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Abstract 

Heat production associated with every machining operation has a significant effect on the cutting temperature and 
drilling time. Such effect is mitigated through the application of cutting fluids that would help to conduct off the 
generated heat actuated by the frictional contact between the tool and workpiece cutting zone. The effects of the 
vegetable oils (Gmelina oil, Neem oil and Castor oil) and conventional soluble oil on the cutting temperature and drilling 
time were studied at various spindle speeds, feed rates and cutting speeds. The vegetable oils were extracted from their 
various seeds using solvent and pressing method. A minimum quantity lubricating (MQL) system was set-up and was 
used to control the flow of the cutting fluid to the drilling zone of the tool-workpiece interface. A vertical drilling machine 
having a 20mm drill bit size was used to drill a through hole of 40mm depth on a mild steel material. During the drilling 
process, the cutting fluid was applied to the drilling zone using the MQL system and the cutting temperature and drilling 
time were measured with an infra-red thermometer and a stop watch respectively. The results gotten from the 
experiment showed that Gmelina oil gave the lowest cutting temperature and drilling time. This was followed by soluble 
oil, Neem oil and then Castor oil. Under a dry drilling condition, the cutting temperature and drilling time obtained were 
the highest compared to other cutting fluids applied conditions. Therefore, cutting fluids application reduces the cutting 
temperature and drilling time and should be employed in industrial operations for the attainment of good machining 
characteristics. 
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1. Introduction

Machining operations performed using power driven tools or machines such as: lathe, milling, drilling, pressing 
machines etc. are always associated with heat dissipation phenomenon. The heat usually emanates from the tool-
workpiece zone as a result of the frictional contact between them. The life of the cutting tool and the surface integrity 
of the workpiece being machined are affected by the dissipated heat resulting from the machining operation. During the 
machining process, the associated heat of the process raises the temperature of the tool and workpiece which can be 
mitigated through the application of cutting fluids. Surface integrity of a material as defined by Sultan et al [1] is a 
superficial and in-depth properties of the surface of an engineering material that affects its performance characteristics 
during service conditions. These properties are: surface finish, texture, wear resistance, fatigue corrosion, etc. The 
surface integrity of an engineering material is affected by factors such as: the material type, spindle speed, feed rate, 
depth of cut, etc.  
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As a result of the negative impact of the conventional cutting fluids on manufacturing cost, human health and 
environment, research efforts have therefore been directed towards its replacement with vegetable oil cutting fluid that 
is environmentally friendly.  Rao [2] explained that the targeted goal in all the conventional metal-removal operations 
is geared towards raising productivity and reducing costs by machining at the highest spindle speed and minimum 
downtime, giving a satisfactory surface integrity of the machined workpiece. The choice of cutting fluid according to 
Jabba and Usman [3] is as important as the choosing the suitable machine tools, spindle speed and feed rate. The 
application of cutting fluids as discussed by Abou-El Hossein [4] to the tool-chip interface permits higher cutting speeds, 
higher feed rate, greater depth of cut, extended tool life, decreased surface roughness, increased dimensional accuracy 
and reduced power consumption. Based on the preference of vegetable oil over the conventional soluble oil cutting 
fluids, Charles et al [5] studied the performance of castor oil, neem oil, soluble oil and dry drilling in the drilling 
operation of mild steel material. Castor oil gave the best surface finish of the mild steel material at a spindle speed of 
290 rpm ad feed rate of 0.0985mm/rev. Also, Charles et al [6] evaluated the performance of castor, neem and Gmelina 
oils applied in the drilling operation of mild steel material. Gmelina oil produced the optimal surface integrity of the 
material at a spindle speed of 290rpm and feed rate of 0.08967mm/rev. with a composite desirability of 1.0. 

According to Sales et al [7], the control and knowledge of the temperature of the chip-tool interface are very imperative 
for the design and accurate selection of a cutting tool for a specific machining application. Trent [8] explained that the 
maximum temperature developed during machining does not absolutely reside at the cutting edge of the tool, where 
the compressive and shear stresses are at their highest, but rests majorly on the rake face. Cutting temperatures are 
used as the basis for ranking cutting fluids and it is determined experimentally and employed as the criterion for 
comparison. Sales et al [7] studied the cooling ability of cutting fluids and measurement of the chip-tool interface 
temperatures using the thermocouple technique. The temperature drop of the heated AISI 8640 was measured from 
300°C up to room temperature using an infra-red thermometer coupled to an AC/DC data acquisition board and a PC. 
The cutting fluid was applied at the machining zone of the tool-chip interface. The machining tests showed that the 
application of the fluid with better cooling ability will not always guarantee lower chip-tool interface temperature. Also, 
Dhar et.al. [9] Conducted experiments to study the influence of Minimum Quantity of Lubrication (MQL) on cutting 
temperature, chip and dimensional accuracy in turning AISI-1040 steel and concluded that, a mixture of air and soluble 
oil applied as MQL has been proved to be better comparing with flooding application of soluble oil as cutting fluid.  

