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ABSTRACT

DEVELOPMENT OF AN INTELLIGENT TOOL SELECTION SYSTEM
IN PROCESS PLANNING

OZCAN, M. Emin
Ms. In Mechanical Engineering
Supervisor: Prof. Dr. 1. Hiiseyin FILIZ
September, 2001, 94 pages

Despite the rapid development in process planning systems, there has been
insufficient progress in the area of cutting tool selection by using expert system of artificial
intelligence techniques. This study is an attempt to fill this gap.

Automatic selection of cutting tools for machining operations is a complex task
which requires considerable experience and knowledge. In this study, cutting tool selection
jyrdcess is carried out by a computer program through extensive searching of difference
between catalogues and manuals. The most suitable cutting tool is selected among various
cutting tool types by using all related cutting tool selection criteria which are stored in the

‘database. They are classified into subgroups considering their machining type, material
property and application type. For the optimum cutting conditions, dept of cut, feed and

cutting time are calculated and used for selection of cutting tools.

The computer program is written in DELPHI 5.1 programming language on
personal computer. The use of program is illustrated with practical examples.

Key words: Process Planning, Expert System, Cutting Tool



OZET

ISLEM PLANLAMASINDA ZEKi KALEM SECIMININ GELISTIRILMES]

OZCAN, M. Emin
Yiiksek Lisans Tezi, Makina Miihendisligi B6limi
Tez Yoneticisi: Prof. Dr. 1. Hiiseyin Filiz
Eylil, 2001, 94 sayfa

Islem Planlamasmdaki hzh gelismeye ragmen, yapay zeka tekniklerinden uzman
sistem’i kullanarak kesici takim segiminde yeterli ilerleme sajlanamamigtir. Mevcut
calisma, bu alandaki boslugu doldurmak amaciyla yapiimgtir.

Talag kaldirma iglemlerinde otomatik kesici takim segimi karmagsik bir is olup,
tecriibe ve bilgi gerektirmektedir. Bu calismada kesici takim se¢im islemi, katalog ve
yardimci el kilavuzlarmm bilgisayar programu tarafindan genis bir sekilde aragtinimasiyla
yapilmaktadir. Uygun kesici takim’1 segebilmek i¢in pek ¢ok kesici takim ve ilgili segme
kriterleri veri tabaminda saklanmaktadir. Bunlar, imalat ¢esidi, malzeme 6zellifi ve islem
tirline gére altsmiflarda gruplandirilmigtir. En iyi kesici takim sartlar: icin talas derinligi,
ilerleme ve kesme siiresi hesaplanarak kesic takimin segiminde kullamlmgtir.

Bu bilgisayar programm bir kisisel bilgisayarda DELPHI 5.1 programlama dili
kullamlarak hazirlanmigtir. Programin kullanihsi Srneklerle g6sterilmistir.

Anahtar Kelimeler: Islem Planlama, Uzman Sistem, Kesici Takim.
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CHAPTER 1

INTRODUCTION

There is no doubt that modern computing technologies have made a significant
impact on manufacturing systems. These technologies have been used for developing many
methods, techniques and tools to support the design and manufacturing functions. Tlﬁs
includes such developments as Computer Aided Design (CAD), Computer Aided
Manufacturing (CAM), Computer Aided Process Planning (CAPP) and Computer
Integrated Manufacturing (CIM).

The main objective of a CIM system is to integrate the CAD and CAM
components. The total integration of these two components into a common environment
‘CAD or CAM is still under development. Many of the major developments have been
uncoordinated and there is a great deal of overlap in terms of their intended functions. For
example, the present CAD or CAM systems have their strength in geometrical definition,
i.e.,, CAD component and CAM is mostly limited to CNC programming.

Since many activities within design and process planning have been implemented
as computer software in the form of computer-aided design (CAD) and computer-aided
process planning (CAPP), it is now becoming feasible to automate process planning tasks
as a design takes place and information about the component being designed becomes
available. Computer Aided Process Planning (CAPP) consists of determining the processes
required to produce the part and putting those processes in a suitable sequence. Many

different process sequences may be obtained for a part, taking some criteria into account



like machinability and safety. Although the ultimate goal in process planning is to decrease
total production time, the primary objective is to provide a suitable way to produce the
most functional parts with high quality in an optimum time [19].

In automated batch production, on-line process planning is desirable. The
conflicting demands of increasing flexibility and efficiency on the shop floor require the
rapid transfer of manufacturing information. Hence, there is a need for CAPP systems,
which cover the whole process of decision-making, from the integration of the product
model through to the generation of programs. These systems must be capable of taking
routine decisions automatically to ensure that the user is not an essential bottleneck in the
information flow and only required to act as supervisor dealing with exceptions. In this
way, process planning can be carried out quickly and accurately to meet the demand of the

automated machine shop

The main function of a Computer Aided Process Planning (CAPP) system is to
provide process planning information to other manufacturing systems in an efficient and
cost-effective way. CAPP intelracts with systems such as Computer Aided Design (CAD)
connected at its upper level and Computer Aided Manufacturing (CAM) connected at its lower

level

The CAPP systems available in the market are incomplete and limited when
compared to the number of CAD and CAM systems available. Process planning function

involves a number of activities as follows:

- Analysis of part requirements.

- Selection of raw workpiece.

- Selection of manufacturing processes.
- Selection of machine tools.

- Selection of cutting tools.

- Selection of operations.

- Sequencing of operations.

- Determination of machining conditions.



Among the functions of modules of a process planning system given above, there
has been little progress in the area of tool selection. The development of systems for the
automatic selection of cutting tools for machining operations is complex, and owing to the
complexity and variety of machining and availability of many cutting tools for the same
operation type, it is a very complex process to automate the selection of cutting tools
therefore the tool selection process is mostly carried out manually through extensive
searching of catalogues and manuals. The optimum selection of cutting tools and
conditions cannot be simply based upon the familiarity, experience and the memory of

individuals.

Success in metal cutting depends upon the selection of the proper cutting tool
(material and geometry) for a given work material. A wide range of cutting tool materials
is available with a variety of properties, performance capabilities and cost. The tool
materials are rated by their permissible cutting speed in machining steel materials. The
cutting tool is the most critical part of the machining system. The cutting tool material,

cutting parameters, and tool geometry selected directly influencing the decision are:

e Work material characteristics (chemical and metallurgical state).

e Part characteristics (geometry, accuracy, finish and surface-integrity
requirements).

e Machine tool characteristics including the workholders (adequate rigidity
with high horsepower and wide speed and feed ranges).

e Support systems (operator’s ability, sensors, controls, methods of

lubrication and chip removal).

Selection of cutting tools and holders are important steps in Computer Aided
Process Planning (CAPP) systems because a part program must include tooling
information. There is variety of cutting tools and holders available in the market from
which the most suitable one is to be selected for each operation. Tools and holders
databases are extracted from manufacturers catalogue are prepared and used for this

purpose.



From 1980 or so expert systems began to be used in process planning. An expert
system is a computer program, which simulates human experts to make decisions and solve
problems. An expert system contains two major and related components, a knowledge base
and an inference engine. The knowledge base provides specific facts about the subject, and
the inference engine provides the reasoning ability that enables the expert system to form

conclusions.

Expert systems are one of the most developed branches of Artificial Intelligence.
An expert system is a software program that encodes the knowledge of experts and uses
techniques other than conventional computer languages to represent that knowledge.
Frequently, experts possess knowledge which is extremely valuable to a company, but
which cannot be expressed easily in conventional computer programs. Their knowledge
often relies on experience from past situations, which is reapplied when necessary to deal

with a similar situation. This knowledge is often represented in the form of rules.

Like conventional programs, expert systems usually perform relatively well-defined
tasks. Unlike conventional programs, expert systems also explain their actions, justify their
conclusions and provide end users with details of the knowledge they contain. An expert
system may be easier to debug and modify than a traditional program performing the same
task, because the knowledge is separated from the algorithms and is readily accessible at

run time.

The aim of this study is to prepare a computer-based intelligent system for the
automatic selection of cutting tools. The main objective of the thesis is to develop a
procedyre for the selection of cutting tools, to develop a dynamic programming-based
system and to determine the resulting cutting parameters. This will help the designers and
manufacturing planners to select an optimal set of cutting tools and cutting conditions for
different material properties and to give users alternatives on how to reduce processing

time.
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The most relevant works are reviewed in Chapter 2. General theory of artificial
intelligence and structure of expert system are stated in Chapter 3 and Chapter 4
respectively. Chapter 5 and Chapter 6 present cutting tools for turning and milling
operations. In these chapters all cutting parameters, types of cutting tools and cutting tool
selection criteria are explained. In Chapter 7, cutting tool and material selection are
expressed and execution of the program is presented with screen views. Finally, in Chapter

8 discussion and conclusions are given.



CHAPTER 2

LITERATURE SURVEY

2.1. INTRODUCTION

This chapter presents a brief survey of the most relevant literature related to the
study reported in this thesis. The following section is devoted to the reviews on cutting tool

selection systems.

2.2 CUTTING TOOL SELECTION SYSTEM

Over the last few decades, the range of engineering materials encountered in
machine shops has increased greatly, as has the variety of cutting tools that are capable of
machining these materials. In the early 1980s research work was undertaken in the area of
Computer Aided Manufacturing (CAM) and Computer Aided Process Planning (CAPP). A
number of systems have been developed to select a tool or a set of tools for a specific

operation or a set of operations [1].

‘There are two approaches for tool selection. One is; “selection of tool by using
type of operation only”, and the other is “selection of tool by taking optimum cutting

conditions into consideration”.



Maropoulos and Hinduja [2,3] used the automatic tool selection system (ATS),
which selects the optimum tools for rough turning and finishing operations. Operations
performed on a CNC (Computer Numerically Controlled) turning center tool selection
procedures are described. Tools are selected by using the cutting data for first and last
passes in a multi pass situation. The tools considered herein consist of a holder and an
indexable tungsten carbide insert. The finishing profiles may be stepped or even contain a
recess or shoulder. For all tools that are plausible, the system calculates the machining cost

based on approximate cutting data for the first and last passes in multi-pass situation.

Domazet [4] developed an automated tool selection system by the production rule
matrix method. The system is designed by a production rule matrix method using a table
formed rule base to replace IF-THEN rules. The system is very heavily dependent on

information provided by the manufacturer.

Hinduja, S. and Barrow, G developed [5] a semi-intelligent tool selection system for
turning components. The system is user friendly and highly interactive. It is capable of
dealing with all the operations normally associated with the manufacturing of tuming

compaonents.

Dereli et al. [6] developed an integrated system called OPTTOOL, which is
capable of selecting the best tool among many alternatives that can work with optimum
parameters, while minimizing the number of tool changes and/or tool traveling distance
within a set-up, as well. Tool selection procedures are directly incorporated the
optimization procedures in order to control fitness of optimized cutting parameters to the

selected cutting tools simultaneously.

Veeramani and Gau [7] described a two-phase methodology for selecting an
optimal set of cutting-tool sizes to machine a 24D pocket. In the first phase, they
employed a new concept called the Voronoi mountain in order to calculate the material
volume that can be removed by a specific cutting-tool size, the material volume that will

subsequently remain to be machined, and the cutter-paths (and corresponding processing



times) for each cutting-tool. In the second phase, they applied a dynamic programming

approach for optimal selection of cutting-tool sizes on the basis of the processing time.

