies are turning into versatile tools which operate on many different

material families and are capable of the production of numerous product families.
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This equals a reduced installation and adjustment time as well as providing for faster
modifications and ultimately the capability of producing a wider range of products.
The major advances provided by current technologies are (Schodek & Bechthold,
2005):

A Instrument magazines which allow machines to be equipped by necessary
tools fitting the desired job and the required level of precision. Depending on
the machine type, they can have magazines storing tens of tools in different
shapes and sizes.

A Product ad raw material magazines which allow an automated process of
feeding raw material to machines and store machined objects, ready for the

next step.

A Multi operational machines capable of executing two or more different types

of jobs on the work piece at hsame time

2.7.3. Data exchange strategies

As has been seen previously, whether being performed sequentially or
simultaneously, there is always a plan and a planning activity to link design and
manufacturing together. The operational plan used to fadecobjects in a numeric
O2y iNRf aeadsSy Aa 1y2e6y Fa GKS WLI NI LINER
in a product team, part programming is considered as the regeneration of geometric
features of design in the form of product specifications whprbceeds to the
generation of coded machinery commands. The traditional view on this operation
would be to expect the job to be done manually by planners going through the
technical drawings and calculating the machining operation details before going on
to coding forms and creating codes which then could be punched on cards (Seames,
2002).

Currently through all the improvements of recent years, part programming for fairly
straightforward geometries are sometimes done manually. Input and output devices
of NC controllers have made part planning and modification extremely simple. There

is always the advantage of standardized procedures and established process
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samples. Nonetheless highly sophisticated geometries have always been challenging
and perhaps even ipossible for part programmers to program manually. Computer
assisted and recently even fully computer integrated programming systems have
widened the circle of producible artefacts while demanding less time and carrying
less errors and stepping toward zedefect production. As has been demonstrated

in Figure 254 one group of these improvements is related to computer applications
that allow users to manually plan and the other group are those applications that

interpret fabrication data straight from CADodels (McMahon & Browne, 1998).

Computerassisted CADCAM
Write Part

Manual program geometry :
|
Source :
v v \
Manual e . Toolpath :
Code SLS :
|
Manual CLDATA |
\ 4 \ 4 !
Code !
Remote Post- :
{ preparatio processor |  CLDATA !
y |
Manual MCD MCD :
v \ 4 |
Data ] ] 1
Transmit to Transmit to 1
Input , , !
machine machine 1
|
MCD MCD MCD :
\ 4 \ 4 y :
Machine controller :
|
|
|
|

A

. Future?/Present?!!
Machine [ =-=-=-==-ccc e e e e o - - 1

Figure 2.54 Part programming

Alternative routes for part programming. It is demonstrated that NC machines now can be programmed
manually or by computer applications. It also can be seanttie most basic way is to do it manually; basically

to translate the design to sequential machining processes manually and then transfer them to the machine
manually [primarily using wheels or levers]. On the other hand in the most modern way all tténing data

could be extracted from the digital model by directly connecting the computer to the CNC machines. Diagram
(McMahon & Browne, 1998).

Part programs necessarily have to adhere to a tight set of standards. The NC

standards and computer applicatis and programming software that are being used
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currently are mostly considered outdated since they all have been established some
years ago and factories using them are mostly not willing to change machines,
software and to train their staff repeatedlysahese procedures are time and cost
consuming. Generally machines receive packages of data in which they carry
commands and necessary information for identification, speed and machining routes
ly2é6y +a Wa/5Q 2N Wal OKAYS [/ 2ndg W@t 51 @
conventionally recognized be certain letters.

A Series number (recognized by letter N) to refer to a certain data pack.

A Preparative actions (recognized by letter G) are of a high level of importance
since they inform the MCU of operations that will happen. Using it, machines
do initial preparations to perform planned action.

A Coordinate data (recognized by X,Y,Z,A or B)date cutters and work piece

holders
Cutter feed tempo (recognized by letter f)
Movement velocity controller(recognized by letter s)

Tool selection data (recognized by letter t)

SIS U S

Diverse control (recognized by letter M) data mostly used to controlcegsvi

or systems of fabrication machines.

It is necessary to indicate the place where a data pack is finished by adding EOB (End
Of Block). Here we can see an example of command data package:

NOO5 G02 X40. Y80.130 Z160. F.80 S2500 eob

(Seames, 2002)

Investigating manual processes can be a good starting point in this topic. Commonly,
manual jobs of any type are prone to receive the least possible assistance from
machines and digital technologies and rely mostly on manual capabilities. In the same
way & any other masdriven precision production procedure it is complicated and
needs a high level of expertise and experience and is largely prone to mistakes;

especially when bulk material removal is the intent and due to the complexity of
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detailing machinig paths. Nevertheless there are two groups of assistive functions

that reduce the hardship of manual processes for programmers.

Aw IyySR 020t SaQ 6KAOK O2YLINR&AS NBLISGA

in many different production processes and at mosed minor adjustments
to fit various operations.

A Wwal ONRPaAaQ 2NJ W{dzoNRdziAySQ INBE (KS
processes throughout certain machining process and eliminate separate

design of each repeated process (Seames, 2002).

If we want to take a step forward and replace manual programming by a more
advanced method, it would be to consider computer programming applications that
allowed programmers to define the geometry of objects and machinery processes in
computer languagesComputers then can do the calculations and translate the
programs and connect them to the machinery by making command packages. While
today we can expect to see fully automated production process planning and
manufacturing in highly sophisticated fabricatisystems, there are production lines
in many factories in which parts of the process are performed automatically but
where much of the operational information such as dimensions, positions of the
work piece and cutting tools, motions, speed and tool patbst be measured,
calculated and fed to the system manually. Programmers who use computer
programs to plan machining processes usually follow these steps (where, as
previously mentioned, any of these stages could be a part of an automated system
or be peformed manually):

A To define volumetric features of objects, movement of tools, inputs, velocity

A Encode all the gathered information based on the computer program and

type of fabrication machines being used.

A

as
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series of cutter motions and other machine movements and controls.

A Adjusting CLDATA to create MCD for certain tool which is going to be used to
feed MCD to MCU and run operational analysis (Seames, 2002).
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Nonetheless, theltimate method of part programming which is currently being used

is an enclosed feature of the linkage of CAD and CAM, which allows the part
programmes to be extracted straight from CAD models. This operation can be
performed by directly transferring madis to the computetAided Manufacturing
application or by utilising numerical control applications existing in CADCAM
software. No need for human interference in the process of encoding physical
features of parts means the elimination of manual procedoratakes. Furthermore
such applications facilitate programming by illustrating the end product of any
machining process and also enable users to modify the plan as required by the
intended product. It is also possible to preview the tool motions and mawdin
paths. Furthermore, part programming for complex geometries that were not
possible using older techniques also become feasible by utilising automated
techniques. This way, new forms could be devised and used in innovative product
design.

Generally theCADCAM oriented part programming starts with the recognition of
critical features of objects which will affect machining. Geometries may require to be
modified to fit better with the machinery and their motion constraints. In the next
stepitisessentiafl 2 ARSYy(GAFe (GKS (22taQ TSI ddz2NBao
and cutter path should be programmed. All of these processes can be simulated
digitally and any necessary modifications may be applied. And finally the CLDATA is
generated and can be used generate machine control data or MCD which then be

transferred to MCU (McMahon & Browne, 1998) (Smid, 2003).

2.7.4. Part programming exploiting 3D CAD models

The introduction of digital part and process planning in production was seen as a
means to faditate the realization of complicated geometries which usually result in
complicated machining procedures. One inherent complexity in regard to in this
approach is that to deal with multiurved surfaces. Each digital application may offer

a different stategy; however, it is important to define any set of machining
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operations such that independent tool paths do not impose on the previous or
subsequent generation of an object feature.

Basically operators should be aware of procedures that may have besserch
automatically because in practice two or more of them can interfere with each other.
Bulk removal of materials using CNC machines may create a rough surface where
material has been removed to various depths. Due to the existing details of the 3D
digital models production engineers possibly have to plan for more than one round
of machining. Based on the required level of finish on the work pieces after bulk
removal of materials, the piece may undergo similar but slightly different course of
machining tgprovide the desired smooth surface using different thicknesses of tools
existing in the tool magazines of CNC devices. The following machining activities can
also be totally distinct from what has happened earlier in the production line. For
example, we an have cutting and milling and then brushing on one work piece. The
planner has to plan the process and the hierarchical flow of activities to reach the
intended result of the design. It is fast and easy to use automated planning
applications but sometimethe final product of these plans do not match the design
criteria since the parameters which have been defined in some applications do not
let them plan totally accurately. Based on this fact constant supervision and manual
evaluation on the productionrie is still necessary in order to prevent unexpected

errors in automated translation, providing the direct CAD CAM link (Smid, 2003).

2.7.5. Prototyping

In most models of design there are phases for testing and development. For instance
Ay t | KfdRdesigh 2kl find the embodiment of the design activity in a
process that comprises operations for detailing the concepts and design
development by removing defects and deficiencies. In this stage it is vital to analyse
the resultant design proposalsd to refine them in order to fit the intention of the
design. The realized interim models of design proposals which are used to improve
the quality and/or function, stability, choice of materials, geometrical reasoning and

production planning or even magking of the end products are all part of the process
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of developing prototypes [Figure B5]. Although the concept which has existed
previously in regard to prototyping was mostly limited to physical models which
represented geometrical and other phydicieatures of objects; yet, nowadays
thanks to highly improved and capable computer hardware and applications we can
benefit from instantly produced physical prototypes [Rapid Prototyping] as well as
digital prototypes which can accurately represent almalstof the features of the
products without the need for making physical models or mopk for tests. Physical
models or prototypes that used to be made of wax and clay formed by hand or using
handmade casts during a slow and labour intensive processcaovbe made from

a vast diversity of materials and methods including automated digital techniques.

Figure 2.55 Prototyping
t NREG20G281LIS&a INB Y2RSt&a 2F LINPRdzOGa NBLX AOFiGAYy3a 2yS 2N
sometimes marketing purposes. Picture (THOMASNET.COM).
Since time has become a decisive factor in the tight competition between companies,
they all aim for a reduction in the amount of time that it takes from the inception of
the design to the moment when users receive their products, a factor which is known
Fa WGAYS (G2 YINJSGIQd ''a LINBGAz2dzate SELIX 3
which time saving is a principle of its feature. In such an approach prototyping

techniques become critical.

One of the advantages of the direct link between CAD derived three dimensional

models and CAM devices, is the ability to leverage the rapid prototypcigique.
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Rapid prototyping, which is also known as tmds manufacturing, desktop
manufacturing and solidbject modelling is considered as being comparatively new.
The first techniques demonstrating such a capability were created in the late 1980s.
In fact, the intent of such methods is to create physical models of the design at a fast
speed and totally performed by machines. By improvements of CAM devices, rapid
prototyping sometimes has been used to manufacture very high quality objects in a
limited numbers. There are many types of rapid prototyping techniques and
strategies which can be applied dependant on the geometry of design or application

for the resulting prototypes (Schodek & Bechthold, 2005).

2.7.6. Robotics

We know that NC machines can begrammed by commands which run motions

that operate on the work piece. Robots can be categorized in the same family as
numerically controlled machines but with a much broader range of applications
(Figure 2.56). Robots are programmable devices which &@nused in many

industries and carry out different jobs. In areas where there is a need for ultimate
accuracy, which sometimes humans are not capable of, heavy jobs and faster and
repetitive processes that may have negative physical and mental influemtes

human workers robots have been used instead (Owen, 1985).

Drastic improvements in mechanics, electronics and computing have evolved robots

from just being mechanical tools only capable of following -pm@grammed

commands and performing a limited numbef movements to the point where they

can interact with the dynamic and natural environment and other maade

devices. They can collect information, process data and make appropriate decisions

and perform the right action.

In the United States at theng of the first half of the 20 0Sy (1 dzZNE GG KS W! N
bl GA2Yy It [FT02NIG2NEQ RS@OSt2LISR GKS TFANEI
perform tasks which could be dangerous for humans. They designed a system
OFLIoftS 2F O2LRAYy3I ek sehdalS NéraiudedIoQollettz S Y S

human movements and transmit the controlling signals to robots (McMahon &
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Browne, 1998). During the next decade the potential of robotics grew and many
control devices such as joysticks were introduced to the market. Mane a decade
FFGSN) GKS O0ANIK 2F GKS TFTANRG NRo2Gaz Wy
created automated robots, so that while older machines needed constant attention

IyR O2dzZ R 2yfée O2L® GKS 2LISNI G2NRidy Y20Sa
on their human operators (Waurzyniak, 2006). Throughout the next two decades
[1960s and 1970s] the development of robotics became the interest of humerous
scientific institutes and engineering companies which brought a number of new
control and feedlack systems into the field. But 1980s was the time for robotics to
become widespread in miscellaneous industries. The growth was so fast that, for
example, in a thregrear period prior to 1987 the number of industrial robots in Japan

and United States doukd. Up to until the end of the 20century robots have been

used for industrial and repetitive works such as assembly and painting, nhowadays

they have become more and more involved with softer materials due to their ability

for increased control and defkite motions. Today it can be witnessed that many

medical operations are being performed by robots as they can guarantee more
accuracy than humans when for example performing surgical operations on the eye

or brain (Malcolm, 1988) (McKernon, 1991).

Figure 2.56 Robotics
KUKA robots in a car factory. Robots are widely used in production lines. Picture (Wikim20iz).
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2.7.7. Cellular fabrication

Traditionally what companies might expect from a production process was to collect
all of the necessary fabrication machines under one roof and then start planning
based on their capabilities and installed capabilities. For complicated products
composed from several components which have to be made by different machines
after being machined the pts needed to be transferred between machines. Such
process was considerably slow and hard to plan and there had always been problems
with the timing of manufacturing operations as different machines may work on
different parts at different rates and to aa§t them for new works would take some
time; in addition we have to consider the technical issues with the machinery. The
newer version of an organization has to specify the machining process and
manufacturing devices which are needed in order to prodwremonents. Based on
GKA&G AYF2N¥IFGA2Y O2YLI yASa 3IANRBdzZI GKSANI
circulate amongst machines towards the end of the production process and the
machines are located in the functionally appropriate cell. Thus time and energy
consumption reduce and production planning and timing become much easier. In
fact most of the technologies and methods which have been described in this chapter
are necessary for cellular production. As it has been mentioned previously, regular
changes irdesign demand flexible systems. In cellular production systems every cell
has to be able to manufacture a large variety of a product family. In order to progress
towards that point they need to gather the following technologies and methods in
their systemof work.

A GTto identify the part families.

A CNQo automate the processes and be programmable as a versatile tool.

A Tool magazinesnd controls so machines are capable of different actions.

A Robots and automatedransfer of components to facilitate timg) assembly

and delivery.
A Controls and sensor® analyse the process and products and send feedback

to the system for further decision making and possible changes.
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A CAD CAM linko have automated manufacturing procedures and zero defect
products and prodction planning. It also provides a great connection
between all project groups and better control on machining process (Syresh
& Kay, 1998)(Black & Hunter, 2003).
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2.8. Production processes, customers and suppliers

2.8.1. Introduc tion

The following chapter intends to introduce different aspects of manufacturing
planning systems and offers a brief overview of related fabrication systems. Initially

by defining the discrete fabrication of components and describing the contrast with

the continuous production process, the intent is to show the characteristics of various
production strategies being applied in this system. Through the next part of the thesis

a brief presentation of the different production environments which can be omggh

based on a range of fabrication options is illustrated in order to discuss the character

of each environment and point out the merits of each. Reviewing the historical
GAYStAYyS NBtlFIGSR G2 'y AYyRdzzGNASAQ 2NH
customizaion and customeddriven production have become the mainstream of
G2RIF&8Qa YIlIydzZFl Oldz2NAy3a &aeadSvyao Ly (GKS
engineering is clarified as to its role in making customized production profitable. And
FAYEFEte (KSAYYR¥OSLNE @53 3WoNBSYIAYSSNAYIQ
importance in modern companies is introduced.

