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Abstract - Trimming the ends of parts using wide-bladed cutters is a simple and highly productive 

technological operation, often performed on finishing and boring machines (FBM). However, the 

use of this operation for parts with significant end widths is limited by vibrations caused by 

insufficient rigidity of the fixture clamping the workpiece. For the first time, the dynamics of 

trimming free and internal ends with wide-bladed cutters under axial feed have been studied, 

revealing the dominant role of the fixture's rigidity in ensuring the vibration stability of the 

technological system. It has been established that the natural vibration frequencies of the fixtures 

(90–180 Hz) are half those of the spindle heads (300–400 Hz). Therefore, the loss of stability in 

such technological systems is primarily determined by the fixture's elastic system parameters. 

Furthermore, the vibration stability of FBM during internal turning was investigated by combining 

fine boring and trimming operations. In this case, the tip of the wide-bladed cutter bored a 

cylindrical hole, while the main cutting edge, made in the form of a rectangular wide blade, 

machined the internal end face. The formulation and solution of these technological problems 

provide a highly convenient approach for studying the vibrations of systems with variable 

parameters, as they account for changes in the position of the cutting zone. Based on these 

experiments, the article describes a developed method for solving vibration resistance issues in 

FBM when cutting the ends of parts made of plastic and brittle materials. Ultimately, the study 

determines the requirements for the rational design of fixtures and guidelines for selecting cutting 

modes to prevent vibrations during the machining of the corresponding parts. 

 
Keywords:  Axial Feed, Closed Dynamic System, Wide-Bladed Cutter, Frequency Response, Rigidity, 
Fixture, Boring, Industrial Growth. 

1. Introduction 
 
When trimming the ends of parts, the main focus is 
on high quality and optimal productivity. Two 
methods are often used in machining: radial feed and 
axial feed. The axial feed (cutting) method is simpler 
and more productive, but less studied. To assess the 
feasibility of the axial feed method, theoretical and 
experimental studies of the dynamic interactions 
between the "spindle-bar" and "part-fixture" 
subsystems during free and internal-end-face 

turning were conducted. The features of dynamic 
interactions when combining thin boring with 
internal end face undercutting were studied.  

It is known that the stability of turning and 
milling processes is largely determined by the 
dynamic characteristics of the technological system, 
such as stiffness, damping, and frequency 
characteristics in the cutting zone [1, 2]. At the same 
time, when machining with small cutting thicknesses 
and wide cutting edges, the influence of unsteady 
cutting forces and regenerative effects increases, 
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potentially leading to self-oscillations [3]. Numerous 
studies show that the parameters of the "part-
fixture" subsystem often have a decisive influence on 
vibration resistance relative to the "spindle-tool" 
subsystem [4, 5]. Despite the development of 
analytical, mechanistic, and numerical cutting 
models [6, 7, 8], issues of vibration resistance in end-
face trimming operations with axial feed remain 
insufficiently studied, especially when combined 
with thin-boring of internal surfaces [9]. 

Unlike existing studies that focus on the dynamics 
of spindle units, this research, for the first time, 
reveals the determining role of the "part-fixture" 
system's compliance in operations involving 
trimming ends with wide-bladed cutters. The 
scientific novelty of the work lies in establishing 
patterns of change in vibration stability under 
variable cutting-zone position during axial feed, as 
well as changes in the direction of the cutting forces 
acting on the cutter. 

This work aims to improve the vibration stability 
of a non-stationary technological system during the 
turning and undercutting of the free and internal 
ends of parts using wide-bladed cutters. 

To achieve this goal, the following tasks have 
been set: 

1. Determine the features of the dynamic 
characteristics of the cutting process during the 
trimming of the ends of parts made of plastic and 
brittle materials. 

2. Determine the characteristics of dynamic 
interactions when combining boring operations with 
end trimming. 

3. Develop recommendations for determining 
the maximum width of the ends permissible 
according to the cutting process stability condition. 

