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Abstract

In aircraft manufacturing, precision drilling is essential for ensuring the
structural integrity of aircraft components, particularly when working
with aluminum alloys like Al6061. A key challenge arises from tool
wear, which compromises the accuracy of cylindrical hole dimensions.
This study investigates the relationship between drill bit wear and the
resulting hole dimensions under varying feed rates. Using six different
feed rates, experiments were conducted on Al6061 plates to assess the
impact of tool wear on hole cylindricity. The findings reveal a direct
correlation between increased tool wear and larger cylindrical hole
diameters. Among the tested feed rates, 0.26 mm/rev demonstrated
optimal performance, showing consistent patterns in which drill bit
wear was minimized, resulting in improved precision compared to
higher or lower feed rates. These results highlight the importance of
selecting appropriate feed rates to maintain drilling accuracy and
reduce tool wear. In the present study, a feed rate of 0.260 mm/rev
provided the best drilling performance, particularly with Drills 3 and 6.
However, inconsistencies were noted with Drill 5 at a feed rate of 0.33
mm/rev, which could be attributed to residual Build Up Edges (BUE)
making the assessment of tool wear more complex. In conclusion, this
finding provides valuable insights into improving precision in drilling
operations, ultimately contributing to more reliable and durable
aircraft structures.

1. Introduction

This study investigates the relationships between tool wear, tool failures, and the precision of drilled holes in
aviation components. Precision drilling is critical in aircraft production, but it wears out the tools, making
maintenance difficult and shortening tool life [1]. This has an impact on the overall quality of airplane parts,
including weight distribution, material stress, and aerodynamic efficiency. The study focuses on drilling into
aluminum alloy (Al6061), a commonly used material in aircraft manufacturing, and seeks to understand how tool
wear and failure affect the quality of drilled holes. Drilling in airplane components is difficult due to the strict hole
quality requirements by the aircraft industry [2]. The study's goal is to see how tool wear and failure affect the
precision of drilled holes. Specific objectives include investigating tool wear during drilling, assessing tool life in
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accordance with industry standards, and exploring how tool wear and failure are related to the cylindrical shape
of the holes. This research aims to provide insights that can help the manufacturing industry better understand
and control these aspects during the drilling process.

The key challenges in drilling processes primarily center on tool wear, tool failure, and the cylindricity of the
drilled diameter. This study investigates the performance of a specific drilling tool on an aluminum alloy,
considering various parameters such as feed rate and cutting speed. The primary objective is to assess the
influence of these factors on tool performance and to determine how closely the resulting hole geometry aligns
with industry standards. Given the limited existing data on the relationship between tool degradation and hole
precision in drilling applications for aviation components, this research is crucial. Ultimately, the study aims to
offer valuable insights that can contribute to improving the quality and precision of aircraft components in
manufacturing.

2. Machine, Tools and Materials

The following experiment was carried out using six 20 mm-thick aluminum alloy (Al6061) plates along with six
carbide drill bits whose diameters ranged from 9.8 mm to 12.7 mm as depicted in Figure 1. Despite the
widespread use of aluminum alloys in aviation applications, including structural components, exterior surfaces,
and interior skins, A16061 was selected due to its wide application in aerospace [3]. The choice was made to use
carbide drill bits due to their superior temperature resistance, which is particularly useful when it comes to
machining aluminum, especially at high cutting rates when a great deal of heat is generated during the process.
The thermal resistance of carbide drill bits is higher than that of high-speed steel bits, thus reducing the risk of
thermal damage during the machining process as compared with high-speed steel bits [4]. Furthermore, carbide
drill bits exhibit chemical resistance, which helps to prevent adhesion and the formation of a built-up edge
associated with aluminum, such as a built-up edge that can occur as a result of the ductility of the metal, thereby
extending the life of the tool [5].

(@) (b)
Fig. 1 (a) Aluminium Alloy (6061); (b) Carbide drill bit

Drilling involves creating holes through the workpiece, with measurements being taken at various points on
the surface of the drilled holes in order to collect data regarding the drilling process. Figure 2 shows the model of
the vertical machining centre used in this study, a MAZAK Nexus 410A-2. By using the tool maker microscope that
was integrated into the machine, wear patterns such as scratched, grooved, and other irregularities on the drill
bit can be identified, providing valuable insights into just how great the drill bit has performed throughout its
lifetime as shown in Figure 2 (b). As a result, necessary adjustments can be made to focus on increasing efficiency
and the longevity of the tool. As depicted in Figure 3, precision measurements were conducted using a Coordinate
Measuring Machine (CMM) or Multi Probe techniques which was utilized [6] to calculate the diameter and
cylindricity of the hole with precision using a CMM. During CMM measurements, the probe moves around the hole
wall in a circular motion to capture discrete points on the surface for geometric analysis. A cylindricity
measurement has been carried out using the software MCOSMOS to determine the diameter of the tube. The
results are shown in Figure 4 where the distances from the measurement points to the cylinder's ideal axis are
highlighted as maximum and minimum distances.
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Fig. 2 (a) MAZAK Nexus 410A-2; (b) Setup drill bit on tool maker microscope for wear measurement
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Fig. 3 (a) Setup for cylindricity measurements on CMM; (b) measurements of hole drilled
Figure 4 depicts the result of the cylindricity measurement as shown in MCOSMOS software, with a point of

maximum distance from measuring points to the ideal axis, max{R} and another point of minimum distance from
measuring points to the ideal axis, min{R}.
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(@) (b)
Fig. 4 (a) Cylindricity anatomy in MCOSMOS software; (b) 30 Holes on the workpiece

