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PEMANTAUAN KEADAAN ALAT TERHADAP KEHAUSAN MATA 

GERUDI MENGGUNAKAN KAMERA UNTUK PEMASANGAN 

KOMPOSIT DALAM SISTEM PEMBUATAN AEROANGKASA 

ABSTRAK 

Sifat kebolehmesinan bahan komposit yang lemah menjadikan sistem 

pemantauan keadaan alat (TCM) sangat diperlukan untuk operasi menggerudi dalam 

industri pembuatan kapal terbang. Sifat ini telah menyebabkan mata gerudi haus 

dengan lebih cepat, mengurangkan jangka hayat alat dan meningkatkan kos 

pembuatan. Ia adalah penting untuk menggantikan mata gerudi pada masa yang tepat 

sebagai amalan pencegahan untuk mengelakkan bahan komposit yang mahal ini 

daripada dirosakkan oleh mata gerudi yang tumpul. Oleh itu, sistem TCM 

menyediakan satu penyelesaian yang padat dalam memantau, mengawal dan 

mengoptimumkan penggunaan mata gerudi yang akan meningkatkan kualiti 

pemesinan secara tidak langsung. Penyelidikan ini mencadangkan satu sistem untuk 

memantau keadaan haus mata gerudi yang digunakan dalam pemesinan komposit yang 

merangkumi pengesanan dan pengukuran kehausan. Konsep pengesanan pada 

dasarnya membandingkan imej mata gerudi yang tumpul dengan imej rujukan mata 

gerudi yang baru. Perubahan pada bahagian mata pemotong yang menunjukkan jumlah 

kehausan diukur dalam bentuk peratusan menggunakan pendekatan pemprosesan imej. 

Dua sampel daripada industri sebenar, FLE 190 dan FLE 193 telah digunakan dalam 

pengujian sistem pemantauan. Berdasarkan keputusan, mata gerudi FLE 190 yang 

digunakan untuk menggerudi tindanan plastik bertetulang gentian karbon-aluminium 

(CFRP/Al) tumpul pada peratusan kehausan rusuk maksimum sebanyak 24.84 %. 

Sementara itu, mata gerudi FLE 193 dianggap tumpul pada 19.58 % apabila 
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menggerudi tindanan plastik bertetulang gentian kaca-aluminium (GFRP/Al). Analisis 

menunjukkan bahawa mata gerudi FLE 190 mengalami kadar kehausan dengan lebih 

cepat pada purata 2.12 % setiap 100 lubang manakala mata gerudi FLE 193 tumpul 

pada kadar kehausan purata yang lebih perlahan sebanyak 0.46 % setiap 100 lubang 

kerana perbezaan kekuatan bahan kerja. Sistem ini mampu untuk memantau kehausan 

rusuk mata gerudi dan mengklasifikasikannya kepada mekanisma kehausan lelas dan 

perekat. Di samping itu, teknik pencahayaan yang digunakan membolehkan sistem ini 

digunakan untuk pelbagai mata gerudi dengan ketinggian dan sudut hujung mata yang 

berbeza. Hasil dan sumbangan penyelidikan ini membuktikan bahawa sistem 

pemantauan optik langsung yang dicadangkan ini boleh digunakan untuk aplikasi 

perindustrian. 

  



xvii 

TOOL CONDITION MONITORING OF DRILL BIT WEAR USING 

CAMERA FOR COMPOSITE ASSEMBLY IN AEROSPACE 

MANUFACTURING SYSTEM 

ABSTRACT 

The poor machinability of composite materials makes the tool condition 

monitoring (TCM) system is highly demanded for the drilling operation in aircraft 

manufacturing industry. It caused the drill bit to wear faster, reducing the tool life 

expectancy and increasing the manufacturing cost. It is important to replace the drill 

bit on time as the precautionary practice to avoid the expensive composite material 

from being damaged by the blunt drill bit. Therefore, TCM system provides a compact 

solution in monitoring, controlling and optimising the drill bit usage which will 

improve the machining quality indirectly. This research proposed a system to monitor 

the wear condition of drill bits used in composite machining which includes detection 

and measurement of wear. The detection concept is basically comparing the image of 

worn drill bit with the reference image of a brand new drill bit. The changes in the 

cutting edge region which indicating the amount of wear is measured in term of 

percentage by using image processing approach. Two samples of drill bits from real 

industry, FLE 190 and FLE 193 were used in the monitoring system testing. Based on 

the result, FLE 190 drill bit which is used to drill carbon fibre reinforced plastic - 

aluminium (CFRP/Al) stacks worn out at maximum flank wear percentage of 24.84 

%. Meanwhile, FLE 193 drill bit is considered worn at 19.58 % when drilling glass 

fibre reinforced plastic - aluminium (GFRP/Al) stacks. The analysis shows that FLE 

