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Dear Reader,

Because of its size this Monitor is a double issue, 19/20. It is
devoted to the "Advanced Materials Technology: CAD/CAM Application”.

In each issue of this series, a selected material or group of
materials is featured and an expert assessment made on the technological
trends in those fields. In addition, other relevant information of interest
to developing countries is provided. In this manner, over a cycle of several
issues, materials relevant to developing countries could be covered ard a
state-of -the-art assessment made.

The main article "Recent Developments in Advanced Materials
Technology: CAD/CAM  Application" of this issue was writcen by Dr.
Venkateswaran Sankaran from the Institute for Chemical Technology of Inorganic
Materials, Technical University, Vienna, Austria.

We invite our readers to share with us their knowledge and experiences
related to any aspect of materials development, production, processing and
utilization. it would be a great input into strengthening developing
countries’ awareness to world-wide achievements in science and technology and
will help them to make changes in industry and economy.

We would be grateful to receive your opinion on possible subjects for
our forthcoming issues and any ideas on how to increase the value of our
Monitor.

Department of Industrial Promotion,
Consultations and Technology




ENGINEERING'S TOP TEN

In celebration of its 25th anniversary, the National Academy
of Engineering (NAE) has announced what it considers to be the
greatest engineering achievements of the past 25 years. The
ten achievements, selected from more than 340 suggestions, includes
technological breakthroughs first put into practice or commercial
use since 1964. The ten achievements are the moon landing,
application satellites, the microprocessor, computer-aided
design and manufacturing (CAD/CAM), computerized axial tomography
(CAT scanner), advanced composite materials, the jumbo jet,
lasers, fibre—optic communication, and genetically engineered
products. Says Robert White, NAE president, "Taken together these
ten outstanding engineering achievements demonstrate how completely
new technologies have ttansformed our lives and improved human
welfare in the past 25 years.'" (Source: Machine Design,

8 February 1990)
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RECENT DEVELOPMENTS 1IN ADVANCED MATERIALS TECHNOLOGY:
CAD/CAM APPLICATIONS

New material technologies demand new production
technologies. The compound casting of 1light metal and
ceramics 1in the form of fibre compound using directional
long fibres opens up a new range of possibilities.
Improvements in the thermal stability and resistance to
corrosion can be achieved by new magnesium alloys. At room
temperature, the fracture toughness and Young's modulus can
be doubled, and at elevated temperatutures it 1is now
theoretically possible to increase both values by a factor
of 10, 1in comparison to non-reinforced light metal. These
are, but a few instances, wherein CAD/CAM applications have
played a decisive role in the evolution of new material
technologies. The era of fast-desk top computer with
parallel processing offers unprecented opportunities to make
a quaatum leap forward in the efficiency of materials
useage. The current needs for greater productivity also have
added new demands on the design process to exploit the
CAD/CAM methods while being more responsive to the overall

production process.

In this paper, initally, the generally understood meaning of
CAD/CAM is presented, followed by a review of the stata-of-
the-art of some of the CAD/CAM applications, especially with
regard to castings. Each section is followed by a brief

report on the future trends.

1. WHAT IS CAD/CAM:

A: What is CAD:

Computer aided design (CAD) is a technique in which man and
machine are blended into a problem- solving team, intimately

coupling the best characteristics of each. The result of

this combination works better than either man or machine




would work alone, and by using a multi- disicipline approach

it offers the advantage of integrated team-work.

CAD implies by definition that the computer is not used when
the designer is more effective, and vice versa. This being
so, it 1is therefore useful to examine some individual
characteristics of man and computer in order to identify
which processes can best be seperately performed by each,
and where one can aid the other. Table 1 compares the
capabilities of man and computer for a range of tasks. It
can be seen that in most cases the two are complementary,
that for some tasks man is far superior to the computer, and
that in others the computer excels. It is, therefore, the
marriage of the characteristics of each which is so
important in CAD. These characteristics affect the design of

a CAD systen in the following areas:

a) Design construction logic: The use of experience combined
with logic is a necessary ingredient of the design process.
The design construction must therefore be controlled by the
designer. This means that the designer must have the
flexibility to work on various parts of the design at any
time and in any sequence, and be able to follow his own
design 1logic rather than a stylised computer 1logic. The
computer cannot cope with any significant learning. This 1is
left tc the designer, who can learn from past designs. The
computer can, however, provide rapid recall of old designs
for reference. Thus, 1in some ways the designer can pass on
his experience to the computer, and other designers can then

have access to it.

b) Information handling: Information is required fro. the
specification befcre the design solution stage can proceed.
Similarly, when the design solution is complete, information
must in turn be output to enable the design to be

manufactured. Fig.1l shows the application of this process to




manual design. Information is assimilated by the designer
from the input specification. The design solution process
then takes place, whereby, information is passed from the
designer to the paper and back again 1in the form of
drawings and instructions is produced. Fig.2 shows the
process extended to the combination of designer and
computer. The design solution now includes a flow of
information betweeen the designer and computer in the form
of graphics and alpha-numeric characters. The 1initial
specification must be input to the designer in order that
selected parts can be communicated to the computer in a form
that it can understand and use. The first role of the
computer is to check the information for human errors, which

must be corrected by the intervention of the designer.

c) Modification: Design descriptive information must
frequently be modified to make correction of errors, to make
design changes, and to produce new designs from previous
ones. The computer has the ability to detect those design
errors which are systematically definable; whereas man can

excersise an intutive approach to error detection.

d) Analysis: A computer is very good at performing those
analytical calculations of a numerical analysis nature
wnich man finds time-consuming and tedious. As much as
possible of the numerical analysis involved in the design
should be done by the computer, leaving the designer free to
make decisions based on the results of this and his own

intutive analysis.

It can thus be seen that there exists a c¢lear division

between the functions of man and computer in CAD:

The computer SERVES as an extension to the memory of the
designer, ENHANCES the analytical and logical power of the

designer and RELIEVES him from repetative and routine tasks.




The designer CONTROLS the design process 1in information
distribution, APPLIES creativity, 1ingenuity and experience
and ORGANISES design information.

B. What is CAM:

The fields of manufacture and design are invariably
separate, but it 1is a natural step to decrease the gap
between the drawing board and the manufactured item. The way
to achieve this is to ensure that work carried out 1in the
design process is not needlessly repeated during
manufacturing. Thus, many companies are turning to computer
aided manufacturing (CAM) techniques, mainly in the form of
numerically controlled (NC) machines, in order to proviae

greater flexibility in production.

Computer graphics facilities and the availability of
supporting software have given the designer the tool they
need to produce computerised geometrics, and several
interaciive graphics have been developed. 1In the case of a
NC, a part-programmer will be given an engineerinjy drawing
of the required object and will produce a part programme
manuscript. This involves the coding of the geometry of the
item, followed by the coding of the statements to describe
the tool motions required to carry out macaining. The
manuscript, when complete, will be processed by a NC
processor, and if no errors are detected, a control tape
will be produced. NC instructions are written in control
langauges such as APT. This term APT stands for
automatically programmed tools and refers to both a langauge
as well as a computer programme. The APT langauge describes
the sequence of operations to be performed by the NC
machine. Today, systems have been developed in which NC
machine tools are directly driven from the minicomputer
without the need for the APT system. Such systems are called

CNC or computer numerically controlled systems. A more




sophisticated system is a DNC (direct numerical control)
system which networks several ninicomputers to a central
mainframe computer. The main advantage for this
configaration 1s that when the main-frame 1is temporarily
down, the machine tools can continue to run off the memory
of the minicomputers. Modern computer technology now makes
creation and verification of the NC 1instructions more
effecient. By checking the tocling programme with a visual
CRT, for example, 1less machine tool time 1s spent in
verifying cutter paths. Perhaps, more important, is that the
conputer 1itself can now generate a NC programme directly

from a geometric description of the part.

C: What 1is CAD/CAM:

CAD/CAH involves the creation of the mathematical
description of the parts or shape in 3-D space within a data
base. This mathematical description can be used for the

verification of fit and interference within an assembly,

structural intergrity, volumetric and area properties,
producing shrink factor for more concise net part
production, automatic drawing creation, 3Jjig and fixture
development and so on. Furthermore, this defined geometry

can be used by the manufacturing personnel to simulate
graphically tool motion, <cutter paths etc. This simulation
provides a cost effective way of getting the job done 1in
several ways. Firsty, 1t provides NC/CHNC information more
economically than any other method. Secondly, it eliminates
duplication and communication problems between the designer
and the part programmer and thirdly, eliminates the nced for

unnecessary rework of prototypes and tryouts.

Having thus got a general idea of CAD/CAM, we shall take a
look at the current state-ct-the-art of 1ts applications.
But before that it must be unders.ood that CAD/CAM is just a
part of a broader Computer Aided Engineering (CAE). It is




also referred to as a part of Computer-Integrated

Manufacturing (CIM).

2. STATE-OF-THE-ART:

2.1 Introduction:

The past few decades has witnessed rapid strides in
technology. In keeping with the technological advances,
materials development and manufacturing process engineers
are 1increasingly turning to computers as a answer to their
manifold problems. One of the most spe.itacular developments

has been in the area of CAD/CAM applications.

Today, it 1is common place to find arrays of graphics
workstations and networks of computers in design offices,
which have revolutionised drawing office practices in the
design of structures and components. Thus, products can be
designed and analysed 'ad infinitum’' long before protot:pes
are manufactured and tested.

The need and availability of new materials 1like ceramics,

metal-matrix composites etc., have brought specific
challenges to the materials engineers in terms of
appropriate testing procedures to be developed,

interpretation of the subsequent materials data and
modelling the performance of advanced materials. Effective
modelling can be used to identify the potential sites of
failure in the end product caused by stress or the formatior

of defects during manufacture.

Simulation programes enables new techniques or components to
be tested at relatively low cost without incurring time
penalites for the production of equipment or cost of
manufacture. Manufacturing process are however, inherently
non linear and involve large plastic work and/or changes in

shape, making calculations very complex. To solve such




problems numerically, requires the use of extremely powerful

computers and unobstructed access to them. 1In recent years,
very powerfil super-work stations and mini-supercomputers
have arrived on the market and has,at last, brought

affordable computing to those who need it for purposes cf
sinulation. It 1is possible to simulate a wide variecy of
forming process, from casting through forging to pressing,
rolling and drawing. The most recent sirulation includes the
joining of metal-matrix composites. Weldability assessement
of cast superalloys for turbo engines, investigations on the
welding properties o¢f titanium aluminide alloys for

aerospace applications and studies on the effects of thermal

and mechanical sbock and/or fatigue on metal matrix
composites, superalloys and other aerospace materials are
also being attempted using such techniques. Thus, physical

simulation techniques play an important part in materials
fabrication and production and makes the possibility of
meeting the demands of maximum efficiency. minimum downtime

and improved quality, a reality.

As the price of CAD/CAM systems, 1in terms of computer
norsepower and software facility, has tumbled 1in recent
years, more and more companies are willing to look at the

capabilities of these systems beyond straight design-
drafting. Among the attention drawing areas are inspecti n
and testing. Concurrent with this widening of intrest areas
has been the increasing importance of quality control. It 1is
inevitable that these two areas would be examined
concurrently. The application of CAD/CAM to inspection and
testing has already achieved benifity beyond what has been
thought possible . CAD/CAM's implication are not a 'pie 1in
the sky' but a 'down to earth’' enhancement to the efforts of
professionals in achieving their goals. We shall now revicw

some of its recent applications.

~




2.2 CAD/CAM applications to castings:

With the ever changing needs in today's market place-new
technology, competition, and increased regulations—each
busjiness firm must continually seek Dbetter ways of
conducting its varied activities if it is to survive and
prosper. The foundry industry is not far behind in applying
CAD/CAM techniques to castings and casting production. There
are a variety of economical and technological benefits which

the foundryman can derive from it.

There are, however, several major scientific or engineering
related ‘roadblocks' to the application of computer
technology in casting design. These impedimiments pertain to
the geometric modelling/physical simulation problems, the
provision of thermal transport data, the problem of filling
transients associated with the pouring of castings, the
modelling of the interfacial phenomenon, the accurate
description of the interaction of the moulding medium and
the solidifying casting and finally the computation system

itself.

