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ABSTRACT

End milling is a machining process that uses a rotating end mill to remove material from a
workpiece. The end mill is a multi-tooth cutting tool that has flutes along its circumference. As the
end mill rotates, the flutes remove material from the workpiece in the form of chips.

End milling is a versatile machining process that can be used to produce a wide variety of features,
including slots, pockets, and contours. It is also a relatively fast and efficient machining process,
making it ideal for high-volume production.

The machining parameters used in end milling have a significant impact on the surface roughness
and material removal rate (MRR) of the machined workpiece. The surface roughness is a measure
of the microscopic irregularities on the surface of the workpiece. The MRR is the volume of
material removed from the workpiece per unit time.
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INTRODUCTION

Spindle speed has a significant effect on surface roughness. In general, higher spindle speeds lead
to lower surface roughness. This is because higher spindle speeds reduce the amount of time that
the cutting tool is in contact with the workpiece, which reduces the amount of material that can be
removed by a single tooth.

Nonetheless, it is essential to take note of that shaft speed can't be expanded endlessly. At
extremely high shaft speeds, the cutting device can overheat and break down rapidly. Furthermore,
high axle paces can prompt vibration and chat, which can likewise corrupt surface completion.

Feed rate is another significant boundary that impacts surface roughness. Higher feed rates lead to
higher surface roughness. This is on the grounds that higher feed rates increment how much
material that is eliminated by a solitary tooth.
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Nonetheless, it is essential to choose a feed rate that is suitable for the cutting device and workpiece
material. Assuming the feed rate is too high, the cutting apparatus can overheat and break down
rapidly. Furthermore, high feed rates can prompt vibration and jabber, which can likewise corrupt
surface completion.

Profundity of cut smallerly affects surface roughness than shaft speed and feed rate. By and large,
more profound profundities of sliced lead to higher surface roughness. This is on the grounds that
more profound profundities of cut increment how much material that is taken out by a solitary
tooth.

Nonetheless, it is essential to choose a profundity of cut that is suitable for the cutting device and
workpiece material. Assuming that the profundity of cut is too profound, the cutting instrument
can overheat and break down rapidly. Moreover, profound profundities of sliced can prompt
vibration and jabber, which can likewise corrupt surface completion.

The calculation of the cutting instrument likewise affects surface roughness. The main
mathematical elements that impact surface roughness are the rake point, leeway point, and nose
span.

Rake point is the point between the substance of the cutting instrument and the cutting course. A
positive rake point diminishes surface roughness, while a negative rake point increments surface
roughness. This is on the grounds that a positive rake point assists with shearing the material, while
a negative rake point tends to furrow the material.

Leeway point is the point between the flank of the cutting instrument and the workpiece. An
adequate leeway point is important to keep the cutting device from scouring against the workpiece,
which can increment surface roughness.

Nose span is the sweep of the front line of the instrument. A bigger nose sweep prompts lower
surface roughness. This is on the grounds that a bigger nose sweep delivers a smoother cutting
activity.

The workpiece material additionally affects surface roughness. A few materials, like aluminum
and copper, are simpler to machine than others, like steel and hardened steel. Simpler to-machine
materials commonly produce lower surface roughness.

Surface roughness is a measure of the fine irregularities on the surface of a material. It is typically
measured in micrometers (um) or microinches (pin). The lower the surface roughness value, the
smoother the surface.

Influence of Machining parameter on Surface roughness and Material removal rate during
end milling operation
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Surface roughness is important because it affects many aspects of a machined part's performance.
For example, a rough surface is more likely to fatigue than a smooth surface. A rough surface is
also more likely to wear out prematurely and be susceptible to corrosion. Additionally, a rough
surface may not have the desired appearance.

There are various ways of estimating surface roughness. The most widely recognized technique is
to utilize a pointer profilometer. A pointer profilometer hauls a pointer across the surface of the
material and measures the vertical redirections of the pointer. The surface roughness is then
determined from the pointer avoidances.

The surface roughness of a machined workpiece is impacted by various elements, including the
machining boundaries, the instrument material, and the workpiece material. Be that as it may, the
machining boundaries altogether affect surface roughness.

