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Abstract: In order to reduce the production costs and achieve the required product quality it is crucial to determine 
the optimal settings of the cutting parameters. In this paper the Taguchi method was used for minimizing the surface 
roughness in turning polyamide PA-6. The influence of four cutting parameters: cutting speed, feed rate, depth of 
cut, and tool nose radius and theirs interactions on average surface roughness (Ra) were analyzed based on the 
standard L27 Taguchi orthogonal array. Based on the analysis of means (ANOM) and the analysis of variance 
(ANOVA), the optimal cutting parameter settings was determined, as well as the level of importance of the cutting 
parameters 
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Minimizovanje hrapavosti površine pri strugarskoj obradi poliamida PA-6 primenom Taguči metode. Da bi 
se smanjili proizvodni troškovi i postigao zahtevani kvalitet proizvoda utvrđivanje optimalnih parametara rezanja je 
od sustinske važnosti. U ovom radu je korišćena Taguči metoda za minimizovanje hrapavosti površine poliamida 
PA-6 pri strugarskoj obradi. Analiziran je uticaj četiri parametra rezanja: brzina rezanja, korak, dubina rezanja i 
radijus vrha noža i njihov uticaj na vrednost srednjeg aritmetičkog odstupanje profila (Ra) na osnovu standardnih 
L27 Taguči ortogonalnih redova. Na osnovu ANOM i ANOVA, određeni su optimalni parametari rezanja, kao i nivo 
njihove značajnosti 
Ključne reči: Optimizacija, Taguči metoda, struganje,  hrapavost površine, Poliamid PA-6 
 
1. INTRODUCTION 
 
 Polyamides are thermoplastic polymer composites 
extensively used in a variety of applications in different 
fields of engineering, such as aircraft, automobile, 
robots and machines, due to an excellent property 
profile, and hence replaced many traditional metallic 
materials [1]. Even though the polyamides are 
produced as near net shapes, the machining has to be 
performed during the final stage of production to get 
the finalized products [2]. However, there is limited 
number of papers related to the machining of 
polyamides in the available literature.  
 Gaitonde et al. [1] applied Taguchi’s quality loss 
function approach for simultaneous minimization of 
power and specific cutting force during turning of both 
PA6 and PA66 GF30 polyamides. Taguchi’s 
optimization was performed for the process parameters 
such as material, feed rate and cutting speed. Gaitonde 
et al. [2] developed RSM based second-order 
mathematical models for analyzing the influence of 
cutting speed and feed rate on machining force, cutting 
power, and specific cutting pressure during turning of 
unreinforced polyamide (PA6), and reinforced 
polyamide with 30% of glass fibres (PA66 GF30). 
Eriksen [3] examined the influence of cutting 
parameters (feed rate, cutting speed and tool nose 
radius) and the fibre orientation on the surface 
roughness in turning of short fibre reinforced 
thermoplastic. The results showed that the roughness of 
the machined surfaces was highly influenced by feed 
rate and tool nose radius, whereas the influence of 

cutting speed was negligible. Marin [4] analyzed the 
effects of cutting speed, feed rate, and depth of cut on 
main cutting force in turning of PA 66 polyamide.  
 In this paper, Taguchi method [5] was applied to 
optimize cutting parameters in turning of polyamide 
PA-6 in order to achieve better surface quality. 
 
2. OPTIMIZATION METHOD 
 
 The Taguchi technique is a methodology for finding 
the optimum setting of the control factors to make the 
product or process insensitive to noise factors [5]. 
Taguchi’s techniques have been used widely in 
engineering design, and can be applied to many aspects 
such as optimization, experimental design, sensitivity 
analysis, parameter estimation, model prediction, etc. 
The background idea of Taguchi’s robust design that 
differs from the conventional experimental design is 
that this method allows the simultaneous modelling of 
both mean and variability [5]. 
 Taguchi based optimization technique represents a 
unique and powerful optimization discipline that differs 
from the traditional practices. The traditional 
experimental design methods are sometimes too 
complex and time consuming, while Taguchi 
methodology is a relatively simple to be used. 
 Traditionally, data from experiments is used to 
analyze the mean response. However, in Taguchi 
method the mean and the variance of the response 
(experimental result) at each setting of parameters in 
orthogonal array (OA) are combined into a single 
performance measure known as the signal-to-noise 
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(S/N) ratio. Depending on the criterion for the quality 
characteristic to be optimized, different S/N ratios can 
be chosen: smaller-the-better, larger-the-better, and 
nominal-the-better. For example, the S/N ratio for 
smaller-the-better criterion is used when the aim is to 
make the response as small as possible. This category 
of the S/N ratio is defined as: 
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where i is S/N ratio in the i-th trial, ijy  is the j-th 