Despite all the technological and organizational improvements production planning
and evaluation of the processes are still a complicated task, althaugla definite

fact that the degree of complexity of the job is dependent on the complexity level of

I Of ASydaQ RSYFIYyRa® 5SaA3aySNE Ydzad Fylfe
an appropriate response to those needs by converting the data toctdjeeach
comprised of different families of components. Manufacturing processes need to be
organized and then individual parts are fabricated which is normally followed by
subassemblies and assemblies and ultimately delivery to the customers. Factories
may fabricate all of the required parts for their products or may also acquire some
from other factories and suppliers. Throughout all of these activities, planning for
details such as time, cost and availability of raw material or parts is also of avegh le

of importance.
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2.8.2. Discrete component fabrication

There are many ways to categorize factories; one of which divides them based on the
nature of their production process. In this classification there are two groups of
factories which apply either iscrete component fabrication or the consecutive
system. The latter system runs a consistent fabrication process that may apply
mechanical and electrical as well as chemical processing techniques from the
beginning right through to the end, usually in addmated production line [for
example the production of canned food products]. Going back to the first group which
would be termed discrete fabrication, the process is designed for the fabrication of
each component singularly. The discrete production precemy apply in three
distinct types of approach namely mass production, batch production and finally
jobbing shop production. Although these three groups stem from the same origin
amongst the fabrication categories in factories, nonetheless the resultthedf

application are characteristically different [FiguresZ] (McMahon & Browne, 1998).

Mass

production

<

Q

>

c

Y

(o]

£

Batch 5

. [0)°]

production &

Q

o

(o))

2

Jdobing shop 5

production

Artefact diversity growth

Figure2 .57 Discrete fabrication
Types of the discrete fabrication approaches in an artefact diversity and manufacturing volume contrast diagram
[drawn by the author based on (McMahon & Browne, 1998)].

The main feature of the mass production approach is emuofacture a limited variety

of products but in a considerably large number. In such systems every aspect of
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product and procedure are as standardized as possible; in fact there is almost no
space for customization. Compared to other two systems, mass ugtimoh
manufacturers are the least flexible and considerations for changes in short and
medium terms are mostly applied as minimal alternations. Mass production systems
Ay TFFrOG2NRAS&a IINB az2yvySdiavySa yIFYSR I|a
I dzii 2 Y I (aks2pgpdudiionamachineries are usually designed for the production
of a very limited variety of products which certainly have a stable market and
therefore sales volume is guaranteed and the prospect for changes in the close future
IS near to zero.

In cortrast to mass production, batch production is a system based on conformity of
processes and/ or features of artefacts in relation to the variety of products and
guantities of the intended manufactured products. The naming convention given to
this method isdue to dividing products in relatively small batches based on their
similarities and performing manufacturing operations on each batch separately and
when the operations are finished on all objects in one batch then they all move
through to the next roundf operations together or, depending on the production
line, in smaller or larger numbers. The machinery should be more flexible compared

to mass production devices. Machines need to be responsive to short term changes

W5
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through all aspects of this approach, it can be placed between the two extreme
approaches of total mass production with almost no elasticity in response to sudden
changes or customization and the concept of jobb&gp production; when the
number of required products is going to be low then it is more economical to custom
manufacture them but when demand is higher it might make more sense to go for
mass production.

The major characteristic of the last productianethod which is jobbing shop
production is the high level of customization. Due to the fact that most of the time
the results of such production methods are going to be absolutely unique, as

standardization has been reduced to almost zero and productionldvoommence

121



based on customized features, consequently each product passes through unique
fabrication procedures; if not all, at least most of the components are going to be
slightly different from one product to another. As a result the production timé w

grow dramatically and the number of finished products falls. Competition here is to
stretch as much as possible to integrate with every single expectation of customers.

As a result the fabrication line and machinery should be extremely supple andieapab

of performing a large variety of fabrication operations. Working with such systems
requires an exceptionally experienced operator, usually experts in a variety of fields.

[ 2y 0OSLIia 2F WYIF1S (G2 2NRSNR 2N WSyWYIAyYySSN
shop production (Jagdev, et al., 2004).

2.8.3. Classification of fabrication approaches

Mass production techniques are still popular all around the world and in various
industries; but, growing demandmd unstable market forces push mass producers

toward batch production integrated organizations. Users increasingly expect
companies to produce products with different designs. In fact customers put their

faith in factories which provide customized gootiscontrast to the higher quantity

of products which was demanded after the Second World War, nowadays the
guantitative shortage of products is not an issue, thus companies try to attract users

to their products by producing personalized items that canwasrsto the needs of
AYRAGARdzZE tad ! FS¢g S@OSy 3I2 | &a0G§SL) FdzNIKS]
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High standardization of components has lead customers to choose certain type of
products whichare available on the market and are intended to be used by a large

group of users, even though their experience may not always be satisfactory
regarding the fulfilment of all of their needs. Factories used to mass produce artefacts

and then delivered thento places where they were stored. Users then had to acquire

goods from those stores so basically they had no direct connection with

manufacturers.
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It was only in the late 20century that companies found that competition with other
companies became tiger and so tried to run a feedback system to contact users and
RSPSt 2L GKSANI LINPRdzOG & | OQtGdz-fte oFaSR 2y
Now companies and users have different means of communication. These
connections do not follow the convential recourse of the users to lists of products

to choose what fits their needs the most. Some factories now provide facilities that

let their customers contact them and interactively order a fully customized product

(Browne, et al., 1995).

Due to the leel of connection between users and factories, the production settings

can be grouped into four conventional categories. When factories produce their
products based on a very well defined anticipation of the pattern of market
expectations, they usually haveinimum direct contact with their clients, the

product variation range is limited and the number of products is relatively high. Those
FILOG2NASAE KIF@PS R2LIGSR F Wac{Q 2N Wal ydzF
of these characteristics the delivetiyne is distinctively short but it is not a surprise

that users are not capable of modifying the products based on their personal
requirements. As an example of products from such environment we can nominate
LY9! Qa OKS S a S.58HNik HuSidsd plaharsidAKBA have anticipated

the market and they know it will be bought and it is something that users usually
R2y Qi aSS GKS ySOSaaade G2 OKIy3aS (GKS al

their own preferences.
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Figure . Manufacturing to stock

LY9! Qa OKSSasS 3INIGSNW® t AOG da

(IKEAQ).
In the second group of production environments, factories have only medium

connection with their customers at the sales stage. They provide a variety of products
based on the core assembly of their productéie diversity is caused by multiple
ddzolaaSyofe RSGFAfTA 6KAOK FNBE RSGSNNYAYSR
options remain limited. The Company performs the final assembly operation only
FFGSNI NBOSAGAY I (KS OdzaagyYsNE QR2ANRIRES MIRDA
Factories that adopt this environment try to keep the delivery time medium to short

by over production of subassembly components nonetheless the delivery time still
remains dependent to availability of optional components. Agaencan nominate

'y LY9! Q&4 LINRRdzOG & |y SEFYLXST FlLoNRO

preference between different styles of covers [Figur&Q].
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Figure 2.59 Assemble to order
LY9! Qa a2Fla sA0K IR Sie 2T O20SNARAD® t AOGdzZNBE o6LY9!

Some companies go a step further and not only offer optional subassemblies but also
LINE RdzOS I NI STIFOla 6A0GK RATZEASNEHBIu@e NBE &8
broadly with users in sales and sometimes at the engineering level where production
starts only after receiving the order. Two final products of such an environment may
not only carry diverse visual characteristics but offer largely differing physical and
performance features. Today we can find many car plants that set their work system
as a MO environment where they may produce sport, family, hatchback and SUV
automobiles. Each model may offer many variations of engines or gearboxes and
bodies may come in different colours or with various interior and exterior trim
options. Car production copanies may also have some subsidiary companies
offering additional choices of body kit or engine tuning options in addition to the

standard products [Figur2.60].
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Figure2.60 Manufacture to order

Mercedes Benz-Blass Cabriolet. Two cars of the same model but with different details.
Right, standard model. Picture (Merced®senz, 2013).

Left, afterthe Fatb SaA 3y Qa | YSYRYSyida 2y (GKS &l yRFENR Y2RStao tAO

ThelastgroupoF F 6 NA OF GA2Y SYGBANRBYYSYyilia 6KAOK Aa
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difference is in the superior influence of customers on the engineering process of
production. The design ai dzOK Sy 3Ay SSNBR LINRPRdzOG A A& ¢
Features of such a fabrication environment can be witnessed in architectural projects
where architects design and construct buildings based on their clients who will be the

future users of the building.

MTS MTO ETO
Figure 2.61 Fabrication evolution
Top: Direction of fabrication evolution. Based on (Scallan, 2003).

Bottom: Characteristics of different fabrication approaches showing their differences. Extracted from
(Wemmerlov, 1984)

v

126



MTS MTO
Factory/Customer weak At sales Design, engineering
Link and limited and sales
Delivery Period Low Mid High
Production volume High Mid Low
of each sales unit
Variety of products Low Mid High
Main Production Prediction Prediction and Backlog

bottleneck

and planning factor| Backlog
Basis of Order At hand Product At hand Part Capacity of customized
Capacity inventory inventory production
Dealing with Safety stocks of Over planning of componen Limited uncertainty
Market demands sales units and subassemblies
Time planning Sales Main Components Finished products

and subassemblies

Finished parts and
assembly

Finishing assembly
timeline

Close correspondenci
to the master scheduls

Dependent to orders

Includes most of the
assembly operations

Quantity bills

A Standard BOM
per each sales

Planning BOMs required

Unique BOMs are
produced
for each customer

Up to this stage the intent has been to differentiate companies based on their systems

of production and customer interface but it is essential to know that most of

companies do not choose a single approach in their fabrication systems. Those

companies ar¢éermed hybrid. For instance, factories may produce their most popular

artefact in a large number as a standard product but also offer a number of variations
of the standard product [e.g. variety of colour, memory space in electronic devices,
finished surfice material]. Accordingly we can summarize that companies working as
a hybrid of the MTS and ATO approaches mostly deliver more satisfaction among a

larger number of customers, therefore generating larger benefits for the company.

As illustrated in the Bure 2.61, over the passage of time and especially during the

last thirty years, there has been a higher tendency toward Engineer to Order which
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paradigm shift was not possibigithout the revolutionary innovation of computer

databases, digital modelling and compuiategrated design support applications
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and devices as well as CIM (Comptteegrated Manufacturing) machinery (Scallan,
2003) (Jagdev, et al., 2004) (Rolstad&81).

2.8.4. Linking factories to users and providers

The previous section of this chapter defined different fabrication environments and
SELX 2NBR (KS LI NIRAIY aKAFG FTNBY GKS WYl
QSYAAYSSNRY I (0 peedslipss\tive iadsdEsyTRis téndehay towards

the orderoriented fashion demands a high level of customer interaction.
Customerbased production requires sufficient communication between producers

and customers to manage their needs and provide feedbadk@ado so, companies

have to be capable of making quick changes in design and fabrication directions.
Despite all the benefits of the customaranufacturer link, it cannot guarantee the

full satisfaction of the users by its own. Manufacturers know tlnat $peed of their
NBalLlyasS (2 (KS OdzaG2YSNEQ RSYFIYyR&A Ad KA
parts or services through outside providers.

These understandings accompanied by modern computing and communication
technology have brought about th8 Sy SNJ A2y 2F (GKS WSEGSy!
term is used for a group of sedfganized companies which are working individually

but towards shared interests in completion of certain strategies, gathering their
resources in order to provide products omgiees for their users. This link is defined

due to the relation of their work together and is not based on organizational mergers

and can be regulated by contracts. The benefit is a competitive advantage due to the
linkage, for example, between manufactus, suppliers and distributors. Previously
industries have only been focused on productivity improvement and optimization in

the immediate area of operations of their companies whereas now they have to
involve several other factors in process planningnsideration and calculations

(Browne, 1995) (Warnecke, 1993). In Figuré2 there is a basic demonstration of

the link between manufacturers, suppliers, distributors and customers.
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Figure 2.62 Production links
Links between various parties. Diagram based on (Arlbjorn & Haas, 2010).

2.8.5. Lean production processes

By looking at the history of industrial production it can be witnessed that after the
age of craft production which was followed by mass produrtias a result of the
work of the international motor vehicle programme research team, lean production
has been introduced as the newer generation of production mode. It was in the
absence of NC and mechanical fabrication devices that highly expertncesiftssed
relatively uncomplicated yet mainly adjustable tools to create unique objects with
I fy2ad SEIFOG NBtSOIyOS (2 daASNBRQ ySSRaAT
being time, labour and consequently cost intensive. As quantitative product demand
increased and technological developments paved the way for mass production,
skilled technicians designed products in response to the market requirements and
also planned fabrication procedures which could end up producing artefacts using
costly and highlgledicated machinery but with cheap, unskilled workers.

Mass production stood as the leading trend in manufacturing environment until the

mid 20" century when Toyota realized the need for having a deeper regard toward
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carrying the positive features of both craft and mass production yet avoiding the
extreme standardization of mass production as well as cost and labour intensiveness

of craft production (Womack, et al., 1990). Tbar company planned to produce

larger variation of car types to meet market demands, in contrast with western
companies such as Ford that were focused on an highly standardized process to gain
better productivity. In order to keep production profitable this new system,

engineers tried to reduce machinery installation and setup time. Instead of
concentrating on the optimization of the fabrication process itself, many efforts have

been directed toward the generation of new design, manufacturing and gualit

control ideas and the formation of allocated providers empowering the supply chain

links with providers and distributors. As a result of strong distribution planning
RSIfSNBR o06SOFYS Fy AyaSLINrofS LINI 2F
dealershipnd 62 NJ] 3INB g HKAOK fSR G2 (GKS O02YLNI Yy
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has led to the realization of us@riented production which did not exist before that

time and known as lam manufacturing (Black & Hunter, 2003). From the mifl 20

century on, many studies have been run to identify the effectiveness of lean
production in various industries, among them the international aerospace program,

to survey the lean production processthe British aerospace industry in early 90s.

From the productivity and optimization point of view, results demonstrate large
similarities to what has happened in the area of car production. The essential point

here is that there is no limit to what cdre involved in the optimization process. Any

possible factor should be considered and if its value was proven then it has to be
planned and integrated with all other elements of optimization. In addition,
companies have to embrace any radical changescthatdevelop the links between

all parties of an enterprise and increase productivity (Black & Hunter, 2003) (Black,
2008).

By all means, lean production intends to minimize any sort of waste during the

production of any kind of artefacts. In a lean systecauses of waste are not only a
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consequence of time or material consumption; some other organisational defects like
overburden also can cause waste. In essence the goal of lean production is to reduce
waste and norvalue adding activities to increase @auctivity (Womack, et al.,
1990)(Holweg, 2007). After the reduction of waste, in the second wave of lean
concept development, the prime consideration is to level different sequences of work
and resources to achieve process smoothing; thus trying to eitmimvaste and
increase productivity in a systematic manner (Liker & Houses, 2008).

