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3ACTOCYBAHHS MOJEPHI3OBAHOI TEXHOJIOI'TIi HOPHOBOI OGPOEKH JIETAJIEA
P BUCOKOIIIBUAKICHUX TPAEKTOPIAX

Jhyybkuii nayionanvhuti mexuiunuil ynisepcumem’

Myxkauiscokuii depacasnuil yrnisepcumen’

Y cmammi nagedeno pezynomamu 00CnioyiceHHA 3ACMOCYS8AHHA MOOEPHI306aHOT MEXHON02II YOpHO60I 00POOKU
demaneil 3 GUKOPUCMAHHAM 6UCOKOWIBUOKICHUX mpaeckmopii incmpymenmy. Posenaoacmuvca ennue onmumizosanux
cmpameziit 00pooOKu Ha RPOOYKMuUHicms, AKicmo 00poonenol nosepxui ma 3noc incmpymenmy. Ilpoananizoeano nepesazu
ma oOMedxceHHA UKOPUCMARHA 0AHO20 NIOX00Y 011 NiOGUULEHHA eheKmUueHOCMI 6UPOOHUUUX nPOYECiE.

Key words: roughing, high-speed machining, tool path, performance, surface quality, tool wear.

Y. V. Muravinets, O.0. Ivanovsky, O.P. Kozar

APPLICATION OF MODERNIZED TECHNOLOGY OF ROUGH PROCESSING OF DETAILS
AT HIGH-SPEED TRAJECTORIES

The article presents the results of a study of the application of modernized technology of rough processing of parts using
high-speed tool trajectories. The impact of optimized machining strategies on productivity, quality of machined surface and tool
wear is considered. The advantages and limitations of using this approach to increase the efficiency of production processes are
analyzed.

Knrouoei cnosa: yopnosa obpodka, 6ucokousuoKicHa oOpodKa, Mpaekmopis IHCMpYMeHny, NpoOYKMUGHICMb, AKICIb
N06EepXHi, 3HOC ITHCMPYMEHMY.

Introduction. In the modern machine building industry, the requirements for productivity and quality
of workpiece processing are constantly growing. Roughing, as the initial stage, plays a key role in ensuring
the efficiency of the entire production cycle. It determines the subsequent processing stages, the accuracy
of the final dimensions and the surface quality of the product.

The use of high-speed machining (HSM) technologies in combination with optimized toolpaths opens
up new opportunities for significant productivity gains and production cost reductions. HSM allows for
shorter machining times, fewer tool passes and improved surface finish. This is achieved through the use
of high cutting speeds and feeds, as well as the use of specialized tools and equipment.

However, the effective use of these technologies requires a thorough understanding of their impact
on the cutting process, including tool wear and surface finish. High cutting speeds lead to an increase in the
temperature in the machining zone, which can accelerate tool wear and degrade surface quality. Therefore,
it is important to select the optimal cutting conditions, use efficient cooling and lubrication systems, and
use wear-resistant tool materials. In addition, optimizing toolpaths reduces tool stress, reduces vibrations,
and improves machining quality.

The purpose of this article is to study the application of the modernized roughing technology based
on the use of high-speed toolpaths and analyze its impact on key process parameters. An analysis of existing
research shows considerable interest in the use of HSS in various industries. The works of many authors
are devoted to optimizing toolpaths in order to minimize machining time, reduce vibrations, and improve
surface quality.

In particular, studies [1, 2] demonstrate the effectiveness of using trochoidal and spiral trajectories
for roughing complex contours. Modernization of roughing technologies includes not only optimization of
trajectories, but also the use of new cutting tools with improved characteristics, as well as adaptive strategies
for controlling the cutting process [3]. An important aspect is also the modeling of the cutting process to
predict forces, temperatures, and tool wear under different machining conditions and trajectories.

Research methodology. In this study, a series of experimental machining of parts from typical
structural materials was carried out on a high-speed machining center.
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Various roughing strategies have been used, including traditional rectilinear passes and modernized
high-speed trajectories (trochoidal, spiral). During the experiments, the following parameters were
monitored and recorded:

1.Cutting speed and tool feed.