observed value of the response (quality characteristic) 
in i-th trial, n  is the number of individual observations 
in i-th trial, due to noise factors or repetition of trial. 
Regardless of the category of the quality characteristic, 
a higher algebraic value of S/N ratio corresponds to 
better quality characteristic, i.e. to the smaller variance 
of the output characteristic around the desired (target) 
value. 
 A full explanation of the method can be found in 
many references including [5, 6]. 
 
3. EXPERIMENTAL PROCEDURE 
 
3.1. Material and cutting parameters 
 
 The material used for cutting was unreinforced 
polyamide PA-6 (commercially DOCAMID 6E) 
produced by Quattroplast Ltd. (Hungary). The 
mechanical properties of the work material are: density 
= 1.14 g/cm3, tensile strength = 80 N/mm2, module of 
elasticity = 3200 N/mm2, Charpy impact resistance > 3 
KJ/m2. The test specimens were in the form of bar,  

92 mm in diameter and 50 mm in length (Figure 1). 
The machine used for the experiments was the 
universal lathe machine “Potisje PA-C30” with 11 kW 
power, speed range n = 20÷2000 rpm, and longitudinal 
feed rate range f = 0.04÷9.16 mm/rev. Cutting tool was 
SANDVIK Coromant tool holder SVJBR 3225P 16 
with inserts VCGX 16 04 04-AL (H10) and VCGX 16 
04 08-AL (H10). The tool geometry was: rake angle γ = 
7º, clearance angle α = 7º, cutting edge angle χ = 93º, 
and cutting edge inclination angle λ = 0º. 
In the study, the average surface roughness (Ra) was 
considered. It was measured at three equally distributed 
positions around the circumference of the workpiece 
using the profilometer Surftest Mitutoyo SJ-301. 
 

 
Fig. 1. Experimental setup 

 
Trial 

no 
Designation 

Cutting speed 
Vc, (mm) 

Feed rate 
f, (mm/rev) 

Depth of cut
ap, (mm) 

Tool nose radius
r, (mm) 

Ra 
(µm) 

η 
(dB) 

1 A1B1C1D1 65.03 0.049 1 0.4 1 1.07 0.0000 
2 A1B1C2D2 65.03 0.049 2 0.8 0.95 0.86 0.8563 
3 A1B1C3D1 65.03 0.049 4 0.4 1.31 1.42 -1.3292 
4 A1B2C1D1 65.03 0.098 1 0.4 1.39 1.51 -3.2348 
5 A1B2C2D1 65.03 0.098 2 0.4 2.05 1.4 -4.8873 
6 A1B2C3D2 65.03 0.098 4 0.8 2.09 1.67 -5.5370 
7 A1B3C1D2 65.03 0.196 1 0.8 3.78 3.56 -11.2972 
8 A1B3C2D1 65.03 0.196 2 0.4 3.46 3.34 -10.6309 
9 A1B3C3D1 65.03 0.196 4 0.4 3.61 3.51 -11.0299 

