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Tis paper investigates the forces acting on a cutter-oscillator during free longitudinal orthogonal turning under regenerative self-
oscillation conditions. Te cutter-oscillator had single degree of freedom in the direction of cutting thickness variation, while the
workpiece was rigid and made of AISI 1045 steel. Cutting parameters such as cutting speed, feed rate, and depth of cut, as well as
the cutter-oscillator’s additional mass, were varied. Two main groups of forces infuencing the cutter-oscillator were identifed.
Te frst group consists of cutting forces generated during chip formation and friction between the tool edge, chip, and cutting
surface. Tese forces depend on the equilibrium between the shear plane and the tool’s contact surfaces. Te second group arises
from the dynamic behavior of the cutter-oscillator and includes elastic, inertial, and damping forces. Tese are governed by the
cutter-oscillator’s mass and its response to cutting loads. An important feature of the system is the mutual interaction between
these force groups, forming feedback loops that complicate analysis and control. Under regenerative self-oscillations, the cutter-
oscillator’s defections are afected by a combination of forces whose individual contributions cannot be isolated. As a result,
conventional dynamometers, which have their own elastic properties, are unsuitable for capturing the true dynamics of the cutting
process in such conditions. Cutter-oscillators, by contrast, provide a more accurate representation of the cutting forces under self-
oscillation. Te oscillogram of the cutter edge defection serves as a reliable and reproducible indicator of both static and dynamic
cutting conditions. Tis approach aids in better understanding of the process mechanics, contributes to the optimization of
cutting parameters, and enhances overall manufacturing efciency.
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1. Introduction

Te study of the dynamics of the cutting process and the
resulting forces is one of the key tasks in the feld of metal
machining and mechanical engineering. Forces acting on
cutting tools directly afect the quality of machining, di-
mensional accuracy, tool wear resistance, and economic
efciency of production processes. Terefore, predicting
cutting forces is an essential part for optimizing the cutting
process.

In order to efectively analyze such processes, it is
necessary to understand the nature of the occurrence of

dynamic forces, as well as to possess methods of their ac-
curate measurement and control. Te dynamic nature of
forces during cutting occurs in the presence of vibrations.
Te main type of vibration during turning is regenerative
self-oscillation (SO), which occurs under conditions when
there is waviness in the longitudinal section of the cut layer
on the free cutting surface from the previous revolution of
the part. In the presence of a phase shift between the waves
on the cutting surface during the previous and current
revolutions of the part, an oscillation in the thickness of the
cut allowance occurs, which is the source of the
regenerative SO.
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2. Literature Review

Te most convenient scheme for studying regenerative SO
during turning is the scheme of free orthogonal cutting [1].
Te condition of free orthogonal cutting is convenient in
that in the orthogonal plane, located perpendicular to the
direction of the cutting edge (CE), the system of forces is fat
and the same for each point of CE. Let us consider the system
of forces for this turning scheme (Figure 1), in which the part
will be considered absolutely rigid, and the cutter will act as
an oscillator. To simplify the system of forces, we will use
a cutting insert with a rake angle equal to 0° and the principal
approach angle of the CE equal to 90°.

If the direction of the CE coincides with the y-axis (the
principal approach angle of the CE equal to 90°), then in this
direction, there will be no radial force Fy acting on the
cutter. Ten the resulting cutting force F will be determined
only by its two components: in the x-axis—the longitudinal
(thrust) force Fx, and in the z-axis—the tangential (cutting)
force Fz. It is impossible to directly measure the resulting
cutting force F, since it has an indefnite magnitude and
direction of action. Terefore, its magnitude and direction
are calculated by measuring the components Fx and Fz with
a dynamometer according to formula [2]:

F �

�������

F
2
z + F

2
x

􏽱

. (1)

During cutting, the CE of the lathe cutting tool simul-
taneously contacts the rake surface with the layer to be cut
(chip) at a length km (Figure 1), thus generating the force of
chip formation—Frs. At contact of the fank surface of the
cutter with the cutting surface on the section of length kg,
a force acting on the fank surface of the cutter (wear force)
appears—Ffs [3]. Each of these forces acts on the cutter
independently of each other [4]. Terefore, their total action
is considered as a sum of forces [5], which determines the
resulting cutting force:

F � Frs + Ffs. (2)