Ribeiro and Coppini [8] presented a machining database system involving
procedures to make comparative tests using different tools and optimize the attained
results. The objective is to find suitable cutting conditions for application at industrial
scale. The selection of the conditions and cutting tools was based on the maximum

production conditions achieved in the industrial plants.

Wong et. al, [9] developed a first prototype of a rule based expert system
containing a fuzzy logic described strategy. This paper further describes development of
fuzzy models and their feasibility. Development of several models for different cutting
tools is presented and discussed. The feasibility of a generalized fuzzy model for all the

cutting tools is also presented.

Arezoo et al., [10] developed a knowledge-based system for selection of cutting
tools and conditions of turning operations. The system developed can be used to select the
toolholder, insert and cutting conditions (feed, speed and depth of cut). It is able to analyze
and optimize cutting tools and condition selection. In addition, the user or tool supplier is
able to modify and enhance the system to meet their individual requirements. This system
is constructed and implemented using Prolog. It contains an inference engine, a user
interface and explanation facility a complete shell, a knowledge base, and an optimization
model for machining conditions. The input to the systém developed is the part and tool

files, which include the representation of the part features and cutting tools.

Baker and Maropoulos [11] defined architecture to enable the vertical integration
of tooling considerations from early design to process planning and scheduling. The

architecture is based on a "five-level” tool selection procedure. -



Yuan-Hung and Landers [12] studied the implementation of multiple process
controllers in which multiple process controllers and strategies in machining operations is

coordinated by a supervisor

Maropoulos et. al,, [13] describes the cutting data estimation functions of an
aggregate tool selection system during the early stages of design. They concentrated on the
data structures and methods required to implement tool selection within a feature-based
design environment and also discusses the estimation of machining times necessary to

assess the tools selected using machining performance related criteria.

Edalew, Abdalla and Nash, [14] developed a computer-based intelligent system
for the automatic selection of cutting processes and tools within a concurrent engineering
environment. The system comprised of several modules; the knowledge acquisition
module, the knowledge base module, the inference engine, the user interface, and the
database. The developed system, which was designed to cover different component shapes
including cylindrical, prismatic, different types of machining techniques, conventional and
less conventional, has the potential to deal with complex products that are made up of
multiple components. The system is capable of selecting cutting tools. It calculates cutting
conditions and estimates component cost, based on the properties of the work piece
material and features attributes, which include surface finish and tolerances, as well as
using a number of production criteria such as material removal rate, tool life, machining

time, and cost.

Mookherjee and Bhattarcharyyaa [15] presented an expert sy/stem, which
automatically selects the turning tool insert or milling insert, the material and the
geometry, based on the requirements of users. Trade-off among the different cutting
parameters of the operation is also performed by the developed system as and when
necessary. Executing some practical problems highlights the application of this developed

expert system.



Ahn et al., [16] investigated how current CAD/CAM tools and environments are
evolving to facilitate distributed design and fabrication processes, design analysis services

for distributed design and fabrication uses.

Kengskool and Resnick [17] developed an innovative method, which can be used
to provide the necessary information directly to the workplace. This approach is the use of
a computer-based knowledge system. This system would assist the ergonomist in selecting
among the evaluation tools by providing detailed information about the tool’s applicability
to a particular manufacturing system. The developed program has several important
characteristics, including a user-friendly interface, a comprehensive database of ergonomic

evaluation tools, and a robust design for tool selection.

Iwata and Fukuda [18] developed KAPPS (Know-how and Knowledge Assisted
Production Planning System). The machined surface and initial shape of the part can be
recognized by the system. It also selects the reference surface, determines precedence
relations, selects machine tools, determines cutting conditions and selects the required

cutting tools and fixtures.

10



CHAPTER 3

THEORY OF ARTIFICIAL INTELLIGENCE

3.1. INTRODUCTION

In the past decade, there has been great explosion in the area of artificial intelligent
(AI) techniques. The power of Al comes from its role in the production of items, plant
organization, representing and utilizing knowledge by computers. In other words, the main
goal of Al is to simulate human behavior on the computer. The knowledge and use of
knowledge are the key characteristics. The art of bringing relevant principles and tools of
Al together for solving difficult application problems is therefore sometimes referred to

knowledge engineering [16].

Al has provided several techniques with applications in manufacturing, such as
Expert System (ES), Fuzzy Logic (FL), Artificial Neural Network (ANN), and Genetic
Algorithm (GA).

3.2. EXPERT SYSTEM

Although there are some different definitions, an expert system can be defined as a
computer program that exhibits, within a specific domain, a degree of expertise in problem
solving that is comparable to that of a human expert. As this definition is, in fact, quite
typical of those provided in a fair number of texts on expert system. When properly



interpreted this definition serves to capture, but only to a certain degree, the expert system

concept.

Expert system serves to rather strongly imply that an expert system is, quite
literally, nothing more than a computer program or, at best, some type of alternative to
conventional computer programming. There are, in fact, a number of authors who use the
term expert systems programming in their discussions of expeft systems. This emphasis on
computers and computer programming can, in turn, lead one to presume that the
designation of knowledge engineer is just a fancy term for computer programmer. Those
knowledge engineers are individuals who employ expert systems programming in place of
more conventional programming languages, such as FORTRAN, BASIC, C, or COBOL
[25].

Expert system methodology and its components are presented in the following

chapter.

3.3 FUZZY LOGIC

In the simple form, fuzzy logic theory is an extension of traditional theory. In
traditional theory, events are considered as true or false. But in fuzzy logic theory, it can be
true, false and between them, means that a certain degree of truth or a certain degree of

false. So fuzzy logic theory is dealing with vague concepts such as more or less. [31].

Generally, simple linear systems or naturally automated processes have not been
improved by the implementation of fuzzy logic. On the other hand, fuzzy logic seems to be

most successful in two kinds of situations:

1. Very complex models where understanding is strictly limited or, in fact quite
judgemental.
2. Processes where human reasoning, human perception, or human decision

making are inextricably involved.

12



The reason to use fuzzy logic is listed in general in the following [32,33].

. Fuzzy logic is conceptually easy to understand.
The mathematical concepts behind fuzzy reasoning are very simple. What makes fuzzy

nice is the naturalness of its approach and its far-reaching complexity.

. Fuzzy logic is flexible
With any given system, it’s easy to massage it or layer more functionality on top of it

without starting again from scratch.

. Fuzzy logic is tolerant of imprecise data.
Everything is imprecise if you look closely enough, but more than that, most things are
imprecise even on careful inspection. Fuzzy reasoning builds this understanding into

the process rather than tacking it onto the end.

. Fuzzy logic can mode! nonlinear functions of arbitrary complexity.

You can create a fuzzy system to match any set of input-output data

. Fuzzy logic can be built on top of the experience of experts.
In direct contrast to neural networks, which take training data and generate opaque,
impenetrable models, fuzzy logic lets you stand on the shoulders of people who already

understand the system

. Fuzzy logic can be blended with conventional control techniques.
Fuzzy-systems don’t necessarily replace conventional control methods. In many cases

fuzzy systems augment them and simplify their implementation.
. Fuzzy logic based on natural language.

The basis for fuzzy logic is the basis for human communication. This observation

underpins many of the other statements about fuzzy logic.

13



The basis for fuzzy logic is the basis for human communication. This observation

underpins many of the other statements about fuzzy logic.

3.4.GENETIC ALGORITHMS

Genetic Algorithms (GAs) are search algorithms based on the mechanics of neural
selection and neural genetics. They combine survival of the fittest among string structures

with a structured yet optimized information exchange to form a search algorithm.

Many papers and dissertations establish the validity of GA technique in function
optimization. Having been established as a valid approach to problems requiring efficient
and effective search, GAs are finding more widespread applications in CAD/CAM area
recently. These algorithms are computationally simple and powerful in their search for

improvement and are limited by restrictive assumptions about the search space [34].

GAs work with a coding of the parameter set and search from a rich population of
strings. They use only objective function information, not derivatives or any other auxiliary
knowledge. GAs use probabilistic transition rules, not deterministic rules. A simple genetic
algorithm is composed of three genetic operators; reproduction, crossover and mutation.
There are also other types of operators that yield good results like partially matched

crossover, inversion [35].

3.5. ARTIFICIAL NEURAL NETWORKS

Artificial Neural Networks are intended for modeling the organizational principles
of the central nervous system, with the hope that biologically inspired computing
capabilities of the ANN will allow the cognitive and sensory tasks more easily and more
satisfactorily than with conventional serial processors [36]. The study of neural networks is
an attempt to understand the functionality of human brain. The technology mimics the

brain’s own problem solving process. Neural networks are systems composed of many

14



simple processing elements operating in parallel whose functions are determined primarily
by the pattern of connectivity. These systems are capable of high-level functions, such as
adaptation or learning, and lower level functions such as data pre-processing for different

kinds of inputs.

Adaptation or the ability to learn is the most important property of neural networks.
A neural network can be trained to map a set of input patterns onto a corresponding set of
output patterns simply by means of exposure to examples of the mapping. This training is
performed by a gradient descent algorithm, which gradually adapts the internal weights of
the network, so as to reduce differences between the actual network outputs and the desired
network outputs. These types of ANNs can produce reasonable output vectors for input

pattern outside of the set of training examples [37].

15



CHAPTER 4

STRUCTURE OF EXPERT SYSTEM

4.1. INTRODUCTION

This chapter is devoted to the explanation of structure of Expert System.

4.2. EXPERT SYSTEM (ES)

There are numerous expert systems being developed for almost any manufacturing
activity [29]. Many major applications of expert systems can be found in the
manufacturing area. Expert system is widely used in design, process planning, scheduling,
material handling, quality control, machine diagnosis, machine layout and other operations
[19].

In the early 1980s, people expected that expert systems would revolutionise
computing and displace conventional computer systems. When this did not happen, the
general comment was that expert systems had failed. In fact, exactly the opposite had
happened. Expert Systems had become another tool that software engineers could use to
solve problems. Instead of revolutionising computing, expert systems had become a step in

the development of computing in general [20,21]

EKuURULl
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As a definition; Expert System is a computer program that uses knowledge and
reasoning techniques to solve problems that are difficult enough requiring significant

human expertise for their solution {22].

An expert system, also called knowledge based system, is an intelligent computer
program that uses knowledge and reasoning techniques to solve problems that are difficult
and require significant human expertise for their solution [23]. An expert system may
emulate the external behaviour of an expert, or it may attempt to closely model the internal
mental processes of the expert as well. Expert system has the ability to justify or explain
the rationale behind a specific problem solution. Unlike conventional programs, expert
systems can explain their actions, justify their conclusions and provide end users with
‘details of the knowledge they contain. One of the main difference between the
conventional program and expert systems is that the knowledge is separated from
algorithms and is readily accessible at a run time in the expert systems, while data and

algorithm are executed together in conventional programming.

4.3. EXPERT SYSTEM COMPONENTS

An expert system generally consists of the components as shown in Figure 4.1.
They are; a user interface, a knowledge base, an inference engine, a working memory and a

knowledge acquisition mechanism.
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l———b Knowledge Acquisition Mechanism

Inference

Engine 7 ) Knowledge
Working Base
Memory l T

User Interface

Figure 4.1. General Structure of an Expert System [24]

4.3.1. User Interface

The “user interface” is designed to provide a convenient means of two way
communication between the user and the inference engine. It enables a tutor to set up and
maintain the expert system, and prepare the knowledge to be entered into the knowledge

database.