In the lean concept there are seven main sources of waste:

A To move material or products. This activity does not add value to the final
product and considered as waste.

A Tomove workforce and equipments.

A Buffering or storing material or products.

A Set up time in one part which can cause the production line to stall in other

parts.

Manufacturing products over or below the market demand

Over processing

Lack of quality in final products or not matching the market demands
(Womack & Jones, 2003).

To o I

Similarly in construction, the lean concept has been utilised to improve the design

and construction of buildings. Such a concept in the construction industrsiders

design, building, and environment. The desirable result is to make buildings with as

little as possible costs [financially and environmentally] and as much as possible in
terms of added values [to the built environment while considering client aieas]

(Koskela, et al., 2002).

Lean construction has a holistic view towards the industry; therefore it considers
market, clients, designers, local authorities, suppliers, builders, etc. In fact the Intent

Il Fa KFEIR 0SSy G2 AyAI{( Ndn8yStens to iidimize wasie ofR S & A 3
materials, time, and effort in order to generate the maximum possible amount of

gl fdzS¢ 6vy2a1Stlrs SO ft®dXI HAnHOD { dzOK | 3
of all construction project stakeholders from the contiep all the way through
completion and lifecycle of the building products (Abdelhamid, et al., 2008).

Later in chapter 3 some examples of lean construction in practice have been
demonstrated [Especially in the work of Facit homes which is briefly shoehapter

3.6].
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2.8.6. Restructuring the workflow

New computeraided technologies have changed the business structure of modern
companies. The emergence of CAD, CAM and CAPM (considéer production
management) linked together by strong electronic datterchange systems have

begun to facilitate the usemanufacturer connection and brought bout an
exponential growth in productivity. Meanwhile, applying these innovative techniques

in some cases did not always lead to the level of success which hagkgerted.

Some experts claim that developments have not been harmonised in all respects
especially in relation to IT aspects. In most cases companies who are intent on using
modern technology to just rectify problems resulting from conventional methods and

are not realising the benefits of fully adopting modern systems by doing an
2NHIF YAT I GA2Yy Lt dOKdt yibxdhat sAtyb@Bh 8@d2 20y a4 M
C2ft26Ay3a MRS AMKSANE (2 PINBRSS 56 dR2AYYCHIa &F A2ES YA
the apparentbenefit and miss the long term success. Tackling this concept, Hammer
F2aSNISR Ay KA& INIAOES ITROGAaAAYI O2YLIy
proposed the reengineering of the entire business process for factories (Hammer,
1990).

Reviewing differat approaches to organizational change, it can be witnessed that
YIye 2F (KSaS:z adzOK | a wedzad Ay GAYSQ: W
YIydzZFl OGdzNAYy3IQ adzllLlI2 NI GKS 3INY RdzZh€ FyR
business process reenginegginsuggests radical and fundamental conversions
(McSwiney, 1995). The former group of systematic changes only propose changes in
fabrication workplace while the latter considers all parties in a large group and applies
systematic changes all over the orgeation.

In chapter 2.8 different types of manufacturing strategies and consequently those
factories which are shaped by them have been demonstrated. It can be seen that
traditionally there are several different approaches towards production and based on

each traditional approach used by factories their products and services are shaped

and characterised. It is also mentioned that computers are changing this traditional
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categorisation and move the production in different industries into a new era where
definition of production strategies, features of the end products, cligmisducers

links, productivity and efficiency are redefined. In fact computers have helped some
manufacturing philosophies such as lean production and lean construction to come

out of thetraditional mould and be able to become closer to reaching their ultimate

goals [waste elimination, matching market demands, using the economy of mass
LINE RdzOG A2y o6dzi YIGOKAYy3a GKS SIOK Of ASyi
revolutionary organisatinal changes suggested by new potentials and made possible

by new flexible tools.
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2.9. Ultimate optimization and idealism

2.9.1. Introduction

¢tKAa OKFLIISNIFAYa G2 RSTAYS GKS wwdzad Ay
on its irfluences in design and the manufacturing industries. Following the
discussions from previous chapters, we will have another look at product families and
flowA Yy G§SINFGSR FILONAROFGAZ2Y YR GKSANI I LILI A
have a comprehenge review on all aspects of the JIT, one part of this chapter is
dedicated to demonstrate the quality of manufacturer and supplier relationship as

well as defining design strategies which are useful or even sometimes play an
essential role in the route toards gaining the best results from this system. Similar

to any other production strategy there are also fabrication planning and time
management methods.

¢CKS GSNY WYWwdzad Ay ¢AYSQ 2N WWLEQ A& dzaSR
in production. Although integrating with this concept may be regarded by the
Western business owners as the only solution for them to conquer their Japanese

and Chinese rivals, who established the JIT concepts, in the international market; but
considering the limited ermgy and material resources and growing demand for
products it may be the inevitable future of industries all around the world whether

for the purpose of competing with other companies or surviving through the new

market demands, supply capacity and envirental rules (Imai, 1986).

292.4EA O0*00O0 )1 4EIi A6 APDPOI AAE
Ultimate optimization, hundred percent efficiency or perfectionism in production are
all attributed to the just in time approach and serve to theoretically define its goals.
In practice, JITegks to push all the limits to attain the best possible distinction in
every single part of the production process to produce perfect products causing the
least waste. In fact, JIT demands only the amount of perfection that is requested and

any excessive ugplity over that needed and planned for is also regarded as

imperfection. Based on the just in time philosophy, the intended productivity,
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efficiency and quality is the result of the synchronization of actions in order to
provide the correct items of thaght quantity and quality in right time and right place
(Cheng & Podolsky, 1996).

In the JIT system of production there are important points that needed to be
addressed. Almost all of the production specialists are aware that currently the
theoretical goals of the JIT concept appear to be rather undeliverable not to say
unrealistic. Theinattainable qualities are clearer when we try to turn defects, setup
time, inventories, handling, breakdown, lead time all to zero in the imperfect world
of manufacturing. JIT concepts are basically unsustainable in traditional fabrication
environments vinere all the efforts toward the Just in Time goals frustrate
(Schneidermann, 1986).

It can be said that the success level of JIT is highly related to the cultural
characteristics of the place where the production is happening. The work
environment in eastern Asian countries is more groups oriented which is quite
different from what exists in western countries where individualism is more
dominant.

The conventional problem solving approach in production is to break down complex
sets of priolems, geometries and structures by another simpler set and then solve
GKS aYlFfftSNI YR &AYLX SN LINPof Sya 2NJ LI |
fabrication. This caused the generation of specialists, each expert in a limited aspect
of production functionwhile there was a limited window towards the comprehensive
overview across the process. Just in time on the other hand considers the totality of
projects in order to achieve to its objectives.

Managers of factories conventionally consider manufacturingfects as an
unavoidable result of the production process and the focus is to keep the amount of
RSTSOiGa Ay | a2 OlFftSR Wiz2tSNIroftSQ 12ySao
provide maximum satisfaction, as far as possible, for users. This treesl miat
conform to what just in time intends to achieve. The JIT tries to investigate the
systematic shortages that cause defects and fix them appropriate to the zero defect

concept.
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The JIT assertively claims that inventory is a product of mismanagempiainning,

design, teamwork, communication and shop floor performance thus the progress
should be directed toward the elimination of inventories which play the role of shock
absorber. This function was necessary in traditional systems where suppliegs wer
unreliable in regard to providing raw material, subassemblies or services as they are
needed and on time. Traditional companies consider inventories as they can be
NE3IFNRSR Fa GKS Wg2NJ] Ay LINRBINBaIaQ FyR
addedV¥ £ dzS | & GKSANI WFAYIYOAlIE LRGSY(GAlIfaQo
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unavoidable misconception of market fluctuations.

Another goal of the JIT approach is the zero indialtaand adjustment time for
machinery. When we think about zero machinery adjustment time in our work we

also have to bear in mind that in such concepts, and referring to batch production
characteristics, there is no benefit in grouping parts in batchesrder to reduce

the inventory costs in factories they try to create a balance between transportation

costs of batches and installation and adjustments costs. Basically large groups of
parts or batches impose higher inventory costs and smaller grouds mogt more

due to the need for more adjustments and setup time. In a system where adjustment

time and costs and inventory costs and space are pushed to zero, then a batch of
individual part is the most efficient.

When designing a production process,miag it within a long period of fabrication

requires the process strategies to rely on forecasts. Companies need to allocate more

time for processes to cover the unpredicted problems which are harder to anticipate

over a longer period of time. It also meahat the production lines have to be

devoted to the production of one object for a long time. Just in time suggests zero

lead time as one of its goals. It means that planning gets much easier as it is shorter
than before causing less unpredicted problethat may endanger the project. In

parallel the system is going to be involved in one project for a shorter period
therefore it is more flexible and responsive to unforeseen obstacles and changes.

Mentioned before, conventional methods regard design andnafacturing as
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them. The value of this concept is undeniable in regard to reviewing the growing
market and demands for more customized goods in shorter time spans.uglthibe

actual zero lead time is unattainable never the less the valuable efforts of companies
to reduce lead time have been certainly financially beneficial and their production
environment is more responsive to changes. These factors can make companies
appear as being superior compared to their rivals.

In every production project there are numerous activities needing to be performed
to fabricate objects which do not necessarily add any value to the product. Thus it is
beneficial to consider reducing theto the minimum possible. As an example we can
take a look at assembly process in factories. Assembly operations generally consist
of part feeding, handling, mating, testing and quality control and other possible
special activities. For instance the peeéding stage does not add to the value of the
final product hence if we plan to reduce the feeding process to the minimum we will

have a more efficient process (Cheng & Podolsky, 1996).

2.9.3. Ruling factors in JIT based systems

According to the goalsf@ just in time based system which have been mentioned in
the previous section, we can now point out some ruling factors of such systems. To
begin with is the need for direct communication with users since the designs should
match the market demand as minas possible; secondly the use of group technology
and any other methods to facilitate the flebbased manufacturing environment; and
last but not least is the highly prioritized well established connection with supply
chain to guarantee constant feed intbe system.

These factors rule a production method in factories with two ends; the front end links
the factories to the users and the back end connects them with providers and
suppliers. As it has been said before, JIT has a holistic view to the pomduct
environment and seeks to improve the organizational efficiency through developing

each part of the system in relation to all the others. Consequently a JIT approach is
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not limited only to manufacturing and involves other activities such as marketing
(Hernandez, 1989).

The importance of conversion in direction of manufacturing strategies according to

the growing expectations of the market has been discussed previously. It has been
established that although all aspects of the production industry has leseloped
dramatically specially during the recent decades, therefore fabrication of highly
customized artefacts is still enforcing higher costs on factories compared to what

mass produced standardized products do. Therefore factories chose a strategy in
which they analysed the market needs and behaviour and based on these data they
grouped their customers due to the similarity of their interests and designed and
manufactured a range of products such that each class of products responds directly

to the needs of at least one group. In order to peenpt the market and surpass other

opponent companies in the same industry the diversity of produced goods should be

fI NBS Sy2dzAaAK G2 alGtaraaFe fyvyz2ad Fff Odzad:
offered at a reaonable price to be affordable for the targeted market (Knight, 1974).

One of the ways to gain efficiency and productivity in addition to customization is the
WY2Rdzf F NJ | LILINRF OKQ®d ''a Kla 0SSy YSyluaAazy
products, the more maufacturing, set up and assembly costs they cause. Factories

also need a system capable of being responsive to frequent changes. Basically as
managers increase the flexibility of their systems at the same time they put a heavier
financial burden on the copany and consequently their products are going to be

more expensive. In a modular fashion engineers try to inspect various groups of
products so as to spot similarities between different groups, in fact there is much

effort focused on increasing these cespondences. Such methods cause
considerable reductions in production time, machinery set up time, assembly costs,

less part design and drawing etc. (Yoshimi, 2008).

In JIT the strategy is to form a firm and sustainable link to certain providers. Instead

of circulating between different suppliers, factories must find a reliable provider
GKAOK OFly YSSG GKS TFILOG2NRASAQ (GAYSEAY

comprehensive and detailed process data of their works; thus the manufacturer and
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supplier can help&ch other in overcoming problems and with a good understanding
of how the manufacturer and supplier work together it is more likely that they can
establish a more efficient environment. A sustainable manufacturer provider link
needs a long term plan so thaach part can realize the goals on which the

connection is based and help one another to develop their capabilities. A more
synchronized relationship between them two means the greater flexibility of the

production volume and character (Lubben, 1988).

2.9.4. Design considerations for fabrication and finishing

It has been said that designing through recognition of an exact set of market
expectations is one of the ruling factors of the just in time approach. One of the
necessities for a design team isltoR2 LJG | dzaSNRa ySSRa Ay
I YRk2NJ SPSy YIylF3aS GKS dzaSNAQ OK2A0Sa o
responsive to the market if it is possible. It has also been mentioned that in order to

make the activities of a production compars 8 Q &4dzO00SaaFdzZ = Al A&
artefacts to satisfy a wide range of customers as well as products being offered at a
reasonable price so as to be affordable for the targeted users. These goals are
achievable in a number of ways. For instaradries may choose strategies to grow

the number of their product groups by keeping the processing operations low at the

same time (Kusiak & Chow, 1987) (Lewis, 1986).

The relationship between the diversity of products and the process variety has been
demonstrated in the Figure 263. The Figure 264 shows how the process and

product variety relation is defined by the two technological and financial constraints.

The manoeuvrability of designers and manufacturing planners is within the diagonal

strip which is limited by economic and technological limits. In order to illuminate the

Figure 2.64 clearer, we can attribute the bottom right corner of the figure to the

mass production system since it resembles the features of that production strategy;

and the top left corner has the jobbing shop manufacturing characteristics.
Considering the current theme in production developments we can assume that the

focus is in moving the process toward less process and more product variety which is
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located in the bottomleft corner of the figure. Although the progress in this path is
limited by the lack of technology, but the day by day technological developments
especially in computer driven devices and generation of flexible manufacturing

systems facilitates progresstimis direction.

R — Product —_ — Product S

R — Process —_ — Process ~&——

Figure 2.63 Product variety
Growth and reduction in the product variety has direct impact on the variety of the production process.

Systematically speaking, the just in time trend offers a more thorough view toward
this goal for the sake of more variety of products and less process. Technology
progression is not the only area which draws the attention of JIT users. They also pay
great attention to techniques such as fabrication and assembly oriented design,
applying machinery and staff that have the fastest response to change, reducing the

installation and adjustment time and cost, etc.
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Figure 2.64 Production limitsVariety of artefacts and processes are limited by the economic
and technological constraints.
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140



A fabrication device which does a machining job on two different types of artefacts

in a JIT system is desirable when it ideally requires zero or realistiegligible
adjustment time after machining the first part in order to be prepared for the second
LINE RdzZOG Q& YIFOKAYAY3Id {dzOK |y | O02YLX AA&fF
collaborative work of the design team, planners and production engineers (Cheng &
Podblsky, 1996).

A desirable design proposal should decrease the number of necessary components
F2N) 6KS AYUSYRSR FINISTIOGAaQ LINPRAzOGAZ2YT
dramatically. By other means a good design may consider modular components
which use a repetitive assembly operation to form the final product in a variety of
product families. Figure 5 demonstrates a primary model of the modular design
fashion where A is the common component in the three different product types 1, 2

and 3. Tl intention in this model is to raise the application of the A element.
Accordingly fewer types of products are needed to be produced and production time
and cost drop as well as the inventory costs and volume. This fashion is also
influential on the bilbf materials by trying to keep the differences between products

as high as possible in the product structure and thus minimize the consequences of

variability for manufacturing (Yoshimi, 2008).

