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SUMMARY

The subject of this study is the efficiency increase in reverse engineering projects
conducted at Marmara University CIM (Computer Integrated Manufacturing) laboratory.

There are three main parts of the study. First part explains the development of
CADICAM applications in the industry. The second part studies ‘and offers managerial
solutions for conducting and coordinating computer aided manufacturing projects in
general and reverse engineering projects at the Marmara University CIM Laboratory in
particular in a more efficient way. The third part constitutes the technical part of the
study which tries to find solutions to the problem of how to attack reverse engineering
projects efficiently by using CAD/CAM facilities of Marmara University CIM laboratory.

o the first part a brief history of CAD/CAM is given which heips us understand
the current situation and today's applications.

In the second part of the study, a managerial approach is given to the problem of
computer aided production in general and the reverse engineering applications
conducted at the Marmara University CIM Laboratory. General information is given
about Computer aided production and Concurrent engineering. Also an ideal procedure
which should be followed during a reverse engineering project is offered. By this
procedure not only the efficiency is improved, but also the quality control of the
processes and services performed by the Marmara University CIM laboratory is
ensured,

In the third part a particular efficiency problem in the Marmara University CIM
laboratory is approached from the technical point of view. Main activities of the second
part of the sudy is the production of subroutines in Euklid Cad/Cam system which will
reduce the time consumed in the surface generation using point data obtained from
Mitutoyo measuring machine. This reduces the costs and increases the efficiency in the
reverse engineering projects at the Marmara University CIM labaratory.

The projects conducted at the CIM laboratory is an application of Reverse
Engineering where the starting point is a finished product or a master model.

Reverse Enginnering is a very important stage in the design process. Reverse
Enginnering is used for transfering physical data to geometrical data. After this point it
is possible to analyze or modify the existing design. The common practice in the mold
and die industry is as follows.

in the mold and die manufacturing sector it is usualily not possible to find detailed
technicai drawings for manufacturing. Therefore the common practice is to use sample
pieces or prototypes as input for production. In Cad/Cam applications this kind of input

is treated as follows;



1) Sample piece or prototype is digitized using coordinate measuring machine

2) Point data which is obtained by the measuring machine is converted to surface data
by the Cad/Cam system and this surface data is used for further processing
(male/female conversion, parting surface generation, expansion ratios,etc.). The main
process is the generation of NC program for the CNC milling machine.

3) NC program is used at the CNC milling machine

This process is also an application of Reverse Engineering. The critical activities
which will effect the efficiency in reverse engineering projects can be summarized as
follows:

1) Measurement time
2) Time consumed in converting the point data to surface data

3) Milling time at the CNC milling machine

Marmara University CIM laboratory has the following hardware and software
which is used for production in the mold and die manufacturing sector;

- Geoboy Mitutoyo coordinate measuring machine
- Euklid Cad/Cam system installed on HP425 workstations
- Lagun 3D CNC milling machine

The efficiency of reverse engineering depends heavily on the techniques
employed during the projects. Costs can be reduced to minimum and the quality of the
products and services produced can be ensured by the managerial procedures offered
and the subroutines and technigues developed which contitutes the contents of this

study.



OZET

Bu calismanin konusu Marmara Universitesi CIM (Bilgisayar Entegre imalat)
laboratuarinda Tersine YurGtllen Prosesler Mulhendisligi (Reverse Engineering)
projelerinde verim artirimidir.

Tezin ¢ bdluma bulunmaktadir. Birinci bélim endUstrideki CAD/CAM (Bilgisayar
Destekli Tasarim ve imalat) uygulamalarinin gelisimini anlatmaktadir.. ikinci bélimde
genelde bilgisayar destekli imalat ve 6zelde Marmara Universitesi CIM (Bilgisayar
BUtinlesik imalat) laboratuarinda yaratulen projelerin verimli bir sekilde yuruttimesi ve
koordine edilebilmesini saglayacak yénetimsel ¢éziimler yer almaktadir. Uclincil bélim
ise tezin teknik yanmini olusturmaktadir. Bu bélum Marmara Universitesi CIM
laboratuarinda tersine yUrGttlen prosesler yéntemi ile yapilan projeiere daha verimli
olarak nasil yaklasilacag: problemine ¢ézimler Gretmeye calismaktadir.

ilk bélimde gunumuz kosullarini ve uygulamalarini daha iyi kavrayabiimek amaci
ile CAD/CAM'in kisa tarihgesi sunulmaktadir.

kinei baltmde aenel hilaisayar destekli imalat ve ézellike Marmara Universitesi
CIM (Bilgizsayar Butanlesik imalat) laboratuarinda yurGtGlen projelerin  verimlilik
problemlerine yonetimsel bir yaklasim getirilmistir. Bilgisayar destekli imalat ve es
zamanli muhendislik (concurrent engineering) ile ilgili bilgiler verilmistir. Ayrica bu tar
projelerde takip edilmesi gereken ideal prosedur sunulmaktadir. Bu prosedirun amaci
sadece verimliliyi artirmak degil, aynt zamanda Marmara Universitesi CIM
laboratuarinda yuritilen proses ve hizmetlerin kalite kontrolu emniyet altina almaktir.

Uglinct bélimde Marmara Universitesi CIM laboratuarindaki meveut verimiiligi
artirmaya yonelik teknik bir yaklagim sunulmaktadir. Bu bélumun ana aktivitesi Euklid
Cad/Cam sisteminde olusturulacak olan nokta verilerini yuzey bilgilerine
doénusturtimesini saglayan yéntemler ve bu yéntemleri destekieyen alt programiardir.

Bu ¢alisma maliyetleri dustrmeyi ve Marmara Universitesi CIM laboratuarinda
yurattlen projelerin verimini artirmayi amagclamaktadir.

Marmara Universitesi CIM laboratuarinda yarUtilen projeler tersine yuritilen
prosesler muhendisliginin  bir uygulamasidir.  Tersine  yUrutilen  prosesier
muhendisliginde basiangi¢ noktasi son Urin veya mastir modeldir.

