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COMPARATIVE ANALYSIS OF BEAM AND PLATE
MODELS IN ASSESSING THE COMPLIANCE OF A
THIN-WALLED CANTILEVER PLATE DURING MILLING

A. Tkau, 1. [Ipoxonosuy, JI. Bognecpa. T1opiBHSIJIbHMIT aHAJI3 0a10YHOI Ta MUIACTHHYACTOI MoJeJiell NMPH OWiHLI MOJATIMBOCTI
TOHKOCTiHHOT KOHCOJIBHOI IVIACTHHY Y Tpoueci (ppezepyBanHsi. Y poOOTI pO3IIsAaeThCs 3aBIaHHS OLIHKH JIOKAIBbHOT OJaTINBOCTI TOHKOT
KOHCOJIBHO 3aKpIIUICHOI CTaJIeBOI INIACTHHY B IpoLeci hpe3epyBaHHs 3 ypaxyBaHHSM HEPEMILICHHs] TOYKH 3aCTOCYBAHHSI CHIIOBOTO BILIHBY
B3/IOBXK TPAEKTOPil 0OpOOKH. AKTyalbHICTh HOCITIIKEHHS 00YMOBJICHA UIMPOKHM 3aCTOCYBAaHHSIM CIPOLICHHX OJHOBHMIPHHX MoOJeneil y
[PAKTULI [POCKTYBAHHS TEXHOJOTIYHHUX INPOLECIB (pe3epyBaHHsS MAIOKOPCTKHX JACTajle, [0 CHCTEMAaTHYHO MPH3BOAUTH JO MOXHOOK
OLIIHKU JIOKAJIBHOI JKOPCTKOCTI 1, SIK HACHIJOK, IO (OpMyBaHHS HAJMIPHO KOHCEPBATHBHHX PEXHMIB pi3aHHA. BHKOHAHO NOPIBHSHHS
oqHOBUMIpHOI (0aouHoi) Ta JBOBHMIpHOI (IUIACTHHYACTOI) MOJeNel aAeopMyBaHHs: y OanovHii MOZIEN IIACTHHA PO3TILIIAETHCS SIK
KOHCOJIbHA Oalika TOCTIHHOrO MOIEPEeYHOro Mepepidy, MPOTHH SKOI BH3HAYAECTHCS AHANITHYHO HA OCHOBI KJIACHYHUX PIBHSIHB OMODPY
MarepiaiB; y IUIACTUHYACTIH MoJeni BHKOpUCTOBYeThesi Teopis Kipxroga-JIssa, sika BpaxoBye ABOBHMIpHHMII po3mozin aedopmarii,
B3a€MOJIII0 BUTHHIB 3a JBOMa KOODAMHATAMU Ta pealibHi KpaoBi yMOBH 3akpiluieHHS. J[0 KOXKHOTO IOJIOKEHHS IHCTPYMEHTY B3IOBXK
TpaekTopii 0OpoOKH BHU3HAYANIACS JIOKAJIbHA MOJATIMBICTE Y MeXax 000X MOJENei, M0 JO3BONIIO BUKOHATH iX Oe3mocepeHe KilbKicHe
nopiBHsiHHL. [10Ka3aHO, 110 OJHOMIpPHA MOJEIb CHCTEMAaTHYHO 3aBHIIYE 3HAYCHHS IIPOTHHY i 3aHIXKYE JIOKAIbHY KOPCTKICTh, 0COOJINBO Ha
JiISHKaX 0OpOoOKM Y3[I0BXK BUIBHOTO Kparo IUTACTHHH, IO MPH3BOAUTH 10 3aHIKCHHS PO3PAaXyHKOBOI IPAHUYHOI 1mojadi Ta GopMyBaHHS
HaIMIPHO OOEPEeKHUX TEXHOJIOTTYHHX MapaMerpiB. JIBOBHMipHA MOIETh KOPEKTHO BpPAaxoBye Mepepo3moain aedopmariii Ha MOBEpXHi
IUIACTHHH, (POPMY€E NPOCTOPOBY KapTHHY MOJATIMBOCTI SIK (QYHKIIIO IBOX KOOPIHMHAT i BioOpakae peasbHi XapaKTePHCTUKH YKOPCTKOCTI
3HAYHO To4HinIe. [1opiBHsIBHUIT aHAII3 IEMOHCTPYE MPUHIMIIOBI BIAMIHHOCTI B OLIHI{ BiGpOHeOe3MeuHnX 30H, MATBEPIKY€E HEOOXiAHICTD
3aCTOCYBaHHS IUIACTUHYACTUX MOAENEHl NMPH PO3paxyHKy aJalTHBHUX PEXHUMIB ()pe3epyBaHHsS TOHKOCTIHHMX KOHCOJIBHHX €JIEMEHTIB Ha
Bepcrarax 3 UIIK Ta BigkpHBac MOXIIMBICTG IiJBUIEHHS IPOIYKTHBHOCTI 06pOOKHU 0e3 301IbIIEHHs PU3UKY BUHUKHEHHSI aBTOKOJINBAHb.

