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Abstract
The study was carried out to evaluate the effects of cutting speed and depth of cut on surface roughness (Ra) of
AISI 1027 steel in turning operation. The Experimental samples of AISI 1027 Steel were turned on E3N-01
lathe machine using machining parameters of 40mpm, 50mpm and 60mpm for cutting speed (Cs), 0.5mm,
1.0mm and 1.5mm for depth of cut (Dc) and a feed rate (Fr) of 0.120mm/rev. The surface roughness of the
turned samples were afterwards determined with the aid of Scanning Electron Microscope (SEM) and the results
which range between 1.0167μm and 11.9843μm.The maximum Ra values of 6.4443μm,11.6069μm and
7.4536μm were obtained a cutting speed of 40mpm and the minimum Ra values of 1.2456μm, 3.3303μm and
2.5806μm were obtained at cutting speed of 60mpm. Similarly, the maximum Ra values of 7.0532μm,
5.8058μm and 4.1229μm were obtained at the mid value of Dc (1.0mm) and the minimum Ra values of
6.4443μm, 1.7731μm and 1.2456μm were obtained at 05mm. The results were subjected to statistical analysis
using analysis of variance (ANOVA) as a statistical tool at 95% confidence interval (p=0.05). The results
showed that the significant value (p value) for cutting speed is 0.036 which is less than 0.05 (p=0.036<0.05).
Similarly, the p value for depth of cuts 0.403 which is greater than the p value of 0.05. This implies that the
surface roughness increases with increase in cutting speed statistically and vice versa. Similarly, the p value for
depth of cut is 0.403 which are greater than the p value of 0.05. This, therefore, depict insignificant changes in
surface roughness with increase in the values of this parameter (p>0.05).
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INTRODUCTION
Machining is the process whereby material is
removed from work piece with sharp tool by variety
of methods (Ningi, 2010).In order to properly
machine a part, there is the need to select appropriate
process parameters such as cutting speed and depth of
cut as these will have effects on the products and
tools and also the required surface finish values
cannot be obtained if a good combination between
cutting (process) parameters is not formed during
machining (Kwon, 2004).

Also, most moving components do not attain a
condition of complete lubrication because of
imperfect geometry, running clearance and thermal
distortion. Imperfect geometry is good source of
initiating fatigue or crevice corrosion. If surface is
too rough, the initial wear particles are large which
act as abrasives and wears continue at a high rate.
Similarly, if surface is too smooth, the initial wear
will be very slow; the surface will never wear-in and
improper clearance may result in local hot spots and
high oil consumption (Mortocu, 2009).

The effect of cutting parameters on the final surface
roughness of machined surface has brought great
challenge to engineers and researchers. Some useful
techniques of predicting the surface roughness of a
product before machining is necessary in order to
evaluate the fitness of machining parameters for

keeping a desired surface roughness and increasing
product quality (Abdullah et al, 2010). Cutting
speeds, feeds, depth of cut, and cutting oils, if used,
are different for each type of material and each
operation; failure to keep these factors within proper
limits may cause damage to the lathe or lathe tools,
and can result in spoiling the surface of the work
piece (The Army Institute for Professional
Development [AIPD], 1988).

The cutting speed is the relative surface speed
between the tool and the work piece. Cutting speed
has major impact on surface roughness especially
when operating at lower feed rates, which lead to the
formation of built-up- edge (Thomas et al, 1997).
Higher cutting speeds are important in yielding
accurate results ( Sahoo and Sahoo 2011).

The cutting speed in any machining operation
depends on the following factors:

Nature of material being cut: Generally in machining,
hard and strong materials require a low cutting speed;
while, soft and ductile materials are cut at higher
cutting speed

Condition of machine: Rigidity of machine tool could
guarantee cutting at higher speed with great
reliability and efficiency. A loose machine could
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impart undesirable features to the product and should
be avoided.

Tool life: Since heat due to friction is generated at the
tool-work interface during machining, therefore, there
will be rise in temperature directly proportional to the
speed at which cutting is carried out or done. The
intensity of heat will also depend on the nature of
material being cut and the tool material (Chouldhury
and Srinivas, 2004).

The spindle speed (N) is the rotational frequency of
the spindle of the machine measured in revolutions
per minute (RPM) (Smid, 2003).

