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Abstract: 

Optimization is the one of the techniques used in manufacturing industry to achieve the best output condition, which is the 

necessary that the industry production at the high quality in the minimum input cost. So there are various optimization metho ds, 

which one of them is Taguchi approach integrated with fuzzy logic, in this study, this technique was used to find out the optimum 

value for the process parameter on the textile machine. In this experiment the Taguchi method used on the L27 orthogonal arra y 

(OA), Fuzzy logic based on multip le performance characteristics index. At a last, optimization of difficult multiple performance 

characteristics is converted into the optimization of single response performance index.  The fuzzy logic applied for an opti mum 

value in  a process parameter like Yarn diameter, RPM, Ply  Twist and cable twist, also the response parameters to identify  the 

Breaking Strength (BS) and Yarn length (YL) of the work p iece (nylon 6) on the text ile machine. The confirmation experiments 

were carried out the optimal results. Thus the machining parameter was optimized for achieving the combined objectives of 

higher Breaking Strength and yarn diameter. The result shows the confirmation that fuzzy  logic is being effective technique t o 

improve the machining parameter.  
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I. INTRODUCTION 

 

Work protection is the state of human, industry and 

atmosphere presence safe, being secure against hazards issues 

and other concerns of disaster, fault and coincidence which 

could be measured non-desirable, in manufacture industry [1]. 

Nylon 6 has fatigue resistance, high tensile strength, high 

adhesion characteristics [2], is mainly purpose for the bias 

tyres. Nylon 6 yarn main ly uses in tyres i.e. van, car, light 

commercial vehicles, bus, agriculture vehicles, two-wheeler, 

industrial etc.  In the textile Industry can offer tyre cord fabrics 

such as 840D/1, 1260D/1, 1260D/2 etc. Text ile companies 

contain nylon 6 tyre cord fabrics, laminated fabrics, and 

commercial yarns [3, 4]. The text ile machine is high-

performing machine which is mostly used for non-consumer 

uses. It is unconventional machining process which is more 

efficient than the conventional machin ing process. Nylon 6 

tyres cord is the most essential part in the tyre.                                                                                                                                                                                                 

Machine is mainly  use at 28±20C temperature and Relat ive 

Humid ity 65±5% in industry. Industry makes a various 

dissimilar d iameter yarn for a tyres cord like 0.8 mm, 1.2 mm, 

1.4 mm, 1.6 mm etc. It is manufacture according to the tyre 

demand. Text ile machine performance are generally in  need of  

several factors such as RPM (Revolution per minute), Ply 

Twist, cable Twist, Traveler, breaking strength, yarn Length, 

line test, Tight cord, PLD (p ly Length difference).  The first 

three are named planning parameter. The latter five are in  step 

to provide the greatest operational state for the machine 

procedures. The important response parameter of process is 

the Breaking Strength and Yarn Length. Optimization of the 

text ile machine is concerned with maximum the Breaking 

Strength and also maximum yarn Length. In this study, the 

optimization methods Taguchi’s  method [5, 6] with fuzzy 

logic [7, 8] has become a relatively advanced. It  is essential to 

control the optimal machining response parameter to h igher 

breaking strength and yarn length for the textile machine. 

Optimization of mult iple response characteristics is more 

complex than the single performance characteristics. The term 

fuzzy logic was announced through application of fuzzy  set 

theory by Lotfi A. Zadeh [9, 10]. The concept of fuzzy logics 

has verified to be valuable for commerce with undefined and 

unclear data [11]. Therefore, optimizat ion of the response 

parameters by fuzzy logic has been calculated in this paper. 

Furthermore, various machining operation may affect to 

dimensional fault o f the machined work piece for example 

machine tool measure erro rs, machine tool structural error and 

cutting force-induced error (Xiaoli L. and Du R., 2002) [12]. 

Machinability too effects to dimensional inaccuracy of a work 

piece which is machined going on the lathe (Liu  Z.Q., 2000) 

[13]. The variables affects to machinability are machine tool 

variables, cutting tool variables, cutting condition variable, 

work p iece material variab le and ext ra variab les (LEE M. and 

LEE C., 2011) [14].  Lui Z.Q. (2000) used the finite different 

process for computing the distortions of multi-diameter work 

pieces in spinning by the cantilever beam and two fixed 

supports mathematical analysis. Geometric and d imensional 

fault is concerned based on the twist and further mechanical 

properties of a work p iece whereas, the distortion of a work 

piece be determined by on material properties. The nylon 6 

polymers are thermal and fatigue resistance and it is used as a 

highest material for some mechanical port ions such as huge 

rollers, gears and bearings.  In this work, Taguchi method [15] 

was used to initial on the procedure of the experiment. 

