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Hocaidxcenns npouecy moxapnoi 00podxu noxaszano, wo pa-
diyc eepwunu pizus € 00HuM 3 paxmopie, wo 6nausalOmMv Ha
wopcmricmo nogepxui ax noxasnux sxocmi eupooy. Koediuienm
ZHYUKOCMI CMPYHCKU € BANHCTUBUM NAPAMEMPOM 8 MOKAPHOMY NPO-
yeci, aKuil Modce 3ACMOCOBYEAMUC MEOPEeMUUHO AD0 eMNIPUHO.
IIpouec moxapmnoi 06pobKu nPo8oouUsCa Ha anoOMiHic6oMYy cnia-
6i — 6061. locnidsceno énaue obpanux xapaxmepucmux, a came
wopcmrxocmi nosepxui (SR), naowi nosepxni 3nocy pizus (Vb)
i Koeiyienma enyuxocmi cmpyxcku (3). Bubip padiycy eepwu-
HU OCHOBHO20 pizusa (ns), weuoxocmi obepmanus wnundeas (n),
weuoxocmi noda4i (vf) i enubunu pizannsa (a) modce enaunymu na
wopcmricms noGepxHi, 3a ymoeu nocmitunocmi, Ha Qpopmy i xoei-
UieHm 2HYUKOCMI CMPYINCKU § NIIOWY NOBEPXHI 3HOCY PI3UA No 3A0HIN
nogepxui. Dopma cmpysicku 6 MoKapHomy npoueci 3anelcunsd 6io
wopcmrocmi noéepxni eupody, Koediyicuma enyuxocmi cmpyxicku
1 3HOCY pi3us no 3a0Hill nOGepPXHi.

B excnepumenmanviomy 00CHI0NHCEHHT | CIMAMUCMUMHOMY AHA-
31 BUKOPUCMOBYBABCS MEMOO eKCREPUMEHMATILHOZ0 NPOEKMYEAH -
na opmozonanviioi mampuyi Ly (3*) no Tazymi. llapamempamu, wo
BUKOPUCMOBYBAIUCH 8 NPOUEC] MOKAPHO20 PI3AHHS ANIOMIHIEB020
cnaasy — 6061, 6yau kym 3azocmpenns pisys, weudxicmo odepman-
HA wnunoeas, enuduna pizanns i weuokicms noodaui, AKi 6NAUNYIU
na xapaxmepucmuxu ((SR), (3) i Vb).

Buecox xoscnozo paxmopa 6 pesynrvmam eusnawacmocs ouc-
nepciiinum ananizom. 3a 00nomoz2010 ducnepciunozo ananisy, ompu-
Mana mooesv MHOICUHHOL pezpecii 3i cnissioHowenns (axmopis
(ns, n, of i a) do xapaxmepucmux (SR, d i Vb), wo euparxcaemo-
ca Hacmynuum pisuanuam: SR=0,955556+0,074444ns+0,006667n+
+0,005556uf-0,001111a, 5=7,18889—1,17556ns—0,59222n-0,60222vf -
-0,09111a, i Vb=0,320370-0,073704ns-0,021481n—0,041481vf-
—-0,032593a.

Pesynvmamu rxopensauyii noxasanu, wo npu (a) padiyci eéepuiu-
nu pisys 0,4 mm, weuoxocmi nodaui 56 Mmm/xe6 i enubuni pizanus
0,25 mm, SR=1,11 mxm, npu (6) padiyci eepwunu pizys 1,2 mm,
weuodxocmi nooaui 58 mm/xe i eaudbuni pizanns 0,25 mm, 56=7,07,
npu (8) paodiyci eepuunu pizus 0,4 mm, weuoxocmi nooaxi 60 mm/xe
i enubuni pisanns 0,50 mm, Vb=0,34 mm?. 3pobaeno 6uctosox npo
cunvnuil enaue na xopeaauito smuavenna R? no eidnowennio 0o
SR=97,89 %, 6=94,45 % i Vb=67,30 %

Kntouoei crosa: padiyc eepuuiiu, koeivienm enyuxocmi cmpysic-
KU, WOpCmMKicms no8epxui, 3H0C no 3aonii nosepxui, memoo Tazymi,
oducnepciiinuil ananiz
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1. Introduction fects the lathe cross section on the value of the chip slenderness
ratio. Flow chips types that appear in the lathe process in the

