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OPTIMIZATION OF THE PROCESS OF PROCESSING
HOLES WITH A TOOL ASSEMBLY REAMER

Currently, scientific and technological progress is associated with the increasing
importance of manufacturing technology in the creation of new products.

The constant increase in the range of manufactured products, shortening the
time for changing production facilities, increasing the complexity of part designs, and
increasing the requirements for accuracy and surface quality implies an increase in
the volume of blade processing operations, among which hole processing operations
occupy a particularly prominent place.

This article is devoted to optimizing machining operations to ensure that
the finished part is of the required quality at a minimum cost of processing. The
effectiveness and expediency of the widespread use of scientifically based optimization
methods for the analysis and processing of information, in particular, for the research
and optimization of various technological processes of metalworking, is shown.

An increase in the efficiency of the hole processing process with a chisel assembly
with a rigid attachment without vertex teeth was achieved using a mathematical
model solved graphically. Technical limitations have been selected and calculated,
and a graphical representation of the machining process with a chisel assembly with
without vertex teeth for structural steel (Steel 45) has been constructed. Optimal
modes (rotation speed and feed rate) of hole processing have been determined, taking
into account all technological, structural, organizational and production conditions.

Keywords: reamer, cutting, strength, precision, rigidity, roughness, feed,
rotation speed.

Introduction

The stability of the quality indicators of mechanical engineering products depends
crucially on the rational design of technological processes. The optimally selected
technology makes it possible to ensure high product performance and economic
efficiency of production [1; 2].
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Experimental studies conducted by the authors [3] have shown that in terms of
high efficiency of the final deployment operation, increased accuracy and durability
of the tool, and reduced roughness of the machined parts, the best results are provided
by a new design of a combined cutting tool — a chisel assembly with rigid attachment
without vertex teeth.

Optimization of technological processes and cutting modes, in particular, is based
on a mathematical model, and to establish it, technical limitations are identified, which
determine the described process to the greatest extent, and an evaluation function
(optimality criterion) [4; 5].

The choice of certain technical limitations depends on the type of processing and
is determined by specific conditions of a technological, structural, organizational and
production nature. The most important technical limitations are:

— cutting capabilities of the tool, determined by its durability;

— the power of the main motion drive motor;

— the lowest and highest cutting speed (spindle speed) and feed allowed by the
kinematics of the machine;

— the strength and rigidity of the cutting tool;

— processing accuracy,

—roughness of the treated surface.

When optimizing for two parameters (n —rotation speed and S — feed), the minimum
cost is usually used as an evaluation function. Technical limitations are based on known
dependencies. Bringing all technical constraints to a linear form and representing
them as a system of inequalities in combination with an evaluation function provides
a mathematical model of the metal cutting process [6]. The determination of optimal
cutting modes (rotation speed and feed) using the constructed mathematical model can
be performed analytically or graphically.

Materials and methods. Limitation 1. Cutting capabilities of the tool. Establishes
a relationship between the cutting speed, determined by the accepted durability of
the tool, its geometry, cutting depth, feed and mechanical properties of the processed
material, on the one hand, and the cutting speed, determined by the kinematics of the
machine, on the other [7].

The cutting speed is determined by the formula [8]:

_C,D*

V_ )
T"t"s”

K, (1)

where C — is a constant coefficient characterizing the standard processing conditions,
C, = 10.6 (structural carbon steel o, =750 MPa material of the cutting part TI5K6
[8, p. 383];

D — is the diameter of the workpiece, D = 45 mm;

T — is the accepted durability of the tool, T = 90 min [8, p. 384];

Kv —is a correction factor that takes into account the actual cutting conditions.
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Kv = KvauvKvi},p.xp. , (2)

where K_ —is the coefficient that takes into account the properties of the processed
material, 1.08 [8, pp. 358-359];
K  —is a coefficient that takes into account the properties of the tool material,
K =10[8,p.361];
K|, —is a coefficient that takes into account the depth of deployment [8, p. 385];
q, X, y, m —are exponents of degrees or variables in the cutting speed formula, q =
0.3;x=0.2;y=0.65;m = 0.4 [8, p. 383].
K, _ —isacoefficient that takes into account the angle of inclination of the cutting

Ap.Kp.
edge opf E)he chisel assembly, K, o =15

K, 6 =108-10-1,0-1,5=1,62

On the other hand, the cutting speed is determined by the kinematics of the machine
according to the dependence:

_ 7Dn

1000

By equating the right-hand sides of formulas (2) and (3) and making transformations,
we obtain the expression of the first technical constraint in the form of inequality:

3)

318-10,6-45% 1,62

0§06 < 4
45.90% . 0,52 )

To select the optimal values of cutting modes using linear programming methods,
all technical limitations and the evaluation function are reduced to a linear form by
logarithm. So, the expression after logarithmization will have the form:

318-10,6 - 45" -1,62
45.90%*.0,5%

We introduce the notation x, = Inn; x, = In(100S) (in the notation x2, the feed S is
multiplied by 100 to avoid obtaining negative values of the logarithms).

