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Abstract. This study examines the sequence of studying the stress-strain
state of end mills during the machining of heat-resistant, high-alloy steel
15Kh12VMF. The study involves several stages: the creation a 3D model of the
end mill, the assignment material properties, the partitioning of the geometry
into finite elements, the setting of boundary conditions, and the analysis of
the solution results. The components of the cutting forces are applied to the
immediate contact area of the helical cutting edge with the workpiece, while
the torque is applied about the cutter axis. Both the cutting force components
and the torque are calculated for critical cutting conditions. The results of the
strength calculations can be utilised in end mill design optimisation.
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Introduction

In engineering enterprises across the Republic of Kazakhstan, parts of process equipment
and machinery are often exposed to challenging production environments. As a result, they are
manufactured from special alloys, including titanium alloys, as well as high-alloy, corrosion-
resistant, and heat-resistant steels, all of which are difficult-to-machine materials [1,2]. One
such material, widely utilised in engineering production, particularly by Gidro Stanko Servis
LLC, is the heat-resistant high-alloy steel 15Kh12VMF. This steel belongs to the martensitic-
ferritic class and exhibits a Brinell hardness ranging from HB 229 to 269. It is employed in
the manufacture of components that operate under high-temperature conditions, such as gas
distributor housings, rotary kiln bandages for cement production, turbine parts, and more.

During the machining of the aforementioned parts, a significant portion of the mechanical
operations involves milling pockets, grooves, and ledges, typically performed with end mills.
These operations generally require high cutting parameters for the efficient processing of such
materials. However, under these conditions, the consumption of end mills is considerable [3].
This is particularly noticeable during high-speed milling of complex shapes on advanced CNC
machines. In the high-speed milling of heat-resistant, high-alloy steel 15Kh12VMF it has been
observed that at spindle speeds exceeding nmn 26000-7000 rpm, noticeable wear occurs on
the cutting edges of the tools [4,5]. Consequently, the study of the stress-strain state (SSS) of
tools during the milling of hard-to-machine materials is highly relevant. Specifically, in the
design of milling processes for such materials, it is crucial to account for limitations imposed by
cutting conditions. Addressing these challenges necessitates the development of methods for
investigating the stress-strain state of end mills.

To address this problem, the multifunctional software Ansys Workbench (WB) will be utilised.
This research was conducted as part of the grant-funded project AP19175058, titled "Numerical
Modelling of Cutting Processes for Difficult-to-Machine Materials in the Context of Machine-
Building Enterprises of the Republic of Kazakhstan," aimed at supporting young scientists.

Modelling of the Stress-Strain State of an End Mill and Analysis of the Results

Creation of a 3D Model of the '"Tool-Workpiece' System
The geometry of the three-dimensional model of the end mill is shown in Figure 1.

Figure 1. 3D geometry of the end mill
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Purpose of the material
To carry out a strength calculation of a carbide end mill, the following parameters are sufficient

as characteristics: E=2-10'* Pa - Young’s modulus, v=0.3 - Poisson’s ratio and p=7850 kg/m? -
density [6,7].

Creation of a finite element model
The most critical areas of the end mill were broken down into smaller end elements (Figure 2).

Figure 2. Finite element mesh

Setting boundary conditions
At this point, the cutting force (A) 339.3N was formed from the component forces, the torque
(B) was calculated and equal to 12000 N mm, and at the point of connection with the machine,

it was clamped (C) (Figure 3).
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Figure 3. End mill boundary conditions
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Analysis of results
After running the solver, the results can be obtained. Figure 4 illustrates the deformations of

the end mill, with the maximum total deformation reaching 41 pm.
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Figure 4. Deformations of the end mill: a) total; b) along the X axis; c) along the Y axis; d) along the Z axis
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The deformation along the X axis was — 14.6 pm, along the Y axis - 35 mm and along the Z
axis -23 pum.

Figure 5 shows the equivalent von Mises stress and it is noticeable that the stress concentration
occurs at the end of the cutting edge and reaches 1352 MPa. And this indicates the occurrence
of wear of the cutting edge.

B: Static Structural

Equivalent Stress 2
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Figure 5. Equivalent stress according to von Mises

The shear stress in the YZ plane at the cutting edge also reached a maximum value of 608
MPa (Figure 6).
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Figure 6. Shear stress in the YZ plane
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Conclusions

Based on the results of the strength calculations, the total deformation and its components
along the X, Y, and Z axes were obtained. The total deformation was measured at - 41 pm.

