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ABSTRACT

Preheated machining was found to yield improvements in the machinability of the
AISI D2 tool steel, such as longer tool life and lower surface roughness. For preheated
machining to be more preferred than room temperature machining, it has to be
economically more attractive —besides being better in the context of machinability—. In
this research, a thorough investigation was conducted to determine the conditions
under which; preheated machining would yield lower machining cost. The conditions
under which; room temperature machining would yield lower machining cost were
determined as well. User-friendly and accurate mathematical models to estimate the
cost of machining in terms of the machining parameters were developed. Initially, the
components of machining cost were identified, followed by establishment of
equations to evaluate their contributions to the cost of machining. All the required data
were made available and the bottom-up approach was adopted for evaluating the cost
of end-milling the AISI D2 tool steel. The cost of machining corresponding to each of
fifteen experimental runs in each of the two machining methods was evaluated; this
was done for two types of cutting tool insert: TiAIN coated carbide inserts and
polycrystalline cubic boron nitride inserts, and four levels of utilization: 15%, 25%,
80%, and 90%. Machining costs in room temperature machining were compared with
the corresponding ones in preheated machining to determine the conditions under
which; preheated machining would yield lower machining cost, and those under
which; room temperature machining would yield lower machining cost. The results
indicated that when 15% utilization and TiAIN coated carbide inserts are considered,
preheated machining would yield lower machining cost in two out of nine
experimental runs. The number of experimental runs in which preheated machining
would yield lower machining cost increases as the level of utilization is increased. At
90% utilization, preheated machining would yield lower machining cost in eight
experimental runs. When PCBN inserts were used, preheated machining yielded lower
machining cost in all the nine experimental runs irrespective of the utilization level.
Increasing the utilization was found to significantly reduce the cost of machining. The
Response Surface Methodology was used to develop the models for both the
machining methods considering the two types of inserts, and the four levels of
utilization, based on this, sixteen models were developed. The statistical adequacy at
95% confidence interval of the developed models was checked using ANOVA tables.
All the developed models were found to be very adequate.
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CHAPTER ONE

INTRODUCTION

1.1 BACKGROUND

Nowadays, the increasing competition among manufacturers is exerting much
pressure on them to become more innovative in producing parts with optimal
characteristics and manufacturing costs. With the advancement of technology, the
problems of cost estimation, cost analysis and cost control have assumed great
dominance in economic and engineering decisions. These factors are highly critical
for the continued success of a manufacturing enterprise. Without accurate cost
estimates and costing of a company's output, it is difficult to secure business and
remain competitive in the global market (Eric M. M., 1984; Roy R., Allen D. and
Zamora O., 2004).

There are four basic outputs or areas of work in which cost estimates and cost
accounts are very important. These areas of work are: products, processes, projects
and services (R. D. Stewart, 1991). Cost estimates are obtained before production;
they are predictions. Whereas, cost accounts are obtained after the production; they
are the actual cost.

Some of the significant uses to which cost estimates are put are the following:

a) To provide information to be used in establishing the selling prices.

b) To determine the most economical process for manufacturing a product.

¢) To be used as a basis for a cost-reduction program.

d) They are used in cost control.

e) To provide input concerning the profitability of a new process/product.



Hardened steel is one of the difficult-to-cut materials. During the last few
years, numerous studies have been conducted to improve the machinability of this
kind of materials and to explore and develop new techniques to minimize machining
costs while maintaining the quality requirements of the machined parts. The benefits
of direct manufacture of components from hardened steel are expected to be
substantial especially in the context of machining costs and lead times compared to
the traditional route of machining in the annealed state followed by heat treatment,
finishing operations such as grinding or electrical discharge machining (EDM),
polishing, etc.

Advances in machine tool and cutting tools have allowed machining of
hardened steels to become widespread in manufacturing processes, and to become a
realistic replacement for many grinding operations. AISI D2 hardened steel group is
extensively used in making molds and dies for fabrication of automotive and
aerospace components.

Experimental work has been conducted (M. A. Lajis, 2009) to investigate the
effect of preheating the AISI D2 hardened steel work-piece on its machinability
during end-milling operations. It has been found that preheating does improve the
machinability of the AISI D2 hardened steel. For instance, longer tool life and lower
surface roughness were obtained.

Now, the problem of poor machinability of the AISI D2 tool steel is solved or
reduced by preheating, however, a very significant question arises: “Is preheated
machining of this material economically more attractive than room temperature
machining?”. A detailed machining cost evaluation is required to be able to answer
this question correctly. This is because the cost of machining involves numerous

conflicting factors to be taken into account.