Tersine yuruttlen prosesier muhendisligi tasarim strecinde ¢ok énemli bir
asamadir. Tersine yuruttlen prosesler muhendisligi fiziksel verilerin geometrik verilere
dénlstlralmesi icin kullarufir. Bu noktadan sonra analiz yapmak veya mevcut



tasarimda dedisiklikler yaopmak mumkin olmaktadir. Kahpcihik sektdrindeki genel
uygulama asagidaki gibidir;

Kahpgihk sekiorunde imalat igin yeterli teknik resim bulmak genellikle mumkun degildir.
Bunun en dnemli sebeplerinden bir tanesi par¢alarin genellikle 1/1 oraninda dizayn
edilmesidir Ru yuzden Cad/Cam projelerindeki genel uyqulama mastir model veya
prototipten yola ¢rkmaktir  Cad/Cam uygulamalarinda bu {ur veriler asagidaki gibi
degeriendirilmektedir;

1) Mastir model veya prototip koordinat 6lgme makinasi ile éi¢ulur.

2) Koordinat 6lgme makinasindan elde edilen nokta datasi Cad/Cam sistemi
kullaniarak ytzeyier olusturulur. Bu yuzeyler daha sonra disi-erkek cevirimi, ayirma
yUzeylerinin olusturulmasi, ¢cekme paylarinin verilmesi gibi islemlerde kullanilir. En
dnemli istem ise CNC freze icin isleme programlarinin (NC kodlar) olusturulmasidir.

3) Olusturulan NC programiar CMC frezeye aktarilarak igsleme baslar.

Bu islem de Tersine yurUtulen prosesier MUhendisliginin (Reverse Engineering) bir
uygulamasidir.

Tersine yurutilen prosesler Mthendisligi projelerindeki verimliligi etkileyen
en dnemli unsurlar asagidaki gibi 6zetlenebilir;

1) Olgme suresi
2) Olgme verilerinin Cad/Cam sistemi ile ylzey bilgisine cevirilmesi
3) CNC Freze isleme suresi

Marmara Universitesi CIM laboratuarinda kalipgthk sektdriinde Gretim yapmak amaciyla
asagidaki donamm ve yazihm mevcuttur.

- Geoboy Mitutoyo koordinat dlcme makinasi

- Euklid Cad/Cam (Bilgisayar destekli dizayn ve imalat) Sistemi
(HP425 iki workstation Gzerinde) '

- Lagun 3D CNC freze

Tersine yurutulen prosesier mihendisliginin verimi projeler sirasinda kullanian
yéntem ve aracglara dayalidir. Bu c¢alisma ile maliyetlerin dUsUrtlmesinin ve Uretilen
servis ve Urunlerin kalitesinin garanti altina alinmasinin, olusturulan yénetimsel
¢6zumlerle ve gelistirilen teknik uygulamarla saglanmasi amaclanmistir.



INTRODUCTION

Turkey's industrial force is getting stronger as each and every institution starts its
Computer Aided applications at every single unit of their organizations, one way or the
other. Today it is very common to come across managers or technical people doing

their job with the help of one or more computer programs on different machines.

As a continuation of this trend CAD/CAM applications have become very popular in
the industry and especiallly mold and die sector. In the die and moid sector, design and
manufacturing are the main topics which are beginning to be used very intensively.
Many CAD/CAM software which do analysis and milling are available in the market
both on PC and Workstation basis. Their prices vary according to different parameters
like their capacities, the way they handle geometrical entities, ease of use, ease of

learning, support facilities, maintenance and so on.

Though many companies and institutions have purchased analysis software, a high
percent of them do not use these facilities so often at least for product development
and design. Most of them choose to purchase their designs from foreign countries and
manufacture them in Turkey. Another choice is to make those designs here in Turkey
on 1/1 scale models, ( as designers prefer to work with 1/1 scale ) and translate the
models to computer models by the help of reverse engineering. Even if they bring the
design from abroad, they may not be able to obtain a proper technical drawing or a

computer model of the part, which again necessitates reverse engineering.

In Reverse Engineering, the starting point is a finished product or a master
model.

Reverse Enginnering is a very important stage in the design process. Reverse
Enginnering is used for transfering physical data lo geometrical data, After this point it
is possible to analyze or modify the existing design.

Marmara University CIM laboratory has a leading role in the Turkish mold and
die sector. University and private sector relations are not at the desired level in our
country. Marmara University with this leading role in the industry has established the
CiM {Computer Integrated Manufacturing) laboratory which serves not only as an
education institute, but also gives professional CAD/CAM service and consultancy to
the industry. This is a very big step for the future as far as the relations and benefits are

concerned between the university and the industry.



At Marmara University we have the software and hardware which is aimed and
iuitable for reverse engineering. The parts are measured for the critical cross-sections
it the coordinate measuring machine. These measured points are approximated to
urves on the CAD/CAM software and the geometrical surface model is produced by
he help of these approximated curves. This computer model is used for NC ( Numerical
-ode ) generation which is the driving program for the CNC milling or turning machine.
‘herefore the model or the sample part is not only reproduced without the necessity of
ligitizing every point (which is a very long and inefficient process), but we obtain a
omputer model of the part which can be used for male-female conversions in mold and

lie milling or further analysed using finite element method for stress, heat transfer, etc.

Curve approximation and surface generation part of this process is quite complex.
It takes quite long hours and needs a lot of experience to overcome certain problems.
The objective of this study is to provide the necessary subroutines, methods and
procedures which aims to help users to handle reverse engineering projects easily,
reduce process times to minimum and produce high quality surfaces.

Therefore there are three main parts in this study. In the first part the history of
computer aided manufacturing applications and the current situation are shortly
explained. In the second part of the study, a managerial approach is given to the
problem of computer aided production in general and the efficiency problem during the
reverse engineering applications conducted at the Marmara University CIM Laboratory
is discussed. Also a procedure for handling computer aided manufacturing projects
which is a result of years of experience in this field and currently used at professional
CAD/CAM companies is offered. This procedure is intended to help for the managerial
part of this study. Together with the control mechanisms it offers, this procedure can
not only bring a managerial relief but also ensure the quality control of the projects.
Also the necessary forms and report forms are included to help the procedure to be
followed easily by the users. In the third part a particular efficiency problem at the
Marmara University CIM laboratory is approached from the technical point of view. The
subroutines and the techniques produced which are to be used especially for reverse
engineering projects are introduced.

Therefore the study as a whole aims to provide great increase in the efficiency to

the CIM laboratory of Marmara University.