4.3.2. Knowiedge Base
Knowledge base is to capture the problem solving expertise of an expert in a highly

constrained problem area and represent this person’s knowledge or expertise in a computer

that can approximate the expert’s ability to solve a particular class of problems [26]

The knowledge base is a file that contains the facts and heuristic that makes up an
expert’s knowledge. The knowledge base is expressed in computer codes, usually in the
form of IF-THEN rules or frames, with series of question. The problems are solved by
using these rules through inference engine. The knowledge required to solve a specific

problem is called the domain of an expert system.
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4.3.3. inference Engine
The “inference engine” is the knowledge processor, which looks at the problem

description and tries to find a solution. It can be considered as a program that applies
domain knowledge to known facts to draw conclusions. Inference engines are domain
independent such that they apply domain knowledge to case specific application. The
explainer is used to find out how a solution was obtained from an expert system and which
individual steps were taken. The user can communicate with the explainer to obtain a
report about the operation of the expert system. If the user desires, he can obtain

intermediate data and information on how the knowledge was used.

An important subset of the general area of expert systems concentrates on explicitly
representing an expert’s knowledge about a class of problems and providing a separate
reasoning mechanism called “inference engine” that operates on this knowledge to produce
a solution. The inference engine serves as the inference and control mechanism for the
expert system and, as such, is an essential part of the expert system as well as a major
factor in the determination of the effectiveness and efficiency of such systems. Inference,
in turn, is the process of drawing a conclusion by means of a set of rules, for a specific set
of facts, for a given situation. Inference is thus the knowledge processing element of an

expert system [25].

The inference engine contains rules and facts. However, the rules and facts of the
knowledge base pertain to the specific domain of expertise while the rules and facts of the
inference engine pertain to the more general control and search strategy employed by the
expert system in the development of a solution. These two sets of facts and rules are

purposely kept separate in the typical expert system.

This separation results in several advantages. First, it permits one to make changes
in the knowledge base with minimal impact on the inference engine. Second, it provides
for the development and use of expert systems shell. Expert system shells contain all of the

necessary components of an expert system with the exception of the knowledge base.
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4.3.4. Working Memory

Working memory is a part of inference engine. It heavily depends on the Randomly
Accessed Memory (RAM) of the used computer.

4.3.5. Knowledge Acquisition Mechanism

A knowledge acquisition mechanism is used to acquire human expertise and
transform into the knowledge base. This module processes the data entered by the expert
and transforms it into a data presentation understood by the system. A knowledge base can
involve all of the methods that the expert uses to perform a task. When the explicitly
represented knowledge is combined with the fact of a specific problem, the expert system

is able to compute a solution to the problem.

In other words, knowledge acquisition is that of expert systems development
dedicated to the identification of the rules and facts that comprise the knowledge base. In
some cases, such acquisition may be accomplished through interviews with human experts.
In others, human experts either do not exist or are unavailable. In this latter instance, one
may either attempt to be one’s own expert or utilise, if possible, historical data to construct
a set of production rules. Yet another alternative is that we might consider training the
domain expert to at least recognise the existence of problems that might be approached by
expert systems [24].

4.4 REASONING METHODOLOGIES IN EXPERT SYSTEMS

There are mainly two types of reasoning methodology in expert system
programming in order to find a solution to problem [28,39].

4.4.1. Forward Chaining
This method is used to infer all possible solutions from given information. In

forward chaining, when one rule fires and asserts values and assertions that match the
antecedents of other forward or bi-directional rules, the system can then fire these rules,

asserting more values and creating more assertions, initiating further forward chaining. The
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system forward chains until there are no more forward or bi-directional rules whose

antecedents match objects in the knowledge base.

4.4.2. Backward Chaining
This method enables you to direct your search toward a particular goal by using the

reverse of the algorithm used in forward chaining. It is supposed that the application is
large, and only particular partial amount of the problem will be considered. If forward
chaining is used for the solution, resources will be used searching for solutions which
might not be needed. Instead, it is more efficient to consider only that particular amount of

the problem as a goal, and using backward chaining to solve for that one goal.

4.5. REASON TO USE EXPERT SYSTEM -

Expert systems can help to solve probiems that cannot be handled effectively by
conventional systems. The types of problems that normally lend themselves to successful
expert system solutions include diagnosis, configuration, planning, scheduling, selection,

machining and routing [20].

Expert systems represent a revolutionary transition from the traditional data
processing to knowledge processing. They offer an environment for incorporating data
processing to knowlédge processing. They offer an environment for incorporating the
capabilities of humans and the power of computers. Some of the advantages of expert

systems are summarised as follows:

¢ Expert systems can accommodate new expertise whenever new knowledge is identified
e Expert systems are able to explain their recommendations

o Expert systems can apply heuristics to reduce the complexity of search

e Expert systems reduce the company’s reliance on human experts by capturing expert

knowledge and store the knowledge in computers
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4.6, DIFFERENCE BETWEEN EXPERT SYSTEMS AND CONVENTIONAL
PROGRAMS

Main Difference between the conventional program and an expert system lies in the
documentation of heuristic rule set (or, as it is known in expert systems, the knowledge
base). This is known as the knowledge representation phase in expert systems, wherein a
relatively formal procedure exists regardless of the ultimate choice of representation (e.g.

frames and rules). No such formal scheme exists in conventional programming.

Another main difference lies in the separation of the knowledge base from the
inference engine within an expert system. In a typical conventional program, heuristic rules
and the inference procedures are all part of a single unit within the associated computer
program. And this commingling tends to complicate changes to either the heuristic rules or
the solution strategy, as well as to obscure the differences between the two elements of
knowledge [25].

The differences can be outlined considering the following [27]:
Expert Systems are knowledge intensive programs.
Expert Systems are highly interactive
Expert Systems use heuristics, conventional systems use algorithms
Expert Systems have intelligent user interface
Expert Systems have to deal with “fuzzy” data, which is derived from a consensus of

expert opinion

A

o

In Expert Systems expert knowledge is usually divided into many separate rules

7. Expert Systems justify the knowledge of the program. For example, if the program
claims a hypothesis as true, the user could ask for an explanation

8. The program might justify this conclusion on the basis of a rule.



CHAPTER §

CUTTING TOOLS FOR TURNING

5.1. INTRODUCTION

The purpose of this chapter.is to give a brief review of fundamentals of cutting

tools for turning processes.

5.2. TURNING PROCESSES

Turning is the process of machining external and internal cylindrical surfaces.
Relatively simple work and tool movements are involved in turning a cylindrical surface. The
workpiece is rotated into a longitudinally fed, single-point cutting tool. If the tool is fed at an angle
to the axis of rotation, an external conical surface results. This is called “taper turning”. If the tool is
fed at 90° to the axis of rotation, using a tool that is wider than the width of the cut, the operation is
called “facing”, and a flat surface is produced.

Boring is a variation of turning. Essentially it is internal tuming. Boring can use single-point
cutting tools to produce internal cylindrical or conical surfaces. It does not create the hole but, rather,
bores the hole to a specific size. Boring can be done on most machine tools that can do turning.
Other operations, like threading and knurling, can be done on machines used for tuming. In
addition, drilling, reaming, and tapping can be done on the rotation axis of the work.



By using a tool having a specific form or shape and feeding it inward against the work,
external cylindrical, conical, and irregular surfaces of limited length can also be turned. The shape of
the resulting surface is determined by the shape and size of the cutting tool. Such machining is called
form turning. If the tool is fed to the axis of the workpiece, it will be cut in two. This is called
parting or cutoff and a simple, thin tool is used. A similar tool is used for necking or partial cutoff.

Turning operations can be basically classified in the following nine types of

machining processes:

TURNING PROCESSES
Facing Turning
Profiling Grooving
Drilling Boring
Threading - Chamfering
Cutting off

All nine processes are illustrated in Table 5.1 by their process type.

Table 5.1. Turning Machining Processes

PROCESS TYPE TOOL ILLUSTRATION

1. Facing: Producing | Facing tool

flat and face
a. Facing to centre

b. Facing to shoulder o

2. Turning: Producing | Turning Tool ~

line profiles.

a. Straight turning
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Table 5.1 Turning Machining Processes (Continued)

Turning Tool

b. Taper turning

3. Profiling Profiling Tool

i i\
Producing  external
_line and circular
profiles

4. Grooving: Cutting | Grooving
various forms of | Tool

grooves
Side grogving

a. Side grooving

b. Face grooving Face grooving

o

5. Drilling Drill

Producing holes in

the spindle axis

25
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Table 5.1 Turning Machining Processes (Continued)

6. Boring Boring tool
Producing internal
line and circular
profiles
7. Threading: | Threading
Cutting various | tool
thread forms
a. External thread ‘
internal threod
b. Internal thread
8. Chamfering Chamfering
tool
Generative
chamfers at sharp
corners
9. Cutting off Cut-off tool

Separating the
working from the

stock
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5.3. FUNDAMENTALS OF TURNING

Tumning constitutes the majority of lathe work. The cutting forces, resulting from
feeding the tool, from right to left, should be directed toward the headstock to force the

workpiece against the workholder and thus provide better work support.

If good finish and accurate size are desired, one or more roughing cuts usually are
followed by one or more finishing cuts. Roughing cuts may be as heavy as proper chip
thickness, tool life, lathe horsepower and the workpiece permit. Large depths of cut and
smaller feeds are preferred to the reverse procedure, because fewer cuts are required and less
time is lost in reversing the carriage and resetting the tool for the following cut.

On workpieces that have a hard surface, such as castings or hot-rolled materials
containing mill scale, the initial roughing cut should be deep enough to penetrate the hard
materials. Otherwise, the entire cutting edge operates in hard, abrasive material throughout the cut,
and the tool will dull rapidly. If the surface is unusually hard, the cutting speed on the first
roughing cut should be reduced accordingly.

Finishing cuts are light, usually being less than 0.38 mm. in depth, with the feed as fine
as necessary to give the desired finish. Sometimes a special finishing tool is used, but ofien the
same tool is used for both roughing and finishing cuts. In most cases one finishing cut is all

“that is required. However, when exoephonal accuracy is required, two finishing cuts may be
made. If the diameter is controlled manually, a short finishing cut (6.4 mm. long) is made and the
diameter checked before the cut is completed. Because the previous micrometer measurements
were made on a rougher surface, it may be necessary to reset the tool in order to have the final

_ measurement, made on a smoother suiﬁwe, check exactly. [42]

In turning, the primary cutting motion is rotational with the tool feeding parallel to
the axis of rotation (Figure 5.1).
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- \“\ Rt IR
Workpiece 7

Figure 5.1. Basics of the Turning Process [39]

The rpm (N=n) of the rotating workpiece, establishes the cutting velocity, ¥, according
toV=nDn /1000 meter per minute. The feed, f, is given in mm per revolution. The

depthof cut is ap where;
Depth of cut=ap=(D; -D;)/2 inmm
The length of cut is the distance traveled parallel to the axis, L, plus some overrun,
A, to allow the tool to enter and/or exit the cut. Once the cutting speed, feed, and depth of cut

have been selected for a given material being cut with a tool of known cutting tool material,
the rpm for the machine tool can be determined.

1000,V ~
n= D, (Using the larger diameter).
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(L+A)

The cutting time = €= where A is overrun allowance

volume removed _ (z)} — aD;)1.

