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Abstract
The objective of this work is to calculate the surface roughness of the mild steel (AISI 1040) work piece in
turning under different eco-friendly cutting fluids as a coolant. The single point cutting tool is used for
machining cylindrical shape specimen of mild steel. The soya bean oil, coconut oil, canola oil, rice bran and
normal coolant (servo-cut oil) are the cutting fluids used in this operation and also the machining process is
done in dry condition. A number of tests are performed with different cutting speeds, different cutting fluids
and with varying depth of cuts. Surface Roughness values are obtained from these experiments and these are
used for data analyzing the cutting process. The High speed steel tool is used for the experimental work. The
experiments are carried out to find the variation of Surface Roughness with respect to the cutting speeds and
cutting fluids and the best cutting fluid under various cutting speeds and depth is found out. Thus finding
alternatives for mineral based cutting fluids with environmentally friendly cutting fluids.
Keywords: Surface Tester, Vegetable Oil Based Cutting Fluid, Turning, Tool Wear, Surface Roughness.

1. Introduction
In metal cutting operations the use of lubricants is relatively recent as compared to the use of fats to grease
chariot wheels by the ancient Egyptians. Mineral oils were being extensively used as cutting fluids in the
machining area by the mid-nineteenth century.
The lubricants are being utilized in all sections of industry for lubricating the machines and materials. About
80 to 85% lubricants being used worldwide are petroleum based oils. Use of petroleum based oil created
adverse effect on environment. The prime aim of all machining operations is to obtain to lower machining
costs by improving of quality and productivity of the operation. This aim can be achieved by machining at the
highest cutting speed with long tool life, fewest part rejects and minimum downtime. A successful cutting fluid
must not only improve the performance of the machining process, but also satisfy a number of requirements
that are non-toxic, non-harmful to health of operators, not a fire hazard, do not produce smoke or fog in use
and costless. The waste disposal after usage is considered as one of the main drawbacks of using cutting fluids.
Mineral oil has poor biodegradability and thus induces the potential for long term pollution of the environment.
Also the availability of mineral oil is greatly dependent upon political considerations. Therefore, we cannot
assure the availability of mineral oil in the future. With the use of vegetable based cutting fluids as an
alternative to mineral based cutting fluids the demand for biodegradable cutting fluids has increased. The
vegetable based oils are also sustainable when compare with the mineral based oils that are limited and steadily
depleting.
During machining operations the friction between tool and work piece lead to rise in temperatures, which
results in decrease in dimensional accuracy and surface quality of the work piece. Cutting fluids play the dual
role of lubricants and coolants by minimizing the friction between tool-work pieces, tool-chip interface. The
main purpose of lubrication is to reduce wear but it function as an insulating medium in transformer and a
coolant in metal working processes. In all lubricants the major part is the base oil and some additives are there
to impart desirable characteristics.
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2. Literature Review
Cutting fluids are widely used in metal machining processes to remove and reduce heat during machining
operations. On one hand, the use of cutting fluids greatly enhances machining quality while simultaneously
reducing the cost of machining by extending tool life. The use of petroleum- based cutting fluids, however, has
been found to affect operators, causing medical problems such as dermatitis, while the disposal of the fluids
needs to follow special provisions to take care of the environmental impact.
M K Vijayaprabhu [1] analyzed the performance of natural cutting fluids during turning operation of mild
steel. The experiment is carried out by using edible oils such as coconut oil and sunflower oil as coolant. Along
with this normal coolant also provided. The experiment is done at dry condition also. They did not provide the
details such as the composition of mild steel, type of normal coolant used.
Gokul Gopan [2] conducted a case study on the effect of natural cutting fluids on turning operation. They used
rice bran oil as the natural cutting fluids. The experiment is carried out in dry condition also. The materials
used are EN8 and EN9. The work is carried out on a CNC lathe. Both the work piece are checked using
different coolants at four different speed and feed keeping depth of cut constant.
B.Satheesh Kumar [3] investigated the effect of vegetable oil as cutting fluid in turning of AISI 1040 steel.
They used Sulphur based Extreme pressure (EP) additives to improve machining. The vegetable oils used are
sesame oil and coconut oil along with sulphur based EP additives. The experiment is carried out by means of
lathe using carbide tipped tool. The oil used as cutting fluids is soluble oil, sesame oil and coconut oil with 0%
and 5% EP additives.
Julie Z Zhang [4] evaluated the effect of soya bean oil in CNC machining. They measured both tool wear and
surface finish and compared the result obtained with that of petroleum based cutting fluids. The work piece
used is E52100- high carbon, chromium alloy steel. Petroleum based cutting fluids used is Castrol clear edge
6510.
Ojolo [5] experimentally investigated the effect of straight vegetable oils such as groundnut oil, coconut oil,
palm kernel oil on cutting force during cylindrical turning of three materials(mild steel, copper, aluminium)
using tungsten carbide tool. Experiment is performed with different cutting variables such as cutting speed,
feed rate, depth cut, spindle speeds, Experiment shows that cutting force for different vegetable oil depends on
material, as highest reduction in cutting force is obtained when aluminium is turned and groundnut oil as
cutting fluid.
Lovel M [6] used blend of canola oil and boric acid as lubricant for deep drawing operation of steel sheet.
Friction value is measured by using strip tensile friction simulator. It is concluded that blending of canola oil
and boric acid has steady friction value and which is 44% less than commercial fluid. Surface roughness value
was also lower than the commercially fluid and formability of steel also increases for blending.

