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Summary

Information of cutting tools is wvery important for the
effectiveness of cutting process. Previously, traditional search
methods by referring to the catalogues for the right cutting tool
has been a burden to the user. As a result, the probabilities of
choosing the wrong cutting tools were high. In this work, a new
cutting tools management system for milling process has been
developed for training students before they actually perform the
milling process. With the specific parameters such as cutter type,
part number, dimension and material types and its properties, the
user can easily get detail information of the cutting tools such as
cutter dimension, insert types and its properties. User can also
visualize the chosen cutter and inserts interactively. This web
application will help the user to find the best cutting tools. It can
also help to educate students or any users in understanding the
process of choosing the best cutting tools and the parameters
needed for the cutting process.
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1. Introduction

Selection process of cutting tools is important and critical
in any machining processes. The selection process will
require the knowledge of cutting parameters, types of
workpiece materials and capability of the machine tools.
The wrong choice of cutting tools might lead to a big loss
to a company in terms of the time and cost spent in
searching for the right tools. This research was done in
order to help users of milling machine who have faced
problems finding appropriate cutting tools based on the
manual catalogue provided by the cutting tools
manufacturer. Some of the problems are to find the types
of cutting tool material and to specify the right cutting
tools for specific workpiece material as they have to go
through page by page of the catalogue to find the result.
Apart from that, this manual process also might take up a
lot of time. The manual process might lead to the wrong
choice of the cutting tools due to human error especially
when cross-references had to be done between several
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catalogues. On the other hand, the manual catalogue
provided by the manufacturer is limited to single user only
and when more than one user needs to use the catalogue at
the same time the problem will surface. This will be a
waste of time that could delay the whole cutting process
and eventually the lead time of the whole process. Fast
and accurate access to information about available
manufacturing resources and data is critical to reducing
production cost and maximizing machine productivity [1].
Problems also arise when new cutting tools for milling
process are introduced to the market. This might take a
long time for the manufacturer to amend the information
in the old catalogue and produce the new one. Hence, the
up-to-date information did not reach the customer or
manufacturer at the right time.

In this paper, a virtual cutting tool management system is
introduced to reduce or eventually solve many of the
problems mentioned before. It has the capability of
choosing the right cutting tool from a virtual cutting tool
catalogue. The cutting tool can be visualized in 3D using
Virtual Reality technique. By doing this, we can actually
help the user to search for the right cutting tools and also
provide them the clear image of the chosen cutter. We also
presented the visualization of milling process and how the
right cutter is fed into the milling machine for cutting
purpose.

2. Related work

Cutting tool management is very important and a lot of
research and information system had been developed.
Ebrahim and Chao-Liang [2] have highlighted the needs
for cutting tool database management in FMS and the
requirements for successful cutting tool database. They
presented a systematic way to design and develop a
relational cutting tool database. The developed cutting tool
database is implemented using ORACLE database
management system. There are several significant issues
which are suitable to successful FMS development. These



IJCSNS International Journal of Computer Science and Network Security, VOL.10 No.2, February 2010 149

include the availability of suitable system architecture,
reusable software and the use of appropriate system design
tools. With the advent of computerized manufacturing
systems, Flexible Manufacturing System (FMS), it has
become evident that tooling is a major constraint that
prevents manufacturing systems from realizing their full
flexibility. To increase the efficiency of cutting tool used
in an FMS, it is necessary for the cutting tool database to
support the information used in the whole tool life cycle
and in cutting tool use [3]. Svinjarevic [4] highlighted the
benefits of implementing a management system of cutting
tools in a company which specializes in metal cutting
process. It presents possibilities for improvement of the
cutting tool management.

Visualization of the whole milling process starting from
the selection of the workpiece material and cutting tools
up to the milling process can provide users with a clear
picture of the whole process. Shop floor operation and
process can be visualized through an Interactive VR
Training for CNC Machining [5]. A 3D Visualization
Technologies for Teleguided Robots showed that the use
of 3D stereoscopic visualization could provide users with
higher comprehension of remote environments in
teleportation when compared to 2D viewing [6]. These
had shown the importance of visualization to facilitate
understanding and simplify the work flow and learning
process.

