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Abstract: Cutting fluids of various types are usually employed to control the heat generated in machining. Cutting fluids in machining 
process is traditionally based on mineral oil as a base fluid. This is because of their good technical properties and the reasonable price of 
mineral oils. But the oil crisis of 1979 and 1983 however elucidated that mineral oil is on principle a limited resource. Also mineral oil is its 
poor biodegradability and thus it’s potential for long term pollution of the environment and workers health. The growing demand for 
biodegradable materials has opened an avenue for using vegetable oils as an alternative to conventional cutting fluids. In this present study 
some aspects of the turning process on mild steel using 18-4-1 HSS cutting tool at different speed-feed-depth of cut combinations by different 
types of cutting fluids ( conventional cutting fluid and vegetable oil based cutting fluids) as compared to completely dry cutting condition 
have been investigated . Some physical properties of new vegetable oil-cutting fluid have also been studied. The surface roughness properly 
have been studied under different speed-feed-depth of cut combination with increasing rate of one cutting parameter keeping the other two 
fixed. Temperature generation at job-tool interface also been measured by infrared thermometer since temperature generation also affects 
job surface quality. Graphs have been plotted to study the effect of cutting fluid as well as its type on surface property. The result indicate 
that the use of vegetable oil as cutting fluid improves surface quality compared to the dry machining and also wet machining using 
conventional cutting fluid. 
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1. Introduction 
During a machining process, a substantial part of the energy is 
converted into heat energy through the friction generated between 
the tool and the work piece and the plastic deformation of the work 
material in the machining zone. The rapidly accumulated heat 
causes the temperature of the tool and the work space contact zone 
to rise at a fast rate, directly affecting the surface finish of the 
product. The resulting high temperature induces metallurgical 
transformation such as softening in the work piece. The 
Transformation leads to structural breakdown in the work piece and 
the tool material. This may adversely affect the quality of the 
machined products in terms of dimensional accuracy and surface 
finish. The heat generated during machining process is therefore 
critical in terms of product quality. It is therefore imperative that 
effective control of heat generated in the cutting zone during metal 
removal is crucial to ensuring good work piece surface quality [1]. 
Besides controlling the heat generated during machining process, 
cutting speed, feed rate, and depth of cut and Tool geometry are 
other process parameters that influence the process to a great 
extent. Among the various variables of Tool geometry, radial rake 
angle is one of the most important which determines the tool and 
chip contact area and hence affects the power consumption. 
Lubrication during machining offers great potential in solving this 
problem. Lubrication not only reduces frictional force and enhance 
tool-life, it equally help cool the tool and work piece sufficiently 
and maintain them at ambient condition. This ensures that error of 
size resulting from thermal expansion is eliminated, metallurgical 
transformation is prevented and thus, dimensional accuracy and 
good surface finish is guaranteed. The reduction in frictional force 
brought about by lubrication leads to decrease in cutting force and 
ultimately reduction in manufacturing cost [2].  Cutting fluids have 
been used to deal with the problem of high heat generation and 
reduction of frictional force during the machining operations. 
Cutting fluids are introduced in the machining zone to improve the 
Tribological characteristics of the machining process and also to 
dissipate the heat generated. Several options of cutting fluids have 
been explored. Some of these are universal solvent, petroleum 
based metal cutting fluid and vegetable oil based metal cutting 
fluid. Conventional cutting fluids are essentially petroleum based, 
the continued application of which creates some techno-
environmental problems, such as environmental pollution and 
biological problems to the operators [3]. Besides, the cutting fluids 
also incur a major portion of the total manufacturing costs [4]. 
These factors have combined to propel the need for prompt 
investigation into the use of Bio-degradable coolants and 
lubricants. Research on the possibility of replacing petroleum based 