3. Properties of Natural Cutting Fluids
Bio lubricants have many valuable and useful physiochemical properties. They offer practical advantages
unlike those of typical petroleum-based lubricants. Bio lubricants have high lubricity, high flash point and low
evaporative losses. Overall, vegetable oil-based lubricants exhibit several excellent properties compared with
mineral oils.
(a) Viscosity Index: The Viscosity index indicates changes in viscosity with changes in temperature. A high
viscosity index indicates small changes in temperature; whereas a low viscosity index indicates high changes in
temperature. Vegetable oil-based bio lubricants have higher viscosity index than mineral oils, which ensures
that bio lubricants remain effective even at higher temperatures by retaining the thickness of the oil film.
Hence, bio lubricants are suitable for a wide temperature range.
(b) Viscosity: It is one of the most important properties to be considered in the selection of oil. It indicates
resistance to flow, and is directly related to the temperature, pressure, and film formation. High viscosity
indicates high resistance to flow and vice versa.
(c) Flash point and Fire point: The minimum temperature at which a lubricant must be heated before it
vapourises is known as its flash point. The temperature at which a lubricant continues its combustion is its fire
point. Due to the higher flashpoint of vegetable oil-based bio lubricants there is less risks of fire in case of a
lubricant leak.
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(d) Oxidation stability: It is the ability to exhibit resistance toward oxide-forming tendency with increases
in temperature. Low oxidation stability denotes the ability of oil to oxidise rapidly during use; if it is untreated
it becomes thick and polymerizing to a plastic like consistency. Bio lubricants have poor oxidation stability as
base oil and hence oxidation inhibitors are required.

(e) Pour point: It is the lowest temperature at which oil flows or pours. Vegetable oil based bio lubricants
have lower pour points when compared to mineral oils, thus providing excellent lubrication for cold starts.

(f) Anti-wear properties: Boundary lubrication occurs when the viscosity of the selected oil sample is
insufficient to prevent surface contact .Anti-wear additives provides a defensive film at contact surface to
reduce wear. Anti-wear property is identified by standard laboratory tests. Vegetable oil-based bio lubricants
have better anti-wear properties than mineral oils
The triglyceride structure of vegetable oils provides the desirable properties to use it as a lubricant. Long,
polar fatty acid chains provide high strength lubricant films when applied to metallic surfaces and thereby
reduces both friction and wear. The high flash point correlates to a very low vapour pressure and volatility thus
reduces the potential hazards during use. But they have poor oxidative stability as compared to mineral oils and
in general they cannot withstand reservoir temperatures over 800C.