Aluminum Alloy 6061 material are classified according to the

Surface roughness is an important indicator in the lathe

process, the main factors affecting surface roughness are cutting
speed, depth of cut, and feed rate, machine tool vibration, fluid
temperature, tool geometry, etc. This indicates that surface
roughness, surface area of tool flank wear and chip slenderness
ratio are influenced by the tool nose radius, cutting speed,
and depth of cut. The surface area of the tool flank wears. The
surface area of the tool flank wears and illustrates the gradual
failure of the lathe cutting tool due to the effect of tool friction
with hard particles on the surface of the lathe and high cutting
temperatures. The increase of cutting speed and nose radius
results in a better surface and increased tool edge wear, and af-

shape of cross section. The continuous and discontinuous form
formed in the lathe process has its own unique characteristics,
in terms of the material. The chip slenderness ratio (8) is the
result of a comparison of the chip width after being cut divided
by the chip thickness after being cut, can be used to identify
the characteristics of the chip form. The selection of the main
cutting tool nose radius, depth of cut, spindle speed and feeding
speed can affect the chip shape and the chip slenderness ratio.
The chip shape of the lathe process has a correlation
with the product surface roughness, chip slenderness ratio,
and surface area of tool flank wear. For example, most of



the material used in the lathe process research is steel with
a reference value of specific cutting force Ki1 1,570 N/mm?
greater than that of K4 370 N/mm? [5], this will affect the
specific cutting force so that the results of surface roughness,
surface area of tool flank wear and chip slenderness ratio (8)
will have effects.

2. Literature review and problem statement

The Aluminum 6061 lathe process illustrates the rela-
tionship between feed motion to surface quality, results in
improving surface quality and minimizing machining time,
and maximizing productivity [1]. The machining parameter of
the depth of cut is the most influential factor to reduce surface
roughness. The larger the nose radius will result in a better
surface compared to the small tool nose radius, depth of cut
and a small feed rate [2, 3]. The hypothesis indicates that with
the implementation of the nose radius there is a substantial re-
lationship, or the effect of the interaction between the nose ra-
dius and the flank radius is relatively small experiencing flank
wear [4]. Tool wear occurs due to changes in cutting mechan-
ical energy into heat energy. Many kinds of failures or chisel
defects are resulted, such as flank wear, crater wear, chips
build up (BUE) and catastrophic damage. This generally oc-
curs when the tool nose suffers from an impact load as it often
occurs in the process of expansion of cutting with feed rate (/)
or large depth of cut (@) [5]. The chip slenderness ratio (38) of
the drilling process is affected by the feed rate and the tool’s
main angle, while the too small spindle speed is to be ignored.
In this study, it can be seen that the surface morphology of the
chip shape area has an increase in surface roughness without
affecting the dimensions of the drill hole. As with the increas-
ing chip slenderness ratio (8), the driving force and tool wear
decrease. The chip slenderness ratio (8), optimal is 5:1, is the
result of simultaneous research in the process of drilling and
lathe parameters which are influenced by depth of cut and
feed rate, thus affecting surface roughness [6].

The chip slenderness ratio is the parameter that most in-
fluences the surface roughness value influenced by the height
and the low value of the chip slenderness ratio. The high chip
slenderness ratio value will be obtained, high roughness value
and a low chip slenderness ratio value will be obtained, low
(smooth) roughness value.

Lathe process creates chip flow which can be classified
based on the cross section. Wavy chips occur when the
oscillating shear angle extensively causes fluctuations in
cutting forces and changes in the chip thickness. [7, 8]. The
chip slenderness ratio (8) which is the result of a comparison
of the chip width divided by the thickness of the chip after
being cut off can be used to identify the characteristics of the
chips form. The sliding angle in the metal cutting process
with a high cutting speed can increase the effect of plastic
deformation [9]. Tool geometry has a significant effect on
chips, heat distribution, tool wear, product finish surface
during the lathe process [10]. For each cutting process, the
value of depth of cut (a) and feed motion (f) selected results
in a certain value of the chip slenderness ratio (8) as follows:

b a

d=—=—7"-——. 1
h f(sinKr)2 M

The value varies depending on the selection of the value
of a and f and the main cutting angle (K7) used. In general,

