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Figure 2.6. Wear curve for turning of bearing steel  

The foregoing analysis suggests that the appearance of 
wear curves is not a sufficient indicator for the analysis of 
cutting tool quality and reliability. Therefore, a more 
objective statistical methodology should be worked out to 
help researchers and practical engineers in such an analysis. 

2.3.2.2. Statistical analysis  

A suggested methodology of statistical analysis for the 
results of tool wear tests is carried out with a practical 
example. Table 2.4 presents the results of a wear study of an 
8-mm diameter M4 high-speed steel twist drill. Table 2.4 
shows tool wear increments measured after each hundred 
drilled holes (14 min of machining time). The total 
machining time was 84 min, that is, the total number of 
measurements was m = 6. Table 2.5 summarizes the results 
of calculations.  
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Time increment j 

No. of 
drill i 

t = 14 
min 2t 3t 4t 5t 6t 

1 
2 
3 
… 
14 
15 
16 
… 
28 
29 
30 

0.15 
0.20 
0.15 
… 

0.15 
0.10 
0.10 
… 

0.20 
0.10 
0.10 

0.10 
0.10 
0.10 
… 

0.10 
0.00 
0.10 
… 

0.15 
0.10 
0.00 

0.10 
0.05 
0.15 
… 

0.15 
0.05 
0.05 
… 

0.00 
0.00 
0.10 

0.00 
0.05 
0.10 
… 

0.20 
0.15 
0.05 
… 

0.15 
0.10 
0.00 

0.20 
0.10 
0.10 
… 

0.00 
0.10 
0.10 
… 

0.00 
0.10 
0.00 

0.15 
0.15 
0.10 
… 

0.10 
0.10 
0.00 
… 

0.05 
0.05 
0.15 

Table 2.4. Tool wear increments, ( )i
jwδ  (mm) 

No. of 
drill i 

( )
B
iδw  2

iσ  2log iσ  

1 0.117 0.00466 3.6702  
2 0.108 0.00252 3.4014  
3 0.117 0.00068 4.8325  
… … … … 
14 0.117 0.00468 3.6702  
15 0.083 0.00268 3.4281  
16 0.067 0.00168 3.2253  
… … … … 
28 0.092 0.00742 3.8704  
29 0.075 0.00178 3.2504  
30 0.058 0.00442 3.6454  

B 0.0903mmwδ =  2 0.1231iσ =∑  2log 73.4581iσ = −∑  

( )( )2

B B 0.010035iw wδ δ− =∑  

Table 2.5. Analysis of wear curves for 8-mm diameter drills  
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The suggested methodology includes the following steps: 

1. For each test drill, the average wear increment gained 
over time increment δt = 14 min is calculated as follows: 

( ) ( )
B

1

1 m
i i

j
j

w w
m

δ δ
=

= ∑  [2.34] 

For example, for the first drill (i = 1) 

( )1
B

1 0.15 0.10 0.10 0 0.20 0.15 0.117 mm
6

wδ = + + + + + =  [2.35] 

2. The overall average wear increment gained over time 
increment δt = 14 min is calculated as follows: 

( )
B B

1

1 1 2.709 0.0903 mm
30

n
i

i

w w
m

δ δ
=

= = × =∑  [2.36] 

3. As this step deals with the calculation of variances 2
iσ  

of ( )i
jwδ , their sum and the average variance of wear 

increments 2
wδσ  

( ) ( )( )
2

2 2
B

1

1 0.1231
1

m
i i

i j i
j

w w
m

σ δ δ σ
=

= − =
− ∑ ∑  [2.37] 

( ) ( )( )
2 2

2
B B

1

1
1 1

n
i i

w
i

m m w w
mn mnδ

σ
σ δ δ

=

−
= + −

− −
∑ ∑  [2.38] 

( )( )
2

B B
1

0.010035
n

i

i

w wδ δ
=

− =∑  [2.39] 

( )2 6 1 0.1231 6 0.010035 0.00377
6 30 1 6 30 1wδσ
−

= + =
⋅ − ⋅ −

 [2.40] 

4. The next step is the verification of the initial 
assumption that the variances of the observation of the 
individual groups are equal. This situation is referred to as 
homogeneity of the variance (and the absence of which is 
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referred to as heteroscedasticty). The simplest yet 
statistically sound method for such verification is the 
Bartlett test [BAR 37]. 