Product type 1 Product type 2

Product type 3

Figure 2.65 Modular design
Modular design across bills of material. Based on (Yoshimi, 2008).

Nowadays designers mostly aim for the development of design proposals that
facilitate the fabricatiorand assembly process. Modern product planning and design

essentially needs to consider using off the shelf items as much as possible,
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standardized components or at least parts with the least possible experimental
machining. Characteristics such as load rben finishing and so on need to be
designed in regard to the important fact that unneeded fabrication operations force
more financial burden on the company. Working with this view makes numerous
positive changes towards simplification of design and sgbsetly simplicity of
production.

58aA3dy FT2NJ SrasS 27F ldzi2YFr A2y Qa T2 0dz
concepts that will, for instance in the case of part assembly, supports the
simplification of automatic components feeding, orienting and adserg
procedures. As an example from the assembly operation, it is mostly essential to
design parts to be physically assembled from the top down since in a production line
it is the best strategy comparing to assembly from the sides or from the bottom of
products in an automated assembly line. A desired assembly line configuration
chooses operations with less complexity and tries to avoid any extra work.
Undoubtedly it is due to the application of robots and automated assembly process
that the value of degn for manufacturing and assembly is more apparent. Because
of the limited capabilities of robots, for many years after they first had been used,
their application in industries has been restricted only to basic jobs such as painting,
welding or loading ad unloading and they perform negligible roles in assembly. It
has only been during the last two decades that robots also have largely been involved

in assembly procedures.
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Figure 2.66 Da Vinci the robot

Recently, sophisticated robots which can penfi activities with a high level of accuracy have been produced.

¢tKS W51+ +AyOAQ ada2NBAOIf Neo2i Aa OFLIo6tS 2F LISStAy3a |
OBGYN).

In order to make the best of robotics technologies, industries ramenous studies

in two major fields; on one hand engineers designed and made highly sophisticated
automated machines to be used on assembly lines and on the other hand designers
changed their design organization in a fashion that could facilitate the usebofs

and automated assembly processes. The former includes the design of
multifunctional clamps which can move in different directions and dimensions as well
as modernization of control and feedback system which result in the generation of
ultimately acurate and fast robots which can be programmed relatively easily. In
fact it tends to replicate or even in some cases advance the motions and precision of
human hands. Nonetheless it is the latter approach which appears to become more
useful in productionA product designed in this manner reduces assembly to a series
of pickandplace operations, thereby requiring a less sophisticated robot. This
results in manufacturing cost saving and increases the likelihood of financially
2dzaGAFTeAy3d WYRiEngsky, 1966) (Bébéubsy Z010 Q

2.9.5. JIT and the fabrication process

Clearly one of the outstanding objectives of the just in time trend is to drop
production costs as well as to increase the productivity of production lines. Factories
may achiee financial efficiency through many ways; yet, one of the popular
approaches is to minimize wastes in all kind particularly preventable inventories. For
instance when distributing products for sale, the most beneficial system is to provide
premium productsn required numbers and appropriate price in the exact time when
they are needed thus storage costs reduce to minimum. To match the true
requirements of customers factory needs flexible tools and staff. Applying
WLINE RdzO G A 2y & Y.@7PtécKifugs] €ach produdiaizNde is sapable of
manufacturing a variety of artefacts on a daily basis. Reduction of the process lead

time is the most influential element in fabrication smoothing. Such a strategy may be
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applied in factories in two main steps.rohgh the first stage, reviewing and making
OKIy3aSa o6FaSR 2y dzaSNBQ RSYlFIYyR&a 2y (KS
year is applied and the second stage discovers the required changes on a daily basis
throughout a month. To calculate all the reggd changes analysts may study
changes in several consecutive years to predict the possible alternations to avoid
seasonal variations and resulting business crisis.

Calculation and anticipation of the market demands over shorter periods of times
helpsthe production line to be updated faster. Planning based on shorter periods
also means that there are going to be much less changes in the production line and
the design of the product to match the market compared to longer periods which
may cause signifamt organizational changes that may damage the system. In order

to make minor changes in the shadrm, flexible machines are needed to allow

margins for changes without a lot of time and cost consumption (Monden, 2011).
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O Market demands
Figure 2.67 production smoothing 0 Set up period
Top: production smoothing has made regular changes in production lines and products. It keeps the set up time
negligible and the products updated based on the market demands.
Bottom: In traditional methods of production, manufacturing reviews happensmsiderably long periods
of time. It makes the changes in every period significant and the set up time is also extensive. The production
line is not flexible enough to absorb the market changes and keep the products updated.

2.9.6. Tactics for ease of fabrication and lead time reduction

Conventionally, in a traditional fabrication environment it is expected for the whole
machining time [with the additional installation and adjustment time] to consist only
5% of the throughput of lehtime. It is interesting to know that less than a third of
that 5% is allocated to activities which actually add value to the product. The
production lead time is often divided between four key phases. The machining time,
the installation and adjustmentirhe, the redeploy time and queuing time. A
representation of throughput time breakdown is demonstrated in the Figurég&

As it can be witnessed, in a production process the queuing time occupies largest part
in the production lead time in some casesawp to 80% of total.

Transportation Queuing time

Adjustment :
time

time

Figure 2.68 Production timeA schematic presentation of

the throughput time dedication

Shockingly, most of the production lead time is dedicated to quewind the
movement of components between various operations stations. Therefore just in
time suggest that in order to decrease the process lead time, factories need to reduce
the queuing time which would have the greatest influence. In companies, product
based families decrease lead time by encouraging simplified flow of batches between
activities and machining stations. In production lines however JIT suggests the
application of the tshaped layouts [Figure.B9]

The key intentions of layout planning faranufacturing in factories are firstly to
support the flexibility of the workforce to adapt with process changes; secondly, to
recruit skilled staff who can be operational in various work scenarios; thirdly, to
upgrade their systems from being a singlegasge production line which needs part

transportation between machining stations; and at last but not least, to review and
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rearrange the traditional production operations considering radical technological
and engineering developments.

Moving towards theseobjectives a tshaped product based layout has been
promoted [Figure 269]. Such a workplace composition due to the close distance
between machines enables mufkilled Staff to be capable of working concurrently
with more than one machine. It also Ipslto remove production buffers in factories.
The success of this method shows the importance of the production line

arrangement in productivity and efficiency (Monden, 2011).

Machine A MachineB ...

Input — |

Output —

Figure 2.69 Work cellU-shaped work cell. Extracted
from (Monden, 1983).

Based on what is said before, reducing the queuing time can play a key role in the
productivity growth mostly because it is not considered as a value adding activity and
also beause it occupies most of the lead time. The Figuré®demonstrates some
influential methods that are involved in-thaped production cells to decrease the

gueuing time.

Line balancing

Small
Operations production and
standards transport lots
Lowering the
production queuing
time
Automatic _
production Mutual relief
movement
level control

Figure 2.70 Queuing optimization
Influential factors in queuing time optimization. Based on (Monden, 2011).
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For example when in a production line one unit process a number of pieces in a certain period of time but in the

next unit which has to process those pieces processing time igllpitgneans that there has to be a buffer

between those two units that holds the pieces that are processed in the first unit but waiting to be processed in

the second one. Line balancing means that the processing activities are balanced between diffideeaf a

factory. Therefore there is no need to form queues between processing units.

In a JIT fabrication line there is continuity in the sequential work cycle. In such a
system, by performing one fabrication work cycle, one unit of products idymed.

By finishing each step of the manufacturing procedures the work concurrently starts

on the unit in the next stage. This approach is already operational in mass production
FTIOU2NRASEAQ aasSyof e fAySad DbSOSNIKSE Sa:
manufecturing concept in contrast with the JIT that tends to develop the idea of unit
manufacturing and redeploys systems also in fabrication activities and not just in the
assembly line. Thus it is expected that similar to assembly lines, in production lines

the machining ends in the former stage and start in the latter stage concurrently. This

I OOdzN> 6§S KI N¥y2ye Ay aSljdzsSSyoSa 2F 2LISNI (A
Another influential activity in favour of efficiency of the JIT trend is to avoid
unbalancedY I y dzF I Ol dzNAy3I GAYS 0SG6SSy SIFOK Yl (
oFfFyOAYy3IQ (2 ONBIGS | FitdzSyd LINROS&aa Ay
same number of work pieces throughout production. $glérating control system

monitoring the unit maching and transportation is a powerful tool in line balancing.

As it has been mentioned before, synchronization due to its ability to create a
constant flow of work between different machining stages can be also influential in

line balancing.

In some cass two different devices may couple together to work on one sort of

product. It is possible that the operational capacity of the first device is greater than

the second one. Conventionally the system would create a support buffer between

the two; whereasn just in time the two devices are regarded as one system. The first

device works exactly when the number of parts between two devices is less that the
predetermined number and continues to work until the number reaches the default

limit. This automated aatrol is also effective on queuing time reduction.
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Standardization of the machining operations is intended to raise three major
benefits. Firstly, it minimizes the ongoing work. Secondly, it balances the production
line via applying synchronization ofglprocesses in the production cycle. And at last,
standardization optimizes the production and increases the productivity.

Standardization is commonly determined in three steps namely as below:

A To calculate and plan the production cycle time
A Categorizdbn of operations and dedicate necessary workforce

A To determine the necessary quality of the work in progress

To calculate the cycle time it is necessary to divide the total daily production time by
NEIj dzi NER RI Af & 2 dzi Lidzi I atedl (6 Airfit SefedtddSviBraEa A &
or idle time in the available daily production time.

As it has been mentioned before, the workforce in a just in time environment need
to be multifunctional and carry multidisciplinary knowledge in various production
relatedfields. In this system operators need to be able to work with various machines
and perform many types of activities. These operators can help to minimize the
inventory costs as when the machining finishes on one machine they can move it
directly from onedevice to the next one. If the work load is heavy or for any reason
an operator cannot perform the expected activity, otherworkers can help due to

the fact that they know how to run different machinery (Schonberger,

1982) (Monden, 2011)

Apart fromthe queuing time, transportation is also a non value adding activity which
occupies a large share of production time. In the Figurél2he two ways that the

JIT suggest to reduce the redeploy time have been demonstrated. As it is shown one
of them is he production layout which some details of it and the Ushaped production
cells have been discussed before in this chapter.

Although wunit production and transport optimizes the production process,
nonetheless it may increase the occurrence part redeplayimieetween work
stations. In order to remove the negative impacts of it, modernized and fast

transportation methods needed to be applied in production lines. Improvements has
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started by using conveyor belts(Japan Management Association, 1986) but
modernizdion has not stopped since and in highly sophisticated production lines in
companies such as the Porsche car factory they use automated robots to move parts
between different production lines and work stations; they also move optional parts

from shelves ad deliver them to the assembly stations.

Decreasing the
transportation time
dedication

Figure 2.71 Transportation time
Optimization of the transportation time (McMahon & Browne, 1998).

At last it is the processing time which is considered as an important component in
production process. Although processing is a value adding activity in a production
line, yet set up timea non value adding activity in traditional production systems
considered as the prerequisite for processing. Trying to revolutionize processing, just
in time strategies have offered a view toward the processing time due to the value
based features. It trig to eliminate the set up time, redeployment time and queuing
time because they do not add any value to the products and are just the necessities
of the traditional production systems. Considering processing time as the only
valuable member of the familyfo LINR RdzOU A2y | OGAQGAGASAZ
most of this time and produce perfect artefacts in an optimized system. A just in time
environment tries to use the last technological developments to increase efficiency
and to recruit multiskilledoperators and to keep them updated by holding regular

training sessions.
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In general, it is in the desire for the best possible fabrication techniques performed
by a group of expert operators that the chase for perfection in the just in time
fabrication eavironment can be most vividly witnessed (McMahon & Browne, 1998).
29.7.071 O1 A #1 AOO8 | AT OEAAODOOET C
¢KS 3ASYSNIGA2Y 2F W22NIR /flaa alydzZFIl Odd
practice in American factories. They have also put an emphasize arotieept of
WIWIISNBA&GSYGl RS@OSt2LIYSYyiQ FyR {(SSLAyYy3 @K
unification of product design and process planning resulting in the simplification and
optimization of complicated fabrication lines. The main features of world class
manuacturing can be described as follows (Schonberger, 1986) (Schonberger, 1987)
(Hayes, et al., 1988):

A To be competitive and focus on becoming the best amongst the other
companies in the related industry

A Do not limit the competition to the time when the ogpany reaches the top.

In order to guarantee your success you need to develop faster than any other
competitors. The measurement scale for success can be their success in the
market.

A Absorb the best workforce. Keep them updated and train them regularly to
adopt the latest technological and organizational improvements.

A Lead the technology. Train sophisticated technicians and engineers who are
ultimately expert in design and fabrication. This way suppliers always seek for
your advice to meet modify theiresvice. This way you will be to one who
shapes the industry and the market.

A Form a flexible system which is responsive to the changes of demands and
supply chain. The more flexible you are the more successful you will be in the
competition with other compnies.

A Face the product and process developments with open arms. Upgrade your
work environment to systems which are more efficient and productive. It is

also good when opponents try to copy your products through reverse
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engineering they realize they ne¢al perform radical organizational changes
in order to produce artefacts in the same standard as yours.

A Always work on development of your products. This way not only your
products can match the current market needs but also While your opponents
are busyto copy your product you work on your new product which is going
to be in the market fast. So even if they can copy your product you are one

step ahead of them.

The world class manufacturing is a western response to the lean production system
which had ben initiated in Japan. After the exponential growth of Toyota which
made it the biggest car manufacturer in the world, the lean method which was based
on the group oriented mentality of the Eastern Asian countries became popular in a
large variety of indusies. The Western companies were losing competition to the
high volume of a more customer based strategy of the Eastern rivals. Therefore they
initiated the Westernised method which could improve productivity and customer

link and match the individualistulture of the Western societies (Black, 2008).
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2.10. Latest trends in production

2.10.1. Introduction

The following chapter intends to demonstrate the necessity of information
organization and feature based modelling of products through definingdba of

applying information organization. The quality of applying design data and involving
them in models and their influence on manufacturing accompanied by modern
communication methods, which connects the separate teams of a production
project, will bediscussed. In fact, it will be shown how the presence and quality of
digital communication is becoming the bottleneck for many projects. In the next part

of this chapter, the necessity of environmentally friendly production will be
illustrated while the ole of computeraided procedures and modelling in such
concepts will be emphasised. This definition of the necessity of environmental
friendly production is followed by a discussion about how designing can be influential

on this directional change and hawmpanies need to change in order to adapt to

this new environment.

Undoubtedly, the importance of these revolutionary changes which have been made

in industries and our society by computers and digital technologies from the I8te 20
century on is compable to the major impacts of the industrial revolution which had
OKIFy3aSR Fftyvy2ad SOSNE | aLI¥Cdnturg AlthdulfhzheJ Sa Q
emergence and development of digital technologies and devices is happening at a
great pace, yet it is cledor all that it is only the beginning of changes, which even

now are seen as radical in some fields, but eventually these will be greater and even
more fundamental in the near future.