 

2. Literature Review 
 
The dynamics of machining processes, the prediction 
of cutting forces, and the vibration resistance of 
technological systems are key issues in modern 
mechanical engineering, as they directly affect the 
accuracy, surface quality, and productivity of 
machining. These issues are particularly relevant in 
fine turning, end-face trimming, and the machining 
of parts with reduced rigidity. 

One of the fundamental areas of research is the 
virtualization and modeling of machine tool 
dynamics. Study [1] presents the concept of a 
"virtual machine tool," which enables evaluation of 
the static rigidity, natural vibration modes, and 
frequency characteristics at the tool's central point. 
The proposed approach enables replacing labor-
intensive experimental tests with numerical analysis 
to investigate the stability of milling and turning 
processes. 

Mechanistic models of cutting forces have 
undergone significant development. The unified 
model proposed in [6] enables predicting forces for 

various machining operations (turning, boring, 
drilling, milling) by reducing the loads acting on the 
cutting edge to a single coordinate system.  

In the field of orthogonal cutting, significant 
contributions have been made by researchers in [10] 
and [11], who predict cutting forces using 
micromechanical models and experimentally 
identified cutting coefficients. Such models allow 
both the shear and the displacement (ploughing) 
components of the force to be considered, which is 
extremely important when removing thin chips. 

Analytical thermomechanical models of oblique 
cutting were developed in the study [7], which 
applied them to peripheral milling of titanium alloys. 
The proposed three-dimensional model of cutting 
forces considers strain hardening, thermal softening, 
and inertial effects. 

The identification of cutting force coefficients for 
linear and nonlinear end-milling models is discussed 
in the study [12]. The authors showed that the 
methods of mean force s and optimization provide 
sufficient reproduction of experimental results, 
which is important for further analysis of vibration 
stability. An analysis of recent studies shows that the 
surface layer condition and the tribological 
properties of contact pairs significantly affect the 
wear resistance and stability of mechanical 
interactions in cutting processes, as confirmed by 
experimental results for the steel-cast iron pair 
under dry friction conditions [13]. Friction 
conditions in the cutting zone, including those with 
minimal lubrication, determine the level of specific 
cutting energy and the intensity of tool wear [14]. 

Numerical methods, in particular the finite 
element method (FEM), are widely used to study 
cutting processes. Works [8, 15, 16] show that FEM 
allows for a detailed study of the influence of tool 
geometry, large negative rake angles, friction 
conditions, and minimal lubrication on cutting 
forces, wear, and thermal processes. 

A separate area of research is the development of 
prediction methods based on artificial intelligence. 
In works [17, 18, 19] and [20], the effectiveness of 
neural networks and genetic algorithms for 
predicting cutting forces and surface roughness, and 
for optimizing machining modes, has been 
demonstrated. Functional dependencies between the 
cutting process parameters and the surface layer 
quality criteria have been established [21]. 

Several studies have examined vibration and 
cutting along a track. Analytical modeling of the 
dynamics of the "spindle-tool" system based on 
Timoshenko's beam theory is presented in [2], which 
is the basis for constructing stability diagrams. 
Modern methods for recording vibrations using 
wavelet transforms and SVM algorithms are 
proposed in [22]. 

A special group comprises studies on the 
machining of thin-walled, low-rigidity parts. 
Research [4] and [5] considers the influence of 
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variable stiffness and deformations induced by 
cutting forces, as well as methods to compensate for 
the resulting errors. 

When performing fine turning and end-face 
cutting, it is important to understand the dynamics 
of the cutting process at low chip thicknesses. 
Research [3] laid the foundation for a dynamic 
description of the turning process that accounts for 
regenerative effects and damping. The works of [23] 
and [9] directly analyze the vibration resistance of 
finishing operations and end trimming, 
demonstrating the decisive role of the "part-fixture" 
subsystem's stiffness. Changes in the spindle speed 
also determine the energy efficiency of face turning. 
Accounting for this factor in integrated models 
reduces total energy losses [24]. 

