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THE ESTIMATION OF POSSIBILITIES OF THE TURNING PRODUCTIVITY RISE
WITH THE USE OF COATED CARBIDE CUTTING TOOLS AND
TECHNOLOGICAL CUTTING FLUID

An optimization method for selecting turning parameters based on the maximum productivity criterion has been
developed for machining with coated carbide cutting tools and technological cutting fluids. A mathematical
model of the turning process was formulated, incorporating constraints related to the permissible cutting tem-
perature. Using linear programming techniques, analytical relationships describing the optimal cutting condi-
tions as functions of the principal turning parameters were obtained. A productivity growth factor was intro-
duced to account for the increased service life of coated carbide tools as well as the cooling and lubricating per-
formance of the technological cutting fluid. On the basis of this factor, the potential for productivity improvement
under various turning conditions with the application of coated tools and cutting fluids was evaluated.
Keywords: turning, optimization, cutting temperature, coated tools, cutting fluid, productivity.

T. I'. UBueHKo

OILIEHKA BO3MOKHOCTEM IMOBBIIIEHUS TIPOU3BOANTEJIbHOCTH TOUEHUS TP
IMPUMEHEHHMU TBEPJOCIIJIABHOI'O PEXXYIIEI'O HHCTPYMEHTA C ITIOKPBITUEM U
TEXHOJOT'MYECKOM CMA30YHO-OXJIAXKIAIOIEN )KUIKOCTH

Paspaboman memoo onmumuzayuu pexcumos pesanus npu MOYeHUu no KpPUmepuio MaKCUMAIbHOU
nPoU3600UMENbHOCIMU C NPUMEHEHUEM MEEPOOCNIABHO20 PENCYUie20 UHCMPYMEHMA ¢ NOKPbIMUEeM U MexXHOJ0-
2uueckol cmMazouHo-oxaaxcoaioueli rcuoxkocmu. Chopmuposana mamemamuieckas mMooeib npoyecca mo4eHust
¢ yuemom ocpanuyenuil no donycmumou memnepamype pesanus. C ucnonvb3o8anuem mMemooos JuHeuHo20 npo-
2PAMMUPOBAHUSL NOTYYEHBL AHAIUMUYECKUE 3AGUCUMOCIU ONMUMATILHBIX PENCUMOS8 PE3AHUsL OM OCHOGHbIX Na-
pamempos mouenusi. Beeoén xoapuyuenm pocma npouzeooumenbHOCmU, YHUMbIEAOWUL Y8eIUdeHUe CIMOUKO-
cmu meepOOCnIA8HO20 UHCMPYMEHMA ¢ NOKPbIMUEM, d MAKICe OXAANCOAUUE U CMA3IEAIOuUe CEOUCMEA
MEXHONO2UUECKOT CMA30YHO-0XadcOalowel Jcudkocmu. Ha ocnoge 0annozo koaghguyuenma epinoinena oyen-
KA 803MOANCHOCIMEN NOBGLIUUEHUSL NPOU3EOOUMETIbHOCIMU NPU PASIUYHBIX DEXNCUMAX MOYEHUsL C NPUMEHEHUEM UH-
CmMpyMenma ¢ nOKpulmuem 1 CMAa304HO-0XAANCOAIoUetl HCUOKOCU.

Knrouesoie cnoea: mouenue, onmumuzayusi, memMnepamypa pe3arust, UHCMpYMeHm ¢ ROKPbImuem, cma-
30UHO-0XJIANCOAIOWASL HCUOKOCT, NPOU3BOOUMETLHOCHIb.

1. Introduction

The intensification of the cutting process remains a central challenge in the machining
of mechanical components. At present, the most effective approach to increasing machining
efficiency involves the use of coated carbide cutting tools (CCT) in combination with techno-
logical cutting fluids (CF) [1]. These technological solutions enable higher cutting speeds and
feeds while maintaining acceptable tool life and surface quality.

