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Estimating tool life from measurements during longitudinal turning process using linear least squares
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Keywords: ABSTRACT

Estimating tool wear. This research paper presents a procedure to estimate parameters for the modified Taylor equation
Longitudinal turning. using experimental measurement. The end-of-life times for each laboratory test were recorded
Linearizing modified Taylor well. The tool life has been measured by observing an abnormal change in the observed pitch of a
equation. sound from the cutting tool. The objective of this research is to understand the wear mechanisms
Estimate tool life by sound of the insert carbide tool for different speed machining under dry condition using longitudinal
inspection. turning process. The tool life equation obtained by linearizing the expanded Taylor tool life
Linear least squares. equation and solving a linear system of equations using linear least squares. In this study, both the

experimental data and analytical solution show reasonable fit. The estimated tool life model
simulates the measured end of tool life using the sound inspection method. An additional analysis
to confirm effects of each cutting parameter on the tool life have been presented. Estimating the
Tool life (TL) model using nonlinear least squares could give more accurate results which is going
to be considered in the future study. The significance of this study is to save resources in the
manufacturing industry by avoiding estimating tool life during turning process. Since that cause
delay in the production time and waste of resources.
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1. Introduction

Modelling and Optimizing the Tool life is essential to obtain higher machine operation parameters to control the tool wear. Effect of the
productivity. Therefore, the cutting parameters must be chosen carefully. cutting parameters on the tool life are usually modelled using Taylor
The optimal cutting parameters will reduce costs and increase equation which gives the tool life (end of life in minutes) as a function
productivity (MRR) and quality. These studies searched for the optimal of the cutting speed, depth of cut and feed rate. These cutting parameters
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influence the cutting force, cutting temperature, specific energy, etc.
Therefore, an intensive investigation of the tool life in response to the
implemented cutting parameters is a crucial step toward maintaining
long machine production and reducing tool regrinding and replacement
cost.

In this study, the used workpiece material to evaluate the tool life of a
carbide insert cutting tool, was the C45 mild carbide steel (0.45%
carbon). The C45 mild carbide steel has been extensively used to make
parts such as: axles, gears, shafts, piston pins, etc. The cutting tool
performance must be carefully studied to meet the required initial design
specifications with satisfactory finish at lowest cost. To achieve this
objective, it is necessarily to model and simulate the cutting process to
perform an intensive tool investigation at all possible harm conditions
(dry cutting, critical cutting parameters, etc.). Some selected studies will
be summarized in this short literature review and aimed as an
introductory to some attempt to search for an optimal cutting parameter
to maximize the tool life. Al-Ahmari et al. [1] developed empirical
models to predict three machining functions (tool life, cutting force and
surface roughness), using cutting tool measurements for turning
austenitic AISI 302. They approximated the relationships between
estimated machining functions and cutting parameters using multiple
linear regression analysis techniques (RA), response surface
methodology (RSM), and computational neural networks (CNN). They
concluded that the results from CNN models are better than that from
RA and RSM models. Also, RSM models estimate tool life and cutting
force models better than RA models. Bazaz et al. [2] employed
dimensional analysis to formulate the tool life model during turning
process of metal cutting for small-lot production by considering the
effects of cutting speed, feed rate, depth of cut, workpiece hardness, tool
hardness, cutting force, and cutting temperature. They concluded that the
cutting speed, workpiece material hardness, and feed rate are the most
influential factors that influence the estimated tool life. They found that
the tool life increases when increasing the tool hardness, and reduces
when workpieces hardness was higher. Prince et al. [3] conducted wet-
turning experiment to estimate the tool life of coated carbide insert in a
CNC lathe machine to cut stainless steel SS316L.

