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Abstract

In this study, surface quality and tangential cutting force and radial width (a.) and axial deep (ap)

parameters were investigated in the processing of white marble, which is a natural building material.
Five different white marbles were used in the experiments and the taguchi method was applied as the
Keywords test method. Depending on the number and level of parameters, the L9 orthogonal array was chosen.
Cutting forces and surface roughness data were collected for each marble. The optimal level and

contribution percentage of each parameter was determined by applying the analysis of variance with

Marble; Taguchi
method; Surface

. the signal-to-noise (S/N) ratio. The Fr and Ra factors for all marbles were found to be ae:1 mm and ap:1
roughness; Varyans

mm. Depending on the significance level, axial depth of cut (ap) was the primary effective parameter
(65-86% for Fr; 42-78% for Ra), while radial depth of cut was the secondary effective parameter (3-24%
for Fr; 16-35% for Ra). It can be said that the feed rate parameter was not an effective parameter in
general.As a result of regression analysis, a significant relationship of 83% was observed between Ra

analizi; Axial depth of
cut; Radial depth of cut

surface roughness value and mineral grain size. Grain size has been the mineralogical-petrographic
feature affecting the surface quality of marbles.

Beyaz Mermerlerin Frezelemesinde Radyal Genislik ve Eksenel Derinlik
Parametrelerinin Yiizey Kalitesine Etkisinin Arastiriimasi

0z

Bu ¢alismada, dogal bir yapi malzemesi olan beyaz mermerin islenmesinde ylzey kalitesi ve tegetsel

kesme kuvveti ile radyal genislik (ac) ve eksenel derinlik (ap) parametreleri arastirilmistir. Deneylerde

Anahtar kelimeler bes farkl beyaz mermer kullaniimis ve test yontemi olarak Taguchi ydntemi uygulanmistir. Parametre
Mermer; Taguchi sayisi ve seviyesine bagl olarak L9 ortogonal dizisi segilmistir. Her bir mermer igin kesme kuvvetleri ve
yontemi; Yuzey ylzey plrazlGlGgu verileri toplanmistir. Her bir parametrenin optimum seviyesi ve katki ylzdesi, sinyal-

puruzlalagy; Varyans guraltu (S/N) oraniile varyans analizi uygulanarak belirlenmistir. Tim mermerler igin Fr ve Ra faktorleri,
analizi; Eksenel kesme  ge:1 mm ve ap:1 mm olarak bulundu. Anlamlilik seviyesine bagli olarak, eksenel kesme derinligi (ap)
derinligi; Radyal kesme  hirincil etkin parametre (Fr icin 65-86%; Ra icin 42-78%), radyal kesme derinligi ikincil etkin parametre
derinligi (3-24% for Fr; 16-35% for Ra) olmustur. ilerleme hizi parametresinin ise genel olarak etkin bir parametre
olmadi sdylenebilir. Regresyon analizi sonucunda Ra yiizey puriizlilugi degeri ile mineral tane boyutu
arasinda %83 oraninda anlamh bir iliski gézlenmistir. Tane boyutu, mermerlerin ylzey kalitesini

etkileyen mineralojik-petrografik 6zellik olmustur.

© Afyon Kocatepe Universitesi

1. Introduction higher quality, and multidimensional than manual
Marbles have been used throughout history in art work. The most important difference of marbles
and architecture in terms of durability and from metal alloys is that they are produced directly
aesthetics. The use of CNC machine is increasing in from nature, and the natural structure content
the marble industry as it is more precise, faster, cannot be changed. The most important difference
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of natural stones compared to composite materials
and metals is that they are heterogeneous.
Therefore, due to the processing of materials with
the homogeneous characterization of CNC
machines, tool technology, and machinery have
developed rapidly compared to metal materials. In
the milling of marbles, the processing parameters
change according to the characterization of the
rocks. The texture of the rocks and the mineral grain
sizes affect the surface roughness in face milling
operations (Altintas 1994, Ozkan and Oz 2020,
Ozkan and 0z 2021).

In the processing of marbles in CNC machines,
factors affecting product quality such as milling
tools, machine parameters, and rock properties.
These factors are especially important factors that
directly affect product quality (Polini and Turchetta
2004, Sarusik ve Ozkan 2017, Sarusik ve Ozkan
2018).

between process parameters and cutting factors

In milling operations, the relationship
can be solved by performing the least number of
the full
experimental design of the Taguchi experimental
design (Liu et al. 2020, Taguchi and Phadke 1984).