Inn+InS=In

()

318-10,6 - 45" -1,62

-100%%
45-90%*.0,5%

b, =In

From here we get the first technical constraint in linear form

X+ 0,65X2§ b;

(6)
bi = In(72,16:100%65) = 7,27.
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Limitation 2. The power of the electric motor of the main movement of the
machine. This limitation establishes the relationship between the effective power spent
on the cutting process and the power of the electric drive of the main movement of the
machine [7, p. 311]. The effective power spent on the cutting process is determined by
the formula [8, p. 371]:

Py
Ny=—i—,
7 102-60 @)

where P_— is the cutting force, which according to [8, p. 371] is defined as:
P=C,t" 8"V k, ®)

Given the necessary conditions for the cutting process, the following inequality
can be obtained:

Neg=Naf x9)

where Nn — is the power of the electric motor of the main drive of the machine, kW;
n — is the efficiency of the kinematic circuit from the electric motor to the tool.
By equating the right-hand sides of expressions (6) and (9), we obtain the second
technical constraint in the form of inequality:

i g 612000%)"" Ny
sztxpz D”PZH ””P;-v-l kp

b

(10)

where the values of the coefficients are selected from [8, p. 372]: CPz = 300; xPz
=1,0; yPz=0,75; nPz = -0,15.

The value of the refining coefficient for cutting force:

kp = Kunp'KopKop Kip Kep Kipao= 0,938°1,08:1,0:1,0:1,01,5=1,52

For the 2A 135 machine, the electric motor power is N=4.0 kW, n=0.81 [9]. Then:

0.5 6075 < 6120(10*)*% - 4.0,81

n S
300-0,5M - 45%% . 798 152

After reducing to a linear form and introducing the notation, we obtain:
O,85X1 + O,75X2 < bz, (11)

where b, = In(124,33-100%7) = 8,28.
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Limitations 3 and 4. The lowest and highest allowable cutting speeds. These limits
establish the relationship between the calculated cutting speed and the kinematics of the
machine at a minimum and maximum. They are written as follows [7, p. 311]:

nznmach.min ( 1 2)
n S nmach.max (13)
For the 2A135 machine, the rotation speed is n_ . = 68 min’,
n_ . =1100min". Then:
X, 2b, (14)
where b,= In 68 = 4,22.
X, <b, (15)

where b, =In 1100 = 7,00.

Limitations 5 and 6. The smallest and largest allowed feeds. These restrictions,
similar to the previous two, establish the relationship between the calculated feed and
the feed allowed by the minimum kinematics of the machine [7, p. 312]:

S=>s

— mach.min

(16)
and to the maximum

§ S smach.max (17)

For the 2A 135 machine, the rotation speed s =0.12 mm/rpm (8.16 mm/min),

= 1.6 mm/rpm (256 mm/min) [9]. Then:

mach.min

S

mach.max

x,>b (18)
where b= In8,16 = 2,1.
x,<b, (19)
where b, =In256 = 5,55.
Other technical limitations are defined in the same way:

Limitation 7. The strength of the cutting tool. Establishes the relationship between
the calculated values of cutting speed and feed with acceptable strength.
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Limitation 8. Rigidity of the cutting tool. Establishes the relationship between the
calculated values of cutting speed and feed with the permissible stiffness of the cutting
tool.

Limitation 9. Rigidity of the workpiece. Establishes the relationship between the
calculated values of the cutting speed and feed with the permissible ones.

Limitation 10. Required surface roughness. Establishes the relationship between
the calculated cutting and feeding speeds providing the required roughness.

