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ABSTRACT

Aluminum alloys Al7075-T651 is non-ferrous metal with great properties of light in
weight and high strength which offers wide opportunity to wide range of applications.
Currently, Al7075-T651 is used to manufacture components, gear and shaft in various
industries such as automotive, aerospace and military. The rise of cutting temperature
during machining in the manufacturing of the components contribute to the
deterioration in the surface integrity of aluminum alloys. Ductility is one of the
characteristics of the material that contributes to built-up-edge (BUE) and built-up-layer
(BUL) on the cutting tool. The continuous formation of BUE in cutting operation alters
the geometry of the cutting tool and consequently accelerates the tool wear progression.
Chips produced during machining are simultaneously affecting the machining
performance. Intensity of the BUE in dry machining not only contributed to different
types of wear on the cutting tool but also lead to poor surface finish of the machined
components. Minimum quantity lubrication (MQL) machining of aluminum alloys is
predicted to be able to suppress the poor machining output effect during machining
aluminum alloys. This study investigates the performance of uncoated carbide cutting
tool in dry and MQL machining of Al7075-T651. The study aims to analyze the effect
of tool performance on surface roughness and chip morphology in dry and MQL
machining of Al7075-T651. 18 experimental tests were conducted in turning operation
at various cutting speeds (450 — 650 m/min) and feed rate (0.05 — 0.15 mm/rev) under
dry and MQL machining with uncoated carbide cutting tool. The average flank wear of
cutting tool used in MQL reduced by 8.3%. The type of tool wear detected on the cutting
tool were flank wear and crater wear, meanwhile adhesion, abrasion, (BUE) and (BUL)
were among the wear mechanisms that can be observed on the tools. The surface
roughness of the AI7075-T651 produced in MQL machining improved by 25%
compared to in dry machining. Types of chips observed from various cutting parameter
was continuous and discontinuous chips. In MQL machining, the chip thickness
reduced by 6% - 11% at first cut of machining with new uncoated carbide cutting tool.
At 50 minutes of machining time, the chip thickness in MQL machining reduced by
0.5% - 7.5%. The application of MQL was observed to be effective at cutting speed 450
m/min in reducing the coefficient of friction, with 6% - 11% reduction compared to dry
machining. Meanwhile, at higher cutting speed, the coefficient of friction (CoF) was
found to be 6% - 15% higher in MQL machining compared to dry. As the cutting
progress, MQL application was found to be less effective by showing no specific trend
in the resulting CoF. Thus, this study shows that the application of MQL in machining
Al7075-T651 is beneficial to reduce the tool wear and improve the quality of surface
finish but less favorable in reducing the CoF.
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CHAPTER ONE

INTRODUCTION

1.1 BACKGROUND OF THE STUDY

Aluminum alloy is a non-ferrous metal with various alloying elements. It is widely used
in various industries such as aerospace, automotive and military equipment due to its
mechanical characteristic of high strength-to-weight ratio, easy processing, low cost and
similar to superior properties of ferrous metal. Different alloying elements in the
composition of aluminum determine its characteristics and properties. Among the
aluminum alloys, Al7075 is marked as the highest strength of aluminum alloy with
570MPa tensile strength in which Zinc (Zn) is the most dominant alloy with the weight
percentage of wt0.6%-5.6% (Ozer and Karaaslan, 2017).

Precise components such as gear and shaft undergo various metal cutting
processes which is to transform the raw material into components or products through
milling, turning, grinding and drilling processes. The metal cutting process is to remove
excess material in order to achieve the designated shape. In case of round bar materials,
it will be processed through turning operation to transform the raw material into fitting
components, gears and shafts (Santos, Machado, Sales, Barrozo, and Ezugwu, 2016).
Turning operation can be done through conventional machine or Computer Numerical
Control (CNC) machine. The working principle of turning process is done on lathe
machine where a round bar or shaft rotates at controlled speed calculated in revolution
per minute (RPM). A single point cutting tool is moving forward perpendicular to the
rotational axis. While the cutting tool perform cutting, it will continuously travel in the

direction parallel to the rotational axis. Through cutting action, output produced from



the processes are new surface of desired shape, dimension or diameter and also metal
chips known as waste.