There are a variety of specialised steps in the production

of casting, namely:

1) consideration of the castability of the product design
itself,

2) consideration of the tradeoff between the product design
objectives and castability,

3) design of the moulding technique to incorporate features
of casting including the use of cores, location of parting
lines, etc.,

4) design of casting rigging items and theirlocation, such

as risers, gating system, use of chills, etc.

The optimum combination of these design considerations bear




directly upon the productivity of the metalcasting industry,
a critical industry not only in terms of its size, but also
as it is highly energy 1intensive and many of the
engineering products can be produced on an economical basis
only through the castng route. Inappropriate casting design
can lead to a variety of wasteful and unproductive costs,
and 1in certain cases, component failure; unsoundness may
require expensive rework or casting rejection; misruns and
freeze-offs due to poor casting design result in scr.p;
surface quality is directly related to overall casting and
gating design; and marginal feeding conditions result in
sporadic porosity. In the past, and even now in many
instances, the process of design decision in this area have
resided in the hands of skilled and experienced foundrymen.
If a competative position is to be maintained, these skills
must be supplanted with a more engineering approach.
Simulation of casting solidification provides an opportunity
to achieve a degree of design optimisatinn not hetherto
possible which would result in a more efficient and
profitable production system. The application of CAD/CAM has
been slow 1in its implementation in the foundry industry
principally due to the aforementioned scientific or

engineering road blocks.

In the foundry, three forms of CAD/CAM are available:

* CAD systems to assist the drawing office,

* CAM systems which enable conventional drawings or CAD
drawings tc be intrepreted for manufacture on NC tools, so

assisting the planning office,

* CAD/CAM systems which enable the design office to design
unique components with parting 1lines, draft angles and
splint planes, which can be analysed and optimised for
weight, stress etc., and which then allows both roughing




cutter paths and finish cutter p2ths to be calculated

directly and which assist in tendering, planning, etc.

Let us now take a look at the foundry CAD/CAM system. Fig.3
depicits a typical CAD/CAM system and the flow of
informati... .. :hin the various components. Fig.4 illustrates
how a CAD/CAM system can be used in a foundry. A graphics
terminal essentially consists of a digitiser combined with a
CRT (cathode ray tube), a data tablet, a function key board
and an alphanumeric key board and a hard copy device for

printing alphanumeric or plotting graphical data.

Introduction of CAD/CAM in a foundry can be visualised as a

thr.e stage process:

1) Introduction of computer aided drafting: This is to cater
to the drafting needs of the foundry. In computer aided
drafting, the workstation substitutes the drawing board
i.e., the display screen simulates the drawing board. The
draftsman, with minimum of training, can create drawings on
the display screen using a set of commands. These commands
are available through a menu selection board. Further,
graphic data can be input to the computer through devices
like the digitiser or the light pen. Repetitive types of
drawings which often encountered in foundry R&D departments
can be generated with wutmost ease in this fashion.
Simultaneously as the picture is being created on the
display, a file is also created, With suitable software, it
is possible to save this file for retrieval at a future
date. Once the final drawing is <created with all the

details, hard copies can be had through the plotter.

2) Introduction of computer aided drafting and design: This
is to design feeder and gating systems by interaction
between the engineer and the CAD system. Here, modelling
techniques, for geometric modelling or process modelling are

10




used. In the foundry, modelling refers to the development of

a computational technique which will:

* Design gating and feeding systems for castings,

* Specify optimum mould and pouring temperature,

* Predict residual stresses and hot tearing,

* Predict post casting processing and casting properties,

* Provide the basis for plant scheduling and production

planning.

A geometric model can be constructed in three ways,

* A wire frame model in which the edges of a part are
represented by lines only,

* A surface model in which a clearer interpretation of
curved surfaces is facilitated,

* A solid model which is built out of a set of basic 3-D
shapes like a crlinder, prism, cone, etc. These can perform
several functions which are not possible using 3-D wire
frame models, for eg., they can automatically produce
isometric or ortographic views of the component. Mass
properties such as volume, centre of gravity etc., can also
be determined. Sophisticated software facilities are however

required for these.

Process modelling techniquies are particularly suited for
foundry industries, as fundamental phenomenons like heat and
mass transfer, fluid flow etc., are encountered, which can
be mathematically described with a fair degree of precision.
Simulation techniques using finite element or
finite difference approximations are widely used to solve

such problems.
3) Introduction of computer aided drafting and design cum

manufacture: This is to manufacture dies and patterns.

Taking into account the various design parameters and post

11




casting processes, the designer can prepare a NC tape on the
computer, which can be used to machine a pattern or a die. A
realistic estimate of the production problems, design

deficiencies and prcduction costs can be made.

An example of the benefits of introducing CAD/CA! for
computerised die manufacture is given in Fig.5, which shows
why CAD/CAM techniques are becoming important to the
foundryman. Table 2 gives some recommendations for
different types of foundries purely on what CAD/CAM systems
can do; the cost effectiveness, however, has to be worked
out in great detail. 1In Tables (3-6) are listed some of the
software available for different applications. It appears
as though the one developed at Foseco, called SOLSTAR is the
most popular among foundrymen. This package can be used to
predict and eliminate shrinkage defects in castings. It uses
its own solid modeller to generate a full 3-D solid model of
the casting shape, feeder and runner system. The programme
carries out a combined thermal analysis and solidification
simulation, to determine shrinkage defects in the casting,

feeder and runner systems.

Ove Arup and partners has been developing software which
can deal with specific industrial situatations such as those
encountered in metal forming process or the automotive
industry. These programmes are 3-D finite element codes,
written specifically for the efficient solution of problems
involving a high degree of material, geometric and thermal
non~-linearity. An example of the simulation of the
solidification and cooling in a turbine blade casting is
shown in Fig.6, 1indicating parts which solidify first and
areas of the cast blade in which voids are likely to form.
Fig.7 shows another example of the simulation of

solidification in a structural casting.

12




Solid modelling computer programmes can be applied to
further the design of complex castings. A solid modelling
programme is similar to a computer aided drafting programme,
in that both are used to define the geometry of components.
A computer aided drafting performs this in 2-D whereas a
solid modeller can create, display, manipulate and modify a

component in 3-D.

There are significant benefits that can accure from solid
modelling of castings. One feature of a sclid modeller is
that the component can be readily visualised from different
angles. This makes it possible to minimise pattern-making
errors and so reduce production lead times. Moreover, most
solid modellers permit the component design to be
interrogated, allowing design features to be assessed, and
appropriate design changes can be made with relative ease

and the new model can be redisplayed.

As an example of this approach, Fig.8 illustrates a solid
model of an investment casting created from a technical
drawing of an aerospace burner nozzle. Various hidden 1line
views of the shape can be obtained and arranged in such a
way as to form a first or third angle projection. It is also
relatively easy to generate any cross-section of the
component, Fig.9. With some solid modelling packages it is
also possible to offset faces to allow for casting
contraction. When the geometrical informatioil on these views
is transferred to a computer aided drafting package, the
technical drawing can be dimentioned in the normal way. A
solid model of a casting thus contains comprehensive
geometrical information that can be automatically
manipulated and used to enhance casting design and

productivity.

Another novel approach to the design of a golf club head
using this technique, is 1illustrated in Fig.10. This

13




involved producing a club with a larger than standard area,
to improve the chance of a golfer hitting the ball near the
sweet spot of the club. The sweet spot is an area near the
centre of gravity of the club head that the ball must strike
to produce 2 perfect shot. The constraints in producing the
new design were as follows: first, to preserve the feel of
the club, the new head design had to possess the same weight
as the original, second, both the loft angle and the lie of
the club had to be preserved and finally the modified design
had to be aesthetically pleasing to aid the marketing of the
club. To do this, the original clul was so0lid modelled, the
front face of the original club w 5 enlarged and excess
metal was removed from a raised section and this section was
recessed into the back face of the club, as shown in
Figs.l10a and 10b. Also, the programme could track how the
centre of gravity would shift as the design was altered.
This illustrates the creative application of solid modelling
to advance the design of a cast component for the benefit of

the end user.

Mathematical modelling 1is a relatively new disicipline
within the field of materials prccessing. These techniques
are used for the optimisation and on-line control of
existing operations and is even more important in designing
the new metals and materials processing systems necessary
for diversification strategies. Properly used, mathematical
models can greatly reduce the experimental component of a
process study, and can thus save both cost and the time of

implementation.

The design of moulds for casting, die casting and other
applications, 1including metal matrix composites, has been
largely empirical and intutive, involving trial and error
procedures. Considering the complexities of solidification
in moulds - which involves unsteady state fluid flow and
heat transfer in complex geometries, as well as thermal

14




contraction with associated shrinkage - a purely empirical
approach to these problems is quite time consuming. These
issues are becoming increasingly important as new alloys are
developed for critical applications where prior empirical
experiences are less readily applicable. The fluid contours
depicited in Fig.1l1l represent an important first step in
modelling just one facet of these problems, but it is
expected that CAD/CAM techniques will become a more

significant part of new casting developments.

Fig.12 shows the computed path of tracer particles and
temperature fields of a continuous casting machine,
generated using this technique. Tundishes play a key role in
determining steel quality since a properly designed tundish
promotes the floation of inclusions, provides for the
dampening of turbulence and allows improved temperature
control. The results of the calculations help determine
optimal tundish dimensions as well as the optimal placement
of wiers and baffles to obtain desired residence time in the

system.

FUTURE TRENDS: It is estimated that the introduction of
CAD/CAM techniques in foundries would save atleast 10% on
the weight of thin walled castings, reduce the average time
to get new tooling by 25% and its cost by 10%, and reduce
the cost of duplicate tooling by 25%. The cost of tool
maintenence would be significantly reduced. The quality of
tooling would be significantly improved, 1interchangeability
of components and cores from duplicate tooling would be
guarenteed. Collaboratior. between design and manufacture
would greatly improve and the need for skilled pattern and
tool makers would be reduced. 1In general, the introduction
of CAD/CAM would increase the control one has over the
production of a casting, allowing for a better designed and

built quality casting with minimum effort and expense.
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Solid modelling has the potential to significantly improve
casting design productivity. It allows more complex shapes
te be produced correctly first time, it introduces design
flexibility and provides a systematic design component
development and design. There are several propritary solii
modelling codes available and it is difficult to specify
what package is most appropriate for any particular firm.
Consideration of which programme 1is more appropriate,
whether it is within the budget, and what the payback will
be on the investment, 1is of prime importance. However, the
cost of some solid modelling packages is moving within the
reach of many modest firms. It is vital to identify what
hardware the software can run on, since this will
significantly influence the price of the total system. The
processing speed, the main memory and the backing store of
the computer are, ofcourse, to be considered. Not all
hardware and software combinations are fully compatible. As
the programme capabilities of solid modelling are being
continually extended, there 1is 1little doubt that such
software will provide a versatile design tool for the

future.

Mathematical modelling has no well proven ‘'recipes' as it is
still a new tool and intution and creativity remain the key
ingredients in sucessfully completing modelling assignments.
The remarkable new development in this field is the
availability of software packages which permit computations
to be done in a relatively routine manner. Table 7 1lists
some commercially available software packages, which can be
run on both personal computers as well as large machines
like minicomputers and supercomputers. The hardware options,

including type and capability is 1listed in Table 8.

2.3 CAD/CAM applications in impression-die forgings:

The conventional methods of designing forging dies are based
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on empirical guildelines, experience and intution. However,
recently develogred computer-aided methcds may be used to a)
predict forging loads and stresses, b) design the performing
dies and C) manufacture the dies by NC machining. Once the
die design steps are concluded, the forging dies are
coventionally manufactured by a) directly machining from a
die block b) making a solid model ard copy milling or ()
making a graphite electrode and electrodischarge machining
(EDM; the dies. The graphite electrodes, in turn, can be
manufactured by copy milling, abraiding using a special

abraiding machine or by NC machining.