1.) HISTORY OF NUMERICAL CONTROL

;I.1) Introduction

The key to development in the advance of automation has been the recent emergence
of informatics technology, the link between electronic processing and communication
technologies. Figure 1.1 illustrates deveiopments in computers and communications

and how the two can interrelate to form an integrated strategy.
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Figure 1.1

Major advances within the realm of control devices (which are being revolutionized by
the introduction of informatics technology) have extended the applications of

automation technology in the latter half of the twentieth century.
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Also involved is the use of logic (control), data processing and communications
within electronics technology.  Scon after the Second World War, digital numerical
control (NC) technology was introduced and il is from its development that modern-day
automation is proceeding. NC technology originated primarily for use with machine

tools but robots, testing equipment, process conltrollers, transfer lines, etc operate on a

similar logic.

There are many detinitons ol NC bul perhaps the simplest is that it is a technique
involving coded numerical instructions for the automatic control of machines or
processes. It is a method of controlling machine movements and operations with the aid

of alphanumeric codes on some input medium.

NC is a part of the whole concept of automation in industrial technology as it is known

today: few other new engmeering and manulacturing processes have created as keen
an interest, and forced so many chanqes in so many sectors of industry in the last two
decades. NC 15 a natural evolulion from the conventional methods of manufacturing

processes, where the skills of the manual operator are replaced by the input medium.

1.2) History of numerical control

Reasons for every major change in manufacturing technology can generally be traced

back to historical causes; Figure 1.2 shows the four main lines of development that led
to the first NC tool.

The first attempt to regulate manufacturing processes by using some form of control
input was Jacquard's Loom (1807). Jacquard used perforated cards to controlthe
design of fabric; by moving hole patterns on the cards various woven designs could be
produced automatically. A later deveiopment was the automatic player piano (1863)

which used a perforated paper roll as the control unit.

Some machine tools were adapted relatively easily to NC,having been developed from
hydraulic copying machines that already contained servomechanisms, and as a result
provided designers with valuable experience. Other more conventional machines were

adapted less easily to NC because of their inaccuracy.
11
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Figure 1.2
The use of NC as an answer to the problem of producing complex components
required for aerospace machining came from an aircraft industry subcontractor, the
Parsons Corporation of Michigan, USA. In 1947, the. parsons Corporation utilized the
techniques and principles of punchcard accounting machines to check the contour of a
helicopter
12



blade airfoil pattern. The company subsequently made use 6f their tabulating

equipment to generate a standard set of coordinate points for two-axis airfoil machining

data.

In 1949, the US Air Force required more complex parts for their planes and missiles.
The design was constantly being modified and improved and there was a need for
research into improved productivity methods. The Parsons Corporation was awarded a
study contractto design and build machine tools to meet such requirements and to help
in this development, the Massachusetts Institute of Technology (MIT) was
subcontracted in 1951 to design the first servo-controlled machine tool. A three-axis
automatic control system was applied to a modified Cincinnati Hydrotel milling machine
in 1952, The control system, programmed with machine instructions on a binary coded
perforated tape. successfully executed simultaneous threeaxis cutting tool movements.
Similar developments were taking place in the UK, notably at Alfred Herbert Ltd and
Ferranti Ltd.

NCMT first appeared commerciaily on the market in 1960 and by the middle of the
decade a large range of NC systems had been developed, together with programming
tanguages to assist in the preparation of input data. During these early years of
development NC systems were faced with the inherent limitations of high cost,
unreliable electronics, programming difficulties and lack of flexibility.

By 1970, an NC system cculd provide all the necessary control functions for
traditional machine tools such as lathes and milling machines. A new breed of
machining centres was developed for use with NC to allow for the maximum number of
machining operations on a component at a single setting. Today a wide range of
NCMT's is available and may be used for producing accurate holes, contour turning
and milling complex shapes that were impossible to produce by conventional machine

tools.
1.3) Generations of NC machine tools
As these NC control systems were being developed, so similar rapid advances were
occurring within the electronics industry (Figure 1.1). Consequently  tremendous

changes were made to the control units, servomechanisms, machine tool feedback

13



systems and programming technigues. NMowadays, highly sophisticated NC machine
tools are available with capabililies for tape editing, tape storage and control of the

machine tool functions by software,

The first generation of NC systems was available commercially in 1954; the control
unit was constructed of analogue hardwired circuitry and valve based systems. This
type of control system was unreliable when fitted to conventional machine tools, and
this led to a high rate of wear and inaccuracy. The majority of NCMT at this stage was

of the point-to-point type.

in 1959 the second generation of NCMT was introduced, constructed of digital
circuitry using individual transistors and other discrete components. The machines
were designed to overcome backlash and wear and to achieve better accuracy for

contouring and point-to-point machining.

The third generation of NCMT, with integrated circuit boards, was introduced in 1965.
This advancement provided easier imaintenance and better utilization. Machine tools

were functionally better designed and cheaper machining centres were developed.

By the early 1970s, lechnical innovalions in the electronics industry-the development
of the minicomputer, the invention of the eight-bit microprocessor and the continued
reduction in hardware costs-provided the means for a wider diffusion of NC systems in
manufacture. This gave flexibility in that changes could be implemented in software;
hardwired NC tools have now been almost totally supplemented by programmable logic
controf (PLC) systems, computer numerical control (CNC), both in individual machines
and groups of machines, and direct numerical control (DNC). This fourth and fifth
generation of minicomputers and microprocessors has brought greater memory and

software flexibility to NC.

These developments in machine flexibility have an important impact on the sixth
generation of NC, the integrated manufacturing system (IMS). This system is the
combination of NC, CNC and DNC, with integration of transfer lines between machines

and robot manipulation; as such, the manufacturing unit is self- contained.

1.4) The conventional numerical control concept
14



Machine tools in general are used to produce components of the required shape and
size to a given accuracy and surface finish. A machine tool designed to meet these
requirements must have the following functions:
1) provide sufficient power to enable the tool to remove the workpiece metal

economically;

2) be able to move the tool and workpieco relalive to one another in order to produce
the required shape with the given degree of accuracy and surface finish.
In addition to these functions, provisions must be made for auxiliary functions such as
altering spindle speeds, feed rates. etc. On a machine tool these functions are
performed manually, but in numerically controlled machines they are controlled by
means of electronic signals originating in the hardwired controller. Instructions for the
control of a conventional NC system are punched and stored on paper tape in a
suitable coded form. The paper tape reader converts these instructions into electronic
signals and feeds them into a hardwired controller. The controller converts them into a
suitable form for activating the drive mechanism controlling the machine tool slides and
machining operations.