The Bartlett test of the null hypothesis of equality of 
group variances is based on the comparison of the logarithm 
of a pooled estimate of variances (across all the groups) with 
the sum of logarithms of variances of individual groups. The 
test statistics [SNE 89] applicable for the considered case is 
based on the calculation of χ2 represented in the following 
form: 

( )

( )
2

2 21

1

2.3026 11 log log
11

3 1

n

i n
i

i
i

n m
n n n

n m

σ
χ σ=

=

⎡ ⎤
⎢ ⎥
⎢ ⎥= − −

+ ⎢ ⎥+ ⎢ ⎥− ⎣ ⎦

∑
∑  [2.41] 

For the degrees of freedom k = n − 1 = 30 — 1 = 29 

( )

( )2 2.3026 73.458130 6 1 log 0.0041 19.8
30 1 301

3 30 6 1

χ −⎡ ⎤= − ⋅ − =⎢ ⎥+ ⎣ ⎦+
⋅ −

 [2.42] 

This value is compared with a value from the table of 
critical values of χ2 at a 5% confidence level [SNE 89]. For  
k = 29 and p = 0.05, this value is 2

cr 42.χ =  Because 2 2
cr ,χ χ<  

the variances of the observation of the individual groups are 
equal. 

5. The next step is to find whether the difference between 
average increments of the tool wear is significant. 

The sum of squares of deviations between testing series 

( )( )
2

1 B B
1

6 0.01 0.06
n

i

i

Q m w wδ δ
=

= − = ⋅ =∑  [2.43] 

for degrees of freedom k1 = n − 1 = 30 — 1 = 29. 



58     Sustainable Manufacturing 

The sum of square deviations within the series 

( ) ( )2
2

1

1 6 1 0.1231 0.616
n

i
i

Q m σ
=

= − = − ⋅ =∑  [2.44] 

for degrees of freedom ( ) ( )2 1 30 6 1 150k n m= − = − = . 

The F criterion is then calculated as follows: 

1 1

2 2

0.06 29 0.5
0.616 150

Q k
F

Q k
= = =  [2.45] 

This value is compared with a value from the table of 
critical values of the F criterion at a 5% confidence level,  
Fcr = 2.2 [SNE 89]. Because F < Fcr, the initial assumption 
(null hypothesis) is valid. 

Because the experimental data passed statistical 
evaluation, they can be then used to determine parameters 
of the density function. The fitness of the obtained data  
for normal, log-normal, and gamma distributions is 
consequently attempted (the test of goodness of fit) and the 
distribution function that fits best to these data is then used 
in this reliability analysis. 

2.4. Tool quality and the variance of tool life 

This section aims to show the difference between tool 
quality and the variance of tool life, var(T ). The simple yet 
accurate and practical assessment of tool quality gives the 
value of constant Cv from the experimentally obtained 
correlation w= ( , , )v f T f d  [AST 06]. The variance is the 
measure of the amount of variation in the tool life with 
respect to its mean value. Table 2.6 shows data for a twist 
drill made of the same high-speed steel manufactured by six 
different tool manufacturers. 
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Supplier Relative constant CvI/Cvi Variance var(T ) 

I 

II 

III 

IV 

V 

VI 

1.00 

0.69 

0.48 

0.44 

0.42 

0.40 

0.22 

0.42 

0.47 

0.44 

0.15 

0.56 

Table 2.6. Quality and variance of tool life for drills obtained from 
different tool manufacturers 

As a rule, the higher the quality of tools, the lower the 
variance of their tool life. However, in the manufacturing 
practice, there are several deviations from this general rule 
that allows to distinguish the quality of tool design including 
the suitability of the tool material and the quality of tool 
manufacturing. As shown in Table 2.6, the variance of the 
tool life for drills produced by tool manufacturer V clearly 
indicates good manufacturing quality of the drill. The 
detailed analysis of these tools showed that the flank angle 
of the lips assigned by the tool drawing was insufficient for 
the application that caused relatively low tool life whereas 
the manufacturing process stability and inspection practices 
were the best among considered drill manufacturers.  

