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Abstract - Machining processes are on a rise with advent of several non-conventional machining processes. But along with 
being high quality processes non-conventional processes have one major disadvantage is that they are time consuming for 
large material removal so need for improving process characteristics of comparatively rapid traditional machining processes 
have risen to achieve high precision and process control. Aim of this work is to study the effect of lubricant machining on 
Inconel 718 material subjected to high temperature applications on surface roughness. This paper deals with experimental 
investigation of dry and wet machining on surface roughness and tool tip temperature by uncoated carbide insert. The 
encouraging results include significant reduction in surface roughness and tool tip temperature for wet machining as 
compared to dry machining. 
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I. INTRODUCTION 
 
There are four major categories of super alloys as 
shown in Fig.1 (i) nickel-based (Ni) (ii) cobalt-based 
(Co) (iii) titanium-based (Ti) (iv) iron-based (Fe) 
alloys[1] . In recent time while working on machining 
of Fe and Ti alloys,  Algamdi and Iqbal 
investigated  that high-speed machining is the 
obvious choice for increasing 
productivity [2]. Nickel-based super alloys , such as 
Inconel 718, is key material in the aero-
space industry  because of  their ability to maintain 
high strength at high 
temperature, corrosion resistance properties and high 
fatigue life which make them most suitable to 
utilize at operating temperatures typically around 
700°C [3] . Inconel is widely used in aerospace 
application, cryogenic storage tanks, down hole shafts 
and well head parts.The efficiency and the quality of 
finished component depend on the process, work 
piece, and tool employed while machining.  
Cutting speed, feed rate, depth of cut and edge 
geometry are turning parameters that significantly 
affect the performance  measures such as surface 
roughness and cutting forces[4]. 

 
Figure 1:  Super alloys 

 
Surface integrity is very important for the 
components subjected to high thermal and 
mechanical loads during their use. Structures in 
aerospace applications are subjected to severe 

conditions of stress, temperature and hostile 
environments. Section size is continually reduced in 
order to minimize weight; thus, surface condition has 
an ever-increasing influence on the performances of 
the components. Service histories and failure analyses 
of dynamic components show that severe failures, 
produced by fatigue, creep and stress corrosion 
cracking, almost always start or nucleate on or near 
the surface of components and their origins depend to 
a great extent on the surface quality. Hence, much 
attention should be paid to surface characteristics of 
components, that was pointed first by Matsumoto[5], 
about machining Inconel 718. 
Although having good mechanical properties, Ni 
super alloys exhibit poor machinability due to  rapid 
work hardening, lower thermal conductivity  and high 
plastic deformation at higher temperatures[6-8]. The 
best way for achieving maximum performance from 
available cutting tools while machining Inconel is to 
complement their outstanding properties with 
efficient cooling and lubrication techniques to 
minimize heat generated which results in increase of 
tool life. Debnath [9]et al. has discussed the principle 
and general detail of different cooling/lubrication 
technologies used in the machining process. 
Xavior [10]investigated coolant effects on machining. 
In addition to this, stated results shows an increment 
in cutting speed by 40% with the use of coolant [10]. 
The chip sticks to the tool and breaks it in a very 
short cutting time during machining without cooling 
and lubrication[11]. Due to the high ductility of the 
workpiece material, the drilling of aluminum–silicon 
alloys is one of those processes where dry cutting is 
very difficult[12]. Reduction in cutting temperature 
and improvement of tool life to some extend could be 
possible after applying high-pressure jet of soluble oil 
at the chip-tool interface[13, 14]. Ch-haron 



International Journal of Mechanical and Production Engineering, ISSN(p): 2320-2092, ISSN(e): 2321-2071 
Volume- 6, Issue-7, Jul.-2018, http://iraj.in 

Effect of Dry and Wet Machining on Surface Roughness and Tool Tip Temperature in Turning Inconel 718 
 

