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Abstract— Glass has been widely used due to its superior wear and corrosion resistance. Demands for producing crack free, 
high quality holes in glass have been increasing for a number of applications. However, due to its brittle nature the 
fabrication of finely machined features has proved to be challenging due to complexities involving edge chipping, tool wear, 
dimension accuracy, heat fractures and material breakage, etc. The conventional drilling of glass is undertaken at low speeds, 
especially for large diameter holes, in order to offset the increased speed at which the outer cutting edge moves. But this in 
fact increases the machine time and the trust forces on the glass work piece. Hence water jet machining and laser machining 
are used in the industries for the drilling of glass. The objective of this paper is to determine the effect of parameters such as 
feed rate, material removal rate, thrust force and dimensional accuracy during high speed drilling in soda lime glass. 
MINITAB software is used to design the experimental conditions using the RSM technique and obtain the statistical data 
solutions based on the experimental results. 
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I. INTRODUCTION  
 
The drilling process is one of the most common 
processes used in the modern industry. Albeit being 
widely used, there is still a lack of research to fully 
comprehend the complexity of the process. The fact 
that the drilling process occurs inside the hole limits 
the direct observation technique to evaluate its 
process. Naseer Ahmed [1] presented a 3D thermo 
mechanical coupled finite element model of drilling 
process of steel and determined the influence of 
cutting parameters on thrust force and torque. He 
recorded that the effect of changing the feed rate 
increased the torque at higher speeds.  
J. Prasanna et al [2] revealed that the spindle speed 
and air pressure were the determining factors on the 
dimensional accuracy of the hole. They also said that 
the spindle speed and feed rate controlled the thrust 
force. Given this observation one has the most 
obvious doubts regarding the results of high speed 
drilling at higher feed rates.  
Hisahiro Inoue et al [3] finally came out with a 
research and developed a relation between the 
number of holes and the internal damage around the 
drilled hole. They stated that higher feed rates 
resulted in a greater number of holes at a constant 
quality whereas lower feed rates gave a smaller 
number of holes with high quality. They finally 
concluded that the ratio of the radius of the drill to the 
width of the yarn was the most significant parameter 
while estimating the tool life of a small diameter drill 
bit. 
It was T N Valarmathi et al [4] who brought about the 
foundation of this research paper by discerning that 
high spindle speed with low feed rate reduced the 
thrust force developed in the drilling of medium 
density fiber board (wood). Hence we sought to 

incorporate the same in the drilling of glass. Research 
about the influence of the various parameters 
involved in high speed drilling was essential in order 
to narrow down to an efficient drilling process. 
Mrinmoy Jyoti Borah [5] and McMaster [6] provided 
perspicacious results regarding the selection of the 
optimum drill bit for the research. Their comparison 
of different drill bits using the specific energy method 
revealed that a diamond hack-saw drill bit would be 
ideal for glass drilling at high speeds.   
T V Rajamurugan et al [7], describes the need of 
response surface methodology in order to collect the 
mathematical and statistical technique used for 
analyzing the problems in which several independent 
variables influence a dependent variable or response 
and the goal is to optimize the response.  
R.Vimal Sam Singh et al [8] spoke about the 
formation and analysis of thrust force and torque via 
the aid of a multi-facet drill using fuzzy logic in 
drilling GFRP composites. Eight facet solid carbide 
drills based on L27 orthogonal arrays were used to 
conduct the experiments. The lists of experiments 
were determined using the taguchi design. The 
parameters investigated are feed rate, spindle speed 
and the drill diameter. The prediction of thrust force 
and torque in drilling of GFRP composites was done 
using the fuzzy rule based model. The result shows 
that the model can be effectively used for prediction 
of the response. 
Dismondsure [9] describes the effect of coolant in 
glass drilling. This site was instrumental in helping 
the selection of coolant, method of supplying and 
their influence on tool wear. This method can be very 
effective, especially if the water is allowed to flow 
into the bit in order to provide a satisfactory interior 
lubrication. This happens when the water extends 
above the side tip lubrication hole. Low pressure 
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avoids breaking of glass. The paper focuses water or 
soluble oils as coolant adequate coolant supply is 
needed for heat removal and increases tool life. 
Furthermore researcher R P Zeilmann [10] proved 
that the drilling with internal cooling improved the 
geometry and produced holes with a smoother 
surface. 
Tool and method of drilling- The Complete Book on 
Glass and Ceramics Technology [11] by NIIR Board 
of Consultants & Engineers explains the appropriate 
spindle speed for glass drilling varies from 1500-
3000 rpm. It also describes that the diamond core drill 
provides tolerance less than ±0.1 mm. 
 