according to observations in practice, machine tool operators
tend to choose the values of 8 equal to 5, or at least =1 and
the largest (8)=50 (rarely found). The value of the chip slen-
derness ratio (8) obtained due to the selection of certain a
and f will affect the shape of the chip, especially in the pro-
cess of cutting steel or metal which is ductile which generally
has a continuous chips form [5]. The tool radius, cutting
speed, depth of cut and specific feeding speed selection will
influence the chip shape in the metal cutting process which
generally has continuous and intermittent form of chips.
Based on the explanation in the preceding paragraph, this
study is aimed at figuring out the correlation of the effect of
cutting parameters on surface roughness (SR), chip slender-
ness ratio (8), and surface area of tool flank wear (V). More-
over, it was also aimed at determining the regression equation
model of each response, analyzed using ANOVA.

3. The aim and objectives of the study

The purpose of the work is the relationship between sur-
face roughness, chip slenderness ratio, and tool wear on the
cutting parameters of the lathe process AA-6061.

To achieve this aim, the following objectives are accom-
plished:

— to find out the effect of the relationship of cutting pa-
rameters to surface roughness (SR), the smallest SR value is
obtained;

— to find out the effect of the relationship of the cutting
parameters to the chip slenderness ratio (8), the value (8) is
the smallest;

—to find out the effect of the relationship between the
cutting parameters to the surface area of tool flank wear (Vb),
the smallest value (Vb) is obtained,

— to determine the regression equation model for SR; §;
and Vb, intended to determine the value of each result of the
smallest equation.

4. Materials and research method

The research method used is an experimental research
method to determine the effect of cutting parameters; tool
nose radius (ns), spindle speed (n), feeding speed (V/), depth
of cut, which affect surface roughness, chip slenderness
ratio (8), and surface area of tool flank wear (Vb).

The lathe process used is dry cutting. The test material
used was Aluminum Alloy — 6061 with the following me-
chanical properties: 350 MPa yield strength, 400 MPa tensile
strength. The geometry of the test specimen is a solid cylinder
with a diameter of 22 mm and a length of 100 mm (Fig. 1).

The study was carried out using a CNC TU 2 A lathe,
with cutting radius parameters for tool nose radius of ns 1.2,
0.8, 0.4 mm, spindle speed of n 1000.1150, 1,250 rev/minute,
feeding speed vf 56, 58, 60 mm/minute and depth of cut a
0.25, 0.35, 0.50 mm. Table 1 presents four factors with three

levels for each factor.

100 22

Fig. 1. Geometry of workpiece



Fig. 2. Carbides Insert tool
(Catalog Dorian International Tool, 2013)

Table 1
Process and level parameters
Code Parameter Unit | Level 1 | Level 2 | Level 3
A Nose radius (ns) Mm 0.4 0.8 1.2
B Spindle speed (n) | rev/min | 1,000 | 1,150 | 1,250
C | Feeding speed (vf) | mm/min 56 58 60
D Depth of cut (a) mm 0.25 0.35 0.50

The experimental design presented in Table 2 is used for
experimental analysis using the experimental design of Ly OA
Taguchi carried out with the analysis of variance (ANOVA).

Surface Roughness test

Surface area of
flank wear

Width of c ps

Lap Top and Acquisition Data

Fig. 3. Experimental design (Department of Mechanical
Engineering CNC, Industrial Metrology and Metallography
Laboratory, University of Merdeka Malang)