The tool life was estimated using industrial and theoretical method
(Taylor’s tool life Equation). Theoretical method can be successfully
implemented to estimate the tool life to save operator time and
machining cost. They found that the Flank wear and brittle wear are the
most common cause of tool failure. Kumar et al. [4] studied the tool life
and its failure mechanism. They concluded that the geometry of a cutting
tool, cutting parameters, and the machining condition (dry or wet)
influence tool life, meanwhile, the optimum values of rake and clearance
angles are -50 to +100 and 50 to +80 respectively. They also concluded
that tool failure increased under the influence of high thermal stresses,
wear and mechanical forces. An investigation to measure and analyze
the cutting forces and the surface finish performed by Rao et al. [5] using
a tungsten carbide tool to cut Aluminum. They varied the depth of cut,
speed and feed rate at different conditions, then calculated the tool life,
surface finish, cutting force. Their results showed noticeable decreases
in the tool life as the cutting force, material removal rate (MRR) and
cutting speed increased. Another experimental and analytical studies
made by Nexhat and Azem [6] to model a dryly turning of hardened
42CrMod4 steal using a titanium nitride coated tungsten carbide tool when
level of hardness changed. They estimate the tool life using experiments
and a parameter estimation. They found that tool life decreases when
increasing cutting speed, feed rate, depth of cut and material hardness.
They also found that the cutting speed has maximum effect of -0.825 and
that the depth of cut has minimum effect of -0.248 at all levels of
hardness, and the recommended to use the right tool for the right cutting
condition in order to increase tool life and productivity. An experiment
study to perform a correlation between roughness and the tool flank wear
was performed by Equeter et al. [7] using a cutting insert in dry
longitudinal turning of AISI 1045, they concluded that the maximal
height of the roughness profile related to the most noticeable rise of the
cutting tool wear. Eugene at el. [8] studied the wear of carbide P25 inserts
tool when turning dryly a medium carbide steel for cutting speed range
between 250 m/min and 450 m/min with the emulsion mist, they

concluded that machining of steels in emulsion mist environment will be
associated with less cutting tools wear rate compared to the pure dry
cutting environment. The cutting force, specific energy and cutting
temperature have been effectively investigated in many literatures to
show how they affect the tool life. One of these studies were performed
by Stachurski et al. [9] to develop a mathematical model to calculate the
cutting force during wet/dry straight turning of C45. The mathematical
model reduces the time—consuming experiments and explains that the
cutting forces effected by the cutting speed, and the corner radius, the
feed rate. Another study by Stachurski at el. [10] were conducted using
longitudinal turning of Ti-6Al-4V ELI alloy (Grade23) to measure the
influence of speed of cut and feed rate on changes in the total cutting
force and its components. They concluded that the cutting speed has a
negligible influence, while feed rate significantly influences the forces
applied to the tool. Another investigation was made by Muamar at el.
[11] when they machined low carbon steel workpieces under dry and wet
turning conditions, using carbide cutting tool with a constant tool nose
radius. they studied the influence of the spindle speed, feed rate and
depth of cut, on the surface roughness. Their results showed that surface
roughness decreases at higher cutting speeds, and it increases as the feed
rate increases. Depth of cut showed the minimum effect on the surface
roughness. Chou and Song [12] have documented the effect of tool tip
radius on turning AISI-52100 steels and evaluated output quality
characteristic, tool life, forces applied on the cutting tool and the
formation of white layer. They concluded that large tool tip radius
produces a good output quality characteristic, but associated with tool
wear and a slight increase in the consumed power (specific energy).
Another important parameter for study and control the machining
process is the cutting temperature which is due to the friction between
the tool and the workpiece. A plenty of studies covered this important
design parameter. One of these studies was performed by Abhang el at.
[13] using turning of EN 31 steel alloy with tungsten-carbide tools to
estimate average chip-tool interface temperatures using thermocouples.
They concluded that using both optimal cutting parameters and optimal
tool tip radius produce an optimal cutting temperature during the process
of turning a steel and that an increase in the tool tip radius reduces the
cutting temperature. This study represents the procedure to estimation
the tool life exponents of the expended Taylor equation for the
longitudinal turning experiment by linearizing the nonlinear terms then
solving linear system of equations using linear least squares methods.
The analytical tool life results were compared to the measured tool life.
An extra investigation made on the accuracy in collecting measured tool
life sample at the three controlled cutting parameters to show effect of
the three cutting parameters on the tool’s end of life (tool life). The used
workpiece material to evaluate the tool life of a carbide insert cutting
tool, was the C45 mild carbide steel (0.45% carbon).