Figure 1.3 shows, in block diagram form, the conventional idea of NC applied to

machine tools.
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2) THE INTEGRATION OF CAD AND CAM

2.1) Introduction

After the development of the first numerical control machine tool at the Massachusetts
Institute of Technology (MIT) in 1952, numerical control has progressed rapidly, in line
with advancements in computer and electronic technology. Today, sophisticated
computer numerical control (CNC) machine toois are available, with many advanced
computerized systems being used in machine control units: The advent of numerical
engineering has not only made a remarkable change in the manifacturing sector, but
also in production planning and design.

Numerizal control development is just one phase in the overall application of
computers in the manufacturing and marketing processes. Computer technology has
been applied successfully to individual aspects of manufacturing and many computer
aided manufacture (CAM) systems have resulted. A CAM systems covers many aspects
of manufacturing by introducing a hierarchial computer structure to monitor and control
the various phases of the manufacturing process.

A CAM systems spans two major areas related to product realization (Figure 1.1):

1) Manufacturing.

2) Marketing and finance.
Each area comprises sub-tasks which are controiled directly by the computer. The
hardware of a CAM system includes numerical control of machine tools (NCMT),
inspection machines, computers and related devices. CAM software comprises
computer programming systems that are used to monitor operations and ultimately to

control the flow of.

16
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2.2) Automation and CAM
Production manufacturing requirements in terms of numerical control can be divided

into four main streams:

1) job shop production: production of low quantities, often of a specialized and
technologically complex product (eg prototypes, machine tools and aircraft equipment);

17



2) batch production: production of medium lot sizes of the same product or

component, produced once or periodically (eg food ‘products, clothing and industrial

machinery).
3) mass production of discrete producls: dedicaled production of large quantities of

one product or a small number of similar products (eg electrical appliances and

automobiles);
4) continuous flow processes: continuous dedicated production  of large amounts of

a bulk product (eg oil refineries and chemical plants).
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Figure 2.2

Figure 2.2 illustrates the four production types related to quantity and product variation.

While the costs of computing power continue to decrease and labour costs increase,
a shift in production processes towards information technology input as a substitute for
labour, energy and materials is to be expected. Hence, the intention of this book is to
describe the functional aspects of a CAM system and the various technological inputs
which manufacturing data and hardware. The integration of CAM with both engineering
design and analysis on a computer aided design (CAD) system provides a highly
automated engieering system, achieved by planning and controlling the creation of all
product-related information within a single product database. This forms the standard
against which to hold and to pursue a set of achievable goals which will influence future

planning, purchase and implementation of all computer based tools.

.18



The manufacturing element can be subdivided into three categories: design;
preduction engineering; and precess control. The design module will e'ncompass the
drafting of mathematical product analysis (stress analysis, loading calculations, etc),
selection of the optimum materials (both from metallurgical and cost benefit viewpoints),
research and development of new techniques (with emphasis on product manufacture),
and testing of the design specifications to ensure design standards are maintained
Production engineering encompasses the generation of NC part programs, process
planning (generates a listing of the operation sequence required to process a particular
product or component), and production control (covers the requirements of planning,
scheduling and work standards of the individual components and sub-assemblies that
make up the product). Process control involves on-line monitoring of the production
process to obtain feedback information for quality control (assuring that the quality of
the product and its components meet the standards required by the designer) and

maintenance (planned to minimize stoppages in production) purposes.

The marketing and finance module covers financial accounting (sales ledger,
purchase ledger, P\L accounts, balance sheets, etc) and additionally inciudes financial
planning and marketing of the product. This in turn can be subdivided into modelling
(simulation), estimating sales and despatch, and forecasting of future product demand
(however, as this forms part of an integrated factory control system, it does not affect

the CAM system).

CAM can therefore be defined as the use of computer systems to plan, manage and
control the operations of a manufacturing plant througheither direct or indirect computer
interface with the plant's production resources. can be used to enhance it in order to
achieve greater factory automation. The main inputs to a CAM system (illustrated in
Figure 2.3) include CAD, computer process control monitoring, communications

networking, robotics and artificial intelligence.
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For a number of years, compuiter aided design (CAD) and computer aided manufacture
(CAM) have existed separately. The activities within CAD have been centred around
analysing and optimizing particular designs, finite element analysis being one example.
Within CAM, the data processing capabilities of computers have been exploited for
production scheduling and inventory control, while the mathematical capabilities have
been exploited for aiding the production of NC tapes. Until fairly recently, CAD and
CAM had been developed seperately within the design and production functions of
companies, each function seeking to exploit computers in its own way.

The coming of CADCAM system has been heralded as a significant turning point for
industry; because such systems will permit the integration of CAD and CAM,
considerable productivity gains should result. If used effectively, the system will also
give companies the benefit of much shorter lead times which will improve market
response. The integration of CAD and CAM takes place through using the stored
geometry of components and the CADCAM system' at many other stages in the

production cycle.
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As two technologies of CAD and CA M are now beirig combined into unified CADCAM
systems, a design can be developed and the manufacturing process controlled from
start to finish, within a single sy'stem. Such capabilities are presently available on
the most sophisticated CADCAM <y stems in a few large manufacturing operations. But
more and more plants are gainirg this capability, and experts predict that unified
systems will lead to what forvard-looking managers have long envisioned: the

automaled factory.
2.3) The evolution of CADCAM

This evolving CADCAM techrology will result ultimately in the integration of many
diverse technical areas that have developed separateiy over the past thirty years.
Initially, CAD systems were crimarily automated draughting stations in which computer-
controlled plotters produces engineering drawings. The systems were later linked to
graphic display terminals where a geometric model describing the part shape could be
created, and the resulting database in the computer was used to produce drawings.
Graphic terminals allowec: the user to communicate with the computer in pictures
instead of raw columns of numbers, and thus allowed accesss to the computer by users
untrained in programming.