LNRYAOIffeé& gKIG KIFIa 0SSy OFMyISRI KSVI(dIIN3YY 24
when cars and their control and traffic management systems are being designed by
O2YLI yASa adzOK |a wp223ftSQ IyR W{ASYSya:
companies and many other companies with different fields of work [Figure 2

T8 022KffIFTA0Z HANTUO O0xLb/9b¢Z HAMOOT W{YI
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and reach destinations without humans being directly involved in operating,
directing and controlling by using pedals, levers and wheels. Instead of physical tools,
digital tednologies such as satellite navigation, sensors, and feedback system
O2y iNRf IINB y2¢ OFLIOG6ES 2F RSNAGAY3I WI dzi
one example out of millions of innovations which are being developed every day to

move us towards a fly digital integrated lifestyle.

Figure 2.72 The Google car

I LAOGdZNE aK2gAy3ad GKS AYGSNAR2NI 2F | wD223tS /I NR® ¢KS3
on roads and take passengers to their desired destinations. Theyatiskite, sensors and feedback systems

to operate. The project is currently under development. Picture (Anorak, 2010).

L¢ RS@OSt2LISyda KIFE@S |faz2 airAayAFTAOoOlLyate
have created a global market and supply system mtmllecting correct, detailed

and on time information is a key factor in the success of companies. Other concerns

of the work of industries relate to the growth of business and the rise of market

demands in addition to limited natural resources and ctim@hanges that have
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the future.

2.10.2. Organization of information groups

There are many teams involved in every project; even though they are connected
within a modern framework, each team should be aware of the work of the other
groups involved in the project so as to present their work in a manner that would be
O2YLJI GA06ftS SAGK GKS 20KSNJ GSFYaQ 62NJ =
on a certain aspeodf the product. Consequently there can be a variety of digital
devices and digital databases with each one related to certain teams or features of
the project. In a modern environment, where all different types of design and
production information is beingienerated it is necessary to benefit from a PDM
application [Product Data Management] capable of organizing all sorts of different
databases in different teams containing information in various formats and make
them accessible for other groups that need tlevelop their work based on
information, provided by other teams. Examples of such systems in the realm of
building design and construction can be seen in chapter three where comprehensive
and central models of the buildings and their embedded data péweslesign and
production way and provide assistance for project planning and management.

Such systems may be involved in many aspects of the work in different industries.
For instance, a commonly noted feedback from users may trigger an investigation by
0KS v/ RSLINIHYSYyd GKFG NHzya &aGdzRASE b
they may inform the design team about the necessary changes in their approach to
the product. This change can cause changes in design and subsequently fabrication
strategies anddetails. This cycle of communication in fact shows the value of a
central integrated database to link different departments which are involved in
production.

To define a product data management application one way is to group its activities

into two didinct areas of impact namely users and utilities respectively.
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The first field comprises (Crnkovic, et al., 2003):

A

information organization which directs the databases, information safety,
accessibility of the data and so on

Definition of the jobs and qpcedures which draws the perspective of work,
allocation of workforce and plans the procedures.

Describing the details and features of the final artefact.

Categorization of information in order to facilitate the access and to not miss
any detail

Set up project criteria and agenda to plan for access to necessary resources

or anticipate work stages and so on.

On the other hand the second field of PDM tries to (Crnkovic, et al., 2003):

A

Build a strong communication link between all departments aisd arovide
communication with entities out of the company which can be influential on
the production process.

To build a strong platform for data exchange between different applications,
teams, stages of the project and machinery and devices.

To transbrm the information format in order that it might become useable in
different devices or by different teams to process the information and
develop some aspect of project.

To provide visual representations of the data to be analysed by engineers or
discused with users.

To manage the organization of the information system. Basically to control
the input and output and/or accessibility or may be data mirroring to support

the system against possible data loss

2.10.3. Information based models

The product dea management applications are the extension of CAD systems that

are capable of modelling physical form of artefacts. In fact PDM computer

applications are advanced production tools which acquire their sophistication from
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the contribution of computer appdiations responsible for volumetric modelling,
production organization and administration, evaluation and information structure
planning and management that facilitates the contribution of discrete applications
and systems in one unified production enviroanb. It can be said that the ultimate
perfection of the file to factory technology or computer aided design and
manufacturing with the current perspective is to form a database for every single
product which contains all the product design, manufactursiggply, distribution,

life cycle and disposal information from inception. Such a database that represents
all aspects of an artefact is also known as the product model. The Figid&i a
schematic representation of the cited models which also demassrthe common
aspects of an artefact which is usually needed to be included in such models (Sendler

& Wawer, 2008).

Simultaneous

engineering project Marketing/ Distribution

management ¢
~ Product planning S
b 0,
g2 3
c c i =
o} E Abstraction level =
<
w £ )
P Y] . o
S £ Remove Conception 3
o
£ :
3
Integrated Design
information
models
= —— s
= Use Specification =
> <
o > < ©
Q w
o %]
© c
Y o
o =}
(@] . o
Production ®

t t

Manufacturing/Assembly Supplier/Procurement

Figure2.73 Product model
A schematic product modé@Krause, et al.1993)
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As has been mentioned, currently the creation of comprehensive information based
models ofprojects can be regarded as an ultimate goal in production industries. In
0dzAf RAY3 I NOKAGSOGdzNBT W. LaQ 2N WodzAf RAY.
thorough such a model. This system shares numerous features with other similar
models which mg be used in other industries. Basically their structures are largely

similar but the information type will be different depending to the intended final

product. BIM systems are going to be described in the chapter 2.11.

2.10.4. Component based product mo dels

One of the significant features of every product model is that they consist of detailed
information. Models may define physical features of artefacts and a hierarchy of the
O2YLRYSyliaQ | aaSYof &lanaics Ipldz8s/t® Shakel tfe filaK S A NJ
products and also may describe every single physical relationship of individual
components. This family of information is known as the bill of materials or BOM

L FeAy3a | 1S@& NRtS Ay LINRB2SOGaQ RS@St 2Ll
product mockls. In an industrial project, if designers and planners need to establish

the way components actually physically join, then they need to create assembly
models which are considered as a higher level of organizational tool compared to

only the combinatiorof bill of material data with a model which shows the physical

form and the geometry of artefacts. The latter is only capable of showing visual
features of assembly and joints and do not cover the quality of componential merges

and joints.

Basically the mjor elements of an assembly model are the illustration of
O2YLRyYySyliaqQ 22Aayidta | O02YLIYASR o6& RSLAO
hierarchy of individual parts merging together. Obviously there are going to be limits

that form and constraint the assably process and therefore the assembly models
GKAOK FFTNBX (1y26y a WYIFGAYy3 NBflFGA2YyaKALA
These descriptive models of component relationships can be grouped into five major

Ol i SAZNRERPAWEHAL GKS KASNI NOKAOI £ esNBE I A
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plan against the dimensional limits (Shah & Rogers, 1993).

Figure 2.74 illustrates an assembprocess organization described in the Shan and

Rogers book on assembly modelling.
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DOF DOF DOF
Bgse/
Feature SR, FIT| Feature
face DOF face
RefereM
Feature SR Feature
Volume DOF Volume

Figure 2.74 Assembly links
Hierarchy of assembly relationships (Shah & Rogers, 1993).

2.10.5. The World Wide Web

As has been mentioned before, the outstanding advantage of the product data
management technology is the ability to provide seamless bedding tfong
connection between discrete groups participating in production projects. By the end

of the 20" century, enough technological infrastructures became available to create
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networks of computers to share data between them. At this time Stanford
establifed the first web server in the America. It has been used to transfer digital
data. Two decades after that ground breaking innovation, the versatility of internet
applications have become even more prominent. Using this global data network
enabled companigto have direct contact with each other and even with their users.
b2t RFreaz yz2ad 2yfeée OFy O2YLIyYyASa NBOSAQD
improve their services but also they can receive customized orders directly from their
clients. The internet haalso facilitated the internal connection between various
sections of factories to the level that the ordering, processing, planning,
manufacturing and preparation for delivery procedures are becoming an automated
cycle of works. Using information technglpand the internet has opened new doors

in front of industries. Now they can have collaboration with unlimited consultants,
contractors, subcontractors, suppliers and users all around the world regardless of

the geographical distance (Krar & Gill, 2003).

2.10.6. Virtual teams
LG OFly o6S ¢AlySaaSR GKIFIG az20Alf ySig2N]A
people together and now provides a platform for their social interaction which has
become part of their daily lives. The same ideas exist in indliggnvironments
where the internet has become an inseparable part of their systems as a data
exchange tool. The collection of all devices, applications and facilities in addition to
data network which manages the group works and process is discussesl riealim
2F WO2Y LMzl SN adzZLILI2 NI SR O22LISNY GABS 42 NJ
systems in production process can be divided into four main categories.
The first category is dedicated to the field of communications where computers can
make it easierfaster, and more accurate and involves multimedia data packs which
provide visual illustrations of data or closer interpersonal connection through virtual
conferences so providing space for discussion, oral and visual contact. In the next
categorythered FlF OAf AGAS&a GKAOK LINE QwoRk&sitla KI NB

diverse locations can work together at the same time arah share their own view
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points, for instance on a common computer display. Sharing can also happen in the

case of databases whigh2 N (1 KS Yy SE( ZhdblezlalittheWderkKtoNBE R R
have access to the same database and use the information needed and share their

work with others due to their level of access classification. Another group of useful
features function throughout€ S LINR RdzOG A2y LINRPOSaa Aa GKS
g2N] | yR Sughiunciicng pfodid fadilities for production departments to

divide their work in a predetermined fashion or to share data with consultants. This

way they get involved in rated stage of projects and collaborate with project teams

(Wilson, 1991).

2.10.7. Green fabrication

Due to growing concerns about the emission of the greenhouse gasses, global
warming, limited resources, etc. the theories and practices of green and enatur
friendly production are rapidly changing the mainstream of industries.

Partly based on governmental regulations and partly because of futuristic humane
reasons, green production tends to plan not only for the production period to be
environmental friewlly but also the whole product lifecycle to be green and cause
minimum harm to the surrounding environment. For instance, a production
organization can comprise the management of product design, manufacturing
planning, supply chain arrangement, deliverydasales, use and lifetime services as
well as discard and recycling of the product (Alting, et al., 1993).

Essentially the concept of Green fabrication / Green Manufacturing is comprised of
two key functions. First is to produce green products. In #gsrd, Green fabrication
systems focus on the creation of products which are used in renewable energy
system or have an environmentally sustainable lifecycle. The second approach in this
concept is to transform production plants and systems to run produactirocesses

in a green manner where detrimental effects to the surrounding environment are
reduced to minimum (NBinChang, 2011).

Apparently many companies take the disposal of used products serious; amongst

them those producing electronic devices passéhe lions share. Companies such as
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to process tons of electronic dumps each year and seek to recycle the useful parts.
Mentioning other examples, many prestigious ¢actories around the world that
make expensive cars have developed workshops that refurbish their old models to
prepare them for reuse.

As it can be seen in the Figure75b there will be a dramatic contrast between the
current theme of production andvhat is demonstrated as an anticipation of the
production approaches in the near future. Currently, manufacturers intend to
produce green products and avoid using elements which can be harmful for the
environment through sustainable processes. The modeahi generation of
fabrication systems have a more holistic view toward the production and product
lifecycle. Such trends bring more liability for companies as they are responsible for
their products during their lifecycle and also over the disposal angctegeriod. A

schematic definition of these systems is presented in the Figuré.2

Current theme

Future anticipation

Refurbish

Disassemble
Reclaim parts
Dispose of waste

Figure 2.75 Future systems
Contrast between current production theme and future systems (Browne, 1995).
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Figure 2.76 Production systems
Futuristic anticipation of production systems (McMahon & Browne, 1998).

2.10.8. Sustainable projects

It has been a while since designers first regarded environmentally efficient factors as

an advantage in their works. Recently they added sustainéddéures to their
ONAGSNAI & Ww5SaAady F2NJ RAalaaSyofteQ 2N W5
the relatively newer group of design strategies. Although they may be related to each

other or in many cases complete one another, but it is esaétd bear in mind their
differences. In design for disassembly during the design phase, the designer
O2yaARSNA GKS FIFOG GKFd GdKS SyYR LINERdJzOI
separable. Consequently products can be easily refurbished and reusqurb
replacement or their individual constitutive parts can be used to make other newer
products or as spare parts for other operational products of the same model. Apart

from the feasibility of easy disassembly, the process has to be efficient andifiign
affordable for companies.

The impacts of DFS are more consistent over a longer time span and the concept
includes a variety of strategies and techniques. A definition of the concept is

presented below:
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Egypt lasted for 5000 years, the castles of the middle Ages for 500 years, the machines
of the industrial revolution for 50 years, while a modern car lasts only five. It is
astonishing to realise that while economiogth has been made possible largely by
technological advantages, these achievements are themselves only possible because
of a quantitative sufficiency of artefacts with ever shorter lifetimes. That is,
technological progress and advanced manufacturingntégues have only helped to
shorten the lives of artefacds 6 ¢ 2 YA€l YI X mMdpdhmO P

He also describes the efforts after the era of mass production to extend the lifespan
of products and increase the value of artefacts as:

0Of course, it is impossible to makemething with an infinite lifetime and even if it
were possible, an infinite lifetime would be wasteful. Instead, we are talking about
an artefact that can be progressively developed into a system, a concept in which the
manufacturing industry grows basesh demands for renewals and maintenaéce
(Tomiyama, 1991).

In the current climate where many industries are computer integrated or becoming
one and use digital technology to deliver their services and products an interesting
question would be that if thee relatively new technologies and methods could make
green Manufacturing systems and green products. More specified views towards
applied strategies in sustainable architectural projects in a computer integrated

environment are demonstrated later in chags 3.4, 3.5, 3.6 and 3.7.
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2.11. Building Information Modelling

2.11.1. Introduction

Forming a database containing all the required data to represent building information
GKNRdzZAK2dzi GKS LINRP2SOGQa LINRPOS&aa adl NLAY
production and construction with added project management inputs has been the
subject of many researches and computer application developments for almost four
decades(Eastman, 1999).

Traditionally, production of the necessary data to transit a profemtn the design
phase to the construction site was done manually as a result of the collaboration
between different groups of experts, each mastering a limited domain. When
computers appeared in the realm of building construction, activities such as 2D
drafting, structural estimation, bills of materials production and project management
scheduling were done easier, faster and more precisely. Software vendors introduced
discrete applications so that each of them could be used to produce certain groups of
building data separately; yet the ultimate goal in this field appeared to be the creation
of an integrated organization to contain all the building related activities in one virtual
place which can provide better communication between different stakeholders
(Howard & Bjork, 2008).

¢CKS GSNY W. dZAfRAY3I LYF2NXIGA2Y a2RStfAy3
system of design and documentation in regard of design and construction data. In this
system all involved sectors of project are linked togetheptigh a comprehensive
database. BIM is one of the strongest tools in modern production systems, and among
them being File to Factory technology, which facilitates the direct connection

between designers, their consultants, fabricators and the product users.

2.11.2. A general view

In the business of design, engineering and construction, BIM is sometimes regarded
as a class of software, whereas this is actually a concept which contains a wide

spectrum of applications and organizations. In fact a Builthfaymation Modelling
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system applies digital software to conduct the flow of work and associated
information. Sometimes there is a misunderstanding between CAD applications and
BIM systems. One of the most important differences is in the nature of the@A@
applications are graphic oriented and which deal with shapes, lines, symbols and
colours that imply conventional meanings to the users as visualisation tools and do
not necessarily carry any real life features; whereas in BIM models, as an object
oriented system, visualization is only one of the services accompanied by many other
layers of building information which all add real life features such as material layers,
weight, colour, structural properties and many others which relate to each object in
the model as well as the project management data for the whole project. In fact, CAD
applications could be regarded as a revolution in drafting meaning that while BIM
systems in their comprehensive use can play a pioneering role in documentation and
communcation between different groups of a project. Consequently the systematic
evolution of CAD towards BIM could be seen as a transition from solely visual
representation to an exclusive and comprehensive simulation (Succar, 2009).

