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Abstract
In the present work an attempt has been made to investigate the 
surface roughness trends on aluminum (Al) copper (Cu), mild 
steel and brass during machining process on lathe. Tests have 
been carried out at different speeds 250, 500, 1000 rpm and also 
different cutting tools i.e HSS, carbide. In addition to the above dry 
and lubricate machining conditions were investigated to estimate 
the surface roughness trends. The samples were subjected to 
surface roughness measurement using talysurf surface roughness 
tester measuring instrument. For comparison purpose the values 
were also recorded by using digital surface roughness measuring 
instrument. Results show that selection of cutting tool, working 
environment (dry and wet) and rotational speeds play vital role 
in obtaining surface roughness values. Significant difference of 
surface roughness trends have been observed for the materials 
used in this study.
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I. Introduction
With the more precise demands for modern engineering products 
the control of surface texture together with dimensional accuracy 
has become more important [1-3]. It has been investigated that 
the surface texture greatly influences the function of machine 
parts. The properties such has appearance, corrosion, resistance, 
wear resistance, fatigue resistance, lubrication, initial tolerance, 
ability to hold pressure, load carrying capacity, noise reduction 
are influenced by surface texture [4-5]. 
Whatever may be the manufacturing process used, it is not possible 
to produce perfectly smooth surface. The imperfections and 
irregularities are bound to occur. The manufacture surface always 
departs from the absolute perfection to some extent [6-8] . The 
irregularities on the surface are in the form of succession of hills 
and valleys varying in heights and spacing. These irregularities are 
usually termed as surface roughness, surface finish, surface texture 
or surface quality [9-10]. These irregularities are responsible to 
great extent for the appearance of a component and its suitability 
for an intended application [11-12].
With this background and importance in the present work an 
attempt has been made to know the surface roughness variations 
during machining with various rotational speeds, cutting tools and 
working environment. In this connection we were selected four 
different materials namely aluminum, brass, copper and mild steel. 
And the surface roughness trends were investigated. 

II. Experimentation
Four engineering materials Al, Brass, Cu and M.S having 10 mm 
diameter and 85 mm length are selected for machining operation 
on lathe. Three rotational speeds i.e. 250 rpm, 500 rpm, 1000 rpm 
and two different cutting tools. i.e. high speed steel tool, carbide 
tipped tool and two different conditions of environment i.e. wet 
and dry conditions are used. Hence the experiments are designed 
by taking 12 samples in each case.  The feed and depth of cut were 
kept at constant during the experimental procedure.

Fig. 1: Machining of Copper- Wet Condition

Fig. 2: Surface Roughness Test Set Up

Fig. 3: Surface Roughness Test Set Up- Display and Printing

Roughness measuring tester was used to record surface roughness 
values and the profile of surface roughness. For comparison 
purpose, the obtained results were then plotted in graphs taking 
speed values on x- axis and the surface roughness values of 
different materials were taken on y-axis.  
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III. Results and Discussions
Table1 and Table 2 show the summary of surface roughness 
values with varying speeds and different tools in different working 
environments.

Table 1: Summary of Surface Roughness Values Using Varies 
Parameters (Wet Condition) 

Material

Roughness value, Ra (in  µm )

Cutting tool 1 (HSS) Cutting tool 2 
(Carbide tipped tool)

S1
250 
rpm

S2
500
rpm

S3
1000 
rpm

S1
250 
rpm

S2
500
rpm

S3
1000 
rpm

Mild steel 6.8 6.99 5.36 1.89 3.58 4.54
Aluminum 3.44 1.55 0.97 1.52 1.38 0.83
Brass 3.76 2.02 0.91 2.18 1.47 5.32
Copper 6.9 2.13 1.36 1.23 1.10 1.66

