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ABSTRACT— The designing of non-monolithic tools applied to different machining processes requires a

specific approach to the strength analysis of the individual monolithic elements of the design.
The reliability of these elements requires consideration of the change in physical and mechanical properties
of the materials used for producing depending on operating temperatures.
Analyzing creep curves allows researchers and cutting tool designers to quickly orient themselves in the
multifunctional task.
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1. INTRODUCTUON
Cutting tools are seemingly not a complex technological system, but considering the conditions
of their work can separate some specific elements (Ангелов, 2007; Лефтеров, 2017):
- Ensuring their reliability, including long-term work and quality ensuring after processing;
- Features of the power and heat load of the cutting part and their body.
These features are particularly characteristic of non-monolithic tools with mechanical
attachment of the cutting part (Astakhov, 2011).
2. TASK STAGING AND RESEARCH RESULTS
It is not possible to perform any engineering calculation without knowledge of the mechanical
properties of engineering materials used.
In Tables 1 and 2 (Лефтеров, 2015; Stephenson, 1997) are shown the main physicalmechanical properties of the material for making the tool body and the cutting insert.
Table 1 Physical properties of the material for producing of the insert
Parameters
Module of elasticity
Poisson Coefficient
Shear modulus
Density
Tensile strength
Yield strength
Coefficient of thermal
expansion
Thermal conductivity
Specific heat

Value
5,6е+011
0,4
3970
18е+008
31е+008
55е-005

Units
N/m2
NA
N/m2
kg/m3
N/m2
N/m2
Kelvin

Value type
Constant
Constant
Constant
Constant
Constant
Constant
Constant

20,8
877,96

W/ (m.K)
J/ (kg.K)

Constant
Constant
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Table 2 Physical properties of AISI 5140 (tool body)
Parameters
Module of elasticity
Poisson Coefficient
Shear modulus
Density
Tensile strength
Yield strength
Coefficient of thermal
expansion
Thermal conductivity
Specific heat

Value
2,14е+011
0,26
8,5е+010
7850
13,2е+008
12,4е+008
1,18е-005

Units
N/m2
NA
N/m2
kg/m3
N/m2
N/m2
Kelvin

Value type
Constant
Constant
Constant
Constant
Constant
Constant
Constant

41
466

W/ (m.K)
J/ (kg.K)

Constant
Constant

Another significant mechanical characteristic is the fatigue limit σ-1 determined at the
symmetric cycle and σr - defined at an asymmetric cycle.
It represents the greatest tension at a cyclically varying transverse state in which the material
can practically endure endlessly many cycles.
For a given material (Table 2) the base number cycles used for engineering calculations N 0
≈107 cycles (Komarovsky, Astakhov, 2002).
Figure 1 presents graphically test results in coordinate systems σ – N; σ – lgN; lgσ – lgN. For
homogeneous steel from which the body of the tool is made, the fatigue curves have two sections
(Fig. 1 a)), curved left to point No and approximately straight (horizontal) to the right of No. In
logarithmic coordinates the fatigue curve can be represented as two straight lines intersecting at a
point of coordinates (σ-1; lgNo) (Fig. 1 b)).
To the left of the point No the fatigue curve satisfies the equation:
𝜎𝑖𝑚 . 𝑁𝑖 = 𝑐𝑜𝑛𝑠𝑡.

(1)

The exponent "m" characterizes the left part of the fatigue curve (Fig. 1 b)). Depending on the
size of the tool body, the stress concentrators and the hardening of the material, "m", vary widely.
At surface hardening, "m" can increase to 18 ÷ 20 times.

a)

b)

c)

Fig. 1 Fatigue curves
a) normal; b) and c) logarithmic coordinates
The tension σ-1 is called an unlimited (continuous) fatigue limit, and any stress σ-1Ni <σ-1 (Fig.
1 b)) is a limitation of fatigue, since at this stress it should be expected that the material can
withstand Ni <No cyclic loads.
From equation (1) follows:
𝑚

𝑁

𝜎−1𝑁𝑖 = √ 𝑁𝑜
𝑖
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(2)
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For some parts of the non-monolithic cutting tools (Fig. 2 (Sandvik.ecbook, 2018)) there are
prerequisites for operation at relatively high temperatures, the most heavily loaded from this point
of view are the screws for fixing the inserts and the modules that carry them (Astakhov, 2013;
Abushawashi and team, 2011).
In this case can come to a creep - amending deformation over time.
Creep is observed at constant stress (after-effect) and change of stress over time (relaxation).

a)

b)

c)
Fig.2. Designs of cutting tools
a) elements operating at a high heat load; b) and c) modular design, operating at high cyclic
loading and creep at constant stress
Exemplary results of so-called creep curves are shown in Figs. 3 a), b) and c)
In Fig. 3 a) the results are in coordinate system, relative deformation ε and time τ. If the full
deformation of each part of the non-monolithic tools for a given moment ε = εn + εcr exclude the
initial (usually elastic) deformation εn, the curves of creep can be represented, as shown in Fig.3
b). The greatest practical importance are starting curvilinear and especially the second straight
part of the creep curve. The third last part characterizes the period before destruction of the
module, it is not taken into account.
The equation of the curve creep with sufficient practical accuracy has the form:
𝜀𝑐𝑟 = 𝜎 𝑛 . ∅