2. Materials and Experimental methods

The material used for conducting experiments is C45 mild carbide steel.
The experiment was carried out on lathe machine on the cylindrical
workpiece mild steel (57 mm diameter and 500 mm length) with carbide
tool and tool life is measured by observing an abnormal change in the
pitch of sound from the cutting tool. The experiments were conducted
according to the Taguchi design of experiment as per Table-1. The
results of 27 tests are shown in Table-2. The experimental work was
carried out under a dry cutting environment by using universal turning
type sinus 330/3000. Figure 1 shows the cutting machine (SN-126130).
The tool life criteria which have been used in this study to detect end of
tool life was based on changes in the sound emitting from the operation.
Each machining experiment was conducted by using a new cutting tool
edge.
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10 0.3 11.52

11 0.09 0.5 9.00

12 0.8 2.20

13 0.3 8.19

14 122.83 0.18 0.5 6.33

15 0.8 1.55

16 0.3 7.15

17 0.36 0.5 4.10

18 0.8 1.02

19 0.3 7.20

20 0.09 0.5 5.30

21 0.8 117

22 0.3 6.10

23 155.63 0.18 0.5 4.35

24 0.8 1.05

25 0.3 453

! 26 0.36 0.5 2.50

Fig. 1: The cutting machine (SN-126130) 27 0.8 0.41

A 32 factorial design was used to study influence of the cutting
parameters on the tool’s end of life (tool life). Figure 2 and Table 1,
shows these steps. This procedure was applied and repeated for the 27
experiments.

‘ Vl ‘

Fig. 2: Flowchart of the 27th excremental procedure
Table 1: The procedure of the experiments.

Cutting parameters Level-1 Level-2  Level-3
Speed of cut (V) m/min 92.68 122.83 155.63
Feed rate (F) mm/rev 0.09 0.18 0.36

Cutting Depth (D) mm 0.3 05 0.8

The insert carbide tool shown in Figure 3 has been used to cut the
medium carbide steel “C-45”

(a). Insert Carbide tool
Fig. 3: The insert carbide tool & the work material

(b). Medium carbide steel

Experiments have been conducted at three different cutting speeds by
varying the other two cutting parameters for each cutting speed. At each
cutting speed, three feed rates were performed and at each of them three
depths of cuts have been implemented. That makes 27 tests organized in
Table 1 and at each test, the tool’s end of life was measured by detecting
the changes in the sound emitted from the operation as documented in
Table 2, column nr. 5.

Table 2: Experimental details.

Sample Nr.

1<i Speed of cut Feed rate Cutting Depth Life tin_]e
<27 V;-(m/min) F;-(mm/rev) D; - (mm) Ty, - (min)
1 0.3 19.13
2 0.09 05 10.58
3 0.8 4.20
4 0.3 14.37
5 92.68 0.18 05 8.11
6 0.8 3.40
7 0.3 11.0
8 0.36 05 5.54
9 0.8 2.27

3. Mathematical Model

Taylor has proposed a relationship between tool life, cutting velocity,
(V), feed rate (F) and Cutting depth (D). The first attempt to model the
tool life has the following form

VTt =C 1)

Where, the n parameter is the Taylor exponent and the C parameter is
constant. Both n and C values effected by the used cutting tool, the
workpiece and cutting environment such as wet/dry cutting, etc.

The more accurate relation which has been widely used is the expanded
Taylor tool life [13] which defined as

VTF™DK = ¢ 2

Where, TL is the tool’s end of life (tool life) in minutes, C is a constant
effected by both the used cutting tool and the workpiece. The tool life
exponents are n, m, and k influenced by the used tool, workpiece and the
environment of the machine.

