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ABSTRACT

This research work analyzed carbide tool wear of the single point cutting tool used in the turning
operation of EN38 steel. Sixteen experiments were conducted, to determine how feed rate, depth
of cut and spindle speed of the tool, made of tungsten carbide, caused tool wear at varying
machining parameters. Feed rate of 1.0, 1.5, 2.0, 2.5, and 3.0, rev/min and depth of cut of 0.2, 0.3,
0.4, 0.5, 0.6, mm and Spindle speed 400, 600, 800, 1000, 1200, rpm, were considered.
Temperature and weight loss were equally measured during the experimental processes with a
constant time of 15munites. With the data obtained, various graphs were plotted to show the
variation of feed rate, weight loss, depth of cut, spindle speed and temperature. Regression
analysis using partial least square method was used to determine the regression coefficient of
temperature and weight loss. The probability value of 0.004 and optimal R-square value of 0.9957
were consequently obtained from the regression analysis. It was observed that temperature
increase and weight loss depend on feed rate, spindle speed and depth of cut and also that an
increase in feed rate, spindle speed and axial depth of cut had a significant effect on tool wear,
revealing that the alpha value of 0.05 is greater than the probability value of 0.004 from the
regression analysis.
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1. INTRODUCTION

In every machining system, one simply can't
ignore the important role that cutting tools play as
can be seen on various researches of the nature
of cutting tool [1], the rate at which metal can be
removed by the machine [2] and even the wear
and tool life of these cutting tools [3]. Oftentimes,
the quality of a finished product would rely on the
quality of the cutting tools. The quality and the
cutting performance of cutting tools would also
directly affect a machining system’s overall
productivity. There are two types of cutting tools
heavily favored in the machining industry: high
speed steel (HSS) cutting tools and carbide
cutting tools [4]. Cutting tool grades of carbides
are further subdivided into two groups: cast—iron
carbide and steel-grade carbide. The main
carbide material used in its manufacture is
tungsten carbide with a cobalt binder. Tungsten
carbide is well known for its hardness and
resistance to abrasive wear [5].

Turning is a form of machining, a material
removal process, which is used to create
rotational parts by cutting away unwanted
material. The turning process requires a turning
machine or CNC lathe, work piece, fixture, and
cutting tool. The work piece is a piece of pre-
shaped material that is secured to the fixture,
which itself is attached to the turning machine,
and allowed to rotate at high speeds. The cutter
is typically a single-point cutting tool that is
secured in the machine. The cutting tool feeds
into the rotating work piece and cuts away
material in the form of small chips to create the
desired shape [6].

Cutting fluid (coolant) is any liquid or gas that is
applied to the chip or cutting tool to improve
cutting performance. Few cutting operations are
performed dry. The cutting fluid is another agent
that strongly influences the process of thermal
crack formation. The use of a cutting fluid in
turning process may be highly detrimental to the
tool's life, depending on the cutting parameters,
tool material and the type of damage involved. In
the presence of thermal cracks, the cutting fluid
will accelerate their nucleation process and
reduce the tool's life regardless of the type of
cutting fluid used [7].

In metal cutting operations, there is always
temperature increase between the work piece

and the cutting tool interface. This is as result of
the plastic deformation developed at the primary
shear plane and friction at the interface [8].
During metal cutting, the heat generated is
significant enough to cause local ductility of the
work piece material as well as of the cutting
edge. Although softening and local ductility are
required for machining hard materials, such as
EN38 steel, the heat generated can shorten the
tool life and performance [9]. Therefore, the
control of cutting temperature is required to
achieve the desired tool performance. The
cutting temperature is a key factor which directly
affects tool wear, work piece surface integrity
and machining precision according to the relative
motion between the tool and work piece.

The cutting parameters especially cutting speed,
feed rate and depth of cut influence chip-tool
interface temperature. Temperature in the cutting
zone depends on contact length between tool
and chip, cutting forces and friction between tool
and work piece material [10-11]. A considerable
amount of heat generated during machining is
transferred into the cutting tool and work piece.
The remaining heat is removed with the chips;
the highest temperature is generated in the flow
zone. Therefore, contact length between the tool
and the chip affects cutting conditions and
performance of the tool and tool life. During the
cutting process, greater cutting forces occur
when increasing the feed rate. This, in turn will
also increase tool wear [12].

For the purpose of increasing machining
efficiency, this paper is therefore aimed at
analyzing carbide tool wear in turning operation
of EN38 steel. To achieve this aim, the following
objectives have to be met; determining the
spindle speed, depth of cut and feed rates,
evaluating the variation of tool wear and
determining the effect of increase in temperature
on the cutter during operation for a given carbide
tool.

2. MATERIALS AND METHODS

EN38 steel, whose mechanical and chemical
compositions are outlined in Tables 1 and 2, was
used for the experiment.

Carbon insert cutting tool with dimensions 16.02
mm x 8.02 mm, with nose radius of 0.4 mm was
utilized for the experiment due to its ability to



withstand high speed machining. The experiment
was carried out on a precision CNC lathe (CK
6132) using a bar turning process under dry
conditions.