190 drill bit experienced a faster wear rate at average of 2.12 % per 100 holes while 

FLE 193 drill bit worn out at slower average rate of 0.46 % per 100 holes due to the 
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different strength of the workpiece. The system is capable to monitor the drill bit flank 

wear and classify it into abrasive and adhesive wear mechanism. Besides, the 

illumination technique used enables the system to be used for various drill bit with 

different height and point angle. The output and contribution of this research proving 

that the direct optical monitoring system proposed is applicable for the industrial 

application.
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CHAPTER 1  
 

INTRODUCTION 

1.1 Research Background 

Composite materials present superior mechanical properties such as high 

strength to weight and stiffness to weight ratio. For past decades, it is widely used in 

various industries such as marine, aerospace, automobile, sporting goods and chemical 

processing equipment. In aerospace industry, the demand is increasing due to its 

lightweight, high strength, nonconductive, corrosion resistance and excellent fatigue 

resistance properties (Dandekar & Shin, 2012). The first significant use of composite 

material in commercial aircraft was in 1983 in the rudder of Airbus A300 and A310. 

The usage of composite materials is increasing by years as it constitutes almost 50% 

of Boeing 787 in 2009 with average weight reduction of 20 % (Quilter, 2001). These 

hybrid properties of the material help the manufacturers to compete in building strong 

and lightweight aircrafts to improve the fuel efficiency and flight endurance. Thus, 

composite materials offer a better fuel economy and a lower operating cost for the 

airlines. 

However, the usage of composite material in aircraft manufacturing increased 

the production cost and leads to a higher aircrafts price. Apart from the rising of 

material prices, the composite machining process also contributes to the increasing 

production cost. In aircraft manufacturing, composite drilling is the major machining 

operation involves and it is different and quite challenging compared to the drilling of 

conventional metallic materials. This is due to the non-homogenous, anisotropic and 

highly abrasive characteristics of the composite materials (Teti, 2002). The cutting tool 

life will be reduced as it tends to worn faster due to the poor machinability of the 
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composite material. This causes the manufacturing process to require more cutting 

tools in order to assemble the same amount of the aircraft components. Furthermore, 

the drilling process also may cause severe damages to the composite panel such as 

delamination and fibre pull-out (Liu et al., 2012). In the past, this problems is very 

common in composite drilling as it was reported that 60% of the composite laminates 

rejected parts are due to delamination damages during final assembly (Stone & 

Krishnamurthy, 1996). It is very crucial for the manufacturers to minimise the waste 

as the rising material prices are making the cost of scrapped component higher. This 

loss can be avoided by reducing or even eliminating the delamination during drilling 

process. 

Delamination depends on feed rate, cutting speed, drill geometry, tool wear 

and tool material (Iliescu et al., 2010). The tendency of the delamination can be 

minimised during high speed drilling of the composite laminates by using the 

combination of high cutting speed and low feed rate. Selecting the suitable drill 

geometry and material also can enhance the quality of the hole making process. These 

factors can be controlled once the right selection is made before drilling operation 

except for tool wear which occurs progressively during the drilling. The level of tool 

wear should be monitored and keep under control to avoid the machined workpiece 

from being damaged. 

Generally, the procedure for cutting tool replacement is depending on the value 

of workpiece material. If the workpiece value is lower than the cost of tool 

replacement, the production will keep using and change the cutting tool only after the 

workpiece is rejected. On the other hand, if the workpiece is more valuable, the tool 

must be replaced on time as the preventive measure to avoid any undesirable results 
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(D’Addona & Teti, 2013). In aerospace manufacturing, the composite material is very 

expensive and any damaged that leads to scrap would be a huge loss to the industry. 