In the studies carried out on natural stones with

experiments compared to factorial

different properties; Kenda and Kopa¢ (2009)
researched the type of diamond grains, the
hardness of the matrix, the structure of the diamond
tools, the wear principles of the diamond tools, the
product quality and efficiency of the water cooling
and machining process in the machining of granites
with diamond inserts. Galos and Gyurika (2014) a
method and the
effective applicability of this measurement method

guantitative measurement
were investigated to determine the average edge
chipping rate of ground granite surfaces. Gyurika
(2018) a quantitative measurement to define the
average edge comminution rate of ground granite
surfaces and the effective applicability of this
measurement method were studied. Gyurika and
Szalay (2019) analyzed the changes in surface
roughness and average edge chip ratios during the
milling of granite surfaces at different cutting
speeds. Arunramnath et al. (2019) TOPSIS method
with different cutting parameters was applied in the
grinding of epoxy granite composites, cutting forces
and surface roughness were investigated.

Polini and Tuchetta (2004) analysed the relationship
between the cutting force and energy parameters in
stone forming with electroplated diamond milling.
The relationship between cutting force and
equivalent chip thickness (or MRR) is modeled with
a power function for three different feed rates.
Turchetta et al. (2009) tried to develop a model to
describe the relationship between specific cutting
energy and process parameters for machining five
different stones using diamond milling cutters.
Turchetta (2012), developed models for calculating
cutting power and energy in studies on natural
stones with a milling machine and diamond coated
disc. Wang et al. (2020) investigated the effect of
machining parameters on cutting forces and marble
chips in high speed milling of marble with a carbide
ball nose end mill. Ozkan and Oz (2011) investigated
the surface quality of the characterization of
metamorphic marbles and sedimentary origin
limestones depending on the optimum processing
parameters.

The radial cutting force is related to the contact
angle of the tool and is the force required of the tool
against the workpiece. Since the radial cutting force
is directly related to the radial cutting width, it
affects the surface quality (Liu et al. 2020, Ma et al.
2020, Pham et al. 2020). The amount of radial
cutting width changes the tool contact angle, which
affects the size of the radial cutting force
component. The radial cutting forces change due to
the increase or decrease in the tool contact angle
(Tien 2020).

Marbles can have different textural and mineral
grain sizes due to their metamorphic origin. The
interaction and bonding of minerals in tissues can
differ in each marble. For this reason, unlike metal
workpieces, the insert interacts with mineral grains
of different sizes and tissue boundaries in the milling
process. Carbide-coated inserts are commonly used
for machining marbles, travertine, and many
limestones. It has been observed that these carbide-
coated tools are used more effectively and
efficiently than other tools in metamorphic and
sedimentary origin natural stones. Chip types in
metal and marble workpieces are very different.
While continuous or intermittent sawdust comes

out in metal workpieces, different tools and
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processing parameters are used according to metals
since marbles come out as sawdust.

When suitable machining parameters cannot be
determined, it causes problems such as poor surface
quality, poor workpiece quality, low productivity,
and vibration associated with the dynamic
interaction between the cutting tool and the marble
workpiece.

Determining the parameters by trial and errorin the
grinding of marbles is time consuming and costly.
The Taguchi experimental design method enables
obtaining high surface quality products in less time
and cost with appropriate processing parameters. In
this study, an experimental setup was designed
according to Taguchi design for radial depth of cut,
axial depth of cut and feed rate parameters,
considering previous studies (Ozkan and Oz 2020,
Ozkan and Oz 2021, Pham et al. 2020) in the milling
of marble with CNC. After the process, the radial
cutting force (Fr) and Ra roughness values were
measured, and the effectiveness of the parameters
and their

determined. No studies based on the effect of radial

appropriate combinations were
depth of cut, one of the machining parameters,
were encountered in the processing of marbles. As
a result of this study, it is recommended that the
process parameters that provide the most suitable
Fr force and surface roughness of the marbles
processed in CNC should be used by the

practitioners in the sector.

2. Taguchi Method

For businesses working with CNC machines,
choosing the appropriate parameters for each
material to be processed is time-consuming and
costly. Taguchi method is an experimental design
method applied in product quality improvement by
using a special array called an orthogonal array with
the best combination among selected parameters.
With the Taguchi experimental design, less number
of experiments were applied, the most suitable
operating parameters were determined, and high
quality products were produced at low cost in the
enterprises, thereby increasing the production

efficiency. Appropriate selection of processing
factors is the most important step in experimental
design. Because it is possible to obtain high quality
products by minimizing the effect of uncontrollable
factors (Taguchi 1984, Taguchi and Tsai 1995).