II. DRILLING PARAMETERS 

 
The prime difference between the high speed 
machining and low speed machining lies in the 
experimental procedure of the drilling process. While 
the low speed machining involves continuous drilling 
and low spindle speeds, high speed machining refers 
to light milling passes at high spindle speed and feed 
rate to achieve a higher material removal rate.  

 
A. Drilling process 
Drilling is a machining process that uses a drill bit to 
cut or enlarge a hole of circular cross section in solid 
materials. The drill bit is a rotary multipoint cutting 
tool which is pressed against the work piece and is 
rotated at the required speed. This forces the cutting 
edge into the work piece, and pushes out the chips 
formed due to the cutting process. The thrust force 
decreases with the increase in feed rate. The spindle 
speed and the feed rate will have almost equal 
contribution towards minimizing the thrust force. 
Low feed rate will produce good circularity but also 
give rise to lower thrust force and an overcut .Higher 
spindle speed will lead to higher thrust force and 
produce holes with good circularity and a lesser taper 
angle. The drilling process is aided by a coolant 
which reduces the heat generated and increases the 
tool life. Application of these fluids is usually done 
by flooding the work piece with coolant and lubricant 
or by applying a spray mist. 

 
B. Drill bit 
Drill bits are machining tools used to create 
cylindrical holes of a predetermined dimension. The 
come in many different sizes. The shank of the drill 
bit is connected to a drill which provides the 
necessary spindle speed and the axial force for the 
drilling process. The standard sizes for the drill bit 
can be checked before purchase. 

 
C. Drill bit characterstics 
The spiral in the drill bit controls the rate of chip 
removal. A fast spiral drill bit is used in high feed rate 
applications under low spindle speeds, where removal 
of a large volume of chip is required. Low spiral drill 
bits are used in cutting applications where high 

cutting speeds are used, where the material has a 
tendency to gall on the bit or otherwise clog the hole, 
such as aluminum or copper. 
The point angle, or the angle formed at the tip of the 
bit, is determined by the work piece material. Harder 
materials require a larger point angle, and softer 
materials require a sharper angle. The correct point 
angle for the hardness of the material controls 
wandering, chatter, hole shape, wear rate, and other 
characteristics.  
The length of a bit controls the depth of the hole, the 
stiffness of the bit and the accuracy of the resultant 
hole. Twist drill bits are available in various standard 
lengths. They are often labeled in order to make their 
identification easier. Short twist drills are knows as 
stub-length drills. The medium sized drills, which are 
most commonly used, are also known as jobber-
length and the long series is termed as taper-length 
drills. Most drill bits that are used for customer 
specific purposes have straight shanks. For heavy 
duty applications, industries sometimes use drills 
with tapered shanks.  
The diameter-to-length ratio of the drill bit is usually 
between 1:1 and 1:10. A higher ratio would increase 
the technical challenge of producing satisfactory 
results. The geometry of the drill bit is determined by 
the material that has to be operated by the drill bit. 

 
D. Glass 
Glass is a non-crystalline and an amorphous solid. It 
is often transparent and has been widely used in 
packaging, housing and buildings, interior design and 
furnishing, electrical and electronic applications, and 
various industries of electrical, electronic, automotive 
and aerospace background etc. Soda-lime glass is 
composed of approximately 75% silicon dioxide 
(SiO2), sodium oxide (Na2O) from sodium carbonate 
(Na2CO3), calcium oxide, also called lime (CaO), 
and several minor additives. Soda-lime glass is 
relatively inexpensive, chemically stable, reasonably 
hard, and extremely workable. Its unique ability to be 
re-softened and re-melted makes it an ideal recyclable 
material. Table 1 highlights the various properties of 
glass. 