metal working fluids based on vegetable oils has become intense in 
recent years [5, 6]. Vegetable oil based metal working fluids are 
plant-based products. They are cultivated and refined for specific 
performance properties and technical requirements. Vegetable oil 
cutting fluid has some superior features compared to the petroleum-
based cutting fluids. These are reduced overall volume of fluids due 
to higher viscosity, minimized bio-contamination [7]. Skerlos & 
Hayes [8] studied canola, soybean and rape seed vegetable oil as 
cutting fluids. Their work demonstrate that in certain machining 
operations, the performance of vegetable based cutting fluids in 
comparable or better than the performance of the traditional 
petroleum based metal working fluids. The work has progressed so 
far enough that their current developed metal working fluids have 
been applied to a variety of manufacturing operations. Attempt is 
being made to pilot them soon in manufacturing environment. The 
high temperature generated at the tool/chip interface in variably 
leads to softening of the work piece which may involve 
metallurgical transformation of the work piece. This affects the 
quality to turned work. There is need for controlling cutting zone 
temperature within permissible limit for achieving good machining 
performance. The application of conventional cutting-fluid may be 
effectively guaranteed control of heat generated because it losses its 
cooling effect upon films boiling coupled with the fact that fluid 
boiling temperature of conventional fluid is lower than that of bio-
degradable fluid. Hence in this present work, machining without 
using any cutting fluid( dry machining), machining with 
conventional cutting fluid as well as vegetable oil based cutting 
fluid are done and their effect on surface roughness at same feed 
rate and speed is evaluated. The machining operation adopted is 
cylindrical turning operation of mild steel. The driving force for the 
study is the desire to contribute to the growing effort at utilizing 
vegetable based oil as alternative cutting fluid during machining 
operation and assist in environmental conservation via the 
reduction or elimination of the pollution associated with 
conventional mineral oil based cutting fluid. 

 

2. Better Performance of vegetable oil based cutting 
fluids 

Vegetable oil-based cutting fluids can be used in the same 
operations as mineral based fluids. However, compared to mineral 
oil, vegetable oil can enhance cutting performance, extend tool life 
and improve part surface finish. The environmental benefits, 
though important, are secondary. One reason vegetable oil perform 
better is its lubricity. Vegetable oil carries a slight polar charge. 
This charge draws the vegetable oil molecule to a metallic surface 
and is tenacious enough to resist being easily wiped off. Mineral oil 
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has no charge and, therefore, adheres less tightly to a metal surface. 
These characteristics are shown in figures 1(a) and 1(b). 

 
Fig.1(a) Natural affinity of polaric oil to a metal 

surface 

 
 

 

 

 

 

 

 

 

 

Fig.1(b) Natural affinity of non- polaric oil to a metal surface 

A mineral oil is just a straight hydrocarbon. A vegetable oil has 
some functional groups containing oxygen, which makes it more 
attractive to the metal surface and it bonds more tightly. Therefore, 
it makes a better lubricant. Another reason vegetable oil performs 
better than mineral oil is that it has a higher flash point, which 
reduces smoke formation and the risk of fire. The smoking is 
almost non-existence. The flash point is a couple of hundred 
degrees higher than any cutting oil. That is one reason vegetable oil 
doesn’t have as much smoke. A third reason vegetable oil performs 
better is that it has a high natural viscosity. When the machining 
temperature increases, the viscosity of vegetable oil drops more 

slowly than that of mineral oil. Conversely, as the temperature falls, 
vegetable oil remains more fluid than mineral oil, facilitating 
quicker drainage from chips and work pieces. The higher the 
viscosity index of vegetable oil ensures that it will provide more 
stable lubricity across the operating temperature range. The high 
viscosity also means that vegetable oil can be used as a lubricant 
and gears in machine tools. The viscosity is high enough that it 
makes a good lube oil, along with it being a cutting oil. 

 
3. Experimental Details 

3.1 Experimental setup and procedure 

The experiment is carried out on a lathe, which has 1.49 KW 
spindle and maximum spindle speed 400 rpm. The work material is 
of 35 mm diameter and the length of 280 mm. the cutting tool used 
is High Speed Steel. The cutting tool is provided with negative 10o 
side rake angle and negative 10o back rake angle and 10o side 
cutting edge and 15o end cutting edge angles. The cutting speed (v), 
feed (f) and depth of cut (d) is selected based on practices. The 
experimental conditions are given in the following Table-1: 

Table -1: Experimental Conditions 

Machine tool: Lathe (Make- HMT), 1.49 KW. 
Work material: Mild steel bar 
Tool material: HSS(18-4-1) 
Tool geometry: 8-10-10-10-15-10-0.3 
       Process parameters: 

1. Cutting speed (v) = 40.06, 43.45 m/min. 
2. Feed rate (f)         = 50, 55, 60, 65, 70 

mm/min. 
3. Depth of cut (d)   = 0.13, 0.24, 0.33, 0.43, 0.5 

mm. 
Environment : 

1. Dry. 
2. With conventional cutting fluid (sol-cut-1000). 
3. With vegetable oil based cutting fluid. 

 
 

The experimental setup is shown in fig.2. 
 