The Metal Removal Rate = W = (omitting allowance term)

time T AL/ N)
By rearranging for N, we obtain
2 2
w = 19900, D>)IV also W=1000 a,
4D, 60

where

N =n = Rotational speed of workpiecé (rpm)
tc = Cutting Time, (minute)

W = Metal Removal Rate, (m’/sec)

V = Cutting Velocity, Cutting Speed, (m/min)
F = f=Feed per revolution (mm)

a,= Depth of Cut (mm)

Last equation is an approximate equation, which assumes that the depth of cut, ay, is
small compared to the uncut from largest diameter D.
The profiling process is the similar formulation like basic of the turning process.

In the following sections some basic turning operations will be discussed.

5.3.1. Boring
Boring always involves the enlarging of an existing hole, which may have been made by

a drill or may be the result of a core in a casting, An equally important, and concurrent, purpose of

" boring may be to make the hole concentric with the axis of rotation of the workpiece and thus
correct any eccentncnty that may have resulted from the dnll's havmg drifted off the centerline.
Concentncrty isan unportant attribute of bored holes.
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When boring is done in a lathe, the work usually is held in a chuck or on a face plate.
Holes may be bored straight, tapered, or to irregular contours. Figure 5.2.a shows the relationship of
the tool and the workpiece for boring. Boring is essentially internal turning while feeding the tool
paralle] to the rotation axis of the workpiece.

(2) Boring a drilled hole [44]

.ap

— - F_

, n
o - Solid
D n *

=/

Tool Tool

(b) Facing ‘ (c) Cutoff or parting

Figure 5.2. Basic Movernents of Boring, Facing and Cutoff Processes
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. e L+A)
Given V and £, for a cut of length L, the cutting time is, {C = ———~

f N
Where: 1000V p g .
ere; n= or D;= Diameter of bore, where A is overrun allowance
1D,
7D;L-nrDiL)/4
The W = volume' removed _ (=D;L-=D:L)
time L/fN
\Y% —
= W=500 % a, f (omitting allowance term)

where; D; = original hole diameter

5.3.2. Facing
Facing is the producing of a flat surface as the result of a tool's being fed across the end of

the rotating workpiece, as shown in Figure 5.2.b. Unless the work is held on a mandrel, if both ends
of the work are to be faced, it must be turned end for end after the first end is completed and the

facing operation repeated.

The cutting speed should be determined from the largest diameter of the surface to be
faced. Facing may be done either from the outside inward or from the center outward. In either case,
the point of the tool must be set exactly at the height of the center of rotation. ‘Because the cutting
force tends to push the tool away from the work, it is usually desirable to clamp the carriage to
the lathe bed during each facing cut to prevent it from moving slightly and thus producing a
surface that is not flat.

In the facing of castings or other materials that have a hard surface, the depth of the first cut
should be sufficient to penetrate the hard material 10 avoid excessive tool wear. In facing, the tool
feéds perpendicular to the axis of the rotating workpiece. Because the rpm is constant, the speed is
continually decreasing as the axis is approached. The length, L, is D/2 or (D-D1)/2 for a tube.
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(L+A)

The cutting time = {C =

f N
aD%a N 7
TheWzVOl: 2 =500—?—f.apin mm > /min
CT 4L 60
for L=D/2

The Cutting off process is the similar formulation like facing process.

5.3.3. Parting
Parting is the operation by which one section of a workpiece is severed from the

remainder by means of a cutoff tool as shown in Figure 5.2.c. Because parting tools are quite thin
and must have considerable overhang, this process is less accurate and more difficult. The tool
should be set exactly at the height of the axis of rotation, be kept sharp, have proper clearance angles,
and be fed into the workpiece at a proper and uniform feed rate.

In parting or cutoff work, the tool is fed perpendicular to the rotational axis, as it was in
facing. The length of cut for solid bars is D/2.

__D1

e

D
For tubes, L =

The equations for CT and MRR are then basically the same as for facing. In boring, facing,
and cutoff operations, the speeds and feeds selected are generally less than those recommended for
turning because of the large overhang of the tool often needed to complete the cuts. Recalling the
basic equation for deflection of a cantilever beam, modifying for machining. The reduction of the
feed (or depth of cut) reduces the forces operating 6n the tools-and the réduction of the speed
-usually reduces the probability of chatter and vibration. '

The feed force, Fy, will deflect the tool to the side, resulting in loss of accuracy in cutoff
lengths. At the outset, the forces will be balanced if there is no side rake on the tool. As the cutoff
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tool reaches the axis of the rotating part, the feed force will deflect the tool away from the spindle,
resulting in a change in the length of the part.

5.3.4. Drilling
Most drilling on lathes is done with the drill held in the tailstock quill and fed against
a workpiece that is rotated in a chuck (Figure 5.3). Drills with taper shanks are mounted

directly in the quill hole. Feeding is by hand by means of the handwheel on the outer end of the
tailstock assembly.

It also is possible to drill on a lathe with the drill bit mounted and rotated in the spindle
while the work remains stationary, supported on the tailstock.

Figure 5.3. Types of Twist Drills and Shanks [44]
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The process of drilling creates two chips. A conventional two-flute drill, with drill of diameter
D, has two principle cutting edges rotating at an rpm of N and feeding axially. The rpm of drill is
established by the selected cutting velocity, V, where;

_ 1000V
<D

N

with V in feed per minute and D in mm.

Given a selected cutting speed and feed for drilling a hole in a certain metal with a drill of
known tool material, the rpm of the spindle of the machine is determined from the equation, written
above, the maximum velocity occuming at the extreme ends of the drill fips. The velocity is very small
near the center of chisel end of'the drill.

For drilling, cutting time s tc = Lf”;? = L;A

Volume _ mDL/4
cut L/f N

The metal removal rate is W = (omitting allowances)

5.3.5. Reaming

Reaming on a lathe involves no special precautions. Reamers are held in the tailstock
quill, taper-shank types being mounted directly and straight-shank types by means of a drill chuck.
Rose-chucking reamers usually are used. Flﬁted-chuckhg reamers also may be used, but these

should be held in some type of holder that will permit the reamer to float.
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5.3.6. Threading
Threading is the one of machining type in turning. Lathes provide for cutting threads

by machine. Although most threads are now produced by other methods, lathes still provide the
most versatile and fundamentally simple method. Consequently, they often are used for cutting
threads on special workpieces where the configuration or nonstandard size does not permit them
to be made by less costly methods.

There are two basic requirements for thread cutting. An accurately shaped and
properly mounted tool is needed because thread cutting is a form-cutting operation. The
resulting thread profile is determined by the shape of the tool and its position relative to the
workpiece. The second requirement is that the tool must move longitudinally in a specific
relationship to the rotation of the workpiece, becausé this determines the lead of the thread.

Threads can be cut by the methods shown in Table 5.2. The cutting tool usually is
checked for shape and alignment by means of a thread template, as indicated in Figure 5.4.

Table 5.2. Thread Cutting Methods

External ' ) Internal
Threading (on an engine lathe) Threading (on an engine lathe)
With a die held in a siock (inanual) With a tap and holder (manual,
semiautomatic, or gutornatic)
With an automatic die _With a collapsible tap (turref lathe, screw machine, or
(turret lathe or screw machine) special threading machine)
By milling By milling

By grinding
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e 7\|
a. External Threading b.Internal Threading
Figure 5.4. Schematic Ilustration of Threading Types [45]

External threads can be cut with the work mounted either between centers or held in a
chuck. For internal threads, the work must be held in a chuck.

The standard nomenclature for screw thread components is illustrated in Figure 5.5.
In both the Unified and ISO systems, the crest of external threads may be flat or rounded.

The root usually is made rounded to minimize stress concentration at this critical area.

Pitch _Depth of thread
Helix |
¢ angle / ~Root , - Crest
R [

!
i

g
P S
° o <]
a A5
PR S
I R
Single thread =1 x pitch Thread Angle

Double thread =2 x pitch
Triple thread =3 x pitch

Figure 5.5. Standard Screw-thread Nomenclature [44]
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In the metric system, the pitch always is expressed in millimeters, whereas in the American
(Unified) system, it is a fraction having as the numerator 1 and as the denominator the number of
threads per inch, thus 1/16 pitch being 1/16 of an inch. Consequently, in the Unified system threads
more commonly are described n terms of threads per inch rather than by the pitch. While all
elements of the thread form are based on the pitch diameter, screw-thread sizes are expressed in
terms of the outside, or major diameter and the pitch or number of threads per inch. In threaded
elements, lead refers to the axial advance of the element during one revolution; therefore lead
equals pitch on a single thread screw.

5.4. CUTTING TOOL MATERIALS
Three important properties of any cutting tool material are:

1. Wear resistance (resistance to the various wear mechanism)

S

Toughness (the ability to absorb energy and withstand plastic deformation
without fracturing under compressive loading)
3. Hot hardness (the ability to resist stresses and maintain hardness and cutting

efficiency at elevated temperatures)
The common cutting tool materials are high speed steel (HSS), tungsten carbides,

cermets, ceramics, and polycrystalline. Table 5.3 summarizes the characteristics and

applications of various cutting tool materials.
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Table 5.3 Characteristics and Applications of Cutting Tool Materials

Material Principal Characteristics :ypl.cal . Advantages
pplications
HSS .. Lower cost than
Tougher than carbides ﬁg";fe";udptm:ﬁ:f;‘g’ carbide longer tool life,
" | better surface finish,
Very tough, excellent edge Roughing to finishing | Higher cutting speed
wear resistance virtually any material | than HSS and tougher
including iron, steel, | than coated carbides.
g:_;?&a?d stainless steel, high
temperature alloy, non
ferrous and non-
metallic materials
Machining of steels,
Very tough, good thermal 'high  temperature Permit speeds to be
PVD ] shock resistance and crater alloys, stainless steels, | increased up to 15%
carbide resistance. High retained edge | difficult to machine when compared to
strength. Excellent resistance | materials, aluminum, | uncoated with no loss
to buildup on the cutting edge. | carbon and alloy of tool life.
steels. _
Cermet Finishing operations
on malleable cast .
Excellent resistance to wear, | irons, carbon steels, 1?;'; 'E)(;%(()mt:,r:ne;ggzltool
shock and heat. alloy stecls, stainless bid
steels, and aluminum carbide grades.
alloys.
Ceramics High hardness, excellent f:;gh;ggh aillziegdm i Better finishes at
(alumina base) | chemical wear resistance, of cast irons and stecls higher machining rates.
g High hardness plus high Roughing and Machining speeds up
E:Sr:;mcs(sﬂxcon fracture toughness and thermal | finishing operations | to 5000 sfin and
shock resistance. on cast irons. beyond.
Roughing to finishing
. : operations on Better than 30 times
Polycrystalline g:r;hn:::soglc:?;?iég aluminum and other | the tool life of carbide,
diamond (PCV) resi stance, soft or abrasive non- | even on high silicon
’ ferrous or non- aluminum.
metallic materials.
High speed machining | Provide many times
Cubic born Exceptional hardnpss, on hardened ferrous | the edge life of carbide,
nitride (CBN) excellent wear resistance and | materials in the 50 65 | climinate the need for
mechanical shock resistance. | Rc (480 740 Bhn) costly alternative
range. inding operations.
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CHAPTER 6

CUTTING TOOLS FOR MILLING

6.1. INTRODUCTION

This chapter covers cutting tools for milling processes. Fundementals of milling is
briefly given which is followed by milling cutters.