Recent applications and developments of new methods for
simulating forging operations indicate that CAD/CAM can
significantly augument productivity and the skill of the die
designer. This is primarily accomplished by computerising
area and volume calculations, by predicting the stresses
and forging 1loads for a given die geometry and in some

simple cases, by simulating metal flow during forging.

A brief outline of an integrated CAD/CAM approach to hot
forging is shown in Fig.13. This approach is general aad can
be applied to most forgings. The most critical information
needed for forging die design is the geometry. The forging
geometry, 1in turn, 1is obtained from the machined part
drawing by modifying this part geometry to facilitate
forging. In the process of conversion, the necessary forging
envelope, corner and fillet radii, and appropriate draft
angles are added to the machined part geometry. Further,

difficult-to-forge deep racesses and holes are eliminated.

This geometric manipulation is best done on a stand-alone
CAD/CAM sy_tem. Such systems arc¢ commerically available and
have the necessary softwarc for computer aided drafting and
NC machining. Such CAD/CAM systems also allow, at various

levels of automation, 3-D representation of the forging and
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the possibility of zooming and rotating geometry display on
the graphics terminal screen for purposes of visual
inspection. Ideally, these systems should also allow
sectioning of a given forging. An example of a 3-D
representation of a connecting rod forging die is shown 1in
Fig.14. 1In this figure, hidden lines are not removed. There
are CAD/CAM systems and colour graphics terminals which
permit hidden line removal or display of lines on various

surface in different colours.

In a typical multi die forging setup, the stresses and loads
are higher 1in the finisher die than in the blocker or
preblocker dies. Therefore, it is necessary to predict these
stresses and the forging load so that appropriate forgi g
machire can be selected and so that the dies can be designed
to avoid breakage. To analyse stresses, the computerised
‘'slab method of analysis' has been found to be most
practical. Recently this software has also keen developed
for a computervision (CV) stand-alone CAD/CAM system and CV
systems can now be used to prepare forging and die drawings,
generate forging cross sections and to calculate forging

loads and stresses.

Design of blocker dies and preform geometries is the most
critical part of forging die design. At present, CAD of
blocker cross sections can be carried out using interactive

graphics. The main advantages are:

* (Cross-sectional areas and volumes can be calculated
rapidly and accurately,

* The designer can modify geometric parameters such as
fillet and corner radii, web thickness,rib height and
width, etc., and can immediately review the alternative
design on the screen of the computer graphics terminal, as

shown in Fig.15.
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* The designer can zoom in to investigate a given portion of
the forging (Fig.16) and can perform sectional area
calculations for a given portion of the forging, where the
metal flow is expected to be localised, and

* The designer may review the blocker positions in the
finisher dies at various opening positions to study initial
die blocker contact point during finish forging, as seen in
Fig.17. The wultimate advantage of CAD/CAM in forging is
achieved when reasonably accurate and inexpensive computer
software 1is available to simulate metal flow throughout a
torging operation. The plastic deformation phenomenon in hot
forging 1s vey complex and involves nonsteady state flow,
nonuniform distribution of strains, strain rates and
temperatures in the deforming metal and difficulties in
estimating the friction factor and flow stresses. A typical
simulation of metal flow and die filling in blade forging is

shown in Fig.18.

In recent years, CAD/CAM techniques have been successfully
applied to precision forge straight and spiral bevel gears,
which were earlier manufactured by machining in special gear
cutting machines. The gears could be forged to finish
machining tolerences therby eliminating the need for rough
machining. The ocutline of the CAD procedure is given 1in
Fig.19.

FUTURE TRENDS: In very recent years, expert systems have
been developed for net-shape forging of axisymmetric shapes
and hard-to-work alloys to cut manufacturing costs. 1In
general, it 1is expected that the present application of
CAD/CAM in forging, mainly for drafting and NC machining of
forging dies, will continue to increase at a rapid rate. The
principle barriers to widespread acceptance of such
application seem to be a) apparent high cost of introducing
CAD/CAM, b) management inertia and ¢} 1lack of trained

personnel. However, the world wide forging industry is uriler
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considerable pressure to rordernise and to increase the

productivity of skilled diemakers, who are becoming
increasingly scarce. In addition, CAD/CAM systems are
becomi.g relatively inexpensive. Consequently we can expect
to see, in the near future, a very significant increase in

the number of forge and die shops in which CAD/CAM is used.

2.4 CAD/CAM applications in hot extrusion:

Structural shapes such as T;L;Z;H;U and other shapes are
usually manufactured by direct or indirect extrusion
methods. 1In hct extrusion of of aluminium or copper alloys,
container 1lubrication is not used and the dies are ‘'flat-
face' type, with the die opening imparting the desired
section geometry to the extrusion. In extrusion of steels,
titanium alloys and other high temperature materials, glass-—
or-graphite-base lubriccnts are used. The dies have some
sort of a 'smooth entry' design to provide for easy metal
flow and to avoid severe internal shear, or a dead-metal
zone, during extrusion. '‘Smooth entry' dies are also used

sucessfully for extruding composite materials.

In today's industrial practice, the design of extrusion
dies, whether of the ‘'flat-face' or the 'smooth entry' type,
is still an art rather than a science. To reduce the costs
of designing and manufacturing extrusion dies, CAD/CAM
systems have been developed for both non-lubricated &4

lubricated extrusion process.

Many years of experience lie behind the production of
extrusion dies with increasing complexity of shape, thiness
of section and quality of surface. Some of this experience
is rationalised in empirical design rules, but much of the
die design is still dependent on personal judgement,

intution and experience.
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A typical CAD technique for <(lat-face dies, where the
capabilities and application of an interactive CAD programme
called ALEXTR, 1is illustrated in Fig.20. For manufacturing
the dies, either conventional EDM or wire EDM is wused. In
the first case, two EDM electrodes are machined via NC; one
for EDM'ing the die openings from the billet entry side and
the other for EDM'ing the die bearings from the exit side of
the die. 1In wire EDM'ing, the die openings are machined
using a wire electrode, while the bearing areas are machined

by EDM or milled in the conventional manner.

Proper die design 1s critical in 1lubricated extrusion,
especially when noncircular shapes are extruded. An
effective die design must ensure smooth metal flow with
consistent lubrication. Lubrication reduces load and energy
requirements, reduces tool wear, improves surface finish and
provides a product with nearly uniform properties. It is
desirable to use 'streamlined’' dies, which provide a smooth
transition for the billet from round or rectangular

container to the shaped-die exit.

The use of CAD techniques have been successfully applied, in
recent years, for such lubricated extrusions and a typical
example of the design of a ‘streamlined' die for extruding a

T-shape from a round billet is shown in Fig.21.

The surface of a 'streamlined’ die is defined as an array of
points. The practical method of manufacturing this die is tc
NC machine a carbon electrode and then to EDM the die. For
this purpose, cutter paths for machining the elect:ode
surface must be determined. Computer programmes developed
for calculating the cutter paths contain special routines to
check for undercutting and gauging. The calrulated cutter
centre points are plotted on the screen of graphics

terminal as shown in Fig.22.
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The concept of streamlined dJdies has been found to be
extremely useful 1in extrusion of difficult-to-form metal
matrix composite powder metallurgy mraterials. Such materials
like aluminium alloy 2024 with 20 vol% SiC whiskers, are
used for the production of aerospace structures as they
welgh considerably 1less than those manufactured from
aluminium alone. However, the sreamlined die concept cannot
be used for designing highly complex dies with re-entrent
sections. New techniques, like perimeter mapping techniques
instead of area mapping techniques are used, and an example
of complex die configarations obtained using this new CAD
method is shown in Fig.23. These dies will be manufactured

by EDM using NC machined electrodes,as discussed earlier.

FUTURE TRENDS : The application of CAD/CAM in extrusion is
likely to be on the increase, as more and more extrusion
companies are using such techniques for die making and
process automation. The implementation of CAD/CAM have the

following potential benefits:

* More precise estimation, and reduction in estimation
costs.

* Less dependence on skilled workers.

* Reduction in the number of die failures and in die-design
and manufacturing costs.

* Improved utilisation of existing press capacity by
reducing die trials.

* Continous improvement of die and press technology.

* Increases in material yield and press productivity.
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2.5 CAD/CAM applications to sheet metal:

Implementing CAD/CAM technology to sheet metal fal>rication
installations means relegating more of the time-consuming
and tedious jobs to the computer, organising and managing
projects better and producing better shest metal parts in
lesser time and cost. Information typically extracted from
CAD/CAM data bases include part production counts, sheet
utilization rate, percent of scrap material and machine

downtime.

Computer aided modelling techniques have been widely used to
speed up the design process and to improve the quality of
sheet metal parts. This enables alternative die-designs to
be explored and trade-offs to be evaluated, before the
manufacturing engineer performs the costly and time-

consuming steps of fabricating the dies and process tryouts.

Fig.24 shows the application o2 simulation techniques in
sheet metal drawing operations on mi’d steel. The purpose of
simulation was to predict the forces on the tool required to
form the the product, the degree of pre-load on the blank-
holder necessary to hold the blank without over-constraining
it, and the tendency of the shee- metal to tear if friction
at the blank holder stopped the materials fxcm drawing
properly. Another example is shown in Fig.25. This pa~t
represents a typical automobile componert and 1is more
irregular and complex compared to the one shown before, and
in this case the simulation could help predict the areas of

thinning and thickening and the material flow :.:aths.

FUTURE TRENDS : Computer aided modelling ard simulation
techniques, are widely being employed in sheet metal
fabrication. With the falling cost of compiter hardware
pointing to increased use of theze techniques, it is almost

inevitable that today's emerging capabilities will be viewed
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as commonplace in the future.

2.6 CAD/CAM applications in rolling and nozzling:

Rolling, extrusion 1ind nozzling can be visualised as
problems arising in ihe thermophysical processing of solids,
in which allowance must be made to take 1into account
structural changes, like grain growth, during the processing
operations. In Fig.26 is shown the computed residual stress
patterns in a thin aluminium sheet which result from the
combined effect of thermal stresses and mechanical work

hardening effects.

Nozzling process, as it is applied to a fire extinguisher
cylinder is shown in Fig.27. The work piece is formed in the
first stage operation using a back-extrusion process and the
resulting closed-ended cylinder is the preform for the
second stage, in which the open end is heated and then

forced into a shaped die to form the nozzle end.

FUTURE TRENDS: Computerised techniques are playing an
important role in automating and controlling rolling
practices, from the initial breaking down of the ingot on a
hot mill to the final cold rolling finishing pass on the
thinnest of foils. Computerised strip shape measurements and
control systems are now installed on key c¢old mills, and
fast accurate gauging systems monitor and control thickness
by computer, enabling tighter tolerences to be offered,
typically as % 0.01 mm in heavier strip gauges. CAD/CAM
applications indicate it could be used as the best design
aid for assessing the best means of forming high integrity
components such as pressure vessels and aerospace

components.
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2.7. CAD/CAM applications in plastics:

For many years, plastics have been regarded unfavourably by
the general public as 1low quality materials. However,
present day uses 1include many advanced engineering
applications, like 1in the preparation of green ceramic
components for such applications like turbine blades. Recent
developements in polymer processing have not been in
completely new processes, but rather in the refinement of

existing process control or better process modelling.

In the field of injecticn moulding, computer simulation of
the mould filling and cooling process is becoming common.
The use of computer simulation allows the designer to
determine the ideal gating positions and the position of any
weld lines. Modelling packages also facilitate the
determination of melt pressures within the cavity, so
problems such as wrapage, which arise from frozen-in-
stresses, can be identified. The main benefit of such
modelling process is that the designer has a better chance
of getting the mould design right the first time, so
reducing the costly waste of time needed to get a mould up
and running when it is mounted on an injection moulding

machine.

FUTURE TRENDS: The time is now ripe to apply CAD/CAM systems
to design, produce, test and provide the necessary
information for the manufacture of the tool. Fig.28 shows a
computer integrated manufactucing scheme. The advent of

microprocessors to machine control, especially in injection

moulding, would enable a lot of changes to be brought about
in this field.