Thus, the literature review shows that while the 
issues of predicting cutting forces and the dynamics 
of machining processes have been studied 
extensively, the task of vibration stability during the 
trimming of the ends of plastic and brittle materials 
with wide-bladed cutters on FBM, considering the 
variable stiffness of the fixtures, remains relevant. 

 

3. Research Methodology 
 
Specimens made of steel and cast iron were used in 

the study; the diameters of the trimmed ends were 

varied from 40 to 100 mm, and their widths from 4 

to 10 mm. The cutting forces and phase shift 

between the force and the displacement x were 

measured when the device was excited by a vibrator 

over the frequency range from 20 to 600 Hz. The 

cutting speed ranged from 0.83 to 2.50 m/s, the 

width of the free end being cut was 0.5–4.0 mm, and 

the feed was 0.01–0.04 mm/rev. 

As the measuring equipment, a device for 

recording vibrations was used. This device consists 

of 4 strain gauges connected in a bridge circuit, a 

Discovery STM32L0538-DISCO microcontroller, a 

strain gauge amplifier, a microSD memory card, and 

a Bluetooth radio module. A specific feature of this 

design is that the signal is recorded not by a PC but 

directly by the Discovery STM32L0538-DISCO 

microcontroller, which is controlled by a computer 

via Bluetooth. The device was calibrated based on 

the magnitude of the boring bar's static 

displacement in the cutter cross-section. 

When cutting steel C45 (EN), cutters with P01 

(EN ISO 513) alloy inserts with the following 

geometry were used: α=9º, γ=15º, λ=0º; When 

undercutting the ends of EN-GJL-150 (EN) 

workpieces, cutting inserts made of K01(EN ISO 

513) alloy with the following geometry were used: 

α=9º, γ=5º. The rigidity of the fixture was also varied 

in the experiments. 

The system's approximation to the limit state of 

stability was determined by the oscillation 

amplitudes during cutting and during idle running 

(Acut/Aidle). It is known that during boring, the 

limit values of the parameters can be taken to 

correspond to the ratio Acut/Aidle = 1.5 [9]. 

The diagram of processing the ends of a part with 
a wide-bladed cutter is shown in Fig. 1. 
 

 
Figure 1: Diagram of machining the ends of a 

workpiece with a wide-bladed cutter  
 

When performing the undercutting operation, 
workpiece 1 is clamped in fixture 2, which is 
mounted on the machine tool's movable table. Cutter 
3, whose cutting-edge length exceeds the width of 
the undercut end Bpr, is fixed in the side bar 4 
installed on the spindle head 5. The vibrations 
arising during the cutting process are mainly 
oriented relative to the normal to the machined 
surface. They are determined by the coordinate x, 
along which the cutting force P(x) acts.  

Below is a description of a calculation method 
based on special experiments for solving the 
problem of vibration stability during FBM 
undercutting of the ends of parts made of plastic and 
brittle materials with a wide-bladed cutter. 

 

4. Results  
 
The dynamic system describing vibrations during 
end trimming can be represented as two elastic 
subsystems that interact during the cutting process. 
The differential equations of motion of the elastic 
subsystems "spindle-tool" and "part-fixture" are as 
follows: 
 

1 1 1 1 1 1

2 2 2 2 2 2

,

,

z

z

m x b x c x P

m x b x c x P

+ + =

+ + =








 (1) 

 

where µРz  = Рx; µ – coefficient of friction of the 
chip relative to the front edge of the cutter; m1, m2 – 
masses reduced to the cutting zone; b1, b2 – damping 
coefficients;  

c1, c2 – stiffnesses; x1, x2 – elastic displacements of 
subsystems. 

Note that the stiffness of the spindle heads varies 
from 200 to 500 MN/m, while the stiffness of the 
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devices used for end trimming varies from 80 to 120 
MN/m. The frequencies of free vibrations of the 
spindle heads along their axes are approximately 
400 Hz, and the frequencies of the fixtures' 
vibrations are 100–180 Hz. Based on this 
comparison, it can be concluded that only the 
vibrations of the "part-fixture" subsystem should be 
taken into account in the calculation model, as it is 
more compliant and has no frequency content. 
Mutual movements of the part and 

tool 1 2 1x x x x= −  . 