6.2 MILLING PROCESSES

Milling is a basic machining process by which a surface is generated progressively
by the removal of chips from a workpiece fed into a rotating cutter in a direction perpendicular to
the axis of the cutter. Sometimes the workpiece remains stationary, and the cutter is fed to the
work. In nearly all cases, a multiple-tooth cutter is used so that the material removal rate is high.
Often the desired surface is obtained in a single pass of the cutter or work and, because very good
surface finish can be obtained, milling is particularly well suited to and widely used for
mass-production work. Several types of milling machines are used, ranging from relatively simple
and versatile machines that are used for general-purpose machining in job shops and tool-and-die
work to highly specialized machines for mass production. Unquestionably, more flat surfaces are
produced by milling than by any other machining process.



Milling machines and machining centers are used to perform basically six types of
machining processes (Table 6.1). These are: [42]

e Facing e Slot cutting
e Profiling ¢ Hole machining
e Pocketing e 3-D surface machining

Table 6.1. Milling Machining Processes [42]

PROCESS TYPE TOOL - |ILLUSTRATION

surfaces

Producing part contours

1. Facing
Producing flat surfaces | Face mill for larger
surface
End mill for small @
2. Profiling End mill %

3. Pocketing End mill
Removing the material

enclosed by a closed
boundary
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Table 6.1. Milling Machining Processes (Continued) [42]

4. Hole machining Drill

a. Drilling

b. Countersinking Countersink tool
¢. Counterboring Counterbor tool

4]




Table 6.1. Milling Machjning Processes (Continued) [42]

d. Boring Boring tool
e. Tapping Tap

f. Reaming Reamer
Producing smooth

And precise holes
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Table 6.1. Milling Machining Processes (Continued) [42]

5. Slot Cutting End mill
Producing Various

types of slots

Blind slot

Step shoulder

6. 3-D Surface Boll-end mill ‘ A
machining

Cutting various types

of surfaces

6.3. FUNDAMENTALS OF MILLING

The cutting tool used in milling is known as a milling cutter. Equally spaced
peripheral teeth will intermittently engage and machine the workpiece. This is called
interrupted cutting. Milling operations can be classified into two broad categories called
peripheral milling and face milling. Each has many variations.

In peripheral milling the surface is generated by teeth located on the periphery of
the cutter body. See Figure 6-1. The surface is parallel with the axis of rotation of the
cutter. Both flat and formed surfaces can be produced by this method, the cross section of
the resulting surface corresponding to the axial contour of the cutter. This process is often
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called slab milling and is usually performed on horizontal spindle machines. In slab
milling, the tool rotates at some rpm (N) while the work feeds past the tool at a rate fy.

The surface cutting speéd is established by the cutter of diameter (D) according to:
V=nDN/60
in feed per minute where D is in mm. The depth of cut is # in mm. The width of cut is the

width of the cutter or the work in mm and is given the symbol W. The length of the cut,
L, is the length of the work plus some allowance, L, for approach and overtravel. [42]



The feed of the table, f,, in mm per minute is related to the amount of metal
ecach tool removes during a revolution (this is called the feed per tooth), f, according

to

fn=1fNn
where 7 is the number of teeth in the cutter (teeth/rev.). Given a selected cutting speed, V,
and feed, f,, for a given work mateﬁal and tool material combination. The cutting velocity

is that which occurs at the cutting edges of the milling cutter. [42]

The cutting time = tc = (L + Ly)/f;, in minutes, where

2 2
the length of approach=L, =JI—)4——(—122— t) =Jt(D-1)

TheMRR=Xt(—)1=£:ﬁ=Wtfm mm? / min, ignoring L,
c c
where

N = Rotationalyspeed of tool (rpm)

tc = Cutting Time, (minute)

W = width of cut (mm)

V = surface cutting speed (mm / minute)
n = number of teeth in the cutter

t = Depth of Cut (mm)

D = Cutter diameter (mm)

£, = feed of the table (mm / minute)

f, = feed per tooth (mm)

L = length of the cut (mm)

L = length of the work (mm)

MRR = Metal Removal rate (mm>/min )
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In face milling and end milling, the generated surface is at right angles to the cutter
axis. Most of the cutting is done by the peripheral portions of the teeth, with the face
portions providing some finishing action. Face milling is done on both horizontal-spindle and
vertical-spindle machines.

In face milling the tool rotates at some rpm (N) while the work feeds past the tool.
See Figure 6.2. The surface cutting speed is related to the cutting diameter D. The depth of

cut is ¢ in mm.

Figure 6.2. Basics of Face Milling [40]

The width of cut is W in mm and may be width of the workpiece or width of the
cutter depending upon the setup. The length of cut is the length of the workpiece, L, plus an
allowance for approach, L and overtravel, Lo in mm. The feed of the table, f,, in mm per
minute is related to the amount of metal each tooth removes during a pass over the work and

this is called the feed per tooth, f; where f;, = fNn. The number of teeth in the cutter is n.
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The cutting time, tc=(L+L+L0)/f, - in minutes.
The MRR= Volftc=Lwt/tc= Wi, in mm’/min (ignore Ly and L,)

The length of approach is usually equgl to the length of overtravel, which usually
equals D/2 mm. For a setup in which the tool does not completely pass over the workpiece,

Ly=L, ={Wd-W) for W<%

In milling, surfaces can be generated by two distinctly different methods, illustrated in
Figure 6.3. Up milling is the traditional way to mill and is called conventional milling. The
cutter rotates against the direction of feed of the workpiece. In climb or down milling, the .
rotation is in the same direction as the feed. The method of chip formation is completely
different in the two cases. In up milling the chip is very thin at the beginning, where the tooth
first contacts the work, and increases in thickness, becoming a maximum where the tooth
leaves the work. The cutter tends to push the work along and lift it upward from the table. This
action tends to eliminate any effect of looseness in the feed screw and nut of the milling machine
table and results in a smooth cut. However, the action also tends to loosen the work from the
clamping device, therefore greater clamping forces must be employed. In addition, the
smoothness of the generated surface depends greatly on the sharpness of the cutting edges. If
milling conditions create a built-up edge on the cutting edge, the BUE will not affect the
surface in climb milling.[40]

47



Blade takes Thin chip at
O thickness O entry with
at entry abrupt exit

N
\_/ N ~7
' / i Depth '_iDepth
7 of cut £ T of cut

{ ~& ——— Feed ! ~— ——Feed
(Down milling) ¢limb cut {Up milling) conventional cut

Peripherial or
slab milling

Figure 6.3. Up and Down Milling [40]

In down milling, maximum chip thickness occurs close to the point at which the tooth
contacts the work. Because the relative motion tends to pull the work-piece into the cutter, any
possibility of looseness in the table feed screw must be eliminated if down milling is to be
used. It should never be attempted on machines that are not designed for this type of milling.
Virtually all modern milling machines are capable of doing down milling. Because the material
yields in approximately a tangential direction at the end of the tooth engagement, there is less
tendency for the machined surface to show toothmarks and the cutting process is smoother
with less chatter. Another advantage of down milling is that the cutting force tends to hold the
work against the machine table, permitting lower clamping forces. However, the fact that the
cutter teeth strike against the surface of the work at the beginning of each chip can be a
disadvantage if the workpiece has a hard surface, as castings sometimes do. This may cause the
teeth to dull rapidly. Metals that readily work-harden should be climb milled. [40]

Milling is an interrupted cutting process wherein entering and leaving the cut subjects the
tool to impact loading, cyclic heating, and cyclic cutting forees. The interrupted-cut phenomenon
explains in large part why milling cutter teeth are designed to have small posftive or negative
rakes, particularly when the tool material is carbide or ceramic. These brittle materials tend to
be very strong in compression, and negative rake results in the cutting edges' being placed in
compression by the cutting forces rather than tension. Cutters made from HSS are made with
positive rakes, in the main, but must be run at lower speeds. Positive rake tends to lift the
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workpiece while negative rakes compress the workpiece and allow heavier cuts to be made.

Table 6.2 summarizes some additional milling problems.

Table 6.2 Probable Causes of Milling Problems [42]

PROBLEM PROBABLE CAUSE CURES
Chatter 1. Lack of rigidity in machine, Use larger arbors
(vibration) fixtures, arbor, or workpiece
2. Cutting load too great Decrease feed/tooth or number of
teeth in contact with work
3. Dull cutter Sharpen or replace
4. Poor lubrication Flood coolant
5. Straight-tooth cutter Use helical cutter
6. Radial relief too great
7. Rubbing, insufficient clearance | Check tool angles
Loss of accuracy | 1. High cutting load causing Decrease number of teeth in contact
(cannot hold deflection with work
size) 2. Chip packing Adjust cutting fluid to wash chips
3. Chips not cleaned away before | out of teeth
mounting new piece of work
Cutter rapidly 1. Cutting load too great Decrease feed/tooth or number of
dulls 2. Insufficient coolant teeth in contact
: Add blending oil to coolant
Poor surface 1. Feed too high Check to see if all teeth are set at
finish 2. Tool dull same height
3. Speed too low
4. Not enough cutter teeth
Cutter digs in 1. Radial relieftoo great Check to see that workpiece is not
(hogs into work) |2. Rake angle too large deflecting and is securely clamped
3. Improper speed
Work burnishing | 1. Cut is too light Enlarge feed
Sharpen cutter
2. Insufficient radial relief
3. Land too wide
Cutter burns 1. Not enough lubricant Add sulfur-based oil
2. Speed too high Reduce cutting speed
Flood coolant
Teeth breaking | 1. Feed too high Decrease feed/tooth
Use cutter with more teeth
Reduce table feed
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6.4. MILLING CUTTERS

CNC Milling Cutters can be classified according to the way the cutter is mounted in
the machine tool. Arbor cutters have a center hole so they can be mounted on an arbor.
Shank cutters have either a tapered or straight integral shank. Those with tapered shanks
can be mounted directly in the milling machine spindle, whereas straight-shank cutters are
held in a chuck. Facing cutters usually are bolted to the end of a stub arbor. Common types
of milling cutters, classified in this manner, are as follows:

ARBOR CUTTERS SHANK CUTTERS

Plain End mills

Side Solids
Staggered-tooth Inserted-tooth
Slitting saws Shell

Angle Hollow
Inserted-tooth T-slot

Form Woodruff key seat
Fly Fly

Figure 6.4 shows types of arbor-type milling cutters.

Slots for spindle

Insert V cutter
tooth
Arbor bearing surface
for outboard support

Figure 6.4. Arbor-Type Milling Cutters [40]
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Another method of classification applies only to face and end-mill cutters, and relates to the
direction of rotation. A right-hand cutter must rotate counterclockwise when viewed from the front
end of the machine spindle. Similarly, a lefi-hand cutter must rotate clockwise. All other cutters can
be reversed on the arbor to change them from one hand to the other. Positive rake angles are
used on general-purpose HSS milling cutters. Negative rake angles are commonly used on
carbide- and ceramic-tipped cutters employed in mass-production milling in order to obtain
the greater strength and cooling capacity, which they provide. TiN coating of these tools is

quite common, resulting in significant increases in tool life.