The calculations confirmed that at spindle speeds exceeding n_ =2 6000-7000 rpm, wear
occurs at the cutting edge, with an equivalent von Mises stress of — 1352 MPa and a shear stress
of 608 MPa. It is therefore recommended that processing should not exceed spindle speeds of
n 2 6000-7000 rpm.
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B.C. lonen6aen!, KT. lllepog?, C.III. MaraBun?, A.K. Pakumues!?, JI.H. Maxmyaos?
196inkac CarbiHO8 ambiHOaFsl KaparaHdbl mexHuKa1blK yHU8epcumemi,
Kaparaudvl, KazakcmaH
2C. Celighynnun amoiHdarsl Kasak azpomexHukasivlk 3epmmey yHugepcumemi,
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KubIH 6HJe/ieTiH MaTepuaifapAbl OHJey YpAiciHAeri KypaablH KepHeyi AepopManysiiaHFaH
KYHiH Mojenbaey

Angarna. 15X12BM® bicThIKKA TO3iM/i KOFaphl JIeTHpJIeHTeH 60JIaTThl 6HAEY Ke3iHe cayCaKThbl
*KOHFBIIITHIH, KepHeYJi AedopMalusaHFaH KYUiH 3epTTey peTi KapacThIpbLIFaH. 3epTTey KeJjeci
Ke3eHJepZeH TypaAbl: cayCaKThl KOHFBIIITHIH 3D reoMeTpUsChIH Kypy, MaTepHa/jbl TaFallblHAAY,
aKbIPJbI-3JIEMEHTTIKKe 66J1y, lleKapaJblK apTTap/ibl 6epy KoHe IelliM HaTHXeepiH Tanajay. Kecy
KYWITEpiHiH Kypallbliapbl GypaHZalbl Kecy »KHUeTiHiH AalblHAaMaMeH TiKeJel »KaHacy aillMaFblHa
TycipisieZi, an aliHaJly MOMEHT KecCKill OoCiHe KaTbICThI acep eTexi. Kecy KymTepiHig Kypaylbliapbl
MeH allHa/ly MOMEHTi JAaFdapbiC Kecy pexuMpepiHje ecenTes[i. bepikTikTi ecenTey/iH, ecenTik
KepceTKilTepi caycaKThl }KOHFBILITHIH K06aJiay ecenTepinje KoJJaHblia anajbl.

KinT ce3aep: »oFaphbl XKblL1JaMABIKTEl Gppe3epJiey, cayCcaKThl KOHFBILI, aKbIpPJIbI-3JIEMEHT, KEPHEY,
Jnedopmanus, bICTbIKKA TO3iM/1i 601aT.

B.C. lonen6aes?!, KT. Illepog?, C.III. MaraBun?, A.K. Pakumegs1, /I.H. Maxmyaos3
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MoaeMpoBaHue HanpsDKEHHO-Ae(pOPMHPOBAHHOTO COCTOSTHUA HHCTPYMEHTa
B npouecce ¢ppe3epoBaHus TPyAHOOGpabGaThiBaeMbIX MaTepPHUaJIOB

AHHoTanusA. PaccMoTpeHa ocsie/1oBaTe/IbHOCTD UCC/IeJOBaHUE HAPSKEHHO JepOPMUPOBAHHOTO
COCTOSIHUSI KOHLIEBbIMU ¢pe3amMbl NpU 06pPaABOTKE KAPOMPOUHON BBICOKOJIETUPOBAHHOM CTau
15X12BM®. UcciemoBaHue COCTOUT M3 CIEAYIOIIMX 3TAINOB: co3aHre 3D reoMeTpruu KOHLIEBOH dpesbl,
Ha3HaYyeHUe MaTepuasia, pa3bueHre Ha KOHEYHbIE 3/IeMEHTHI, 33/laHUe I'PAHUYHbIX YCJIOBUHW U aHAJIU3
pe3yabTaToB pelieHUsa. CocTaB/sOIMe CUJ pe3aHUsl NPUJI0KEeHbl Ha HeNmoCpeACTBEHHbIH y4acTOK
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KOHTAKTa BUHTOBOU pexXyliell KPOMKHU C 3arOTOBKOM, a KPYTALIUKA MOMEHT NPUJIO)KEH OTHOCUTEIBHO
ocu ¢pesbl. CocTaBAKIHE CUJI Pe3aHUA U KPYTALIMHA MOMEHT ObIM BbIYHCIEHbl B KPUTHUYECKHUX
pexrMax pe3aHusl. PacueTHble mokasaTesJMd MPOYHOCTHOTO pacyeTa MOTYT ObITh UCIO0Jb30BaHbI B
3aJlayax NpoeKTUPOBAHUs KOHLEBBIX Pppes.

Kiro4yeBble cj10Ba: BbICOKOCKOPOCTHOe ¢pe3epoBaHHe, KOHIeBas ¢pes3a, KOHEYHBIH 3JIEMEHT,
HamnpsbkeHUe, AedopMaliusi, )KaponpoYHbIN CTalb.
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