4. Surface Roughness Measurement Techniques
Generally speaking, the techniques of measuring roughness of machined parts can be classified into two
categories, contact and non-contact surface roughness measurements technique.

4.1 Contact Measurement Techniques
An instrument used to measure surface roughness is a stylus profiler. This instrument uses a diamond stylus
profiler to directly touch the part’s surface and measure its surface roughness value by averaging the value in
the cut-off. The stylus profile is one of the most widely used instruments to measure contact surface roughness
in industry and academic laboratories. Its advantage are easy and quick to use, good repeatability, and
relatively inexpensive. The Ra value from a profiler is usually employed as a basic index, which is taken and
compared with other surface roughness measurement techniques.
Another surface roughness device is the scanning force microscope (SFM), which is used to study the
characteristic of precise surface roughness, such as precision machined surface roughness. A three-dimensional
(3D) image at any rotation angle can indicates roughness heights. The measuring sample is fixed on a
piezoelectric scanner. The piezoelectric scanner travels the measuring sample in the horizontal and ydirections. The vertical z-direction movement of the measuring sample is obtained by a stationary tip mounted
on a cantilever. The tip contacts the surface roughness of the measuring sample and applies a small force.

4.2 Non-Contact Measurement Techniques
Monitoring surface roughness is often done by manual contact inspection of part surface using stylus profilers.
However, manual contact inspection is time consuming. Thus, several non-contact measurement techniques
have been developed to reduce measurement time, such as fibre optics, ultrasonic, machine vision, etc. These
can be applied in the surface roughness measurement of in-process machining.
Surface roughness is also measured by one of three different methods: profile, area and comparison.
Profile: The profile method of surface roughness measurement is the one in most general use. It consists of
measurements taken with a stylus of a single line, of a designated length, that is representative of the entire
surface.
Area: capacitance, optical and pneumatic systems are employed to measure an area of a surface and, when
compared to a known acceptable master, may be used to check a process. A profile check is normally used in
conjunction.
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Comparison: surfaces with a comparatively “rough” surface texture requirement (above 60 μ inch) may be
compared with a known sample such as an approved sample part or with commercial standard roughness
specimens. The check is made by visual comparison and sometimes by tactual fingernail.
Stereoscope comparison microscopes are also available and usually used in the surface roughness range of
from 20 μ inch to 60 μ inch or above. In this study widely used parameter in research and industry, average
surface roughness (Ra) is selected as a response variable. For its measurement, the stylus profile instrument
(contact type) is used. Among its many advantage are that it is easy and quick to use, has good repeatability,
and is relatively inexpensive as explained.

5. Instrumentation and Experimentation
The machinery used is conventional lathe of Bharat machine tools with product name NAGMATI 175 lathe
machine and for the roughness testing of the specimen highly accurate surface roughness measuring device
named SURFTEST SJ410 perthometer (MITUTOYO) are used and is shown in the figure 5.1.

Fig. 5.1: Roughness Tester (SURFTEST SJ410)
Perthometer is an Electronic Instrument used for measuring the surface roughness value of technical
surfaces. It contains the following parts:
(a) Pick up: This is a sensing device which has skid and stylus which is a diamond pointer.
(b) Drive unit: It guides and moves the pickup during the traverse over the measuring surface in required
direction at constant speed.
(c) Perthometer: It provides the readout of the computed surface roughness values (Ra, Rz, Rmax).
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It also consists of a magnification selector switch, traverse length selector switch, roughness selector
switch and instruments zero tuner.
Working: The stylus is made to move across the surface of specimen and the mechanical /electrical
transformer generates electrical signals corresponds to the effective surface. These signals are then amplified,
filtered and transmitted to the connected indicating or recording unit.
Calibration: Position the pickup on the calibration master and align the stylus such that it is parallel to the face
of calibration master by using height adjustment on the drive unit. Position the stylus immediately behind the
measuring groove. Then set the surface value selector in position ‘P’, magnification switch in position P = 10 /
μm (for pickups with range 250μm P = 1μm as per the manufacturer’s specification). Push the calibration
master towards the drive unit until the stylus has reached to the center of measuring groove. Indicator should
give a reading as per the value on the calibration master. If the meter is not adjusted to required instrument zero
value adjusts it with the help of a screwdriver. Finally pull the calibration master back to its original position
and ensure that indicator return to zero.