In this study, the temperature of a cutting tool will be approximated by
Nathan Cook equation [14], his analytical solution can be used to
approximate the cutting temperature,

0.333

_ 04U (&) ©)

= oC,

Where T is the cutting temperature, U is the specific energy, V is the
cutting velocity, to is the chip thickness before cut, pCp is the product of
the density and the specific heat capacity of workpiece, a is the
diffusivity of the workpiece. By combining Eqgns. 2 & 3 yields an
approximation of the relationship between tool life and the cutting
temperature. Equation 4 can be used to see the effect of the controlled
cutting parameters on the cutting tool temperature.

n
[ C D7k ]
TL = C 3 (4)
0.06 a(0p47bT> Fm

4. Tool Life Parameter Estimation by Linear Least Squares

The modified Taylor’s equation (eqn. 5), used to evaluate the tool life
parameters. The exponents n, m, k and C are to be estimated from the
experiments for each combination of cutting parameters.

VT FmDk = (5)

At the first look, one can suggest Linearizing the expanded Taylor
equation as
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(V) +nin(T,) + mn(F) + k In(D) =1n (C) (6)

Then by collecting the unknown parameters (n, m, k, and C) in vector x
(X1, X2, X3, and xa)

X1 X2 X3 X4 b
n(0) — & In(T,) - In(F) — & In(D) = (V) ™

Building the A matrix and the right-hand side vector B

aj; X1 x; iz x3 Qi3 X4 Qs b;

T () = & In(T)) — f n(F) — R (D) = In()

This is the final form of the system of linear equation to be solved

ai1x1_312XZ_ai3X3_ai4X4:bi, 1<i<?27 (9)

The 27" experimental samples give 27 linear equations to be solved to
get C,n, m, and k.

The general form of the linear system of equation can be defined as;

u (10)
bi = aj1 Xy —Zaijx]- fOT‘l <i<27
j=2
The following Table 3 clarify the unknown and known parameters of
egn. 5 & 10.

Table 3: Parameters for the linear system of equations (B = In(V))
Known parameters from Table 1 (1 <i < 27)

b; (3 a2 a3 Ay
In(v) 1 —In(T,) —In(F;) —In(Dy)
Unknown parameters

X1 X2 X3 X4
In(C) n m k

Where the 27th cutting speeds are Vi = V1, Va, .... V27 and the 27" feed
rates are Fi = F1, Fa..., F27, also the 27" depth of cut are Di = Dy, D2...,
D27. To get tool life parameters (C, n, m and k), a linear system of
equations (27 linear equations) represented by A x = b. Where Matrix A,
vector b & the vector of the solution x can be defined as in Table 4;

Table 4: Matrix A and b, x vectors for the linear system of equations

Matrix A Vector b Vector x
X1
a;; a; Q3 Qg by _|x
ay; ay; Q3 Az b, =
A=\ oo b= X,
ayi Qyy Qs Gya bN Thg solution is:
A
b n
1 In(T,,) In(F) In(D,) In(vy) m
1 In(T In(F;) In(D (v, k
= [t InTi) In(Fy) In(a)] _ |in(F) exp (1)
o Y o o _ Xy
1 ln(TLz7) In(Fy) In(Dy) m(vy) X3
N X4

Results of the parameter estimation can be obtained from the unknown
vector x as in Table 5;

Table 5: Converting to the original parameters of the eqn. 2
n m k Cc

X2 X3 X4 exp(x1)

The matrix A has dimension of (m x n) where m > n and B is a vector of
m components and A is often referred to as a skinny matrix. There the
number of equations is more than the number of variables, therefore the
solution to the overdetermined system of equations AX = B can be
determined using the linear least squares. Therefore, we search for the
solution which satisfy (Ax ~ B), that means Ax is closed to B in a norm-
square sense. The solution x that minimizes (| |Ax — B| |2). The analytical

solution can be obtained by setting the gradient of ||Ax — B||2 with
respect to x to zero. By arranging the system of linear equations yields
AT(Ax —B) =0, also can be simplified to ATB—ATAx =0, or
ATAx =ATB . Then the solution can be obtained from x =
(ATA) L ATB . This is the linear least squares abroach. When using
MATLAB [15], the solution can be simply obtained by x = inv(A.’ *
A) xA.'xB.