Table 2
The results of the lathe process research 5. Results
using the Lg Orthogonal Array
Cuting Parameters Response 5. 1. Analysis of surface roughness
g P Table 3 shows the ANOVA results from the average sur-
Models ns, n of, a | SR | Wb face roughness (SR) where the results of significance are the
mm | rev/min | mm/min | mm | pm |(mm?2) ® nose radius (ns), with the results R?=97.89 % and the test
results P<F(0.002<19.19).
1 0.4 1,000 56 025 | 111 | 012 | 5.05
Table 3
2 0.4 1,150 58 0351 1.07 | 035 | 683 ANOVA for surface roughness (SR)
3 04| 1250 60 | 050 | 092 | 034 | 6.60 Source | DF | SeqSS | AdiSS | AdiMs | F P
4 0.8 1,000 58 035 | 1.25 | 043 | 6.62 ns 2 1.22496 | 1.22496 |0.612478 | 116.87 | 0.000
5 0.8 1,150 60 050 | 1.12 | 0.30 | 10.14 n 2 0.20116 | 0.20116 | 0.100578| 19.19 | 0.002
6 | os | 1250 | 36 1025|1101 020 | 488 of | 2 |000202 |0.00202 |0.001011| 019 | 0.829
7 19 1,000 60 050 1 079 | 054 | 976 a 2 0.00162 | 0.00162 |0.000811| 0.15 0.860
ns*a 4 | 0.01582 | 0.01582 {0.003956 | 0.75 0.590
8 1.2 1,150 56 025 | 0.65 | 0.43 | 4.71
n*a 4 1 0.01029 | 0.01029 | 0.002572| 0.49 0.744
9 1.2 1,250 58 0351059 | 035 | 7.07
of*a 4 | 0.00636 | 0.00636 |0.001589 | 0.30 0.866
The experimental design is schematically shown in Fig. 3. R%Sidual 6 - - - - -
. ITor
The specimens resulted from the lathe process are measured
using the MITUTOYO SURFTEST SJ-310 surface rough- Total 26 | 1.49367 - - - -
ness tool. Thickness, chip width, and surface area of tool flank ) ) )
wear are measured using the Digital Microscope. §=0.0724 R-$q=97.89 % R-Sq(ad))=9088 %




The coefficient of determination R?=97.89 % has a very
strong influence on the response parameters of the response to
the response variable, this is useful for predicting and seeing as
much as the contribution of influence given the simultaneous
cutting parameters (together) to the response variable (SR),
with a very small deviation (§=0.0724), so that this equation
can be said to be linear regression. The factors that influence
the results of surface roughness are feeding speed (vf), from
the depth of cut (a). The multi regression equation (2) has
a relationship with the parameter (us, n, vf and a) as follows:

SR=0.955556+0.074444ns+0.0066677n+

+0.0055560f —0.001111a. 2)

Fig. 4 indicates the main effect plot of the final surface of a
product in the lathe process. Tool nose radius (ns) of 1.2 mm,
spindle speed of 1,250 rpm, feeding speed (vf) of 60 mm/min,
depth of cut (a) of 0.35 mm, in response conditions produce
product quality with SR of 0.59 pum. This is influenced by the
feeding speed (vf) and depth of cut (@), in this case there is the
interaction of the tool nose radius (ns) with the depth of cut ().

Main Effects Plot for Means SR

Data Means
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Fig. 4. Main effects of surface roughness of each factor
for various levels

5. 2. Chip slenderness ratio (8)
Table 4 shows the ANOVA results of the average chip
slenderness ratio (8) where the results of the significance are

tool nose radius (ns), with the results R?=94.45 % and the
results of the P<F test (0.013<9.74).

The coefficient of determination R*=94.45 % has a very
strong influence on the response parameters of the response
to the response variable, this is useful for predicting and
seeing as much as the contribution of influence given the
simultaneous cutting parameters (together) to the response
variable (SR), with a very small deviation (§=0.978), so that
this equation can be said to be linear regression.

There are no factors that influence the cutting parame-
ters, there is interaction of the tool nose radius (ns) with the
depth of cut (a), spindle speed (1) with respect to the depth
of cut (@), and feeding speed (ovf) with respect to the depth of
cut (a). The multiregression equation (3) has a relationship

with parameters (ns, n, vf and @) as follows:

§=7.18889-1.17556ns—-0.59222n —

- 0.602220f +0.09111a. (3)

Fig. 5 shows that the main effect plot resulted by the
chip slenderness ratio (8) is the form of the chips dimension
of the lathe process. Nose radius (ns) of 1.2 mm, spindle
speed of 1,150 rpm, feeding speed (vf) of 56 mm/min and
depth of cut () of 0.50 mm on average conditions produce
chip slenderness ratio (8) of 4.71. In this case there was no
significant effect on machining parameters. There is the
interaction of the tool nose radius (ns) with respect to the
depth of cut (a), spindle speed (1) with respect to the depth

of cut (@), and feeding speed (vf) with respect to the depth
of cut (a).

Main Effects Plot for Means &
Data Means
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Fig. 5. Main effects of chip slenderness ratio () of each
factor for various levels

5. 3. Surface Area of flank wear (Vb)
Table 5 shows the ANOVA results of the surface area of

tool flank wear (Vb) which is significant for surface area of
tool flank wear (Vb), depth of cut (a), results of R?=67.30 %,
the results of the P<F test (0.117<3.13) and (0.577<0.60).

