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Abstract— Surface roughness parameters are normally categorized into three groups accord ing to i ts functional i ty,  which 

are defined as ampl i tude parameters, spacing parameters, and hybrid parameters.  In this course, an attempt has been made 
to explore the effect of  process parameters speed, feed, and depth of cut as wel l  as geometric property or radius of the cu t-
t ing insert  on Surface Roughness character ist ic Rz  in hard turning of steel C 55 (DIN) using mixed ceramics MC 2 (Al2O3 + Ti C).   Rz is 
roughness parameter that is usually called ten point average heights or the average maximum peak to valley of five consecutive sampling lengths within 
the measuring length. Significant number researchers consider roughness parameter Rz more relevant in comparison with the roughness parameter Ra 
which is one of the most used roughness parameter of the surface roughness topography characterization. This is due to the fact that Rz describes in 
more accurate manner the depth of the valleys, which is very significant property in terms of the exploitation when it comes to the surfaces that need 
constant and consistent lubrication as the action to minimize friction and allow smooth movement of interacting components.  

 

Index Terms— Ceramics, Feed, Parameters, Profile, Radius, Roughness, Speed, Hard Turning  

——————————      —————————— 

1 INTRODUCTION                                                                     

In order to achieve the desired surface quality, var i-
ous technological processes have traditionally been 
used, which are constantly perfected in order to 
adapt to the requirements set by the technical stan d-
ards, ensuring their high exploiting reliability. By 
technical standard are meant: the dimensional acc u-
racy and the appropriate characteristics of the fi n-
ished surface layer, while with exploitative quality: 
resistance to corrosion, tool consumption, resistance 
to loads, etc. In other word, the challenge of modern 
machining is to achieve high quality, in terms of d i-
mensional accuracy, surface finish and high produ c-
tion rate.  
Hard turning is considered as a new machining pro-
cess aimed at turning hardened steels with high su r-
face qualities, this process is good alternative for 
many grinding applications which were previously 
done through traditional machining processes [1].  
At the end of the last century, The forecast of the In-
ternational Committee for Mechanical Technology 
(CIRP) confirmed the dominant role of the hard tur n-
ing process in the entire production process as of 
year 2000 [2]. The turning process represents a set of 
related phenomena that are in close interaction.  They 
condition the course of the decohesion process, in 
which the state of cutting tool wear plays a signif i-
cant role [3].   
Turning process is one of the main technological processes for 
obtaining machine parts from semi-finished products. We 
group this technological process based on the way it works, 
the machines used, cutting tools, etc. [4]. 

About the advantages and benefits that this process 
offers, there is a lot of data which derives mainly 
from experimental research, where, in the first place, 
the questions related to the mechanics of the turning 
process and the factors that determine its flow and 
technological consequences that are imposed. Among 
those issues (questions), the cutting tool takes an 
important place, i ts quality, cutting ability, durabi l-
ity and reliability, the quality of the product and the 
overall economic dimension.  It can be concluded that 
among modern cutting materials, ceramic cutting i n-
serts play a serious role, thanks to their numerous 
advantages and relatively moderate cost.  
The physical and mechanical properties of cutting 
ceramics (especially their sensitivity to thermal 
shocks) require research in this direction.  Moskalski 
in his work “Ceramic as a prospective tool material 
for processing.” emphasizes the high sensitivity of 
ceramic cutting inserts with oxide base of changeable 
forces and heat loads, based on experimental tests 
with interrupted turning [5].  
Hoszowski ib his PhD thesis “Identification of wear 
of ceramic insert blades on the example of high-
speed turning of KH15AG bearing steel” noted that 
the application of Al 2O3  oxide base to the ceramic 
cutting board components of ZrO 2 ,  TiC, creates an 
increasing number of micro-cracks with the increase 
with the number of periodic thermal and force 
shocks. [6]  
Kundrak et al in his research work “, Accuracy of 
hard turning” claims that hard turning owes its po p-
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ularity primarily to the capability of generating 
complex geometric surfaces with better form accur a-
cy and improved tolerances in one single pass [7]  
From the above, we can conclude that achieving the 
desired quality requires the design of such processes 
which imply high harmonization of the interaction of 
the parameters which make up the technological sy s-
tem of machining, respectively explored input pa-
rameters(workpiece, cutting parameters, geometric 
parameters), researched process parameters (physic -
chemical cutting mechanism (tribological phenom e-
na, thermal phenomena, dynamic phenomena) and 
explored output parameters (technological effe cts 
such as accuracy, surface layer quality, durability 
and resistance of cutting tools, economic effects, 
etc.).  