Examination the data by the ANOVA with help of the 

commercial software packing MINITAB-16. A series of 

experimental test created on the L27 orthogonal array is used 

or the text ile machine. The main and interaction effects are 

analyzed using the analysis of variance. 

II. EXPERIMENTAL DETAILS  

 

The equipment used to perform the experiment was a text ile 

machine. It is energized by the 400-500 V. Air pressure on the 

text ile machine is 5-6 bar. The textile machine model is 
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AWSRY. In the machine the weft insertion is always 

pneumatic. The weft type always cotton, poly, glass fabric etc. 

The warp  tension is 300 to 350 kg  per cm square, and GSM of 

fabric is 120 to 600. In the textile department normally uses a 

Nylon 6 for the tyre cord. The Nylon is made by the chemical 

bonding with the carbon, nitrogen, oxygen and hydrogen.  

Nylon 6 has a density 1.084 g/ml. Melt ing point of the nylon 6 

is 493K.  Auto ignition temperature o f the Nylon 6 is 707 K. 

Nylon 6 is the most high performance material in the tyre. 

Tyre are commonly  use in commercial and non-commercial 

vehicle. In the industry the Nylon 6 is raw material and it 

comes on the industry in the powder form. Firstly the Nylon 6 

changes to the liquid form to powder form. So  the industry 

also uses a boiler. Its goes to the textile machine in the liquid 

form. The experimental setup is shown in fig.1.    

 

    
Figure.1. Schematic figure for Textile Machine   

 

A. MATERIAL    

 

Nylon 6 is a polymer which is the established by the Paul 

Schlack. It is a Semi crystalline polyamide, nylon 6 is not a 

concentration polymer. This makes a special case in the 

comparison between concentration and addition polymers 

competition with nylon 6. Nylon 6 is high modulus, thermal 

and fatigue resistance, high tensile strength, as well as 

elasticity. It  is a  wrinkle -proof and ext remely resistant to 

abrasion. Nylon 6 is used in a wide variety of goods 

demanding materials of high strength. It is generally uses 

demanding materials of high breaking strength. Nylon 6 is 

broadly used for the gears, fitting and bearings in the 

production area. It is also usages as thread in bristles for 

toothbrushes, surgical sutures or classical musical instruments 

including guitars, sitars violins. It is also used in the 

manufacture of a large variety of threads, ropes, filaments, 

nets and tyre cords and gun frame which are made with a 

composite of Nylon 6 and other polymer.  

 

 

 

 

 

III. METHODOLOGY AND DATA ANALYS IS  

 

The fuzzy logic approach has completed of the following 

steps:    

   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

A. TAGUCHI EXPERIMENTATION 

 

Taguchi method is the simplest and more effective 

methodologies for the design and experimental programming 

[16-18]. The Taguchi principal analysis used in this is study 

presents step by step in the following parts.   

 

a) ORTHOGONAL ARRAY AND FACTORS AND 

LEVELS    

 

Parameter design includes outcome a set of optimal control 

factors that lead to a min imum wastage of output response. 

The designers of Fig. 2 (schematic d iagram of product design 

procedures) may be set any parameters that have an effect 

upon systematic output. Every of these parameters may have 

some fixed points, which are known as levels. The objective 

of Taguchi experimentation is to gain optimal effects by 

outcome the optimal parameter arrangements. In accordance 

[19], with the three different levels and three main designs 

parameter (yarn diameter, spindle speed, and ply twist) were 

known as the control factors listed in Table I. 

The orthogonal array (OA) L27 is chosen 

To calculated the S/N ratio fo r the BS and YL  

To calculated the Normalized value for the BS and 

YL 

Setting the membership function and apply fuzzy rule  

Starting the computation of fuzzy controller 

Calculating the MPCI value 

Conducting a variance analysis (ANOVA) of the 

principal component points 

A confirmat ion test is conducted 
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Figure.2. Schematic diagram of procedures in product 

design 

 

TABLE. I. EXPERIMENTAL MACHINE LEVELS AND 

FACTORS   

 

Sr. 