The comparison between our estimated function of the Tool Life and the
measured tool life is in Figure 4. Our data V, F, D and T (from Table)
are arranged in a matrix A and a vector B. In order to arrange our
linearized equation number 6 to the best form of the linear system of
equations (A x = B), in Table 8, there are four options for these
arrangements, where the right-hand side vector B and the matrix A
should give the same results.

Meaured & estimated life time curves

35
¢~ Measured LT curve
30-5: -0-Estimated LT curve|
1
~5
£ |
'i'
EQO'Ql ]
3" HQ'. N
3 I
ERH o f
R J{‘if ALY
L P VRN NN
0 5 10 15 20 25 30

C=96.2578 n=0.363 m=0.17779 k= 0.64435
Fig. 4: Measured versus Estimated Tool life

However, by including one of the controlled parameters such as cutting
speed (V), on the right-hand-side of the system of linear equations, the
solution was affected by tool life measurement error. One way to
investigate of how accurate is the measured data (the right-hand side), is
to use each of the controlled parameters (V, F, and D) as (the right-hand-
side). Meanwhile, integrate the Tool life measurement term (Tv.) in the
(left-hand-side). Then set up a linear system of equations and solving
using linear least squares. The results should be independent of how we
arrange the controlled parameters and tool life measurements between
left- and right-hand-side. if there are no tool life measurement errors. In
order to check the sensitivity of the linearized model to errors associated
with collecting the measured tool life, we test four arrangements of
equation 6. All four possible arrangements of the vector B and matrix A
of the system A x = b, are illustrated in Table 8, where we specify the
equation to be solved, unknown parameters, Figures of the fitting, and
the results for each arrangement of the vector B. Error associated with
tool life measurements can be clearly seen when we arrange equation nr.
6 to all four possible forms as indicated in Table 8. Here is the second
arrangement of the vector B and the matrix A, as clarified in Table 6 &
7, and the estimated parameters in Figure 5.

JOPAS Vol.23 No.1 2024
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Table 6: Parameters for the linear system of equations (case b)

Known parameters from table 1 (1 < i < 27)

b; iy

iz Qi3 27
In(T,) 1 —n(V) —In(F) —In(D;)
Unknown parameters
X1 X2 X3 Xy
In(C)/n 1/n m/n k/n

Table 7: Converting to the original parameters of the eqn. 2
n m k C
1/x, X3/%; X4/%; exp(x1/x;)

Table 8: Possible of right side of the system of linear equations

Arrangement 1 of Ax=b: (B vector
includes controlled V parameter)

Equation nr. 6 and solving for right @
hand side Of ln(V) 35 Meaured & estimated |ife time curves
"0 Measured LT curve
arf ~o-Estmated LT curve *
Aj1 X — A2 Xp — Aj3 X3 — Ajg Xy . A
= bi (1 =1 gm :l :
<27) PR
Sty e
g s ';"\‘l . i
—— —— —_— [N
In(C) - § In(T,) — it In(F) alywvwﬁ&ﬁ}
x4 aj4 \ y S \:v %“
-k In(D) 5w 15w %X W
by G= 96,2578 1= 0,363 m= D.ATITY k= 0.64435
—_—
= In(V)

Arrangement 2 of Ax=h: (B vector
includes measured Ty results)

Dividing equation nr. 6 by n and (b)

solving for right hand side of In(T})

. Meaured & estimated life time curves

T ~¢-Maasured LT curva
! -0~ Estimated LT curve
Qi1 X1 — Ajz Xz — Aj3 X3 — Ajg Xy e
=b; (1<i - g H
<27) £ % g i
jw i ﬂ ?\ ?‘ [
Pi L
f—'x; iz\ aj f,z aj3 % ‘!é: (?} g
1 1 — m— IRTAN Y \h
—In(C) — = In(V) — — In(F) st YAl '“U’ | l'\w
TR, WYY
o ) | | IR
N ln(D) 1] 5 10 15 20 25 0
n C= 87.1856 n= 052007 m= 0.25472 k= 0.92316
b;
= In(T})