2.5. The Bernstein distribution 

The major issue with cutting tool testing and 
implementation is significant variation in their quality even 
within the same production batch that results in great 
scatter in tool life. Commonly, only few cutting tools are used 
in laboratory testings carried out by universities or R&D 
departments. These tools are carefully selected from the 
same production batch, measured, and calibrated. Although  
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such a testing is suitable when attempts are made to study 
the influence of a particular tool design, geometry features 
(e.g. the flank angle), or machining regime (e.g. the cutting 
speed) on the outcomes of the machining process such as  
tool life, cutting force and power, machining quality, 
productivity, efficiency, etc., it is completely unacceptable in 
reliability study results that are to be used for assigning tool 
lives in unattended manufacturing operations (production 
lines and manufacturing cells), such as in the automotive 
industry where a large number of tools are used in mass 
production of parts.  

To obtained adequate reliability results, a large number of 
tools should be tested. As such, all real-world imperfections 
as the difference in machines, coolant supply and quality, 
variations in part fixtures, tool holders, controllers, etc., 
should be included in the tests. This makes it difficult to 
ensure the statistical viability of the test result and even 
more difficult to assign proper tool reliability for unassisted 
machining process, particularly in the automotive industry if 
the known “classic” distribution function is used as 
suggested by the known studies on tool reliability. In the 
author’s opinion, the Bernstein distribution should be used 
to evaluate experimental data for reliability testing in 
machining [KAT 74]. This section presents a simple yet 
accurate and practical methodology for test data evaluation. 

Consider a simple linear wear represented by wear curve 
1 shown in Figure 2.7. Normally, it is approximated by a 
linear function ( ) ( )w t a t b= + , where b is the initial wear, that 
is, ( ) 00b w w= = , and a is the wear rate. It is understood that a 
is a random variable that depends on the quality of a 
particular tool because this quality directly affects the tool 
wear rate. If a and b have normal distribution, then a(t) is 
distributed normal with the following parameters: 
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( ){ } { } { }M w t M a t M b= +  [2.46] 

( ){ } { } { }2var var varw t t a b= +  [2.47] 

 

Figure 2.7. Wear curves: (1) experimental; (2) approximated  
for statistical analysis 

If Mw  is the maximum allowed tool wear that follows from 
the normality of ( )w t  and from 

{ } ( ){ }MP t T P aT b w> = + ≤  [2.48] 

then 

{ } { }

{ }
{ }

{ } { }
{ }

M

2
1

var var

w M b
T

M a
P t T P t T

a T b
M a

⎡ ⎤−⎢ ⎥−
⎢ ⎥

≤ = − > = Φ ⎢ ⎥
+⎢ ⎥

⎢ ⎥⎢ ⎥⎣ ⎦

 [2.49] 



62     Sustainable Manufacturing 

This distribution is known as the Bernstein distribution 
[BOB 02]. It differs from the normal distribution by that the 
variance is time dependant. The Bernstein distribution has 
three parameters 

{ }
{ }

{ }
{ }

{ }
{ }

M
2 2

var var
, ,

a b w M b
M aM a M a

α β δ
−

= = =  [2.50]    

Substituting these parameters in equation [2.48] and 
rearranging terms, we can obtain 

( )
2

TF T
T

δ

α β

⎡ ⎤−⎢ ⎥= Φ
⎢ ⎥+⎣ ⎦

 [2.51] 