Besides this, development of reliable mathematical models to estimate the cost
of room temperature and preheated end-milling of the AISI D2 tool steel would be a
useful endeavor. A cost model can enable determining which cost elements contribute
the most to the overall cost and consequently helps in identifying the prominent cost
drivers. With a cost model, it is possible to determine the conditions that minimize the
cost (cost optimization). Another important use for cost models is to aid in the
decision process in R&D studies.

Furthermore, in this study, using perturbation plots, response surfaces, and
contour plots, the variation of machining cost relative to the machining parameters is
discussed. This would widen and deepen the understanding of machining cost scenario
in end-milling of the AISI D2 hardened steel using TiAIN coated carbide and
polycrystalline boron nitride cutting tool inserts, and would help the practitioners to
choose correct input values of process parameters and secure superior process

performance.

1.1.1 Benefits and Drawbacks in Preheated Machining

In the context of machinability, preheating yields several positive outcomes, such as
longer tool life, lower surface roughness, and reduced chatter and vibration (M. A.
Lajis, 2009). These positive outcomes of preheating are coupled with an increment in
the cost of machining. This increment is due to the cost of the heating device and its
installation, the cost of operating it, and the cost of its maintenance. For preheated
machining to be economically more preferable than room temperature machining, the
yielded positive outcomes must offset the cost of incorporating the preheating

mechanism.



At a first glance, one might think that the inclusion of the heating device in
preheated machining always makes it costlier than room temperature machining. This
may not be true, because there are several factors that affect the difference in
machining cost between room temperature and preheated machining in a conflicting
manner. These factors include tool life, material removal rate, power consumption,
level of utilization, setup time, etc. Some of these factors make the cost of room
temperature machining higher, in the same time, others make it lower. For instance,
tool life tends to make preheated machining more economical than room temperature
machining. However, in preheated machining, the setup time is longer (due to the
heating device), and consequently, for the same span of time, less material is removed
compared with room temperature machining. This makes the cost of removing a unit
volume of material higher in preheated machining. Thus, it is difficult to make a
judgment on the economic worthiness of one machining method over the other

without a detailed cost evaluation.

1.1.2 Modeling of Machining Cost

In this research, the cost of removing a unit volume of material (RM per cm’) under
room temperature and preheated end-milling of the AISI D2 tool steel using TiAIN
coated carbide and PCBN tool inserts has been evaluated. The bottom-up costing
technique was adopted for this purpose. This was followed by developing parametric
cost models in terms of the machining parameters (cutting speed, feed per tooth, depth
of cut/preheating temperature). Thus, the bottom-up and the parametric techniques are
merged; a method to eliminate the limitations of both the techniques and develop a

technique that inherits the advantages of the two.



The bottom-up and parametric cost estimation techniques are the most common
in practice. They are the two main techniques from which several other techniques
branch out (Rajkumar Roy, 2003; Charles A. Toth, 2006; William G.S., James A.B.,
and Elin M.W., 2000).

With the bottom-up technique, cost of a product (or an operation) is estimated
by estimating the cost of work elements at the lower levels of the work structure
which are then added together to obtain the total cost of the product. With the
parametric technique, the cost is estimated using Cost Estimating Relationships
(CERs) that tie the cost to one or more independent variables (cost drivers). These
CERs are developed based on historical data and statistical techniques.

Each of these two techniques has limitations and advantages. Accuracy is the
main advantage of the bottom-up technique. In this technique, every activity is
accounted for and thus, determination of a very accurate cost estimate is possible.
However, it is not user-friendly and the estimation process is slow. On the other hand,
the parametric cost estimation technique is generally less accurate. It uses key
attributes or parameters that describe a part in a general way. Minimizing the number
of attributes is the goal of the parametric technique. This makes it less accurate, but it
becomes more user-friendly and faster (Charles A. Toth, 2006).

Merging the bottom-up and the parametric techniques is a way through which
the limitations of the two are eliminated while their advantages are maintained.
Merging these two techniques, results in the development of user-friendly and
accurate parametric cost models.

Several parametric machining cost models have been proposed by previous
researchers, however, they tend to be either user-friendly but not accurate, or accurate

but not user-friendly.



1.2 PROBLEM STATEMENT AND ITS SIGNIFICANCE

Preheated machining was found to yield improvements in the machinability of the
AISI D2 tool steel, such as longer tool life, lower surface roughness, reduced chatter
and vibration, etc. On the other hand, preheated machining incorporates the cost of the
heating device, its operation and maintenance. Detailed analysis is required to
determine whether those improvements in machinability offset the cost of
incorporating the heating device.