Kunrouosi cnoea: TOHKA IJIaCTHHA, MOAATIMBICTh, IPOTHH, )KOPCTKICTB AeTai, (ppe3epyBaHHs, BiOpallii, IBOBUMiIpHA MOJEIb, TPAEKTOPIS
00poOKH

A. Tkach, 1. Prokopovich, L. Bovnegra. Comparative analysis of beam and plate models in assessing the compliance of a thin-
walled cantilever plate during milling. In this paper, the problem of evaluating the local compliance of a thin, cantilever-fixed steel plate
during milling is considered, accounting for the displacement of the force application point along the machining trajectory. The relevance of
the study stems from the widespread use of simplified one-dimensional models in the design of milling processes for low-rigidity parts, which
systematically lead to errors in assessing local stiffness and, consequently, to excessively conservative cutting conditions. A comparison of
one-dimensional (beam) and two-dimensional (plate) deformation models is performed: in the beam model, the plate is treated as a cantilever
beam of constant cross-section, the deflection of which is determined analytically based on classical strength-of-materials equations; in the
plate model, the Kirchhoff-Love theory is used, accounting for the two-dimensional distribution of deformations, the interaction of bending in
two coordinate directions, and the actual boundary conditions of the fixation. For each position of the tool along the machining trajectory, the
local compliance was determined within both models, enabling their direct quantitative comparison. It is shown that the one-dimensional model
systematically overestimates deflection and underestimates local stiffness, particularly along the plate’s free edge, leading to an
underestimation of the calculated limiting feed rate and overly conservative process parameters. The two-dimensional model correctly accounts
for the redistribution of deformations over the plate surface, produces a spatial compliance map as a function of two coordinates, and reflects
the actual stiffness characteristics with significantly greater accuracy. The comparative analysis reveals fundamental differences in the
assessment of vibration-prone zones, confirms the need to apply plate models when calculating adaptive milling conditions for thin-walled
cantilever elements on CNC machines, and opens the possibility of increasing machining productivity without increasing the risk of chatter.

Keywords: thin plate, compliance, deflection, workpiece stiffness, milling, vibrations, two-dimensional model, machining trajectory

1. Introduction

The milling of thin-walled structures is accompanied by significant elastic deformations caused by
the low stiffness of the workpiece. The elasticity of thin plates can lead to form-making errors, vibration,
reduced surface quality, and limited cutting productivity. As the cutting tool moves along the processing
trajectory, the position of the resultant force application point changes, as does the stiffness of the “ma-
chine-tool-workpiece” system. To select appropriate cutting parameters and assess vibration hazard
zones, it is necessary to determine the part's local compliance based on the cutter's position. In practice,
simplified one-dimensional models are often used, treating a thin plate as a cantilever beam with a
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constant cross-section. This approach is computationally simple but ignores stress redistribution in the
direction of the plate's width and the peculiarities of bending interaction in two coordinates. However,
the analysis showed that the one-dimensional approach significantly underestimates stiffness in several
characteristic zones, particularly along the free edge.

The purpose of this study is to compare a one-dimensional beam model and a two-dimensional
plate deflection model for a thin cantilever plate, to identify key differences in compliance results, and
to show how the choice of model affects the assessment of vibration hazard and the stability of the
milling process.