A BIM model of a projecsia virtual replica which is structured by parameters. It
contains all the design information and construction details simulating the project as
AY NBIFf tAFS® LY FRRAGAZ2YZ GKS GAYS FNIY
model which describethe work flow and enables different groups of the project to
have concurrent progress in their work. Providing all of these services have made BIM
models distinct from ordinary 2D or 3D CAD models. In this integrated system, any
change in details made ®ach sector is seamlessly and simultaneously influential on
the work of other groups and provides a réimhe description of the current condition

of the project and the task plan of each party. Based on the boundaries of BIM and
/' 15Q& FASt Rss anfl thé guredtOndaiked 3/icB demands for more,
customized and faster produced artefacts, BIM seems to be a big step forward since
using CAD applications in design and production equals the modernized way of

producing with traditional techniques but apfhg modern tools suggesting recurring
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design/planning, assessment and redesign/plan; whereas BIM system implies
continuous improvement and concurrent procedures(Weygant, 2011).

The analytical information, provided by BIM software facilitates the proadss
designing, project planning, production and/or construction. This tool helps the final
product to be delivered on time, on budget and carrying the needed qualities. These
202SO00APSa NS IFLAYSR o0& |y SaldAantAzy 2°
aAYdzZ FGA2Yy 2F GKS RSaAdy LINRLRalf yR (K
Nies, 2008).

2.11.3. The necessity of BIM
LG OFry 0SS sAlySaasSR GKIFG . LaQa LRaAldAz2Y
inseparable component in the fulilent of many construction projects. Before
describing the details of BIM systems it is worth having a look at its place in current
LIN22S0GaQ ftAFSUAYS YR (GKS NBlFIazya oKe A
organization of construction jobs.
Numerous demands of users and the ambitions of designers have made buildings and
the procedures of construction extremely complicated over the last century. Many
Y2NB aSNBAOSA NB AyOfdzZRSR Ay G2RI&Qa ¢
constructed just deades ago. The services such as electricity, telecommunication and
data, air conditioning systems, underground car parks and security systems etc., have
added many new layers to the design and construction process of any buildings. All
of these new attachmets and associated complexity need more detail and
consequently more records providing the necessary design information. More
information equals more configuration time and without any system of classification
which provides easy access, due to the growogmplexity of design, time
consumption grows exponentially. Sophistication in form and additional systems and
intensification in large scale projects cost money and time for designers, contractors,
fabricators and subsequently their clients. Therefore pleeformance of systems and
final products faced a dramatic decline and increasing waste. The huge amount of

information and design documentation needed a system of organization. In addition
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the complications of design required all parties which are invblae project to have
a closer interaction in their turn to result in a seamless strategy to complete the

project with minimal waste and defects (Krygiel & Nies, 2008).

2.11.4. BIM in action

For several decades designers have used drawings as an irfntge which would

be built later. These drawings, either made by hand or using digital means, only carry
various types of lines with different thicknesses or colour to represent the whole
building or just simply a component of it. These properties havdareach project
document carry only a limited amount of information. Considering the complexity of
design and face to face connection between designers and constructors it was
feasible to construct buildings several decades ago; still, just using traalition
methods to run projects caused many problems. There has always been at least a few
misunderstandings between designers and constructors due to the lack of specific
construction details which in most cases caused the result to be unexpectedly
different from what which had been designed. As another example, in almost all
projects, designs had to be changed several times during the execution because the
design proposal had not been actually feasible. Sometimes an error such as this may
require all drawingdo be changed. In a traditional system this process needs a
considerably long period of time to revise all plans and calculations which will
subsequently increase the costs and time consumption of all other stages of project
(McMahon & Browne, 1998).

BIM systems are artefacts of the current theme in construction projects. They allow
the attachment of layers with practical functions to the design proposals. They
provide different level of access to information for different groups. Access to data
fortifies the necessary communication which can provide a time plan for individuals
to help increase productivity and support their work with necessary details (Howard
& Bjork, 2008).

In a BIM system all of the details are extracted from a BIM model. This vectasdel

is an example of an intelligent system. When the design group works on a plan, any
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influence caused by changes in each component of a building is distributed amongst
all other components and will apply automatically and concurrently. For example,
alternations in plans will be influential on all elevations and sections, structure, bills
of materials and schedule as they have been programmed by parameters. Basically it
does not matter where the changes are made; they are affective on all necessary
components. It is not needed to provide annotations or draw additional section plans
to imply details, the model carries all the properties of the intended finished product
and information could be extracted from the model (Smith & Tardif, 2012).
Regardinghe definition of lean construction and BIM systems, it could be said that
BIM systems can be the key element of the lean concept in construction. Providing
the clientdesignercontractor interface, where all parties can collaborate and
contribute their skare to the project and facilitating processes which can develop
simultaneously. In such an environment, waste has been reduced systematically and
better communication can guarantee that buildings and construction products
develop and finalize as they shdue, nothing more or less than what is expected by

clients and planned by designers (Aziz, 2016).

2.11.5. Advancements through BIM

In a BIM system simultaneous and continual modification is mostly preferable. Users
believe in gradual improvement whigbrovides stability in process and ultimate
perfection, rather than making dramatic changes which may have destructive effects
on plans and schedules.

One of the most regarded benefits of BIM method is the transition from 2D
representational drawings towd three dimensional simulation models which carry

all required characteristics of the final product, sequence of work, time frame and
assembly details. In addition a BIM model can simulate and measure the
environmental impacts of projects and vice verkaygiel & Nies, 2008).

Such models provide large amount of information about products and components
and by categorizing those help saves time and assists in arranging the subsequent

procedures. Benefiting from several sophisticated extra layers of datbles
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systems to operate seamlessly and the results will be highly precise. It can be as
accurate as an exact match for design proposals as well as the real life project
(Eastman, et al., 2011).

Last but not least is optimization. Wellganized process measured quantities
comprehensively demonstrated assembly methods and details of components, and
well defined relationships between different stakeholders can make this system

efficient and reduce waste in time, material and workforce (Weygant, 2011).

2.11.6. Systematic change

There have been dramatic changes in the design and construction phases in BIM
methodology compared to what rules traditional systems. As has been mentioned
before, the most recent theme of work needs and supports a graduatandurrent
modification of the design. To express the benefits of the new organization it is
helpful to study the traditional flow of work [Figure.27 Traditional flow of work in

construction industry].

A The designer gathers necessary data from sitecrstiomers to form his basic

concepts.

A The designer finishes the design and makes Hiedtawings and sends them
to several consultants, each develop the design in one aspect. [For example:
electricity, mechanical, structure ...]

A Consultants do their mearch and design, based on their specialty and prepare
the new drawings, which sometimes inherit some unexpected changes
imposed by the designers, to make the new layer of data that add a service
AyG2 o0dZAf RAYIEAQ FdzyOlAazyaod

A Consultants send back the newashings to the Architect. The designer
analyzes different drawings trying to find a way to keep the characteristics of
space and form in the design and find a way to adjust different systems in

order to provide new drawings for the project capable of idahg all required
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systems. Sometimes the designer may need to send the drawings back to one
or more consultants to refine their design because they conflict with other
services.

A After putting all services in one system, the designer creates new drawings
and sends them to the contractor. The contractor then divides the project and
confers each part to different subcontractor to check the feasibility of
construction and plan construction of every single component. They make
drawings, demonstrating the consittion details. In some cases making a few
parts is not feasible or the design needs some changes to make it
constructible. In this case they refer back to the designer and all the work for
those components to design and create drawings should be done tinem
FANRG adSLI FYR AT (KS O2YLRySyida | NB
is not so disruptive that all of the procedures have to be redone for the whole

design proposal (Tunstall, 2006).

It should be noted that in all of the above mentionedRrd G A2y | f LINRP OSa &S
always the risk of miscommunication and misunderstanding between different
groups; whereas a BIM system can facilitate communication and reduce the design
errors by connecting various parties. It also improves the timescaledrgdsing the

amount of unnecessary documentation processes as well as on estimation, checking

and rechecking. On the other hand, groups have more time to focus on design and
planning rather than spending time to redraw and checking for possible erroseda

by miscommunication.

As we expect from a BIM methodology (Krygiel & Nies, 2008):

A Architect is in direct connection with consultants and contractors. In fact they

collaborate from inception to conclusion and creation of project model.

A After the mockl is created, it is time for subcontractors and construction

teams to do their part and fabricate components and develop on site works.

A Details of site work and progression and completion of various parts of the

building can be shared with all of theogips.
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A Clients can have access to this model to plan their works. Such a model can be
useful even after the submission of finished building to the owner. The owner
can use it for the building maintenance and further developments and

possible additional bidings.
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Figure 2.77 Traditional flow of work in construction industry

FAaSR 2y (GKS 3ISYSNYXt O2yaidNHzOGA2y NBIdzZ |
intentions, several specialities could be involved to create a building model. Systems
such as structure, lighting, mechanical, etc. can dictate the direction of design. In
modern organization, some systems now have clearer connection with each other
and affect their work. For example natural lighting systems can be influential on
direction, form and subsequently the structure of the building (Krygiel & Nies, 2008).

2.11.7. Advantages of BIM systems

The construction industry had initiated BIM as a tool for ease of documentation. As
the target users of this innovation, designers and constructors have benefited from
this system even more than what they expected from it.

Almost all of the subsequently added functions to the system are resulting from the
new means of real time simulation and digital realization of designs. As has been
described, this model uses the enhanced power of computers so as to provide
different viewsof the building, tables of materials or schedules and so on all at the
press of a key. Basically every component of the model can be measured or quantified
due to the parametric description of it. The impacts of BIM are not limited to
documentation and dedgn; it has a strong influence in the construction process and
odzAf RAy3aQ tAFTSUAYSO

In order to emphasize the beneficiary factors of adopting the BIMs Mc&liiw
Construction Company based in the United States has released a series of data in

2009. As hs been demonstrated in

Figure 2.78 they documented the hierarchy of the effective factors on the adoption

of the BIM by the construction companies of the future.

Remarkably, buildings have become exponentially more complicated over recent
decades. lhalf a century ago we needed 50 sheets of drawings in order to build a
building, with added services and details we now need three times more documents

to execute the process. In a BIM system since all the data is being gathered in a single
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model the docmentation process is almost done automatically. Just imagine how
time consuming it would be to draw all the documents manually and if some changes

occur, to check and correct all documents one by one (Eastman, et al., 2011).

More accurate construction document 71%
Improved communication between all parties in th 70%
design process 0
Reduced number of field coordination proble 68%
Owners demanding it on thegprojects 66%

Improved budgeting and cost estimating capabiliti 61%
Reduced construction cost: 59%
Less time drafting: more time designin 55%
safer worksites 55%
Reduced number and need for information reque 53%

Improved scheduling capabilitie

50%

0% 10% 20% 30% 40% 50% 60% 70% 80%

Figure 2.78 BIM
The hierarchical presentation of the inflectional factors on the adoption of BIM by construction companies in
future. Data (McGrawHill Construction, 2009).

A BIM based project benefits from a comprehensive model which contains all the
various aspects dhe building which helps us have a good understanding about the
design. Threalimensional models provide virtual realisation (visualization) for
designers to help develop design work and to present their work to other
stakeholders and service providers.cBua model also could be used for rapid
prototyping. A comprehensive base of knowledge particularly in large scale projects
gathering many different groups and in diverse and changing project teams is critical
as data can be passed from one user to anothied the success of the project is
related to the systems work rather than the continual presence of individuals
(Howard & Bjork, 2008).

Working with a comprehensive model may also help us have a good understanding

of the design we make. Thre#tmensionaimodels provide virtual realisation
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(visualization) for designers to develop design work and to present their work to other
stakeholders and service providers. Bills of materials can be added as an information
layer to the BIM model. Through that, not gntan a visual representation of the
design be produced, but also engineering calculations, cost estimation, construction
hierarchy, schedules and many other layers of necessary data can be added to the
model (Weygant, 2011).

2.11.8. BIM and challenges

As has been mentioned before, IT developers have introduced object oriented BIM
systems in order to defeat the shortcomings of graphics oriented CAD applications.
BIMs provide a platform for simulation, documentation and communication. They
also offer the atomation of design and documentation through pdefined
packages of data which exist in the system. Such an approach is popularly used in
computer application development business (Martin & Odell, 1997).

In the modern world most of our daily activitiagich may affect others are framed

by regulations and rules in order to control the consequent impacts. Design and
production are amongst those activities and services that must follow numerous
regulations and guidelines (also known as standards) whicpratected by law and
responsible organizations. Such rules that are definite and should be followed by
SOSNE LISNB2Y YR 2NBFYATIFIGAR2Y FNB 1y26y
the other hand, some standards exist that are universally acceptethe major

LI I @SNB AY | LI NGAOdzE  NJ AYRddzZAGNE® ¢KSas$s
regarded as a common language connecting separate parties together. These
frameworks are not assigned by law but by the industry and in order to be able to
work everybody should know that language (Mcintyre, 1997)(Eastman, et al., 2011).
Being a designer in the building construction business initially enforces us to realize
that constraints form most parts of our design and it is not just the manmade rules
but also the natural and environmental forces. Generally, the more the standards and
rules we include in our design then the less the variety of products we are going to

have.
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In the building construction industry, we subconsciously suggest a level of
standardisation applicable to elements and processes. When we discuss the
essentials of the modern market such as automation, optimization, communication
and collaborative systems of design and production is essential to define the
existence of a standard langge (Howard & Bjork, 2008).

In a BIM environment objects are to be defined by their real life properties. Allowing
users to add real building features to each object in their design; currently they can
choose from the classes of material, shapes andathgeofiles which are predefined

in the database (Weygant, 2011).

Although it appears that theoretically Building Information Modelling is a huge leap
forward in terms of an improvement in building construction, yet after four decades
of an IT presenceithe industry, companies do not tend to adopt the systems fully in
their practices. One of the key reasons now is the complicated user interface of the
BIM applications which calls for staff training. The costs are also considerable as a
large amount of mney requires be paid for training, licensing and competent
computer hardware. Nevertheless most of the experts considered the influence of
high level of standardisation on the creativity of their work as the main obstacle. The
BIM de facto standards shalibe designed in such a way so to be compatible with
the normal flow of work and information; nevertheless seemingly these standards
can overlook some vital factors. Standards must be applied to a level which does not
cause any flaw in the innovative aspeof the work.

In an extreme case the ultimate result of the development of BIMs can be the creation
of a comprehensive system containing all the standards and rules that can offer the
right solution for any scenario. It is foreseeabfleK | 0 o6& O2y aARSNM:
advancements in the realm of computers and data gathering such a concept is
possible, if not now at least in the very close future. The question here is that if we
want to standardize our living spaces and the built environntenthe point that

machines can design buildings for us, or how much influence do we allow the quest
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for maximum efficiency and productivity to influence the shape and the quality of our
buildings?

| 26FNR YR .21 N] Ay (KSATKde N6 bepefitddddm 2 y
applying BIMs to industrialised buildings. Some changes can be: integrating design
YR &LISOAFAOFGA2Y S | dzi2YFGAy3 NBIdui F GAZ2Y
the following parts they claimthatt ¢ KS A RS f A Zad beéh taplidea 2 F . L
AAy3tS o0dzAf RAYy3I Y2RSE O LI of SnddifalyadsiA y 3 dz
thatta bl GA2y It 3INRdzZLJA KI @S 2F4GSy 0SSy adz0S
such as those for CAD layers, but international implementationd teebe tailored

for local cultures and conditicds 61 26 NR 9 . 21 NJ X HAAyOL d

One of the barriers against the progression of BIM use in architectural projects could

be the lack of knowledge about the benefits of such a system and related computer
applications. So far, most of the focus has been on the modelling part of the BIM
systems; whereas the main element of these systems could be the information
(Kumar, 2015).