6.5. TYPES OF MILLING CUTTERS

Milling cutters are classified by their different properties. Milling cutters are
usually made of high-speed steel and are available in a great variety of shapes and sizes for
various purposes. The names of the most common classifications of cutters, their uses, and,

in a general way, are stated below sections.

6.5.1. Plain Milling Cutters
These type of cutters are used for plain or slab milling have straight or helical teeth on

the periphéry and’ are used for milling flat surfaces. Helical mills (Figure 6.5) engage the
work gradually, and usually more than one tooth cuts at a given time. This reduces shock and
chattering tendencies and promotes a smoother surface. Consequently, this type of cutter
usually is preferred over one with straight teeth.

Figure 6.5. Helical-tooth Milling Cutter [40]
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6.5.2. Side Milling Cutters

Side milling cutters are similar to plain milling cutters except that the teeth extend
radially part way across one or both ends of the cylinder toward the center. The teeth may be
cither straight or helical. When teeth are added to one side only, the cutter is called a half-
side milling cutter and is identified as being either a right-hand or left-hand cutter. Side
milling cutters are generally used for slotting and straddle milling.

6.5.3. Interlocking Milling Cutters

Interlocking slotting cutters consist of two cutters similar to side mills but made to
operate as a unit for milling slots. The two cutters are adjusted to the desired width by
inserting shims between them. Interlocking tooth side milling cutters can be repeatedly
sharpened without changing the width of the slot they will machine.

6.5.4. Staggered Milling Cutters
Interlocking tooth side milling cutters and staggered tooth side milling cutters are

used for cutting relatively wide slots with accuracy. Staggered-tooth milling cutters are narrow
cylindrical cutters having staggered teeth, and with alternate teeth having opposite helix angles.
They are ground to cut only on the periphery, but each tooth also has chip clearance ground on
the protruding side. These cutters have a free cutting action that makes them particularly
effective in milling deep slots.

6.5.5. Slitting Saws

Slitting saw teeth are either straight or helical in the smaller sizes of plain milling
cutters, metal slitting saw milling cutters, and end milling cutters. The cutting edge is
usually given about 5 degrees primary clearance. Sometimes the teeth are provided with
offset nicks, which break up chips and make coarser feeds possible. Slitting saws are thin,
plain milling cutters, usually from 0.8 mm to 4.8 mm in thick, which have their sides slightly
"dished" to provide clearance and prevent binding. They usually have more teeth per unit of
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diameter than ordinary plain milling cutters and are used for milling deep narrow slots and
cutting-off operations.

6.5.6. Angle Milling Cutters

Angle milling cutters are made in two types: single-angle and double-angle. Angle
cutters are used for milling slots of various angles or for milling the edges of workpieces to a
desired angle. Single-angle cutters have teeth on the conical surface, usually at an angle of 45 to
60 degrees to the plane face. Double-angle cutters have V-shaped teeth, with both conical
surfaces at an angle to the end faces, but not necessarily at the same angle. The angle of the
cutter edge is usually 30°, 45° or 60°, both right and left. Double-angle cutters have
included angles of 45, 60, and 90 degrees.

Most larger-sized milling cutters are of the inserted-tooth type. The cutter body is
made of steel, with the teeth made of high-speed steel, carbides, or TiN carbides, fastened to the
body by various methods. This type of construction reduces the amount of costly material

that is required and can be used for any type of cutter but most often is used with face

mills.

6.5.7. Form Milling Cutters

Form milling cutters have the teeth ground to a special shape, usually an irregular
contour, to produce a surface having a desired transverse contour. They must be sharpened
by grinding only the tooth face, thereby retaining the original contour as long as the plane of
the face remains unchanged with respect to the axis of rotation. Convex, concave, corner-

rounding, and gear-tooth cutters are common examples.

6.5.8. End Milling Cutters
End mills are shank-type cutters having tecth on the circumferential surface and one

end. They thus can be used for facing, profiling, and end milling. The teeth may be either
straight or helical, but the latter is more common. Small end mills have straight shanks,
whereas taper shanks are used on larger sizes.
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6.5.9. Plain End Milling Cutters

Plain end mills have multiple teeth that extend only about halfway toward the center
on the end. They are used in milling slots, profiling, and facing narrow surfaces. Two-lip
mills have two straight or helical teeth that extend to the center. Thus they may be sunk
into material, like a drill, and then fed lengthwise to form a groove.

6.5.10. Shell End Milling Cutters
Shell end mills are solid-type, multiple-tooth cutters, similar to plain end mills but

without a shank. The center of the face is recessed to receive a screw head or nut for
mounting the cutter on a separate shank or a stub arbor. One shank can hold any of several
cutters and thus provides great economy for larger-sized end mills.

6.5.11. Hollow End Milling Cutters
Hollow end mills are tubular in cross section, with teeth only on the end but having

internal clearance. They are used primarily on automatic screw machines for sizing cylindrical
stock, producing a short cylindrical surface of accurate diameter.

6.5.12. T-Slot Cutters

T-slot cutters are integral-shank cutters with teeth on the periphery and both sides. They
are used for milling the w.i'de groove of a T-slot. In order to use them, the vertical groove
mustﬁrstbemadewithaslottingmﬂloranendmilltoprovideclwancefortheshank.Bewuse
the T-slot cutter cuts on five surfaces simultaneously, it must be fed with care.

6.5.13. Woodruff Keyseat Cutters

Woodruffkey seat cutters are made for the single purpose of milling the semi-cylindrical
seats required in shafts for Woodruff keys. They come in standard sizes corresponding to
Woodruff key sizes; Those below 2 inches in diameter have integral shanks; the larger sizes
may be arbor-mounted.
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CHAPTER 7

INTELLIGENT CUTTING TOOL SELECTION SYSTEM

7.1 INTRODUCTION

In this chapter, the intelligent cutting, tool selection system developed in this study is
discussed. The features of prepared computer program and the method used in the

programming are presented.

7.2. GENERAL APPROACH FOR CUTTING TOOL SELECTION

Knowledge base for Intelligent Cutting Tool Selection System (ICTSS) should include
which is prepared by this thesis, includes the following functions..

. Selection of workpiece material

. Selection of manufacturing processes

1

2

3. Selection of machine tools
4. Selection of cutting tools
5

. Determination of machining condition
The development of systems for the automatic selection of cutting tools for machining

operations is in its infancy, and the tool selection process is still carried out manually through

searching of catalogues and manuals.



The suitable selection of cutting tools and conditions cannot be simply based upon the
familiarity, experience and the memory of individuals. A system is required to identify and
specify various tools and to verify their suitability and availability.

In the current study, manual-based tool sclection system is equipped with a suitable
methodology. This system includes the following features:

e A cutting tool database,

e A method of defining component geometry,
e A method optimizing cutting conditions,

¢ An interface with the end user.

The prepared computer program is written in DELPHI 5.1 programming language on
personal computer. The system is extended by the use of following:

e Borland Delphi, (which supported object-oriented programming)

e Paradox 7.0 Database

e Microsoft Access Database

e SQL, (enables the knowledge to be represented in a rule and frame format)
e HTML Codes,

e Autocad 2000

e Adobe Acrobat Photoshop 5.5

The system also has the facility to interface with any tool manufacture and enable them to
place their tooling system in the package. In addition, the system should be flexible enough to
enable the user to feed his own shop floor experience into the system and adapt it to specific

requirements.
The Intelligent Cutting Tool Selection System (ICTSS), which can select cutting tools and

cutting conditions for operations, is developed based upon several considerations.  (Figure

7.1) illustrates the general configuration of the ICTSS.
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In the design of ICTSS, the following considerations were considered;

1. System is developed in a modular basis to add different machining operations and
tool manufacturers.

2. It permits the user to develop the knowledge base, about either material or cutting
tool. Imt1a1 tool selection is made from the tools available in the current
knowledge base

3. For a given set of input, the system can select the cutting tool from cutting tool

manufacturer's catalogues, which is initially loaded into the system.
4. Tt selects optimized cutting parameters according to the criteria used in manufacturing

industry
) Knowledge Base g : ;ool Selection
. Y. A A 4 rogram
Material Hardness
Material Code number ) B
Metal Removal Rate Cutting conditions
<> Operaion Type i
Cuting Tool Database by o
Cutm-lg- formulations
Conditions
Selection 4
Module ‘ ‘ User menu
Expert System Shell lgéell:}ffg be':iween
<4—) an
¢ ﬂ Access
Inference Engine Working
User Interface “—> Memory

Fig. 7.1. ICTSS System Configuration

The system examines the workpiece material feature geometry and type of machining
operation selected for the feature and determines the tool specifications by applying related
rules in the knowledge base. It then generates the necessary cutting tool characteristics based

on the workpiece material, the geometry of part features and operation type, etc. Once these
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characteristics have been determined the cutting tool file is searched to find a tool, which
fulfills such characteristics. The rest of the tools are discarded in the cutting tool data file,

which cannot be used to carry out the operations.

7.3. CUTTING TOOLS IN A DATA BASE

7.3.1 The Program Database

The developed software has a multilanguage option that can be used under various
languages ie. English, Turkish .etc. It can store data from various firms (Seko,Hertel..etc.)
appropriate for cutting tools to be classified under hierarchy tree. A database structure was
formed using Paradox 7.0, to transfer image and numeric data fast to the user and to respond
fast to query of SQL and Delphi 5. One of the most difficult tasks in the addition of the data to
the database was the hierarchy tree in the database. A part of the hierarchy tree is shown in
Figure 7.2 .

TPi00 i
Tool szoo Threading

Material =~~~ Tp300
Cutting Tools //;%
\ / Turning /
Types Copy milling —

Disc mill —_—

/ Square shouldes ———

= / Minimaslel' —_—
Milling e ——— m —_—

——

Face Milling —___ Face Mill

\\\ \ Finishing Small feeds and di
Rough Dperation N For mixed product
For Cast Iron with shank

Large Depths of Cut With cassettes

1. Group

Workplce 2. Group Rough operations
Matenal = 3 Group
Groups \ > sz N

Fig. 7.2 Cutting Tools and Workpiece Material Groups Hierarchy Tree
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To be able tp solve the tree structure in the database, 3 field are as namely, ID, Group
uppergroup shown in figure 7.3 were added to the database structure. The binary tree
structures of the fields were solved by means of paths shown by arrows shown below.

From Machinine Tvpes Database. Tuming ID=2064400

D upid -~ Name1 .| Name2 Active | UpperGroup | Enabled} -Bresim. ] Kresim -
-
B | 2084400 | 2084384 T°°'t::’r:“:1';”'°' TRUE | TRUE | TRUE | (Picture) | (Picture)
2 ]
= & '
3 20684516 /2064400 Tuming External TRUE TRUE TRUE | (Picture) | (Picture)
@ ]
s g
o 1SQ-C -
= 2064550 V206451B External tuming TRUE TRUE TRUE | (Picture) | (Picture}
o holders
5 <
= u
_g 2064883 VZWO External tuming cS.. TRUE TRUE TRUE | (Picture) | (Picture)
s A ~
2 ra v
2084960 2084882 | Externaltuming | CSDM.. | TRUE TRUE | (Pleture) | (Picture)
AN
LY

P D gty | Length {MainACRa
b=~

E=

= .

l_c_' 2072587 CSDﬂNSZZﬁF"‘l? : 85786 88691 | 1 12 5] 45 0
-E \

w | 2080704 2064479 85786 o 12 12,7 0o | o8

Fig. 7.3 The Interrelationship Between Toolholder Groups and Toolholder Database.