2.8 CAD in molecular engineering:

The traditional design tools of a chemist are simply, pencil
and paper, and molecules are represented by 2-D drawings,
such as that of the antibiotic pencillin G in Fig.29.
Although effective 1in expressing the connectivity of the
molecules, they can only give a vague idea of the full 3-D

shape, which must be the starting point for rational design.

Physical models can be built, but this is time consuming and
the result is a poor representation of the real thing. The
problem is molecules are generally quite flexible, more like
lumps of Jjelly than frameworks of steel or plastic.
Moreover, whereas a lump of jelly will tend to recover 1its
shape after deformation, molecules usually have a number of
different shapes into which they may settle. Further, at
room temperature the atoms will be continously moving, while
the molecules will be constantly cycling between the states.
The only way in which this behaviour can be understood is by
first, performing lengthy and complicated calculations, and
second by finding some means of making the results

intelligible to the human eye.

In theory, this has been possible for some time, but at
enormous costs. The decreasing cost/performance ratio of
mordern computers and the appearance of high-power graphics
workstations at prices that are affordable, have led to a
dramatic growth in interest °n this fascinating area. Today,
such state-of-the-art exists that scientists are in a
position to engineer and design new molecules and products
for the chemical and pharmaceuticals, ushering in a new era

of molecular engineering.

A few examples of how CAD has been used, are shown 1in
Figs. 30-33.
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FUTURE TRENDS: Computer based molecular modelling (CBMM)
show enormous potentials. As an example. there are hopes
that a cure can be found for AIDS through this and other
biological techniques. Given the structure of the enzyme,
there is a good chance that molecules may be designed which
will block the active site, disrupt viral replication and
effectively provide a cure. Surveying the potential of CBBM,
it is impossible to avoid the conclusion that a revolution

in chemistry is on the horizon.

3. CONCLUSIONS:

We have taken, but a glimpse into the fascinating area of
CAD/CAM and its applications, and that too, in such a very
small area of technology. It is, ofcourse, not possible, to
cover such a broad area as CAD/CAM applications in so few
words or pages; nevertheless, an attempt has been made and
it is hoped that this is found tu be of interest and throws
some light on the current state-of-the-art.

Today, CAD/CAM, computer nodelling, artifical int=lligence,
robotization, expert systems etc., have become frequently
used terms in connection with manufacturing operations. We
can say that computer-integrated manufactuting (CIM) is the
foundation on which manufacturing companies in variety of
industries in the world are beginning to build 'the factory
of the future’'. The factory of the future will find raw
materials being unloded and stored by an automated storage
and retrieval system (AS/RS). An automated guided vehicle
(AGV) will take the raw material tc the machine tool, where
it is needed, and a robot will remove the workpiece and
mount it on the machine tool, unload the completed part and
place on the AGV. The AGV will then transpcrt the finished
part to the AS/RS or to some area of the plant for further
disposition. This may sound like 'science fiction' but such

systems are already in use in some places and in the not-
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too-distant-a-future, it is likely to become common place!

4. REFERENCES:

1. Computer aided design and manufacture, Besant, C.B.,

Ellis Horwood series in Engineering Science, U.K.

2. Computer graphics for casting design, Graham, H., Trans.
A.F.S. 1981, p. 597.

3. CAE in design for production, Miles, J., Metals and
Materials, July 1989, p. 398.

4. Laboratory simulation of materials fabrication processes,
Metals and Materials, April 1989, p. 243.

5. CAD/CAM'S implication to inspection and test, Klein,
L.R., Tech. Pap. Soc. Manuf. Eng., 1983, p. 1083-940.

6. Frogress report on the CAD systems project, Berry, J.T.
and Pehlke, R.D., Trans. A.F.S., 1980, p. 615.

7. Dimensioning feeders for ductile iron castings wusing
numerical simulation techniques, Venkateswaran, S., Doctoral
Thesis, I.I.Sc, 1987.

8. Why, what and when CAD system in metal casting industry,
Srinivasan, K.G., Prasanna Kumar, T.S. and Prabakar, O.,

Trans. Inst. Ind.Foundrymen, 1985, p. 63.

9. Computer programs for gating and risering, Ruddle, R.W.,
Steel Found. Res. J., 1983, p. 12.

10. Simulating solidification in casting processes, Metals
and Materials, June 1989, p. 363.

28




11. Solid modelling for advanced casting design, Steiner,
J.L.D. and Murray, I.H., Jan. 1989, p. 13.

12. Megaflops and CAD/CAM in metals processing, Szekely, J.
and Foreman, F., Journal of Metals, Oct. 1986, p. 54.

13. The foundry and CAD/CAM: what is required, Welbourn,
D.B., Trans,. A.F.S., 1983, p. 345.

14. Metal forming: fundamentals and applications, ASM, 1983.

15. A new era in molecular engineering, Tech. Ireland, Oct.
1989, p. 30.

16. Advances in engineering plastics, Wood, A.K., Metals and
Materials, May 1989, p. 281.

17. Aluminium rolled products-manufacturing developments and
expanding markets, Cox, R.J., Metals and Materials, July

1985, p. 405.

18. Let's discuss CAD/CAM integration, Crowley, R.E., Mod.
Mach. Shop, V.57, Jan. 1985, p. 86.

29




Table 1:

Characteristics of man and computer.

Mo Computer
Method of Intwtree by exper- Systemetic and styhaed
ressomeng nd pudgrment
Level of Learas rapully but Luttle learmag capabikty
wtelgeace srquentl. Unschable but relmble level

meeligeace of mtelligence

Method of Lasge amovazs of Sequential styhord
miormetion Pt M cae tume mput
nput by sight o1 hearmg
Method of Slow sequental cutput Raped stytiaed sequentnl
wiormstion by sprech or menusl outpet by the equivalent
mput actons of menual actions
Organnstion Informmsl sad mtwtive Formal snd detaled
of miormetion
Effort Semall Large
wyolved m
orgamnng
wmiormstron
Storage of Senall capacnty . kaghly Large capacuty. time
deraded tume dependent wdependent
mformaton
Tokersm. ¢ for Poos Excellent
repetitious end
mundone work
Abglery 1o [T Vimes
extat ugni-
T ant inform
FilT}
Prnduction ot Frequent Rare
DadfYl 4%
Folerance tor Goed intuitive Highiv intolerant
errntons COPreLtn ¢! errogs

nloarmation

Methed of error
Jetecton

Mothend of
ity

nlhormatinen

Meoalu

Canatalities

Innintine

Fawy and invtantanessu,

Cannd intuitive anals vis
prwst numeri, al analysis
ahihity

30

Suatemati,

Inthoult and insoived

Nointustive analysis.
geod numernuat analyss
ability




Table 2: Recomended CAD/CAM systems for different foundries.
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Table 4: Software packages available for heat transfer

simulation and finite element analysis.
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Table 5: Comparison ANSYS, MARC, and MITAS-II with the ideal

goal fcr a metal casting simulation capability.
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Table 6: Comparision of some complete risering programmes.
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Table 8: Hardware options.
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Fig. 1: The conventional design process.
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Fig. 2: Design process using CAD techniques.
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Fig. 3 A typical CAD/CAM system in a foundry.
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Fig. 5: An example of the benefits of introducing CAD/CAM

system for computerised die manufacture.
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Fig. 6: Simulation of solidification and c¢ocoling in a

turbine blade casting.

Fig. 7: Simulating the solidification process 1in a
structural casting. The calculation tracks the

progress of the solidification front.
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Fig. &: Solid model of an aerospace burner nczzle.

Fig. 9: Cross section through the aerospace burner nuzzle




Fig. 10: Solid modelling c¢f a golf club head: a(top), rear
view of the original head, b(centre}, rear view
of the redesigned head, c(bottom), front view of

the redesigned head.

Fig. 11: The computed displacement pattern of a collapsing
wall of fluid in a mould, taken at reference

times of .6,.12,.18 and .24.
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Fig. 12: The computed isotherms in a tundish: (a) 1595 °C
(b} 1593 °C and (c) 1590 °C.
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Fig. 13: Outline of an integrated CAD/CAM approach for hot
forging.
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Fig. 14: Three-dimensional display of a connecting rod
forging die prepared on a computervision CAD/CAM

system.

Fig. 15: A typical forging cross section and a possible

blocker design displayed on a computer terminal.
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Fig. 16: Use of " zooming " to examine a small portion of

the blocker/finisher cross sections in CAD.

Fig. 17: Computer-designed blocker, shown with finisher

dies in seperated position.
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Fig. 18: Metal flow and die filling in a blade forging, as
simulated by a computer programme.
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19: Outline of a CAD procedure used for making forging
dies used to produce spiral bevel gears.
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Cutter path for NC machining of the EDM electrode

for the streamlined " T "-shape die.
Computer -designed streamlined die
for extrusion of complex shapes.
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Fig. 24: Simulating the deep drawing of a sheet metal cup .
The contours show different levels of strain in

the finished part.

rorming Frocess

Fig. 25: Simulating the pressing of a sheet metal automotive
component. Due to the symmetry, only one quarter of

the component was modelled.
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Fig. 26: The computed residual stress pattern of a thin
aluminum strip showing the formation of a centre

buckle which may occur in the cold rolling of
aluminium.

Fiushed Product

—

Fig. 27: Simulation of a nozzle forming operation. The
contours show the strain rates that occour during
the forming process.
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Fig. 28: Computer integrated manufacturing scheme
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Fig. 29: The structure of penicillin G as normally drawn by
a chemist.

48




30: Image of a protein mo:ecule.
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Q

Fig. 31: A short segment of double-helical DNA, the molecule

at the centre of the chemistry of life.
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32:

33:

Complex between a 'hest' molecule and a

carbohydrate.

Spacefilling representation of Penicillin G.
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2. CAD/CAM - WAAT INDRISTRY NEFDS TO KNOW

In the 17%0< manufacturing terhnology has
matured tn the paint where advaared automating
techniques such az computer-aided desiagn and
manyfacture are the norm rather than thke exception
amnng the larger companies. One of the aims of this
terhnology has been the creation of a paperless
system of enyineering infermatinn exchange nnt nnly
within tha campany but also with its suppliers.
CGespite this, many small to medivm-sized companiec
in [reland wha are suppliers to these companies have
yet to incorporate this terhnelogy. In the past
this was due ta the high cost aof suck CAD/CAM
systems and the lack of communication standards
hatween the different (AD/CAM systems. Whare
standarde did exist they were snmetimes bHadly
imple.snted and not fully supparted. Tihe fart that
the larger corparatinns themseives had to overrnme
thege 4ifficulties made them mare symnathetic tn
thnse of their supplisrs. So much so thatl many
cupplier companies have become very conplarent to
the whnie idea of the application nf{ data excharye
and CAD/CAM within their nwn companies.

This is a very dangeraus complacency since the
advances in CAD/CAM, data evchange software and
machine contrels with a lowering in real terms of
the price systems means that larcer companies ran now
reaiistically incist that their suppliers apply this
technoloqgy. The increaced involvemen® of supplier
cmpanies in the early stages of produrt develapment
in acder to imprave quality, rut enqineering cos®s
and Tead times, will acceierate this tre:ud.
Therefore any company which does nct constantly
re-evaluate ils engineering methadc in "he iight of
this technnlogy faces a 'oss »f both a marufacturing
and marketing edge on their competitors.

For any rompany whn has rot yet brought ir
CAD/CAM, the whole area hoth intimidates and raises
false evpertations. This is very understandahle
since the descriptinas of thic tecbnolagy are eitier
ton simpiistic or too technically compiex to he of
any value in assessing its true impact cn the
Tfunctianing of tha rampany. The proliferation of
jaraon and buzz words serve to confuse the real
1ssups of CAD/CAM, which are, how much will it cost,
what benefits in terms cf quality, productivity and
marketing ran ba sxvpected, what can "t no’ don, and
how will it affect the running of the company?
CAR/CAM involves rhanges in both management and
manuiacturing methods and is not jusl the
introduction of a computing recource, Ultimately it
is nnt the bect (CAD/UAM cycton but the hest utilized
CAD/CAM cystem which brings rewards.