2. Literature analysis

The problems of calculating the stress-strain state of thin plates and their behavior under the influ-
ence of local loads are widely presented in the scientific literature [1-3]. The classical works of Timo-
shenko and Voinovsky-Krieger laid the foundations of the theory of plates and shells, describing the
relationships among bending, curvature, and stiffness characteristics of thin-walled elements. Later, the
development of two-dimensional models continued in the studies of Reddy and other authors, who fo-
cused on refined theories of deformation and the effect of transverse shear, which is especially important
for thin plates.

Modern research focuses on modeling the deflection and vibration of thin-walled elements under
the influence of concentrated or moving loads. In the works of Sanz-Calle et al., the conditions for the
occurrence of self-oscillations during milling of thin walls are considered, which are close to the condi-
tions of technological loading of the cantilever plate [4]. Deliyianni et al. investigated the dynamic equa-
tions of motion of thin plates and beams, accounting for large deformations, which is important for
describing the vibrational behavior of low-rigid elements under periodic loads [5]. Kurpiel et al., on the
other hand, emphasize the importance of analyzing vibration signals directly when milling thin-walled
parts made of low-rigid materials [6]. The research by Llanos et al. complements this picture by model-
ing deformation errors in the processing of thin-walled structures [7]. Qin et al. analyzed the dynamic
response of a thin plate with a partially applied constrained damping layer under moving loads [8].

Particular attention is paid to the influence of real geometry, anisotropy, and variable stiffness on
the distribution of deflection, as well as the specifics of the dynamic response of plates under loads [1,
3,9, 10]. For example, Ghaemifard and Ghannadiasl systematize problems with moving loads for beams
and plates and emphasize the importance of accounting for the load trajectory and nature when assessing
vibration loading of thin-walled elements [9]. Pini et al. have shown that two-dimensional bending can
significantly increase the effective stiffness of thin plates [1]. At the same time, Rodriguez's work
demonstrates how midsurface geometry and variations in stiffness distribution affect the shape of plates
deformation [3]. The work of Wang et al. establishes a relationship between the multi-frequency dy-
namic model and the milling stability of thin-walled parts, emphasizing the influence of mode shapes
and cutting forces on vibration development [10].

Regarding the problems of milling thin-walled parts, the research by Llanos et al. on the modeling
of geometric shape error due to part deformation [7] is relevant, and Sanz-Calle et al. consider the con-
ditions for self-oscillations during the processing of thin plates [4]. Studies by Zelinskyi, Morozov, and
Serebriy have shown the effect of wall thinness on the process's resistance to vibration [11].

A separate line of research is associated with methods for suppressing self-excited vibrations and
optimizing cutting conditions for low-stiffness parts. In the previous studies by Tkach et al., an approach
to controlling the milling conditions of thin-walled cantilever plates was proposed, based on indirect
indicators, in particular the plate deflection, using a one-dimensional model. In these works, the possi-
bility of adjusting cutting parameters by modulating the feed was demonstrated, with the aim of stabi-
lizing the process and reducing the amplitude of regenerative vibrations [12]. In the study by Qin et al.,
it was proposed to coordinate feed planning with harmonic modulation of spindle speed in order to
simultaneously suppress regenerative vibrations and increase cutting productivity [13]. Tonkonohyi et
al. consider ways of implementing vibration suppression techniques in the machining of parts on CNC
machines [14].

The analysis shows that most studies either examine plates under static or dynamic loads, or ana-
lyze vibrations during milling. Still, few compare one-dimensional and two-dimensional compliance
models for moving process loads. This confirms the need for a systematic analysis of both models and
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an assessment of their impact on the accuracy of local stiffness determination when milling thin-walled
cantilever plates.

3. Purpose of research

The purpose of this study is a comparative analysis of two alternative approaches to modeling the
compliance of a thin-walled cantilever plate under a concentrated force load: a one-dimensional beam
model based on the classical equations of material resistance, and a two-dimensional plate model built
within the framework of the classical Kirchhoff-Love plate theory and taking into account the distribu-
tion of deformations over the entire area of the plate. During the work, local compliance was determined
at each point along the tool path for both models, enabling a direct quantitative comparison. The results
obtained are aimed at identifying the degree of discrepancy between the models at different tool posi-
tions, assessing the impact of this discrepancy on the calculation of the maximum feed, and, as a result,
on the possibility of a reasonable increase in the productivity of machining low-rigid cantilever elements
without increasing the risk of self-oscillation.