The signal/noise (S/N) ratio is a statistical method
belonging to the Taguchi method, which is used to
reduce the system’s variation and bring the product
closer to the desired values. Signal value (S)
represents the actual value to be measured and
given by the system, while the noise factor (N)
represents the ratio of undesired factors to the
measured value. In the study, calculations were
made using the ‘'smaller-better' (equation 1)
function of the S/N ratio analysis (Nagode and

Fajdiga 1995, Taguchi and Chowdhury 2004).

S 1
~ = —10log(> X7, y?) (1)

In this study, S/N analysis was performed for each
marble sample. The purpose of choosing this S/N
method; It is to improve the surface quality of the
appropriate
processing parameter combination to obtain a low

materials by determining the
surface roughness value in CNC milling (Taguchi and
Phadke 1984, Teruo 2011, Turchetta et al. 2009).

3. Test Process

3.1 Marbles Used in The Experiment and Their
Properties

In the experimental studies, five different (Afyon
White (WM1), Kemalpasa White (WM2), Marmara
White (WM3), Milas White (WM4) and Usak White
(WM5)) metamorphic origin white homogeneous
real marbles) were used. The standards used in the
and petrographic

experiments , mineralogical

descriptions, chemical analysis physical and
mechanical properties (Table 1, 2, 3 and 4) and thin

section images (Figure 2) of the samples are shown.
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Table 1. Standards used in analysis physical and mechanical properties of marbles

Name: Standard No:

Determination of knoop hardness EN 14205:2003

Determination of real density and apparent density, and of total open porosity EN 1936: 2006

Determination of unaxial compressive stregth EN 1926: 2006

Determination of elemental composition by XRF EN 15309:2007
Determination of water absorption at atmospheric pressure EN 13755:2008
Determination of flexural strength under constant moment? EN 13161: 2008
Determination of abrasion resistance EN 14157 :2017

Table 2. Properties and petrographic descriptions of marbles

Minimum Maximum Average
Sample C/Po/F . . .
Natural rocks Photo Texture Particle Particle Particle
code (um)
Width (um)  Width (um)  Width (um)
Afyon White o
WM1 Cyristalline -/-1- 38.0 839.3 287,3
Marble ' '
Bursa
Kemalpasa WM2 Granoblastic -/-1- 49,8 1615,9 332,1
White Marble
Marmara WM3 Cyristalli [-/ 60,9
ristalline -[-1- :
White Marble y 7.0 186.9
Mugla White )
WM4 Granoblastic -/-I- 212.9 1796.3 816,2
Marble ' '
Usak White o
WM5 Cyristalline -/-1- 370 1601.8 5247
Marble ' ' '

Table 3 Chemical properties of marbles

Natural Lol* Na:O MgO AlLOs SiO2 P.Os SO3 ClI KO CaO MnO Fe0s SrO F
rock (%) (%) (%) (%) (%) () (%) (W) () () () (%) (%) (%)
WM1 442 o001 018 0,13 0,13 0,01 0,01 000 0,02 552 001 003 0,01 -

WwmM2 438 002 076 010 009 0,00 001 001 001 550 - 0,07 0,02 0,09
WM3 473 002 1440 005 006 0,01 001 001 0,00 380 - 0,02 002 -
WM4 440 002 035 005 006 000 001 001 - 55,5 - 0,03 002 -
WM5 444 003 08 005 005 000 001 003 - 54,5 - 0,03 003 -

Lol*: Loss on ignition
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Table 4. Physical and mechanical properties of marbles

Naturalrock G0 e g P M oisiny  uea)  (wpa)
WM1 0.23 2685 0.11 48.7 141.17 25.40 14.80 68.78
WM?2 0.21 2650 0.07 46.1 144.15 20.52 13.32 94.10
WM3 0.13 2670 0.11 49.5 157.31 29.55 10.90 69.06
WM4 0.32 2720 0.22 42.7 140.40 32.40 5.25 58.88
WM5 0.22 2665 0.08 50.1 145.30 14.75 21.35 76.21

OP: Open porosity, AD: Apparent density, WA: Water absorption, HS: Shore hardness, HK: Knoop hardness, AR:

Abrasion strength. FS: Flexural strength, UCS: Uniaxial compressive strength.