Now, advanced systems based on interactive graphic treminals have anaiytical
capabilities which perm. the part to be evaluated with techniques such as the finite

element method. Kinenatic programs allow the motion of mechanisms to be studied.

Concurrently with the development of CAD technology, CAM advances were also
being made, mostly in numerical control. Until recently, experienced programmers were
required to produce and verify NC instructions. But now, instructions can be produced
automatically for complex shapes, and tool paths can be verified quickly with computer
simulation. In addition, these systems may also have limited process planning features
for determining a sequence of fabrication stéps and factory management capabilities
for directing the “ow of work and materials through the factory. The newest feature of
CAM is robotics, a field in which automated manipulator arms handle tools and

workpieces.
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A major milestone was the combination of the CAD features- geometric modelling,
draughting, finite element analysis, and kinematics-into a unified system with the CAM
capability of automatic NC tape preparation. This advancement finally bridged the gap
between the technologies and made it possible for an engineer to go from an initial
concept to the finished part with one system. Not only have CADCAM capabilities
increased dramatically over the years, but the cost of these systems has decreased,
allowing what was exotic and prohibitively expensive a few years ago to become
commonplace. Only ten years ago, a computer and the required graphics equipment for
a CADCAM system cost several million pounds and could be afforded only by a few
automotive and aerospace giants. Now, equivalent systems cost a few hundred
thousand pounds, even as low as fifty thousand pounds, and are within the budget of
most substantial manufacturers. The combination of economic and technical
development has led to the graduai permeation of CADCAM into general industry.
Major users of the most sophisticated systems are still large aerospace and automotive
companies, but a growing number of other manufacturers are starting to use computer
system to design and fabricate products ranging from fasteners and beverage bottles to
tin cans and electric motors.

2.4) The concept of integration

Integration, in the context of CADCAM, is defined as the automatic linking of previously
discrete stages of design and production processes. There are ‘basically there key
featurns (0 the concept of intearation:

1) data can be transferred automatically between different modules and user groups
within the sytem;

2) there is a standard entry to any part of the system. The system is controlled by an
overall ‘executive' so that it provides all the facilities of user security checking and
control of data flow between modules;

3) the modules are designed with a common user interface. The common structure is
identical; the same word means the same thing; menus are driven in a compatible way;
prompts are consistent in their meaning and style; error messages and help systems
are compatible,

These features are the visible ones but there is also a whole set of hidden factors

concerning software engineering and the use of common software tools across an



integrated system which make it inherently more flexible for future expansion and

upgradeability.

The benefits of CAD arise from the improved integration within the organization,
enabling all personnel to work with a common database, with the benefit that
information created in one department need not be duplicated in another department
but can be accessed as required. For example, if a component requiring NC machining
is designed by using CAD technigues, then the production engineer can also use the
géometric data describing the component, which were created by the designer, in order
to produce a control tape for the NC machine via an APT or similar program. It is also

possible to integrate production control and material scheduling more closely within the

design process.

Integration on a wide scale is clearly apparent in certain construction companies using
CAD methods where, for example, architects and structural engineers are using
common databases for draughting requirements. The storing of information, and access
to that information, are benefits derived from the use of CAD techniques. Storing
information in computer data banks can be cost-effective. If many departments within a
firm can become linked into computer database systems, then the generation of large

amounts of documentation can be reduced.
2.5) Fundamentals of CAD

CAD involves any type of design activity which makes use of the computer to deveiop,
analyse, or modify an engineering drawing. It is a discipline that provides the required
know-how in computer hardware and software, in systems analysis and in engineering
methodology for specifying, designing, impiementing, introducing and using computer
based systems for design purposes. In the context of CAD, design is not only the more-
or-less intuitively guided creation of new information by the designer, but it also
comprises analysis, presentation of results, simulation and optimization. These are
essential constituents of the iterative process, leading to a feasible and, one hopes,

optimal design.
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2.5.1) CAD Functions

Briefly, CAD functions may be grouped into four categories: geometric modelling,

engineering analysis, kinematics, and automatic draughting.

The geometric model is the most critical feature of any CADCAM system. Many other
CADCAM functions, such as finile element analysis, automatic draughting and NC tapae.
preparation, depend on the geometric data of the model as a starting point. Ever since
the emergence of the CAD concept, a lot of work has been done in developing the
geometric model of a part. Most modelling today is done with wire frame models with
two-, two and a half-, or threedimensional capability. However, the more sophisticated
three-dimensional solid modelling technique has been developed to obtain a better

representation of the part shape.

After the geometric model is created, some CAD systems can move directly to
analysis, calculating the weight, volume, surface area, moment of inertia, or centre of
gravity of a part. In some cases, by specifying conditions, the CAD system can then
generate the finite element model from a geometric model. Besides, some CAD
systems have kinematic features for plotting or animating the motion of linkage
mechanism. Such analysis can ensure that moving compounds do not impact on other
parts of the structure. On the other hand, with autamatic draughting, detailed
engineering drawings may be produced automatically with automatic scaling and
dimensioning features. The geometric data can be retrieved from the database and
from a menu with drawing functions such as size and location of lines, ares, text, cross-

hatching, and dimensions.

2.5.2) Interactive Graphics Systems

In general, a typical interactive graphic design station configuration includes a
processor, a graphics display, input devices, and hard-copy output devices. Figure 6.1
depicts an interactive graphics system for CAD applications. The processor is the
computer in the system which is used to drive all the peripheral equipment and run the
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programs. The most visible part of the system is the graphics terminal. There are three
main types of cathode ray tube (CRT) used in graphics display terminals, namely: the
storage tube which maintains a steady image on thé screen; the refresh tube in which
the picture is rewritten on the screen at the rate of between 10 and 60 frames a second;
and the raster scan which uses techniques similar to those employed in a domestic
television. On the other hand, input devices such as light pen, digitizing tablet with pen,
joystick, or keyboard can be used; while hard-copy output devices can be a printer and
a plotter. Available in the present market are high-speed drum plotters or flatbed.

plotters using pens, electrostatic plotters, and microfilm plotters.

There are four main types of interactive graphics systems: local NO systems;
intelligent terminal systems; intelligent satellite systems; and local stand-alone

systems. The first three types are basically remote host systems,

Local NO systems provide locally the input and output devices, not even containing
their controllers. An interface for the line to the remote host is obviously required. With
many terminals attached to a host (which is generally aiready busy processing batch
programs) and with a high degree of interaction (as is typical for CAD applications) the
host is likely to be overloaded and unable to provide acceptable response times.