According to numerous authors, the higher the nu m-

ber of parameters used, a more accurate description 

can be obtained. This is one of the reasons for intro-

ducing new parameters of surface evaluation.  

Surface roughness parameters are normally categ o-

rized into three groups according to its functionality, 

which are defined as amplitude parameters, spacing 

parameters, and hybrid parameters.  In this  course, 

an attempt has been made to explore the effect of 

process parameters speed, feed, and depth of cut as 

well as geometric property or radius of the cutting 

insert on Surface Roughness characteristic Rz  in hard 

turning of steel C 55 (DIN) using mixed ceramics MC 2 (Al2O3 

+ Ti C).  Rz is roughness parameter that is usually called ten 

point average heights or the average maximum peak to valley 

of five consecutive sampling lengths within the measuring 

length. Significant number researchers consider roughness 

parameter Rz more relevant in comparison with the roughness 

parameter Ra which is one of the most used roughness pa-

rameter of the surface roughness topography characterization. 

This is due to the fact that Rz describes in more accurate man-

ner the depth of the valleys, which is very significant property 

in terms of the exploitation when it comes to the surfaces that 

need constant and consistent lubrication as the action to min-

imize friction and allow smooth movement of interacting 

components.  
Surface roughness evaluation is very important for 

many industrial problems such as friction, contact 
deformation, heat and electric current conduction , 
tightness of contact joints and positional accuracy. 
For this reason surface roughness has been the su b-
ject of experimental and theoretical invest igations 
for many decades. The real surface geometry is so 
complicated that a finite number of parameters ca n-
not provide a full description [8]. 

Rech et al studies the process of surface finishing of bearing 

steel AZSE 52100 by using ceramic and PCBN tools. Hard 

turning by both tools produced surface with roughness Rz=1-2 

m and Ra=0.1 - 1m. 

 

Wanat et al studied the roughness of surface produced 

through hard turning of low-chrome allyed steel by ceramic 

tools having wiper or normal geometries. Results indicated 

the normal geometry created a roughness of Rz=1.55 m and 

Ra=0.28 m with a feed rate of 0.04 mm/rev, while wiper ge-

ometry tools created a roughness of Ra=1.62 m with a feder-

ate of 0.1 mm/rev [9]. 

 

2. Experimental Procedure 
Work piece, Material and Tool - Hard turning is performed on  
rings, specially made for this purpose, from material im-
proved steel C 55 (DIN). The rings have been additionally 
heat-treated to the required hardness of 52 ± 2 HRC. Dimen-
sions of the rings are φ 102 x Φ 82 x 20 mm, figure 1. The rings 
are mounted on a device specifically designed for this pur-
pose, to investigate the roughness of the surface layer in order 
to increase the stiffness of the rings, figure 2. 
 
      

 

 

 
 
 
 
 
   

 
Figure 1. Rings of material C 55 (DIN), with hardness 52 ± 2 HRC 

 
The rings have previously been subjected to heat treatment by 
annealing, in order to remove the residual stresses remained 
from the previous treatments and achieve approximately 
equal structural condition in all rings before the start of the 
experiment. 
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Figure 2. Special set up for exploring the characteristics of the surface 

layer during turning. 
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Figure 3. a) The CSRNR 25x25 M12H3 cutting board holder from HER-

TEL, b) Cut-off inserts SNGN 120708-120712-120716 from mixed ceramics 

MC 2 (Al2O3 + TiC) from the company HERTEL 

 
Hard turning is performed using SNGN 120708-120712-120716 

from mixed ceramics MC 2 (Al2O3 + Ti C), made by HERTEL, 

Figure 4. with the cutting tool stereometry: κ=750; κ 1=150; γ = -60; 

α = 60; λ = - 60; r = 0.8-1.2-1.6 mm; γf = 200; bf = 0.2 mm.  