To achieve maximum benefit from their application, it is necessary to implement op-
timization procedures for selecting cutting parameters based on criteria such as maximum
productivity or minimum production cost [2]. Among the available optimization techniques,
linear programming is widely employed for determining optimal cutting speed and feed rate
under operational constraints when maximizing productivity.

However, intensification of the cutting process inevitably leads to a significant in-
crease in cutting temperature. This necessitates the incorporation of thermal constraints into
optimization models. The studies presented in [3] provide methods for calculating heat flows
and cutting temperatures during turning with the use of cutting fluids, enabling the solution of
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optimization problems with explicit consideration of temperature limitations under various
machining conditions.

Optimization problems for turning operations with the use of cutting fluids have been
successfully addressed in previous studies [4, 5]. Nevertheless, the obtained results cannot be
directly extended to coated carbide cutting tools, whose performance characteristics — particu-
larly tool life — are substantially influenced by coating properties and thermal effects. There-
fore, further development of optimization methods that account for the increased durability of
coated carbide tools is both relevant and necessary. Such an approach makes it possible to jus-
tify higher cutting parameters and achieve a significant rise in machining productivity.

The objective of the present study is to refine the method for optimizing turning condi-
tions and to evaluate the potential for productivity enhancement, taking into account the com-
bined influence of cutting fluid and coated carbide cutting tools.

2. The main contents and outcomes of activity

By optimization of cutting regimes, productivity is accepted as an objective function
of the machining which maximum is reaching at a minimum of basic time at rough turning
limitations on possibilities of the cutting tool (1); on the maximum permissible cutting power
N (2); on maximum permissible of cutting temperature ® (3); on maximum permissible cut-
ting tool strength (4); on maximum permissible ranges of a rotational speed nyin (6), Nmax
(7) and the feed Syyin (8), Smax (9) operate, at finish turning on maximum permissible of ma-
chined surface roughness R, (5), additionally operates in place of limitation on maximum
permissible cutting tool strength. As a result of linearization of objective function and limita-
tions by taking the logarithm the mathematical model of the cutting process expressed by sys-
tem of the linear inequalities is defined (X! = In n; X2 = In §):

At rough turning

X1+ y,X2 < b,

(np + DX1 + ypX2 < by,
2 X1+ y,X2 < bs,
LypX2 < by,

X1>bg, X1 < b,

X2 > bg, X2 < b,

\(X1 + X2) - max,

(1)

at finish turning

(X1 +yy X2 < by,

(np + X1 + ypX2 < by,
2.X1+ y,X2 < bs,
$ksX1+ kyX2 < b,
X1>bg, X1 < b,

X2 > bg, X2 < b,

\(X1 + X2) - max,
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b, = In(1000C, K, K" /nDT™t*));

b, = In(6 - 103"+ Ny /CpKpKyp (D) P+ V%) ;

bs; = In(1000%0 /N KoKy (D)) ;

b, = In(347Y3%K,,/CpKpKppt CP=077) ;

bs = ln(Ra(T[D/]-OOO)kS/koKR Kur);

be = Inny,in; by = Innyey s bg = InSpin be = 1N Sy gy

where T — tool life; t — depth of cut; D — diameter of machining; C,, K, and x,,, y,,, m — factors
and the indexes characterizing degree of influence of depth, feed and tool life for cutting
speed; Ky — factor, which takes into account the increase of coated carbide cutting tool life;
n —synchronous speed; Cp, Kp, Xp, ¥p, 1, — factors and the indexes characterizing degree of
influence of depth, feed and cutting speed for cutting force P,; Kjp — factor, which takes into
account the oiling properties of CF for cutting force; 7 — efficiency of transmission of ma-
chine tool; k,, Kz, k,, k3 — factors and the indexes characterizing degree of influence of feed
and cutting speed; Kyr — factor, which takes into account the oiling properties of CF for treat-
ed surface roughness; Cy, Ky and z;, y; — factors and the indexes characterizing degree of in-
fluence of cutting speed and feed for cutting temperature; K, — factor of temperature lower-
ing, which takes into account the cooling properties of CF.