Te chip formation force and the force acting on the
fank surface can also be decomposed into components
acting along the x-axis and along the z-axis. In this case, the
horizontal component of the chip formation force Frs

χ is
equal to the friction force Ffr between the chip and the rake
surface of the cutter (Frs

χ � Ffr), and the vertical component
is equal to the normal force N (Frs

z � N). As for the force on
the fank surface of the cutter, in this case, the horizontal
component of the force Ffs

χ is equal to the normal force, and

the vertical component F
fs
z is equal to the friction force

between the cutting surface and the fank surface of the
cutter. Ten the components of the resulting cutting force
along the z-axis will be:

Fz � F
rs
z + F

fs
z . (3)

And the components of the resulting cutting force along
the x-axis will be:

Fχ � F
rs
χ + F

fs
χ . (4)

To study cutting as a physical process, the system of
forces is considered separately: only on the rake surface, due
to the process of chip formation, and on the fank surface,
due to its friction with the cutting surface [6]. Te forces
acting on the cutter from the fank surface Ffs are signif-
cantly less than the forces acting on the rake surface of the
cutter Frs. Moreover, the actions of these forces are in-
dependent of each other.Terefore, to simplify the system of
forces, the cutting force on the fank surface Ffs is usually
not taken into account (F� Frs). It role becomes signifcant
only in cases of cutting with small cutting thicknesses.

To study the forces acting on the cutter under vibration
cutting conditions, numerical and analytical methods [7, 8],
modeling, artifcial intelligence technologies [9, 10], and
experimental methods [11, 12] are used. In experimental
studies, dynamometers of diferent designs are used to study
forces [12, 13]. Cutting forces have good sensitivity to vi-
bration. Modern designs of dynamometers for measuring
the components of cutting forces Fx, Fy, and Fz allow these
measurements practically eliminating the mutual infuence
of forces on diferent axes [14]. However, due to their
complex design, the dynamometers refect their own elastic
system (ES) in the investigation rather than the cutting
process [15].

Te most suitable devices for investigating cutting forces
under regenerative SO conditions are single-degree-of-
freedom (SDOF) cutter-oscillators, whose direction of force
measurement aligns with the direction of change in shear
thickness (x-axis) [15, 16].

However, despite the extensive body of research dedi-
cated to the dynamics of the cutting process under

Fz

Fx
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Fz
rs = N
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fsFfs
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k x
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Figure 1: System of forces acting on the cutter at rake angle
c � 0° in orthogonal plane (πO).
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regenerative SO conditions, many studies have not suf-
ciently addressed the simplifcation of the ES of the cutter-
oscillator in order to constrain its vibrations solely to the
direction of variation in chip thickness—the primary source
of regenerative SO. Such simplifcation makes it possible to
isolate the specifc force system responsible for exciting
vibration of the cutter-oscillator in that direction.

On the other hand, the measurement instruments used
in existing studies to investigate the dynamic components of
the forces acting on the cutter-oscillator often fail to provide
the required level of accuracy and data reproducibility.

Te objective of this study is to analyze the force system
responsible for the oscillations of SDOF cutter-oscillator
during turning under conditions of regenerative SO.

Te scientifc novelty of this work lies in the assessment
of the contribution of each component of the force system to
the overall dynamics of the cutting process, as well as in the
establishment of an objective and accurate method for
measuring the dynamic component of all types of forces
acting on the cutter-oscillator during turning under re-
generative SO conditions.

3. Analysis of the System of Forces Acting on
a Cutter-Oscillator With SDOF

Figure 2 shows the scheme of forces, in the orthogonal plane
(πO) in free orthogonal cutting, proposed by Merchant
[17, 18] and studied in detail by Zorev [19]. Te physical
basis of this scheme is the position of the chip equilibrium
between the acting forces on the conventional shear plane kn
with length l and the contact surface of the chip with the tool
km with length C (Figure 2). Te stress-strain state of the
chip-forming zone is assumed to be fat. Terefore, in-
creasing the width of the cut layer a, located along the CE
(point k), proportionally increases the chip-forming force
Frs � F, but does not change the stress-strain state at each
point of the CE. In order to maintain the chip equilibrium
conditions, equal forces with opposite directions act on the
chip from both sides. Shear force Fs and normal force Fn act
in the shear zone, and friction force Ffr and normal force N
act in the tool contact zone.