10 A2B1C1D2 115.61 0.049 1 0.8 1.04 1.4 -1.8207 
11 A2B1C2D1 115.61 0.049 2 0.4 1.04 1.01 -0.2154 
12 A2B1C3D1 115.61 0.049 4 0.4 1.22 1.12 -1.3716 
13 A2B2C1D1 115.61 0.098 1 0.4 1.43 1.29 -2.6823 
14 A2B2C2D2 115.61 0.098 2 0.8 1.25 1.44 -2.5961 
15 A2B2C3D1 115.61 0.098 4 0.4 1.78 1.63 -4.6429 
16 A2B3C1D1 115.61 0.196 1 0.4 3.41 3.23 -10.4260 
17 A2B3C2D1 115.61 0.196 2 0.4 3.41 3.39 -10.6296 
18 A2B3C3D2 115.61 0.196 4 0.8 6.03 5.74 -15.3976 
19 A3B1C1D1 213.88 0.049 1 0.4 0.85 0.69 2.2236 
20 A3B1C2D1 213.88 0.049 2 0.4 1.04 1.16 -0.8408 
21 A3B1C3D2 213.88 0.049 4 0.8 1.45 1.36 -2.9580 
22 A3B2C1D2 213.88 0.098 1 0.8 1.37 1.59 -3.4292 
23 A3B2C2D1 213.88 0.098 2 0.4 1.24 1.45 -2.6008 
24 A3B2C3D1 213.88 0.098 4 0.4 1.7 1.54 -4.2009 
25 A3B3C1D1 213.88 0.196 1 0.4 3.33 3.1 -10.1492 
26 A3B3C2D2 213.88 0.196 2 0.8 5.53 4.94 -14.3921 
27 A3B3C3D1 213.88 0.196 4 0.4 3.61 3.45 -10.9577 

Table 1. Experiment plan, results and S/N ratios for the average surface roughness 
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3.2. Experimental plan 
 
 In the present study, four cutting parameters, 
namely, cutting speed (Vc), feed rate (f), depth of cut 
(ap), and tool nose radius (r) were considered. The 
cutting parameters ranges were selected based on 
machining guidelines provided by workpiece and tool 
manufacturer’s recommendations and previous 
researches [2, 3]. 
Three levels for cutting speed, feed rate and depth of 
cut and two levels for tool nose radius were considered 
(Table 2). The cutting parameters were arranged in 
standard Taguchi’s L27 (313) OA. Cutting parameters 
Vc, f and ap were assigned to columns 1, 2 and 5, 
respectively. Cutting parameter r was assigned to the 
column 12. As tool nose radius had only two levels, the 
dummy-level technique [4] was used to reassign level 1 
to level 3. The plan of experimental layout to obtain the 
average surface roughness (Ra) is shown in Table 1. 
Following the Taguchi’s L27 (313) OA, 54 experiment 
trials were performed at random order to avoid 
systematic errors. 
 

Level 
Cutting parameter 1 

(low) 
2 

(medium) 
3 

(high) 
A – Vc (m/min) 65.03 115.61 213.88 
B – f (mm/rev) 0.049 0.098 0.196 
C – ap (mm) 1 2 4 
D – r (mm) 0.4 0.8 - 

Table 2. Cutting parameters and their levels used in 
experiment 

 
Since the objective of experiment is to optimize the 
cutting parameters to get better (i.e. low value) of 
average surface roughness S/N ratio the average S/N 
ratios for smaller the better for average surface 
roughness were calculated using the Eq. 1. The S/N 
ratios are given in Table 1. 
 
4. ANALYSIS OF EXPERIMENTAL DATA 
 
 The experimental results were analyzed by the 
analysis of means (ANOM) and analysis of variance 
(ANOVA). The analyses have been obtained by using 
the statistical software application MINITAB. The 
calculations of ANOM and ANOVA were described in 
details by Phadke [5]. 
 
4.1. Analysis of means 
 
 ANOM is a process of estimating the factor effects. 
Based on the ANOM, one can derive the optimum 
combination of cutting parameters, with respect to the 
average surface roughness (Ra). [5] The optimum level 
for a factor is the level that gives the highest value of 
S/N ratio in the experimental region. 
The results of ANOM are presented in Figure 2. From 
the Figure 2, it can be observed that the optimal ANN 
combination of cutting parameter levels is A1B1C1D1. 
In other words, optimal value of each cutting parameter 
is (A) cutting speed, 65.03 m/min, (B) feed rate, 0.049 
mm/rev, (C) depth of cut, 1 mm, and (D) tool nose 

radius, 0.4 mm. 
 

