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Abstract. This paper presents a model for calculating tloelpetivity of the metal removal process
in cylindrical external grinding on CNC machineg fo given automatic step cycle. This model
allows determining the current values of feeds,atm®unt of actually removed stock by cycle steps,
the current values of the radii of the machinedemar, and the basic time of stock removal. The
model is based on the relationship of cutting foxith the cycle parameters, elastic deformations of
the technological system, and the main technolbdgctors. The relevance of modeling the process
of metal removal in automatic cycles of circulatezral grinding on CNC machines is due to the
lack of automated design systems, regulatory afetenece literature, and methods of cycle design
that meet the requirements of modern automateduptimsh. The article presents the methodology
for calculating actual feeds and cutting forcesaf@iven cycle and grinding conditions.

MOJIEJIMPOBAHUE B3AUMOCBSI3U MEXKY CUJION PE3AHUS U
OCHOBHBIMU TEXHOJIOI'MYECKUMHU ®PAKTOPAMMU ITPHU
KPYI'JIOM IIVIN®OBAHUH

Anvcuzap Macap, Anvxagpaou Maxmyo
Llymepckuii ynusepcumem, [u-Kap, Pecnyonuxa HUpax

KiroueBble ciaoBa: Monenb pacyéra, MPOU3BOIUTEIBHOCTh, ChEM MeETajlia, KPYIJIOe HApPYKHOE
uutudoBanue, ctanku ¢ UITY, 1uki, cuia pe3aHus.

AnHotanmsi. B naHHOW cTaThe mpencTaBlicHA MOJCIb pacuyéra MPOHM3BOJUTEIBHOCTH Mpollecca
chéMa MeTaula TMpH KPYIJIOM HapyxKHOM HuiudoBaHuu Ha crankax ¢ YIIY pns 3agaHHOTO
aBTOMATHYECKOTO CTYMEHYATOro MUKIA. DTa MOJEIb MO3BOJIIET OMPEICIATh TCKYIIHE 3HAYCHHUS
mojad, BETUYMHY (AKTHUSCKH CHSATOTO IPHUITYyCKa IO CTYNEHSAM [UKJIA, TEKyIIne 3HAYCHHS
pamnycoB oOpabaThiBacMOW IMOBEPXHOCTH M OCHOBHOTO BpeMEeHHM cbhéMa mnpunycka. OCHOBOH
MOJIENH SIBISIETCS B3aWMOCBA3bh CHJIBI PE3aHUS C PEKUMHBIMH THapaMeTpaMH LUKJIA, YIPYTHMH
nepopManusaMi  TEXHOJIOTHYECKOH CHCTEMBI W OCHOBHBIMH TEXHOJOTHYECKHMMH (hakTopamu.
AKTyaJTbHOCTh MOJICIHMPOBAHUS IpoIlecca ChéMa MeTalla B aBTOMATHYECKHX MHKIAX KPYTIIOTro
HapyxHoro mummdoBanus Ha crakax ¢ YIIY oOycioBieHa OTCYTCTBHEM aBTOMATH3WPOBAaHHBIX
CHUCTEM TMPOCKTUPOBAHHS, HOPMATHBHO-CIIPABOYHOM JIUTEPAaTyphl M METOIUK MPOCKTUPOBAHHS
LUKJIOB, OTBEYAOLINX TPECOOBAHUSIM COBPEMCHHOTO aBTOMAaTU3UPOBAHHOTO IPOU3BOJICTBA. B cTaTthe
MPEJCTaBICHA METOIUKA pacuéra (haKTHUSCKUX MOAa4Y W CHWI PE3aHus UIS 3aJaHHOTO IMKIIA W
yCIOBHM NUTH(OBAHMUS.

Introduction

The purpose of this work is to increase the efficie of circular external
grinding operations with feed by selecting a radiostructure and parameters for
the working cycle, considering the grinding modattaccompanies the machining
process on CNC machines for a given automatic gitieyaling cycle. Additionally,
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the geometric, physical, and mechanical propertiésthe processed metal
significantly influence the magnitude of force adeformation. The productivity
model allows for calculating the current valuesfedds, the amount of actually
removed allowance by cycle steps, and the currahteg of the radii of the
machined surface.