2.1 Experimental Setup

The experimental setup includes all the necessary instruments for conducting research on the manufacturing
system while drilling is taking place. Table 1 provides information regarding the experimental settings of the
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drilling machine, which includes the depth of cut, cutting speed, feed rate, coolant condition, and cutting insert
among other variables. To complete the drilling experiment. A series of thirty holes, each measuring 9.8 mm in
diameter, are drill in sequential order. Following the establishment of the drilling application, which includes the
specification of the feed rate and cutting speed, the operation is then immediately started. Following the
completion of the drilling process, the workpiece and the drill bit are removed. For wear analysis, a visual
inspection is performed with the assistance of a toolmaker microscope, and measurements of wear are taken at
holes. A Mitutoyo Coordinate Measuring Machine and MCOSMOS software are utilized to carry out the process of
determining the cylindricity of a material by measuring it at specific hole points. The MCOSMOC software is
responsible for recording and displaying the results of the automatic measurements of cylindricity. Every step of
the process is repeated until all the holes that were chosen were to have been drilled.

Table 1 Experiment condition of drilling machine

Condition Description

Parameter Depth of Cut (mm) = 22
Cutting Speed, vc (m/min) = 31.4
Feed Rate, Fr (mm/rev) = 0.200,
0.230, 0.260, 0.290, 0.320, 0.360

Coolant Condition Dry
Tool Drill Carbide twist drill bit, 135° Point
Angle

3. Result and Discussion

3.1 Experimental Setup

The analysis of tool wear has become increasingly complex due to the numerous factors that influence it. Variables
such as the machining environment, cutting speed, feed rate, material hardness, tool material and geometry,
cutting fluids, and workpiece characteristics all contribute to the wear process. In this experiment, the cutting
speed is kept constant, while the feed rate is varied under dry drilling conditions to study the effects of tool wear,
friction, and heat. High visibility allows for clearer observation and analysis of wear patterns on the drill bit,
including heat cracking, flank wear, and crater wear. According to ISO 8688 standards, the maximum acceptable
uniform wear is defined as a flank wear land width of 0.3 mm. Built-Up Edge (BUE) frequently forms on the drill
bit's face during drilling at specified intervals between holes [7]. To mitigate this, a cleaning process is performed
using cotton and alcohol, followed by the application of compressed air to ensure cleanliness and accuracy in
subsequent measurements. Figure 5 shows the development of BUE on the flank tool edge.

Fig. 5 Drill bit face with BUE and after cleaning process condition

The wear that occurred is focusing on the flank area. The picture will be captured into two parts of flank at
the drill bit. The data for chisel edge wear is also collected to further optimize the findings.
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Table 1 Experiment condition of drilling machine

Fr=0.230mm Drill bit 2 (plate 2)
Hole no Flank 1 Flank 2 Chisel edge

pum

10

pum

15

pum 83.439 59.476 302.86

20

pum

25

pum

30

pum 91.932 62.7434 307.246

Wear was predominantly observed at the chisel edge of the drill. This type of wear is typically induced by the
high shear and compressive stresses present in the tool-workpiece contact zone, combined with elevated
temperatures during drilling. The chisel edge, located at the drill tip, is the first area to engage with the workpiece
during the drilling process [8]. In this experiment, the cutting speed was maintained consistently at 31.4
revolutions per minute across all drills, while the feed rate varied between drill 1 and drill 6. As illustrated in
Figure 9, the results display an unstable pattern, attributed to errors in measuring tool wear. This instability is
primarily due to frequent occurrences of Built-Up Edge (BUE) on the drill bit's surface. Despite cleaning efforts,
remnants of BUE adhered to the drill bit, causing inaccuracies in the recorded wear measurements. The formation
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of BUE during machining not only accelerates wear but also complicates data collection, making it challenging to
accurately assess existing wear patterns [9]. Furthermore, misalignment and focusing issues emerged due to
improper setup of the drill bit. Proper alignment and focus of the microscope are critical to ensuring accurate
measurements, as deviations in these areas can result in erroneous data collection [10].

Total Average Flank Wear
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Fig. 6 Total average flank wear vs hole

The data presented in the Figure 6 indicate that drill bit 4 exhibited the highest level of flank wear compared
to the other drill bits, while drill bit 1 showed the lowest flank wear. The lower wear observed in drill bit 1 will be
attributed to its lower feed rate, which reduces the mechanical stresses and heat generated during the drilling
process. In contrast, drill bit 4 experienced a higher feed rate, leading to greater tool wear. This trend is consistent
with established findings, as tool wear generally increases with higher feedrates [11] due to the intensified friction
and thermal loads imposed on the cutting edges during machining. Thus, the observed correlation between feed
rate and tool wear further reinforces the importance of optimizing feed rate to prolong tool life and maintain
machining efficiency.