The cutting speed is the speed of movement of the tool's cutting edge relative to the surface being
machined. It is measured in meters per minute (m/min) and is one of the main parameters of the cutting
mode. Increasing the cutting speed usually leads to an increase in machining performance, but it can also
lead to increased tool wear and an increase in temperature in the cutting zone.

Tool feed is the speed of movement of the cutting tool relative to the workpiece in the direction
perpendicular to the cutting direction. It is measured in millimeters per revolution (mm/rev) or millimeters
per minute (mm/min). Tool feed affects the thickness of the cut layer, cutting force, and surface finish.
Increasing the feed rate usually leads to higher productivity, but it can also lead to poorer surface finish and
increased tool stress.

2.Cutting depth (axial and radial).

The depth of cut is a parameter that determines how deeply the cutting tool penetrates the material
being processed. There are two main types of cutting depths: axial and radial.

Axial depth of cut: this is the distance the cutting tool penetrates the material along its axis. For
example, in turning, this would be the depth to which the cutter cuts into the workpiece in one pass. In
milling, it is the depth to which the cutter plunges into the material in a direction parallel to the axis of
rotation of the cutter.

Radial depth of cut: this is the distance that the cutting tool cuts into the material in a direction
perpendicular to its axis. In turning, there is no radial depth of cut.In milling, it is the width of the cut layer
of material perpendicular to the direction of the cutter feed. Both of these parameters are important when
selecting cutting modes, as they affect cutting force, tool wear, machined surface quality, and process
performance.

3. Processing time for each part.

4. Roughness of the treated surface (Ra, Rz). Machined surface roughness is the micro-irregularities
formed on the surface of a part during machining by cutting, pressure, etc. These irregularities can have
different shapes, heights, and pitches, and they affect the performance properties of the part, such as wear
resistance, strength, tightness, and appearance.

5. Wear of the cutting tool (behind the back surface). Cutting tool wear is the gradual deterioration of
the cutting edge of a tool during the cutting process, which leads to a loss of its cutting properties. Wear
can manifest itself in the form of wear, chipping, plastic deformation, and other types of damage.

6. Spindle power consumption. Spindle power consumption is the amount of energy that the
machine's spindle (shaft) uses to perform a machining operation. This parameter is measured in watts (W)
or kilowatts (kW) and reflects the load on the spindle drive during cutting. Factors that affect spindle power
consumption:

- cutting speed;

- feed rate;

- depth of cut;

- workpiece material;

- type of cutting tool;

- cutting mode.

The methods of mathematical statistics and comparative analysis were used to analyze the obtained
data. A visual examination of the machined surfaces and tool wear was also carried out using an optical
microscope.

Research results. The results of the conducted experiments showed that the use of modernized high-
speed trajectories during the rough processing of parts allows to achieve a significant increase in
productivity compared to traditional methods. In particular, the use of trochoidal trajectories made it
possible to reduce the processing time by [specify a specific value]% when processing contour elements.
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Analysis of the quality of the processed surface showed that with optimal cutting modes and the use
of high-speed trajectories, it is possible to achieve comparable or even better roughness indicators compared
to traditional processing.

However, incorrect selection of parameters can lead to deterioration of the surface quality.

The study of tool wear revealed that when modernized trajectories are used, more uniform wear of
the cutting edges is observed, which can positively affect the overall service life of the tool.

However, at high cutting speeds and great depths, more intensive wear is observed, which requires a
careful selection of processing modes.

An analysis of the spindle power consumption showed that high-speed machining with optimized
trajectories can lead to a more stable load on the equipment, which is important for its durability.

Discussion of results. The obtained results confirm the potential of modernized roughing
technologies using high-speed trajectories to increase the efficiency of production processes.

Reduction of processing time without significant deterioration of the surface quality and while
maintaining an acceptable level of tool wear are important advantages of this approach.

The effectiveness of using high-speed trajectories largely depends on the correct choice of cutting
modes, the properties of the processed material and the characteristics of the cutting tool.

Further research into optimal combinations of these parameters for various production tasks is
necessary.

Conclusions. The application of modernized technology of rough processing of parts at high-speed
trajectories is a promising direction for increasing the productivity and efficiency of machine-building
production.