The coefficient of determination R*=67.30 % has a very

Table 4
Analysis of Variance for Means of Chip Slenderness Ratio (9)
Source DF | SeqSS | AdjSS | AdiMS| F P
ns 2 18.661 | 18.661 | 9.3305 | 9.74 | 0.013
n 2 12,721 | 12.721 | 6.3607 | 6.64 | 0.030
of 2 17.969 | 17.969 | 8.9846 | 9.38 | 0.014
a 2 1.649 1.649 | 0.8246 | 0.86 | 0.469
ns*a 4 10.584 | 10.584 | 2.6459 | 2.76 | 0.128
n*a 4 14.467 | 14.467 | 3.6169 | 3.77 | 0.072
of*a 4 21.836 | 21.836 | 5.4590 | 5.70 | 0.031
Residual Error| 6 5.750 5.750 | 0.9583 -
Total 26 | 103.637 - - - -
§=0.9789 R—Sq=94.45 % R-Sq(adj)=75.96%

strong influence on the response parameters of the response
to the response variable, this is useful for predicting and
seeing as much as the contribution of influence given the
simultaneous cutting parameters (together) to the response
variable (SR), with a very small deviation (§=0.141), so that
this equation can be said to be linear regression.

Other factors influencing cutting parameters are feeding
speed (vf) and depth of cut (a), there is the interaction of
the tool nose radius (ns) with respect to the depth of cut (a),
spindle speed (n) with respect to the depth of cut (a), and
feeding speed (vf) with respect to the depth of cut (a).



Table 5
Analysis of Variance for surface area flank wear (Vb)
Source DF | SeqSS | AdjSS | AdiMS | F P
ns 2 10.13001 | 0.13001 | 0.065004 | 3.13 | 0.117
n 2 10.01425|0.01425 | 0.007126 | 0.34 | 0.723
of 2 10.02503 | 0.02503 | 0.012515| 0.60 | 0.577
a 2 10.01434 | 0.01434 | 0.007170| 0.35 | 0.721
ns*a 4 10.01621 | 0.01621 | 0.004054 | 0.20 | 0.932
n*a 4 10.02657 | 0.02657 | 0.006643 | 0.32 | 0.855
of*a 4 10.02993 | 0.02993 | 0.007481 | 0.36 | 0.829
Residual Error | 6 | 0.12456 | 0.12456 | 0.020759 | - -
Total 26 | 0.38090 - - - -
§=0.1441 R—Sq=67.30 % R—Sq(adj)=0.00 %

The multiregression equation (4) has a relationship with
parameters (ns, n, vf and a) as follows:

Vb =0.320370-0.073704ns —0.021481n —
— 0.0414812f —0.032593a. (4)

Fig. 6 shows that the main effect plot resulted by the
surface area of tool wear (Vb). Tool nose radius (ns) 1.2 mm,
spindle speed 1,150 rpm, feeding speed (vf) 60 mm/min, and
depth of cut (@) 0.50 mm on average conditions produce the
surface area of tool wear (Vb) 0.35 mm?. There is interaction
of the tool nose radius (ns) with respect to the depth of
cut (a), spindle speed (n) with respect to the depth of cut (a),
and feeding speed (vf) with respect to the depth of cut (a).

Main Effects Plot for Means Vb
Data Means

ns(mm) n (rpm) Vf (mm/min) a (mm)

Mean of Mean:
L ]

04 08 12 1000 1150 1250 56 58 60 025 035 0.50

Fig. 6. Main effects of surface area of flank wear (Vb) of each
factor for various level conditions

6. Discussion of the experimental results

6. 1. Surface measurements of the flank wear area (Vb)

Fig. 7 shows the results of measurement of the surface
area of verification of the surface area of tool wear model 7,
tool nose radius at 1.2 mm, measurement with 1,000 X mag-
nification produces an area of 5451.0835 um? (0.54 mm?),
lathe processing time is 210 seconds with 3 x processes
(70 seconds/process). Verification of the surface roughness
value of 0.79 pm and the chip slenderness ratio of 9.76, ac-
cording to [2, 5, 6, 10, 11]. If the nose radius increases, the

area of sliding contact increases, resulting in a large surface
area of flank wear (V). If the nose radius increases, the area
of sliding contact increases, resulting in a large surface area
of flank wear (Vb).