Intelligent terminal systems provide the controllers for input and output by themselves.
They contain (hardware or micro- programmed) \O processing facilities for performing
the \O timing. They also contain a processor for executing the device driver routines
(low-level software), most of the systems routines, and possibly a small section of the
application program (medium-level software), eg for syntactic analysis of the input and
prompting. In any case, intelligent terminal systems are able to do some stand-alone,
low-level picture editing and to buffer the user's actions locally for a later updating of

the remote host's database.

Intelligent satellite systems can be viewed as very wellequipped intelligent terminals.
They can hold locally all systems routines and nearly the whole application program.
Access to the host will be used for taking advantage.of its more powerful hardware
facilities (especially memory and special hardware processors) and peripherals, and for

accessing
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the external data and software. Control over the execution of the application program
may be local, as well as the organizing facility of the network system. Medium-sized

application programs may be executed totally on the gatellite without any back-up from
the host.

Local stand-alone éystems may be intelligent satellites, or even intelligent terminals if
they are sufficiently well equipped (including, for instance, secondary storage like
floppy disks and also a hard-copy device). It is generally good practice in CAD to
provide some stand-alone capabilities to the local installations of remote host systems
in any case. In a fully established CAD environment it is usually likely to find local
processing power, and hard-copy capability plus a back-up connection to a larger

control host computer or computer network,

2.5.3) CADCAM database

in general, CADCAM systems are intended to control various kinds of manufacturing
activities, such as product planning, analysis and synthesis, process and operation
planning and so on. These new database application systems have some different

kinds of requirements from conventional database application systems.

1) CADCAM systems must manage various kinds of data which are organized into
drawings, machine data such as jigs, tools, fixtures and machine characteristics,
process organization and resource data, bills of material, and design analysis data
evaluation etc. These data interrelationships are more complex and closely integrated.

2) The database must be extremely large, probably of the order of several tens of
gigabytes, in order to store drawings or shape description of parts in the order of
several thousand bytes. In spite of the great amount of data to be managed, high
speed response time for designer's requests is required, because most CADCAM
applications are executed in real-time and conversational mode.

3) The database system must not force the designer to keep the syntax depending on
database architecture. lt is desirable to provide designer-system communication in high
level terms,such as entity représentation and/or three-dimensional solid graphical

representation.
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4) Tentative and iterative design processes must be supported. The design process,
in general, is the trial and error process, and designers may desire to re-try the design
using intermediate design data resuiting from a predesign stage.

5) Some parts of data structures in CADCAM application fields may be unable to be
defined until actually carrying out the design. On the other hand, most business
databases have a siatic data structure, which can be predefined.

6) The know-how for designing the product and the manufacturing process thereof are
under control of the individual designer. To establish a systematic product design and
to make it easy to use, this knowledge must be managed within the CADCAM system.

7) A distributed database management mechanism must be taken into acéount, which
logically manages the integrated CADCAM database, but physicaily manages the sub-
divided database.

8) A dynamic data structure control mechanism must also be taken into account,
which has the capability for designers to define the data structure at any time, and
manages the interaction between the dynamically defined data structures and the

-predefined data structures.
2.6) CAD/CAM and improvements in productivity

DRAUGHTING
Drawings with recurring features or drawings that are frequently updated are much

more efficiently draughted with a CAD system.

DOCUMENTATION
Bills of material and technical illustrations are very quickly produced if they can be

derived from data already stored in a CAD system.

DESIGN
Calculations of area, volume, weight, deformation, thermal flux, and so on are best
performed by a computer. CAD system can either perform these calculations
themselves or prepare input for larger computers from graphicaf data already stored in
the CAD system. Also, design tasks that involve fitting together or housing a number of
parts are very efficiently done with some CAD systems.
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ESTIMATING

The ability of some CAD systems to associate, store and recall graphical and text data
has been put to good use by engineering estimators. Experience has shown that this

approach is more productive than manual methods and captures more cost information.

ORDER ENTRY
Some manufacturers have found that a lot of time can be saved by integrating order
entry with their CAD system. Major savings can occur in this area where an order must

be tied lo specific engineering drawings.

MANUFACTURING

Many CADCAM systems include software for producing NC tapes and other items used
for pianning the manufacturing process from information entered and stored in the
system during the design phase. This greatly reduces the effort necessary to get a part

into production.

SCHEDULING
Improved scheduling and shop loading because of standardization of operation

sequences, tooling and machine tool selection.

LABOUR
Reduced labour cost in preparing planning data and other paperwork (routing sheets,

tool lists, materials requirements lists and so on).

MARKET RESPONSE

CADCAM systems allow a quick response to changing market demands because
product changes and improvements can be made without costly downtime. For
example, a drawing file can be called up on a designer's workstation,product changes
can be made, and with very little effort a new lape can be produced to control the
machine process used to make the product.
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METHOD SELECTION
Improved productivity caused by betler methods, better tool selection and optimum

speeds\feeds.

2.7) Defining CAD/CAM project objectives

There are many reasons for introducing CADCAM which can vary from a need to
improve the speed and quality of draughting to taking a small step towards a
completely integrated design and manufacturing concept. The people involved in the
introduction of a CADCAM system should therefore set objectives which are concrete,
openly declared and, wherever possible, quantified. However, setting objectives

requires a careful review of strategic issues which will include:

1) the needs of the market;
2) its sensitivity to speed of response, quality, reliability and cost;
3) the scope for doing the job in a different way;

4) the direction and pace of change which is desired;

5) the capacity of the existing organization to adapt to this pace;

B) the scope for, and desirability of, removing organizational boundaries between,
say, design, jig and tool design and estimating functions;

7) the long-and medium-term philosophy for introducing new technology.

Staff who participate in these discussions are better oriented than those who don't and
are likely to be more committed to success. To get good value from both man and
machine the company must therefore think clearly about its overall strategy and how
the installation of CADCAM equipment can support it. Involvement in this pre-planning
process is a powerful means of preparing staff for the change and of ensuring that the

project is properly directed from the start.