Te force Fs in the shear plane is equal to:

Fs � a · l · τ, (5)

where a is the width of the cutting layer, τ is the shear
tangent stress of the processed material, and l is the length of
shear plane.

l �
h0

sinϕ
, (6)

where h0 is the nominal cutting thickness and ϕ is the angle
of inclination of the shear plane.

In continuous, vibration-free cutting, the chip formation
force is expressed as a relationship:

F � Frs �
Fs

cos(ϕ + μ)
�

h0aτ
sinϕ · cos(ϕ + μ)

, (7)

where μ is the angle of action of force F with respect to the
velocity vector. Replacing equations (6) in (7) is possible
only for vibration-free cutting conditions.

If the system of forces shown in Figure 2 is applied to
a cutter-oscillator, which is absolutely rigid, i.e., immobile
from the action of forces in the chip-forming zone
(Figure 3(a)), then reactions Rx and Rz, equal to the forces
Fx and Fz, but oppositely directed, appear at the points
where the cutter-oscillator is fxed.

Under static loading, the deformation of an elastic el-
ement of the cutter-oscillator is related to the loading force
by Hooke’s law [20]. From Figure 3 shows that the CE (point
k) of the cutter-oscillator has two equilibrium positions.
Initial equilibrium position (IEP) (Figure 3(c)), when there is
no cutting process. Te of static equilibrium position (SEP)
(Figure 3(b)), when the forces Fx and Fz act on the cutter-
oscillator during the cutting process, but the CE is displaced
only along the x-axis by the value xst � Bx (Bx—static de-
fection of the cutter-oscillator), since there is only SDOF.

Figure 3(a) shows that the force Fx and the reaction Rx
change according to diferent laws when the cutting
thickness h changes and the cutting edge moves along x.

Te cutting force is expressed by the dependence [21]:

Fx � Cpx · a · h
0.75

, (8)

where the coefcient Cpx depends on cutting conditions and
h is the cutting thickness.

A reaction of the cutter-oscillator [20, 22]:

Rx � kx · x, (9)

where kx is the stifness of the elastic element and x is the
deformation value. All dynamometers for measuring static
cutting forces are based on this principle [13, 14].

Figures 4(a) and 4(c) show that the zero value of the
reaction of the cutter-oscillator Rx � 0 starts from the IEP
and increases in proportion to the increase in its displace-
ment along the x-axis during cutting until the equilibrium
between Fx and Rx, i.e., the SEP, occurs.

Te zero value of the force Fx � 0 is located at the point of
contact of the CE (point k) with the free surface of the layer to be
cut and increases according to the power lawwith the increase of
the cutting thickness h.Tus, it can be stated that during cutting,
there are two zones in which the conditions of force equilibrium
are maintained (Figures 4(b) and 4(c)): the zone between the
shear plane and the contact surface of the cutter and the zone
between the force Fx and the elastic reaction Rx.

During continuous cutting along the “vibration trace”
(Figures 4(b) and 4(c)) on the cutting surface, chip for-
mation occurs as a result of shear deformations under the
shear angle ϕ along the length l, as well as during cutting
without vibration (Figure 2). However, in the presence of
a wave on the cutting surface from the previous revolution,
the length of the shear plane will be variable and therefore
the force Fs in the shear plane calculated by equation (5) will
also be variable [23].

It has been experimentally established that the frequency
of oscillation of the length of shear plane is equal to the

Shock and Vibration 3
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frequency of oscillation of CE of the cutter-oscillator along
the x-axis fcut

SO [23]. Terefore, the shear force Fs will also
oscillate with frequency fcut

SO . Based on the statement about
the preservation of the chip equilibrium condition, we can
assume that the force Fx will also start oscillating with
frequency fcut

SO , but with some delay. Te oscillation of force
Fx should cause the oscillation of cutter-oscillator reaction
Rx. But since the moving cutter-oscillator has a mass, there
are additional inertia forces Fin � mẍ and damping forces
Fg � Cxẋ, at the appearance of which the conditions of static
cutting become dynamic.

4. Materials and Methods

Te forces acting on the cutter-oscillator were investigated
during longitudinal turning of a rigid part made of AISI 1045
steel (Figure 5). Te research was carried out on a CNC lathe

mod. ZenitechWL 320 (Figure 6(a)).Te design of the cutter-
oscillator (Figure 6(b)) provided for the possibility of in-
stalling an additional mass to the head of cutter-ocsillator to
change the natural frequency of oscillation in the range from
f� 150 to f� 1250 Hz.