ADOT 1280x1024 2016/10/26 10:16:34 Unit: mm Magnification: 100x No Calibration

>Pf-aHo 010601

aaaaaaaaaaa
Specify first corner point or [Object/Add/Subtract]: o
Select objects.
lArea = 5451.0835, Perimeter = 305.6568
ned

Fig. 7. Surface area of tool wear model 7

6. 2. Chip slenderness ratio (8) result graph of each
model

Fig. 8 of the results of the chip slenderness ratio (8) on
the cutting parameters (7, ns) shows that the value (8) 10.4,
machining conditions zs 0.8, n 1150, and a 0.50, with product
quality (SR) 1.12 pm obtain the surface area of tool wear (Vb)
0.30 mm?, according to [5] in the range of values of the chip
slenderness ratio (8)=2-20. According to the results of
research on the form of growl in the form of more desirable
debris, it is approached with a specific cutting force formula
as follows [5]:

K =K, h~ (N/mm®), (5)

where & — chips thickness (mm); B — width of cut (mm); Z —
chip thickness rank.

—
[\S]

10

Chip slenderess ration (8)

Fig. 8. Graph of chip slenderness ratio (8) on each model

The calculation on formula (5) was based on two vari-
ables of depth of cut (a), feeding speed (vf), and tool oblique
angle (As) or two variables of chip dimension before being
cut; b and h are used, and the tool nose radius was ignored.

The principal cutting edge angle and the rake angle.
Influences, among others, on the cross section, cutting force,



and tool life, the difference in depth of cut (@) which will
cause different chip width divided (b) which causes a differ-
ence in cutting force (Fc) [5].

This research has limitations. They are:

a) the value of the specific reference force of the specific
aluminum alloy metal does not yet exist;

b) the position change of tool geometry is not optimum,
only carbide inserts are used,;

¢) the picture taking the wide metal microscope and chip
thickness after being cut was less accurate.

6. 3. Surface roughness

Fig. 9 shows that if the nose radius (ns) is greater, the
depth of cut (@) is large and feeding speed (vf) is constant,
the amount of sliding contact area increases and produces
a low surface roughness [12, 13], also affects the surface area
of tool wear (8) which is quite large and the surface area of
the tool wear is enlarged [5]. Surface fineness is affected by:
(a) stiffness conditions of the cutting system on the lathe (b),
tool nose radius and (¢) the ability of the workpiece machine.

{ —Q

I,

ns 1.2

<4

Fig. 9. Sketch of the influence of the nose radius
on surface roughness, surface area of tool wear and chip
slenderness ratio ()

From the visualization of chip type in Fig. 10, it proves
that all models produce a continuous chip type because they
are in a range of values of (3). From this research, it can be
developed to the chip slenderness ratio (8) with non-ferrous
material and the change in tool geometry will be obtained by
the amount of lathe force, tool life.

Research on the development of advanced lathe processes
is recommended:

1. In this study, predictions of the surface area of tool
flank wear and chip slenderness ratio (8) to the frequency
range of the lathe process using aloe vera lubrication.

2. Effects of the chip slenderness ratio (8) on cutting force
and cutting power in the lathe process, and surface roughness.

3. The temperature of the dry lathe has an effect on the cut-
ting force, cutting power to the surface area of tool flank wear.

Fig. 10. Continuous chip visualization on model 7
with a 1.2 mm nose radius

7. Conclusions

1. Tool nose radius (zs) 1.2 mm, spindle rotation 1,250 rpm,
feeding speed rate (ovf) 60 mm/min, depth of cut (a)
0.50 mm in response conditions produce good product qual-
ity SR 0.59 pm.

2. Tool nose radius (ns) 1.2 mm, spindle speed 1,150 rpm,
feeding speed (vf) 56 mm/min, and depth of cut (a)
0.50 mm on average conditions produce a chip slenderness
ratio (9) 4.71.

3. Tool nose radius (ns) 1.2 mm, spindle speed 1,150 rpm,
feeding speed (vf) 60 mm/min, and depth of cut (a) 0.50 mm
on average conditions produce the surface area of tool
wear (Vb) 0.35 mm?.