No. 
Symbol  

Control 

Factors 

Levels  
Units 

1 2 3 

1 A 

Yan 

Diameter 0.8 1.2 1.4 Mm 

2 B 

Spindle 

speed 750 700 650 Rpm 

3 C Ply Twist 310 400 450 Tpm 

 

In this study, the L27 (3) orthogonal array can be used to 

consign test factors and their interactions. For a 3 control 

factor 3-level setup the total number of experiments to be 

conducted shown in Table II.    

 

TABLE II:  EXPERIMENTAL LAYOUT US ING L27 OA   

 

Experiment No. Yarn 

Diameter 

Spindle 

Speed 

Ply 

Twist 

1 0.8 750 310 

2 0.8 750 400 

3 0.8 750 450 

4 0.8 700 310 

5 0.8 700 400 

6 0.8 700 450 

7 0.8 650 310 

8 0.8 650 400 

9 0.8 650 450 

10 1.2 750 310 

11 1.2 750 400 

12 1.2 750 450 

13 1.2 700 310 

14 1.2 700 400 

15 1.2 700 450 

16 1.2 650 310 

17 1.2 650 400 

18 1.2 650 450 

19 1.4 750 310 

20 1.4 750 400 

21 1.4 750 450 

22 1.4 700 310 

23 1.4 700 400 

24 1.4 700 450 

25 1.4 650 310 

26 1.4 650 400 

27 1.4 650 450 

 

 

b) S IGNAL TO NOIS E RATIO (S/N)   

 

S/N is defined as:  

 

  S/N=10log 
      

     
]                                                 (1) 

                                                                                                                            

The prediction value provided can be transformed in to S/N 

ratio, based on three criteria. S/N ratio is used as an objective 

function for optimizing characteristics, its units in decibels 

(dB). In this study, BS and YL were selected to be the 

performance characteristics. The characteristics value signifies 

better machining performance, such as BS, ‘higher -the–better’  

and in reverse, the characteristic that lower value represents 

better machin ing performance, such as YL, ‘higher-the-better’. 

The BS and YL function can be calculated as:   

 

[{S/N}HB ]= 10log (
 

 
  

  
 

 
   )                                           (2) 

                        

Here n shows the number of experiments (n = 1, 2, 3 … n) and 

yi shows to the BS and YL characteristics values.   

 

The (S/N) of BS and YL measured by “(2)” are shown in 

Table III.   

 

TABLE. III: S/N VALUE OF DIFFERENT 

EXPIREMENTS FOR BS AND YL 

 

Experiment 

NO. 

Breaking 

Strength  

(BS) 

S/N 

Ratio 

Yarn 

Length 

(YL) 

S/N 

Ratio 

1 19.8 25.933 18.00 25.105 

2 20.0 26.020 18.02 25.115 

3 20.2 26.107 18.10 25.153 

4 19.6 25.845 18.80 24.506 

5 19.9 25.977 18.90 24.557 

6 20.1 26.063 18.79 24.501 

7 20.4 26.192 15.60 23.862 

8 20.3 26.149 15.62 23.873 

9 19.7 25.889 15.92 24.038 

10 27.7 28.849 19.28 25.702 

11 27.9 28.912 19.35 25.733 

12 28.1 28.974 19.40 25.756 

13 28.0 28.943 18.00 25.105 

14 28.4 29.066 18.01 25.110 

15 28.3 29.035 18.05 25.129 

16 28.5 29.096 16.71 24.459 

17 27.7 28.849 16.82 24.516 

18 27.8 28.880 16.75 24.480 

19 34.4 30.731 31.15 29.869 

20 34.3 30.705 31.10 29.855 

21 34.0 30.629 31.08 29.849 

22 33.8 30.578 31.05 29.841 

23 33.7 30.552 29.07 29.268 

24 33.9 30.604 29.01 29.251 

25 33.5 30.500 27.00 28.627 

26 34.1 30.655 27.05 28.643 

27 33.6 30.526 27.25 28.707 

 

c) NORMALIZATION   

 

The S/N value must be normalized between 0 and 1. In this 

study, according the “(3)”, (k) are S/N values of BS and YL, k 

are BS and YL, which  must be normalized by “(3)”, that 0 
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value known as worst performance and 1 value known as best 

performance 

      =
           

                 
       i= 1,2,3……27                        (3) 

 

The normalize values of BS and YL measured by “(3)” are 

shown in Table IV.   