4. Research method

To describe the deflection of thin plates, the classical Kirchhoff-Love theory is used. The deflection
w(x, y) is determined by the solution of a fourth-order differential equation, which takes into account
the interaction of bends in the x and y directions [2, 3].

The expression determines the stiffness of a plate:

ER’

D:m, (D

where: E is the modulus of elasticity,

h is the thickness of the plate,

v is Poisson’s ratio.

Basic Equations

Within the framework of the Kirchhoff-Love theory, the equation for the bending of the plate is
given as:

o'w o'w  o'w
4 +2 242 + 4
ox ox 0y° Oy
here, the operator is a fourth-order bilinear Laplace operator acting on the deflection function.

Concentrated Power
If the load on the plate is the concentrated force £ acting at (xo, }o), the right side of the equation

J =q(x,y), 2

is:
q(x,y) = F.8(x —x,)8(y = ,) - 3

Boundary Conditions
Pinched edge (edge x=0):
w(0,y)=0;

q(x,y) = F.8(x —x,)8(y — ,) -

Free Edge (Other Three Sides):
Zero bending moments and shear forces:

2 2
M_=-D S—V;+v6vf =0;
ox oy
2 2
M;—D[i?wivszo;
Y o 4)

0, =D (VPw)=0;
' ox

0, = —DE(VZW) =0.
) 6y
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Problem formulation and modeling conditions
To conduct a comparative analysis of the beam and plate models, a thin rectangular steel plate is
considered, cantilevered and fixed along one of the short edges (see Fig. 1).

Fig. 1. Cantilever plate geometry, coordinate system, and toolpath A-B-C with concentrated force F:.

Geometric parameters

The plate has the following dimensions:

— length L,=60 mm;

— width L,=40 mm;

— thickness #=3 mm.

The material is structural steel with an elastic modulus £=2.1x10° MPa and a Poisson’s ratio
v=0.3.

Pinching is carried out along the x=0 line, the other three edges are free.

Nature of the load

During the milling process, a concentrated force F- is applied to the insert at the point of contact
between the tool and the part surface. In a static approximation, the load is modeled as a concentrated
force moving along a given path.

The toolpath is taken as a polyline A—B—C (Fig. 1):

— section A—B — motion along the length of the plate at y=0;

— section B—C — movement along the free edge at x=L..

Thus, the coordinates of the point of force application change as follows:

—section A—»B:x=S8,y=0,0<S5<Ly;

—section B—C:x=L,,y=S5,0<S<L,
where S is the current coordinate of the instrument position.

Beam Model

In the beam model, the plate is considered as a cantilever beam of length L, with a constant moment

of inertia (Fig. 2, a):
bh’
I=—, 5
T (3

where b=L, is the width of the plate.

Fz : E
xy) !
i w=w(x, )

I z ! O(x, y) = wiFz
L)\

a b

Fig. 2. Calculation schemes: a — the beam model of the cantilever plate with the concentrated force F-; b — the
plate bending model with the distribution of deflection w(x, y) and compliance &(x, y)
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The expression determines deflection under the action of a concentrated force:

Fx’
=—=—@3L —x). 6
w(x) 6EI( . —X) (6)
Compliance is defined as:
w(x)

o(x)=——=. 7
(x) F (7)

This model assumes no redistribution of deformation across the width.

Plate model

In the lamellar model (Fig. 2, b), a two-dimensional boundary bending problem is solved, taking
into account all the boundary conditions given in Section 3. Deflection is defined as a function of two
coordinates:

w=w(x, y).

Compliance at the point of force application is calculated as:
WXy, ¥,)
5(3509)’0):#5 (8)
E,
which allows you to take into account the tool’s position in both the length and width of the insert.