CAUD/CAM 5ystem types

When chancsing CAD/CAM system< there are two
distinc' groups, "icse based {or were in the past)
nn Pl ar¢ thoso based on more powerful coamputers
such as minis and wark .Zations. While these groups
are conv~rqing somswhat there {¢ <til] a marked
difference in price and capabil’ty.

If we taks PC-tasrd systems these are mainly
2 dimensional drafting systems which can have the
ability tn produces 3 dimensional visualization of
nb{pctﬁ. By visualization it means that the system
will display a 3 dimensinnal graphic model but data
on it< surface is not availab?e for analysis.
This means that any form of complex 3 dimensional
surfaring (necec<sary for 3-0 machining) is no*
possible. [t< main 256 would be to produce 3-D
graphics for demonstration and visvalization of a
product. Normally the CAM system ic a separate
madule with data heing brought in frem its companion
CAD sy<iem. Again these are limited to 2-D

cotouring or punching with a limited 3-0 machining
rapability. For any type of 2-D dimensinnal work
which would include mo<t drafting appliratinng
CAD/CAM PC-based systems are excellenl and are very
cost affective.

[f you decide however that you '"ave a 30
de<igr and 3-0 machining requirement .hea your
system 4ill probably be based on a workstation, or
mini-computer. Such systems are more espensive and
mare costly to maintain basically becaus<e nf their
pewer and arcuracy and the fact that they are nat as
numerovs as FCs.  The requirement {-r power i<
essential as 3-D analysis is murh more complev and
computer intencive. As well as narmal 7-D drafting
ahilities there is the ability tn gererate full
3-dimeasional surfaces and model<. These curfaces
can be then used by the system’'< (AM functions tn
gene-ate 3 to 5 axis machining paths. These also
usually offer a complete range of design snftware
and more powerfyl dratting features.

Most systems (this is true of all systoms) tend
tn be stranger in particular areas, and ran he
surprisingly weaker in others. This bas tended to
happen with systems that were ariginally FAD or CAM
only and upgraded to CAD/CAM. Tt is tharefore very
important to define your company's needs carefully,
hefore selecting a system, and vou must ensure that
this <selection is compatible with your company's
long-term manufacturing strategy.

Data transfer

As 1 have mentioned before data transfer hetween
CAD/CAM systems is bacoming more and more vital to
rompanies. In the early 1980s this area was
extremely badly supported, but in the last few years
't has became more surcessful due to data transfer
heroming a major issue with CADR/CAM system customers.

The thr-e ways to transfer data are:

1. Compatible systems;
2. Direct translators;
3. Heutral format files.

The simplest way to minimize problems with data
transfer is to purchase the same type of equipment
as your customer. The obvious advantage is that
your drawings are completely compatible. The
disadvantages are firstly that you need to have and
expert to retain a lot of business with that
customer, The other problem is that a computer that
is ideal for your customer’'s de<ign purpnses might
he unsyitable for your own. (An example might he a
CAD system with a poor CAM implementatinn).

Special-purpose translators are programmes whirh
diractly translate enginesring data from nne computer
tn annther. The need accurs hecause different
CAD/CAM systems do not have a standard format far
describing drawings within their cystems. These
dirert translators change one system's drawings into
another system's format. The first problem with
these translators is that they are sometimes not
availahle because different (AD vendor< are not
willing tn divulge information on their system tn
the programme writer. Due to this difficulty they
can al<o be very expensive. This is made wnrse hy
the fart that a new translation programme muct be
written after every update of either of the two (AD
system's software. [t can be very cost effective if
a large part of your business is with ane customer
and your engineering requirement means that you must
use a different system than your customer.

(Source: AMT, October 1989)



3. APPLICATIONS

Design, modelling, and analysis

Just a few years ago, CAD/CAM was an expensive
technology affordable by only a few large firms.
Tnday, with the advent of PCs and workstatioens,
software te do drafting, modelling and analysis can
be justified by almast all engineers.

Today, much of the basic drafting and design
done by engineers is done on PCs and workstations.
Until recently, most production design work done on
PCs was 20. There were a few solid modellers and 3D
software packages available for desktops, but these
were used primarily for visualization. However,
with the advent of 32-bit-based desktop computers
and powerful nperating systems, 30 systems capable
of doing prnduction drawings are mare common for
desktop computers.

Orafting and design

Basically, all drafting software operates in
the same way. Points and lines that comprise a
drawing are entered into the drafting system through
any number of input devices. A set of cress hairs
is commonly used to indicate the starting point of
drawings. The drawing process often is aided by
pull-down function menus, which put the system into
different modes to construct basic elements with
minimal user input. For example, a rectangle can be
defined by a corner point and its diagonal. Circles
can be drawn in several methods, including centre
and radius, or three points on the circumference.
Interactive graphics often show these elements
before they are actually entered into the drawing
file. A circle, for example, is displayed as soon
as its centre point is indicated. By moving the
input device, the circle expands or contracts. When
the circle is the correct size, it is entered by
pushing a button on the input device.

Most drawing packages provide a number of ways
to change the drawing once it is entered into the
computer. A line editor deletes lines or shows line
lengths and angles. A point editor moves points,
makes Yines parallel or makes a line intersect with
another line, circle, or arc. "Undo" commands
permit the last element or specific object to he
deleted. A "window" can also be drawn on the
screen, with all objects entirely in the window
being deleted.

Many functions provided by drafting software
are intended to increase ease of use. For example,
3 specific area can be seen in greater detail by
"zooming” in on the drawing. This function can be
controlled in several ways, including a percentage
of z00m or zoom inside a window. A drawing can alsn
be moved horizontally or vertically by a "panning”
function. This, teo, is controlled in several
ways. The pan can be for a specific length, or
defined by 3 line drawn on the CRT showing the
length and angle of pan.

A series of equally spaced points called a grid
can be displayed on the screen to aid in the drawing
process. The spacing of this grid can be defined hy
the yser or made as a default value. The grid helps
draw straight lines and gives the operator a feeling
for the scale. A related function is called snap,
in which entered lines "snap” to the nearest grid
point. The snap can be turned on or off, depending
on what the operator is doing.

Once drawn, objerts can also be interactively
moved or "dragged" on the screen. A copy function

also permits an object to be copied anywhere else in
the drawing. Most systems also allow the user to
define symbols and put them in the drawing when
needed. So-called symbol libraries can be purchased
for certain applications such as piping or interior
design. Such a file cortains dozens or hundreds of
predefined objects that can be called up and placed
in the drawing.

Some systems also automate much of the
dimensioning required for the drawing. Through meny
commands, the user can have the system compute and
display distances or angles in the appropriate
Tocations. Dimensions usually are not associated
with geometry. In associative systems, however,
changing geometry will change the dimension
autematically. [corametric systems allow users to
change geometry by making dimension changes.

Text can 3lsn be placed on the drawing through
the keyboard. Several fonts typically are
available, and characters can be displayed in a
range of sizes and angles. The text may be centred
or justified right or left and even he positioned on
an irregular curve or angle. Text is located by
definyng 3 single point on the drawing.

Another important function is layering, in
which the drawing is split into several distinct
overlays. This function helps simplif‘ creation of
the drawing and makes plotting easier because
separate layers can be easily plotted in different
colors. layers can also be plotted separately to
automatically generate a variety of drawings. For
example, printed—circuit boards can be plotted in
layers for holes, circuits, and components. Some
systems automatically generate separate layers for
elements such as dimensions. Some newer systems do
not use layers, per_se. but allow users to group
geometric elements and turn these elements on and
off as required.

Many of today's drafting programs allow users
to also develop wire-frame models. Wire-frame
models represent 3D part shapes with interconnected
line elements. Also called edge-vertex or
stick-figure mndels, wire frames are the simplest 30
geometric representation, though not the easiest to
create.

More advanced techniques such as solid
modelling have evolved out of frustration with
wire-frame modelling. However, wire-frame madel<c yse
Tittle computer time and memory, and thev provide
precise information about the lncation ot surface
discontinuities on the part. Wire frames, however,
contain rn information about the surfacos themselves
nor do they difrerentiate hetween the inside and
outside of objects. Thus, wire frame- can ha
ambigunus in representing complex physical <tructures
and nften leave much interpretation te users.

Wire-frame models are created by sperifying
points and lines in space. To rreate th> model, the
interactive terminal screen is ysually divided into
sections showing varinus views of the mode!. Some
systems use only a single view with a movahle
workplace on which points and lines lie.

The designer uses the CRT in much the same
manner as a drawing board to create top, bottom,
side, isometric, and other views of the mndel. The
designer need no‘ manually draw each line in a wire
frame, rather, the CAD system construrts the lines
hased on yser-specified points and commands chosen
from an instruction menu.
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Most lines comprising a wire-frame model are
straight. To generate a line, the user may
designate two end points and give the computer a
LINE command. Or a line may be auvtomatically
produced parallel or perpendicular to another line
or tangent to a curve. Sowme CAD systems produce
straight-line elements with up to 40 such techniques.

Similar automatic features can also produce
curved lines. Circles may be produced by a
specifying point and a radius, three points on a
circumference. or tangent points to two or three
other curves. And conics - complex curves such as
ellipses, hyperbolas, and parabolas - may be
produced by specifying appropriate points.
systems can also generate splines - smooth,
continuous curves fit through a series of arbitrary
points specified by the user.

Most CAD

Many other CAD features provide additional
user-modeliing aids. For example, points and lines
created in one view may be automatically projected
in other views. And once specific details have been
modeliled, the system can duplirate them repeatedly
at specified locations on the model. In some
systems, individual lines can be deleted from the
model at any time. Moreover, in working the complex
models, vsers can temporarily erase selected lines
from the screen without deleting them from the model
to view mare clearly the area under construction.
Erased 1°nes can be recalled to the screen at any
time. Likewise, certain model areas may be enlarged
and later reduced. After completing a model, users
may blank out hidden lines to give the model a solid
appearance.

It is important to remember, however, that not
all models that look like 30 wire frames are
wire-frame models. Some PC software allows users to
build isometric models that appear to have
Z-axis depth, but in reality do not. These systems
are usually called 2 1/20 system.

Geometric modelling

Although wire-frame models are the simplest
form of geometric model, the term most often is
assoriated with surface and solid modelling. Many
ambiguities of wire-i,/3me models are overcome with
surface models, which define the outside part
geometries precisely and help produce NC machining
instructions where the definition of structure
boundaries is critical. However, surface models
represent only an envelope of part geometry, even
though features such as automatic hiddon-line
removal make the model appear as a solid.

Surface models are created by connerting
various types of s -face elements to user-ipecifiel
Tines. The entire model may be comprised of
different types of interconnected surfaces. Vith
surface modelling, however, an entire structure may
provide more detail than necessary for many
applications, <o some models combine surfaces for
detailed faces, with wire frames representing the
rest of the part.

CAD systems provide extensive syrface menus
from which to model. Typiral surface menus include
planes, tabulated cylinders, ruled surfaces, and
surfaces of revolution, along with sweep, fillet,
and sculptured surfaces.

The plane is the maost basic surface type. The
system merely creates a {lat plane between two
user-specified straight lines. A tabulated (ylinder
is the projection of a free-farm curve into the
third dimension.

A ruled surface is produced between two
diffsrent edge curves. The effect is a surface
generated by moving a straight line through space
with the end points resting on the edge curves. A
surface of revolution is created by revolving an
arbitrary curve in a rircle about an axis. This
capability is especially useful in modelling turned
parts and parts with axial symmetry. The sweep
surface is an extension of the surface of
revolution. Sweep suriaces, however, sweep an
arbitrary curve through another arbitrary curve
instead of a circle.

The fillet surface is a cylindrical surface
connecting two other surfaces in a smooth
transition. This is a tedious, subjective operation
that has been done manually in indus!r¥ for years.
But CAD systems solve the problem of blending
surfaces with the precise mathematical continuity
required by many applications.