Therefore, this study was based on investigating the effect of vegetable-based oils and conventional oil on the machining 
or cutting temperature of mild steel material. The cutting temperature was measured with infra-red thermometer at 
various spindle speeds. A constant depth of cut of 40mm was maintained throughout the drilling process and the cutting 
fluids were applied to the drilling zone using the minimum quantity lubrication (MQL) system. 

2. Material and methods 

2.1. Materials  

A mild steel specimen of rectangular shape which this study was centered on determining the effect of cutting fluids 
application on the cutting temperature of the material was obtained from General Steel Mill, Asaba. The cutting fluids 
used in this study includes: Castor oil, Neem oil, Gmelina oil and Soluble oil (conventional oil). The vegetable oils (Castor, 
Neem and Gmelina oils) were all extracted from their various seeds. The various components of the Minimum Quantity 
Lubrication (MQL) system (compressor, reservoir oil tank, mixing chamber and nozzle) were assembled to operate as 
a single unit. Other materials employed in this study were: a vertical drilling machine, 20mm drill bit size and an infra-
red digital thermometer. 

2.2. Method 

The cuttings fluids were first extracted from their various seeds using the combination of pressing and solvent 
extraction methods. The Neem seeds were thoroughly dried to allow for the opening of hull. The extracted seeds were 
then cleaned in order to remove sands and other impurities before being crushed on a hydraulic pressing machine for 
the extraction of the Neem oil. This same procedure was employed in extracting oils from Castor and Gmelina seeds. 
The MQL system was set-up using it various components as shown in figure 1. MQL system regulates the flow of the 
cutting fluid applied to the drilling zone. 
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Figure 1 MQL system set-up 

The extracted Neem oil was poured into the oil reservoir tank of the MQL system. A 20mm drill bit was installed into 
the chuck of the vertical drilling and was rigidly fixed on it. A through hole of constant depth of 40mm was drilled on 
the mild steel specimen which was securely fixed on the vertical drilling machine table. During the drilling process, the 
spindle speed of the vertical drilling machine was varied from 75rpm, 130rpm, 190rpm and 290rpm, and after 5 seconds 
the cutting fluid (Neem oil) was applied to the drilling zone. The cutting temperature and the drilling time were 
measured with an infra-red thermometer and a stop watch at each speed of the spindle respectively. Figure 2 shows the 
application of the cutting fluid (Neem oil) on the drilling zone using the MQL system. 

 

Figure 2 Application of Neem oil on the drilling zone 

The procedures were repeated for all the cutting fluids- Castor, Gmelina and Soluble oils. Also, a condition of no fluid 
application was equally studied in order to decipher the effect of the associated high frictional factor on the cutting 
temperature of the material. The cutting speeds and feed rates of the drilling operation were evaluated using the 
formulae expressed by Kurmi and Gupta (2009) as, 

Cutting speed, V =  
πDN

1000
                                                                                       (1) 

Drilling time, Tm =  
L+0.3D

feed rate ×N
                                                                                (2) 

Where: 

V = cutting speed in m/mins, 
D = diameter of the drill bit (mm), 
N = spindle speed (rpm), 
Tm  = drilling time (mins), 
L = depth of cut (mm). 
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3. Results and discussion 

The application of cutting fluids at the drilling zone of the tool-workpiece interface has a significant effect on the cutting 
temperature at varying spindle speed condition. Figure 3 shows the graphical plot of cutting temperature against 
spindle speed variations of the vertical drilling machine. 