3.2 Milling Test Operations

Milling experiments were carried out on Megastone
2030 4 Axis Multifunctional CNC natural stone
vertical machining machine. The different feed rates

WM1 WwM2

WM3 WM4

WMS

STATISTICAL
ANALYSIS

DEFNE LAB SOFT [

Figure 1. Test process

appearance and technical features of the CNC
machine, the appearance of the carbide coated
insert used in milling, and its technical features are
shown in Figure 1.

was emphasized by keeping the cutting speed
constant. According to the selected parameters and
levels, the L9 orthogonal
effectiveness of axial and radial cutting width at
kept constant at 168 m/min (9000).

model

~ | Spindle motor 9 kW
Number of axis 4

Motor speed 24,000 rpm
Processing speed 24,000 mm/min
Coolant 3 I/min

Code MFR-6

Cutting tool diameter 6 mm
Stem diameter 6 mm
Cutting length 25 mm
End length 63 mm
Edge number 4
Helix angle 25°

Parameters and levels selected for the milling
process; axial depth(mm) =1, 2, 3; radial width
(mm)= 1, 1.5, 2; feed rate (mm/min)= 2000, 2500,
3000 are shown in Table 5. The cutting speed was In
the study, the corresponding to the orthogonal
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index used in the Taguchi design was used. The L9
experimental model is shown in Table 6. By using
the Alpha CAM program, the processes and
parameters to be made on natural stones were
programmed. Three square designs of 40x40 mm
were created and modeled on marble samples of

300x300%x20 mm.

Table 5. Factors and levels used in experiments

Factor Symbol Unit Code Level

1 2 3
Radial de mm ER 1 1,5 2
depth of cut
Axial depth ap mm ap 1 2 3
of cut
Feed rate f mm/ f 169 188 207

min

Table 6. Orthogonal array (L9)

Experim .
ent No: Factor level Assigned factor value

A B C f ae ap

1 1 1 1 2000 1 1

2 1 2 2 2000 1,5 2

3 1 3 3 2000 2 3

4 2 2 1 2500 1 2

5 2 3 2 2500 15 3

6 2 1 3 2500 2 1

7 3 3 1 3000 1 3

8 3 1 2 3000 15 1

9 3 2 3 3000 2 2

The thickness differences that occur during the
cutting process of the samples taken from the
marble factories affect the surface quality. In this
study, the thickness differences of the samples were
eliminated by the milling process, and the surface
qualities were brought to the same state. In order to
prevent surface differences that may occur due to
abrasion in the leveling process of marble samples,
a separate carbide milling tool was used in each
process. Machining direction inside-out lines are
selected.

Finally, a straight surface was created in order to
facilitate the measurement with the roughness
device by leveling the places other than the
processed square shapes.

During the milling process, force measurements
were made with load measuring cells on three axes.
Radial shear force (Fr) (Figure 2) values were
calculated with force data taken along three axes.

Surface roughness measurements were made with
the Marh Perthometer M2 model surface roughness
unit. From 9 different square surfaces created
according to the L9 index of Taguchi design, each
square was divided into four equal parts and 24 Ra
roughness values were measured for each square.
The steps of all these processes are shown step by

step in Figure 1.
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parameter combinations determined from the S/ N
ratio, and the results are compared. Conditions
based on estimates as a result of confirmation
experiments should be close to the results obtained.
If the test results are close to the predicted values,
it confirms the experimental conditions' validity and
the control factors' applicability. This indicates that

the predicted combinations of parameters are

Table 10. Confirmation test results

f = factor number

The approval test results for marbles are shown in
Table 10. When the validation test results were
compared, it was concluded that the parameter
values were well-estimated and sufficient. It has
been shown that the Taguchi method is applicable
under real operating conditions in the milling
operations of marbles.

Samples (Fr) WM1 WM2 WM3 WM4 WM5
Appropriate levels f3: acl:apl fl:ael:apl fl:ael:apl fl:acl:apl fl:a.1:8p1
Estimated Fr values 6,54 5,05 10,63 6,29 8,02
Validation experiments 6,37 7,9 14,24 7,91 10,02
Samples (Ra) WM1 WM?2 WM3 WM4 WM5
Appropriate levels f2: acl:ap1 f3: acl:apl fl:a.l:apl f3: acl:apl fl:ae1:ap1
Estimated Ra values 4,06 4,01 3,38 4,92 4,72
Validation experiments 4,22 4,34 3,46 4,75 4,6

5. Results

The effects of radial and axial depth of cut on
surface roughness were investigated. In order to
obtain the lowest surface roughness value,
statistical analyses were performed to determine
the effectiveness of radial and axial cutting depth
parameters on roughness and the most appropriate
parameter combinations. S/N ratio analysis and

variance analysis of the Taguchi method were used
statistically.