Achieving high-quality and efficient production us relies on the
utilization of current technology and equipmenteTgrimary requirement for this
equipment is to ensure high productivity while nmegtstringent demands for
machining accuracy. To fulfill these contemporargn@nds, machine tool
manufacturers strive to implement various modemowations promptly. This
effort encompasses enhancements not only in mexdiacomponents but also in
electronic systems, while simultaneously focusimgensgonomics and equipment
design.

Therefore, in designing high-performance cyclescfarular external grinding
with longitudinal feed, a model that relates cujtforces to cutting modes, elastic
deformations, and grinding technological condititmesomes essential [1-2]. This
model facilitates the calculation of operationabgurctivity, current feed rates, the
actual amount of material removed per cycle stepreat radii of machined
surfaces, and the basic operation time.

When subjected to cutting forces (Py) applied te limks of the elastic
system comprising the machine-tool-workpiece imieef deformation occurs
within this technological system. The system'sighib withstand these forces and
resist deformation is characterized by its rigiditthe accuracy of machining is
primarily influenced by deformations that alter tHestance between the tool's
cutting edge and the machined surface, specifidhlbse deformations oriented
perpendicular to the machined surface.

Grinding surfaces is a critical process in the nfacture of parts for strategic
sectors such as automotive and aeronautics. Inmgowperational efficiency for
external cylindrical grinding begins with designiag optimal grinding cycle that
ensures precision and quality requirements of tiagvithg are met in the shortest
possible time. This is a complex scientific anchtecal task that can be addressed
using the dynamic programming method (DPM), whiltansidered a method of
optimal control theory.

This article discusses the main aspects of applpiRyl for optimizing short
grinding cycles. The aim of increasing operatiogfficiency defines the objective
function criteria as the shortest possible treatmdmme. This paper
programmatically investigates the relationshipsween actual radial feed,
programmed radial feed, grinding force, and elad&éformations that alter the
wheel axis at all stages of the process [3].

The temperature in the contact zone with the wisegdlculated. Even greater
differences are observed in studies when detergitie amount of heat entering
the chip, the wheel parts and the environment. Timgsamount of heat entering the
part is, according to various researchers [4], fr@nto 75%, sometimes more.
According to various researchers, such as Korchék, $strovsky V.l., Redko
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S.G., Reznikov A.N., the amount of heat entering part is from 25 to 78%,
sometimes more. Researchers use analytical metbiodalculation to establish
general regularities and functional relations betwéemperature and change of
properties of surface layers of parts or intenseityvear of grinding wheel grains.
Thus, in a number of works [5] the entire contagaais taken as a heat source
rather than individual grains. The method of catoh has led to doubtful results,
when the value of heat flux density from the actadra single grain is less than
from the action of the contact area. As analytroathods, the method of thermal
sources is used. The main features of these methoglsa large number of
assumptions and the complex functional nature efrésulting dependencies. To
calculate the grinding performance and qualityhe tmachined surface, the local
temperature, which occurs in the surface layeth®fworkpiece from the action of
single wheel grains [6], is of greatest interestalgating machinability requires
understanding the temperature of the metal at theent the abrasive wheel grain
makes contact [7-9].

Conclusion

The complex mathematical correlation between tlwvance removal model
and the mathematically calculated cutting forcevjgles a means of assessing the
impact of various technological factors on produitti accuracy and quality of
processing during the working period. This assessnsecarried out by changing
the control parameters of the cylindrical extergahding cycle. These parameters
include the number of cycle stages, the prograredgef the radial velocity at each
stage of the cycle, the distribution of the allosarover the cycle stages. The
results, outcomes, practical and scientific improgat include planning to increase
the level of industrial automation programming oN@ machines in industrial
processes within digital production.
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