Due to the important role played by cost estimation in the success of
manufacturing enterprises, there is an apparent need for having a technique that
enables estimating the cost of room temperature and preheated machining of the AISI
D2 tool steel when end-milled with TiAIN coated carbide and PCBN inserts. The
relevant literature includes several techniques that can be used for this purpose;
however, each has some limitations. In this research, two leading cost estimation
techniques: the bottom-up and the parametric techniques are merged to develop a
fairly new technique that is free from the limitations of the parent techniques and
inherits their advantages.

The parametric machining cost models found in the literature have some
limitations; firstly, the cost is given in terms of many input parameters for which; the
user has to find data, furthermore, data for some of these input parameters are not
easily obtainable. This makes the past models to be less user-friendly. Secondly, these
models do not combine user-friendliness and accuracy; they tend to be either user-
friendly or accurate. These limitations were overcome by the models developed in this
research; they are user-friendly and accurate machining cost models. In addition to
this, these models link between tool life, surface roughness, and machining cost, thus,

they can answer some important questions.



1.3 RESEARCH OBJECTIVES

The objectives of this research study are as follows:

1)

2)

To examine the effect of preheating on machining cost.
To develop user-friendly and accurate models for estimating the cost of

room temperature and preheated end-milling of the AISI D2 tool steel.

1.4 RESEARCH METHODOLOGY

The methodology of this research can be outlined as follows:

a)

b)

d)

g)

The relevant literature was explored to identify the cost components that
make up the cost of machining.

Equations were established for the considered cost components to evaluate
their contribution to the cost of machining.

The required experimental and non-experimental data were collected.
Some were obtained from previous researches, some from mathematical
calculations, and some were realistically assumed or estimated.

Machining cost was evaluated for both the machining methods
considering two types of cutting tool inserts and four levels of utilization.
Machining costs in room temperature machining were compared with the
corresponding ones in preheated machining.

The RSM was used to model the costs of machining in room temperature
and preheated machining. The adequacy of the developed models was
checked using ANOVA output.

Perturbation plots, response surfaces, and contour plots were used to
examine the variation of machining cost relative to the machining

parameters.



1.5 RESEARCH SCOPE
This research study has the following scope of work:
1) Evaluation of machining cost for both of room temperature and preheated
machining considering two types of cutting tool inserts: CC and PCBN,
and four levels of utilization: 15%, 25%, 80%, and 90%.
2) Comparison in machining cost between room temperature and preheated
machining.
3) Use of the Response Surface Methodology (RSM) to model the cost of
machining by utilizing the software Design-Expert 6.0.8.
4) Drawing of perturbation plots, response surfaces, and contour plots for the
cost of machining relative to the machining parameters to examine the

effect of these parameters on the cost of machining.

1.6 ORGANIZATION OF THE DISSERTATION

Chapter 1 presents the background of this research and introduces the problem and its
significance. This chapter also presents the objectives and scope of this research, and
gives a brief description for the methodology that was followed to accomplish the
objectives of this research.

Chapter 2 gives a review of the relevant literature. It starts by presenting some
of the past machining cost models; which is followed by discussing their limitations.
The past techniques that are used for cost estimation and costing are briefly described
in this chapter. Due to the fact that the models developed in this research can be used
to build cost estimation software, the importance of computers in the field of cost
estimation, and a short description for some of the commercially available cost

estimation software have been included in this chapter.



In chapter 3, equations to evaluate the cost of machining are established and
explained. Furthermore, the experimental and non-experimental data that were used to
evaluate the cost of machining are presented.

In chapter 4, machining cost was evaluated for each of the fifteen experimental
runs found in both of room temperature and preheated machining. Machining cost was
evaluated for two types of cutting tool inserts and four levels of utilization. This is
followed by comparing and discussing the cost of machining in both of room
temperature and preheated machining. Finally, this chapter presents an analysis for the
sensitivity of machining cost relative to change in the values of some of the input
factors that contribute to the cost of machining.

In chapter 5, user-friendly and accurate mathematical models to estimate the
cost of machining in both of room temperature and preheated machining are
developed. Furthermore, perturbation plots, response surfaces, and contour plots are
produced to examine the variation of machining cost relative to the machining
parameters.

Chapter 6 includes the conclusions derived from this research, as well as

recommendations and scope for future work.