16 

[15]established response models (tool life and surface 
roughness) for turning Inconel 718 utilizing factorial 
design of experiment and response surface 
methodology. The surface roughness which 
is generated by the uncoated and coated tools is 
mostly influenced by the change in feed. Surface 
finish is improved by increase in depth of cut with the 
coated carbide tools. However, surface finish is 
degraded when the uncoated tools are used. The 
dual response contours were presented based on the 
response models. The dual-response contours of tool 
life and surface roughness are extremely useful in 
assessing the maximum attainable machining 
parameters[15]. 
There are four types of machining (Dry, Near Dry, 
Cryogenic and Cryo-Lubrication). In dry machining 
built up edge chips are produced and temperature 
rises and tool life gets lower[16]. Because of BUE, 
the outer surface of material is badly affected. Noise 
and vibration are also increased. These effects can be 
minimized by employing lubricant. As Inconel is very 
hard material, lubricant is required while machining 
so as to reduce the friction between the chips-tool, 
chips-workpiece & also tool-workpiece interface and 
thus maintain surface integrity. 
The review of the literature suggests that lubrication 
provides several benefits during machining. In this 
paper, machining of Inconel 718 is focused on 
comparative study between dry machining and wet 
machining. The parameters selected for the study are 
depth of cut, cutting speed and feed rate. Surface 
roughness and tool tip temperature was considered as 
output parameters in this study. 
 
II. EXPERIMENTAL PROCEDURE 
 
The workpiece material used was the Inconel 718 
alloy with a chemical composition as shown in Table 
1. This work material was available in bar form of 18 
mm diameter and 300 mm long. All the bar turning 

tests were conducted on a medium duty lathe machine 
easeturn et 0.7 (Fig. 2), employing a spindle with a 
maximum speed of 1600 rev/min. Dry and wet 
machining experiments were performed with 
different cutting speeds& depth of cuts referenced in 
Table 2. Lubgras cutting fluid was used under normal 
conditions. Tests were carried out to investigate the 
effect of depth of cut, revolutions and cutting speed 
on surface roughness for machining of wet and dry 
conditions. Machining parameters throughout these 
trials were in range of depth of cut (0.05 mm-
0.15mm),Spindle RPM(630-1600)and feed rate 
(0.285 mm/rev), corresponding to semi-finishing 
conditions. Each trial was taken on a length of 25 
mm. The cutting tools were Carbide Insert MLK10 
uncoated & Pre-casted for wet machining, CBN insert 
CNGA 12048 WZ-LS Diamond M/C with 50HRC 
hardness for dry machining & Tool Holder-
ACLNR2525M12 of Stainless steel Tool nose radius 
0.8 mm with Angle 80  ̊ as shown in Fig. 3.After 
machining, surface roughness was measured using 
Tester. Temperature monitoring of tool tip was done 
during the trials using multichannel temperature 
measuring instrument& k type T/copen type 
thermocouple which can sustain temperatures upto 
900°C.The spindle revolutions are of 1600 rpm, 1000 
rpm & 630 rpm were selected from the available 
literature and keeping in mind limitation of our 
experimental setup. The cutting speeds corresponding 
to these spindle speeds and diameter of workpiece (18 
mm) are calculated by using the equation (1) are 
90.47, 56.54, 35.62 m/min respectively. The feed rate 
was calculated by noting the distance travelled by 
tool post for any particular RPM setting for one 
minute and dividing it by set RPM value. Figure 4 
shows the machining setup used in this study. 
ݒ =  (1)        ܰܦߨ
Here, v is cutting speed, D is the diameter of 
workpiece, N is the revolutions. 

 
Elements Ni Cr Fe Nb Mo Ti C Si Mn Al 
Wt (%) 52.5 19 18.5 5.1 3 0.9 0.04 0.2 0.2 0.5 

Table 1. Chemical composition (Wt. %) of Inconel 718 
 

Sample Number D.O.C (mm) Revolution(rpm) Cutting Speed (m/min) 

IN1 0.15 1600 90.47 
IN2 0.15 1000 56.54 
IN3 0.15 630 35.62 
IN4 0.1 1600 90.47 
IN5 0.1 1000 56.54 
IN6 0.1 630 35.62 
IN7 0.05 1600 90.47 
IN8 0.05 1000 56.54 
IN9 0.05 630 35.62 

Table 2. Machining parameters 
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Figure 2:  Easeturn e.t 0.7 Medium duty lathe 