To describe the cutting process when machining 
plastic materials, we use the dynamic characteristics 
of the cutting process. 
 

( )p z z p pT P P k x T T x T T x + = − + − + 
 

    (2) 

 
This type of characteristic describes changes in 

cutting force as a function of displacement along the 

x-axis. The time constants P , as well as cutting 

rigidity pk , are determined based on the known 

characteristics of the material being machined, the 
tool, and the machining mode. It is known that when 
removing thin chips with a sharp cutter, the chip 

formation time constant pP  significantly exceeds P  

and P , therefore, the cutting process characteristic 

can be simplified [9]: 
 

p z z pT P P k x+ = −  (3) 

 
The dynamic characteristics of the cutting 

process during the machining of brittle materials 
have not been studied previously. Therefore, an 
experiment was conducted to determine the 
frequency characteristics of turning cast iron. Based 
on the measurement results, amplitude-phase 

frequency characteristics (APFC) were 
constructed for cast iron and steel (Fig. 2). 
The approximation curves for steel are 
similar to those for cast iron. 

As shown, at a given disturbance frequency, the 
phase shift decreases with increasing cutting speed. 
Therefore, at cutting speeds of about 2.5 m/s and 
frequencies in the 600–800 Hz range, which includes 
the system's maximum frequencies, the 
experimental data can be approximated by the 
simplest characteristic of the cutting process (3). 
When the cutting speed is reduced to 0.83 m/s, the 
results should account for the time constant's 

influence T . The experimental data obtained allow 

us to conclude that for calculating vibration 
resistance when cutting brittle materials, as well as 
for plastic materials, dynamic characteristic (3) or 
(2) can be used. 
 

 
a) 

 
b) 

Figure 2: Calculated and experimental APFC, s = 0.02 
mm/rev: a) v = 0.8; b) v = 2.5 

 
Equations (1) form a system whose stability can 

be investigated using frequency or algebraic criteria. 
The above features of the system allow us to judge 
its stability based on the results of solving equations 
(1) and (3). The stability condition in this case is as 
follows: 
 

( )1 1 1 1 1 1 0p p p pm b b T b c T k m T+ + −   (4) 

 
This equation enables the calculation of the tool 

parameters (stiffness, damping, reduced mass) and 
the cutting process (speed, feed, workpiece end-face 
width), ensuring stable machining. For example, to 
calculate the maximum width of the cut end face, 
equation (4) is transformed as follows: 
 

( )1 1 1 1 1

11,5

p p

pr

b p

m b bT b c T
B

m T

+ +
=

 
 (5) 

 

where b  is the tensile strength of the material 

being machined;   is the chip shrinkage.  

The correctness of the obtained expression (5) 
was verified by comparing the calculated and 

experimental values prB  of as a function of the 

parameters of the elastic system of the special 
device. Using this method for trimming allows for 
comparing the results of calculations and 
experiments. 

Fig. 2b shows the stability zone as the cut-end 
width of the part is varied and the compliance K of 
the elastic system of the fixture during machining of 
steel blanks. Changing the material being machined 
and the cutting conditions does not distort the 
established dependencies. 

It has been established that when the cutter angle 
λ is reduced from 10° to 0°, the system's vibration 
stability increases. When machining large-diameter 
ends, significant changes in the fixture's compliance 
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within the range of rotation are accompanied by 
corresponding changes in the vibration level. 

The process of removing thin chips differs 
significantly from conventional machining in that the 
small size of the cut layer ultimately affects several 
important process characteristics: chip shrinkage, 
the friction coefficient between the chip and the 
cutter, specific cutting force, and the decomposition 
of the cutting force into components. 

Let us consider some features of determining the 
components of cutting force in thin turning. Due to 
the small cutting depth, the cutter primarily operates 
with its tip, and the curved portions of the main and 
auxiliary cutting edges contact the workpiece. 