To determine the rotational speed necessary to
produce a given cutting speed, it is necessary to know
the diameter of the work piece (D) to be cut. To
calculate the spindle speed, knowing the diameter of
the work piece, the following formula is used (AIPD,
1988):

, (1)

where; ss is SEM scale
The depth of cut is the thickness of the layer of metal
that is removed in one cut or pass measured in a
direction perpendicular to the machined surface. The
depth of cut is always perpendicular to the direction
of feed motion. The following factors determine the
depth of cut to be taken in metal cutting operation:

Type of cut: According to Sharma (2005), it is better
to “use large depth of cut for roughing operations
than for finishing operation”. This then means that
the depth of cut should decrease as machining
progresses from roughing to finishing.

Tool life: The frictional effect at the tool-work
interface increases with increase in the depth of cut in
metal cutting (Hagiwara et al, 2009). Consequently, a
cutting temperature increases resulting in decreased
tool life.

Power required: The cutting speed of a given
machine operation multiply by area of cut (feed x
depth of cut) gives the metal removal rate, which
gives the power requirement. For a given area of cut,
a large ratio of depth of cut to feed usually gives the
most efficient performance as well as better surface
finish.

Most operators manning machine shops do not use
the correct combination of process parameter that
could produce better and desired surface finish on
work piece (Raphael, 2000). In other words, cutting
variables are applied indiscriminately while
machining without achieving optimum properties. On

the other hand, careful selection and application of
cutting variables lead to products with desired
properties (Nas and Demir 2010). The study was
therefore carried out to determine the effects of
surface roughness evaluation when machining carbon
steel with ceramic cutting tool.

MATERIALS AND METHODS
Materials and Tools
Lathe machine (E3N-01), Mild steel bar (Ø 38mm) of
the type AISI 1027, venier caliper, turning tool (HSS
tool), facing tool, center drill, surface gauge and
Scanning Electron Microscope (SEM).

Experimental Design
A set of experiments was carried out with centre lathe
machine (E3N-01) on mild steel bar (AISI 1027 Steel)
as work piece to determine the effects of cutting
speed and depth of cut on the surface roughness of
AISI 1027 steel. For this research, factorial design
was adopted with three levels and two factors,
expressed as:

Lf (2)

Where; f = number of factors, L= Levels and n=
replication

Table 1 shows the machining process parameters and
their levels. A constant feed rate of 0.120mm/rev was
adopted for the study.

Table1: Process parameters and levels
Parameter Cutting Speed (mpm) Depth of cut (mm)
Feed Rate (mm/rev.)
Level 1 40 0.5
0.120
Level 2 50 1.0
0.120
Level 3 60 1.5
0.120

Machining Operation
E3N-O1 Lathe Machine was used for the turning
operations of the entire experimental samples. The
necessary spindle speeds needed to produce the
required cutting speed for the operation were selected
from a chart provided on the machine. The movement
of the tool along the revolving work piece was fixed
automatic. Finally, the required depth of cuts and the
feed rates were selected and the turning started. As
the tool is traversed along the surface of the work
(during operation), cutting fluid was applied
automatically at the tool-work interface. The same
procedure was followed to machine all the samples.

Surface roughness
Surface roughness of the samples was evaluated with
the aid of Scanning Electron Microscope (SEM). The
SEM produced the various image profiles of the
prepared samples. The value of the surface roughness
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was obtained by subjecting the profiles to further
investigation using AMSCOPE software. The surface
finish was finally evaluated by center line average
(CLA) method based on equations 3 and 4.
CLA or Arithmetic average (AA)

=
n
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n

i
i //

(3)
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(Sharma, 2005)

The authentic value of Ra is obtained by dividing
equations 3 by scale provided by SEM.

(4)

Where; ss is SEM scale

RESULTS AND DISCUSSION
Surface Roughness and Cutting Speed Analysis
Graphs of surface roughness versus cutting speed for
all combinations of feed rates are given in figure 1.

Figure 1: Graphs of surface roughness versus cutting
speed

Graphs of surface roughness versus feed rate for all
combinations of cutting speeds (40mpm, 50mpm and
60mpm) are given in figure 2. Here, the graphs
follow the same trend only between 0.120mm/rev.
and 0.435mm/rev (the Ra increases as the feed rate
increases too). The minimum value of Ra of
6.4443µm, 1.7731µm and 1.2456µm were obtained
for Cs of 40mpm, 50mpm and 60mpm respectively at
a feed rate of 0.120mm/rev. Similarly, the maximum
values of Ra of 11.6069µm, 7.0688µm and 2.7296µm
were obtained for Cs of 40mpm and Fr of
0.435mm/rev,; Cs of 50mpm and Fr of 0.75mm/rev
and Cs of 60mpm and Fr of 0.435mm/rev Cs
respectively.