Along this while, cutting fluid used in turning process acts as a coolant to remove
heat, as well as to supressed poor tribology behaviour such as high cutting force, rapid
tool wear and poor surface finish. Flooded machining were implemented to supply the
cutting fluid to the machining area and mentioned that 85% of the cutting fluid in the
industries around the globe is petroleum-based (Shokoohi, Khosrojerdi, and Rassolian
Shiadhi, 2015). Therefore, Minimum Quantity Lubrication (MQL) has been
implemented in today’s machining process to improve their efficiency and productivity
as well as to improve the quality of the machined components. The use of MQL with
different medium such as water, oil or veggie oils became a great subject of interest for
manufacturer to observe the significance of MQL used on various ferrous and non-
ferrous materials during machining processes (Zainol and Yazid, 2018). A part from
that, MQL setup such as flow rate and medium of supply are still a great subject to be
discovered by researcher. MQL has a lot of benefits to offer in machining; reduce
cutting temperature, improve surface quality and cleaner machining environment
(Boswell, Islam, Davies, Ginting, and Ong, 2017).

In this study, the MQL technique were implemented in the CNC turning operation
of Al7075-T651. The effect of MQL on tribology behaviour such as quality of surface
finish, tool wear and coefficient of friction were studied and analyzed. The comparison
in term of tool performance, surface roughness and chip morphology between dry and

MQL techniques was compared and were presented in this research works.



1.2 PROBLEM STATEMENTS

Aluminum Alloy 7075 is the highest strength material in the aluminium alloy group
which makes it favourable material used in different fields of applications.
Unfortunately, the characteristic of the material limits it machinability of aluminum
alloys (Zagorski and Warda, 2018). One of the mechanical properties of Al7075 is low
meting point (477 — 635°C). The consequence is that it will contribute to deterioration
in the surface integrity during turning operation at 40 — 1500 m/min of cutting speed.
Moreover, the material characteristics such as ductility of the material promotes built-
up-edge (BUE) and built-up-layer (BUL) on the cutting tools as the continuous cutting
take place during the turning operation (Santos, Machado, and Barrozo, 2018). BUE
and BUL not only contributed to different types of wear on cutting tool but also lead to
poor surface finish of Al7075-T651 (Zakaria, Afig, Hafiz, Jamalludin, Rosli, Rosli,
Rahim, Ishak, Khor, and Nawi, 2018).

Furthermore, the selection of appropriate cutting parameters to be applied during
machining Al7075 seems to be unclear. Unlikely machining ferrous metal at low feed
rate, it may result better surface finish in turning operation. However, this will cause
the increment in machining time during production. However, long continuous chips
produced in machining non-ferrous metal such as Al7075 at low feed rate could lead
the chip to tangle around the workpiece and on the cutting tool then may result poor
surface finish. In addition, dry machining of Al7075 at high speed increased the friction
at tool-material and tool-chip which then can decrease the tool life and the quality of
the product (Kouam, Songmene, Balazinski, and Hendrick, 2015). One of the solutions
taken to solve the issues discussed above, is the application of conventional cooling
method or wet machining to achieve better quality of surface finish and machining

efficiency.



The rise of cutting temperature during turning could also a possible cause to tool
wear. High cutting temperature is an indicator that high friction between tool-chips and
tool-material during cutting operation. Therefore, lubricant is been used to reduce the
friction by lowering the cutting temperature. However lubricant used in flooded
machining became adverse on productivity in today’s machining operation because it
contribute to environmental issues especially during the disposal of the lubricant
(Omair, Sarkar, and Barrén, 2017).

The tool wear is part of an important element in the turning operation. Machining
high strength material such as Al7075 could cause unmanageable wear progression. The
unrecognizable tool wear during machining ductile material such as Al7075-T651
occurred at vast range of cutting parameter. The tool wear occurred during machining
AI7075 with uncoated carbide cutting tool at wide range of cutting parameter are still
remained a great subject to be measured in different studies. The tool wear shown to
have a great reduction in MQL cooling condition in machining other materials than
Al7075. The MQL also showed great effectiveness in reducing tool wear in milling,
grinding and drilling.

Rapid tool wear in machining could lead to poor surface finish produced from the
machining operation. Components with poor surface finish may require to undergo
secondary processes which may lead to increase of manufacturing cost. Furthermore,
components with poor surface finish may not perform at its optimal condition. This
condition could lead to mechanical failure of the component. Proper selection of cutting
parameters and cooling condition in turning AI7075-T651 could improve the quality of
the components.

Therefore, this research aims to employ an alternative of machining condition to

improve the tribological issues such as tool wear, surface roughness and friction in