Table 1. Chemical composition of EN38 steel

(%)
C Sl Mg S Ni P
0.35- 0.05- 0.6- 05 450- 0.5%
0.4 0.35 0.9 5.50

Table 2. Mechanical properties of EN38 steel

Tensile strength, tones/sq. in. 65 N/m?
min. (Rm)

Elongation, %. Min. (A) 13 m
Izod impact value. 30 J/m?

The Camry digital scale was used to weigh the
mass of the tool before and after machining in
order to determine loss of weight of the tool. A
dial indicator having a 25.40 mm range and a
calibration increment of 0.0254 mm was utilized
for the operation, as well as a pyrometer which
was utilized to determine temperature changes of
the cutting tool and work piece. AME Optical
Pyrometers was used which work on very
sophisticated mechanism. This thermal device
detect temperature of an object by reckoning the
emitted, reflected and transmitted energy by
means of optical sensors & detectors and show
temperature reading on display panel and the
temperature Range is 300° to 1100°C).

The experiment was performed in three stages.
In stage one, the spindle speed and depth of cut
was kept constant at 800 rpm and 0.2 mm
respectively, the feed was varied from 1.0 — 3.
Rev/min with an interval of 0.5. In the second
stage, the spindle speed and federate were kept
constant at 800 rpm and 2.0 mm/min respectively
and the depth of cut was varied from 0.2-0.6 mm
with an interval of 0.1. In the final stage, the
depth of cut and feedrate were kept constant at
0.2 mm and 2.0 mm/min respectively with the
spindle speed varied from 400-1200 rpm in an
interval of 200. For each of this experiment, the
temperature is taken every 15 mins and the
weight of the cutting is measured before and
after the experiment.

3. RESULTS AND DISCUSSION

Fig. 1 is a graphical representation of spindle
speed versus feed rate and weight loss. Here, at
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constant spindle speed and constant feed rate,
the weight loss tends to increase but as the feed
rate increases the wear also increases. This can
be attributed to the time at which the cutting tool
is in contact or is advancing along the work
piece. There was a rapid contact with the work
piece which caused the cutting tool to encounter
weight loss. This shows that an increase in feed
rate has a significant effect on the tool life since
there will be an increase in the wear.

From the graph of feed rate versus temperature
and weight loss as represented in Fig. 2, it can
be seen that as feed rate increases, there is an
increase in  temperature  which  moves
geometrically as the feed rate increases.
However, the weight loss increased to a point
and remained constant. From the experiment
carried out, it could be seen that at the first
contact the cutting tool had with the work piece,
there was a chip from the cutting tool. When the
machining process continued, the cutting tool
retained its property and becomes steady and no
wear occurred again showing the behavior of
carbide tool at feed rate of 2 rev/min.

In Fig. 3, the values of these two responses are
the same, but their calculated variances are
different. This is a perfect correlation because
the data points all lie exactly on a straight line
and the slope of the graph is positive. Feed rate
increases geometrically by 0.5.

Fig. 4, shows a minimum R-squared value of
0.96 at point 1, and an optimal value of 0.995786
at point 2, this is the best optimal R-squared
value. The model selected the best optimal value
of 0.995786 for the best fit. Since the p- value is
less than 0.05 the model shows a good
correlation and the response is linear.

The residual normal plot in Fig. 5, shows that
there is a good correlation within the boundary.
The response is a linear plot which shows the
standardized residual boundary limit. Since the
values of percent falls within this boundary, the
response plot shows that the linearity is 100%
with confidence level of 95%.

3.1 Surface Response Plots for Depth of
Cut

The tool wear was observed using different,
depth of cut for the operation of EN38 steel. For
a carbide tool cutter, the following results were
plotted in a graph.
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Surface Plot of Spindle Speed vs Feed RAte, Weigth Loss
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Fig. 1. A graph of spindle speed versus feed rate and weight loss

Surface Plot of Feed RAte vs Temperature, Weigth Loss
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Fig. 2. A graph of feed rate versus temperature and weigh loss

PLS Response Plot
(response is Feed RAte)
2 components
3.0 °
9 25- °
]
Qo
)
(-
- 2.0 °
2
£
=
L2
8 1.5 °
1.04 @
T T T T T
1.0 1.5 2.0 2.5 3.0
Actual Response

Fig. 3. Calculated response versus actual response for feed rate
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PLS Model Selection Plot
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Fig. 4. Graph showing model selected plot response for feed rate
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Fig. 5. Graph showing residual normal plot response for feed rate
Table 3. Regression analysis using partial least square method

3a. Analysis of variance for feed rate

Source DF SS MS F P
Regression 2 2.48947 1.24473 236.32 0.004
Residual error 2 0.01053 0.00527

Total 4 2.50000

3b. Model selection and validation for feed rate

Components X variance Error R-Sq
1 0.89623 0.0965085 0.961397
2 1.00000 0.0105344 0.995786




3c. Coefficients
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Feed rate Standardized
Constant 0.5597 0.000000
Temperature 0.0026 0.188964
Weight loss 64.1493 0.841310

At constant spindle speed, a steady increase in
temperature and a slight increase in weight loss
of the cutting tool were observed as shown in
Fig. 6. This temperature and weight loss increase
was also observed to be linear.