Thus the preventive measures are very crucial. It is extremely essential to replace the 

worn tool in time to avoid downtime and scrapped component. Worn or blunt drill bit 

must be avoided as it may damage the surface finish of the machined part. On top of 

that, excessive wear and tool breakage also may cause downtime which is 

unfavourable in any manufacturing industries. Malaysia has been a major player in 

aerospace industrial hub by providing final stage services such as assembling the 

aircraft parts. In this circumstances, any rejection of the composite panels will be huge 

loss for the industry to bear. The loss is not primarily contributed by the expensive 

composite material only but also because of the whole processes involved before and 

until the final tier of assembly. Therefore, tool condition monitoring (TCM) would be 

beneficial for the aircraft assembly line in optimising the usage of the drill bit, 

improving the quality of the machining process and achieving the high quality of the 

final product. 

In metal cutting process, TCM is inevitable as it also helps in reducing the 

machine tool downtime which improves production rate significantly. Dimla Snr. 

(2000) stated that TCM is important to metal cutting process as it can provide an 

advance fault detection system for cutting and machine tool, check and safeguard 

machining process stability and machine tool damage avoidance system. Historically, 

human operators performed TCM process by using the senses of sight and hearing 

which is subjective and flexible but inaccurate. Nowadays technology is very advanced 

in replacing the method through various approaches. Principally, TCM can be divided 

into two categories which is direct sensing method and indirect sensing method. Direct 
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method measures the wear directly while indirect method measures the parameters that 

correlate the wear and tool condition.  

Researchers have been looking into the possibility of implementing the TCM 

system into the real industrial application whether through direct or indirect 

monitoring method. Optical measurement approach is reported as the only reliable 

direct monitoring while for indirect monitoring, measurement through thrust force, 

machining temperature, vibration signal and acoustic emission (AE) are the preferable 

methods (Siddhpura & Paurobally, 2013). From the publications reviewed, these 

indirect methods pose some limitation which is a significant drawback in tool wear 

monitoring. For example, the force sensors are sensitive to the machine vibration and 

the high frequency force is unable to be measured by dynamometer. Besides, 

temperature monitoring also unable to measure the exact machining temperature due 

to the difficulties in accessing the cutting zone (Dimla Snr., 2000). Vibration signal 

may be distracted by the environmental noises but AE is a better approach as it does 

not interfere with machining operation due to its higher operational frequency than 

environmental noise. However, AE is only effective in detecting tool breakage or 

fracture as it generates larger AE signals during breakage and fracture (Jantunen, 

2002). 

Most of the indirect methods has the capability to perform online monitoring 

but the direct methods is hardly to be applied online due to the inaccessibility of the 

cutting area and continuous contact between the tool and workpiece during cutting 

process (Waydande et al., 2016). Apart from that, the direct optical method requires 

an appropriate illumination for the monitoring system to eliminate the nonlinear 

illumination from the ambience. A robust algorithm is vastly demanded in achieving 
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a reliable monitoring process. However, this direct optical method provides an 

advantage of capturing the actual geometrical changes of tool condition. The optical 

approach is practically reliable in industrial environment as it offers a non-contact 

measurement of the tool wear which deliver a reliable, accurate and quickest results 

through the direct measurement. In addition to this, Siddhpura and Paurobally (2013) 

stated that the optical measurement methods have a promising future in terms of 

industrial application if this method can be continuously developed to monitor the tool 

wear. Practically, this approach is applicable to industrial environment despite of the 

limitations. 

1.2 Problem Statement 

Tool replacement is a process that should not be underestimated especially in 

composite machining of the aircraft assembly. It is very important to maintain the 

productivity of the manufacturing process, avoid scrapping expensive composite 

component and assure the product of high aerospace standard quality. In Malaysia, the 

current practise in cutting tool replacement for composite machining is by depending 

on the number of tool usage. This parameter is highly inconsistent even for the same 

machining process. For example, two identical drilling processes would yield a 

different number of tool usage even both processes are using the same drill bit type, 

workpiece material and the same semi-automatic drill gun model with constant drill 

speed and feed rate. The number of tool usage is affected by the efficiency of the semi-

automatic drill guns. This shows that the number of tool usage is not a consistent 

parameter to be depending on for the tool replacement process. A new consistent 

parameter is required to represent the condition of the drill bit which could be done by 

applying an optical TCM system into the manufacturing process. 
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