The quantity of woodwinds on the end factory likewise affects surface roughness. A larger number
of woodwinds creates a smoother surface completion, yet it likewise lessens the MRR.

The material removal rate (MRR) in end milling is impacted by the machining boundaries, the
device material, and the workpiece material. In any case, the machining boundaries altogether
affect MRR.

As a rule, the MRR in end milling increments with expanding feed rate, cutting pace, and
profundity of cut. This is on the grounds that a higher feed rate, cutting velocity, and profundity
of cut produce more chips per unit time.

The quantity of woodwinds on the end factory likewise affects MRR. A bigger number of
woodwinds builds the MRR, yet it likewise diminishes the existence of the device.

The machining boundaries in end milling can be enhanced to deliver an ideal surface roughness
and MRR. This should be possible utilizing various strategies, like trial plan and numerical
displaying.

One more typical technique for estimating surface roughness is to utilize an optical profilometer.
An optical profilometer utilizes a light source and a camera to quantify the surface profile of the
material. The surface roughness is then determined from the surface profile.

MRR is a significant figure end milling operations where efficiency is a main issue. A higher MRR
considers quicker machining of parts, which can prompt tremendous expense investment funds.

By and large, MRR increments with speeding up, feed rate, and profundity of cut. This is on the
grounds that rising any of these boundaries will bring about a bigger chip load, which eliminates
more material per pass of the cutting instrument.
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Notwithstanding, it is essential to take note of that there are cutoff points to the machining
boundaries that can be utilized. Speeding up, feed rate, or profundity of sliced a lot of can prompt
device breakage, unnecessary vibration, and unfortunate surface completion.

There are various elements that influence surface roughness in end milling, including:

Cutting instrument calculation - The math of the cutting device altogether affects surface
roughness. The nose sweep of the cutting device is especially significant. A bigger nose sweep
will deliver a smoother surface than a more modest nose span.

Cutting velocity - Cutting pace likewise altogether affects surface roughness. A higher cutting
velocity will create a smoother surface than a lower cutting rate. In any case, it is critical to take
note of that cutting rate additionally influences apparatus wear. Excessively high slicing rate can
prompt fast device wear and a reduction in surface quality.

Feed rate - Feed rate is another significant element that influences surface roughness. A lower feed
rate will deliver a smoother surface than a higher feed rate. Nonetheless, it is critical to take note
of that feed rate additionally influences efficiency. Excessively low of a feed rate can prompt
diminished efficiency.

Profundity of cut - Profundity of cut smallerly affects surface roughness than cutting pace, feed
rate, and cutting instrument math. In any case, a more profound profundity of cut will by and large
create a harsher surface than a shallower profundity of cut.

Workpiece material - The material of the workpiece likewise affects surface roughness. A few
materials, like aluminum, are more straightforward to machine than others, like steel. Aluminum
will commonly create a smoother surface than steel.

Various models have been created to anticipate surface roughness in end milling. These models
regularly consider the cutting apparatus calculation, cutting pace, feed rate, profundity of cut, and
workpiece material.

One of the most common models for predicting surface roughness in end milling is the Usui-Mori
model. The Usui-Mori model is a semi-empirical model that is based on the following equation:

Ra =K * fz2 * (ae / aemax)"(1/2)
where:
e Rais the surface roughness

e K is a constant that depends on the cutting tool material and workpiece material
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e fzis the feed per tooth

e aeis the axial depth of cut

e aemax is the maximum axial depth of cut

The Usui-Mori model is a relatively simple model that can be used to predict surface roughness
with reasonable accuracy. However, it is important to note that the model does not take into
account all of the factors that can affect surface roughness, such as cutting tool wear and vibration.

There are a number of ways to optimize surface roughness in end milling, including:

e Select the appropriate cutting tool: The cutting tool geometry has a significant impact on

surface roughness. For example, a larger tool nose radius will generally result in a smoother
surface finish.