 
Figure 3:  CBN insert CNGA 12048 WZ-LS and its geometry 

 
Figure 4:  Machining setup 

 
Surface Roughness with Dry& Wet Machining: 
Surface roughness is a component of surface texture. 
It is the deviation in the direction of the normal vector 
of a real surface from its ideal form. If these 
deviations are large, the surface is rough; if they are 
small, the surface is smooth. Surface roughness 
observations were taken on the periphery of the 
machined rod surface. Surface roughness in general 
was found for studying the effects of temperature 
generated at the tool tip and workpiece interface. In 
the present study, Machining was carried out in two 
modes namely dry and wet machining.  Arithmetic 
mean deviation of roughness (Ra) is considered as a 
reading for surface roughness and several readings 
were taken to form basis for understanding effect of 
machining parameters in temperature generation 
through the surface characteristics. The readings were 
measured by moving the surface roughness tester 
probe perpendicular to the machining lines. Table 3 
shows the readings of surface roughness for both dry 
machining as well as wet machining. 
 

Sample 
Number 

Ra (Dry machining) 
(µm) 

Ra (Wet machining) 
(µm) 

In1 9.466 1.623 
In2 3.321 2.069 
In3 2.474 4.170 
In4 4.839 7.397 
In5 11.009 2.490 
In6 1.721 1.041 
In7 5.906 1.460 
In8 7.100 1.491 
In9 7.858 0.393 

Table 3. Surface Roughness Readings (Dry &Wet Machining) 

III. RESULTS AND DISCUSSION 
 
Surface roughness 
Figure 5 shows the graph for Comparison of surface 
roughness values (Ra) for Dry & Wet machining. The 
influence of lubricant can be clearly understood from 
the graph. 
 

 
Figure 5:  Comparison of surface roughness Ra values for Dry 

&Wet machining 
 
The high temperature is generated due to friction 
between chip-tool and tool-workpiece interface in dry 
machining. Due to this reason, the surface roughness 
of dry machining was found to be more as compared 
to wet machining in 8 different samples. For the 
remaining sample 4, the surface roughness of wet 
machining was found to be high as compared to dry 
machining. Dhar et. al. [17] states that surface 
roughness grows quit fast due to more intensive 
temperature and stresses at tool tips. The tool tip 
temperature for sample 4 for wet machining is 38.03 ֯
C which is higher as compared to the tool tip 
temperature of 37.37 ֯C for dry machining as shown 
in Fig. 6 & Fig. 7. Due to this increase in the tool tip 
temperature of wet machining; the surface roughness 
is high for wet machining as compared to dry 
machining for sample 4. Tool tip suddenly broken 
during the machining of sample 5 in dry machining 
which is shown in Fig 4. Due to that the maximum 
surface roughness of 11.009 µm was recorded. 
 
Tool tip temperature 
Temperature at the cutting point of the tool is a 
crucial parameter in the control of the machining 
process. Due to advancement in the machining 
processes, a special attention has been given on the 
life of a tool. During the machining, the tool tip 
temperature is measured by thermocouple K7 as 
shown in Fig. 4. Fig. 6 shows the tooltip temperature 
during dry machining. It is clear that the tool tip 
temperature increases with the increase in depth of 
cut. For the depth of cut of 0.15 mm, maximum 
temperature of tool tip was observed as compared to 
the depth of cut of 0.1 mm and 0.05 mm. 64.15 ֯C (for 
sample 2) was recorded as the maximum temperature 
of tool tip for the dry machining. 
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Fig. 7 shows the tooltip temperature during wet 
machining. In wet condition, considerably lower 
temperatures were recorded as compared to dry 
machining. Temperatures for all the samples are 
between 30 ֯C to 40 ֯C. The maximum temperature 
during the wet machining was 38.46 ֯C whereas for 
sample 2, the tool tip temperature was recorded as 
30.22֯C which is far less as compared to dry 
machining. 
 

 
Figure 6:  Tool tip temperature during dry machining 

 

 
Figure 7:  Tool tip temperature during wet machining 

 
CONCLUSION 
 
Based on the results of the present experimental 
investigation the following conclusions can be drawn: 
 

1. Wet machining provided better surface 
finish as compared to dry machining of 
Inconel 718 

2. Surface finishes improved mainly due to 
reduction of temperature at the tool tip by 
the application of lubricant. A good surface 
finish can be achieved at low depth of cut 
for the wet machining. 

3. Significant reduction in tooltip temperature 
is observed in wet machining. 

4. Maximum tool tip temperature observed 
during dry machining and wet machining 
were 64.15 ֯C and 38.46 ֯C. 
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