Lack of client demand could also be named as one of the main reasons that have
caused BIM stems not to be applied in more construction projects. The figure below
demonstrates how companies are mostly interested to use BIM when it is asked by

their clients.
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Anticipated triggers to use BIM

nsked by a e

See a way to beompetitive | S

Improve capabilities to do more Wor_

Generate greater ROI_

Other H

0% 5% 10% 15% 20% 25% 30% 35% 40%

Figure2.79 Triggers to use BIM
PicturejMcGrawHill Construction, 2009)

Whilst Scandinavian countries and US began to promote BIM and speed up the use of
systems in order to make the construction industry and the built environment
greenerand moreEFAOASY i GKS 'Y KlFayQil oSSy dzJ i
percent of the American and Scandinavian contractors have adopted the new system
while in the UK only 24% of similar companies have achieved that. In order to increase
the number of BIM integratd construction projects, the British government set a rule
which came into force from 2016. Based on this rule all public projects started from
this year and costing more than 5 million pounds must use BIM (Watt, 2012) (Klettner,
2011).

Research has shown that most of the actors in the construction industry believe that
BIM will have a big influence on their work in the future. Not only the use of such
systems is growing amongst contractors but also the speed of this growth is
increasingexponentially (Kumar, 2015). Based on a survey ran by McGraw Hill
construction division, the global growth rate in using BIM from 28% in 2007 has

increased to 48% in 2009 (McGraill Construction, 2009).
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2.12. Summary

Throughout chapter two, the first aim was to estahblithe context of the technology

through an investigation of the state of the art in Computer Aided Design; this has

been sequenced in part chronologically and in part functionally. The investigation
continues through Computer Aided Manufacturing, throlgjlecess Control and the
Organisation of Work within a digitally integrated production industry. The outcome

is an understanding of the possible potential for improvements in workflow and
product quality.

To summarise the investigations which have beeripgey 1t SR Ay WOKI LJi SN
are as follows. The chapter starts with a brief exploration of the diversity, penetration

and capabilities of CAD. Of particular note is how systems were introduced by high
value, heavily capitalised industries but quicklydomee more widely available to the

general industry sector. In parallel to the advances in the adoption of CAD it has been
shown that there is also a growing advance in associated CAM technology. It was
found that the capabilities of CAM are delivered thraugC and the improvements

2F (0KS WbdzYSNRO /2yGNREQ aedaisSvya FyR RS@.

been described.

The next section explored the basic relationship between design process planning
and production and investigated the concept efandardised paradigms and
procedures which result in the evolution of standard language and concepts of the
methodical design approach. As a result it can be seen that the definition of standard
design models has allowed the market to identify and refispects of the process

in the pursuit of economies and efficiency. For example, a key aspect to a design
model is the system of representatianfor the purpose of design development,
documentation and ultimately communication. In every production prodbsse
should be a strong and mutual relationship between the design model (i.e. technical
drawing) and the design and production process, where increased complexity has

required the ability to move from a linear design model to a concurrent approach
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enablng input from a more diverse project team and noting the evolution of the
accepted design models. On the other hand it has been found that complex projects
require methods to expand the capabilities of the design model and its ability to
contain greater araunts of data. Ultimately, it has been shown that this leads to an
ability to rethink the use of a digital model in the design process and the potential

for increased integration of the modelling activity within the design process.

In the next part of theehapter, the advantages of CAD applications in comparison to
manual methods have been analysed. Here it can be seen how methods of manual
and 2D representation fall short in their ability to carry the necessary information
and are fundamentally inefficienBy explaining different levels of computer use, this
document has sought to show how the design process and products have been
revolutionized by the use of computers. The move starts from the transformation of
CAD as purely a tool for representation t@sgs a system which can facilitate design
evaluation and other design related processes. This relies on the adoption of
standards and in built tools to facilitate the creation, manipulation and storage of
diverse attributes. Significantly many of the fumdantal attributes to design models

can be generated by software itself i.e. dimensions and similar annotations. This is
one aspect of the enhancement of the design process which is also evident through
the other innate abilities of software i.e. copy anaispe, mirroring, rotation etc. Even

the provision of guideg snapping coordinate grids etc allow for significant efficiency

and economy gains.

For a long time it has been the ultimate goal for application developers to produce a
modelling environment thiawould let the operator create a virtual version of the
object complete with all physical, material and dimensional qualities. While this
vision of an alternate reality is still some way off there has been progress in this
direction. Operators are more pficient, machine capabilities are enhanced and the
general level of associated technology is more supportive. Even the existing

shortcomings of the current state of the art are not seen as fundamental obstructions
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and there is evidence that continued RwdIl decrease reliance on physical
prototypes and increase the use of computer based models. This provides an
explanation of the types of model used in the design process and how they relate to

the range of evaluations that provide performance data. Thectgsion is that the

Y2NB GKFG GKS Y2RSf A& W 2YLX SGSQ FyR a;
reality then the greater that range of evaluations it might support and the ability to
automate more evaluations [as opposed to developing other versiotiseomodel]

then the greater the benefit in efficiency and economy.

Now that the discussion has revealed that computer aided design has become
ubiquitous and the development of design tools has led to the ability to construct,
simulate and evaluate a repsentation of reality then the next challenge has been

to provide tools and techniques that also provide design decision support. One
LI2aadaArAoftsS | @SydzS 2F LINRPINBaa Aa GKNRAdAK
definition but some evidence is emergiafjuse in early or conceptual design stages.

9ljdz- f fex GKSNB |NB AYyRAOIGAZ2Yya 2F (KS dz
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impact from these techniques but they are inglive of the move to embody more
WAYGiStftAaSyOSQ y2i 2dzad Ay GKS Y2RSt 0 dz
Ay KS FTR2LIGAZ2Y 2F WtINFYSGNAO 5SaArdayQ
Parametric design belongs to a class of operations that derive form from a set of rules

and wrere varying the rules may produce a variety of design solutions. Instead of
developing a new design model, the operator can reproduce a new solution by
varying the parameter of the rule.

It has been mentioned earlier that one of the challenges for apptio developers

and designers has been to create a cohesive model of designs which may carry real

life characteristics of the proposed end products. A common use of the design model

is to represent the volumetric characteristics of the object, howevdras been

shown that the inclusion of data describing design features will allow the testing of

real life engineering features. One class of feature relates to geometry and associated
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functional elements. These can be defined by syntactic pattern makingeobased
systems. It has also been established that feature based design is a concept that
describes the ability to develop a design from components with predefined features.
This can be a sequence of assembly or a sequence of operations that resdt in t
desired form. This has attractive features but also requires that the designer has a
detailed knowledge of machine operations that may be required. However there is
the prospect that CAD applications with sufficient intelligence may offer the designer

these capabilities.

The next section [design and manufacturing hand in hand] studied the relationship
between design and manufacturing not as a set of discrete tasks but as a process. It
was shown that the aim is to identify strategies which can leaddeased efficiency

and economy. In fact the ultimate aim is to produce a process that makes the most
appropriate and efficient use of resource. Previously the process was regarded as a
series of disparate stages; however this has proved to be time conguamd
inflexible. Modern thinking has identified the need to improve on this model as this
would bring a number of potential benefits such as improved quality and productivity
and efficiency. The pursuit of this goal has lead to new methods and management
Quality engineering applies these methods throughout all operations of a project.
Computers play a central role in this systematic change. CAD and CAM are
inseparable parts of a modern organisation. To this end CAPP, CAPM and CIM have
evolved to supporthe process. The growing integration of computers which share
data and support communications is the foundations of File to Factory technology.
This can be seen as a logical next step given the degree of integration of computing
in all aspects of design drproduction. Group Technology, Systems Organisation,
Concurrent engineering, Design For Manufacturing and Design For Assembly are all
some of the more prominent strategies being applied in modern industries to
improve the whole production process. The atprocess planning is the translation

of design geometry, joints and features into the timeline and hierarchy of

procedures, machining operations and finishing that define the artefact. There is

181



always more than one route between design and productighe size shape and

material choices all influence process planning. GENPLAN defines a systematic
approach towards process planning. This system defines a method of integrating
geometry, objects and components, joints and assembly into a logical production

LN OS&dad ¢KAa AYyF2NXNIGA2Y Aa GKSy OFGS:
WO2YyaiNIAYSR (y26f SRISQD

At the end of this stage of the research it can be concluded that when the traditional
manufacturing methods were predominantly classified as manuah the quality

of the product depended on the skill of the operator. Now that digital control of
manufacturing is commonplace the degree of accuracy and repeatability has ensured
a consistent standard of quality, similarly when process planning was edbeatia
human task it would inevitably contained errors and operational inefficiencies.
Computer Aided Process Planning has allowed a computer to determine the optimal
process and constraint checking against standards and other rules. It can also provide

the link between CAD and CAM which has been identified as the key step.

Having introduced the fundamental role of computing in design, process planning
and manufacturing processes it is profitable to reflect on developments in machinery
and machining process. As the technology has developed, we have seen the
introduction of a wider range of supporting computer based tools i.e. automatic
programming tools and cutter location data files. The technology has also been
extended throughout the production line antbw supports rapid prototyping and
robotic controls. Numerical Control is a technique to automatically control
machinery on the basis of a set of stored commands. These codes and resulting
operations directly replace traditional manual methods. The tedbgy has had the

most impact on advanced manufacturing providing the ability to machine more
complicated objects with operations such as the formation of compound curves. The
increased complexity and capability of CNC machines has been shown to allow for

more complicated operations at a greater speed and degree of accuracy. Previously
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data for NC machines was generated manuallyith operations and tools paths
being measured off drawings and manually transferred to punch tape. Now
computer based applicains have made this a much simpler task with automatic
generations of command sequences. This has extended the capabilities of the
fabrication operations and provided benefits in speed and accuracy. This has also
resulted in the definition and widespread @gtion of standards allowing the
interchange of data between machines, companies and organisations. The
AYGNRRAzOGAZ2Y 2F QRAIAGIET LI NLGQ LINRPOSaa L
complicated geometries which also results in more complicated mauhin
operations. This then results in a greater potential for conflict between tool
operations which subsequently requires that the process operator must plan a
hierarchical sequence of operations in order to reach the intended outcome. The
development of mmerical control has lead to the introduction of machines that can
both manipulate the work piece and run specific operations. This functionality has
now been exploited to develop a range of industrial robots that share the same
lineage and can thereforeetinonstrate a wide range of capabilities. In areas where
there is a requirement for a high degree of accuracy, repetitive tasks, hostile
environments or heavy jobs then robotic operators can demonstrate significant
advantages over humans. Many of the attribs discussed previoustynumerical
control, Al process integration, etc have enhanced the capability of robots in that
their interaction and ability to respond to feedback allows them more autonomous

capabilities.

The next section addressed differem$pects of manufacturing planning by initially
investigating discrete manufacturing and the contrast with continuous
manufacturing and ultimately the effect of industries organisational changes to meet

the challenges of customized, customer driven manufang. In essence the
YIydzFl OGdzNAyYy 3 LINRPOSaa Aa |ff Foz2dzi |y dzy
the ability to convert data into objects. A manufacturing process must be organised

into component fabrication followed by processes of sub assembly farad
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assembly. Planning this process is crucially integrated with time, cost and availability
of raw materials. In a time of shortages mass production found favour as a route to
market where the customer had little influence on the product. Increasitiggy
customer is more demanding and is exercising greater choice so a customised
manufacturing process is better able to respond to a changing market. This has
meant that manufacturers and customers have had to develop a tighter means of
communication withntegrated feedback loops. To the extent that in some instances
the customer can now specify specific features of a product. In the move towards an
2NRSNJ 2NASYGSR RSaiady aeaidusSy GKS FoafAade
manner dictates success failure. Despite good feedback loops to the customer, the
manufacturer is still limited by the availability of raw material and components. This
had led to the formation of extended enterprises that collaborate towards shared

interests.

The pursuit oS @S NJ ANBSF G SNJ LINRPRdAzOGA2Yy 3J2Ffa KIa
engineering. This system seeks to provide the right item of the right quality at the
right place and the right time. This concept considers the totality of the project and
although had to deliver may be optimised to produce the greatest return. Basically

the ruling factors in JIT systems are feedback from users, holistic production
environments, flexible manufacturing processes and modularity, speed of respond

to change and supply chrmimanagement. In order to satisfy market demand it is
desirable to keep the diversity of products high while keeping process operations
low. Technology progression is what is facilitating a move in this direction. For
example a fabrication device that cgerform multiple operations on different

artefacts with negligible set up time.

Starting from the very beginning of CAD CAM technology and defining the offerings
of the relatively new technology in order to revolutionize the traditional methods,
now it can be a good time to have a look at the most recent trends in CAD CAM. The

impacts of all aspects of the digital technologies on manufacturing have been
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compared to the industrial revolution of the previous centuries. Digital technologies
are pervading alaspects of society and this impact is augmented by the ability of
disparate technologies to communicate and reinforce each other e.g. autonomous
vehicles. As manufacturing and fabrication became more complex there are more
teams working on a greater variebf aspects of the project. This calls for closer
collaboration and better communications. Consequently we can see the introduction
2T Wt NPRdzOG 51 GF alylF3aSyYySyiQ wt5ae | LILIX .
different datasets required by the processhi§ impacts data exchange and
management. There are also other modern means for facilitating the collaborative
work of experts in different teams. The virtual environment of the Internet has
provided a well established platform for initialization of thetwal teams. Through

this virtual world people may gather by different means of crowdsourcing such as
fund raising or finding colleagues which may not work with you in a same physical
location, or even finding contractors to accomplish your projects jeet. sites such

as Arcbazarl].

Green production and sustainable products are also proven to be one of the main
concerns of the societies. Growing population, limited resources and environmental
issues also call for flexible, efficient and productive pradundines which can reduce
waste and products that use less of natural resources and produce less waste.
Modern technologies can help this by accurate planning and precise testing using
thorough digital models.