The example of definition of optimum of cutting regimes at rough and finish turning
of steel 45 is reduced on a figure 1.
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Figure 1. Graphs of determination of the optimum regimes at rough turning (t=3mm; 7=30min;
¢=5mm) — a) and finish turning (t=1mm; 7=60min; Ra=3,2mkm) — b) with use of CCT and CF

Polygon ABCD on reduced figure 1 represents the area of possible decisions at turn-
ing without CCT and CF. The objective function accepts the maximum value to a point C, for
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which the sum of distances to shafts (X1+X2) is maximum to what the extremely possible
position of the line 10 characterizing objective function testifies. The point C is a cross point
of limitations on possibilities of the cutting tool (1) and cutting tool strength (4) at rough turn-
ing and on a roughness of machined surface (5) at finish turning. Coordinates of a point C
(X1,,X2,) are required the best values of parameters.

The use of CCT increases tool life and changes limitations on possibilities of the cut-
ting tool (1.¢r). However, the presence of temperature limitation does not allow realizing the
possible of the cutting regimes increase. The point C; is a cross point of limitations on maxi-
mum permissible temperature of cutting (3) cutting tool strength (4) at rough turning and on a
roughness of machined surface (5) at finish turning. Coordinates of a point C; (X1,1,X2,1)
are required the best values of parameters.

The use of CF deletes temperature limitation and increases the cutting regimes. The
point C2 is a cross point of limitations on possibilities of the cutting tool (1,¢7) and cutting
tool strength (4) at rough turning and on a roughness of machined surface (5) at finish turning.
Coordinates of a point C, (X1,,, X2,,)are required the best values of parameters.

Optimum cutting regimes — feed S, and cutting speed V, can be define analytically:

At rough turning:
Sil — (34C1,35t(0,77—xP)K(p/CPKPKMP)l/yp (2)
. {(@/C@K@Kotxtsg;)l/ “ 0 < 0y, 5
i1 =
CyKy KT /T™e*v S0, if 0 < Oy
At finish turning:
( ks
O (ko KpKyp) ™\ etk
CoKoK, R/ *3¢xe Af 6 < 6o;
Sop =1 \Feftelloftg ) )
R, T™kstksXv k1=yvk c o0
At > 0;
\ koKRKMR(CVKVK{,n)% 0
1/ks |
. {(Ra/koKRK,V,Rs(’jz1 if 0 < 0, -
02 —
CoK KT /T™ S8, if @ > 6.

where 0,4, ©,, — boundary value of cutting temperatures for which it is necessary to consider
temperature limitation:

m\ Zt mks3 i’t:i}’it
091 = Cokot™ (VI ) — Ral S
ol [ORAYC) Tmxy koKR(CVKVK’Ir‘n)kg
CoKyKIM\*  [340c135£077=x0) 15
0. — g S KK ¢ ¢
02 oo Tmexy CPKP
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The results of analysis of cooling and oiling proper-ties for different CF are presented
on table 1, 2, 3 [3].

The analysis for followings most widespread CF: Akvol-2 (CF, which owns the most
expressed cooling properties); Ukrinol-1 (CF, which owns the most expressed cooling proper-
ties and partly oiling properties); MR-1y (CF, which owns the most expressed oiling proper-
ties and partly cooling properties) is carried out. MR-1y has the minimal factors of tempera-
ture lowering K,, factors cutting force at rough turning K,,;p and machined surface roughness
at finish turning K.

The use of CF ensures possibility of optimum feeds S, and cutting speed V,.r rise
in comparison with optimum cutting regimes S, and V, at machining without CF.