(3)

where: Ø –a function characterizing the material, temperature and time;
n – exponent which depends on the material and temperature.
For a given material, all creep curves at different stresses σ-1 and a specified temperature ti, °C
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= const. are approximately geometrically similar and can be defined by a function Ø (Fig. 3 c)),
which is obtained by dividing any of the ordinates of the creep curve (Fig. 3 b)) of the respective
meaning σin.
a)

b)

c)

Fig.3 Creep curves
a), b), c) in function of time
The tangent of the angle that makes the tangent to the creep curve, at any of its point with the
abscissa, gives the velocity of the plastic deformation, i. e. creep speed:
𝑑𝜀𝑐𝑟
𝑑𝜙
𝑉𝑐𝑟 = 𝑑𝑡
= 𝜎 𝑛 . 𝑑𝑡
(4)
At established creep 𝑉𝑐𝑟𝑖 = 𝑡𝑔𝛼𝑖 = 𝑐𝑜𝑛𝑠𝑡., therefore:
𝑑𝜙
= 𝑘=const.; 𝜙 = ∫ 𝑘𝑑𝑡 = 𝑘𝑡 + 𝑐
(5)
𝑑𝑡
where: c is the section of the ordinate axis defined by the origin of the coordinate system.
The values of n and k depend on material and operating temperature.
3. RECOMMENDATIONS AT DESIGNING OF CUTTING TOOLS
The values of n and k at different temperatures vary in following ranges:
- For structural steels at при t≈400°С, k≈3,63.10-27, and n=6,24;
- For alloy steels k≈1,77.10-27, and n=6,01.
If the acceptable plastic deformation of an instrument element is known its service life L [hour]
𝜏
1
and operating temperature t [°C], predetermining permitted speed creep 𝑉𝑐𝑟 = 𝑐𝑟 [
] according
𝐿 ℎ𝑜𝑢𝑟
to the graph of Fig. 4, it is easy to find out σcr corresponding to L and t. From the dependence
(Fig. 4 b)) σcr can be obtained depending on the temperature at creep speed Vcr = const.
For the practice, the thermal load and creep of the fasteners (screws) fastening the inserts in the
body of the tool are of particular importance.
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a)

b)

c)

d)

Fig.4 Creep curves
a) σ=f(Vcr); b) σ=f(t); c) lgσ=f(lgt); d) σ=f(t) at ε=εn=const.
On Fig. 5 a) and b) are shown two forms of disposition of the walls of the cavities for
mounting of inserts, and on Fig.6 a) and b) the different ways of contact of the screws for
fastening relative to the hole for the insert.

a)
b)
Fig.5. Shape of the walls of the cavity for mounting of the insert
a) with an angle of the generatrix 90° to the base plane of the cavity; b) with an angle of
generatrix equal to the rake angle of the insert
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a)

b)

Fig.6. Contact of the screw head with the hole of the insert
a) close contact; b) eccentric positioning of the screw head relative to the hole of the insert
The experimental studies carried out shows the following results (Table 3) obtained at drilling
of hole by using of drill with one insert. The following designations are used: min T – minimum
temperature; max T – maximum temperature and av T – average temperature. As it can be seen
the temperatures of screw reach significant values.
Table 3 Temperature in the screw, [°С]
Incision of
the insert in
the processed
material
1 mm
2 mm
3 mm
The whole
cutting edge

With an angle of the generatrix equal to the rake
angle of the insert
Non close contact
Close contact
between screw and
between screw and
insert
insert
max
min
max
min T
av T
av T
T
T
T
79
95
87
407
447
427
82
99
90,5
426
473 449,5
83
101
92
434
483 458,5
85

103

94

445

493

469

With an angle of the generatrix 90° to the base
plane of the cavity
Non close contact
Close contact
between screw and
between screw and
insert
insert
min
max
min
max
av T
av T
T
T
T
T
75
90
82,5
350
420
385
80
96
88
375
456 415,5
81
98
89,5
385
468 426,5
84

101

92,5

401

488

444,5

Upon slow heating of the carbon steel has three stages of conversion as follows: from
30÷200°С – first, 200÷300°С – second and from 300÷450°С third conversion. The significant
values shown in Table 3 indicate that a sharp deterioration in the physical and mechanical
properties of the fastening element and deterioration of the reliability of the screw joint may be
possible.
4. CONCLUSION
Usually fixing screws are used repeatedly in several changes of the inserts, which leads to risk
at work. The curve of creep and fatigue brought into development confirms a similar finding.
Perhaps the weakest part is the threads of the thread, which, as it is known, have the smallest
sections and the fastest they heat up.
The analysis shows that at the design of the individual elements of non-monolithic tools is
necessary to take account of the stresses and deformations caused by the force load and thermal
load.
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