During turning process, the cutting modes were varied:
cutting speed v � 100. . .300m/min, feed S� h0 � 0.1. . .0.3mm/
rev, and depth of cut t� a� 1. . .2mm. Te cutting insert had
a principal approach angle of φ� 90°, a rake angle of c � 8°, and
a clearance angle of α� 8° and was made of HS123 carbide.

Te cutter-oscillator with SDOF provided movement of
CE in the direction that coincided with the direction of the
force Fx [15]. Te displacement of CE was measured with
a Schneider Electronics XS4-P12AB110 sensor. Te analog-
to-digital converter mod. LCard E14-0 converted the sensor
signal into a digital oscillogram form and transmitted it to
a personal computer (Figure 7).

(a)

(b)

(c)

Figure 3: Force system: (a) with absolutely rigid tool and part, (b) positions of the cutter-oscillator when measuring the force Fx in static
equilibrium position, (c) in initial equilibrium position.

Figure 2: Force diagram for free orthogonal cutting in the chip formation zone c≠ 0° in the orthogonal plane (πO).

4 Shock and Vibration
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(a)

(b)

(c)

Figure 4: Force diagram for cutter-oscillator measurement (a) and positions of the cutter-oscillator when cutting with vibration (b) and
before cutting (c).
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Figure 5: Schematic of continuous longitudinal turning under conditions of free orthogonal cutting.

(a) (b)

Figure 6: Te photos of the experimental device (a) and the cutter-oscillator (b).
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 . Results

5.1. Results of Investigation of Inertia Forces Under Cutting
Conditions With Vibration. In the course of experimental
studies, the results of the infuence of the mass of the cutter-
oscillator on its dynamic behavior (50 experiments for each
value of additional mass) were obtained. Te turning was
carried out at a constant cutting speed corresponding to the
regenerative SO zone. Te width of the fank surface wear
area was kept in the range of 0.10. . .0.15mm to ensure
constant damping conditions. Additional weights m1 � 102 g
and m2 � 344 g were attached to the head of the cutter-
oscillator. Te stifness of the cutter ES was constant in all
cases. Te experimental results are summarized in Table 1
and Figures 8 and 9.

5.2. Results of Investigation of Friction Forces on the Flank
Surface of the Cutter-Oscillator Under Cutting Conditions
WithVibration. Te results of the experimental study of the
infuence of friction forces on the fank surface of the cutter-
oscillator on the dynamics of the cutting process are pre-
sented in Table 2 and Figure 10.

Te red dashed line (Figure 10) shows the results ob-
tained by Altintas et al. [24] for the case of negative damping
caused by friction on the fank surface of the cutter with
force Fg. Figure 11 shows the results of the study of the efect
of additional mass on the vibration amplitude for a cutter-
oscillator with area of wear of the CE.

6. Discussion

Te cutter-oscillator was displaced under the action of the
static component of the cutting force by the value xst � Bx in
the SEP relative to which it performed oscillatory motion
with amplitude Ax. 4 types of forces simultaneously afected
the cutter-oscillator: cutting force, elastic reaction force,
inertia force, and damping force. Physically, all these forces
have diferent nature of origin and directions of action.
Terefore, when cutting under regenerative SO conditions,
there is a case of action of forces of mixed nature (Figure 12).
It is known that if forces of mixed character can develop in
mechanical systems, they are not decomposable into the sum
of these forces. In particular, this applies to cutter-oscillating
systems [25].

Since the cutter-oscillator has mass, on the wave of
oscillatory motion (Figure 13), starting from the SEP

position, the inertia force Fin increases, reaching its maxi-
mum value at points a, c, and e, where the acceleration has
maximum values. However, the CE oscillation occurs in the
medium of the sheared material, so naturally there is re-
sistance to oscillatory motion, the value of which depends on
the speed of oscillatory motion. With increasing speed, the
resistance increases. Terefore, in points b and d, the speed
of the maximum resistance (damping) force Fg will be
maximum. And the direction of action of the force Fg will be
opposite to the direction of motion of the cutter-oscillator.