Company-wide strategic planning is needed and the real problem during this transition
period will be to balance the ‘power' among data processing, design, manufacturing
and senior management. The effects of CADCAM on various areas of a company's

business are outlined in Figure 2.4.
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2.8) Procedures to be followed in a CADCAM implementation

1) The first part of a CADCAM implementation for CADCAM must be made relatively
simple;

2) the products, as well as the implementation for CADCAM must be engineered;

3) a maintenance program must be planned well;

4) backing must be obtained from the highest level of corporate management;

5) maintenance people who appreciate the hazards of poor hardware  and software
maintenance must be employed for the job;

6) it must be ensured that the maintenance and training program provides the
necessary tools to do the job;

7) security must be designed into the system from the beginning;

8) the system for database management must be dasigned before implementation;
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9) system and job operating procedures and day-to-day system management
should be defined from the beginning;

10) drawing release procedures must be developed before the system is implemented;
11) file discipline must be established in the initial phases of system design;

12) network planning must take into account future expansion;

13) a task accounting package must be built into the system to measure future
effectiveness;

14) an audit trail must be built into the system;

15) finally, particular attention must be paid to the interface design for

management systems, shop fioor systems, and engineering database systems.
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3) COMPUTER AIDED PRODUCTION MANAGEMENT

3.1) Introduction .
Computer aided production management ‘(CAPM) is a term used to refer to all aspects
of computer application in production, as well as interfaces between production and
marketing, design and finance. Whatever other objectives a manufacturing company
may have, its two perpetual shortterm objeclives are likely to be obtaining orders and
executing them to the satisfactions of the customers. CAPM is applied in order to
execute customers' orders efficiently and economically. Its main concerns are
therefore:

1) knowing at all times what delivery dates can be offered realistically, taking into
account existing commitments;

2) planning future capacity to meet sales opportunities;

3) ensuring that the right materials are ordered;

4) ensuring that work-in-progress through the manufacturing stages in the right
sequence;

5) providing flexibility to meet changing customer requirements or priorities without
incurring excessive inventory.
By contrast, CADCAM is concerned with the technical functions involved in the
execution of customers' orders; CAD with the design and specification of the products
and CAM with computer control of the manufacturing processes. CAPM is concerned

with systems, whereas CAM is concerned with the manufacturing plant.

3.2) Objectives of CAPM
The normal objectives of CAPM are, simply stated:
1) to enable delivery periods to be offered which are short enough not to lose the
company valuable business,
2) to deliver customers' orders by the quoted dates;
3) to utilize the company's plant and manpower resources in such a way as will
achieve the required output on time at the lowest possible cost;
4) to plan and control the levels of stoock and work-in- progress at the minimum

consistent with the above objectives;
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5) to change manufacturing capacity as necessary and in time to achieve the
objectives in the face of a changina volume and mix of business;

6) to provide systematic planning and control of the procurement of matarial and its
progress through the stages of manufacture as a background against which to deal with
unexpected events;

7) to provide job satisfaction.

The best way to achieve these objectives varies enormously with, for instance, the
complexity of the product and whether the company makes a large volume of each
product or small guantities to meet individual customer's specifications. = CAPM
provides the opportunity for these objectives to become valuable benefits. Their
realization still depends on management's knowledge of what is going on and its will to
manage on the basis of knowledge and understanding. Computerization makes that
easier; it also makes it more satisfying. For years this area of production management
(ile production control in its broadest sense)has been a losing battle in many
comparnies. With many computer systems it still is, but it need not be. That has now
been demonstrated in a wide variety of industries, including the notorious batch and

jobbing types of engineering.

3.3.1) Concurrent Engineering- Tools for Managing and Measuring

Concurrent engineering is a comprehensive management process for new
product development. The process is structured ; yet quite fast, flexible, and
entrepreneurial. The process will put stress on organization cultures and personnel, but
it generates excitement, energy, and confidence. Dedication to concurrent philosophies
and principles will absolutely result in reduced time-to-market, improved product quality
and reliability, and satisfied customers. Concurrent/Simultaneous enginering goails
cannot be realized without the early involvement of all functions involved in new
product development activities. Today, many companies are forming muitifunctional
teams as a solution to rapid product development goals and improved product quality.
Many of these teams receive "team building" training, and then they get "turned loose”
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to show how well team approaches work. It is unrealistic to think that these teams will
be significantly mare successfiul than other organizational approaches, without building
a process around them that is appropriale for lhis "néw type of organization structure

and product development process”.

Concurrent engineering/integrated product development concepts are not
new and revolutionary. Many of these practices have been used by organizations in the
past. But as the size and complexity of companies increased, industry lost many of
these practices. In the competitive world of the Nineties, companies must aggresively
improve the way that they develop products. While the concepts are simple, the
implementation of these practices and the process of changing a company's culture is
challenging. Success can be achieved with a well-planned and managed effort.
Management must understand not only the concepts of CE/IPD, but the process of
managing change within the organization. The responsibility for making these major
changes in culture, organization, business process and technology can not be

delegated. Proactive management involvement, leadership, and attention to detail will

pay off.

Unsuccessful or disappointing efforts to implement CE/IPD can be traced to

one or more of the following pitfalls :

- Limited CE/IPD perspective - management believes they have achieved it

- Not a high priority; treated as a fad

- Lack of understanding of how tc manage change, involve employees, or change the
culture

- Teams formed, but no guidance given on roles, responsibilities, reporting
relationships, etc.

- No management leadership or follow-up - imperative lost

- Lack of time or investment in training, process improvement, systems, or guidelines

- No plan, accepted responsibilities, or coordination

- Policies & reward systems not re-aligned to support CE/IPD

The implementation effort should be planned and lead from the top down, but

implemented from the bottom up. Company personnel should be involved into
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implementation of CE/NIPD to develop ownership. Employee involvernent must be based
on cummunicating the proper goals and providing necessary training in the concepts
and skills. When executive management makes continuous improvement a high

priority, initiatives such as concurrent engineering can be achieved.

3.3.2) Concurrent Engineering Today

The basic tenets of cbncurrent engineering-doing things simultaneously, focusing
on the process, converting hierarchical organizations into tnams- are still valid. Indeed,
experts report that the majority of manufacturing companies are doing something
something along these lines. The goals, of course, are cramatic improvements in time
to market, costs annd product quality and performance as well as to do more with less.