Model Comparison Criterion
For quantitative analysis, a relative discrepancy is introduced:

6beam (x9 y) - 8plate (x7 y)
n(x,y) =
6platc (‘x7 y)

This parameter shows the percentage of overalignment when using a beam model.

5. Results

Numerical simulation is performed for the sequential movement of a concentrated force along the
trajectory A—B—C. For each tool position, local compliance was determined using the beam and plate
models.

Section A—B (traffic along the length)

In the first leg of the toolpath, the tool moves along the x-axis with y fixed at 0.

In the beam model, the deflection is determined by the function:

100%. 9)

2

w(x) = 6Fljfl (3L —x). (10)

The analysis shows that:

— the deflection increases nonlinearly as it moves away from the pinching;

— the maximum is reached at x=L,;

— the nature of the change is consistent with the cubic dependence.

In the lamellar model, an increase in deflection is also observed, but the absolute values are lower.
This is because some of the bending energy is redistributed along the plate’s width.

The relative discrepancy between the models in section A—B is:

— in the middle zone — 18...25%:;

— near the free edge — up to 30%.

Thus, even in the first section, the beam model systematically overestimates compliance (Fig. 3, a).

Section B—C (movement along the free edge)

In the second section, the x=Lx coordinate remains constant, and the tool moves along the width
of the plate.

In the beam model, the compliance in a given section is assumed to be constant because it depends
only on the x-coordinate. Therefore, the model predicts a constant deflection along the entire B—C line.

In the plate model, the situation is fundamentally different:

— at a distance from the corner zone, the deflection decreases;

— the distribution of deformation acquires a spatial character;
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— the maximum deflection is observed near the middle of the side B-C, and not along the entire line.
The difference between models in the B—C section ranges from 40...60% (Fig. 3, b).

This is because the beam scheme completely ignores bend interactions in the y-direction, whereas
in the real plate, curvature is redistributed in two directions.

1.989 max &

1.440+

2 o 3
1.080 1.821 7

o \
; AS =22%

Beam model

8(S), mm/kN
&(S), mmkN
~
-

0.720 - == Plate model

0.360 1

Beam model
= = = Plate model

0.000
(

10 20 30 40 50 60 0 5 10 15 20

A B B

25 30 35 40
S, mm

S, mm ¢
a b
Fig. 3. Compliance & dependent on the coordinate of the S tool: @ — along the section A—B; b — along the section
B-C, comparison of the beam and plate models

The nature of the distribution of compliance
If you think of compliance as a function of the position of the tool:
— in the beam model, the dependence is one-dimensional;

— in the lamellar model, a 8(x, y) surface is formed with a pronounced maximum in the angular
zone.

Thus, the beam model:

— overestimates the zone of maximum compliance;

— expands the vibration hazard area;

— understates the part’s actual rigidity.

The plate model provides a more localized picture of deformations and accurately captures the
change in compliance as the tool is moved.

Engineering Interpretation of Results

From a practical point of view, the data obtained mean the following:

1. When using a beam model, cutting data are selected with excessive care;

2. Overestimating compliance leads to a 10...20% decrease in feed;

3. In real-world conditions, the plate is more stable than predicted by the simplified model.

Consequently, using a plate model allows you to determine permissible milling modes more accu-
rately without the risk of self-oscillation.

Impact of Model Selection on Stability Assessment

The assessment of the part’s compliance is directly related to the analysis of the cutting process’s
stability. Under milling thin-walled elements, the system’s dynamic behavior is determined by the com-
bined stiffness of the machine-tool-part subsystems. At the same time, the part’s rigidity is often the
determining factor in the occurrence of self-oscillations.

The amplitude of forced oscillations in the first approximation is proportional to the compliance of
the system:

A~F5. (11)

where: 4 is the amplitude of oscillations;
F. — concentrated force;
& — local compliance.
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Consequently, overestimation of compliance in calculations leads to the prediction of higher oscil-
lation amplitudes and the formation of excessively conservative processing modes.

Influence of Model Error on Maximum Feed Calculation

In linear stability theory, the critical depth of cut or feed is inversely proportional to the compliance
of the part:

a. ~1/8. (12)

If the beam model overestimates compliance by 40%, the calculated maximum depth of cut is
underestimated. This means a loss of potential productivity.