A conventional lathe model TVP 250 from the company Prvoma-

jska, Figure 6, with a spindle power P = 11.2 (Kw), with the fol-

lowing speed revolutions 16 - 2240 (rot. /min.), and feed rate 

0.025-1.12 (mm/rev), was utilized 

 

 
 

 
 
 
 
 
 

 

 

 

Figure 4. Computerized measuring device model Surtronic 3+ from Taylor 

Hobson and Talyprofile software for measurements of the profiles 

 
3. Analysis of research results  

The machining is performed by changing four independently 

variable parameters: cutting speed (v), cutting feed rate (f), 

cutting depth (a) and the cutting insert radius (r), using a four-

factorial experiment (24 + 4).  
The change in independently variable sizes is shown in table 
1. The designed planning and the experimental results ob-
tained are presented in Tables 2-4. After computing and col-
lecting data by the appropriate software, the variations in pa-
rameter size can be represented by mathematical model (2). 

 
TABLE 1. CHARACTERISTICS OF INDEPENDENT VARIA-

BLES  

    
Parameters                                             Level         

                             Code        High         Medium   Low                    
                                                           

                                                   1                  0                         -1 

1    v (m/min.) X 1 133.00       94.00                67.00 

2.   f (mm/rot.) X 2 0.315       0.177                 0.13.   

3.  a (mm) X 3            0.8         0.56                  0.4 

4.  r (mm) X 4    1.6         1.13                   0.8 

 
 

Four-factorial plan of first-order experiments is performed by 

real plan matrix and coded plan matrix;  

Correlation of the input-output information for a mathemati-

cal model of the first order with/without interaction and 

with/without significance assessment of the factors (b1);  
In the same manner variation of interactions of input parame-
ters and assessments of the significance were performed, 
where established confidence interval level of 95%. 
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Investigation of the parameter Rz. 
 

TABLE 2. FOUR-FACTORIAL PLAN OF FIRST-ORDER EXPERIMENT 

 
 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

TABLE 3. ASSESSMENT OF THE IMPORTANCE OF THE MODEL (IN THIS CASE WITHOUT ASSESSMENT AND WITHOUT 

IMPORTANCE OF THE PROCESS VARIABLES) 
 

Mathematical model of the first order without interaction 

Coefficients of the mathematical model  

 

Degree of 

freedom 

F(i)  

Sum of 

squares S(i)  

Dispersion  

S(i)/F(i)  

Dispersion 

relation  

FR(i)  

Evaluation of 

the signifi-

cance of fac-

tors  

b (i)  

Index (i)  Coded (i)  Decoded  

p(i) 

0 1.605 102.895 1 51.499 51.499 7224.8 significant  

1 -0.04466 -0.1302555 1 0.031905 0.031905 4.5 insignificant  

2 0.75064 1.308 1 9.015 9.015 1264.8 significant 

3 0.03887 0.1121491 1 0.024171 0.024171 3.4 insignificant 

4 -0.31089 -0.8970264 1 1.546 1.546 216.9 significan 

If FR(i) < 10.130 = > insignificant If FR(i) >= 10.130 = > significant 

 

 

 

 

 

Four-factorial plan of first-order experiments 

Nr.  

 

Real plan matrix - independent variables  

Measured val-

ues  

 

v 

(m/min.) 

f 

(mm/vr.) 

a 

(mm) 

r 

(mm) 

Rz 

(um) 

