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This paper examines the infl uence of cutting parameters, namely cutting speed, feed and depth of cut onto surface 
roughness after DSS turning process. The study included developing a mathematical model t o determine the sur-
face roughness. Verifi cation research has been carried out on CNC lathe; henc e the test plan has been adjust ed to 
the possibility of programmable machines controlling GE Fanuc Series 0-T. The comparison of results obtained by 
given experimental plan was performed in industrial company.
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INTRODUCTION

Duplex stainless steel is gaining importance accord-
ing to companies producing construction materials. It is 
refl ected in the wide range of these products available in 
the market. According Olszak [1] DSS is classifi ed as 
almost unworkable. The wear process of tool wedges, 
which is largely dependent on cutting parameters, is an 
important factor. Investigation performed by Alauddin 
et al. [2] has revealed that when the cutting speed is in-
creased, productivity can be maximised and surface 
quality can be improved. The wear of the cutting tool 
wedge leads to a deterioration in quality of the machined 
surface, and in the most commonly used surface rough-
ness parameter in production which is the arithmetic 
average deviation from the average line profi le. Surface 
fi nish can be characterised by various parameters and 
mostly such as surface roughness Ra [3]. The basic re-
quirement in the application of indexable tool inserts in 
industrial conditions is the total increase in production; 
not the precision performance of its particular machine 
parts. According to Smith [4], where the equipment 
stocks are consolidated and the materials used in cutting 
tools are more universal, we can, in industrial condi-
tions, use a smaller number of types and geometry of 
the cutting tool. Smaller stocks of indexable tool inserts 
allow us to more effectively optimize the production 
process. The above-mentioned aspects, combined with 
the optimization of the cutting speed, feed and depth of 
cut, allow the desired production targets to be met. Due 
to an optimization of the cutting parameters, it is possi-
ble to take full advantage of the basic equipment; as a 
result you can expect a large increase in overall produc-

tion effi ciency. In order to know surface quality and di-
mensional properties is necessary to employ theoretical 
models making it feasible to do predictions in function 

Table 3 Coded indication of the study plan

Test
No.

Coded factors Decoded real value
x1 x2 x3 vC f ap 

1 -1 -1 -1 70 0,24 1,4
2 -1 -1 +1 70 0,24 2,6
3 -1 +1 -1 70 0,36 1,4
4 -1 +1 +1 70 0,36 2,6
5 +1 -1 -1 130 0,24 1,4
6 +1 -1 +1 130 0,24 2,6
7 +1 +1 -1 130 0,36 1,4
8 +1 +1 +1 130 0,36 2,6
9 -1,682 0 0 50 0,3 2

10 1,682 0 0 150 0,3 2
11 0 -1,682 0 100 0,2 2
12 0 1,682 0 100 0,4 2
13 0 0 -1,682 100 0,3 1
14 0 0 1,682 100 0,3 3
15 0 0 0 100 0,3 2
16 0 0 0 100 0,3 2
17 0 0 0 100 0,3 2
18 0 0 0 100 0,3 2
19 0 0 0 100 0,3 2
20 0 0 0 100 0,3 2

Table 1  Chemical composition of 1.4462 duplex stainless 
steel /wt %

Cmax Simax Mnmax Pmax Smax Cr Ni Mo N

0,03 1 2 0,03 0,02 21 - 23 4,5 - 6,5 2,5 - 3,5 0,1 -0,22

Table 2 Cutting tool specifi cation

Tool Substrate Others
T1 Hardness: 1 350 HV3

Grade: M25, P35
Coatings: Ti(C,N) - (2 µm) (top layer)

Al2O3 - (1,5 µm) (middle layer)
TiN - (2 µm) (bottom layer)

Coating technique: CVD
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of operation conditions. The response surface method 
(RSM) is practical, economical and relatively easy for 
use [5]. The experimental data was utilized to build 
mathematical model for second-order model. This 
method has been used by some researchers for determi-
nation of tool life and surface roughness [3, 6–10]. Ta-
raman [6], Hasegawa et al. [3], Sundaram and Lambert 
[7] used the RSM for predicting surface roughness. 
Baradie [8], Mital and Mehta [9], Kopac et al. [10] in-
vestigated the use of RSM in developing a surface 
roughness prediction model.

EXPERIMENTAL TECHNIQUES

Workpiece and cutting tool materials

Machined material was 1.4462 (DIN EN 10088-1) 
steel with a ferritic-austenitic structure containing about 
50 % of austenite. The ultimate tensile strength Rm = 
700 MPa, Brinell hardness - 293 HB. The elemental 
composition of the machined material and technical de-
tails of the cutting tools are given in Tables 1 and 2 re-
spectively. Cutting tool inserts of TNMG 160408 desig-
nation clamped in the tool shank of ISO-MTGNL 2020-
16 type were employed. Based on the industry recom-
mendations a range of cutting parameters T1: vc = 50 - 
150 m/min, f = 0,2 - 4 mm/rev, ap = 1 - 3 mm was se-
lected. The study was conducted within a production 
facility. The research program was carried out on a lathe 
CNC 400 Famot – Pleszew.