Thus:

— when using a beam model, the zone of instability is extended;

— the plate model demonstrates a more compact vibration hazard area;

— the real margin of stability is higher than predicted by a simplified calculation.

Spatial nature of vibration hazard zones

The beam model predicts the same compliance along the B—C line, thereby forming an extended
vibration-hazard region at the free edge.

The plate model shows:

— maximum compliance is concentrated;

— when displaced along the width, the compliance decreases.

The vibration hazard zone is localized rather than spreading along the entire edge.

This is of fundamental importance when developing adaptive strategies to adjust the feed along the
toolpath.

Practical conclusions for the technologist

1. A beam model can be used for preliminary evaluation.

2. To calculate the limit modes near the free edge, a plate model is required.

3. Using a two-dimensional approach allows you to increase the flow rate without compromising
stability.

4. Potential productivity gains of 10...20% while maintaining surface quality.

Conclusions

A comparative analysis of beam and plate models is conducted to assess the compliance of a thin-
walled cantilever plate during milling. Based on theoretical and numerical research, the following results
were obtained.

1. It has been established that the beam model systematically overestimates the deflection values
in comparison with the lamellar model, especially when the point of force application is removed from
the pinch line.

2. In the section of tool movement along the free edge, the discrepancy between the models reaches
40...60%, which is due to the absence of redistribution of deformations along the width of the plate in
the beam scheme.

3. The plate model reflects the spatial nature of the bending and allows you to determine the real
local compliance as a function of two coordinates d(x,).

4. Overestimation of compliance in a beam model leads to an underestimation of the calculated
lcutting limits and the formation of overly conservative technological parameters.

5. The use of a plate model in the calculation of the stability of the milling process of thin-walled
elements makes it possible to clarify the position of vibration hazard zones and increase machining
productivity by 10...20% without increasing the risk of self-oscillation.

The results confirm the utility of two-dimensional bending models for developing adaptive strate-
gies to control the milling modes of thin-walled cantilever plates.

JlitepaTypa

1. How two-dimensional bending can extraordinarily stiffen thin sheets / V. Pini, J. J. Ruz, P. M. Kosaka,
O. Malvar, M. Calleja, J. Tamayo. Scientific Reports. 2016. Vol. 6. Art. 29627. DOI:
https://doi.org/10.1038/srep29627.

MEXAHIYHA IHXXEHEPISI TA MAIHMHOBY IYBAHHS / MECHANICAL ENGINEERING AND MACHINE BUILDING



18

ITpami Onmeckkoro moJiTeXHIYHOTO YHiBepcuTeTy, 2026. Bum. 1(73) ISSN 2076-2429 (print)
Proceedings of Odessa Polytechnic University, Issue 1(73), 2026 ISSN 2223-3814 (online)

10.

11.

12.

13.

14.

. Domagalski L., Kowalczyk 1. Optimization and analysis of plates with a variable stiffness distribution in

terms of dynamic properties. Materials. 2025. Vol. 18, no. 9. Art. 2150. DOI:
https://doi.org/10.3390/ma18092150.

. Rodriguez C. A midsurface elasticity model for a thin, nonlinear, gradient elastic plate. International

Journal of  Engineering Science. 2024. Vol. 197. Art. 104026. DOI:
https://doi.org/10.1016/j.ijjengsci.2024.104026.

. Semi-analytical period-doubling chatter analysis in thin wall milling / M. Sanz-Calle, J. Munoa, A.

Iglesias, L. N. Lopez de Lacalle, Z. Dombovari. MM Science Journal. 2021. Vol. 2021, no. 5. P. 5126—
5133. DOL: https://doi.org/10.17973/MMSJ.2021 11 2021167.

. Dynamic equations of motion for inextensible beams and plates / M. Deliyianni, K. McHugh, J. T.

Webster, E. Dowell. Archive of Applied Mechanics. 2022. Vol. 92, no. 6. P. 1929-1952. DOI:
https://doi.org/10.1007/s00419-022-02157-7.