5.1 Material
The material selected for the experiment is AISI 1040(EN 8) grade steel. Since EN8 is a popular grade
of through hardening medium carbon steel, this is machinable in any condition. EN8 is suitable for the
manufacture of parts such as axles, shafts, gears, bolts etc.
The various advantages of EN8 include easy machinability, low cost, ease of availability, mostly
suited for machining with HSS tool. For the experiment we are using high speed steel as tool material since
EN8 provide better machinability with HSS tool.

5.2 Experimental Design

Fig. 5.2: Work design
The experimental design is done on SIEMENS SOLID EDGE V20 .The experimental design as
shown in the figure 5.2 is as follows:
The 120 mm length work piece is divided into two equal half of 60mm. A parting is provided between two
regions. The length of parting is 11 mm. Initially we are planned to make the turning operation at two different
speeds. The 32mm diameter is initially turned to 30.5 mm. After the parting clearance and chuck clearance the
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length of the part is measured to be 99mm. The experiment is carried out at constant feed and depth and the
speed is varied. The depth of cut provided are 0.5 mm, 1mm, 1.5 mm. Machining is done on each 16mm by
varying the depth of cut and obtain the steps with final diameter as 29.5mm,29mm,28.5mm

5.3 Experimental Procedure
Fill the oils in the oil cans and colour coding are given for identification. Proper colour coding is given to each
type of cutting fluid. The application of coolant is done manual by means of oil can and providing a constant
feed rate. The specific coolant is applied to each work material throughout the machining. The work is done
under two speeds and the depth of cut varies for each 16mm length of the work. The depth of cut is 0.5mm,
1mm, 1.5 mm respectively.

Fig. 5.3: Turning operation
The machining is done at different speed and depth of cut on the lathe machine. The speed used is 325 rpm and
500 rpm respectively. The figure 5.3 shows the image of turning operation.

5.4 Roughness Measurement

Fig. 5.4: Surface roughness testing
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The figure 5.4 shows the surface roughness testing equipment used in this work. For the surface roughness
measurement of the completed work first of all place the work piece on the surface plate with v-block.. Then
set the Surface value selector in position ‘P’ and the magnification switch in position P = 10 /μm (for pickups
with range 250μm P = 1μm as per the manufacturer’s specification). The next step is to position the stylus over
the object and align the stylus such that it is in parallel with the face of the object with the help of height
adjustment knob (this can be monitored through the screen which indicates the position of the stylus on the
measuring surface, i.e. if the stylus is parallel to the measuring surface, the indicator in the monitor moves to
the centre of the white area). The zero adjustment knobs are adjusted to set the meter to ‘0’. Now set the
surface value selector to required magnification on Ra side. The cut-off length is noted for the selected traverse
length. Then push the press button to start the measurements and note down the readings of Ra, Rz and Rmax by
selecting the surface value selector knob. The measurements are repeated for different traverse lengths.

6. Results and Discussion
In this section, the result obtained during the surface roughness using various environmental friendly cutting
fluids in turning operation of Mild steel have been tabulated. The experiment has been conducted to find out
the surface roughness of the finished work piece made of mild steel (AISI 1040) by varying machining
parameters which are cutting speed (v), depth of cut (d) and keeping cutting feed (f) constant.
Table 6.1: Experimental Results at 325 rpm and 500 rpm

Sl
no

1

2

Speed
(rpm)

325

500

Feed
(mm/min)

38

38

Depth of
cut (mm)

Surface roughness, Ra (µm)
Dry
condition

Soya
bean oil

Canola
oil

Rice
bran oil

Coconut
oil

Servo
cut oil

0.5

3.812

4.076

4.262

3.912

4.097

3.448

1

4.682

4.456

3.267

3.519

3.74

3.518

1.5

3.869

4.689

3.031

4.058

4.194

3.743

0.5

4.039

4.639

4.153

4.316

3.441

4.011

1

4.288

3.725

3.771

3.127

4.436

3.761

1.5

3.949

4.178

4.819

3.661

3.115

3.847

Using the data obtained various graphs are plotted. The table 6.1 shows the investigation table used for
experimentation.
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Fig. 6.1: Variation of surface roughness at Dry condition
The surface roughness obtained while machining the work in dry condition for both the speeds are shown in
the figure 6.1. It is observed that the maximum roughness value is obtained for 1mm cut and after that surface
roughness reducing with increasing depth of cut.