With the “smaller-better” objective function in
Equation 1, the parameter values and their
effectiveness in affecting the surface quality were
calculated according to the processing parameters
with S/N ratios and variance analyses.

S/N ratios calculated for each marble sample are

given in Table 7. The optimum processing
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parameters of marbles according to the effect
degrees of the parameters according to the
calculated S/N ratios are shown in Table 8. The
parameter with the highest delta value has the
greatest effect on the roughness value. The rank
value indicates the order of the degree of influence.
For example, for Afyon white marble with an M1
sample, the most influential parameter is the axial
cutting depth, and the appropriate processing

axial depth) was determined. For example, for Afyon
white marble with an WM1 sample, the most
influential parameter is the axial cutting depth, and
the appropriate processing parameter combination
is f2:3e1:3p1 (f2: 2500 mm/min feed rate, ae.1: 1 mm
radial cutting depth, a,1: 1 mm axial cutting depth)
Fr-S/N
graphs are shown in Figure 3, and Ra-S/N responses

was parameters determined. response

are shown in Figure 4. In the S/N graphs here, the

parameter combination is f2:a.l:ap1 (f2: 2500 highest slopes show the levels where the
mm/min feed rate, a.: 1 mm radial depth, ap: 1 mm parameters are effective.
Table 7. Ra, Fr and S/N ratio values
f a. ap wm1 wWM2 wm3
m/min  mm mm Fr S/N Ra S/N Fr S/N Ra S/N Fr S/N Ra S/N
2000 1 1 7,17 -17,11 528 -1445 790 -17,95 4,58 -13,21 14,24 -23,07 3,46 -10,78
2000 1,5 2 10,05 -20,05 694 -16,82 30,02 -29,55 6,23 -1588 3542 -30,99 4,52 -13,10
2000 2 3 28,13 -28,98 7,47 -17,46 23,04 -27,25 7,38 -17,36 81,95 -3827 5,18 -14,28
2500 1 2 9,56 -19,61 597 -1551 26,52 -28,47 431 -12,68 27,41 -28,76 4,33 -12,72
2500 1,5 3 19,11 -25,63 7,21 -17,15 21,15 -26,50 8,34 -18,42 69,38 -36,82 5,22 -14,35
2500 2 1 7,60 -17,62 576 -1520 14,36 -23,14 55 -1480 22,21 -26,93 3,99 -12,01
3000 1 3 14,76  -23,38 6,7 -16,52 1837 -2528 6,61 -16,40 57,36 -3517 4,94 -13,87
3000 1,5 1 6,56 -16,33 562 -1499 12,32 -21,81 513 -1420 19,41 -25,76 4,16 -12,38
3000 2 2 12,85 -22,18 7,14 -17,07 46,12 -33,28 4,96 -13,90 54,48 -34,72 529 -14,46
f a. ap wMm4 WM5
m/min  mm mm Fr S/N Ra S/N Fr S/N Ra S/N
2000 1 1 791 -17,96 4,81 -13,64 10,02 -19,56 4,6 -13,25
2000 1,5 2 18,69 -2543 79 -17,95 18,02 -23,17 57 -1511
2000 2 3 51,60 -34,25 7,55 -17,55 39,38 -29,07 6,93 -16,81
2500 1 2 17,86 -25,04 6,75 -16,58 15,93 -22,07 5,49 -14,79
2500 1,5 3 48,75 -33,76 7,82 -17,86 36,68 -27,53 6,88 -16,75
2500 2 1 11,53 -21,24 59 -1541 16,52 -19,43 6,34 -16,04
3000 1 3 48,95 -33,79 6,42 -16,15 30,19 -26,03 6,77 -16,61
3000 1,5 1 9,51 -19,56 5,44 -14,71 16,35 -19,69 6,09 -15,69
3000 2 2 29,74 -29,47 6,79 -16,63 39,50 -23,56 6,74 -16,57
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Mean of SN ratios