Sculptured surfaces are the most complex
su: face representation. There are many types of
sculptured surfaces, including curve-mesh,
free—form, B-spline, and cubic-patch surfaces. A
sculptured surface is a differential surface created
from two families of curves. Tuese familirs are not
restricted to being orthogonal, nor are the curve
types fixed. Curves need not even be parailel. The
two curve families intersect one another in
criss-cross fashion, creating a network of
interconnected patches.

Sculptured surfaces are complex contours that
canno® be described with the usual lines and rurves
of conventional modelling. Typical structures
containing such contours range from helicopter
blades and automobile bodies to camera cases and
glass bottles.

Solid models unambiguously define geometry and
volume, providing the ultimate way to describe
mechanical parts in the computer. Unlike other
approaches, such as wire-frame or surface mcdelling,
solid models provide the accuracy needed for precise
mechanical design. And. solid models hold the
potential to create a base of data that provides a
complete description of the part to downstream
applications.

Traditiona’ly, however, solid models have been
used primarily in stand-alone manner to calculate
mass properties, simulate operation of critical
romponents, ard create realistic images. Although
these applications represent great leaps over manual
design, they are only a hint of the benefits that
can be had by using solid models.

Indeed, the latest generation of <olid modellers
are now huilt specifical?y for their largest group

of potential users - mechanical encineers. Thrse
programs are made to act as the primary (ool used by
mechanical designers, and potentially form the cnre
of an integrated approach to engineering.

Solid models are constructed in two ways: with
primitives or with boundary definition. Bath of
these methoads develop romplex qeometries from
sucressive comhinations nf simple grametric
operations.

The Constructive Solid Geometry {CSG) method,
or primitive approach, allows slementary shaps: such
as blocks and cylinders to be caombined in
tuilding-block fashion. The user positior< these

primitives as required and then creates a new chape
with the propsr Boalean logic rommand (union,
difference, or intersection).




With bourdary definition. two-dimensiona!l
curtaces are sSwept throuch space to trace out
volumes. A linear sweep tranciates the curfare in a
stratght ine to produre an extruded volume. A
rotatienal cweep prodeces a part with avial
symmetry_  while a comnound sweep moves a <urfare
through a specified curve o generate a more compliex
srlid. Annther haundary construction technique
~alled qluing joins two pre.iously created solids
with a commen syrface. Iweaking makec local! changes
ta an overa!l chape.

Farh of thece constryctinn metheds is best
suited ta a particular clacs of <hapes. Most
iadustrial partc, fer sxampla concist of planar,
rvlindrical, or other simple shbapes and are readily
modailed with primitivec. But corponents with
romplex rontourc, such as antomnhile exhauct
manifolds and tarbiae blades, are mare easily
~odelled by boundarv definition. Becavce *the two
~adelling methade ecach have specifir Timitatinecg,
same ad:sanced programe comhine primitive and
houndarv-definition techniques to vnified pachages.

The speed nf a3 <olid modeller refers to the
tima it take< tn display, manipulate, and bu’ld a
madel. Farly <nlid modellers warked in batch mode,
whirh Vimited their use as intaractive mndellers.
Although these <nlid modeller< could be made fast by
allowirg them Yo approximate edaes and <+ -faces. the
inaccurate maodels they praduced made them iradequate
for engineering decign and manufacturing.

Tnday's solid mrdellrrs attempt to provide
interactive operation while maintaining accuracy.
Mavelopers are revamping their software or writing
ontirely new programs that take advantage of teday's
nnwerfyl workstatinns., The goal is to proaduce
interacrtive snlid-medelling systems that work fac<ter
than even wira-frame terhniques.

Grapnics hardaaro wade esspeciaily frr salid
modelling has receatly hecome available to helen
reach ths gnal. For example, some warkstations
aVlow each stage of the graphics "pipeline” to
nperate independently for faster cperation. In
addition, VLSI rchips are used to eliminate
btottienerks, and functinnc such as light sources,
shading, hidden_gurfare removal, and B-splines are
imnlemented in hardwara and microcode.

Finite-element analysis

Finite-plement analycic (FFA) is a
romputer-hased terhniqus far dotermining strescps
and deflections in a <trurture. f<gontially, the
metnad divides a structure into small elements
with eacily defined stress and deflection
rharacteristics. The finite-nalement method ic baced
on arrays of large matrix equations that ran only
he realictically solved by rnmputer. Mnct often,
FFA i< performed with commerrial programs. In
many rases, these programs require that the yeer
nnly ¥nows how to properly prepare program input.

The finite-slement method is applicahle in
several types of analyses. The mnst common i
static analysis, which solves far deflections,
strains, and stre<ses in a structure under a
ronstant set of applied lnad<. Material i<
agenerally assumed to be linear elastic in FFA,
but noanlinear behavinur <such ac< plastic
defarmation, creep, and large deflections ran
alsn he analys<ed.

Matural-frequency analysis calrulates the
freer-vibration natural frequencins and assnriated
mode shapes of a structure. This analysis predirts
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criticai operating conditions tor machinery and is
used in conjunction with experimental signature
analysis.

francient-dynamic analycic dotermines the
time-response histoary of a strurture <ubjected te a
forced displarement function. The structure may
behave Tinearly, ~r in scme cases, friction
plasticity, Yarge defiections or gaps may p-odie
nonlinear behaviour. Once the time respnance kistory
is known, complete defleclion and <tresc infarmatica
can Le obtained for <pecific times. A <imitar
methrd is forced-harmenic response analysia, «hich
rateulates the gsteady-state responie oi 3 <tivrture
te a rontinnous set of sinusnidal Inadings. “rmpler
dispTacement< and phase angles are ratrulated.
Deflections ard stresses may again he valrulated at
specifir times,

Hoat -trancfer analysis can snive steady-<tate
and transien® heat-tran<{er problems. Irn mn<t
cases, thermal_aitput data are applied ac inp-i to 3
structurai-analyeis prohliem Lo determine thormal
deflectinng and stresses.

The fircst step in finite-slement analysis i
rreatinn of a model that hreaks a structure intn
cimple standardized shapes or by a common
ro-ordinzte yrid system. The co-eordinate paints.
ralled node<, are locatinng in the andel whare
outpat data are grovided.

Mare than one type of elemeat can he iced in 3
model, including two-dimensional elements where all
force< and dicsplacements act in a plane.
Avi-symmetric elements far solids nf revnlutina are
also twn dimensional but have node displarements :n
radial and axial dirertion<s. Threa.dimencignal
solid elements are used where forces and
displacemants art in all three directinrc or whes &
cstrurturs has a complex genmetry that daes net allirw
twr-dimen<ional araiysis. Fisally, specialty
alerents such as shells, plate, and heam typrs are
nused where <ertioncs of a structure hehave arcording
to convertional shell, piate, and lnam theery.

Flement<s with nodes at vertices generally madel
only a linear variation of displarement with ren<tant
strain. Elements are alsec available, however, with
nodes between the vertices. These elements ran
modal high-order variations in dizplacement and
strain within an element. Elements with nodec alang
t eir sides are igoparametric. Additienal nndec
allow elemert <ides to form curved boundaries
Tsnparametric madels can cut model zan<truction
times, but require more processing time per eleaent .

Nodal stiffnecs properties for earh element are
calruylated by ths finite-slement pragram and arranged
intn matrices within the computer. These parametsr«
are then processed with applied load< and boundary
cronditinng for raleulatinn of dicplarement<, <train,
natural frequencies, or other data <specilird hy the
program.

Generally, t e finer the mesh, the more arcurate
the analysis. [n many cases, finite-element models
are developed for prototype designs for which
evperimental data can he ohtained. Onre
finite-plement analysis results and experimental
data are correlated, design modifirations are made,
and these subsequent rhanges are aften tested
through finite-element analysis befare heing
implemented on actual protontypec.

Finite-element svesults predic? relative rhanqge~

in deflection and <strece hotter than they predict
absniute deflections and stress. [f modelc of twn




similar structures are compared by finite_slement
analycic, the re<nltes will predict ‘he praopartionai
difference hotwaen the twn more accurately than they
will pradict the abcolute stresc in either one.

Accurate predictions nf relative deflertionn are
veeful in design work where modificatios to a
structure or machine i< conterplated. A
finite-~lpmant bhaseline anaiysic ran be rade for an
rvisting structure for whirh ctrecc ar deflection
data are Ynewn. & comparison is made bolweon
finite_slcemont recults ard knnwn separimentzi data
te ralibrate finito_alemant resylts an” prsvide a
paselire. FPraprcoed deciqn madificatineg then car ho
rempared te the hacelise model

Kinamat (s

Oftenr, engircers Accume kiremzt'rs analyiic ang
<ynthoazig are évvnnymnu<. whirh ¢ not trae.
b inematice anaiyses mation in a deflired mechanier.
Syntissic, ar the athar hand, comes up with the tes?
Acfinvtinn nf the merhanicm throsgh iteration. In
cvnibecis the Jdecigner deccribec tha parameterc of
the mechaniem ard the pragram deveinps aiternablives.

Synthecic i35 a mnre difficuylt prohiem than
binematirs. 1nlibs kinpmatire amalysis, whirh
starts with a mechanism decign, cynthagis <tarts
with the ha<ic descrip®ion of a mechanism - number
nl links, rurhrr of joints and joint type<,
connectivity of liaks and jnints, and specification
nf which links are grounded. Basirc Tinkage types
are defined within pragrams as kinematic chains.
Component dimensions are nnt specified. The
synthesis program then determines mechanism
structures required to perform specific tasks.
Synthesic also analyses how well certain mechanism
strurtures will satisfy design objectives.

Kinematic synthesi< programs are used
.principally to design four-bar linkage, although
some also synthesize six-bar linkages. The four
bar, however, is one of the most versatile types of
mechanisms for providing complex motion. Most
synthesis software, however, salves only certain
rlasses of prohlems. First, the required mechanicm
must be classified as being either planar or
spatial. Most mechanisms are planar, but contrary
to popular belief, a planar mechanism does not
necessarily lie in a single p'ane. Instead, its
moving components — such as a narallel set of
hinges - trace curves that lie in parallel planes.
Spatial mechanism< have pnints whose pathe are three
dimensional and do not lie in parallel planes.

Some binematic synthe<is programs use graphirs
tn make the <nftware easier to use. Typically, the
user specifies points and molion vectors with
interartive graphics, whirh ran be sasily maved
abnut the screen. After a number of pninte have
hbren sp--ified, the program will di<play pnceible
tocations of additional paintc ta complete the
machanism,

After a mechanicm has heen cynthegized, it may
he animated nn the screen to cherk for mechanical
acrtion. Viewing this animation allows users to
{udg» rriteria surh as clearaares nf the maving

inks, Some <yctem< permit thece animatianc tn he
made with shaded images 1o the mechani<m looks more
realistic, For clarity, the display is usually
rolour coded to differentiate links, fived pivats,
moving pivots, motion paths, and other elements.

Hechanical analysis

Merhaniral analysic determines the way systems
composed of mechanisms hehave while moving ar at

rect. Several analysis options are available in
thece [rograms.

Kinematic analy<is rairvlates large
dicplacements, velarities, and arrolerating of
mechanisms without regard to the farces ar macs
properties arting on them. In kinematic analysic,
the merhanism is driven by some nutcide force.
hicematir aralysis assumes zero degroes nf trrednw,
whirlh mean< that sarh ra_ardinate 18 ronstrained ta
a particular type ot moticn,
are ronsirained hy tying their end points o graand.

Many Y mec, rachanicmg

Statir_equilibrivm analyc: < ramhinag mntin-
aralye’s with magse prepertisc and farce data te
dotsrri~z nacitinng and jeint-rea-tinn fnrrac nf
mochanizxrs at rest.  Stati: analysic ran 2isa be
done an mechanisms at varicus pointe n their range
Statir
madele ran kave meltinle dogreas nf fresdnm. Matina
ard fnrce are nncooplesd in *hig typo af Faalysic.
That i<, the farces that act en *he m=rhanisme are
nnt a resylt of mation.