Fig. 6.2: Variation of surface roughness by using Soyabean oil
The surface roughness obtained while applying soyabean oil during machining for both the speeds are shown
in the figure 6.2. It is observed that by using soyabean oil at higher speed we got good surface finish. It is due
to the higher viscosity of the oil.

45
V. D. Prabhu1 and Praveen D. Dethan

INTERNATIONAL JOURNAL OF RESEARCH IN AERONAUTICAL
AND MECHANICAL ENGINEERING
ISSN (ONLINE): 2321-3051

Vol.4 Issue 6,
June 2016
Pgs: 38-49

Fig. 6.3: Variation of surface roughness by using Canola oil
The surface roughness obtained while applying canola oil during machining for both the speeds are shown in
the figure 6.3. It is seen that when using the canola oil the better surface finish is obtained at a lower speed and
at a higher depth of cut.

Fig. 6.4: Variation of surface roughness by using Rice bran oil
The surface roughness obtained while applying rice bran oil during machining for both the speeds are shown in
the figure6.4. It is observed that a better surface finish value is obtained at 1mm depth of cut for both the
speeds.
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Fig. 6.5: Variation of surface roughness by using Servo cut oil
The surface roughness obtained while applying servocut oil during machining for both the speeds are shown in
the figure6.5. It is observed that a better surface finish value is obtained at lower depth of cut at a speed of 325
rpm.

Fig. 6.6: Variation of surface roughness by using coconut oil
The surface roughness obtained while applying rice bran oil during machining for both the speeds are shown in
the figure 6.6. It is observed that a better surface finish value is obtained at higher depth of cut at a speed of
500 rpm.
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Fig. 6.7: Variation of surface roughness at 325 rpm
The figure 6.7 shows the comparison of data obtained while taking the surface roughness measurement of the
tested specimen machined at a speed of 325 rpm at different conditions. From the graph it is inferred that the
canola oil provide the best result when compared with all other natural oils. For canola oil a lower surface
roughness value is obtained at higher depth of cut when machined at 325rpm.

Fig. 6.1: Variation of surface roughness at 500 rpm
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The figure 6.8 shows the comparison of data obtained while taking the surface roughness measurement of the
tested specimen machined at a speed of 500 rpm at different conditions. From the graph it is inferred that the
rice bran oil provide the best result at 1mm depth of cut. The coconut oil also shows a similar result at higher
depth of cut when machined at 325rpm.

7. Conclusion
Thus it is concluded from the results found out in the previous sections, at 500 rpm coconut oil is
having higher surface finish, and also at 325 rpm canola oil is found to be effective. Since eco-friendly fluids
are used, the operator had not found any difficulty while doing machining operation and also while disposing
the cutting fluids. It is found that eco-friendly cutting fluids are having more surface finish than the
conventional cutting fluids .The reusability of cutting fluids has been increased and hence reduction in the cost
of cutting fluid. The best surface finish is obtained from the Canola oil with an average surface finish value of
3.031μm at the cutting speed of 325 rpm and 38 mm /min and at 500 rpm coconut oil is found to be effective
with average roughness of 3.127µm at 38 mm/min. The surface roughness value of the vegetable oils is less
than the normal coolant used. Hence it can be concluded that, the vegetable based coolant derivatives possess
good properties and stands next to the coolants derived from petroleum products. Vegetable based coolants can
be well utilized as a suitable and possible alternative for mineral oil based coolants considering the
environmental issues of pollution and wastage accumulation.
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