Tool reliability, that is, the probability of the work 
without failures over operational time T  is than calculated 
as follows: 

( ) { } ( )
2

1 1 TR t P t T F T
T

δ

α β

⎡ ⎤−⎢ ⎥= > = − = − Φ
⎢ ⎥+⎣ ⎦

 [2.52] 

The parameters of the Bernstein distribution defined by 
equation [2.51] can be determined using tool wear curves 
similar to curve 1 shown in Figure 2.7. To determine these 
parameters, the following steps are recommended [KAT 74]: 

1. A tool wear test is carried out WITH N test tools. For 
each tool, the wear curve is drawn. 

2. Each wear curve obtained experimentally is 
approximated using a least-square method to a straight line 
(curve 2 in Figure 2.7). For each line, coefficients ai and bi are 
determined. 

3. Parameters of the Bernstein distribution are calculated 
using equation [2.49]. 

4. Tool reliability is calculated using equation [2.51].  
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As an example of the Bernstein distribution in tool 
testing, consider the results of the tests of 10.5-mm diameter 
twist drills shown in Figure 2.8. The split point grind to 
ensure self-centring ability of the drill and TiCN coating to 
ensure improved tool life were applied. Standard 
manufacturing, inspection, packing, and drill pre-setting 
procedures were used. 

  

Figure 2.8. Drills used in the test 

In the author’s opinion, the major source of the observed 
scatter in tool life of the tested drills is the so-called web 
eccentricity/lip index error. Web eccentricity/lip index error 
allowed by DIN 1414 or equivalent USCTI tolerance is 3°. 
Figure 2.9 illustrates how this allowed drill web eccentricity 
of lip/flute index affects the desired 50/50% chip load (force) 
balance. While USCTI and DIN standards used the lip 
height to lip height measurement to determine point 
eccentricity, 3° and equivalent USCTI decimal allowance 
have a direct effect on this measurement even if the point is 
truly concentric. 

The problem with this error is that there is no adequate 
metrological support for the detection of this error. Common 
inspection equipment locates a drill in a V-block and not  
on its rotational axis and thus do no allow drill precision 
rotation about its true longitudinal axis. Common tool  
pre-setting machines allow focusing only on one lip and then  
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rotating the drill to focus on the other. As such, the web 
eccentricity cannot be detected. Common tool geometry 
measurement machines do not include this feature in their 
basic programs. 

 

Figure 2.9. Effect the allowed drill web eccentricity of lip/flute index error 
on the chip load (force) balance 

Initial wear 0w  was determined as that reached for t0 = 9 
min of drilling, which corresponded to 50 drilled holes. This 
time period corresponds approximately to the region on 
initial tool wear on wear curves. The maximum allowed tool 
wear was Mw  = 0.5 mm. The drilling time to achieve this 
wear is considered as tool life T. Tool wear rate is calculated 
as follows: 

M 0
w

0

w w
r

T t
−

=
−

 [2.53] 

The experimental data and calculations of the tool wear 
rate are shown in Table 2.7. The mean and variation in the 
wear rate and initial wear are then calculated as follows: 
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Drill no. 

Initial tool wear 0w  

(mm) 
Tool life 

(min) Wear rate rw 

1 

2 

3 

… 

25 

26 

27 

… 

43 

44 

45 

0.10 

0.07 

0.07 

… 

0.07 

0.05 

0.05 

… 

0.10 

0.05 

0.08 

117.0 

126.0 

  93.6 

… 

  99.0 

  93.6 

118.8 

… 

  77.4 

126.0 

  77.4 

0.0037 

0.0037 

0.0051 

… 

0.0048 

0.0053 

0.0041 

… 

0.0058 

0.0038 

0.0061 

 { }0 0B 0.08M w w= =   { } B 0.0054w wM r r= =

Table 2.7. Results of testing of 10.5-mm diameter drills 

For the wear rate: 