Arrangement 3 of Ax=b: (B vector
includes controlled F parameter)
Dividing equation nr. 6 by m and

X ; ; (©
SOIVmg for ”ght hand Slde Of ln(F) % Meaurad&eatlmaledl\fe llrlne curveg
T & Measured LT curve
Aiy X1 — Ay Xp — Aj3 X3 — Aiq X4 3 || -o-Estimated LT curve
=b, (1<i s
<27) £ o ¢
a i
. A
— - " X3 i 2 Tt i
Loo-tan-Smey " WAL, &
—1In — —In ——1In M 3
m m m | ¥ ‘g";rhﬁﬁ AYS
“ a ¢ V 'Uﬁk
k i_('F) i 5 10 15 20 2%
_a n C=57.9632 n=0.52007 m= 0.49279 k= 0.92316
bj
= In(F)
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Arrangement 4 of Ax=b: (B vector
includes controlled D parameter)
Dividing equation nr. 6 by k and

SOIVing for rlght hand Side Of ln(D) Mnumd&s(x(l:lilzatndllfetim- curves
: ? —}—Me:;sun»d LT curve
aj; Xq — aj3 X — A3 X3 — Ajg X4 g‘l =0 Estimated LT curve -
=b; (1<i o
<27) Nl
EIE '.;hl\ -
P I aiz X ag S if‘ ?g &: H
Lin© - 1w - 2 e RUVIYY
k Tk Tk L ’ g A W ETR TRy B
%, A VYN YN
m — 0 5§ 10 16 20 25
X In(F) C=T9.4677 = 0.52007 m= 0.25472 k= 1.0543
b;
= In(D)
25 Meaured & estimated life time curves
7 : : : : \
1 ~@¢-Measured LT curve
! -0—-Estimated LT curve
20 °l1
RN
515 r 'zl é‘ ?
o I B I
£ b0 E &
ghor ey A ¢y §
5 ki V(%4 §
oA 84
VoilhiEeR A R
5 i QI‘ \:f Ll -
by Y RRTE/RA
[ Vi i [ JAAS
BAREL
. SRR SR N R S

0 5 10 15 20 25 30
C=87.1856 n=0.52007 m= 0.25472 k= 0.92316

Fig. 5: Measured versus Estimated Tool life

Then errors are calculated for each of the four B vector arrangements
for the 27 samples (data-i) from equation nr. 11.

4
Error(i) = Bij=1527 — Z a;jX;

i=1527
j=1-4
=b; —a;; X1 +aj3 X, +aj3X3
+apx, (1<5i<27)

(1)

Figure 6 shows the bar plot of errors from equation 11 for four B vector

arrangements and for all the 27 samples of the controlled parameters (V,
F, and D) and the measured Tool life.
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B=log(TL)
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Fig. 6: Error of the four arranged system of linear equations
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The 27 samples for four arrangements of A x =B
Fig. 7: Error from the four arranged system of linear equations

Figure 8 describes errors between analytical and measured tool life for
each proposed solution from Table 8. As can be seen that the blue curve-
line gives minimum error between measured and analytical tool life, The
blue curve-line generated when B vector has the measured tool life (Tv),
therefore the optimal arrangement to be solved is the second one from
Table 8. The all other three controlled parameters (V, F, and D) from the
27 samples are include in the A matrix.

16 T T

y B =

ol 8 OB, =log(V)) | |
g —o—B =log(T )
§12 . =§--B, =log(F)
Eqf B, =log(D)
-

-
.
g
S
T
c
L

4

b=

n

=

o

=

w

30
The 27 samples for four arrangements of Ax =B

Fig. 8: Error between analytical & measured tool life for four arranged
of B vector.