Feed= 0.05 mm, Depth of cut= 0.5 mm
The fig. 4 shows comparative surface roughness trends for M.S. 
H.S.S tool with un-lubrication condition has shown incremental 
surface roughness with increasing rotational speeds of work piece. 
Higher rotational speeds results in high machinability but not 
the surface roughness trends that to remain almost constant with 
increasing higher rotational speeds. Further it can be concluded 
that M.S. belongs to ferrous category the finish obtained during 
machining is low in comparison with non-ferrous like Cu, Brass, 
Al etc. A downward trend in surface roughness values using 
carbide tool with respect to HSS has been observed. As expected, 
lubrication conditions proved to be encouraging to get high surface 
finish as compared to un-lubrication condition. This is quite 
contradicting at 1000 rpm. Further investigations are necessary 
to substantiate the above results.  
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Fig. 4:

Surface roughness trends for mild steel under dry and wet 
conditions with varying speeds
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Fig. 5:

Surface roughness trends for aluminum under dry and wet 
conditions with varying speeds

Table 2: Summary of Surface Roughness Values Using Varies 
Parameters (Dry Condition)

Material

Roughness value, Ra
(in  µm )

Cutting tool 1 (HSS) Cutting tool 2 
(Carbide tipped tool)

S1
250 
rpm

S2
500
rpm

S3
1000 
rpm

S1
250 
rpm

S2
500
rpm

S3
1000 
rpm

Mild steel 3.2 5.68 7.23 3.16 4.72 5.07

Aluminum 1.37 4.39 1.31 5.02 4.38 3.25

Brass 1.33 2.92 3.66 2.50 2.02 2.91

Copper 0.67 0.78 0.94 4.62 4.27 4.10

Feed= 0.05 mm, Depth of cut= 0.5 mm

Fig. 5 shows comparative surface roughness trends for Al during 
lubricated and un-lubricated conditions with varying speeds. It can 
be seen that higher rotational speed resulted in lower roughness 
values, as compared to other two speeds. Carbide tool has resulted 
in lower surface roughness as compared to H.S.S particularly in 
lubricated conditions. It is true that in lubricated conditions the heat 
generation during machining is less, and the chance of adhering 
the chips of work piece to the tool as well as at the interface is 
almost negligible hence lower the roughness values. This is more 
significant at higher speeds because the work piece rotates at high 
speeds and in higher Material Removal Rate (M.R.R) thereby 
reduces the surface roughness. Contrary to the above dry un-
lubricated conditions resulted in higher surface roughness values 
for the same reason that heat generation is high and chance of 
bonding with chips with cutting tool is higher and hence higher 
is the surface roughness.
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Fig. 6:

Surface roughness trends for brass under dry and wet conditions 
with varying speeds
The surface roughness trend for brass can be seen in fig. 6. Carbide 
tool resulted in lower surface roughness as compared to H.S.S tool. 
Even with carbide tool lubricated condition straight decreasing 
trends in roughness values can be observed with carbide tool that 
to in lubrication condition. An increasing trend can be observed 
with higher tool rotation speed i.e. 1000 rpm. Interestingly, HSS 
tool that to in lubrication condition, an increasing speed from 
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250 to 500 rpm and also to 1000 rpm a decrease in roughness 
has been observed. A contradictory trend for the same tool with 
un-lubricated condition can be observed in the above fig 6. The 
surface roughness trend is found to be increasing with increasing 
rotational speed. 
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Fig. 7:

Surface roughness trends for copper under   dry and wet conditions 
with varying speeds  
The surface roughness trend can be seen for Cu in the fig. 7. A 
down ward trend in roughness values can be seen with carbide 
tool for both lubrication and un-lubrication conditions. As Cu 
is hard compared to Al and brass the roughness values are of 
higher magnitude. In this case also HSS tool with lubrication 
condition resulted in decreasing trend of roughness with increasing 
rotational speed of work piece. When machined in un-lubrication 
environment the roughness found to be increasing trends, with 
nominal variation. It is true that high rotational speed resulted 
decreasing surface roughness. Further the effect is much more 
effective in case of un lubrication condition. It can be concluded 
at this stage that the ceramic carbide tool in lubrication condition 
does not effective in surface roughness with respect to rotational 
speed. Where as when operated with lubrication condition the 
trends are observable. 
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Fig. 8:

Trend for HSS tool by varying speeds and materials in dry 
condition
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Fig. 9:

Trend for carbide tool by varying speeds and materials in dry 
condition.
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Fig. 10:

Trend for HSS tool by varying speeds and materials in wet 
condition
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Fig. 11:

Trend for carbide tool by varying speeds and materials in wet 
condition
Fig. 8 shows the roughness trend for all material during machining 
with HSS tool (un lubricant condition). Al showing increasing 
surface roughness with increasing speed up to some extent, but it 
shows drop surface roughness at higher speeds. It can be concluded 
that higher rotational speeds. Al produces good surface finish. 
Similar trend can be also be observed for copper and brass as 
well as M.S. Higher surface roughness can be observed for M.S 
at all rotational speeds as compared to other three materials. At 
this juncture it can be speculated that as M.S belongs to ferrous 
category where as other three are of non ferrous, which might 
have resulted in above type of trend. Interestingly machining 
with HSS produced lower roughness values as compared with 
carbide tool.
Fig. 9 shows the trend for all material surface roughness during 
machining (with out lubricant) using carbide tool irrespective 
of feeds brass has shown good surface finish i.e. lower surface 
roughness values. Here it can be seen from the graph for Al, the 
roughness trend is getting decreased with respect to incremental 
values of feed. Whereas M.S is showing incremental trend in 
surface roughness with respect to increase in speed. In this contest 
though both belongs to ductile category; but presence of small 
percentage of carbon in M.S in addition to ferrous making it 
produce high roughness valves at higher speeds. In case of copper, 
showing similar trend. Although brass is an alloy of copper and zinc 
showing typical variation i.e. trends is decreasing with respect to 
increasing speeds and then increasing with increasing speeds. 
Fig.10 shows that variation surface roughness values with 
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lubricant conditions at various rotational speeds. HSS tool with 
lubricant conditions as compared to without lubricant condition 
is not showing any remarkable difference. Interestingly higher 
rotational speed resulted in lower surface roughness for Al , copper, 
Brass and M.S. It is true that higher rotational speed results in 
higher temperature, but applying lubricant will definitely reduce 
temperature. Further it aids in getting good surface finish because 
of reduced temperature operation. Where as aluminum obtained 
high surface finish at higher speeds. It can be concluded that higher 
rotational speeds with lubricant conditions might cause improved 
or enhanced surface finish.
Fig. 11 shows the trend of surface roughness for Al, copper, 
Brass, M.S during machining in lubricant environment at varying 
rotational speeds for carbide tool. When operating with M.S an 
incremental surface roughness trend with increasing rotational 
speeds. Though the other three materials obtained lower surface 
roughness values at various speeds, yet M.S produced higher 
magnitude in surface roughness. It can be further observed that 
the values for copper, brass and Al are low in lubricant condition 
compared to unlubricant condition. Though copper and brass are 
of same category brass behavior is typical as compared to copper 
and its values are comparable with that of M.S at higher speeds. 
Addition of zinc to copper might of resulted for brass in obtaining 
the above trend values at higher and higher speeds. It means to 
get good surface finish Al is to be operated at higher speeds with 
lubricant conditions. 

IV. Conclusion
Selection of cutting tool plays an important role in obtaining high or 
low surface finish. Significant effect on surface roughness has been 
observed with respect to lubricant and un-lubricant conditions.
High rotational speed of work piece has shown contradictory 
surface roughness results with respect to lubricant and un-lubricant 
environment. Out of all four materials Cu has shown lower surface 
roughness values where as M.S. resulted in higher. Brass and Al 
surface roughness values are found in between Cu and M.S.
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