One of the primary people issues is the formation of teams. Anyone who is affected
by a certain product, or comes into contact with that product along the development
path, should probably be invoived with the team. Such teams include design engineers,
analysts, manufacturing engineers as well as procuction personnel, customers, and
even suppliers.Teams are often used to help make the transition to concurrent
enginnering. For teams to be effective, they must not be overriden by management.

Training also plays an important rote in CE.

Training in the tools of CE-CAD/CAM/CAE- sesms only logical, but some companies
make the mistake of going cheap on CAD training. Perhaps even more important is
training in nontechnical areas. As engineers move to a team, they have to have training
for critical skills such as probiem solving, fearning to disagree so they can leam to
agree, and so on.

A hot buzzword in the business press is "re-engineering”, meaning, in short, to
revamp the processes by which you satisfy customer needs. Often cited are the
Japanese, who focus on continually improving the product development process, from
which high-quality, competitive products naturally emerge. By many accounts, CE
means re-engineering of the product development process.

Nobody likes change. The tools are there, the people are there, the real issue is

how you organize it and implement it. If you do not deal with the organizational issues,

you are doomed to failure.
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To be sure, it is easy to equate CE and technology. Experts say CE can be
practiced without CAD/CAM, bhut just try and find a company that is doing so.
Nonetheless, technology is only part of CE. The ehlightment is that everyone now
understands that CE is the application of people and how they relate to the technology

and processes.

Software, hardware and networks make CE practical in today's world of
multinational corparations, muiti-partner projects and virtual corporations, multi partner

projects and virtual corporations.

Reducing time to market is often reported as one of the primary goals of concurrent
development programs. However, while short product development times are clearly
better than long ones- and while there are obvious advantages to being first to market-
the greatest value of concurrent development , and which receives far too little

attention, is an increase in product quality.

The true benefit of concurrent development is improved guality.
Concurrent development produces better product definitions, avoiding a common

development miscue, through the involvement of all parts of the organization in the

initial stages of definition.

Concurrent development allows us to develop multiple generations of a product
concurrently, reducing the chance that development teams will produce orphans that

have little chance of surviving competitive retaliation.

Concurrent development fosters a climate for cultural change. It invigorates the
organization as the knowledge, and hence effectiveness, of the team members

increase.
Substantial employee training in project management and team building must

accompany concurrent development. Employees are asked to communicate and
function differently from the past and often need additional skills to do this effectively.
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3.4) Suggested Procedure for an Efficient CAD/CAM Project

Reverse cngineering projects necessitates very careful study of the pieces,
methodological work and perfect organization. Team work is the keyword for beginning

such a project.

Four different groups of people are necessary for a succesfull project. The first
group is the computer modelling group who will produce the surface model of the die
and the mold and the NC program for the miiling machine. The second group is
responsible for coordinate measuring and will work according to the orders which will
arrive from the computer modelling group. The third party is the CNC operator group.
This group will be responsible for studying the part to be milled and prepare a milling
request for the computer modelling group which explains the tools and the fashion of
milling. Of course, they will also be responsible from the milling operation itself. The
forth group is the project management group who will organize the groups to work as a
team according to the procedure and the time table of the project. They will also
coordinate the custemer contact and relations as well as keeping track of the efficiency

parameters of the project.

These four groups of people are the guarantee for high quality, fast, reliable and
efficient CAD/CAM service.

What exactly these four groups of people should do before and during the course of

the project is given by the procedure below;
3.5) EUKLID Maodelling Procedure

This procedure is aimed towards methodological working in CAD/CAM projects and
also tries to ensure quality at each stage of the project, starting from the first contact
with the customer until the end of the project. As the objective of this master study is to
provide efficiency for the reverse engineering projects using CAD/CAM technology, this
procedure is revised specially for reverse engineering projects. During the process,
some forms and reports are used. These forms and reports are included at the

appendix of this study.

- Log paper is kept by the project manager (CAD/CAM service project form). The
stages of the project is written down on this report. This paper is necessary for a

second modeller who may be involved in the project later.
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CAD/CAM SERVICE PROJECT FORM

Project NO ..ot e,
Part Name...............0
Company........ ... SURURNUURPRRORRN
Project Manager......: ...
Project Start............ USRI
Deadline.................. e

Work Flow............... :

........................

........................

.......................

........................

........................

Responsible Est.

Time

Real

Time

Est.
Date

Real
Date

CMM

EUKLID

[-DEAS

NC

Modelling and Milling Stages:

Date Work Done
Figure 3.1 Log Book of the Project

.........................

.............................

..............................

..............................

------------------------------

..............................

....................

....................
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3.4.1) Part Analysis Meetings

a) After the agreement, a meeting is held between at least two Euklid modellers and the
customer representative. Minutes of the meeting is kept in written form and signed by
both sides.

I 119

MINUTES OF THE MEETING

Project No ........ ettt et
Part Name.. ..ol e
COMPANY. ...t e
Project Manager....... ..o
Sign Sign

Figure 3.2 Minutes of the meeting
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b) Internal meeting is held between the Euklid modellars. The method of modelling the

part is discusseed and the action items are defined and written on the process planning

form.

PROCESS PLAN FORM

Project NO s e,
Part Name..........cc.l o

.........................................................................
.........................................................................
.........................................................................
.........................................................................
.........................................................................
.........................................................................

.........................................................................

.........................................................................

...........................................................................................................................................
...........................................................................................................................................

..........................................................................................................................................

Sign Sign

Figure 3.3 Process Plan Form
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3.4.2) CMM Report

During the part analysis meeting where the modellers decide how to model the part,
they also define the contours and the critical cross-sections they need for modelling.
They request these data from the CMM group by filling the CMM Measuring Request

Form.
CMM MEASURING REQUEST FORM
O] CMM: e,
OJ CMM: e
Requester........... i,
Project No ......... - g
Part Name..........
Measurement Type ........ . a) Scanning O
Delta X=
Delta Y=
b) Contour ]
c¢) Coordinate O
d) Control ]

Associate Drawing ........ ;

Figure 3.4 CMM Measuring Request Form
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3.4.3) Surface Report
Csegs are produced with the measured peints by the approximation module. These
csegs are checked and compared with the measured points on the Cseg Deviation

Report and as