 

 

 

 

 

 

 

 

Fig. 2 Photographic view of the experimental setup 

 

The thickness of the chips directly and indirectly indicates the 
nature of chip-tool interaction influenced by the machining 
environment. The chip samples are collected during machining for 
the v-f combinations under dry and wet conditions. 
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3.2 Surface Roughness Measurement Procedure  

The surface roughness has been measured using a new 
technique. In this technique magnetic stand and a laser pointer have 
been used as shown in fig.2.  

 

 

 

 

 

 

 
 

Fig. 3: Measurement of surface roughness using laser 
pointer 

 
The laser pointer is attached with a rod which is supported on the 
magnetic stand with a hinge joint. A probe of 0.3mm diameter is 
attached on the bottom side of the rod which is 6mm (d) away from 
the centre of the joint. Now the magnetic stand with the laser 
pointer is placed on the carriage in such a way that, the measuring 
probe will always be in contact with the surface of the job during 
the movement of carriage for measuring the surface roughness. 
Now keeping the switch of the laser pointer ‘ON’ the whole system 
is moved over the surface and according to the surface profile the 
laser pointer is deflecting but it is very small. This deflection of the 
laser pointer is amplified by projecting the light on a graph paper 
which is approximately 800 mm (L) away from the laser joint. Now 
based on these amplified values on the graph paper the actual 
roughness is measured using simple principle of similar triangle (as 
light travels along a straight line).  
Using this laser pointer technique roughness up to 2 to 3 µm can 
easily be measured by placing the laser beam on the paper which is 
attached with the board and also 4.8 meter away from the laser 
arrangement. 
By using this measuring probe of very less diameter (in µm) and 
increasing the distance of the board. It can be measured roughness 
of less than 1 µm also. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.4: Working principle of laser pointer for measurement of 

surface roughness 
 
Here actual roughness can be calculated as-  
          R= (d ÷ L) × H ×1000    (µm) 
 Here d, L & H is measured in mm. 
 

3.3 Temperature Measurement Procedure 

The temperatures have been measured using an Infrared 
thermometer. Its specification is mentioned in the following table -
2. The thermometer has been fixed in the tool post in such a way 
that the laser pointer points in the place where it is desired to 
measure the temperature. So, in this case it has been pointed the 

laser in the interface between the job and the work piece. As the 
thermometer is connected with tool post it moves with the cutting 
tool and every time it points at the interface area between the 
cutting tool and the work piece. 

Table - : Specifications of Infrared thermometer 
Range  -300C to 5000C / -22OF to 932OF 

Resolution 1OC/OF 

Response Time Less than 1 second 

Basic Accuracy + - 2% of reading or +- 2OC / +- 4OF 

Optical 
Resolution 8:1 Distance to Spot size 

Emissivity Fixed at 0.95 
 

Before performing the experiment it has been measured the 
ambient temperature for each case. First of all we performed the 
simple turning operation in dry condition and taken the temperature 
reading from the thermometer three times, to get some approximate 
value of the temperature generated between the job and the work 
piece interface. It is to be noted that we have performed the turning 
operation for two cases; with varying feed rate by keeping depth of 
cut constant and with varying depth of cut by keeping constant feed 
rate. Readings have taken in dry condition for five different feed 
rate by keeping the depth of cut constant and performed the same 
step for our sample cutting fluids (two types of vegetable oils) and 
for the conventional fluid as well.  
So our next step is to perform the same turning operation by 
keeping the feed rate constant with varying depth of cut in dry as 
well as for the conventional and for our special cutting fluids 
(vegetable oils). In this case also it has taken five different depths 
of cut while feed rate constant. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig 5. Measurement of temperature in dry machining 
condition by using Infrared Thermometer 

 
 
 

4. Results and Discussion 
4.1 Surface roughness of the work piece under a variety 

of cutting operation. 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 6 Variation of surface roughness with increasing rate of 

feed. 
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Fig.6 shows that surface is the best using vegetable oil as 
cutting fluid and the maximum surface roughness occurs at 
dry machining condition. Surface quality is in between the 
above mentioned two while conventional cutting fluid is 
used. It is also observed that deviation of surface roughness 
is the lowest in case of vegetable oil based cutting fluid and 
highest for machining without any cutting fluid (dry). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 7. Variation of surface roughness with increasing rate 

of depth of cut. 
 