Research plan

The static determined selective-multivariate uniform 
static - rotatable PS/DS-P:λ program as the method of 
optimization for DSS cutting parameters has been se-
lected [11]. A choice of the PS/DS-P:λ program was 
dictated with the assumption that the second-degree 
polynomial function model will be a nonlinear model 
which can be reduced to a linear model. The second-
degree polynomial function has been chosen because 
there are no restrictions in research related to the meas-
urement technique. The required number of experimen-
tal points is N = 23 + 6 + 6 = 20 (Table 3). There are eight 
factorial experiments (3 factors on two levels, 23) with 
added 6 star points and centre point (average level) re-
peated 6 times to calculate the pure error [12].

MODELING OF SURFACE ROUGHNESS 
AND ITS VERIFICATION

The aim of this study was an attempt to verify, in 
industrial conditions, the calculated value of the func-
tion describing surface roughness after turning DSS. 
The study was conducted in industrial conditions. Cho-
sen results are presented in Table 4.

Surface roughness model

Based on the PS/DS-P:λ program and the experi-
mental data the polynomial function of surface rough-
ness has been elaborated:

Ra =  – 1,7163 – 0,013259·vC + 27,5189·f – 
–1,4311·ap – 0,000056162·vC

2 – 
–15,9793·f2 + 0,11521·ap

2 + 
+0,047667 vC ·f + 0,0046265 vC ·ap + 
+1,4583 f·ap.    (1)

Verifi cation study of model

The evaluation of the mathematical model was per-
formed using the Student’s t test to compare two mean 
values of populations with normal distributions and ho-
mogeneous variances. Statistical calculations were per-
formed with the Statistica 9.0 program [13].

The assumptions of normality were examined using 
the Shapiro - Wilk test for the model of surface rough-
ness (Table 5).

Table 4  Verifi ed research parameters of the model 
of surface roughness

Cutting parameters Average value 
of research Ra 

/µm

Calculation 
results
Ra /µmvC / m/min f /mm/rev aP /mm

150 0,2 2 1,92 0,90

150 0,4 2 6,49 6,50

50 0,2 2 1,65 1,47

50 0,4 2 5,89 6,11

Table 5  Tests of normality for the model of surface 
roughness

Variable n W p
Average value of research 4 0,8100 0,1215
Calculation results 4 0,8070 0,1154

Table 6  The results of F-statistic model calculation 
for surface roughness

F 1,3482
p 0,8118

As the level of signifi cance of p is greater than 0,05 
for the test case, there is no reason to reject the hypoth-
esis of normal distribution.

Homogeneity of variances was checked by Fisher 
test. Two general populations has been examined with 
normal distributions N (m1, σ1) and N (m2, σ2), where the 
parameters of these distributions are unknown. There 
were two sample sizes n1 = 4 and n2 = 4. On the basis of 
test results the hypothesis was tested H0: σ1

2 = σ2
2, 

against the alternative hypothesis H1: σ1
2 ≠ σ2

2. The re-
sults of the calculations for the model of surface rough-
ness are presented in Table 6.

Because p is greater than 0,05 there is no reason to 
reject the hypothesis of homogeneity of variances for 
each of the cases.
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We subsequently studied two populations having 
normal distributions N (m1, σ1) and N (m2, σ2), standard 
deviations are unknown, but equal, i.e. there is σ1 = σ2. 
Based on two sample sizes n1 = 4 and n2 = 4 we verifi ed 
the hypothesis H0: m1 = m2 against the alternative hy-
pothesis H1: m1 ≠ m2. We calculated the average values 
from both samples  and  and variances s1

2 and s2
2, 

then the value of t statistics according to the following 
formula:

  (2),

The calculation results are presented in Table 7.

turning the DSS. The following conclusions have been 
drawn:

1.  Second-order model predicting equations for sur-
face roughness have been developed using re-
sponse surface methodology for turning the DSS 
with coated tools.

2.  The established equations clearly show that the 
feed rate was main infl uencing factor on the sur-
face roughness. Surface roughness increased with 
increasing the feed rate.

3.  The predicted values and measured values are 
fairly close which indicates that the developed 
surface roughness prediction model can be effec-
tively used to predict the surface roughness for 
the turning process. Using such models, a remark-
able cost saving has been obtained.

Nomenclature
ap  – depth of cut in mm
f  – feed rate in mm/rev
vc – cutting speed in m/min
Ra – average of surface roughness in µm
DSS – Duplex Stainless Steel
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