{ }
wi

1
w

N

i

r
M r

N
==
∑

 [2.54] 

{ } { }{ }2
w wi wi

1

1var
1

N

i

r r M r
N =

= −
− ∑  [2.55] 

For the initial wear: 

{ }
0

1
0

N

i
i

w
M w

N
==
∑

 [2.56] 
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{ } { }{ }2
0 0 0

1

1var
1

N

i i
i

w w M w
N =

= −
− ∑  [2.57] 

The results of calculation shown in Tables 2.7 and 2.8 are 
then used to calculate the parameters of the Bernstein 
distribution as follows: 

2
r

2 2
wB

0.0000035 0.12
0.0054r

σ
α = = =  [2.58] 

2
w

2 2
wB

0.00112 38.4
0.0054r

σ
β = = =  [2.59] 

M 0B

wB

0.5 0.008 77.7
0.0054

w w
r

δ
− −

= = =  [2.60] 

Variance of the wear rate Variance of the initial wear 

Drill no. ( )wi wB-r r  ( )2
wi wB-r r  ( )01 0B-w w  ( )2

01 0B-w w  

1 

2 

3 

… 

25 

26 

27 

… 

43 

44 

45 

  0.0017 

0.017 

0.003 

… 

  0.0006 

  0.0001 

  0.0013 

… 

  0.0004 

  0.0016 

  0.0007 

0.00000289 

0.00000289 

0.00000009 

… 

0.00000036 

0.00000001 

0.00000169 

… 

0.00000016 

0.00000256 

0.00000049 

0.02 

0.01 

0.01 

… 

0.01 

0.03 

0.03 

… 

0.02 

0.03 

0.00 

0.0004 

0.0001 

0.0001 

… 

0.0001 

0.0009 

0.0009 

… 

0.0004 

0.0009 

0.0000 

Table 2.8. Statistical calculations 
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The distribution function is calculated using equation 
[2.51] as follows: 

( )
2

77.7

0.12 38.4

TF T
T

⎡ ⎤−
= Φ ⎢ ⎥

+⎣ ⎦
 [2.61] 

For the degrees of freedom k = N − 1 = 45 — 1 = 44, 
2 3.09χ =  and ( )2 0.22P χ =  [SNE 89]. Then, the tool reliability 

at 90% percent confidence level is calculated as follows: 

0.9
2

0.9

77.7
0.9 1

0.12 38.4

T

T

⎛ ⎞−⎜ ⎟= − Φ
⎜ ⎟+⎝ ⎠

 [2.62] 

Using the inverse Laplace table [SNE 89], we can find 
that T0.9 = 53 min. 

2.6. Concept of physical resources of the cutting tool 

Statistical evaluations of cutting tool reliability suffer 
from system dependency. In other words, a particular 
assessment is valid, in general, for the particular work 
material, range of the machining regime, and machining 
system used for such assessment. Little alternation in these 
conditions may cause significant variation in the determined 
tool reliability. This is particularly important in the 
automotive industry where a large allowable variation in the 
properties of the work materials keeps down the production 
costs [AST 06] while high tool reliability is required to run 
efficiently unattended machining operations in production 
lines and manufacturing cells. Therefore, another approach 
to tool reliability should be found. 

Analyzing the energy flows to the zone of the fracture of 
the layer being removed through the cutting wedge (defined 
as a part of the tool located between the rake and the flank 
contact areas), Astakhov [AST 06] concluded that out of 



68     Sustainable Manufacturing 

three components of the cutting system, namely, the cutting 
tool, the chip, and the workpiece, the only component that 
has an invariable mass of material and which is 
continuously loaded during the cutting process is the cutting 
wedge. As such, the overall amount of energy, which can be 
transmitted through this wedge before it fails, is entirely 
determined by the physical and mechanical properties of the 
tool material.  