 
TABLE I.  PROPERTIES OF GLASS 

 
 
III. EXPERIMENTAL SETUP 

 
The Experiments were conducted on a 3mm thick 
plain glass piece. A 400 W single phase induction 
motor with variable speed was used to provide the 
required feed rate. The high speed drilling machine 
housed a diamond hole saw bit for the experimental 
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process. The work piece was firmly clamped onto a 
fixture which rested firmly on a weighing balance. 
The coolant was externally supplied onto a clay dam 
to ensure that the drilling took place underwater. The 
apparatus was automated using a microcontroller. 
The schematic diagram of the apparatus used is 
depicted by figure 1. 
 

 
Fig. 1. Experimental setup. 

 
IV. EXPERIMENTAL PARAMETERS 

 
The list of experiments was determined using the 
RMS method of experimentation. Initially the 
experiments were conducted varying the feed rate for 
a constant spindle speed and vice versa as shown in 
table. 2. Numerical controlled machine was used to 
carry the experiment for precise drilling. Parameters 
such as thrust force were discerned using the 
weighing balance, whereas the MRR and diameter 
were measured. Based on the results obtained, 
performance curves were plotted by varying the 
various parameters as shown in table 3. The graphs 
provide the necessary information regarding the 
influence of the thrust force and MRR on the drilling 
process. 
 

TABLE II.  LIST OF EXPERIMENTS 

 
 

TABLE III.  PARAMETERS INVOLVED 

 
 

V. EXPERIMENTAL RESULTS 
 
A. Surface plot  
Figure 2 shows the relation between MRR, feed rate 
and spindle speed. It signifies that MRR increases 
with increase in feed rate. Thrust force was highly 
responsible for the work piece damage. Cracks 
generally occurs at the bottom and shoulder around 
the edges of a hole. Crack is responsible for the 
rejection of approximately 60% of the components 
produced in the aircraft industry. 
 

 
Fig. 2. Surface plot of Material removal rate, Spindle speed 

and Feed. 
 
B. Line plot  
As shown in figure 3 the logic modeling technique 
for the prediction of thrust force in drilling of glass 
reports that the feed rate is the main factor which 
influences the thrust force. Reducing thrust force 
depends on the feed rate, spindle speed, geometry and 
materials of the tool, work piece materials. 
 

 
Fig. 3. Thrust force determined by logic modeling technique. 

 
C. Contour plot 1 
From the figure 4 the results reveal that the 
interactions between spindle speed and feed rate have 
moderate work effect in the drilling of glass 
materials. Lower values of thrust force were recorded 
with decreasing feed rate however increased 
gradually with increasing spindle speed. Hence, thrust 
force was maximum at higher feed rate and lower 
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spindle speed. So, the thrust force can be minimized 
by reducing feed rate correspondingly with increased 
spindle speed to avoid chances of crack damage. 
 

 
Fig. 4. Effect of spindle speed and feed on thrust force. 

 
D. Contour plot 2 
Dimensional accuracy i.e. hole quality was better 
when working with low feed rates i.e. below 10 
mm/min and higher spindle speeds i.e. below 25000 
rpm as shown in figure 5 Conversely dimensional 
accuracy was poorer when working with spindle 
speed above 25000 rpm and higher feed rates i.e. 
above 10mm/min.  
 

 
Fig. 5. Effect of spindle speed and feed on diameter. 

 
E. Final results  
Figure 6 shows the active drilling process and figure 
7 highlights the results obtained during peck drilling 
at 16000 rpm and a feed of 8 mm/min. 
 

 
Fig. 6. Photo taken during the drilling process. 

 
Fig. 7. Peck drilling done at 16000 rpm and 8 mm/min feed. 

 
CONCLUSION 

 
The conclusions that can be drawn from this 
experiment are reflected in the experimental graphs. 
The influence of the machining parameters such as 
spindle speed and feed rate over the thrust force has 
been discussed. All these parameters have a major 
contribution over the quality of the hole. Also it is 
seen that the spindle speed is inversely proportional 
to the thrust force. Although low speeds ( below 5000 
rpm ) are preferred for glass drilling, from the 
experimental study, it is certain that high speed 
drilling ( above 10000 rpm) can be suitably 
undertaken with proper coolant supply and masking 
technique. The edge crack effect is considerably 
reduced by the masking effect. Peck drilling should 
be preferred over continuous drilling for high speed 
with sufficient coolant supply, as it reduces the 
induced thrust force and improves the quality of the 
hole. Peck drilling also reduces the reaction forces 
acting on the cutting tool which increases the tool 
life.   
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