A number of visualization applications exist on the Web in
various areas. One of them is a method for simulating
basic manufacturing operations such as unload, load,
process, move and store in a 3D virtual environment. The
virtual environment provides a framework for representing
a facility layout in 3D that consists of the static and
dynamic behavior of the manufacturing system [7].
Another VR application is a virtual machining laboratory
for knowledge learning and skill training in an interactive
environment. This virtual lab is specifically designed for
helping students to virtually operate a lathe or set
machining parameters and input CNC G-code programme
to turn the workpiece automatically [8]. An integrated
model of the spindle bearing and machine tool system,
consisting of a rotating shaft, tool holder, angular contact
ball bearings, housing, and the machine tool mounting is
developed to allow virtual cutting of a work material with
the numerical model of the spindle during the design stage

[9].

2. System Design

To develop the cutting tools management system with the
milling machine and cutter visualization, several

references were done in the preliminary studies to identify
the requirements and needs of the system:

1. Information such as feed rate, cutting speed and
cutting tools dimension were obtained from SECO
manual cutting tools catalogue [7]. Data on how the
users find the best cutting tool based on the standard
cutting tools process has been obtained and analyzed.

2. Cutting tools management system from previous
works was referred. Based on the research, a client-
server environment was set up and the system let the
users to search for the right cutting parameter based
on the work piece material, machining process and
cutting tools. It also allows the administrator to update
the cutting tools data online and also help to distribute
the latest data effectively. However, the simulation on
how the milling machine works and also the 3D
image of cutting tools is not included in the system.

3.  XL-MILL machine model from MTAB Engineers (P)
LTD company was examined from their website to
get its real structure. Each angle of the machine model
has been analyzed in order to come out with the best
3D visualization of the milling machine. The
information on cutting tools, types of materials and
the speed of machine tools were obtained throughout
this website.

4. Environment Setup: The system is a web-based client-
server application. Installation of XAMPP-Win32-
1.5.5 (a package for web-based application which
includes apache (client-server), mysql_start and
PhpMyAdmin 2.9.1.1 for database purpose) is needed
and analyzed. For the system interface, Macromedia
Dreamweaver 8 software is analyzed. For 3D
visualization purpose, AutoCAD 2008 software has
been chosen as a good platform to draw a 2D and 3D
image with .dwg format of cutting tools and XL-
MILL machine. Then, 3D Studio Max 8 is the
software that will be used to transform the format
from .dwg to .wrl and to specify the movement of
cutting tools and the milling machine. Lastly, Cortona
Client will be used to run the component which has
been transformed to .wrl format. From this stage, the
visualization can be tested whether it meet the user
requirement or still need some adjustment.

This system is designed for two main users, the end user
and the administrator. Basically, the end user can retrieve
the cutting tools information (dimension, cutter, cutting
parameters) based on query criteria like material and part
numbers while the administrator also has access to update
the cutting tools information in this system. With this
structure, the administrator can keep the cutting tools
information record up-to-date from time to time. The user
can also retrieve all the cutting tools information at a time
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by providing the right key for part and material number. A
data flow and DFD contact diagram show the relationship
between the user and administrator as shown in Figure 1.
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Fig. 1 Data Flow Diagram between user and administrator.

Data dictionary which represent the details about the data
storage and also the information about the entity that
involves in the system is as in Table 1.

In this research the cutter and the milling machines were
designed in 3D component by using AutoCAD 2008
software. For visualization, 3D studio Max software has
been used to visualize the 3D component created in
AutoCAD. Figure 2 shows the 3D object which has been
exported from AutoCAD2008 to 3D Studio Max8
presented in 3 views: front, side and perspective view. In
order to specify the movement coordinate, rotate
command was executed using this application. Then, the
time line need to be adjusted for each movement according
to the visualization timing requirement. After that, the
rendering process begins to provide the real effect to the
3D component. After the rendering process completed, the
3D component is exported to .wrl format. Within this
format, it allows the 3D component to run in Cortona
browser and viewed at various angles. Now, the 3D
milling machine together with the cutter is ready to be
integrated into the system. This will show the
effectiveness of cutting tools system to help the user to
understand the milling process and to find the right cutting
tools and cutter for selected materials.