Data fields of toolholder groups and toolholder databases and the arrows indicating the

interrelations between them are shown above.
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The solution of the Binary Tree Storage algorithm is given in Figure 7.4.

| START |
' |
“Machining Type
i Find Machining Type ~—
‘m Machining Type Machining
:Database And Get ID Type
Number ——1 Database
| SN
- — -
Find ID of Machining
Type into Group Field Toolholder
on Toolholder Groups Groups
Database and Get ID Database
Number, UpperGroup =

MpperGroup = False
\ Yes

—
"Find ID of Toolholder|— =
| Groups into Group Toolholder
; Field on Toolholder | And Insert
| And Insert Database Database
: and Get Toolholder
| specification
: Print Toolholder list
'On Screen o

- . /l’
| START |

Fig. 7.4. The Algorithm of Binary Tree Storage Method.
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Since available using Cutting Tool Catalogs data on computer program was
insufficient, Cutting Tool Catalogs in Portable Document Format (PDF) were ordered from
various firms. These Catalogs were mailed by these firms. As a result a huge document of
180 PDF files was obtained. This document was tried to be added to the software, but the PDF
formatted documents were Acrobat Reader files which did not let them to construct an
interface between various programs. These PDF files could only be used by calling them from
Internet Explorer. By doing so the PDF files embedding themselves into the explorer were
used by a different interface construction.

In. order to construct an interface by embedding PDF files, Microsoft COM
“Component Object Model” technology was due to use the advantages of object oriented
programming. By obeying the rules of COM on OLE (Object Linking and Embedding) the
program’s own “Internet Explorer” was formed. Afterwards, web site calling these PDF files
in HTML format was constructed. As soon as the site called PDF and Acrobat reader is
embedded into the program. As a result, a user-friendly interface is constructed between
Acrobat Reader. :

The codes enabling the interface between Acrobat Reader by using OLE technology is
given Figure 7.5.

procedure TFrmCatalog.FormPaint(Sender: TObject);
var f:OleVariant;
begin
// When Program are Painted, show own internet browser that copied
// internet explorer object
£:=0;
WebBrowser1.Navigate(WideString('C:\Belgelerim\ictsse_cat.htm),f.f,f,f)
end;

procedure TFrmCatalog.FormClose(Sender: TObject; var Action: TCloseAction);
begin  // When Program are closed, close Web Browser.

Action = caFree; :
end;

Fig.7.5.. Computer Programs Code Share the Internet Explorer Objects with OLE Technology.
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Fig.7.6 Acrobat Reader Embedded As An Interface In The Program.

On a working time the program has worked a bit slowly because there were many
kinds of tools and the image data were of very large sizes. Paradox Database Program and
Borland Database Engine (BDE) were not sufficient enough to use the big data (above
200MB) of database. Therefore Microsoft ODBC was used because it enabled us to use The
Database of Microsoft access. The Database of Microsoft access stores images and enables
the query significantly faster. As a result database engine for both ODBC and BDE were used

in the program.
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Microsoft Database Engine (ODBC) is given in Figure 7.7 and Borland Database
Engine (BDE) is given Figure 7.8

€ 0DBC Data Source Administy

- [eme” [ Drver

-} dBASE Files Microsoft dB ase Driver [*.dbd)
.| dBase Files - Word Microsoft dB ase VFP Driver [*.dbf]
-} Excel Files Microsoft Excel Driver [7.xls)

'} FoxPro Files - Word Microsoft FosPro VFP Driver [*.dbf)
S Microsoft Access Diriver (“.mdh)
) ictss Microsoft Access Driver (*.mdb)

I MS Access Database  Microsoft Access Driver [*.mdb])

~+f Visual FoxPro Database Microsoft Visual FoxPro Driver

o] Visual FoxPro Tables  Microsoft Visual FoxPro Driver

Fig. 7.7 ODBC (Microsoft Database Engine)
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Fig 7.8 BDE (Borland Database Engine)
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Transferring catalog data to the database takes a long time. Some of the data was
entered manually. Scanning entered some of it and the rest of the data was entered from PDF
format, which has been copied, and paste on Microsoft Excel Programs. This Microsoft Excel
data was transferred by an interface formed by using Microsoft COM [38] Technology that is
written in Figure 7.9. This interface program automatically transfers the data in the Excel files
to the own database of the developed program.

// This Program Copy a matrix that is 1000 row and 2 columns from
// Microsoft Excel and store that matrix in Tablel Database.

private

var
Forml: TForml;
implementation

uses
ComObj, XLConst;

{$R * DFM}

procedure TForml.FormDestroy(Sender: TObject);
begin
if not VarIsEmpty(MyExcel) then begin
MyExcel.DisplayAlerts := False; // Discard unsaved files....
MyExcel.Quit; :
end;
end;

Fig 7.9. Computer Programs Code, Which Do Interface With Microsoft Excel
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procedure TForm1.Button1Click(Sender: TObject);
begin
MyExcel:= CreateOleObject('Excel. Application’);
MyExcel. Visible := True;
MyExcel. Workbooks. Add(xIWBatWorkSheet);
MyExcel. Workbooks[1]. WorkSheets[1].Name := 'MyEmin';
InsertData;
HandleRange;
ChangeColumns;
end;

procedure TForml.InsertData;
var
i: Integer;
Sheet: Variant;
begin
Sheet := MyExcel. Workbooks[1]. WorkSheets[ MyEmin'];
fori:=1to 1000 do
DM.Tablel.insert;
DM.Table1Name1:=Sheet.Cells{i, 1];
DM.Table1 Name1:=Sheet.Cells[i, 1];
DM.Next;
end;
end.

Fig 7.9. Computer Programs Code, Which Do Interface With Microsoft Excel (Continued)

By using the above specifications of the program over 500 Toolholder groups and

9400 Toolholder and inserts were stored in the developed program database material 788

different types among 30 material groups were stored in the database. Also Maximum feed,

maximum depth-of—cut, and cutting velocity of various workpiece for each cutting is stored in

the database. The reason why such a large amount of data is entered is for preparation of

further study.

A Database Module is given Figure 7.10, is formed to call the database files in the

program. The advantage of this module is that it works fast without error. The database
module serves as a buffer by reading the data from the harddisk and the storing it to the RAM
of the computer. The database is taught the interrelation of the data between each other. It also

enables other modules or interfaces of the developed program to transfer data directly without

referring to the database.
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7.3.2 Database and Expert Module

Cutting tools are stored in a database using Microsoft Access and Paradox of DELPHI.
Cutting tool facts are structured in readable format. But in expert module, the program has a
facility to add new cutting tools (Figure 7.10.).

Warkpice' Mateua! Hardress (BHN)’ b ot
kamce Matea Type T TisEaualTo

s EQUAL 10

Figure 7.10. Cutting Tool Expert Module

The information of cutting tools has been taken from the machining data handbooks
and Tools Company Catalogues [40,41,42,43,44,45,46]. In the following Table 7.11 a small
section of cutting tool database are presented. In this table, groupID represents cutting tool
number, which is used in programming logic. Position is the sequence of the cutter in the
related list. The other two columns represent the holder name and holder type respectively.
Although, more than these knowledge are in hand, but some them are not presented for the
sake of brevity.
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Table 7.11. Cutting Tool Data Base

| GroupID | Position | HolderName ... |. .. HolderType -
2064508 1 R201309 Small feeds and depths of cut
2064508 3 R220.13-09C/09CG/09CT With cassettes
2064508 5 R220.13-12C(4)/12CG/12CT(4)  With cassettes
2064508 4 R220.13-12 _ For mixed productlon N
2064508 6  R220.13-15 For mixed production
2064388 3 R220.29-10CH Rough operations
2064982 2 R220.74-12 For machining hard materials
2064398 2 Square shoulder and slot milling cutters
2064542 1 Copy mill - round inserts  R217.29/R220.29
2064718 2 R220.69-09/09T Micro Turbo for small depth of cut
£ 2064510 3 R217.69/R220.69-15.XH For large depths of cut
2064510 4  R22069-15H _ Difficult operations
2064766 1 R217.90/R220.90-26 Cutting depths up to 20 mm
£ 2064724 . 1 Discmill 335.18 _ Slotting width 14-18.5 mm _
2064768 2 R220.99-09 for mixed production
2064512 6 R23515A  Finishing
2064725 1 Discmill 33519 Slotting width 4-12 mm
2064724 2 DiscmillR335.18 Slotting width 14-30,5 mm
2064725 2 DiscmillR335.19 Slotting width 4-12 mm
2064744 5 RATT9-I6 medium rough and rough op.
2064744 3 R220.79-12 Rough operations
2064508 2 R217.13-09 With shank .
2064506 1 R220.4305 o Small depths of cut
2064396 4  Groove milling cutter R335.15  Slotting width 1.10-2.65 mm
2064398 6  Thread milling cutters ~ R3%.18 )
2064387 1  Turning threading, MDT and parting off inserts
2064387 . 3 Drilling inserts and Reamer ~ blades
2064539 1  Discmill R335.10 mounted on holder )
2064723 3  Discmill R335.10 with weldon holder
2064398 7  Minimaster Shanks and inserts
2064435 2 Minimaster insert Centre drilling
2064778 1  SD52-R7 ISO 9766 Shank
2064780 1 SD55-R7 1SO 9766 shank
2064435 3 Minimaster insert Copy mill
2064435 4  Minimaster insert Slotting/square should milling
2064444 1 Milling inserts Shape A..
2064444 3 Milling inserts Shape O..
2064444 4  Milling inserts Shape R..
2064471 3 Milling inserts Shape SE..
2064444 2 Milling inserts Shape C..
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7.4. CUTTING TOOL MATERIAL SELECTION MODULE
Tool material selection involves two stages:

Stage one involves the component material selection. There are two options for
selecting component material. The first option allows the user to select the component
material from the material database, which is linked to the system. The second option allows

users to rely on their own knowledge and thus enter the component material themselves.

In stage two, the user has to describe this selected material by inputting its mechanical
properties such as bardness, Young's Modulus, tensile strength, thermal properties and the
cutting temperature. The user has to select and input the hardness value. After inputting the
hardness value, the user then enters the values of tensile strength, Young's Modulus, thermal
conductivity and ‘ cutting temperature (Figure 7.11). On the other hand, mechanical and
thermal properties of the component material can also be entered to the system. The system
provides a set of rules, which are used to select tool material type that would be suitable for
machining this type of component material.

In the following an example for workpiece selection is given in word format and then

in programming logic respectively.

IF

Workpiece hardness is less than 250 BHN and Young's modulus
is less than 220 GPa, tensile strength is less than 500 MPa, thermal
conductivity greater than 10 W/M.K, and less than 60 W/M.K, and cutting
temperature is less than 200°C,

THEN

Suitable cutting tool material for machining this material is coated
cemented tungsten carbide.
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IF

Workpiece bardness>0BHN And
Workpiece_hardness <250 BHN
Workpiece_youngs modulus> 0 GPa and
Workpiece youngs modulus <220 Gpa
Workpiece _tensile strength >0 MPA And
Workpiece _tensile strength <500 Mpa v
Workpiece_thermal conductivity > 10W/M.K And
Workpiece thermal conductivity <60 W/M.K
Workpiece _cutting_temperature>0° C And
Workpiece_cutting temperature < 200° C

THEN
{Set_value_for tool_material} is “Tool material is Coated Cemented Tungsten
Carbide” '

7.5. EXECUTION OF THE PROGRAM

This computer program is written in DELPHI computer programming language. Main
structure of the program is formed by databases of Delphi, Paradox, Microsoft Access and

Excel.