Similar results are obtained with variation of depth of cut 
keeping the other two cutting parameters constant which can 
be seen from fig.7. In this case surface quality is much better 
using vegetable oil based cutting fluid compared to the other 
two environments. Also the variation of roughness is 
comparatively less in this condition. For the other two 
environments viz dry machining and machining with 
conventional cutting fluid, roughness is linearly increasing 
with increasing  rate of depth of cut but using vegetable oil 
as cutting fluid ,surface quality slightly deteriorates with 
increasing rate of depth of cut. This betterment of surface 
quality occurs mainly due to the application vegetable oil as 
cutting fluid because of its good lubricating properties. 
 

4.2: Temperature of the work piece under a variety of 
cutting operation 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig 8: Nature of temperature variation with respect to 
increase in Feed rate. 

 
From the above figure 8, it is seen that in case of dry machining, 
nature of variation in temperature is highest among all. But using 
cutting fluids, nature of the above mentioned temperature 
generation are different. Here, for dry machining condition, high 
temperature is generated and for conventional coolant, low 
temperature is generated. For vegetable oil base cutting fluids, 

temperature  generation is in between the above mentioned above 
cases .For conventional cutting fluid and karanja vegetable oil 
coolant , the variation in temperature is same i.e., with increase in 
feed rate, temperature are also increase and it is up to 65 mm/min 
and after this temperature decreases with increase in feed rate . But, 
for Neem vegetable oil coolant, performance of temperature is 
lower than karanja and conventional coolant. For Neem coolant, 
temperature increases up to 60mm/min feed rate and after that 
temperature decreases .But for Neem vegetable oil , temperature 
generation Is lower than karanja vegetable oil. It may be due to 
lower viscosity of Neem as compared to that of Karaaja oil. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig.9: Nature of Variation of temperature with respect to 
increase in Depth of cut. 

From figure 9, it is seen that except conventional cutting fluid, for 
all other coolant , temperature generation increases with increase in 
depth of cut using conventional cutting  fluid , temperature 
generation remains almost constant up to depth of cut of 0.43 mm 
and beyond this temperature generation slightly decreases. Between 
two vegetable oil based coolants viz. Karanja and Neem, 
temperature generation is less in case of Neem oil at increased 
depth of cut. For lower depth of cut , temperature of all the coolant 
are almost same but with increase in depth of cut karanja oil has the 
highest temperature with significant rate of increase of temperature  
using conventional cutting fluid, temperature decreases with higher 
depth of cut. For higher depth of cut, Neem oil is better than 
conventional coolant. 
 
5. Conclusion 
The experimentally observed effect of vegetable oil based cutting 
fluid in turning operation of  mild steel by HSS(18-4-1) tool bit 
may be summarized as follows  
 
  1. Surface roughness is much better using vegetable oil 
based cutting fluid with increasing rate of feed or depth of cut 
variation compare to dry machining or machining with 
conventional cutting fluid. 

 
  2. Two types of vegetable oils viz. Karanja oil and Neem 
oil have been used to measure temperature effect in this study. 
When their cooling capacity is compared with conventional 
coolant, it significantly differs with feed rate. But cooling 
performances are almost same for lower depth of cut. For higher 
depth of cut, performances are significantly differ and among the 
two new types of vegetable oil based coolants, performance of 
Neem oil is better than Karanja. Though cooling capacity are 
slightly deteriorate for vegetable oil based cutting fluids than that 
of conventional cutting fluid , still vegetable oils can be used as 
coolant during machining considering better surface finish and 
Minimum Quantity Lubrication . However, further research works 
are needed to investigate more aspects like tool life, cutting force 
and chip morphology. 
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