In this case, measuring the values of simultaneously
acting forces is practically impossible. But, it is enough to
simply measure and memorize graphically the law of motion
of the cutter-oscillator from the simultaneous action of all
these types of forces as an oscillogram of the defection of CE
(Figure 13). Te defection of the cutter-oscillator is com-
pletely determined by the oscillogram of its oscillations,
which consists of two parts: a constant part, which is de-
termined by the deviation of Bx from the IEP, and a variable
part, which is determined by oscillations with amplitude
relative to the SEP. Te primary source of oscillation is the
oscillation of the shear force due to the oscillation of the
length of the conditional shear plane, when cutting along the
“vibration trace” located on the free surface of the cut layer
(Figure 4(b)). But, since the force Fs is related to the friction
force Ffr by the condition of preservation of the chip
equilibrium, naturally the oscillation of the force Fs will
cause the oscillation of the force Ffr. If the rake angle CE is
0°, then the friction force Ffr is equal to the cutting force in
the direction of the x-axis Fx, while Ffr acts on the chip, and
Fx acts on the cutter. Terefore, the oscillation of force Ftr

will be equal to the oscillation of force Fx. But the force Fx is
balanced by the elastic reaction force Rx. In this case, the
oscillations along the force chain are transmitted from the
oscillations of force Fs to the oscillations of forces Fx and Rx.
And the force Fx acts in the direction of pushing the cutter
out of the cutting zone, and the reaction force Rx acts in the
direction of returning the cutter to the cutting zone.

As a result of studies of the efect of inertia force on
cutting dynamics (Figures 8 and 9), it was found that:

1. Changing the mass of the cutter-oscillator has prac-
tically no efect on the static defection Bx, which
depends mainly on the rigidity of the cutter-oscillator.

2. Te vibration characteristics of the cutter-oscillator
defection in the form of amplitude Ax and frequency

0.35
0.30
0.25
0.20
0.15
0.10
0.05

A x, m
m

N, rev
0 1 2 3 4 5 6 7 8

Figure 7: Example of an oscillogram of the CE movement of a cutter-oscillator.
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Figure 8: Oscillograms of SO of a cutter-oscillator with diferent additional masses: m1 �102 g (a); m2 � 344 g (b).
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Figure 9: Oscillograms of SO of a cutter-oscillator with additional masses m0 � 0 g.

Table 2: Te average vibration amplitude (S� 0.2mm/rev, t� 1mm, m� 0 g).

Cutting speed,
v, m/min

Width of the wear area on the fank surface, hf
0–0.0 mm 0.1–0.1 mm 0.2 –0.2 mm 0.3–0. mm

50 0.016 0.007 0.006 0.000
75 0.028 0.014 0.012 0.001
100 0.038 0.020 0.014 0.002
125 0.053 0.026 0.018 0.003
150 0.067 0.036 0.021 0.003
175 0.084 0.042 0.025 0.005
200 0.100 0.050 0.028 0.006
225 0.117 0.060 0.030 0.007
250 0.143 0.050 0.024 0.006
275 0.158 0.043 0.022 0.004
300 0.175 0.030 0.013 0.003
325 0.188 0.020 0.009 0.002
350 0.200 0.008 0.005 0.000
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SO fcut
SO depend signifcantly on the mass. Te am-

plitude increases and the frequency decreases because
mass is a characteristic of inertia.

Te obtained results are in full agreement with the theory
of mechanical vibrations [11, 26]. Tey allow us to assert
the possibility of efective application of the proposed

methodology to study the physical basis of cutting dynamics
under conditions of loading by forces of mixed character.

Figure 14 shows the conditions of contact of the fank
surface of the oscillator cutter with the cutting surface when
cutting without vibration. At the beginning of cutting
(Figure 14(a)), the geometry of the fank surface is esti-
mated by the clearance angle α and the cutting-edge radius
ρc. As a result of the elastic recovery, the cutting surface is
above the shear line by the value Δy, so the fank surface is
in contact with the cutting surface for a length of Δz.
However, due to the very high pressure in the CE area
(point K), a fank wear land hf appears on the fank surface
within a short time (Figure 14(b)) [27]. Te fank wear land
of the cutter is afected by the normal force and the friction
force from the cutting surface, which are added to the
forces acting from the side of the chips on the rake surface.
Te change in the size of the fank wear land is shown as
a wear curve (Figure 14(c)) [28].