All the obtained technical limitations 1-10 form a mathematical model of the
cutting process of the cutter assembly in an analytical form. In addition to the technical
limitations presented in the form of a system of inequalities, the model includes the
evaluation function f0:

x, +0,65x, <7,27
0,85x, +0,75x, <8,28
x, >4,22

x, £7,00

x, 221

x, 5,55

—0,15x, +0,75x, <4,99
—-0,15x, +0,75x, <1,89
—-0,3x, +0,6x, <15,06
x, £3,02

fO = (xl +X2 )max

It is known that the extreme value of the evaluation function (for a decision polygon)
is provided for x and x, located at a point lying on one of the boundary lines or their
intersection. Therefore, the task of finding the optimal values of X ot and Xt is reduced to
sequentially calculating the coordinates of all possible points of intersection of boundary
lines and then determining for them the largest sum f = (x, +x)) . After determining
the coordinates of X, oot and X opt? optimal cutting modes can be calculated. To solve a
problem given by a system of linear equations and inequalities, the method of complete
enumeration of points forming a polygon of possible solutions is usually used. The
points of intersection of the lines are determined in pairs and the coordinates of these
points are substituted into the inequalities of the system. A point whose coordinates
satisfy all straight lines without exception (checking for compatibility of the system of
equations) and at the same time the sum of whose coordinates (x, + x,) is the largest,
and will be the optimum point.

Results and discussion

This problem is solved by the graphical method, where each technical constraint is
represented by a boundary line that defines a half-plane where it is possible for a system
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of inequalities to overlap. The boundary lines intersect to form a polygon of ABCD
solutions (Figure 1), within which any point satisfies all inequalities without exception.

The estimated function f= x, + x, is represented by a straight line perpendicular to
the maximization vector M at an angle of 45° to the axes x, and x,.

x] —rotation
speed, ipm

'Y‘ L) IDI
foet x2— feed rate, mm'rev

1 — limitation 1; 2 — limitation 2; 3 and 4 — limitations 3 and 4; 5 and 6 —
limitations 5 and 6; 7 — limitation 7; 8 — limitation §;
9 — limitation 9; 10 — limitation 10

Figure 1 — Graphical representation of the mathematical model [10]

At point D, where the line of the evaluation function touches the polygon of
solutions, the function takes the minimum value of f,__ , and at point B — the maximum
value of f . The coordinates of this point are the optimal values X, i 9,08 and ot
3,02.

After determining the coordinates of x1opt and x2opt, optimal hole processing
modes were calculated with a chisel assembly with rigid mounting without vertex teeth
teeth for structural steel (Steel 45):

- rotation speed

Nopt = €XP(Xiopt) = €Xp(5,08) = 160 rpm

- supply
Sopt = €Xp(X20pt) / 100 = exp(3,02) / 100 = 0,2 mm/rev

Information about financing
The research was carried out within the framework of program-targeted financing of
subjects of scientific and/or scientific and technical activities for 2024-2026 under the
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IRN project BR24993003 «Development of a set of measures for instrumental support
of manufacturing sectors of the Economy of the Republic of Kazakhstan», funded by the
Committee of Science and Higher Education of the Ministry of Education and Science
of the Republic of Kazakhstan.

Conclusions

Thus, it can be concluded that optimizing the process of processing holes with a chisel
assembly with a rigid attachment without vertex teeth using the above mathematical
modeling technique can be recommended for predicting cutting conditions.
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OITUMM3AIINA MPOIIECCA OBPABOTKH
OTBEPCTHUI PE3LIOBOM CEOPHOM PA3BEPTKOM

B nacmoswee epems HAyYHO-MeXHUUECKUL NPOZPECC CBA3AH C YCUNCHUEM
3HAYEHUs. MEXHO02UU NPOU3BOOCMEA NPU CO30AHUU HOBBIX U30ETUIL.

Tlocmosinnoe ysenuuenue HOMEHKIAMYpPbl GbINYCKAEMbIX U30eNUll, COKpaueHue
CPOKO8 CMeHbl 00BeKmMOo8 Npou3800Cmad, YCI0NCHEHUe KOHCMPYKYull Oemarell,
nogvluleHue mpedo8anull K moYyHOCMU U KA4ecmsy NOBepXHOCMU Npeonoaazaem
yeenuueHue 06vema onepayuil 1e36UiHol 00pabomKu, cpeou KOmopwix Onepayuu no
06pabomke omeepcmuil 3aHUMAKOM 0coH0 3amMemHoe Mecmo.

Hannas cmamesi  noceésweHa ONMUMU3AYUY — ONEPAYULL  MEXAHUYECKOl
06pabomxu, 2apaHmMupyrOWux noIyYeHue 20Mmosoll 0emanu mpedyemoeo Kaiecmsa
npu  MUHUMATLHOU  cmoumocmu  oopabomxu. [Ilokazana d¢ghexmusnocms  u
YenecooOPaAsHOCMb  WUPOKO2O NPUMEHEHUS.  HAYYHO-0OO0CHOBAHHBIX ~ MEmO008
onmumuzayuy Ok aHalu3a u obpabomku uHopmayuu, € uacmHocmu, OJis
UCCIe008ANHUSA U ONMUMUZAYUU PA3TUYHBIX MEXHOL02ULECKUX NPOYeCco8 06pabomKu
MEmMaios.