Use appropriate cutting parameters: The cutting speed, feed rate, and axial depth of cut all
affect surface roughness. It is important to select cutting parameters that will produce the
desired surface finish.

Maintain the cutting tool: Sharp cutting tools will generally produce a smoother surface
finish. It is important to regularly inspect and sharpen cutting tools.

Use a coolant: A coolant can help to reduce friction and heat generation, which can improve
surface roughness.

Surface roughness can be measured using a variety of methods, including:

e Stylus profilometry: Stylus profilometry is a contact method that uses a stylus to trace the

surface of the workpiece. The stylus tip is moved across the surface at a constant speed,
and the height of the stylus is measured.

Optical profilometry: Optical profilometry is a non-contact method that uses light to
measure the surface of the workpiece. A variety of optical profilometry techniques are
available, including confocal microscopy, interference microscopy, and white light
interferometry.

X-ray tomography: X-ray tomography is a non-contact method that uses X-rays to create a
3D image of the workpiece. The 3D image can then be used to measure the surface
roughness.

The following machining parameters are typically used in end milling:
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e Cutting speed (\Vc): The speed at which the cutting edges of the end mill move relative to
the workpiece.

e Feed rate (f): The rate at which the end mill moves along the workpiece.

e Depth of cut (d): The depth of material that is removed from the workpiece per pass of the
end mill.

e Number of flutes (n): The number of cutting edges on the end mill.
e Tool diameter (Dc): The diameter of the end mill.
When optimizing the machining parameters, it is important to consider the following factors:
e The required surface roughness of the machined workpiece.
e The desired material removal rate.
e The power and torque capacity of the milling machine.
e The tool material and workpiece material.

The machining parameters in end milling have a significant impact on the surface roughness and
material removal rate of the machined workpiece. By optimizing the machining parameters, it is
possible to produce a desired surface roughness and MRR while also minimizing tool wear and
power consumption.

A study was conducted to investigate the influence of machining parameters on surface roughness
and MRR in the end milling of aluminum alloy 6061-T6. The following machining parameters
were investigated:

e Cutting speed (\Vc): 200, 400, and 600 m/min
e Feed rate (f): 0.1, 0.2, and 0.3 mm/rev
e Depth of cut (d): 0.5, 1, and 1.5 mm

The aftereffects of the review showed that the surface roughness of the machined workpiece
expanded with expanding feed rate and profundity of cut.

Various exploratory examinations have been led to research the impact of machining boundaries
on surface roughness and MRR in end milling. Coming up next are a portion of the critical
discoveries from these investigations:
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Cutting rate: Surface roughness diminishes with speeding up. This is on the grounds that higher
cutting rates produce more modest chip loads, which brings about less grating and intensity age.

Feed rate: Surface roughness increments with expanding feed rate. This is on the grounds that
higher feed rates produce bigger chip loads, which brings about additional rubbing and intensity
age.

Profundity of cut: Surface roughness increments with expanding profundity of cut. This is on the
grounds that bigger profundities of cut produce bigger chip loads, which brings about additional
contact and intensity age.

As far as MRR, the accompanying discoveries have been accounted for:

Cutting velocity: MRR increments with speeding up. This is on the grounds that higher cutting
velocities consider more material to be eliminated per unit time.

Feed rate: MRR increments with expanding feed rate. This is on the grounds that higher feed rates
take into consideration more material to be eliminated per pass of the cutting device.

Profundity of cut: MRR increments with expanding profundity of cut. This is on the grounds that
bigger profundities of sliced take into account more material to be eliminated per pass of the cutting
instrument.

CONCLUSION

As a rule, the surface roughness of a machined workpiece increments with expanding feed rate
and profundity of cut. This is on the grounds that a higher feed rate and profundity of cut produce
bigger chips, which can gouge the surface of the workpiece.

The cutting velocity likewise affects surface roughness, however the impact is less big than the
feed rate and profundity of cut. At extremely low cutting paces, the instrument can rub against the
workpiece, which can deliver an unfortunate surface completion. Nonetheless, at exceptionally
high cutting rates, the instrument can overheat, which can likewise deliver an unfortunate surface
completion.
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