Te efect of the friction force on the fank surface in
regenerative SO has been studied quite well [29]. Te cutting
surface formed by the cutter during regenerative SO is wavy,
which is usually depicted as a sinusoid. Figure 15 shows one
wave of length λ, at diferent points of which the conditions
of contact of the fank surface of the cutter with the cutting
surface are shown. At each point A, B, C and D, the cutting
plane (πC), tangent to the cutting surface, is shown. Te
actual clearance angle α lies between the fank surface of the
cutter and the cutting plane (πC). At points A and C, the
clearance angle α is equal to the nominal value. But at point
B, the value of the clearance angle becomes minimal αmin or
even negative, which sharply increases friction and makes it
impossible for the fank surface to penetrate the cutting
surface. At point D, the clearance angle has a maximum
value αmax and the fank surface of the cutter does not
contact the cutting surface. Tus, at point B, the cutting
plane (πC) has the maximum angle of inclination σmax. With
decreasing wavelength λ, the angle of inclination σmax should
increase and, naturally, the clearance angle α will decrease,
increasing the damping capacity of the fank surface.

Te results of the study of the infuence of friction forces
on the fank surface showed that with a decrease in cutting
speed, the wavelength on the cutting surface will decrease,
the inclination angle of the cutting plane (πC) will increase,
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Figure 10: Te infuence of the cutting edge wear area (m= 0 g,
S= 0.2mm/rev, t= 1mm).
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Figure 12: Schematic of the infuence of mixed forces on the
defection of the cutter-oscillator.
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and the damping force Fg will increase. Te wavelength on
the cutting surface depends on the cutting speed according
to the formula:

λ �
1000v

60f
cut
SO

, (10)

where fcut
SO is the frequency of cutter-oscillator during turning

in the direction of the x-axis and v is the cutting speed.
Te obtained experimental results fully confrm the

existing provisions of cutting dynamics [29, 30].
Altintas et al. [24] proposed a formula for determining

the damping force:

Fg � −C
a

v
ẋ. (11)

According to this equation, with increasing cutting
speed, the damping force decreases proportionally, and the
oscillation amplitude increases.

Te results of the experimental verifcation of this
statement (Figure 10) showed that the condition equation
(11) is satisfed only if there is no fank wear land hf on the
fank surface of the cutter. But such a condition is main-
tained for a short time during the running-in period of the
cutter—section of AO (Figure 14(c)). With an increase in
the size of the area on the fank wear land hf > 0.05mm, the

K
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α
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Figure 14: Change in the shape of the fank surface: (a) of a sharply sharpened tool, hf = 0, (b) with fank wear land, hf≠ 0 (b), (c) tool life for
a given cutting speed.
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Figure 15: Scheme of contact of the fank surface of the cutter with the cutting surface.
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vibration excitation intensity sharply decreases and has
a diferent pattern. Tis pattern has a certain cutting speed
v � 225m/min at which maximum vibrations are observed.
Above and below this cutting speed, the regenerative SO
decreases and thereby highlights the speed range in which
the regenerative SOs are excited.

Te size of the wear land on the fank surface of the cutter
has a greater efect on the damping of regenerative SO
compared to the efect of friction on the fank surface of the
cutter caused by a decrease in the actual clearance angle
during cutting along “wave trace.”Tis is due to the fact that
with an increase in the wear land on the fank surface of the
cutter, the forces of resistance to the penetration CE into the
cut allowance sharply increase.

7. Conclusions

Analysis of the system of forces arising during cutting
showed that there are two groups of forces. Te frst group
includes forces that arise directly during cutting. Chip
formation and friction of the cutter against the chip and the
cutting surface occur. Te second group includes forces that
are caused by the movement of a part or tool that has mass.

Each group of forces is determined by certain equilib-
rium conditions.Te frst group of forces is determined from
the condition of equilibrium of the chip between the con-
ditional plane of shear and the line of contact of the chip with
the cutter. Te second group of forces is determined from
the conditions of equilibrium between the cutting force and
the forces of elasticity, inertia, and damping of the cutter-
oscillator. Tere is a direct and inverse relationship between
these two groups of forces.

When cutting under regenerative SO conditions, mixed
forces act on the cutter-oscillator, the contribution of which
to the defection of the CE cannot be estimated as the sum of
these forces. Terefore, in this case, the oscillogram of the
cutting tool defections, as the law of its movement from the
action of all types of forces, is an objective, well-reproducible
criterion for assessing both static and dynamic conditions of
the cutting process.
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