. Evaluation of the Vibration Signal during Milling Vertical Thin-Walled Structures from Aerospace

Materials / S. Kurpiel, K. Zagorski, J. Cieslik, K. Skrzypkowski, W. Brostow. Sensors. 2023. Vol. 23, no.
14. Art. 6398. DOI: https://doi.org/10.3390/s23146398.

. Deflection error modeling during thin-wall machining / I. Llanos, A. Robles, J. Condén, M. Arizmendi,

A. Beristain. Procedia CIRP. 2023. Vol. 117. P. 169-174. DOI:
https://doi.org/10.1016/j.procir.2023.03.030.

. Dynamic response analysis of a thin plate with partially constrained layer damping optimization under

moving loads for various boundary conditions / Y. Qin, Q. Song, Z. Liu, J. Shi. Applied Sciences. 2021.
Vol. 11, no. 7. Art. 3282. DOI: https://doi.org/10.3390/app11073282.

. Ghaemifard S., Ghannadiasl A. A review of moving-load dynamic problems: Specialized modeling for

beam and plate vibrancy. Journal of Vibration Engineering & Technologies. 2025. Vol. 13, no. 5. P. 280—
309. DOL: https://doi.org/10.1007/s42417-025-01837-2.

Wang X., Song Q., Liu Z. Dynamic model and stability prediction of thin-walled component milling with
multi-modes coupling effect. Journal of Materials Processing Technology.2021. Vol. 2(88). Art. 116869.
DOI: https://doi.org/10.1016/j.jmatprotec.2020.116869.

Zelinskyi S. A., Morozov Yu. A., Serebriy Yu. A. Mathematical model of process of contour milling of
nonrigid details. Proceedings of Odessa Polytechnic University. 2015. Vol. 1(45). P. 28-33. DOI:
https://doi.org/10.15276/0pu.1.45.2015.06.

Control of the milling mode of a thin-walled console plate by indirect indicators / A. Tkach, I. Sydorenko,
L. Prokopovych, V. Kurhan, A. Toropenko. Proceedings of Odessa Polytechnic University. 2025. Vol.
1(71). P. 39-45. DOI: https://doi.org/10.15276/0pu.1.71.2025.04.

Chatter suppression with productivity improvement by scheduling a C3 continuous feedrate to match
spindle speed variation / X. Qin, M. Wan, W.-H. Zhang, Y. Yang. Mechanical Systems and Signal
Processing. 2023. Vol. 1(88). Art. 110021. DOI: 10.1016/j.ymssp.2022.110021.

Methods for implementing vibration suppression in machining parts on CNC machines / V. M.
Tonkonohyi, S. A. Zelinskyi, V. A. Vodichev, V. V. Natalchyshyn, A. Z. Tkach. Proceedings of Odessa
Polytechnic University. 2017. Vol. 1(51). P. 34-39. DOI: https://doi.org/10.15276/0pu.1.51.2017.07.

References

1

. Pini, V., Ruz, J. J., Kosaka, P. M., Malvar, O., Calleja, M., & Tamayo, J. (2016). How two-dimensional

bending can extraordinarily stiffen thin sheets. Scientific Reports, 6, 29627. DOI:
https://doi.org/10.1038/srep29627.

. Domagalski, L., & Kowalczyk, 1. (2025). Optimization and analysis of plates with a variable stiffness

distribution in  terms of  dynamic  properties.  Materials,  1(89), 2150. DOI:
https://doi.org/10.3390/ma18092150.

. Rodriguez, C. (2024). A midsurface elasticity model for a thin, nonlinear, gradient elastic plate. Elasticity

Theory  International  Journal  of  Engineering  Science, 1(97), 104026. DOI:
https://doi.org/10.1016/].ijengsci.2024.104026.

. Sanz-Calle, M., Munoa, J., Iglesias, A., Lopez de Lacalle, L. N., & Dombovari, Z. (2021). Semi-analytical

period-doubling chatter analysis in thin wall milling. MM Science Journal, 2021(5), 5126-5133. DOI:
https://doi.org/10.17973/MMSJ.2021 11 2021167.

. Deliyianni, M., McHugh, K., Webster, J. T., & Dowell, E. (2022). Dynamic equations of motion for

inextensible beams and plates. Archive of Applied Mechanics, 9(26), 1929-1952. DOI:
https://doi.org/10.1007/s00419-022-02157-7.