Hosviwenue s¢hghexmuenocmu npoyecca 0o6pabomku omeepcmuil pe3yosou
COOPHOIL pazeEpmKOiL ¢ HCECMKUM KpenieHueM Oe36ePUUHHBIX 3Y0bed 00CMUSHYMO C
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NOMOWBIO MAMEMAMULECKOU MOOETU, PeUeHHOI epaghuueckum Memooom. Beibpansi
U paccuumanvl mexHuyecKue 0epanuieruss, NOCMpoeHo spaghuieckoe uzoopasicete
npoyecca 0opabomxku pe3yosoil cOOPHOU pa3eépmKoil ¢ Oe36ePUUHHBIMU 3Y0bAMU
ona xoncmpykyuonnot cmaau (Cmans 45). Onpedenenvt onmumanbHble pedcumbl
(vacmoma épawenus u nooaya) 0o6paboOmKYU OMEEePCmMuLl ¢ Y4emom 6cex yCiosul
MEXHOIOSUUECKO20, KOHCPYKYUOHHO20 U OP2AHUBAYUOHHO-NPOU3BOOCTNEEHHOZO0
Xapaxmepa.

Kniouesvie cnosa: pazeépmka, pezanue, npouHoCms, MOUHOCMb, AHCECMKOCHID,
Uepoxo8amocmn, nOOAYA, YacCmMoma BPAujeHsl.
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KECKIII KYPAMA YHFBUUIAFBIIIITEH
TECIKTEPAI OHJEY NPOIECIH OHTAWJIAHIBIPY

Kasipei yaxvimma evlivblMu-mexHuKaivlk npozpecc icaya oHimoepoi cacay
Ke3iHoe OHOIPIC MEeXHONIOUACHIHBIH MAHBIZObLIbIZbIH APININBIPYMEH OAIAHbICbL.

Ulvieapviiamein  OyubiMOap  HOMEHKIAMYPACHIHLIY — yOalvl  YA2aiobl,
OHOIpIC  00veKmiNepin  ayblcmvlpy Mep3IMOepIiHiy  KblCKapybl, Oonuexmepoiy
KOHCMPYKYUSIAPUIHLIY, KYypOeaeHyi, beminiy 0ondici MeH canacblHad KOUbLIAMbIH
mananmapobly apmybvl NLIUAKMvl 6HOEY ONEPayUusNIaApbIHbIY KOLEMIH YaA2aimyobl
Ke30€elidi, o1apobly iwinoe mecikmepoi 6H0ey ONepayusiiapsbl epeKiie OpbiH alaobl.

byn wmaxana enoeyoiy munumanovl KyHblMeH Kajdcemmi canauwly OatiblH
bonicin anyea kenindik bepemin oHoey OnepayusiapblH OHMAUIAHObIPY2A APHATIZAH.
Axnapammul manoay sHcone oHOey YWiiH, aman aumKanod, mMemaioapobl o40eyoiH
OpMYpAi  MeXHOIOSUATBIK, NPOYECMEPIH 3epmmey HCOHe OHMAUIAHObIPY YULiH
2bUIbIMU He2i30eN2eH OHMAUIAHObIPY 90ICepiH KeHiHeH KONOaHyOuly muimoiniel
MeH OpbIHObLIbIZHI KOPCEMIN2eH.

Tpaghuxanviy  00icnen wiewineen MamemMamuKkaivlk MOOeibOly KOMe2iMeH
WbIHCHl3 micmepoi Kammvl OeKimemin KecKiul KypacmblpMaibl YH2blideblUNeH
mecikmepOi 640ey npoyeciniy muiMOiniein apmmuipyad Ko #cemxizinoi. Texnuxanvix
wexmeyiep manoandbl HeoHe ecenmenoi, KypuliblMObIK OOIAMKA ApHALeaH UbIHCHL3
micmepi Oap KecKiu Kypama yHebliasblner o4oey npoyeciiy epapuraivlk oeuneci
canvinovl (45 6onam). TexHono2UATBIK, KYPOLILIMOBIK HCOHE YUBIMOACHbIDY ULbLIbIK-
OHOIpicMIK cunammazvl 0apavlK AHCA20AUIApPObL ecKkepe Ombipbin, Mmecikmepoi
OHOeyOiy oxmaiiivl pescumoepi (AuHamy Hcuiniel Hcone oepy) anviKmaiovol.

Kinmmi co30ep: yyavinazviut, kecy, 6epikmik, 0910IK, KammuvliblK, Kedip-0youlp,
bepy, aunany sHcuiniel.
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