On the contrary, the material of the chip is not subjected 
to the same external force because the chip is an ever-
growing component, that is, a new section is added to the 
chip during each cycle of chip formation whereas “old” 
sections move out of the tool-chip interface and then leave 
the tool-chip interface and thus do not experience the 
external load. The same can be said about the workpiece on 
which volume and thus mass changes during the cutting 
process as well as the area of load application is imposed by 
the cutting tool. 

When the cutting wedge looses its cutting ability because 
of wear or plastic lowering of the cutting edge (creep), the 
work done by the external forces that cause such a failure is 
regarded as the critical work. As was established by Huq and 
Celis [HUG 02], a direct correlation exists between wear and 
the dissipated energy in sliding contacts. Thus, for a given 
cutting wedge, this work (or energy) is a constant value. The 
resource of the cutting wedge, therefore, can be represented 
by this critical work.  

According to the principle of physical theory of reliability 
[KOM 02], each component of a system initially has its 
resource and this resource is spent during operation time at 
a given rate depending on the operating conditions. This 
principle is valid for a wide variety of operating conditions 
providing that changes from one operating regime to another 
do not lead to any structural changes in materials properties 
(reaching the critical temperatures, limiting loads, chemical 
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transformations, etc.). As such, the resource of a cutting tool, 
rct, can be considered as a constant that does not depend on a 
particular way of its consumption, that is, 

( ) ( )
1 2

ct 1 2
0 0

, d , dr f R f R
τ τ

τ τ τ τ= =∫ ∫  [2.63] 

where τ1 and τ2 are the total operating time on the operating 
regime R1 and R2, respectively, till the resource of the cutting 
tool is exhausted.  

The initial resource of the cutting tool can be represented 
by this critical energy, and the flow of energy through the 
cutting tool exhausts this resource. The amount of energy 
that flows through the cutting tool depends on the energy 
that is required to separate the layer being removed, which, 
in turn, defines the total energy Ucs required by the cutting 
system to exist [AST 06]. Therefore, there should be a strong 
correlation between a parameter (or metric) characterizing 
the resource of the cutting tool (e.g. flank wear VBB) and the 
total energy Ucs.  

To demonstrate the validity of the discussed principle, a 
series of cutting tests (bar longitudinal turning) was carried 
out. The work material was AISI 52100 steel: chemical 
composition: 0.95% C, 1.5% Cr, 0.35% Mn, and 0.25% Si; 
tensile strength, ultimate, 689 MPa; tensile strength, yield, 
558 MPa, annealed at 780°C to hardness 192 HB. Cutting 
tool material, carbide P10 (cutting inserts SNMG 120408).  

The experimental results are shown in Table 2.9. It 
follows from this table that there is a very strong correlation 
between the total work required by the cutting system and 
the flank wear. This correlation does not depend on a 
particular cutting regime, cutting time, and other 
parameters of the cutting process. Figure 2.10 shows the 
correlation curve. 
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Test 
no. 

Feed 
(mm/rev) 

Depth of 
cut (mm) 

Operating 
time (s) 

Flank wear 
VBB (mm) 

Energy of the 
cutting system 

(KJ) 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 

0.07 
0.07 
0.07 
0.07 
0.07 
0.07 
0.07 
0.07 
0.07 
0.07 
0.07 
0.07 
0.07 
0.07 
0.07 
0.07 
0.07 
0.09 
0.09 
0.09 
0.09 
0.09 
0.12 
0.12 
0.12 
0.12 
0.14 
0.14 
0.07 
0.07 
0.07 
0.07 

0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.2 
0.2 
0.2 
0.8 

8,540 
6,680 
4,980 
1,640 
9,120 
7,660 
6,260 
4,900 
3,450 
5,380 
4,240 
3,150 
2,075 
1,036 
2,980 
1,940 
1,190 
   938 
1,874 
2,840 
3,820 
4,810 
   775 
1,520 
2,350 
3,220 
   675 
1,315 
1,295 
2,610 
5,420 
1,316 