Optimization of tool trajectories allows you to reduce processing time, improve surface quality and
ensure more uniform wear of the cutting tool with the correct selection of cutting modes. Further research
will be aimed at developing recommendations for the implementation of this technology for a wide range
of materials and production tasks.

The use of modernized technology for rough processing of parts at high-speed trajectories opens up
significant prospects for increasing the efficiency and quality of production processes.It should be noted
that the effective implementation of modernized roughing technologies at high-speed trajectories
requires:use of high-performance and accurate machine tools.

Use of modern cutting tools with appropriate characteristics, thorough development and optimization
of instrument movement trajectoriescareful development and optimization of tool movement trajectories
using specialized software, ensuring effective cooling and removal of chipsraining of qualified personnel
to work with new equipment and technologies.
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Heporcasnuii ynieepcumem «Kumomupcobka nonimexmikay

YHPABJIIHHSA TAPAMETPAMUA ®OPMOYTBOPEHHS ITPU JE®OPMYIOYOMY
MHNPOTAT'YBAHHA 3 HACKPI3HOIO INVIACTUYHOIO JE®OPMALIEIO

Y cmammi nposedeno 2nubokuit nimepamypuuil ananiz ma po3nAHYMO MOMCIUGICHIL KEPYBAHHA NAPAMEMPAMU
opmoymeopenns ¢ npoueci oeghopmyonozo npomazyeanns 3az0moeok 3nnacmuunux mamepianie. Ha cvozooni oanuii
npouec € 3ampedysanuil, adx;ce Moxce SUKOPUCMOBY6AMUCA He MINbKU NPU 6U20MO6GNEeHI HOGUX Oemaneil, ane i 01
6IOHO6/IEHHA 3HOWIEHUX, NPU UbOMY GIH MAE PAO 6A2OMUX nepesaz nepeod IHuUM Memooamu i0H061eHHA.36a)caouu Ha
3pocmaroui eumozu 00 MOYHOCMI Ma AKOCHI NPOOYKUIT, AKMYATbHUM € ROWLYK MEXHO02INHUX PiuieHb, U0 3a0e3neyyroms
KOHMPONbOGAHy NIACMUYHY Oepopmauilo y 3HOULeHI OiNAHKU Oemani 3 HeOOXIOHUM RPURYCKOM Ni0 ROCHIOyouy
00pooKy.Memoro cmammi € 00CNI0HCEHHA MOMCTIUBOCII YHPAGIIHHA nAPAMeMPAMU (HOPMOYMEOPEHHA NPU HACKPI3ZHOMY
oehopmyrouomy npomsazyeanni oemaneii 3 RIACMUYHOZ0 MAMeEPIATYy ma OMPUMAHHA it po3Mipie 3 NPUNYCKOM RIO ROCTIOyIoUy
00poOKy winaxom eubopy zeomempii depopmyrouozo enemenma ma pexcumie 0opodoku. B xo0i nimepamypnozo ananizy
GUABIEHO, W0 KPIM 3A2A/1bHO NPUTHAMUX 0ehopmaniil y 6uznadi ymoHenHa CMIHKU, 30i1bMenHs 306HIWHBO20 dlamempa ma
YKOpoueHHa Oemani nicna o06podKu, 0yearomv 6UNAOKU, KOJIU Oemailb NOOO0GHCYEMbCA, A Ue Y C60I0 Uepzy mMoxce Oymu
GUKOPUCMAHO 0N KOMREHCayil 3HOCY no mopuyam ocecemempuunuxoemaneil. /[na niomeepoxcennn 0anozo axkmy oyno
30ilICHeHO uucellbHe MOOEN06AHHA NPOUecy 3 GUKOPUCMAHHAM Memoody ckinuennux enemenmie (FEM). Pe3ynvmamu
MOOeN06AHHA NOKA3ANU, W0 OIilICHO HA HANPAMOK Oeopmauii MoxCymv 6nIUGAMU 2eOMEMPUYHI napamempu
0epopmyrouo20 enemenma ma pexdcumu RPOMAY6AHHA. Y GUCHOBKAX 3ANPONOHOGAHO peKomeHOauii w000 eubopy
napamempie, AKi MOM}CYmv Oymu UKOPUCMAHI 0714 NPOEKMYBAHHA MEXHON02IT 00pOOKU 3 KOHMPOIbOGAHUMU BUXIOHUMU
Po3Mipamu ma eusHaueHi HANPAMKU O ROOATLUIUX 00CIIOHCEHD.