Mean of SN ratios

Mean of SN ratios

Figure 3. S/N ratio graph for Fr value

Mean of SN ratios

Mean of SN ratios

Mean of SN ratios

Fig. 4. S/N ratio graph for Ra value
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Table 8. Response table for Fr and Ra factor

wMmi wMmi wm2 wmMm2

Level Level Level Level

(Fr) f ae a, (Ra) f Qe a, (Fr) f Ae a, (Ra) f ae ap
! 22,05 20,03 17,02 1 16,25 15,50 14,89 1 24,92 23,90 2097 1 15,49 14,10 14,08
2 20,95 20,67 20,61 2 15,96 16,33 16,47 2 26,04 25,95 3043 2 15,31 16,17 14,16
3 20,63 22,93 26,00 3 16,20 16,58 17,05 3 26,79 27,89 26,35 3 14,84 15,36 17,40
Delta 1,42 289 898 Delta 029 109 2,16 Delta 1,87 399 9,47 Delta 065 2,07 3,32
Rank 3 2 1 Rank 3 2 1 Rank 3 2 1 Rank 3 2 1
Appropriate parameter Appropriate parameter f2: Appropriate parameter f1: Appropriate parameter f3:
f3:ael:apl ael:apl ael:apl acl:apl

wmMm3 WM3 wMm4 wM4

Level Level Level Level

(Fr) f ae a, (Ra) f Qe a, (Fr) f Ae a, (Ra) f Ae ap
! 30,78 2900 2% 1 12,72 12,46 11,73 © 2588 2560 20 1 16,38 15,46 14,59
2 30,84 31,19 3149 2 13,03 13,28 13,43 2 26,68 26,25 26,64 2 16,62 16,84 17,06
3 31,89 3331 076 3 13,58 13,50 14,17 ° 2761 2832 394 3 15,83 16,54 17,19
Delta 1,11 431 11,5 Delta 085 1,13 244 Delta 1,73 2,72 1435 Delta 0,79 1,38 2,60
Rank 3 2 1 Rank 3 2 1 Rank 3 2 1 Rank 3 2 1
Appropriate parameter fl: Appropriate parameter f1l: Appropriate parameter fl: Appropriate parameter f3:
ael:apl ael:apl ael:apl acl:apl

WM5 WM5

Level Level

(Fr) f ER a, (Ra) f Qe ap

! 2568 2455 2288 1 15,06 14,89 15,00

2 26,57 26,89 2703 2 15,86 15,85 15,49

3 28,60 29,40 30,93 3 16,29 16,48 16,73

Delta 2,92 485 8,05 Delta 1,23 1,59 1,73

Rank 3 2 1 Rank 3 2 1

Appropriate parameter fl: Appropriate parameter f1:

ael:apl ael:apl

Analysis of variance was performed to determine

the effectiveness ratios of machining parameters to

surface roughness. Considering the P ratio value and

the 95% confidence interval in the analysis of

variance, it is concluded that the parameter is

effective when P<0.05. The F value shows the effect

value of each factor in the analysis according to the

F hypothesis test. The degrees of freedom of the

parameters correspond to Foos;2:5=4.46 according to

the F hypothesis table. Parameters with F values

greater than 4.46 effectively on radial cutting force

and surface roughness. According to the F test

results, the effects of the process parameters on the

radial shear force (Fr) and Ra roughness value are

shown in Table 9.
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Table 9. Variance analysis results for Fr and Ra

WM1 w2 WmM3 wmM4 WM5
Fr

Effect (%) F Effect (%) F Effect (%) F Effect (%) F Effect (%) F
f 2,33 1,08 3,23 23,44 1,02 9,98 1,38 5,55 9,02 4,42
de 9,75 4,53 14,52 105,37 12,14 118,89 3,71 14,93 23,69 11,62
ap 85,77 39,88 82,11 595,87 86,74 849,79 94,66 380,86 65,25 32,01
Error 2,15 0,14 23,44 0,10 0,25 2,04
Total 100 100 105,37 100 100 100
Ra wM1 WM2 WM3 WM4 WM5

Effect (%) F % Effect F Effect (%) F Effect (%) F Effect (%) F
f 1,49 0,97 2,24 0,49 9,01 20,62 5,68 3,10 20,92 10,68
ae 19,75 12,94 21,69 4,78 16,19 37,05 18,23 9,95 34,43 17,58
ap 77,23 50,59 71,53 15,76 74,36 170,13 74,26 40,56 42,69 21,81
Error 1,53 4,54 0,44 1,83 1,96
Total 100 100 100 100 100
The relationship between grain width and surface . .