Table 1. Factors of temperature lowering Ko for different CF

Machining material Factors of temperature lowering Ko for different CF:
Acvol-2 Ukrinol-1 MR-1y
Constructional steel 0,85 0,82 0,78
Stainless steel 0,80 0,76 0,73
Table 2. Factors Kwp of cutting force lowering at rough turning for different CF
Machining material Factors of t cutting force lowering Kap for different CF:
Acvol-2 Ukrinol-1 MR-1y
Constructional steel 1 0,95 0,85
Stainless steel 1 0,9 0,8

Table 3. Factors Kmr of machined surface roughness lowering at finish turning for different
CF

Machining material |Factors of machined surface roughness lowering Kur for different
CF:
Acvol-2 Ukrinol-1 MR-1y
Constructional steel 1 0,97 0,9
Stainless steel 1 0,95 0,85

Quantitatively the rise of machining productivity can be justified based on factor
K = S,ciVocr/S,V,. Ground fixed analytical dependences of optimum feeds S, and cutting
speed 1, on machining conditions, the factor of machining productivity rise at the expense of
use CF for rough turning K; and finish turning K, is defined:

K(;anz\T/ﬁKTWf if Ko = Ko1;

Ky =4 (CyKy K" ( CoKo )”1 Cprt(xP_0’77) " (6)
Mt J\O t=x 34c125K3°
- i N, — Yt = Zt
! z' 2 YpZt ’
YvZt — Yt
ng = ———
YpZt
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K) Ko K ,1f Ko, = Koy,

K, =1$ (C K KT (C@K@> ( R, )"8 (7)
T™mtxv Ot kOKR
kg — ks Ve Z
Ny =——"——; N = ;

yeks — zcky’ > YpZt

ks ks—ki
¥ k1—3’vk3’ 7 yth_Ztkl'
n pze — ye) (ky — k3)
8

N (Yeks — zekqy) (kg — }’vk3).

where Kp; = 0/0,,,Ky, = 0/0,, — the factor considering cooling action of CF, which de-
fines a limiting value for which it is necessary to consider temperature limitation.

Graphs of dependence of factors Ky, and Ky, on cutting feed ¢ and machined surface
roughness R, (in the conditions of the machining, specified earlier) for different values tool
life T are reduced on figure 2.

The factors considering cooling action of CF, which defines a limiting value, for
which it is necessary to consider temperature limitation, are higher than cutting depths at
rough turning (figure 2, a) and machined surface roughness at finish turning (figure 2, b) are
higher.

With the use of the known normative information [6] the factors of machining produc-
tivity rise for different steels: steel 45, steel 30XI'C, stainless steel X18H9T can be presented:

—-2,6 —0,17 10,2 .
KO KMP KT ’ K02K015t45J

Kistas = {
’ 2,6K9%3 /TO2£028;

—3,0,,—-0,06,0,2 .
KO KMR KT , K02K025t45f

Kostas = {1,24K$’23R3'9/T0'2to’ls;

—-2,6 1—0,17 1,0,2 .
Ko Kyp ™ Ky, Ko 2 Koistzoxecs

Kistzoxee = {
34Ky /TO2(028;

~3.0 =0,06 0.2 _
Kyr K Ko = Kozstzoxacs

Kost30x6c = {2 14K° zsRo 9 /024015,

2 ,,-0,5,,0,25 _
Ko “Kyp K™, Ko = Koistxismors

K =
1stX18HOT
0,29
44K [TO?*>¢02;

S2K0V g 025 _
Ky » Ko 2 Koasex1snors

Kastx1gHor = 3,251{0 29R0 3/T° 25403
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The results of estimation of possibilities of the turning productivity rise with the use of
technological cutting fluid based on presented method are reduced on figure 3-5.

Graphs of dependence of factors of machining productivity rise K; and K, on factor of
temperature lowering K, considering cooling action of CF at rough and finish turning of dif-
ferent steels are reduced on figure 3.
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Figure 2. Graphs of dependence of factor Ko and Koz on cutting feed t at rough turn-
ing — a) and on machined surface roughness Ra at finish turning — b)

The machining productivity with use of CF rises in connection with reduction of fac-
tor of cutting temperature lowering to the level defined by removal of temperature limitation
and then productivity remains constant. The subsequent change of factor of cutting tempera-
ture lowering becomes inexpedient from the point of view of machining productivity rise.