Therefore, during fine boring, the simplest 
relationships between the components of the total 
cutting force, defined for "normal chips" (Fig. 3), do 
not apply. 

Fig. 3 considers only the forces acting on the front 
surface of the cutter, the resultant of which is N. The 
coefficient characterizes changes in the friction 
between the chips and the front edge. 
 

( )

( )

cos sin ,

sin cos ,

cos ,

sin

z

xy

y xy

x xy

P N

P N

P P

P P

= +

= − +

=

=

  

  





 (6) 

 

 
a) 

 
b) 

Figure 3: Diagrams for determining cutting forces: 
a) sharp-edged cutter, b) thin-boring cutter  

 
The ratios (6) are simplified for small or zero 

values of the front angle of the cutter γ: 
 

,z xy zP N P P= =   (7) 

 
The decomposition of the components Pxy into 

components Px and Py during thin boring depends 
not only on the angle φ, but also on the value of the 
radius at the tip r and the dimensions of the cutting 
section. The direction n of the force Pxy forms an 

angle   with the axis y. Physically, the angle   is a 

certain effective value of the main angle φ in the 
plane of the cutter removing thin chips. Introducing 
this angle allows us to write expressions for the 
cutting force components: 
 

cos ,

sin ,

arc .

y xy

x xy

x

y

P P

P P

P
tg

P

=

=

=







 (8) 

 

Experiments have shown that the angle   differs 

significantly from the angle φ. Thus, the angle    
reflects the unevenness of the deformations of the 
cut metal on the curved part of the blade. 

The experimental setup for studying the 
combination of fine boring and undercutting of 
internal ends is shown in Fig. 4a, while Fig. 4b shows 
the cutter angles in the cutting zone. 

 

 
a) 

 
b) 

Figure 4: Experiment diagram a) and cutter angles in 
the cutting zone b)  

 
For the computational model of boring with 

undercutting, the associated vibrations in the radial 
(y-axis) and axial (x-axis) directions were 
considered.  
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Therefore, the characteristics of the "spindle–
boring bar" and "fixture–workpiece" subsystems are 
determined by the masses (my and mz), reduced to 
the cutter stiffnesses (cy and cx) and damping 
parameters (by and bx) at vibrations at natural 
frequencies (fy and fx). 

In a closed dynamic model, the connection 
between the vibrations of these two subsystems 
arises through the cutting process. For the cutting 
process, we use the dynamic characteristic [14], 
which describes the lag of the cutting force Pz behind 
changes in the cut thickness a. 
 

p z z pT P P k а+ = −  (9) 

 

where 01,5p

a
T

V
=


 is the chip formation time 

constant ( 0a is the chip thickness,   is the maximum 

chip shrinkage, and V is the cutting speed); 

0 01,5pk b=    is the cutting coefficient ( 0  is the 

time resistance, 0b  is the cutting width). 

When there are fluctuations along the u and x 
axes in the cutting zone, the cutting thickness a 
change. The change in cutting thickness can be 
described as the sum of two displacements in the 
direction of chip flow, perpendicular to the side of 

the angle  . Note that in non-free cutting, the angle 

φ> , and in free cutting, φ= . 

The change in the thickness of the cut layer can 
be expressed as follows: 
 

cos sin .a y x= +   (10) 

 
 The equations of motion of the dynamic system 

are as follows: 
 

,

.

y y y y

x x x x

m y b y c y P

m x b x c x P

+ + =

+ + =




 (11) 

 
For small forward angles γ, we can assume 

,

sin ,

cos .

xy z

x xy

y xy

P P

P P

P P

=

=

=







 

After substituting these ratios into equations (11) 
and (10) into equation (6), we obtain an equation 
close to the cutting process of an elastic system: 
 

( )

cos

sin

cos sin .

y y y z

x x x z

p z z p

m y b y c y P

m x b x c x P

T P P k y x

+ + =

+ + =

+ = − +







 

 

 

 (12) 

 
It is important to note that with thin end cutting, 

the effective angle   differs little from π/2. 