 
Fig. 2. ANOM diagram 
 
4.2. Analysis of variance 
 
 The purpose of ANOVA is to investigate which 
cutting parameters significantly affect the surface 
quality characteristics. ANOVA was performed using 
the S/N ratios as the response (Table 2). ANOVA was 
accomplished by separating the total variability of the 
S/N ratios, which was determined as a sum of squared 
deviations from the average of the S/N ratio, into 
contributions by each of the cutting parameters and the 
error. 
In ANOVA, the ratio between the variance of the 
cutting parameter and the error variance are called 
Fisher’s ratio (F). It was used to determine whether the 
parameter had a significant effect on the quality 
characteristic by comparing the F test value of the 
parameter with the standard F table value (F0.05) at the 
5% significance level. If the F test value was greater 
than F0.05, the cutting parameter was considered 
significant. Table 3 shows the results of ANOVA for 
average surface roughness. 
 

Source 
Degrees of 
freedom 

Sum of 
squares 

Mean 
square 

F 

Cutting 
speed 

2 0.497 0.249 0.17 

Feed rate 2 583.343 291.671 196.41 
Depth of 

cut 
2 16.076 8.038 5.41 

Tool nose 
radius 

1 12.077 12.077 8.13 

Error 19 28.215 1.485  
Total 26 640.208   

Table 3. Analysis of variance (ANOVA) for S/N ratios 
 
From the ANOVA results, it can be observed that 
cutting parameters, namely feed rate, depth of cut and 
tool nose radius are statistically significant for affecting 
average surface roughness (Ra). The change in cutting 
speed in the range given in Table 1 had insignificant 
effect on the Ra. 
Figure 3 shows the percentage contribution of each 
cutting parameter to the total variation, indicating their 
degree of influence on the Ra. Feed rate is the most 
influential parameter followed by depth of cut and tool 
nose radius, whereas the influence of cutting speed is 
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negligible. 

 
Fig. 3. Cutting parameters percentage contribution 
 
From Figure 3 it can be observed that changing the 
cutting parameters (feed rate, depth of cut, and tool 
nose radius) between the chosen parameter levels 
(Table 1) contributes to 95.59 % of the total variation 
in the Ra. Furthermore, the small percent contribution 
of error confirms the absence of significant factor 
interactions. 
 
4.3. Verification 
 
 Confirmation testing is necessary and important 
step in the Taguchi method. Once the optimal 
combination of cutting parameters was selected, the 
final step was to predict and verify the expected 
response through the confirmation test. There is no 
need to run the confirmation test if the optimal 
parameter combination is already included in the OA, 
as it was in this case. The optimal combination of 
cutting parameters (A1B1C1D1) corresponds to 1-st trial 
in Table 1. 
Taguchi prediction of S/N ratio under optimum 
conditions is ηest = 0.779205 dB which is higher than 
obtained in experiment (Table 1).  
In order to judge the closeness of the ηest and observed 
value of S/N ratio, the confidence interval (CI) is 
determined. The CI is given by [6]: 
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where Fα(1;fe) is the F value from statistic table at a 
confidence level of (1-α) at degrees of freedom (DoF) 
=1, and error DoF = 19, Ve is the error variance, and n 
is defined as: 
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where N is the total number of experiments and ν is the 
total DoF of all parameters. At the 95% confidence 
level, the CI is ± 1.388. Since the prediction error is 
within CI value, the optimal combination of cutting 
parameter levels can be validated. 
 
5. CONCLUSIONS 
 This article has described the application of Taguchi 
method for optimization of cutting parameter settings 

for minimizing the average surface roughness in 
turning of polyamide PA-6. Four cutting parameters, 
cutting speed, feed rate, depth of cut, and tool nose 
radius were considered are arranged in the L27 OA. 
From the ANOM and ANOVA results the following 
conclusions can be done: 

 The combination of low levels of cutting 
parameters was beneficial for minimizing 
average surface roughness, 

 ANOVA results indicated that the feed rate 
was the most significant parameter, followed 
by tool nose radius, and depth of cut, whereas 
the influence of cutting speed was negligible. 
ANOVA resulted in less than 5% error 
indicating that the interaction effect of process 
parameters was negligible. 

 Since the cutting speed was not significant, it 
could be set at the highest level to obtain 
higher material’s removal rate. 

The Taguchi method is relatively simple but powerful 
optimization approach that could be efficiently applied 
for machining optimization problems. 
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