1. 67.00  0.1 0.4 0.8 2.930 

2. 133.00  0.1 0.4 0.8 2.970 

3. 67.00  0.315 0.4 0.8 15.067 

4. 133.00  0.315 0.4 0.8 14.333 

5. 67.00  0.1 0.8 0.8 3.623 

6. 133.00  0.1 0.8 0.8 2.753 

7. 67.00  0.315 0.8 0.8 15.500 

8. 133.00  0.315 0.8 0.8 14.400 

9. 67.00  0.1 0.4 1.6 2.073 

10. 133.00  0.1 0.4 1.6 1.443 

11. 67.00  0.315 0.4 1.6 7.093 

12. 133.00  0.315 0.4 1.6 6.393 

13. 67.00  0.1 0.8 1.6 1.767 

14. 133.00  0.1 0.8 1.6 1.870 

15. 67.00  0.315 0.8 1.6 7.720 

16. 133.00  0.315 0.8 1.6 8.360 

17. 94.00  0.177 (0.18) 0.566 1.13 (1.2) 5.290 

18. 94.00 0.177 (0.18) 0.566 1.13 (1.2) 5.590 

19. 94.00  0.177 (0.18) 0.566 1.13 (1.2) 5.280 

20. 94.00  0.177 (0.18) 0.566 1.13 (1.2) 4.587 IJSER
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For more detailed analysis, mathematical models 
with/without interaction and with/without significance as-
sessment of the factors have been adopted; where all varied 
independently variables included. This enables us to explain 
the effects of input parameters v, f, a and r on subsequent 
changes, these models are characterized by a high coefficient 
of multiple regression 95%. Performed analysis, after complet-
ed and computed, showed adequacy of obtained mathematical 
model. 
 
Rz = 102.895 v -0.1302555   f  1.308   a  0.1121491   r  -0.8970264 

 
 
The graphical interpretation of the mathematical table 1, 2, 3, 
is presented in fig. 5 – 10 . using MAtlab. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
Figure 5. Graphic representation of the roughness parameter Rz ( m) as a 

function of the cutting speed v (m / min) and the displacement f (mm / 

rot), at a = 0, 4 (mm) and rε = 0, 8 (mm). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
Figure 6. Graphic representation of the roughness parameter Rz ( m) as a 

function of the cutting speed v (m/min) and the radius at the top of the 

cutting board rε (mm), at а = 0(mm) and f = 0.315 (m/rot 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

 
 

Figure 7. Graphic representation of the roughness parameter Rz ( m) as a 

function of cutting speed v (m / min) and displacement f (mm / rot), at a = 

0,8 (mm) and rε = 1,6 (mm). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
Figure 8. Graphic representation of the roughness parameter Rz ( m) as a 

function of the cutting speed v (m/min) and the radius at the top of the 

cutting board rε (mm), at а = 0,4 (mm) and f = 0.1 (mm/rot). 
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Figure 9. Graphic representation of the roughness parameter Rz ( m) as a 

function of the displacement f (mm/rot) and the radius at the top of the 

cutting board rε (mm), at v = 67 (m / min) and a = 0, 4 (mm). 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 10. Graphic representation of the roughness parameter Rz ( m) as 

a function of the radius at the top of the cutting board rε (mm) and the 

cutting depth a (mm), at v = 67 (m / min) and f = 0, 1 (mm /rot). 

 
 

Recommendations 
Inclusion of the roughness parameters Rz , in this paper, that 
are directly measurable and related to the exact values of the 
peak to valley depth, should represent useful contribution to 
the direction of conventional description of the roughness pro-
file , due to the fact that the above mentioned, gives the scien-
tific justification of the proposed topic.  
The empirical results obtained from this research are expected 
to have practical applicability. Their application in the metal 
processing industry can create conditions for process optimi-
zation and gaining economic benefits from.  

Conclussion 

From the experimental procedures and data processing, we 

can observe the difference between the amplitude roughness 

parameters Ra and Rz! While observing the geometric shape 

of the roughness parameter Rz we clearly notice the height 

difference between the peaks and the valleys, whilst in center 

line average or roughness parameter Ra we are not consider-

ing this difference or peak to valley height, because it is actual-

ly an average of the departure of the whole profile from the 

mean line, in other words, it doesn’t provide us with the real 

quantified value about the depth of asperities.   So, from the 

above we can get an idea about the advantage of the surface 

roughness parameter Rz, that means get the quantification of 

the depth of valleys. Finally we can conclude that from the 

engineering perspective that roughness parameter Rz is Rz 

more relevant in comparison with the roughness parameter Ra 

which is one of the most used roughness parameter of the sur-

face roughness topography characterization. This is due to the 

fact that Rz describes in more accurate manner the depth of 

the valleys, which is very significant property in terms of the 

exploitation when it comes to the surfaces that need constant 

and consistent lubrication as the action to minimize friction 

and allow smooth movement of interacting components.  
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