Denoting the small angle 
2

= −


  , we write the 

expressions of the functions from the argument  : 

 

2

sin 1 ,
2

cos .

 −






 

 

Equations (12) can be represented as: 
 

2

2

,

1 ,
2

1 .
2

y y y z

x x x z

p z z p

m y b y С y P

m x b x С x P

T P P k y x

+ + =

 
+ + = − 

 

  
+ = − + −  

  















 (13) 

 

Neglecting the terms with 
4 , we write the 

characteristic equation for the system (13) 
 

( )( )( )

( ) ( )( )

2 2

2 2 2 2

1

1 0.

y y y x x x p

p x x x p y y y

m p b p C m p b p C T p

k m p b p C k m p b p C

+ + + + + +

+ + + + − + + =   

 

 
Noting that all coefficients of this equation are 

positive, the closed dynamic system will be stable if 
two conditions are met: 

 
( )

( ) ( )

2 1 2 0 3

2

4 2 3 4 2 5 1 4 0 5

0,

0,

a a a a

a a a a a a a a

 = −

 =  − − −




 

where: 

( )

( )

( ) ( )

( ) ( )

( )

0

1

2

2 2

3

2 2

4

2 2

5

,

,

,

1 ,

1 ,

1 .

y x p

y x p y x x y

p y x x y x y y x x y

p y x x y y x x y x y p x p y

p y x y x x y p x p y

y x p x p y

a m m T

a m m T m b m b

a T m C m C b b m b m b

a T b C b C m C m C b b k m k m

a T C C b C b C k b k b

a C C k C k C

=

= + +

= + + + +

= + + + + + + −

= + + + + −

= + + −

   

   

   

 

The calculation scheme of the closed dynamic 
system when combining the under-cutting and 
boring operations described above reflects the main 
feature of the system – the small difference between 

the angle   and π/2. Therefore, the ratio Px/Pz is 

large, and the oscillations in the system primarily 
manifest as device bending. 

To determine the total technological rigidity in 
the feed direction and to identify the role of the 
fixture in the overall rigidity balance, the following 
were measured: 

1) the relative displacements of the spindle flange 
and the fixture at a height of 340 mm from the table 
surface (Fig. 5a); 

2) the displacements of the fixture relative to the 
table at heights of 180 mm and 340 mm from the 
table surface (Fig. 5b). 
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Loading was carried out using a jack through a 
compression dynamometer positioned between the 
flange and the fixture. The force was increased 
stepwise from 50 kg to 150 kg. The displacements 
were measured using a microcator with a graduation 
of 0.2 μm. The microcator was mounted on a rigid 
base. 

 

 
а) 

 
b) 

Figure 5: Measurement of static rigidity: 
a) of the spindle flange and the fixture, and b) of the 

fixture relative to the table. 
 
Calculations of vibration resistance were 

performed to determine the fixture's flexibility when 
trimming the ends of steel and cast-iron workpieces. 
Rational values for fixture flexibility were 
determined to obtain optimal end-width values for 
stable cutting. Some results of the experiments and 
calculations are shown in Fig. 6. 
 

 
Figure 6: Limit values of the cut width for normalized 

fixtures 1 – EN-GJL-150 (EN); 2 – steel C45 (EN), 
points – experiment, curve – calculation.  

 
The results obtained are in good agreement with 

modern ideas about the dynamics of cutting 
processes and the role of elastic subsystems in the 
technological system. As shown in [1, 6], the stability 
of turning processes is largely determined by the 
ratio of stiffnesses and natural frequencies of the 
system elements, and regenerative effects are 
particularly enhanced at small cutting thicknesses 
and wide cutting edges. 

5. Discussion 
 
Discussion of experimental results on parameter 
variability when turning ends of different diameters 
on models with variable fixture stiffness reveals 
patterns of change in vibration stability during 
undercutting. The fixtures used in FBM for basing 
parts with undercut ends are often box-like 
structures reinforced with stiffening ribs.  