Remaining BUE

Fig. 7 Image of remaining BUE still occurred after cleaning processing

The variations in Built-Up Edge (BUE) formation likely contribute to the irregular wear patterns observed in
the data. The cyclical formation and removal of Built-Up Edge (BUE) is able significantly impact the wear
characteristics of specific hole sizes or drill bits, often resulting in unexpected variations in wear rates. Despite
post-processing cleaning, residual BUE was still observed, which further complicated the accurate assessment of
tool wear as shown in figure 7. These fluctuations may result in either an increase or decrease in wear, depending
on the extent of BUE formation and removal during drilling. Additionally, the trend depicted in the graph suggests
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that as the hole size decreases, the wear on the drill bit tends to increase [12]. This inverse relationship highlights
the potential impact of hole size on tool wear during the machining process.

3.2 Cylindricity

Cylindricity measurements were taken for 30 holes across all drilled plates, with each hole measured at 90 points,
using three points per hole. A Coordinate Measuring Machine (CMM) was employed for these measurements. The
average cylindricity values were calculated for selected holes (5, 10, 15, 20, 25, and 30) across six plates. Drill bits
1, 2, and 6 exhibited generally stable or decreasing cylindricity measurements as hole size increased, suggesting
a trend towards lower cylindricity with larger holes. However, variations in measurements between different hole
sizes did not follow a strictly linear or consistent pattern. In contrast, drill bits 3, 4, and 5 displayed more irregular
trends, with fluctuations in cylindricity that lacked a clear increasing or decreasing pattern across the range of
hole sizes.

Drill bits 4 and 5 exhibited significantly higher cylindricity at hole size 20, leading to a distinct peak in their
measurements as depicted in Figure 8. This increase in cylindricity can be attributed to heightened tool wear,
which affects cylindricity values. This observation aligns with previous research, which indicates that as tool wear
increases, cylindricity tends to decrease in subsequent holes due to the progressive degradation of the tool's
cutting edge [13].

The Total Average Cylindricity
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Fig. 8 Comparison of total average flank wear in different drill

3.3 The Correlation Between Tool Wear and Cylindricity

Figure 9 illustrates the relationship between tool wear and hole cylindricity as a function of feed rate. The data
reveal that the trends for tool wear and cylindricity do not follow a similar or consistent pattern. There is no clear
correlation indicating that an increase in average flank wear results in a corresponding increase in total average
cylindricity. For instance, Drill 3 exhibits a relatively higher flank wear (0.1624) and cylindricity (0.0658), yet this
relationship is not proportionate across all drills. This inconsistency may be attributed to data collection errors
influenced by tool wear. Additionally, the formation of Built-Up Edge (BUE) on the drill bit further complicates
accurate measurement of tool wear.

A correlation between tool wear and cylindricity was observed at feed rates ranging from 0.290 mm/rev to
0.360 mm/rev. The results indicate that as tool wear increases, cylindricity decreases. This finding is consistent
with previous research, which suggests that tool wear significantly affects cylindricity by impacting the precision
of the circular geometry. As tool wear progresses, it leads to a reduction in hole size and diminished cylindricity
[13].
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Correlation of wear and cylindricity
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Fig. 9 Correlation between tool wear and cylindricity

4. Conclusions and Recommendations

The findings from the experimental analysis of tool wear and hole cylindricity during dry drilling of Al T6-6061
aluminum alloy are examined in detail in this section. Notably, human error contributed to some data
discrepancies, highlighting the need for additional studies to refine data collection techniques in drilling
operations for aircraft manufacturing. Ibrahim et al. [14] similarly emphasized the importance of accurate data
collection to control surface roughness and mitigate the formation of Built-Up Edge (BUE) during drilling. In the
present study, a feed rate of 0.260 mm/rev provided the best drilling performance, particularly with Drills 3 and
6. However, inconsistencies were noted with Drill 5 at a feed rate of 0.33 mm/rev, which could be attributed to
residual BUE, making the assessment of tool wear more complex. These results are consistent with Ahmad et al.
[15], who observed that BUE can affect chip formation and hole circularity, complicating the drilling process in
aircraft component manufacturing. The significance of maintaining precise hole dimensions is particularly evident
in the aerospace sector, where even minor deviations can result in manufacturing issues. This is further supported
by the research of Ibrahim et al. [16], who explored the impact of structural accuracy in Wing-in-Ground (WiG)
craft, underscoring the broader relevance of precision in the aerospace industry. To enhance the validity of these
findings, future studies should aim to improve the experimental design by increasing the sample size of drilled
holes, utilizing statistical correlation methods, and refining wear analysis techniques. This approach aligns with
recommendations from Ibrahim et al. [17] and other researchers [18][19][20], who advocate for the use of
advanced analytical methods to ensure more accurate and reliable data in mechanical engineering research.
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