 

Figure 3 Effect of cutting fluid on cutting temperature at varying spindle speeds 

From figure 3, the cutting temperatures could be seen to increase as the spindle speed increases from 75rpm to 290rpm. 
The cutting temperatures of Gmelina oil was observed to be the lowest from 75rpm to 290rpm spindle speeds. This was 
followed by soluble oil, Neem oil and then Castor oil. Gmelina oil has a good thermal conductivity value compared to 
other cutting fluids. Therefore, it best conducts off the generated heat energy resulting from the frictional contact of the 
tool-workpiece zone than the rest of the fluids. Under dry drilling operation (that is a condition of no cutting fluid 
application), the cutting temperatures could be seen to be higher than the rest of the operations performed at cutting 
fluids applied conditions. The cutting temperature was higher because there was no fluid to conduct off the generated 
heat. This also produces a poor surface finish in the machined workpiece. Also, poor thermal conductivity value of 
cutting fluids reduces the cutting efficiency of the tool and consequently increases the drilling time. Figure 4 shows the 
effect of the cutting fluids on the drilling time at varying spindle conditions. 

 

Figure 4 Effect of cutting fluids on drilling time at varying spindle speeds 

From figure 4, cutting operation employing Gmelina oil consumed the lowest time, followed by soluble oil, Neem oil and 
then Castor oil. When no cutting fluid was applied (dry drilling condition), the drilling operation of mild steel material 
took longer time. This observation could be attributed to the thermal conductivity of the cutting fluids. A cutting fluid 
with good thermal conductivity enhances the cutting efficiency of the tool which will in turn reduce the drilling time. 
The cutting temperature also increases as the drilling time increases. Figure 5 depicts this phenomenon. 
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Figure 5 Effect cutting fluids on the cutting temperature and drilling time 

From figure 5, the cutting temperature and drilling time could be seen to be affected by the application of cutting fluids. 
Cutting operation employing Gmelina oil as the cutting fluid exhibited the lowest cutting temperature and drilling time 
as shown in figure 5. This behavior was followed by soluble oil, then Neem oil and Castor oil. Dry drilling operation had 
the highest cutting temperature and drilling time as a result of the associated frictional effect that is accompanied by 
high heat generation. Figure 6 shows the effect of cutting fluids application on cutting temperature at varying feed rates. 

 

Figure 6 Effect of cutting fluids on cutting temperature at varying feed rates 

From figure 6, it could be inferred that at varying feed rates, the cutting temperature of Gmelina oil was lower than the 
other cutting fluids. This behavior was followed by soluble oil, then Neem oil before Castor oil as portrayed in figure 6. 
Also, the cutting temperature of the operation that did not employ any cutting fluid could be seen to be higher than the 
rest at varying feed rates condition. Furthermore, figures 7, 8 and 9 show the effects of cutting fluid application on 
drilling time at varying feed rates, on cutting temperature and drilling time at varying cutting speeds conditions 
respectively. 
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Figure 7 Effect of cutting fluids on drilling time at varying feed rate 

 

 

Figure 8 Effect of cutting fluids on cutting temperature at varying cutting speeds 

 

 

Figure 9 Effect of cutting fluids on drilling time at varying cutting speeds 

From figure 7, the drilling time of the cutting operation that used Gmelina oil cutting fluid could be observed to be lower 
than the rest of the other cutting fluids at varying feed rates condition. Also, the cutting temperature of Gmelina oil 
applied -operation at varying cutting speeds was lower than the other cutting fluids as depicted figure 8. In addition, 
Gmelina oil showed to consume the lowest drilling time at varying cutting speed condition when compared to the other 
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cutting fluids as shown in figure 9. This observed behavior of Gmelina oil was followed by Soluble oil, Neem oil and then 
Castor oil. The varying thermal conductivity parameter of the various cutting fluids which defines their heat dissipative 
ability is responsible for the observed behavioral patterns of the cutting fluids. Gmelina oil has a good thermal 
conductivity value which enhanced the cutting efficiency of the tool by carrying off the generated heat, thereby 
maintaining the tool’s life and producing good surface finish in the workpiece. Cutting operations under dry condition 
could be seen to consume more time and raise the cutting temperature at varying feed rates and cutting speeds. 

4. Conclusion 

The effects of cutting fluids on cutting temperature and drilling time at varying spindle speeds, feed rates and cutting 
speeds were investigated in this study. Cutting operations using Gmelina oil as the cutting fluid consumed the lowest 
drilling time and had the lowest cutting temperature. This was followed by soluble oil, Neem oil and then Castor oil. 
Operations involving no cutting fluid application (dry drilling), had the highest cutting temperature and took longer 
time to drill a through hole on the mild steel material. Therefore, Gmelina oil has better performance characteristics 
(cutting temperature and drilling time) than the other cutting fluids employed in this study and should be applied 
majorly to the drilling zone of the tool-workpiece interface. 
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