 

TABLE IV: NORMALIZATION OF PERFORMANCE 

EVALUATION 

 

Exp. No.  Breaking Strength  Yarn Length 

Ideal Sequence 1 1 

1 0.018 0.206 

2 0.035 0.208 

3 0.053 0.215 

4 0.000 0.107 

5 0.027 0.115 

6 0.044 0.106 

7 0.071 0.000 

8 0.062 0.001 

9 0.009 0.029 

10 0.614 0.306 

11 0.627 0.311 

12 0.640 0.315 

13 0.634 0.206 

14 0.659 0.207 

15 0.653 0.211 

16 0.665 0.099 

17 0.614 0.108 

18 0.621 0.102 

19 1.000 1.000 

20 0.994 0.997 

21 0.979 0.996 

22 0.968 0.995 

23 0.963 0.900 

24 0.974 0.897 

25 0.952 0.793 

26 0.984 0.795 

              27 0.958 0.603 

    

B. FUZZY APPROACH   

 

a)  FUZZY APPROACH THEORY   

 

Fuzzy logic is a scientific concept of inaccurate permits the 

procedure of social reasoning linguistic terms [20]. Fuzzy 

controllers and fu originated specific applications in very 

                                                      

approximations. Firstly a fuzz composed of a fuzzifier, an 

inference applia ru le base (mamdani method), and at the la 

defuzzifier converts the fuzzy value into a M are calculated 

using the membership function the degree of membership of 

an object in a fuzzy  set [21].  

 

b)  RULE BAS E:    

 

In this study, the Mamdani implication met the fuzzy rules. In 

the study, the theory of fu briefly created on the two input one-

output contains of a collection of if-then rules with the and one 

output.   

 

In this study, the two fuzzy sets value BS and variables: very 

low (VL), low (L), large (L) medium (M), fairly high (FH), 

high (H) and verse fo r the outputs value shown in the matrix 

form in Table V. 

 

MPCI 
Normalized S/N Ratio of BS 

VL L FL M FH H VH 

Normali

zed S/N 

Ratio of 

YL 

VL VL VL L L FL FL M 

L VL VL L FL FL M M 

FL L L FL FL M M FH 

M L L FL M M FH H 

FH L FL FL M FH H H 

H L FL M 

F

H FH H VH 

VH FL FL M 

F

H H H VH 

 

If and Then rules are d irectly  based on the fact that HB  S/N 

ratio By taking the max-min compositional process, the fuzzy 

logic of these rules crops a fuzzy output .The fuzzy rule 

developed by the mat lab shows in fig .3.  

 

 
 

Figure.3: the fuzzy rule according by the Mat Lab 

Let’s assume that x1 and x2 are two input data of fuzzy logic, 

the membership function of the output of fuzzy logic can be 

defined as; 

µco(y)   = (µA1(X1) ^µB1(X2)^µC1(y)) … (µAn(x1)^µBn  

(x2^µCn(y))                                                                                    

(4) 

Where “^” denote the minimum operation and “v” deno te the 

maximum operation. In the present study a defuzzification 

process, known as the center-of gravity technique, is changed 

here to convert the fuzzy output µc0   into a non-fuzzy valued,     

 

            y0   =  
        

       
                                                            (5) 

In this study, the non-fuzzy value y0 is called a fuzzy 

reasoning grade. The two input data variables BS and YL 

shown in figure 4. 

 

 
Figure. 4: The flow structure chart for the use of fuzzy 

Logic 

 

 C. Fuzzy logic analysis of MPCI 

 

In this study, applying the fuzzy input membership function a 

BS and YL. The fuzzy logic control has one output value 

defuzzifying in one single output value i.e. called multiple 

performance characteristics index (MPCI) shown in Table VI. 
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The Position of triangles calculated fuzzy sets for all input/ 

output value. The height of the both triangles relates to the 

fuzzy membership value for fuzzy  set. Finally  the outcomes of 

the determined the MPCI value for all of the 26 interactions. 

According to industrial importance, weight of the inputs for 

fuzzy controls was equivalent for BS and YL, the value of YL 

would decreases.  So, in this paper, assume the weight of the 

inputs for fuzzy controls by 1 and 0.5 for BS and YL shown in 

the Table VI. Then, according to methodology; 

(1) Arrange the membership functions of the input and 

output and the fuzzy ru les in Matrix form (shown in 

Table V) by using Mat Lab shown in figure 3.  