At the last part of the second chapter weale seen how a thorough model of
products may appear in architectural and building construction projects. The term
W, dZAf RAY3 LYF2NNI0OA2Yy az2RSttAy3IQ 2N W. La
design and documentation of design and construction détafact this system can
connect all of the differing groupings of data and people who work within a project.
This digital model applies software to conduct the flow of work and information.
Similar to many other industries ambitious designers and denmgnclistomers have

made buildings and construction procedures extremely complicated over the last
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century. Many additional layers of data added to buildings have made designing and
data access much harder than what traditionally used to be. There are @tse s
levels of information which could not possibly be produced and accessed using older
methods. A BIM model is a centralised data repository feeding all groups and being
fed by all groups involved in a project. Such a model can also facilitate concurrent
development of projects since different teams can update the model regularly,
therefore all teams are aware of the changes immediately and can adopt a new
direction or notify others of errors before it is too late. Such a model calls for a
systematic chang which requires every team to know and be working in a new
environment. The immediate signs of improvement can be seen in facilitated
documentation. Real time simulation assists the realization of design, problem
solving and constant improvement of the qauct. Better communication and
decision making during the design and construction phases are crucial benefits of
such a system, the lifecycle maintenance and end of life of the project have also been
planned and anticipated and could be referred to. e tmd we have to remember

that the ultimate productivity and efficiency traditionally come with ultimate
standardization which may limit the creativity of designers, customization and
unigueness of products. Therefore there has to be a cautious consideratithe

level of standardization we want to involve in every project.
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3. The Industrialized architecture and CADCAM contribution
Part one: Traditional approaches towards industrialised

architecture

3.1. The history of industrialised architecture

Since the features of CAD/CAM systems and the ways in which they can be used to
improve the workflow in various industries have been described in previous chapters
now it can be a good time to narrow the discussion down to the industry of interest

in this thesis which is Architecture and building construction. Outcomes of the
presenceof computer aided and computer integrated technologies in the building
construction industry [when regarded as a unified process of CAD and CAM also
1y26y |a (GKS WCAES (2 ClIOG2NE (GSOKy2f 238
buildings regardless of hotlie materials or techniques have been used to build. But
what are prefabricated buildings? Are they only the cubical precast concrete buildings
or factory made steel frames that existed in our cities after the mitl @htury?

The intention of thischapSNJ A& G2 32 ol 01 AYy GKS KAAG?Z
time where there was no sign of computers or NC and CNC devices; in fact to discover
the main reasons that had initiated this type of construction; reasons that may still
convince us to see pfabrication as a versatile method of construction, to serve us in
varied cases of spatial forms and site conditions or to build public buildings which
people use in their regular daily lives. These reasons attracted some pioneering
groups and individualsotput outstanding amount of efforts trying to harness the
materials and fabrication methods in order to create spaces to fulfil the functional,
aesthetic and economic requirements of their clients using various concepts,
techniques and materials throughottistory. Due to technological and scientific
developments, once in every few years new opportunities have been opened for
building producers to update their designs, fabrication methods and revolutionize

their finished products consequently.
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Although thke main reason of this chapter is to introduce the history of construction
atauisSya 9KAOK fSIR dza G2 GKS WCAES G2 CI (
chapter ends right before the time when computers get involved in the construction
industrysince the application of digitaHgriven methods are going to be discussed in

the following chapters. The chapter will rely mostly on the practical use of those
methods in projects. Here, there is an attempt to choose three cases of three
different philoophical approaches of the File to Factory technology to be described

as exemplars.

3.1.1. Introduction

The history of prefabrication in Architecture and readgde buildings is full of stories
o2dzi YI Y1 AYRQAa y SUBWr@En hisydek [AblgsihgAEkitecfure,Y 2 v
2009] describes architecture as a subjective system and an organization with a
concept in order to give identity to the space. In prehistoric times, even before our
ancestors started to form their small societiegbey had always tried to shape their
surroundings based on their needs. A gathering of a small group of people around a
FANB (2 LI aa GKS yA3IKEG GAYS Oy 6S NBO?

design projects, and as time passed, they disoedarew means to satisfy spacial
needs and their designs became more complicated. They added elements to living
areas to develop the quality of their lives. Shelter, walls, doors and windows were all
included to deliver qualities to the space (Unwin, 2009).

Through the development of societies it can be seen that their needs also have
developed. Nowadays we want buildings to be constructed with a good standard of
quality even in remote locations where the building process might be influenced by
severe climéc situations. Clients expect companies to produce sustainable buildings
and to deliver them as planned some months or in some cases, years before.
Construction companies and contractors are perusing lean construction systems and
Architects are trying tdulfil perfectionism of design and may seek new forms and

materials in order to realize their thoughts.
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The trails of needs and dreams can be tracked from early designs right up to
contemporary buildings and all the way through to the current time. Treythe two

important motifs which formed our world as we find it now; yet, more recently the
differentiation in the fulfilment of these two elements is becoming more and more
RAAGGAYOU® . I NNE . SNHR2ff RSAZONAOGSR Wt NBT
wKA OK I NB aldhg écBmicthtoryiiok tBe bailding industry that can be

traced back to antiquity | YR Wt NBFlF 6 ! NOKAGSOGkdaNBQ SE
theme of modernist architectural discourse and experiment, born from the union of
architecure and industry 0. SNHR2ff 9 [/ KNAadGSyaSys wnn:
In the same way, as with many other influential factors and strategies [from modern
materials to geometries, process and technologies], most of the prefabrication
techniques have been imported to architece from other industries. Despite the

long presence of prefabrication in architecture and by all the efforts have been made

to merge prefabrication into architecture, the significance we see in other industries
resulted by contribution of prefabricated sems cannot be yet witnessed in
architecture. Almost all of the advantages of this technology have been questioned

by an ability to demonstrate quality simultaneously in design and construction as
exemplified through numerous attempts during the history prefabricated

buildings. Nevertheless, it has to be said that pioneering modernist architects have

had significant influences on progression in this field and have paved the way for

many cutting edge methods which are being used in égih projects toay.

The following is a brief history of prefabrication with a focus on architectural projects.
It delivers a summary about the beginning of mass usage of prefab building$ in 17
century and continues by studying the milestones in growth of architecture alongside
with manufacturing process up to the mid ®@entury, when the world could not

anticipate the huge changes which were brought to design and manufacturing by the

emergene of the digital technology in building architecture.
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3.1.2. The British innovations

Great Britain and their global colonization of various regions of the world served to
position the nation as the leaders of prefab construction amongst western cesntri

in the early 11" century. Having political and economic interests in numerous areas
of the world such as North America, Australia and Africa also required their physical
presence in those regions where they had no knowledge about local domestic
materias and vernacular architecture. Subsequently, one of the interesting plans was
to fabricate readymade components of the required buildings and ship them to
remote areas to both provide shelter for the migrants and also to provide social
services such aslsools and hospitals. One of the first records of such activity dates
back to 1624 in Cape Ann village [it is currently a city located in Massachusetts],
where houses were built using prefabricated kits sent from England (Arieff &
Burkhart, 2002).

Some otler examples of colonial buildings were built later on the laté& t8ntury

and early 19 century in Australia and South Africa. These building types consisted of
mostly cottages, storerooms and hospitals. The buildings were timber framed and
had timber @nels, roofs and walls. Although this type of construction method did not
carry the same standards and qualities which we expect to be seen in modern
buildings today; yet, there was a significant reduction in labour cost, time and
material waste when comping with onsite construction in the same era of history

(Herbert, 1978).

¢KS WalyyAy3aQ O2dadl 3S

[ 221 AY3 UGKNRBdJzZAK GKS KAAG2NE 2F (GKS LINB
prefabricated Cottages are assumed to be the first advertised products in this fie

In 1830 H. John Manning designed a cottage for his son, who was migrating to
Australia, in order to provide him with a comfortable place to live in the new land.
Although Manning was a carpenter and well aware of construction methods, he was

not sure dout the situation in which his son would be in Australia in regard to finding

the necessary materials to build the house. So he decided to fabricate the building
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O2YLRyYySyilia Ay [2YR2Yy 6KSNB KS fAOSRD ¢K2
and be tranported to Australia. Each part could be carried by one person and joined
123SGKSN) oe@ aAvYLie o2fldAy3Id W2KYy [ 2dzR2Yy Q2
which is formed by grooved posts which are fitted to panels, floor plates and

triangular trusses [Fige 3.1] (Loudon, 1839).

alyyAy3aQa /2G013S O02YLI NBR (2 2f RSNJ LINBT
by the English as a step forward in details, standardization, mobility, frame, infill
aeaisSya | ThkMaBnhg systedioredhadowed the esisérconcepts of
prefabrication, the concepts of dimensional coordination and standardization

(Herbert, 1978).
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Figure3.1 The Manning cottage

Manning prefabricated colonial cottage. Picture and description (U.S Navy QuonsetW&apons of Mass
Construction, 2012).
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Figure 3.2 Manning cottage types

Manning Colonial Cottages were often transformed into schools, hospitals, stores etc. picture and description (U.S
Navy Quonset HutWeapons of Mass Construction, 2012).

al yyAy3aQa /2G013S ¢l a odzitd G2 FRRNBaa
also carried the characteristics of the British construction standards. A few of them
still can be found in Australia [e.g. Friends Meeting House, Adelaide] [Figure

3.3
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Figure 3.3 Remaining Manning cottageQuaker [Society of Friends] Meeting House. Picture
(National Trust of South Australia, 2013).

¢KSNBEQa y2 NBO2NRSR R20dzySyil A2y (2 LINE
buildings in Northern Ameridaad significant influence on timber structured buildings

GKA& O2yUAYySyd odzi a2YS (NI} OS&a OFy 0S TF2c
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Figure 3.4 Balloon frame
Balloon frames that assumedly were first used in Chicago. Picture (University of Seville, 2011).

Certainly it cannot be said when and by whom the first Balloon structure has been

made but probably the first building in which the so called structure iesen used

gl a | gl NBK2dzaS o0dzAitd Ay wmMyown Ay [ KAOI 3:
MdppcOod ! 62dzi I @SENIFFASNI GKFG W! dzZAdzaG Ay S
[Figure 3.5]. These buildings were easily erected and did not need highiyetta

labour in the process. Industrialized fabrication of iron nails and the ready availability

of natural wood fostered the construction of such buildings. They were light weight

but also had a very low resistant against fire. This caused the Chicagdmtywas

mostly formed by Balloostructured buildings to turn to ashes in 1871. Nevertheless
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due to the high speed of construction and the light weight components, Balloon

structured buildings had spread in the west of America (Davies, 2005).

Iron andsteel

S R

Figure3dp {G® al NEQA / KdZNDK Ay /| KAOF 32
Picture (Early Chicago, 2013).

In the same way as prefab timab structure and panels, parts of buildings such as
columns, doors, windows and trusses made of iron have their roots in the British
Colonial prefab buildings. They were produced in workshops and then delivered to
the construction site and assembled alowgh other components of the building.
Although the prefabricated iron parts were not as wianging as can be witnessed

in the current theme of construction but the iron work is the forerunner of
prefabricated steel which later have been applied exteglgivn numerous buildings

in America (Herbert, 1978).

A part from buildings, iron was the material of choice used to make bridges in
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3.1. The history of industrialised architecture

England. The first bridge which was made of Cast Iron and located over the river
Severn in Shropshire was constructed #¥9 and opened in 1781 [Figure&}. It was
mainly made of precast iron components and assembledits In a similar way to
timber structured buildings, they standardized the dimensions and fixings of iron
made components. Compared to timber buildirige time and cost of construction

was reduced and labour with relatively less experience could erect both buildings and

bridges (Smith, 2010).

Figure 3.6 Iron bridge
Iron Bridge over the River Severn at Ilmidge, Shropshire. Picture (Darwin Country).

At the time shipbuilders were also taking the benefits of prefab products. This gave
William Fairbairn the idea of fabricating cruise ships in the miti@éntury. At that

era, the British were developingé¢ application of iron plates in buildings such as light
houses. Another important use was in textile mills. These typologies were at high risk
from fire and as a solution they sought to construct them with fire resistant materials.
Therefore iron frames hich were affordable after the industrial revolution replaced

the timber structures. One of the first examples of using iron frames in buildings is a
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textile mill at Ditherington in Shrewsbury, Shropshire [179697] [Figui§ 8Smith,
2010).

Later on,constructors became aware of the potential of applying iron not only in

Figure 3.7 Steel framed buildings
Ditherington Flax Mill, a Flax mill located in Ditherington, a suburb of Shrewsbury, England, is the oldest iron
framed building in the world.iBture and description (Wikipedia, 2013).

TN YSas odzi Ffaz2 Ay SyOft2adz2NBa |yR Ay TAf
ttF0SQ wmypmB éla +y SEKAOAGUAZY 2F 02y
AYGSYRSR (2 SESYLX ABEBNI RR&I AyRdzZa[IBEAGAL I
It was the first exhibition of its kind and also the first building to be fully built with
modern materials [iron and glass]. All of the various parts were prefabricated and

assembled ossite (Kishlansky, et al.0@8).
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Figure 3.8 Crystal palace
Crystal palace, an exhibition of power and technological progress. Picture (McNamara).

Corrugated metal

The Manning Cottage was the source of many developments in prefabricated frames.
This effort was superseded by the innovation of corrugated iron sheets. This material
replaced the previous systems of spanning, panelling and roofing using wooden
panels andcanvas. From the early ¥€entury up to the present day corrugated iron
has been intrinsic to many projects around the globe. Its light weight, and structural
effectiveness made these iron sheets interesting for builders and the low price and
easy instdation resulted in its widespread adoption. Richard Walker was credited as
among the first who noticed the potential application of corrugated sheets in mobile
buildings in 1832. After 1837 fabricators started to hotdip galvanize sheets in order
to protectagainst corrosion. Nonetheless galvanization only covered the corrosion of
steel which was still happening under the coating. Rusting was inevitable especially
in places with acidic rainfall and along coastal areas where saltwater speeds up the
metal coriosion. Nowadays, to give corrugated steel roofs a longer life, constructors
also cover the surface with a layer of paint [Figur8]3Thomson, 2005) (Mornement

& Holloway, 2007).
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3.1. The history ofndustrialised architecture

Figure 3.9 Corrugated steeMachine making corrugated sheets outpsinted metal leaf. Picture (Trade Korea).

As well as all of the abovéSY G A2y SR FIF OG2NBRX (GKS [/ IfATF2
ignored as a key factor in making corrugated metal sheets popular in building
construction [Figure 310]. The necessity andigntity of shelters required to home

the gold miners grew exponentially in the mid"@entury. This technology was

imported by Naylor from England and became one of the easiest to ship and also the
fastest to erect at that time. Over 500 prefab shelt¢nsade of Corrugated iron]

which had been advertised in magazines were shipped from New York (Peterson,
1965).

Figure 3.10 The gold rush shelters

A Shelter which has been built in the era of Gold Rush in California. Corrugated sheets have been used to cover
the roof. Picture (Sierra Foothill).

Quonset huts are also lightweight prefab buildings made with corrugated iron [Figure
3.11]. Theconcep Kl a NR2GSR Ay WbAaaSyQ Kdzi gKAC
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3.1. The history of industrialised architecture

the First World War (Brown & Lowry, 2001). These huts were named after the first
site in which they have been constructed. As other typical examples of buildings
which were commonly constated with this material we can cite factories and

suburban chapels.

Figure 3.11 Quonset hut
Quonset Huts were used strategically during the WWII due to the easy erection and cheap costs. Top (Wikipedia
b, 2013). Bottom (Kodiak).
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3.1.3. Prefab houses in the United States

At the beginning of the 20Century the proliferation of balloon structured buildings
and the industrial boom, timber made kit homes gradually became popular. The
Sovereign brothers were among the first to develop mass housiogpgis using

Wl RRAY | 2Y2F4aQ OCA3IdzNB o

Figure 3.12 Aladdin homes

Left: W J Sovereign dounder Aladdin homes. Right: Aladdin Homes advertisement in eadflg@ttury. Picture
(Modular Home Builder, 2012).

The connection of the East anlest of the United States by train and mail order
service which had already been used to deliver clothes or prefabricated boat parts to
customers was the foundation of their concept to introduce mass production of
houses which would be produced in a largember and could be erected easily and

in a short period of time in order to fulfil the need for housing in the developing areas
of the West. These houses were also affordable and built with standardized
components. This concept also aimed for the reduttof onsite waste. While

Aladdin homes established many pioneering concepts in prefabricated houses, Sears
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