5. Results and Discussion
The measured tool life “column nr. 5” are shown below in figure 9 & 10.

In Figure 9, the estimated Tool Life versus the measured tool life values
are plotted in the y-axis for each of the 27th experimental samples
represented as the x-axis. The two curves are converged very well for the
determined parameters which produce the following equation. This
equation represents the end of life of an insert carbide tool to cut the
medium carbide steel for the used machine for any combination of the
cutting parameters.
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Fig, 9: The estimated Tool Life versus measured Tool Life

Figure (10) shows behavior of the Tool Life for 27th combination of
cutting parameters. The three cutting speeds are 92.68, 122.83 and
155.63 m/min. The three feed rates are 0.09, 0.18 and 0.36 mm/rev. The
three cutting depths are 0.3, 0.5 and 0.8 mm. It is clear that the tool life
decreases when speed of cut increases. The same effect is recorded for
the feed rate. The cutting depth has a small impact on developing the tool
life curve but in the same direction of both speed of cut and feed rate.
Also, it is clear that the maximum life obtained with minimum speed of
cut, minimum feed rate and minimum cutting depth. The shortest tool
life was found at a high combination of speed of cut, feed rate and cutting
depth.
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Fig. 10: The effects of cutting parameters on the tool life eqgn. 8.

Figure 11 shows the cutting temperatures evaluated using Nathan Cook
form [14] for turning machine. The red circle-ball dotted curve
performed at 92.68 m/min and three cutting depths of 0.3, 0.5 and 0.8
mm. The blue triangles line curve for speed of cut of 122.83 m/min
plotted for the three cutting depths, while the black square-dashed curve
for speed of cut of 155.63 m/min are plotted for the same three cutting
depths. The tool chip temperature increases as the depth of cut increases.
The cutting temperature increases when the speed of cut increases. An
increase of 0.2 in the cutting depth caused an increase in the cutting
temperature around 160 % while a 30 m/min increase in the speed of cut
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caused an increase in the cutting temperature about 80 %. Therefore, the
cutting depth influences the cutting temperature double of what the speed
of cut does. Figure 12 shows an approximation of the Tool life as a
function of the cutting temperature using Nathan Cook form [14] and the
estimated Taylor expanded equation, it is clear that high cutting
temperatures cause short Tool life values. These short Tool life values
were documented at high cutting speeds.

Cutting Temperatures for three Cutting speeds m/min
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Fig. 11: The approximated temperature rises at tool chip interface
based on the Nathan Cook model from eqgn. 3.
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Fig. 12. The approximated temperature rises at tool chip interface
versus the Tool life from eqgn. 4.

6. Conclusion

The set of experiments has been performed at dry condition for different
machine speed that is 92.68 m/min 122.83 m/min, and 155.63 m/min.
Here, in the research work we have considered different feed rates 0.09,
0.18, 0.36 mm/rev, and cutting depth of 0.3, 0.5, 0.8 mm. The points that
have been concluded from the experiment are that during the turning
process, the cutting edge was subjected to great stresses, as a result of its
penetration into the metal. The removal part of the metal surface in the
form of chip and the temperature rise can be controlled by implementing
set of optimal cutting parameters. The critical cutting parameters produce
poor surface finish of the workpiece and tool wear. Then the cutting tool
must be disassembled and sharpened or replaced with another. That
causes an increase in the cost and production time. To maintain the
cutting tool for longer tool life, the appropriate operating conditions must
be used for the operation process. In this study, the tool life was measured
and estimated, then a clear explanation was provided for the effect of
cutting parameters on the tool life of an insert carbide tool. The insert
carbide tool used in a longitudinal turning of C-45 medium carbide steel.
By varying the speed of cut, feed rate and cutting depth, the tool life was
calculated. For best turning tool life, it is necessary to reduce the speed
of cut (reduce cutting temperature), and optimize the feed rate and
cutting depth. The speed of cut shows the largest influence on the tool
life among other cutting parameters therefore it should be adjusted for
best economical value. In the future work, the nonlinear least squares
will be used to predict parameters of the expanded Taylor tool life

equation, instead of linearizing the ETTL equation. That will reduce the
effect of any uncounted errors during collecting Tool life times. It is also
important to include the measured Tool life in the right-hand side of the
linearized modified Taylor’s equation since tool life measurements are
mostly contaminated by measurement error.
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