The dominant influence of the "part-fixture" 
subsystem identified in this work confirms the 
conclusions in [4] and [5], according to which, when 
machining parts with reduced rigidity, it is often the 
fixture that is the limiting factor in vibration 
resistance, even with high rigidity of the spindle 
assemblies [9]. 

The observed similarity of dynamic 
characteristics when cutting ductile and brittle 
materials is consistent with the results of works [3] 
and [23], which show that during thin cutting and at 
high speeds, the influence of the chip formation time 
constant decreases, and the process can be described 
by simplified dynamic characteristics. This confirms 
the possibility of using a single calculation model to 
assess vibration resistance when cutting the ends of 
parts made of different materials.  

It has been established that the geometry of the 
cutting tool, in particular the rake angle and the lead 
angle, has a significant influence on the magnitude of 
the main cutting force component [25]. 

The nature of the oscillations when trimming 
ends of different diameters also corresponds to 
known ideas about systems with variable 
parameters. When trimming the ends of parts with 
diameters of about 15 mm near the stability 
boundary, oscillations develop whose frequency is 
approximately equal to that of the elastic system [2]. 
These oscillations have practically the same 
amplitude within one revolution, and there are 
almost no traces of oscillations visible on the ends, 
which are evenly distributed over the machined 
surface.  

When cutting ends with diameters greater than 
40 mm, vibrations of variable amplitude are clearly 
visible, with a distinct maximum when the cutter is 
removed from the fixture. At the same time, traces of 
intense vibrations are clearly visible. These 
vibrations have low frequencies near the spindle 
rotation frequency and amplitudes of about 0.3–0.4 
μm. As the diameter of the end face increases, low-
frequency oscillations with variable amplitude 
appear, synchronized with the spindle rotation, as 
previously noted when machining thin-walled and 
large-sized parts [4, 22]. 

Thus, the results of this study not only confirm 
the known provisions of cutting dynamics theory but 
also extend them to the operations of undercutting 
free and internal ends with wide-bladed cutters. The 
obtained dependencies enable a reasonable selection 
of fixture parameters and cutting modes to ensure 
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stable, high-quality machining on finishing and 
boring machines. 

 

6. Conclusions 
 
As a result of the theoretical and experimental 
studies conducted, the patterns of vibration stability 
during trimming of free and internal ends with wide-
bladed cutters on finishing and boring machines 
have been established for the first time. 

Furthermore, it has been established that the 
variability of the dynamic system parameters, driven 
by changes in the cutting zone position and fixture 
flexibility, often decisively influences the stability of 
the end-trimming process. This is particularly 
evident when machining large-diameter ends, where 
the effective stiffness of the "part-fixture" subsystem 
changes during a single revolution of the part. 

The similarity of the dynamic characteristics of 
the cutting process during the machining of ductile 
and brittle materials has been experimentally 
confirmed. Based on a comparison of the amplitude-
phase frequency characteristics obtained during the 
fine turning of steel and cast iron under forced-
vibration conditions, it is shown that at cutting 
speeds of about 2.0–2.5 m/s, the dynamic 
characteristics of the cutting process for both 
materials can be described by a simplified model. 

An analysis of the parameters of spindle 
assemblies and standardized fixtures used for end 
trimming with wide-bladed cutters on FBM shows 
that the axial rigidity of spindle assemblies (400–500 
MN/m) is 3–4 times greater than the axial rigidity of 
the fixtures in the feed direction. Moreover, the 
vibration frequencies of the fixtures (90–180 Hz) are 
half those of the spindle heads (300–400 Hz). 
Therefore, the relative movements of the workpiece 
and tool are mainly determined by the movements of 
the "part-fixture" subsystem. 

The minimum permissible axial rigidity of 
fixtures required to ensure stable trimming of the 
ends of steel and cast-iron parts has been 
experimentally established. It has been shown that 
when the width of the trimmed free end is up to 6 
mm, the axial rigidity of the fixture must be at least 
200 N/μm. It is recommended to perform end 
trimming on special box-type fixtures reinforced 
with stiffening ribs, thereby significantly increasing 
the process's vibration resistance. 
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