The greatest increasing of the productivity can be reached for stainless steel X18HOT
at finish turning. Graphs of dependence of factor of machining productivity rise K; and K, on
factor of temperature lowering K, for different factors Kyp and Ky which takes into account
the oiling properties of CF for cutting force at rough turning and machined surface roughness
at finish turning are reduced on figure 4.
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Figure 3. Graphs of dependence of factors of machining productivity rise K1 and K> on factor
of temperature lowering Ko for different steels at rough turning — a) and finish turning — b)
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Machining productivity is higher than factors Kyp and Ky are less that corresponds
to higher oiling properties CF. The greatest increasing of the productivity can be reached at
value factors Kyp which takes into account the oiling properties of CF for cutting force at
rough turning (figure 4, a) and small value factors Kj;z which takes into account the oiling
properties of CF for machined surface roughness at finish turnings (figure 4, b).

Graphs of dependence of factor of machining productivity rise K; and K, on factor of
temperature lowering K, for different cutting depth at rough turning and machined surface
roughness at finish turning are reduced on figure 5.
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Figure 4. Graphs of dependence of factors of machining productivity rise K1 and K> on factor
of temperature lowering Ko for different factors Kr, which takes into account the increase of
coated carbide cutting tool life at rough — a) and finish — b) turning steel 45
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Figure 5. Graphs of dependence of factors of machining productivity rise K; and K>on
factor of temperature lowering Ko for different factors K7, which takes into account the in-
crease of coated carbide cutting tool life at rough — @) and finish — ) turning steel X18H9T

Machining productivity is higher than cutting depths at rough turning and machined
surface roughness at finish turning are higher. The greatest increasing of the productivity can
be reached at great values of cutting depth (figure 5, a) and great values of the machined sur-
face roughness (figure 5, b).

The results of estimation of possibilities of the turning productivity rise with the use of
coated carbide cutting tools based on the presented method for different steels are reduced on
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figure 6 and figure 7.

Machining productivity is higher than factors K, which takes into account the in-
crease of coated carbide cutting tool life, are higher. The greatest increasing of the productivi-
ty can be reached at finish turning.

3. Conclusion

As a result of the conducted research, a methodology for optimizing turning parame-
ters based on the criterion of maximum productivity has been developed. The approach incor-
porates the application of coated carbide cutting tools and technological cutting fluids. A
mathematical model of the turning process was formulated, accounting for constraints im-
posed by permissible cutting temperature. Using linear programming techniques, analytical
relationships describing the optimal cutting conditions as functions of the principal turning
parameters were derived.

A productivity enhancement factor was introduced to quantitatively reflect the com-
bined effects of increased tool life of coated carbide inserts, as well as the cooling and lubri-
cating performance of technological cutting fluids. The influence of temperature reduction —
considering both the thermo-physical properties of the cutting fluid and the characteristics of
coated carbide tools for different steel grades — on the productivity growth factor was estab-
lished.

An assessment of the potential productivity gains achievable through the application
of coated carbide tools and cutting fluids under various turning conditions was performed.
The results demonstrate that productivity improvements for all investigated steels are more
significant in finish turning than in rough turning, reaching up to 30%. Moreover, greater
productivity growth was observed in machining stainless steel X18H9T compared to structur-
al steel 45, with increases of up to 25% under both rough and finish turning conditions.

The maximum productivity gain was achieved in finish turning operations with the
combined use of coated carbide tools and technological cutting fluids: up to 2.5-fold for stain-
less steel X18HIT and up to twofold for structural steel 45.

The proposed method can be applied to evaluate the potential for productivity en-
hancement across various machining scenarios involving coated carbide cutting tools and
technological cutting fluids.
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