. i . Ra - Particle Width

roughness in the processing of marbles with a CNC a - Particle Widt
machine was investigated by regression analysis 6
(Figure 5). The regression graph obtained between o 4| g P YR R L]
the surface roughness (Ra) values obtained after the 2, y =0.0016x + 3.6237
surface treatment performed at the most - 0 R?=0.8285

. . . . o
appropriate cutting parameters determined in the 0 200 400 600 800 1000

Taguchi design for five White-colored marbles and
the average grain width of the marbles is shown in
Figure 4. The regression equation is given in
equation 3. Accordingly, there is a significant 83%
relationship between the average mineral grain size
and the roughness. While the roughness values are
lower in fine-grained marbles, surface roughness
values are higher in coarse-grained marbles.
Mineral grain size affects the quality of new surfaces
formed as a result of surface treatment.

The interaction between the mineral and the cutter
will

increase as the cutting width increases,

especially in the final milling process. While fine
grains are easily cut, coarse grains will be more
difficult to cut. Considering the blunting of the
cutter for the duration the milling process, it will be
difficult to cut the coarse grains and the mineral will
continue to move forward by breaking the grains
instead of cutting them. This will cause the milled
surface to be rough.

y=0,0016x + 3,6237 R2=0,8285 (3)

Particle Width (um)

Fig. 5. Relationship between Ra-Particle width

As a result of the experiments carried out with the
Taguchi method, the most suitable combination of
the radial cutting force and the process parameters
for increasing the surface quality of the white
marbles was determined.

6. Conclusions

In this study, the effects of axial depth of cut and

radial cutting width parameters on surface
roughness are emphasized. Belonging to the
marbles used in the experiments, Using the Taguchi
test the

effectiveness of axial depth of cut and radial cutting

method and analysis of variance,
width parameters on Ra surface roughness values

and appropriate  machining values were

determined. Some results have been obtained for

five different white-colored marbles in accordance

with the working conditions performed on the CNC

milling machine:

1. Radial cutting forces, S/N based on the analysis,
WM1, WM2, WM3, WM4 and WM5 samples
determined optimal

process parameters,
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respectively f3:ael:apl, fl1: ael:apl, f1: ael:apl,
f1: ael:apland fl: ael:apl were found.

2. Forsurface roughness, based on S/N analysis, the
optimal process parameters determined in the
WM1, WM2, WM3, WM4 and WM5 samples are
f2: ael:apl, f3: ael:apl, f3:
ael:apland f1: ael:ap1l respectively.

ael:apl, f1:

3. According to the F test analysis result, the most
effective parameter in the formation of radial
cutting force and surface roughness is the axial
depth of cut. In terms of radial cutting force, the
effective values of cutting depth of WM1, WM?2,
WM3, WM4 and WM5 samples are 85.77%,
82.11%, 86.74%, 94.66% and 65.25%,
respectively. The effect values for surface
roughness are 77.23%, 71.23%, 74.36%, 74.26%,
and 42.69%, respectively.

4. The secondary effective parameter is the radial
depth of cut, and the radial cutting force effect
values are 9.75%, 14.52%, 12.14%, 3.71%, and
23.69%, respectively. The effect values for
surface roughness are 19.75%, 21.69%, 16.19%,
18.23%, 34.43%, respectively.

5. With the Taguchi
performance of CNC machines has

method, the processing

been
improved and the quality of the products
obtained has been improved.

6. According to the analysis of variance, the axial
cutting depth was the most influential parameter
in the processing of marbles. The radial cutting
width was the secondary effective parameter in
the formation of surface roughness.

7. As the radial depth of cut increases, the surface
to which the cutting tip will touch will increase,
so rupture occurs instead of cutting, which
increases the surface roughness. Average
particle size is effective in the formation of
surface roughness. It was observed that the
surface roughness increased as the grain size
increased.

8. Low radial force and low surface roughness
values are obtained when processing with low axial
depth and low radial cutting width. The greater the
depth of the axial cutting depth and the radial
cutting width, the more advantageous it is to
improve the processing performance and surface

quality.

As a result of the confirmation test, it is concluded
that it is well estimated in the optimal parameter
combinations determined by the estimation and is
applicable in real operating conditions.
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