0.45 
0.41 
0.39 
0.29 
0.45 
0.42 
0.41 
0.37 
0.35 
0.38 
0.34 
0.30 
0.26 
0.20 
0.37 
0.32 
0.27 
0.15 
0.18 
0.22 
0.25 
0.31 
0.20 
0.23 
0.26 
0.27 
0.20 
0.21 
0.21 
0.27 
0.44 
0.20 

0.88 
0.63 
0.52 
0.25 
0.91 
0.68 
0.55 
0.41 
0.47 
0.65 
0.35 
0.33 
0.24 
0.15 
0.37 
0.30 
0.17 
0.05 
0.10 
0.22 
0.17 
0.39 
0.08 
0.18 
0.29 
0.30 
0.18 
0.12 
0.13 
0.30 
0.82 
0.19 

Table 2.9. Conditions of tests and experimental results 
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Figure 2.10. Correlation curve 

The correlation between the energy through the cutting 
wedge and its wear can be used for the prediction of tool life 
and optimal cutting speed, allowing the avoidance of 
expensive and time-consuming tool life tests. Moreover, the 
multiple experimental results, obtained from machining of 
different work materials with different cutting tools, proved 
that this correlation holds regardless of the particular 
manner the resource of the tool was spent.  

The essence of the method can be described as follows: 
The energy required by the cutting system during the time 
period corresponding to tool life Tct can be represented as 
follows: 

cs cs ctU W T=  [2.64] 

where Wcs is power (in W) required by the cutting system. 

Note that Ucs, when selected for a given tool material by 
using the correlation curve similar to that given in Figure 
2.10 for the accepted tool life criterion, is the sole 
characteristic of the tool material, that is, its resource can be 
used for the calculation of tool life in cutting of different 
work materials.  
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The power of the cutting system, Wcs, is determined as a 
product of the power component of the cutting force, Fz, and 
the cutting speed, v , that is, 

cs zW F v=  [2.65] 

In turn, the cutting force Fz can be determined 
experimentally depending upon the cutting parameters as 
follows: 

zz w
z z zn m k

PF C d f v=  [2.66] 

where 
zPC is a constant for the work material, and z z, ,n m and 

zk are exponents. 

Substituting equations [2.65] and [2.66] into equation 
[2.64] and expressing tool life, we can obtain an equation 
that determines tool life for a given cutting regime 

z z z

z

cs
ct 1

w
n m k

P

UT
C d f v +

=  [2.67] 

If it is necessary to know the cutting speed of the 
corresponding desired tool life, then equation [1.67] can be 
expressed as follows: 

z

z

z

1
1

cs

w ct
z

k

n m
P

U
v

C d f T

+⎛ ⎞
= ⎜ ⎟⎜ ⎟

⎝ ⎠
 [2.68] 

It is obvious that Ucs selected on the basis of the tool flank 
wear depends not only on the properties of the tool material 
but also on the tool geometry. Therefore, the correlation 
curve ( )cs BVBU f=  should be corrected, accounting for the 
particular tool geometry. As a result, there are countless 
numbers of possible combinations “cutting tool material-tool 
geometry” to account the influence of the tool geometry. To 
avoid the the influence of tool geometry, the volumetric or 
mass tool wear, mv [AST 06], can be used instead of VBB. 
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The results of foregoing analysis suggest that the most 
prospective way to achieve repeatability of cutting tool with 
inserts is the certification of cutting inserts of standard 
shapes. The number of standard shapes of cutting inserts 
(including their geometry) is relatively small, so each insert 
producer should be able to provide a correlation curve 

( )vU f m=  for each shape and tool material. Table 2.10 
presents some correlations for different tool materials and 
for different shapes of cutting inserts, obtained 
experimentally using basic groups of the work material (low 
carbon medium- and high-carbon steels, low and high alloys 
including chromium- and nickel-based titanium alloys). The 
obtained correlation curves do not depend on the particular 
work material, machine, or any other cutting conditions, so 
they are properties of the considered tool materials.  