When the program is executed, the main opening screen, shown in Figure 7.3, presents
three choices for cutting tool selection. These are:
e Manual
e Automatic

o (Catalogue

When “Manual” choice is picked, all of the cutting tools, which are classified by their
‘machining type, are presented on the screen and user selects one of them. When “Automatic”
choice is picked, cutting tool is selected by entering machining type, operation type and
material properties. “Catalogue” choice is used for wide range of cutting listing. Also
technical information is available in this section.
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Figure 7.12. Main Opening Screen of the Program

7.5.1. Manual Choice
When “Manual” button is klicked, four types of machining are seen on the left hand

side of the screen. These four machining types are:

1. Turning
2. Milling

" 3. Drilling
4. Threading

Each type has also subgroups. Once one of them is selected, the subgroup of this
machining type is screened immediately at the same place. User can select one of the choices.
The cutting tool for selected machining type is appeared on the right hand side of the screen
with an extensive data. Cutting tool material is also available in the data.
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Figures 7.13 to 7.16 are the picture of turning, milling, drilling and threading from the

program screen, respectively.
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7.5.2. Automatic Sub - Module

The following Figure 7.17 shows the main screen for automatic button. Left hand side

is used for inputting data and right hand side is used for outputting data. The necessary data is
provided by the user in INPUT DATA section and then program gives output data in
OUTPUT DATA section.
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L e B
1 BeleotHanualh!IUpdatel E SR
~Tool Material Gerde——
[TP100 ca] )
; SeiedManuaﬂy{Uadatel E&ﬂEﬂ 1 .
: o »»,“glﬂxther-i"Sm.

After Slgn The Above Selechon

. ISU Code For Toolholde:
Click <DK> Button For Chooslng Tool -

- ?‘ L lSD CodeForlnsert

Fig. 7.17. Main Screen for Automatic Button
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In the machining category there are three machining type, such as turning, milling, and
drilling as in the case of Manuel selection. At this section “Update” button can only be used
by experts. A new machining type can be added by an expert by using this button. Due to
expert system methodology, adding a new machining or operation type does not affect the
structure of the program. For each machining type, there is also a set of application type. For
example;

Machining Type: Turning

Available Operation Types: Straight turning, facing, taper turning, profiling, side
grooving, face grooving, drilling, boring, chamfering and cut-off.

i‘j(frmTApp .

O / Ny
o \u{;ﬁ . | 7 < gl :
&~ &I

" Elemal fuming’ Shaightluring . Extemaltuning Tepertuming |

(\b\ \>‘ ’ { e y'w'hg | ;
; } : i
It Eln

e ( &

Extemalmtg Profiing i Eic!ema!hnnmg Slda groovmg
r sze and Reqwred Inpur Data for Aphcatlon Surfaoe et

Dlameter j | 100 :

Lenqht j 4 500 .

e e R ST R e S S R R S e e

{3 Add ApplicationType | 7 Help] |

Fig. 7.18. Tool Holder Application Type Selection Screen
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In this section it is also available to add a new application type by an expert by only
picking the “Update” button. “Select manually” option used for selecting one of the operation
types given in Figure 7.18. At this stage, if “Add Application Type” button is clicked, then the
following Figure 7.19 appears to- provide the expert user to enter a new application type with

some questions.

A timTAppAdd
Add '.Abl"i.t;atlonTweaféf

‘Machining
Category:

. rAppliné;iuﬁ’Nam'—?ﬁi"" :

Tummg

L4 Extemnal tuming
#{External turning

+ Diameter

A Lenght

Fig. 7.19 Add Application Type Screen

After selection of machining and operation type, some relevant questions appear such
as diameter, length, hole diameter, pitch and etc. The answers of these questions are important

for cutting tool selection criteria.
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“Workpiece Material Group” button provides the selection of wide range of material

(Figure 7.20). In this material database lots of material and their properties are stored. User

can select one of material group, which is titled by “Mat. Grp”. The bottom of the screen

presents the properties of selected material group.
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Fig. 7.20. Workpiece Material Group Screen

As a final stage for INPUT DATA, “Tool Material Group” button enables the user to
tool material (Figure 7.21). Tool material grade, microstructure and material properties

are presented in this screen.
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Fig. 7.21 Tool Material Group Screen

7.5.3. Catalogue Button

The following Figure 7.22 shows the main screen for catalogue button. As it is seen
from the figure left hand side is used for listing all data. In this section it is intended to present
in Microsoft Help manner. Right hand side is used for presenting the cutting tool shape, tool

holder knowledge, dimensions and etc.

“Technical Information™ section handles lots of technical information and formulae.
Tool material, workpiece material, insert code and shapes, cutting data formulae, power
calculation, feed and surface finish quality are the examples, which are given in the technical

information section.
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' Fig. 7.22 Main Screen for Catalogue Button

7.5.4 Execution of Automatic Cutting Tool Selection Module
This part has 2 features: One feature links relation with the database module and the
~other communicates with the user. The program asks various speéiﬁc questions about cutting
tool parameters and directly transfers the answers to the database module. The database
module selects possible suitable cutting tools due to the users answers. It then sequences the
possible cutting tools with respect to the Metal Removal Rate of the cutting tools beginning
from the largest to the smallest. The database sends this possible cutting tool list to the
program and the program finally selects the cutting tool, which is the largest Metal Removal
Rate.
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The automatic module of the program enables the user to update data.
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Figure 7.23. Addition of Database Machining Category

User-friendly buttons were added to the ICTSS program, which enables the user to
catch data from CACHE memory of the computer and transfers directly the program database.
As a result of this, data entrance to the program has been quite easy. For example, data from
AUTOCAD like software in dwg format can be directly saved as image format without
converting the dwg format. (Figure 7.24, Figure 7.45)
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Fig. 7.24 . Directly Saving Dwg Format as Image Format Without Converting the Dwg

Format.
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7.6 Case Study 1

As a case study to the problem below taken from Dereli [19] is solved by using the
developed program. The solution is given below.
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Fig. 7.27 Data and Component Figure Of Case Study-1 [19]
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Machining Category
Toolholder Application Type = Slot Milling

Width
Depth
Length

Workpice Material

Tool Material

I ‘[.]].

= 14mm
= S5mm

= 187mm

=8T-52

= HSS

7.6.2 Workpiece Material Group Selection;
The workpiece material group selection is selected by entering St-52. After entering
St-52 The program selects Material Group 3 as shown below (Figure 7.28).
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Fig. 7.28 The Workpiece Material Group Selection
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7.6.3. Tool Material Grade (Carbide Grade) Selection:
ICTSS program serves for CNC machines , HSS tool materials are not used. Since the
workpiece material is steel so T25M carbide grade type is selected given below Figure 7.29.

o e T25M | Fust cheios for median nischinng to cughing m sted and staiess sled with o without eociant.

TICAEC M) + TiN

Figure 7.29 T25M Carbide Grade Type [45]

7.6.4 Output of Automatic Selection Module:

Cutting speed is dependent on the cutting tool and workpiece material specification so
it will be found from result. The Metal removal rates is automatically calculated from ICTSS

programs.

L=187mm

Fig. 7.30 Illustration of Component and Size
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Figure 7.31 Automatic module and output result.
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CHAPTER 8

DISCUSSION AND CONCLUSION

8.1. DISCUSSION

In this study a computer program, which requires considerable experience and
knowledge, has been developed through extensive searching of catalogues and manuals for

the automatic selection of cutting tools of machining operations.
The program, considered in the development of the study, involve three main stages:

1. Cutting tool selection by MANUALLY
2. Cutting tool selection by AUTOMATICALLY
3. Cutting tool selection from CATALOGUE

Manuel cutting tool selection is based on machmmg type, such as turning, milling,
drilling and threading. Each of them has also subgroups. Facing, straight turning, taper

turning and etc. can be given as example for turning operations.

The second approach for cutting tool selection is titled “Automatically” by the
program. To perform cutting tools and condition selection for a component, the input to the
program comprises, information relate to the description of the machining type, operation

type and material group.



The method developed for knowledge representation is easy to use and understand
and little knowledge of computers is required. The machining application type and
workpiece representation method forms the skeleton of the system. The system allows for
an easy identification and direct relationship between cutting tool and the workpiece. All
tool holders, inserts, cutting tool types and material types supplied by any tool

manufacturer can be represented in this manner.

The knowledge base is structured by knowledge intensive and in some cases rule-
based. The knowledge base is designed to be adapted to different working environments.
The logic of the tool selection criteria is based upon a series of rules, which can be
changed by users to meet specific needs. The metal removal rate is taken into account
within the constraints imposed by the properties of the workpiece materials, tools and tool
materials.

The third approach for cutting tool selection can be carried out from catalogue.
“Catalogue” button is used for this purpose. Wide range of cutting tool, insert and material
groups are listed according to their machining type. Also technical information is available

in this section.

8.3. CONCLUSION

Most of the studies in cutting tool selection system up to now have been generally
based on ready-package expert system software codes written on PROLOG, KES, LISP
and etc. However, in this thesis it is preferred to use his own expert system software called
GEXPERT by using conventional programming language, DELPHI.

The main reasons of having developed own expert system are as follows:

-

1. The ICTSS program otherwise coﬁld not be used without Ready-package

expert system software.
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2. The prepared expert system software (GEXPERT) is a module of the overall
system (ICTSS) it works more efficiently and user-friendly
3. The expert system (GEXPERT) can also be used as a module with various

software also.

In this thesis, an intelligent system for automatic cutting tool selection, for different
work material properties, has been developed .The developed system was enabled for users
and manufacturing planners to select suitable cutting tools, that could machine the

workpiece material.

The system determines all the feasible tool sets, which can completely machine the
component and then selects the most appropriate tool using the preference rules within the
knowledge base. The tool preference rules were based upon the recommendations of
cutting tool manufacturers. The expert users to suit their own machining environment can
change the rules.

The prototype system dealt with different classes of tool materials currently in use
for machining operation; high-speed steel, cemented carbides and cermets. The system
worked in a fully interactive mode and was operated by guiding users through several
stages: tool material selection in order to select a suitable tool material that can machine
the desired work piece material; feature specification including cylincirical and prismatic
feature and design attributes; and machining technique selection in order to select a
suitable machining process that can achieve the desired feature at low cost. For cutting tool
selection and optimum cutting conditions, the system selected the best cutting tool and
determined the optimum cutting conditions, based on high material removal rate, long tool
life and less machining time.

One case study was performed by using the ICTSS program.
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8.4. RECOMMENDATIONS FOR FUTURE WORK

Future works that can be considered as the modification of the system can be

extended in the following areas.

1. Whole application types can be developed and integrated into the package

2. Operation sequence and by the way cutting tool sequence can be added to the
system

3. Development of the system into a complete process planning system can be
achieved.

4. Geometry of the product can be introduced with the system and therefore future
recognition module can be integrated.

5. Dimensional and geometrical tolerances can be added to the system.

6. The prepared program is about 170 Megabyte with its databases (and 30 Megabyte
catalogues databases). Therefore, some works can be carried out to get smaller

program.
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