It is evident from the graphs of the figure that the
surface roughness assumes higher values at a low
cutting speed of 40mpm and low values at 50mpm
and 60mpm. This is possibly due to the fact that low
cutting speed is susceptible to more obvious tool
marks on the machined surface and these marks
constitute surface roughness. Similarly low cutting
speed leads to the formation of Built-up edge (BUE)
on the tool point and this makes the surface to
deteriorate. Kwon et al (2004) showed that, the
tendency to form a built- up-edge during machining
affects machinability and consequently the Ra. The
result of this study is in consonant with the research
by Saravanan (2003). The surface roughness is within
the ranges specified by Kwon et al (2004) and
Jawahir et al (1992) when mild steel is turned
without subsequent operations such as honing,
grinding etc carried out on it.

Surface Roughness and depth of cut Analysis
Graphs surface roughness versus depth of cut for all
combinations of Cutting speeds are given in figures 2.

Figure 2: Graph of surface roughness versus depth of
cut.

Figure 2 shows the graphs of Ra versus depth of cut
corresponding to feed rate of 0.120mm/rev.

The curves corresponding to 50mpm and 60mpm
follow the same trend. The two graphs attained the
maximum values of 4.1229 µm and 5.8058 µm at a
depth of cut 1.0mm and minimum value of 1.7219µm
and 1.7731µm at a depth of cut of 0.5mm. However,
the curve corresponding to 40mpm followed an
entirely different trend of increasing surface
roughness with increase in depth of cut. This may be
due to slight vibration in SEM, lack of perfect
machine tool rigidity and the tendency of BUE
formation which could deteriorate the surface finish
of the machined sample. The surface roughness value
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increases with increase in the depth of cut. The
maximum value of surface roughness of 9.2920 µm
was obtained at a depth of cut of 1.5mm indicating
high surface roughness and the minimum value of
surface roughness of 6.4443µm at 1.5mm indicating
better surface finish.

The depth of cut has no significant effects on the
surface roughness. This result is very similar to the
result of the study carried out by Kumar et al (1989).
Also the study by Abdullah et al, 2010 showed that
the depth of cut had a minimal influence on Ra while
the remaining two parameters (cutting sped and feed
rate) had significant influence on Ra. The results
were subjected to statistical analysis using analysis of
variance (ANOVA) as a statistical tool at 95%
confidence level (p=0.05). The results showed that
the significant value (p value) for cutting speed is
0.036 which is less than 0.05 (i.e. 95% confidence
interval). Similarly, the p value for depth of cut is
0.403 which is greater than the p value of 0.05. This
implies that the surface roughness increases with
increase in cutting speed statistically and vice versa.
Similarly, the p value for depth of cut is 0.403 which
are greater than the p value of 0.05. This, therefore,
depict insignificant changes in surface roughness
with increase in the values of this parameter (p>0.05).
Similarly, a study by Nas and Demir (2010)
indicated a combination of low depth of cut and high
cutting speed produce a good surface finish. This is in
consonant with the resulting Ra with combinations of
0.5mm (depth of cut) and 60mpm (cutting speed).

CONCLUSIONS
The following conclusions were made based on the
study;
1. The cutting speed of 60mpm gave a lower value of
Ra, and hence smoother surface finish of AISI
1027 steel.
2. The maximum value of Ra of 11.6069µm was
obtained at 40mpm while the minimum value of
Ra of 1.2456 was obtained at 60mpm.
3. Lowest depth of cut of 0.5mm gave a better
surface roughness (Ra) value (i.e. better surface
finish) at the highest cutting speed of 60 mpm.

RECOMMENDATIONS
The following recommendations have been proffered
based on the findings of the research;
1. Cutting speed of 60mpm and a depth of cut of
0.5mm should be used to obtain fine (smooth)
surfaces on AISI 1027 steel.
2. Cutting speed of 40mpm and a depth of cut of
1.0mm should be employed to obtain
rough surfaces on AISI 1027 steel.
3. Similar experiment should be conducted using
other types of tools other than HSS.
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