Tool material 
ISO code of the 

shape Correlation curve 

Critical 
temperatur

e (°C) 

TS332 (99% 
Al2O3 + 1% MgO, 

2,300 HV) 

SNMN 
120404M ( )2exp 9.6VBU =  1,200 

VOK60 (60% 
Al2O3, 40%TiC, 

94 HRA) 

SNMN 
120404M ( )2exp 10.91VBU =  1,200 

Silinit-P (Si3N4 + 
Al2O3, 96 HRA) 

SNMN 
120404M 

2573VBU =  1,200 

TN20 (75% TiC, 
15% Ni, 10% Co, 

90 HRA) 

SNMN 
120404M 

3 2434.46 10 VBU −= ×
 

780 

Kiborit (96% 
CBN, KNH 32—

36 GPa) 

RNMM 
1200404M 

1
250VBU =  1,400 

Table 2.10. Correlation curves for some tool materials 
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The correlations in Table 2.10 were obtained for 
BVB 0.4 mm.≤  The data presented in Table 2.10 are valid 

under the condition that the tool material does not lose its 
cutting properties because of excessive temperature. For 
example, the data for Silinit-P is valid if the cutting 
temperature does not exceed that given for cutting of steel 
with feed 0.07 mm/rev,f =  depth of cut w 0.1 mm,d =  and cutting 
speed 3.3 m/s.v =  If the cutting speed is increased to 4 m/s,v =  
this material looses its cutting ability, so the correlation 
curve presented in Table 2.10 is no longer valid. 

It has to be pointed out that the limiting work is an 
complex integral index of the cutting tool resource and 
intensity of its “spending”. This work is not the same for two 
geometrically alike cutting inserts made of different tool 
materials because their application for the same work 
material at the same machining regime results in different 
works of chip formation defined by the chip compression 
ratio [AST 06]. It is explained by different contact processes 
at the tool-chip and tool-workpiece interfaces. As a result, 
tool lives for the inserts with close relationships ( )cs BVBU f=  
but made of different tool materials may not be the same or 
close.  

The foregoing analysis suggests that it is possible to 
choose the limiting tool wear, using the established 
correlation ( )cs BVBU f= , and then calculate the limiting 
work, using this selected value. We can calculate tool life 
under a given cutting regime, using this limiting work, or 
the cutting speed for the desirable tool life by the following 
steps: 

Calculation of tool life involves the following steps: 

— Select the maximum allowed tool wear (VBB). 

— Calculate the limiting work, using correlation formulas 
similar to those shown in Table 2.10. 
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— Conduct a short cutting test for the chosen cutting 
regime to determine the cutting force Pz and the maximum 
cutting temperature. 

— Calculate tool life as ( )zT U P v= . If the accuracy of the 
cutting force determination is insufficient, then cutting 
energy can be determined using the chip compression ratio 
[AST 06] or direct measurements of the power of the driving 
motor. 

— Compare the maximum cutting temperature obtained 
from the test and the limiting temperature for the selected 
tool material to ensure that the former is lower than the 
latter. 

Calculation of the cutting speed for a given tool life 
involves the following steps: 

— Choose the critical wear, VBB, and the desired tool life, 
T. 

— Calculate the limiting work, using correlation formulas 
similar to those shown in Table 2.10. 

— Conduct a short cutting test establishing correlations 
z

zz
n

PP C v=  and ( )f vθ = . 

— Calculate the cutting speed as ( )z
z

1n
Pv U TC+= . 

— Compare the maximum cutting temperature obtained 
from ( )f vθ =  and the limiting temperature for the selected 
tool material to ensure that the former is lower than the 
latter. 

In the author’s opinion, new reference books on cutting 
tool, cutting inserts, and tool materials issued and published 
by both the National Institutes for Standardization and the 
ISO should contain similar tables to help end users make a  
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meaningful selection of the cutting tool and tool materials for 
particular applications. 
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