4. The model equation for each response:

SR=0.955556+0.074444ns+0.006667n+
+0.0055560/-0.0011114,

8=7.18889-1.17556ms—0.59222n—
-0.602220/-0.09111a,

Vb=0.320370-0.073704ns—0.021481n—
-0.0414810/-0.032593a.

This has an effect on the correlation of the R? value is
very strong against surface roughness 97.89 %, the chip
slenderness ratio is 94.45 %, and the surface area of tool flank
wear is 67.30 %.
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Buxnadena egpexmuenicmo 6uKopucmanns mexHonozii poauKoeo-
20 popmyeanHs npuMYco60z20 nosopomy podouozo opzany (Poauxa wu
cexmopa) . IlIpedcmasaeni pesyrvmamu po3pooxu yoockonanenoi mex-
HON02H poauKosozo Gopmysanns. Ocodausocmamu yiei mexnonoezii
€ 6i0CYmMHICMb NPOCAUZAHNIA | 3AKTUHIOBAHNI POOOHO20 OP2aYy BI0HOCHO
noeepxui 6emonnoi cymiui, wo Popmyemocs. Bono eunuxae 3a paxynox
3POCMAanHs IHePUIIHUX CUTL POTIUKIB, W0 BLTHO 00epMarontvCs.

Brxazani nepeeazu danoi mexnonoaii nepeo siopauiiinoro, a came:

— MOJCAUGICMb CYMIWEHHA 8 0OHOMY dzpezami NPouecié po3xaa-
0aHHs, YWINbHEHHS MA 3A2]1A0HCYEAHHS OEMOHHOT CyMiwi, WO CMeo-
P1O€, 8 nepuly uepey, MOHCIUBICMb OP2AHI3AUTT 6UCOKOMEXAHIZ08AHUX
ma agmomamu308anHux MexHo0LIMHUX JIHI, T, MUM CAMUM, NIOBUULU-
mu ix npooyKmueHicmo:

— MOJNCUGICMb ePeKMUBH020 YUiNbHEHHA 0COOIUBO IHCOPCMIKUX
OpibHo3eprucmux bemonnux cymiueil, wo, 8 C6010 1epey, CMEOPIOE nepe-
0YMOBU 0151 OMPUMANHS 0062068THHUX BUPODIB, CKOPOUEHHA UUKIIIG mep-
MO00POOKU, A MAKOINC 3MEHUEHH MEMATIOMICIMKOCMI 6UPOOHUUMEA;

— MOJCUGICMb BUKOPUCMAHHA OPIOHOZEPHUCMUX CYyMimel 3 He-
cmauero yemeHm020 micma, wo He nepesuUyIOms HOpMu 0t bemony
HA KPYNHOMY 3an06HI08aMI;

— MOXCIUBICMY eheKxmueH020 nOKpauweHHs CAHIMApPHO-2i2i€HIUHUX
YMO08 07151 06CY208Y104020 NEPCOHANY 34 PAXYHOK 8i0cymHocni 8idpa-
Uii i CYMmeB020 3HUNCEHHS WYMY;

— 8i0Mo86a 610 dopozoeapmichoezo i Yy padi eunaokis dediyumiozo
KPYnHoz0 3an0o6HI06aua, wijo 0036015€ OMPUMAMU 3HAUHY eKOHOMIO.

3asnaueni 3aaeicHOCMi xapaxmepusyiomv i NOKA3yomv 30i1b-
WEeHHS NPECYIO1020 MUCKY POOOU020 OP2aHY HA NOBEPXHIO UPODY, WO
dopmyemvca. B pesyrvmami yvozo xoeiyicum yujisoHenns cymiui
3binvmyemvcs 3 0,983 (npu einvromy odepmi poauxy) do 0,998 (npu
npumycosomy iiozo obepmi)

Kmiouoei cnoea: opionosepnucma cymim cmabinisyroua éanxa,
Qiopodemon, cmanediopodemon, cmanwiii 6010KHa, opicnmauisn Qiopu,
npumycosuii obepm cexmopa
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concrete technology. Development of new and improvement

of existing concrete forming methods substantially deter-

The need to increase efficiency of capital construction
is inextricably linked with improvement of the reinforced

mine product quality and cost which is of great importance.
Prospective and relevant forming methods include the non-