Kniouosi cnosa: deghopmyioue npomsieyeanns, ocepedok degpopmayii, Memoo CKiHUeHHUX eleMeHmis, MOYHICMb.

V.V. Otamanskyi

CONTROL OF FORMING PARAMETERS IN DEFORMATION BROACHING WITH
THROUGH PLASTIC DEFORMATION

The article presents an in-depth literature review and examines the possibility of controlling forming parameters in the
process of deforming broaching of workpieces made of ductile materials. Currently, this process is in demand, as it can be used
not only for manufacturing new parts but also for restoring worn ones, offering several significant advantages over other
restoration methods.Given the increasing requirements for product accuracy and quality, it is relevant to search for
technological solutions that ensure controlled plastic deformation in worn areas of parts with an allowance for subsequent
machining. The aim of this study is to investigate the possibility of controlling the forming parameters during through-
deforming broaching of ductile material parts, and to obtain dimensions with a machining allowance by selecting the geometry
of the deforming tool and processing parameters. The literature analysis revealed that, in addition to the commonly observed
deformations such as wall thinning, outer diameter expansion, and part shortening after processing, there are cases where the
part elongates. This effect can potentially be used to compensate for end-face wear in axisymmetric parts. To confirm this
phenomenon, numerical modeling of the process was conducted using the Finite Element Method (FEM). The simulation
results showed that the deformation direction can indeed be influenced by the geometric parameters of the deforming element
and the broaching conditions. The conclusions provide recommendations for selecting parameters that can be used in the design
of processing technologies with controlled final dimensions, and directions for further research are outlined.

Keywords: deforming broaching, deformation zone, finite element method, accuracy.

IlocranoBka mnpodaemu.O0poOka aedOpPMYIOUMM MPOTATYBAHHSIM € aKTyaJbHHUM METOIO0M
BiZJTHOBJICHHSI 3HOILICHUX OCECEeMETPUYHUXIETaNeH, 0COOIMBO THX, BAPOOHHUITBO SIKMX Ma€ MacoBHH abo
KpYIHOCEpiiiHUHA XapakTep, a/kKe JaHUH METOJ BITHOCHUTHCS O OE3BIIXOAHMX TEXHOJOTTYHHUX IMPOLECIB,
SKUWA J03BOJISIE 3a0e3MeUnTH HeOOXiMHUN PiBEHb MapaMeTpiB SIKOCTI poO0v0i MOBEpXHi BUPOOIB.

BukopucranHs miacTuyHoro aeopMyBaHHS IPU BiTHOBJIEHH] 3HOLICHUXOCECEMETPUYHMX JeTaeit
Ma€ Baromi mepesar, siki 3a3HaveHi y mirepatypi[1,2]. lo 80% MOposKHUCTUX OceCeMETPUYHUX JeTanei,
AKi 3HOIIEHI B TpoLeCci eKclyaTalii 10 30BHIIIHBOMY JiaMeTpy, MOXXKHa BiTHOBJIIOBATH Ta
BHKOPUCTOBYBATH IOBTOPHO, MPHUYOMY cOOIBapTiCTh BiIHOBJICHHS 3HAYHO HMYKYa 32 BapPTICTh HOBHUX 1 HE
nepesuirye 60% [3].

Ane nmist JOCATHEHHS TO3WTHBHOTO PE3yJbTaTy y BHUIJLAI PO3POOKH TEXHONOTIYHHX MPOLECiB
BIJHOBJICHHS JeTajedl HeoOXiTHO rimOoKe BUBYEHHS IMpOLEciB AedOpMyBaHHS, SKi MarOTh Micue MpH
LBOMY.

AHaniz ocraHHiX JpociaiglxeHb i myOaikawiii. Jlepopmyroue mnporsaryBaHHA — 1€ IpoLEC
IUTACTHYHOT O Ae) OpMyBaHHS IIPU AKOMY AehOpMyIoUi elIeMEHTH IHCTPYMEHTY MEepEeMIIlyIOThCS 3 HATATOM
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