1t movement  when zern volnrity T8 agwemed.

flynamic analycic ucos mace prapertiec and
farrec o raliiace pocitinng, velnritiec,
arceleratinas, and jnint and rarstra‘nt-reartinng
forces of all madel part< when matinn i< cnupled tn
fereec in tha system. Mndolc may have any numher af
degrees n! freedom. Dynamic analys<is does pnt
assume equilibriim in mechanisms.  Analyces are doae
at disrrete steps within a sperified time
interval. Each degree of freedom in a dynamics
model i< associated with an independent ro-ordinare
for which the analyst must specify both initial
position and velocity.

Most dynamic-analysis pragrams are tailored to
<nlving a certain class of problems. Many of the
programs will solve kinematic problems as well, byt
software specifically designed for kinematic
analysis is usually more efficient for this type of
evaluation.

Large-displacement analyses are the most cosmon
type of dynamics problems. Large-displacement
analyses are often non-linear. They include many
discontinuous effects, making mathematics extremely
complicated. Software for handling these complex
problems often uses sparse-matrix method< and
stiff-system numerical-integration algorithms.

The sparse-matrix approarh solve< for a large,
but sparse set of first-order differential
equatinns. Numerous equations are uced to describe
the structyre, but only a few finite terme nccur in
earh equation. As a result, time ard ract of
praressing these equatinng i< much leqs than would
nrdinarily be inveolved.

Computer models for dynamie analysic include
geomatric data and mas< propertisag nf the strurture
as woli as applied forres. The madel often 15
rreated through part, joint, marker, foarre, and
grneratar statements typed by the user at the
terminal,

Part statements define geametry, mas<, and
moment of inertia of earh rigid part of the
ctructure.  Joint statements desrribe rontactc
hetwaen moving parts that hald the assembly
tngether. Jaints can be <pecified as praviding
translational and rotational movement inrluding
those of revolute, spherical, serew, universal,
rylindrical, and tran<lational joints, as well ac¢
mation of a rark and pinion. Marker ctatements

provide a3 point or co-ordinate sycstem fixed on each
part, arienting it tn other parts and together
defining the overall confiquration nf the <ystem.




Internal-reaction forces in the system are
selected from a library of standard force elements
such as dampers and linear springs. In addition,
user-written routines can be used to define other
parameters.

Graphics pre- and post-processing tonls for
mechanical-analysi< programs are not as well
develaped as they are in finite—element analysis.
Fart of the reason for the <lower development is
that mechaniral-.dynamics programs dn not require
detailed genmetric input. ATV that i< required are
three points of genmetry for each meckarism link,
which are the twn end< and centre of gravity. Masg
asd inertia mu<® alsn e defined for each centre of
gravitv. However, decpite the fact that the
ceametric models ars <implor it i¢ <till wasier tn
vizsualize mecrhanicms and get genretry rorrect with
craphkirg *har by s ribing the geometr,; with part
<tatementc,

Racir genmet-ir c¢ata ran be sent frovr CAD
rragrams thraugh diract interfaces. Interiacac ‘ram
radelinare and (AD prograsc to dynarics pregrars are
~nt doze throvgh such <tandard intorfaces a< [GES
because a critieal componert sf a binematics and
dynamirg madel - the centro rf gravity — ig rot
available through IGES »v-ept with specialired files
that are difficult ic vse.

Becance a complete qenmetric deccriptian ig net
ragiired, machanical analysic can be uced early in
the de<ign cyrls, befors the final! system shape ic
bnown. Fngineers can design a <ystem knowing only
the mass and inertia characteristics.

However . complete geometric descriptions are
required to properly postprocess a kinematics and
dyramics mndel. Postproces<ed models are ysed
primarily as debugging tonls to cherck for
interferences. Realistic animatinn can bs used to
cee motion that might be misced in a series of still
pictures.

Dynamic-analysis output is also typically
availahle in tabular form. Graphics may also be
produced showing output quantities such as
forre ver<us time, or force versus displacement.

Most dynamic analysis can be done assuming
rigidity, but in srme caces, the ability to model
flexibility can rome in handy. Computational
demande af flexible-hady analysis are intense,
hawever, sa until rerently, this type af analy<is
could nnt he done effectively hecause nf hardware
Timitations, 0Often, enginesrs woyld assume
flexibility and change arcrnrdingly the regultc
of a rigid-body analysis, while at ather times, a
mndel is broken into parts. and buchings and springs
loaded between the parts. Both these methads are
roncitere aelegant and imprecic<e by evpecte.

To42y, twn methods are bheing n<ed tn mnodel
flexibility more arcuvately, Ones methnd usec
finite-plement data to mndel flexihle ctrucrturec,
while another includes heam-slement thenry directly
in the dynamic—cimulatinn rode. Us<in
finite-element data to model flexihility requirec
conversion nf data formats between the
finite-slement and dynamics codes. Howsver, this
methnd may be more acrurate in some rircumctances
than the method that uc<e< beam elements. Yot,
analysis with beam elements may be faster and easier
to implement.

EVectronic design

Electronic CAD has, nver the years<, become
increasingly more integrated. Today. most

electronic design is done on computers, and
manufacturers 3 e working together to perfect
standard interfaces such as the Electranic Design
Interchange Format (EDIF). 1In addition, the link
between electronic and mechanical design is
receiving more attention.

Tools tn design printed-circuit boards (PrB<)
and integrated circuits (ICs) have hecome mare
automated. Today's high-speed PCR boards, with
their densely packed chips, for example, must be
routed more precisely than in the past. This meanc<
that tools myst make connections both acrurateiy and
agtamatically.

Wark<tations and PC< are typically used for
siectronic design. Software available for
workctatinne now doas all CAD tasbeg ard preduct
dorumentation. Mast often, workstation< are
retworkad tngether, with different rndec perfarming
diffareont design tacks. Fnaginecr< worting an tne
sare project can cgmmunicate amang themselves, <hare
infarmatior, and aff-lcad highly analyl?cal tagle te
powavfol compters.

The greatest tenefit of electronic CAD ic the
ability te farward and back anrntate during deginn.
For evample, the encinesr can <pecify the rrivizal
cireit requi-emants an a schematic and ‘forward
annotate them tn the CAD layeut decigner.
Electronir CAD taols are now ahle to trarcparently
‘rplement and check ceastraints such as minimem or
mavimen wire length, required via diametor  andg net
routing requirements. Once the decign is complete,
the design data can be back annatated to the
schematic so that signal-delay analysis can be done.

Printed-circuit boards are getiing smaller, but
because nf improvements made in [ packaging and
Tavout technolngies, they must hold an
ever_increasing number of ICs. Efficiency of a PCB
design system :s now judged by the ability to
generate a functioning, manufacturable board design.

Becavce of forward and back annotation,
schematic capture, which is the entry of a
cenceptual design into the computer, and netlist
extraction, which is the generation of a text file
defining pin connections, are inexorably Tiaked with
PCB routing and plarcement. P(B design seftware ran
aytomatically place compnnents based on the
netlist. To compare the placement of companente and
gates, the CAD sy<tem counts the mumber of rivcui?
crossings. Once placement i< made, compereats,
gate, and pin swappin? can be dons. Al <wape are
made within design rules defined prinr ta placement,

Routing algorithbmc are used te connert pinc ac
designed Ly the netlist. A maze <earch ravter ran
route a great percentage af the rapnectinns nn mrst
FrRz. Tattsrn rauters are used te raute reqular
areaz curk as memory arra,si. Other proqgrams car
ragte diananal hends in wires. Rnuting of diaganal
bende i5 required tn <ave honard <pare and meeot the
spend reayirement< of save [( dacigne, <uck as thace
of smitter-coupled Ingir decigns.

Depernding upon the complexity of the hoard and
the computational resources, routing may be 100 per
cont.  Scme syctems do not route 100 per rent of the
ronnpctions, lesaving the few remaining routec to be
made manually.

Host routers define a 25 or S0-mi) grid to sace
the routing task. Some gridded router< permit come
traces to he made off the grid to increace the
nimber of successful connections. In contrast,
gridless routers make inter—connertions without
regard to a predefined space. A problem wilh
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gridless routers is that editing wires located on
fine-grid increments i< difficult. M:lti-grid and
non-uniform grid methods allow route-channel
saturation and relatively -~imple wire editing.

With gutomatic routing, routing time must be
balanced with the percentage of routes completed.
for example. it may be better to manually finish
routing a board that has been 95 per cent routed, a
task taking 3 few hours, then to wait four or five
days until the board has been entirely auvtomaticaily
routed. (Source: Machine Design. November, 1989)

Computer-aided engineering has provided
engineers with the opportunity to analyse new
desians whilst they are still on the drawing board,
thus reducing the risk of manufacturing problems at
a later date and the costs of wasted tooling or raw
materials. This article discusse< the current
capabilitiec of CAE and gives examples of its use in
simylating metal forming processes.

Engineers kave used computer-aided methods in
stress analysis for many years. Thess methnds have
revolutionized drawing office practices in the
design of structures and components and the new
language of Computer Aided Engineering (CAE) has
emerged as 3 result. Today, 1t is communplace to
find arrays of graphics workstations and networks of
computers in the de<ign offices of large and small
companies alike and products can h> analysed
3d_infinitym long before proteotypes are manufactured
and tested.

Howsver, the stress analysis revoluticon does
not yet seem tc have reached those enginee-s who are
resgonsible for developing the manufacturin
processes which match the preaduct. The design of
tools and the development of manufacturing
techniques continues to be addressed on the basis of
trial and error and learning by experi.nce; this can
be hoth expensive and time-cons'ming. It does not
make <ense for a comﬁany to produce a better design
of product through the uce of modern methods if it
is still incurring cost penalties and time delays on
the run-up product launch because of a dogged
reliance on the *raditional approach to tool design
and development. If modern techniques can assist
with the bette- design of tooling at the
drawing-board stage, there is clearly an incentive
to employ them to reduce the risk of manufacturing
prohlems at a later date. To be 3ble to simulats
the Eroduction process itself, using the _omputer to
track the development of stresses, strains and
temperatures in the tools and workpiece, would he 3
rancsiderahlie step in the direction of "design for
manafacture”. This type of appliration i< a 9004
example of where modern <tress analysis techniquer
rould begin to make their mark on manufacturing
technolngy.

Manufacturing processec are inhsrently
non-linear, involving large amounts of plastic work
and/or changes in <hape and making the calculatinng
very complex. Tn solve such problems numerically
requires an evtremely powerful computer and
unohstrurted arcess to it. Within the last few
years, very powerful super-workstations and
mini-<upercomputers have arrived on the market and
the<e have, at last, brought affordable computing to
thn<e whn might need it for the purposes of
simulation. [This has, in turn, precipitated the
rapid development of those computer programs which

are necessary for the resclution of the non-linear
problemc outlined above. The "simulation toolkit®
has, therefore, only just arrived.

If these simulation techriques are applied
successfully at the pre-production stage, a number
of advantages result:

- Reduced tool design time ffewer
“trial and error™ cycles),

- Improved quality of product [through the
reduction or elimination of forming
defects), and

- Reduced wastage (through the development of
near net shape processec).

These factors can be trarslated diiectly into
reduced costs, improved productivity and increased
quality.

It is pessible to simulate a wide variety of
different foining processes, ranging from casting
throuch forging to rolling, pressing and drawing. A
number of examples are described balow.

Sheet metal pressing

Drawing operations on mild steel sheet are
shown in figures 1 and 2 on page 67. The purpose of
the simulation ia figure 1 was to predict the forces
on the tools required to fore the product, the
degree of pre—load on the blank-holder necessary to
hold the blank without over-constraining it, and
tendency of the sheet mstal to tear if the friction
at the hlank-holder stopped the material from
drawing properly. A series of simulations was
carried ont in which the blank-holder friction was
varied and the associated behaviour of the sheet
metal was studied. From the analysis, it was al<o
pnssible to identify areas of thinning and
thickening in the shest metal and areas where
excessive compression might lead to wrinkling.