From Fig. 7, as depth of cut increases there is an
increase in weight loss which moves linearly. It
can also be seen that temperature increases as
the depth of cut increases. This shows that depth
of cut has a strong significant effect on both
weight loss and temperature when using carbide
cutting tool.

The values of the calculated response and actual
response were observed to be the same using
partial least squared response plot for depth of
cut as seen in Fig. 8, but their calculated
variances are different. This is a perfect
correlation because the data points all lie exactly
on a straight line and the slope of the graph is
positive. Depth of cut increased geometrically
by 0.1.

Fig. 9, shows a minimum R-squared value of
0.96 at point 1, and an optimal value of 0.995786
at point 2, this is the best optimal R-squared
value. The model selected the best optimal value
of 0.995786 for the best fit. Since the p-value is
less than 0.05 the model shows a good
correlation and a linear significant response.

In Fig. 10: the residual normal plot response
shows a good correlation within the boundary.
The response is a linear plot which shows the
standardized residual boundary limit. Since the
values of percent falls within this boundary, the
response plot shows that the linearity is 100%
with confidence level of 95%.

3.2 Surface Response Plots for Spindle
Speed

The tool wear was observed varying the spindle
speed for the operation of EN38 steel and results
obtained were ploted in the graph of Figs. 11
and 12.

In Fig. 11, at a steady feed rate, the spindle
speed and temperature remained. As the feed
rate increased there was an increase in spindle
speed and temperature, showing that feed rate
and spindle speed has a significant effect on the
temperature.

Fig. 12 shows that as spindle speed increases
there is an increase in weight loss and a rapid
increase in temperature. The weight loss
increases linearly and becomes almost steady at
800 rpm showing the stability of the cutting tool
at that point.

850

Spindle Speed
LA = 800

750

0.01 0.02

Weigth Loss

Surface Plot of Spindle Speed vs Temperature, Weigth Loss

125
100
75 Temperature
50
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Fig. 6. Spindle speed versus temperature and weight loss
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Surface Plot of Depth of Cut vs Temperature, Weigth Loss
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Fig. 7. Depth of cut versus temperature and weight loss

PLS Response Plot
(response is Depth of Cut)
2 components
0.6
[ ]
[} d
2 0.5 N
2
3 °
£ 0.4
o
3
£
3 03] °
3
0.2 R
T T T T T
0.2 03 0.4 0.5 0.6
Actual Response

Fig. 8. Calculated response versus actual response for depth of cut
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Fig. 9. Graph showing model selected plot response for feed rate



Achebe et al.; AIR, 11(5): 1-11, 2017; Article no.AIR.36441
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Normal - 95% CI
(response is Depth of Cut)
2 components
95.
%.
-
” 70 0
604
§ 50 .
o 40
a o .
2
10
5
1 T T T T T
-5.0 =2.5 0.0 25 5.0
Standardized Residual

Fig. 10. Graph showing PLS residual normal plot

Surface Plot of Feed RAte vs Spindle Speed, Temperature
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Fig. 11. Feed rate versus spindle speed, temperature
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Fig.

12. Spindle speed versus temperature and weight loss



The value of calculated response and actual
response were observed and discovered to be
the same as shown in Fig. 13, but their
calculated variances are different. This is a
perfect correlation because the data points all lie
exactly on a straight line and the slope of the
graph is positive. Spindle speed increases
geometrically by 100 rpm.

Fig. 14, shows a minimum R-squared value of
0.75 at point 1, and an optimal value of 0.95 at
point 2, this is the best optimal R-squared value.
The model selected the best optimal value of
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0.95 for the best fit. Since the p-value is less than
0.05 the model shows a good correlation. The
model shows a significant response and the
response is linear.

In Fig. 15, the residual normal plot shows that
there is a good correlation within the boundary.
The response is a linear plot which shows the
standardized residual boundary limit. Since the
values of percent falls within this boundary, the
response plot shows that the linearity is 100%
with confidence level of 95%.
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Fig. 13. Graph showing PLS response plot for spindle speed
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Fig. 14. Graph showing PLS model selection plot
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Fig. 15. Graph showing PLS residual normal plot

4. CONCLUSION

From the experiments carried out as stated in the
methodology above, a probability value of 0.004
and optimal value of 0.0995786 were
consequently obtained. At a constant spindle
speed 800 rpm, steady feed rate 2 rev/min, and
depth of cut 0.2 mm it was seen that the weight
loss was steady showing the stability of the
cutter. It was seen that carbide tool experiences
break-in as a result of tool coming in contact with
the work piece during the first depth of cut. This
is due to an increase in feed rate and spindle
speed for the operation.
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