Table 1: Data Structure for Dimension

Data Structure Elements Type of Data | Data Size Comments
Dimension | Part No varchar 20 Cutter code
De int 215 Cutter Dimension
Del int 8 Bottom Cutter Diameter
Il int 3 Cutter Height
Ap int 3 Cutter Depth
No_of inserts | int 3 Noof Cutter
Kg int 3 Cutter Weight
Dpe_of insert | int 3 Type of insert
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Fig. 2 Image of 3D object exported from AutoCAD2008 to 3D Studio
Max8

3. Cutting tool management system

The cutting tool management system is embedded into a of
a virtual workshop prototype. The interface of the virtual
workshop is a page that briefly explains the virtual
workshop as shown in Figure 3.
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Fig. 3 The interface of the simulation application when the
Introduction button is clicked

This interface has some functions such as Introduction,
Machining Equipment, Virtual Workshop and Simulation
which give some description about the CNC milling
machine and the milling process. By clicking to the
Introduction button, it would link the user to the page
which has some explanation about the milling process,
types of milling and classification of milling process. The
machining equipment menu will describe and displays the
cutter and example of CNC milling machine involved in
the milling process as shown in Figure 4.
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Fig. 4 Types of cutters for milling process

In order to do the selection processes for the cutter and
cutting tools, the user need choose the machining
equipment. Several user interfaces were designed to meet
the user requirement such as the first page that requires the
user to insert their id and password. This is for security
reason. Then the user can start to navigate the system.
They can choose to display the information of the cutting
tools information by selecting the cutter provided in the
system. For this system, two types of cutter available are
Quatromill 220.53-12 and Octomill 220.43-07W. The
cutters will be displayed in 3D to help the users to
visualize the cutter before they make the selection. After
selecting the type of cutter, if the information of the part
number is known the user can choose to display the
information of the cutter such as the diameter, height and
cutting depth as shown in Figure 5.

Fig. 5 Information of the cutter

The proper cutter diameter should be chosen so that it will
not interfere with fixtures, work holding devices and other
devices in the setup. If the part number of the cutter and
the type of material to be cut are known, the user can get

the information of the cutter that is suitable for the cutting
process. The part number and material information can be
chosen from the drop down menu. The system will
display a list of suitable cutting tools. The user will select
the required cutting tool and the system will display the
information of the selected cutting tools (Figure 6).
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Fig 6 The cutting tools information based-on the selected workpiece
material.

Besides getting the cutter information, user also can view
the cutter in 3D views as in Figure 7. This also allows the
user to interact with the display and see the design of the
cutting tool at different angles.

Fig. 7 The cutter in 3D view

By clicking the Simulation button (Figure 4), it would link
the user to the other page, which has two windows
comprising of control panel (user input) and VRML
browser for displaying the machining process in a 3D
environment. Before the 3D machining process can be
displayed, the user has to input the size of the workpiece
and choose the type of engagement for the milling process,
cutting speed and also the feed rate of worktable. To run
the simulation, the user has to input the size of the
workpiece and choose the type of engagement for the
milling process, cutting speed and also the feed rate of
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worktable. When the Start button is clicked, the material
removal simulation and the real time graph is generated
simultaneously with the virtual machining process as
shown in Figure 8.
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Fig 8 The control panel for user input and simulation of the milling
process together with the flank wear graphs

The virtual end milling processes for 100% is shown in
Figure 9. It clearly demonstrates that the whole diameter
of the cutting tool is used during the machining process.
For further verification, the 15% engagement of the
cutting tool was used. Figure 10 virtually demonstrates
that only 15% of the cutting tool diameter was used during
the machining process.
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Fig 9 Virtual End Milling Process with 100% Engagement

Fig 10 Virtual End Milling Process with 15% Engagement

4. CONCLUSION

The virtual cutting tool management system and
visualization of milling process has been successfully
developed. This system provides the virtual selection
process for cutting tool and a virtual milling process. After
the cutting parameters were selected then visualization of
the cutting process in milling machine was displayed.
From these two main features, the user not only can have
access to the database and search for the cutting tools
efficiently; they also can view the 3D visualization of
cutter and milling machine. Through this, more than one
user can access the database and they can also view the 3D
cutter from any angle and learn the milling process better
through the visualization of the part and milling process. It
is hoped that this system can give benefit to the institution
of higher learning and industry to reduce the time
consumed in choosing cutting tools and can help in their
daily work to become more efficient.
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