MEXAHIYHA IH)XXEHEPISI TA MAILIMHOBY IYBAHHS1 / MECHANICAL ENGINEERING AND MACHINE BUILDING



19

ISSN 2076-2429 (print) [Tpani Onmecykoro nomiTexHiYHOTO YHiBepcuteTy, 2026. Bum. 1(73)
ISSN 2223-3814 (online) Proceedings of Odessa Polytechnic University, Issue 1(73), 2026
6. Kurpiel, S., Zagorski, K., Cieélik, J., Skrzypkowski, K., & Brostow, W. (2023). Evaluation of the

10.

11.

12.

13.

14.

Vibration Signal during Milling Vertical Thin-Walled Structures from Aerospace Materials. Sensors,
23(14), 6398. DOL: https://doi.org/10.3390/s23146398.

. Llanos, 1., Robles, A., Condon, J., Arizmendi, M., & Beristain, A. (2023). Deflection error modeling

during thin-wall machining. Procedia CIRP, 1(17), 169-174. DOI:
https://doi.org/10.1016/j.procir.2023.03.030.

. Qin, Y., Song, Q., Liu, Z., & Shi, J. (2021). Dynamic response analysis of a thin plate with partially

constrained layer damping optimization under moving loads for various boundary conditions. Applied
Sciences, 1(17),3282. DOI: https://doi.org/10.3390/app11073282.

. Ghaemifard, S., & Ghannadiasl, A. (2025). A review of moving-load dynamic problems: Specialized

modeling for beam and plate vibrancy. Journal of Vibration Engineering & Technologies, 13(5), 280—
309. DOI: https://doi.org/10.1007/s42417-025-01837-2.

Wang, X., Song, Q., & Liu, Z. (2021). Dynamic model and stability prediction of thin-walled component
milling with multi-modes coupling effect. Journal of Materials Processing Technology, 2(88), 116869.
DOI: https://doi.org/10.1016/j.jmatprotec.2020.116869.

Zelinskyi, S. A., Morozov, Yu. A., & Serebriy, Yu. A. (2015). Mathematical model of process of contour
milling of nonrigid details. Proceedings of Odessa Polytechnic University, 1(45), 28-33. DOI:
https://doi.org/10.15276/0pu.1.45.2015.06.

Tkach, A., Sydorenko, 1., Prokopovych, 1., Kurhan, V., & Toropenko, A. (2025). Control of the milling
mode of a thin-walled console plate by indirect indicators. Proceedings of Odessa Polytechnic University,
1(71), 39-45. DOI: https://doi.org/10.15276/opu.1.71.2025.04.

Qin, X., Wan, M., Zhang, W.-H., & Yang, Y. (2023). Chatter suppression with productivity improvement
by scheduling a C3 continuous feedrate to match spindle speed variation. Mechanical Systems and Signal
Processing, 1(88), Article 110021. DOI: 10.1016/j.ymssp.2022.110021.

Tonkonohyi, V. M., Zelinskyi, S. A., Vodichev, V. A., Natalchyshyn, V. V., & Tkach, A. Z. (2017). Ways
of implementation of vibrations suppression methods at parts machining with CNC machine tools.
Proceedings of Odessa Polytechnic University, 1(51), 34-39. DOI:
https://doi.org/10.15276/0pu.1.51.2017.07.

Trau Augpiii Kop:xoBuu; Andrew Tkach, ORCID: https://orcid.org/0009-0002-3632-1159
[poxonosuy Irop Banentunouy; Thor Prokopovych, ORCID: https://orcid.org/0000-0002-8059-6507
BosHerpa Jlo6os BitaaiiBaa; Liubov Bovnegra, ORCID: https://orcid.org/0000-0003-0429-2916

Received March 13, 2026
Accepted April 16, 2026
Published July 30, 2026

MEXAHIYHA IHXXEHEPISI TA MAIHMHOBY IYBAHHS / MECHANICAL ENGINEERING AND MACHINE BUILDING


https://doi.org/10.15276/opu.1.71.2025.04