The part shown in figure 2 represents a typical
automotive application. The geometry is irregular
and complex and, in this respect, it presents a murh
more difficult exercise than the component shown in
figure 1. However, the mathematical considerations
are identical, in principle, and the purpose of the
analysis was to determine how the blank would
respond during the forming process. In particular,
the analysis was aimed at the investigation of
splitting and wrinkling (which is likely to occur
when attempting to press a complex shape in a single
operation). Areas of thinning and thickening in the
chest metal rcould 3aVlso be identified, and material
flow paths could be predicted. Studying the
movement of the material as it draws from the
blank-holder during the pressing operation can be of
great help to the tonl designer in attempts to
improve the parformance of a troublec<ome tnol.

The program used for these simulaticns allows
the analyst to address completely arbitrar- three-
dimensional shapes and, if necessary, the effects of
planar and normal anisotropy can be included.

MNozzling

The nozzling process as it is applied to the
formation of 3 fire excinguisher cylinder is
illustrated in figure 3 on page 6R. The workpiece
is formed from 2 blank in the first stage operation
using a hack-extrusinn process. The resulting
cin<sed-ended cllinder is the preform for the <scond
stage, in which the open end is heated and then
forced into a shaped die to form the nozzle end.

- 57 -




The nozzle is then drilled and tapped to take the
machined parts through which the extinguicher «
charged and discharged.

The coloured diagram chows contours of
stiain-rate in the neck o>f the fire extinguicher.
There is a relationcthip between the strain-rates
incurred during forming and the metalluyrgical
strurture (e.g. grain-size) in the finished
product. Good correlation has been observed between
predicted strain rates and grain sire/location,
Teading confidence to the proposition that this
technique could be used as a design aid for
acsessing the best means of forming high integrity
companents such as pressurs vessels and asrospace
components. A series of parametric studies has alse
been carried out to investigate the effects of
factors such as interface friction between the
workpiece and the tool and pre-heat temperature.

Casting

0f all the forming procesces, casting is
probably the most difficult to <imulate. The
interaction between mechanical and thermal effects
is very streng: the f'yid phase during pouring is
followed by a transition to the solid phase during
cooling in the mould. and there are metallurgical
effects which have a first-order effect on the
finished product (i.e. variations in metallurgical
structure can have a dramatic effect on mechanical
integrity).

Unfortunately, at present it is not possible to
include all of these interacting effects in a single,
comprehensive simulation. Parts of the problem can
be addressed: the liquid/solid transition and the
subsequent cooling which takes place once the mould
has been filled can be simulated. For example, the
temperature-time histories throughout a component
and the progress of the solidification front have
been tracked, figqure 4 on pace 68. Since the
metallurgical structure of the end-product is
dependent on the temperature history experienced
during solidification, the outputs from a computer
analysis of this kind could be used to infer the
ultimate merhanical properties in various different
parts of the structure. Developments are now in
hand which will allow the software to predict the
Tocations of shrinkage defects, warping, hot-tearing,
and the effects of mould expansion or contraction.

Adopting the CAE 3pproach

The potential advantages of CAE may be
attractive, but making successful use of it requires
technically competent people, software capable of
handling o very wide range of mechanical and thermal
phenomena, and hardware which i< sufficiently
powerful that useful ralcolations can bes completed
within reasonable timeframes. Having the right
people with the right attitudes is the key to
success and this, in turn, requires clearly stated
nbjectives and <ound technical training.

With reqgard to snftware, unfortunately a
perfect <ystem does not yet exist. There is no
commercially available <ystem that can handle all
asperts of all forming procecsses. There are some
very slfertive <oftware packages that can deal with
a subh-<st nf the problems at hand, as has been
illustrated by the examples cited above. Thece
prahiems are complex and the softwars required tn
address them can he expencive, thersfore it ic wel!
worth seeking expert advice hefore making a purchage.

With hardware, it is clear that the more
powerful the squipment, the hetter the result.
However, there are natural constrain’s on thig
philosophy, notably from the cost point of view,

The most powerful supercompulers can rost several
million pounds and lnix price bracket i< well beyond
the rearh of most potential users. [t i< not always
necsssary to go to thece extremes and it i< possible
to run srme software on workstatiance costing as
littie as £10,000-20,000.

Generally, the cheaper the hardware, the slower
it rung, with the consequence that a cralculation
which takes one minute on 2 supercomputer could tate
two hours on 3 workstation. At the bottom end, the
types of simulation described in this artirle might
take anything up to SO0 hours far the mnst complex
problem, figure 2, although for a hardware
expenditure in *he order af £20,000-30,000, the<e
tires can be improved by a factoar of five or siv.
The trend of increasing performance and reducing
cost is likely to continue for the foreseeable
future and therefore the outlook for those wishing
to adopt simulation terhniques is bright. [Indeed,
one of the brightest prospects is the transputer
which, if it fulfils its promise, will deiiver
supercomputer performance at workstatinn prices in a
few years time.

Conclysions

The costs associated with tonling-up for
production can be very large. Simulation techniques
can earn their paybac{ many times over if they lead
to shortened development programs and minimization of
the trial-and-error process. Llikewise, a reduction
in the use of raw material or a reduction in scrap
rates for defective parts can aiso provide a very
rapid gayhack for the initial effort. [t may take
several weeks and several thousands of pounds to
perform an analysis, but if it Teads to time savings
of months and cost savings of hundreds of thousands
of pounds, the investment speaks for itself.

With the falling cost cf computing hardware
pointing to increased use of these .echniques, it is
almost inevitable that today's ewerging capabilities
will be viewed as cosmonplare within the next ftive
years. (Source: Metals and _Materials, July, 1989)

Enhanced forging through compyter simylation

The primary objective of manufacturing research
and development is to determine the most efficient
and optimum method of producing high-quality
products with minimum material waste. Also
important is the need to increase productinn rates
and reduce 1ead time<. Proper decign and control of
the manufacturing proress require a clear
understanding of all procres< parameters and their
influence on metal-flow chararteristirs. (omputer
simnlation of a manufarturing prorecs, surh as
farging {nr example, helps predict process
hehaviour, allowing effertive process design and
rontrn)l without gning thraugh a costly and
time-cansuming pre-production trial-and-error
forging operation. One surh computer-simylation
code, ALPID (analysis of larqge plastic incremental
deformatinn), is used to simylate the forging
process, Thic finite-slement method-based rode
provides information on material flow during
defaormation and predicts the required deformation
Inad, strecs dicstribution, effective <train, and
slfoctive strain rate.

friction first
The interface.-friction factor i< one nf the

most important process parameters that mus<t he
identified prior to simulating any metal-warking



pracess. Friction significantly influences material
flow, forming-load requirements, and formation of
surfaces and defects in any metal-forming process.
Thus, a detailed knowledge of both friclional
effects on and frictiona) stresses in the
tool/workpiece interface is necessary.

Two methods are used tn obtain a quantitative
measure of the friction co-efficient. In one
approach, the co-efficient of friction accarding to
Coulomb's law of friction is determined by the
equation:

o= Tr/N

where P is the shear stress at the tool/workpiece
interface, and N is the stress normal to the
interface. Coulomb's law of friction depicts
sliding fri_tion at the interface, and generally is
considered valid for situations where the normal
strece at the workpiece/die interface is Tow. Ag
the warkpiere is compressed, material flows outward
Taterally causing shear stresses at the die contact
surfaces. The natural radial flow of the material
tc oppoced by surface shear, which is directed
toward the centre of the woarkpiece.

The alternative approach to Coulomb’< Taw of
frictinn i tormed the law of constant-shear
friction, which defines frictinn in a hat
metal-warking process more appropriately. A common
situatinn encnuntered in a hot-wnrking process is
"stirking friction”, whirh results fram the ahsence
of relative maotion between the tnnl and the
workpiece. Ir this instance, the interfare friction
hetween the tnaol and workpiere is regarded as a
material of -onstant shear stress. he interface-
shear stress i< ronsidered to be a constant fraction
of the yield stress in shear. The interface-_friction
coefficient factor, mg, i< the ratin of interface
shear stress, rs. to the yield stress in shear,

Ys© ™ T rilys-

The interface-friction factor has a value from
zero to ore. A value of zero represents perfect
slidivc; i.s., thers is no shear or friction at the
tool/workpiece interface. A value of one represents
sticking friction; the interface-shear stress equals
the yield stress of the material in shear. For hot
metal-working processes invalving large plastic
deformation, it generally is better to use the
interface—friction roefficient fartor to describe
the effects of friction. The interface-friction
factor is a constant for a particular tool/workpiece
interfare and is independent of velocity.

“ne of the most romman techniques used tn
measure the interface-friction coefficient factor is
the ring rompregsion test, in which a flat,
ring-shaped specimen (1.5-in. 0.0., 0.75-in. 1.D.,
and 0.5 in. thick) is compressed by flat dies. The
interface-friction factor is determined hy measuring
the per cent change in the internal diameter of the
ring for a specific per cent reduction in ring
height. Thic is pnssible herause the change in the
internal diameter &f the ring depends largely
on Mf.

[n this study, the interface-friction factor
between an aluminium-alloy workpiece and steel dies
using a molybdenum-disulfide lugricant was
determined by simulating a ring-compression test.
Processing conditions used for the ring-compression
test must be the same as those used in the actual
metal-forming process for which the interface-
friction factor will be quantitatively determined.

Eleven different ring-romprescinn tests having
interface-friction factor values from 0 to 0.5 were
simulated using ALPID. Processing conditions of the

top die, such as temperature and velocity, are the
same for each simulation. The simulations were
carried out until the compression of the ring
reached 60 per cent of its original height.
Geometrical symmetry of the ring makes it necessary
to simulate only a one-quarter portion of the ring.
Modal co-ordinates of the corner nodes of the ring
wers extracted (making sure that the possibility of
"folding"” at the corner node pnints did rot exist)
and were used to calculate the percentage height
reduction and the percentage increase in diameter.

Friction calibration curves are plotted using
these values, allowing a comparison of different
lubricants, which helps in the selection of the most
suitable lubricant for a particular appiication.
Actual ring-compression tests can be conducted using
each cf the lubricants until the predetermined
reduction in height of the ring is attained. The
friction factor for each test condition can he
determined by measuring the percentage rhange in the
internal diameter of the ring. A comparison of
evperimental data with the calibration curves
derived from the ALPID <imulations shows that a
friction factor of 0.35 is an appropriate valuve for
these ring tests, and was used for ail the forging
simylations in this study.

Simylating a forging process

The fine—element analysis code, ALPID, is
applicable to both rigid/plastic and rigid/
viscoplastic materials under either isothermal or
nan-isnthermal processing conditions. The results
cf isothermal-forging analysis provide information
on material flow during deformation, and this
information can predict the required deformation
load, the distriEution of stresses, effective
strain, and effective strain rate.

Application of the finite-element method and
computer simulation of a forging process using ALPID
helps to achieve a better understanding of material
bebavinur during forging and the forging process
itself. Information derived from the ALPID
simylation, such as grid-distortion plots,
Yoad-stroke relationships, prediction of effective
strain, effective stress, and effective strain-rate
distribution (in the form of rontour plots) helps to
design the process and to determine material
formability,

Some forging operations must be controlled
within a very narrow temperature range to develop
rertain required microstructures and properties. In
conventinonal non-isothermal farging, one of the
major problems is a loss of heat in the workpiece
due to chilling by the colder tnoling. Die chilling
severesly limits permissihle redurtions and <hape
complexity hecause the re<istanre of the wnrkpiece
to flow increases with decreasing temperature. 1In
isntharmal farging, both the workpiecs and dies are
at the same temperature, and the forging i< done at
Yow strain rates to minimize changes in temperature.

Closed-die, flashless, isnthermal farging is
nne of the most sfficient ways to form
high-precisicn, net-chape or near-net-shape parts,
which are preferred by users to conserve materials
and reduce machining costs. In closed-die farging,
the material is formed by bringing the dies together
<0 that the workpiece is entirely enclosed. The
impression for tha forging can he either <olely in
one of ths dies or can he divided between the dies,
and complex shapes can be forged within very close
dimensional tolerances.

Becauce rib/web sections are widely used as
aircraft structural components, isothermal,
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