(2) Input the BS=0.018*1 and YL=0.206*0.5 to the fuzzy  

logic controller. 

(3) Calculating the multiple performance characteristics 

indices (MPCI= 0.508, shown in Table VI). 

 

TABLE VI: THE ENTIRE RES ULTS OF THE 

CALCULATED MPCI    

 

Experiment No. BS YL MPCI 

1 0.018 0.104 0.0813 

2 0.035 0.104 0.0927 

3 0.053 0.108 0.1073 

4 0.000 0.054 0.0360 

5 0.027 0.058 0.0567 

6 0.044 0.053 0.0647 

7 0.071 0.000 0.0473 

8 0.062 0.001 0.0420 

9 0.009 0.015 0.0160 

10 0.614 0.153 0.5113 

11 0.627 0.156 0.5220 

12 0.640 0.158 0.5320 

13 0.634 0.104 0.4920 

14 0.659 0.104 0.5087 

15 0.653 0.106 0.5060 

16 0.665 0.040 0.4700 

17 0.614 0.054 0.4453 

18 0.621 0.051 0.4480 

19 1.000 0.500 1.0000 

20 0.994 0.499 0.9953 

21 0.979 0.498 0.9847 

22 0.968 0.498 0.9773 

23 0.963 0.450 0.9420 

24 0.974 0.449 0.9487 

25 0.952 0.397 0.8993 

26 0.984 0.398 0.9213 

27 0.954 0.403 0.9073 

 

It is the orthogonal experimental design; the effect of the each 

process parameter at different level can be independent. The 

mean response for the MPCI shows in Table VII.   

 

Level  

Yarn 

Diameter Spindle S peed Ply Twist 

1 0.0604 0.466 0.502 

2 0.4928 0.504 0.503 

3 0.9528 0.536 0.502 

  0.8924 0.070 0.001 

  1 2.0 3 

 

The ANOVA is the best method to examine, which parameter 

of machine d isturbs the enactment characteristic [22]. It can 

define if the parameters are optima l and if the experimental 

test is reproducible. The result of every control factor on 

MPCI converts specious. Generally, the variation of the 

machining parameter data has a major result on the 

performance characteristic when F is large. It is found that 

yarn diameter and spindle speed are the important parameter 

one where as the ply twist is not significant as the P value is 

more than 0.05. The results of using ANOVA are shown in 

Table VIII.  

 

TABLE VIII: ANOVA RES ULTS US ING ADJUS TED SS 

FOR TES T   

Source of 

Variation 
DF 

Seq. 

SS 

Adj. 

SS 

Adj. 

MS  
F P 

Yarn 

diameter 2 3.585 3.585 1.792 8254.3 0.00 

Spindle 

Speed 2 0.022 0.022 0.011 50.84 0.00 

Ply twist 2 0.000 0.000 0.000 0.02 0.97 

Error 20 0.004 0.004 0.000   0.02 

Total 26 3.611       1 

 

VI. CONFORMATION TES T 

The next step is to calculate and verify the perfection of 

quality characteristics using the optimal parametric 

combination. The predicted optimal value can be calculated by 

means of additive law as given by:   

 

  = γ n       
 
                                                                            

 

Where, γn is the total mean MPCI, γ  is the mean MPCI at the 

optimal level and α  is number of machining process 

parameters that significantly disturb multip le performance 

characteristics. Thus MPCI (optimal) is equal to the mean 

MPCI and plus the summation of the difference between the 

overall mean MPCI and the mean MPCI fo r each of the 

significant factors at optimal level. Th is ensures the usefulness 

of fuzzy approach in relation to process optimization, where 

various quality conditions have to be fulfilled simultaneously. 

The results of the confirmation experiments using the optimal  

parameters are shown in Tab le IX.   

 

TABLE.IX. RES ULT OF THE RESPONS E 

PERFORMANANCES INDICATING THE INITIAL 

AND OPTIMAL S ETTING 

  

Initial 

Machining 

Parameters 

Optimal 

Machining 

Parameters 

Prediction 

Setting level A2B2C2 A3B3C3 

Breaking Strength 28.4 84.7144 

Yarn Length 18.01 70.2982 

S/N  ratio of MPCI -5.8713 1.8562 

MPCI 0.5087 0.98808 
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V. CONCLUS ION 

 

This study presents an experimental study on fuzzy logic. On 

the basis of the presented result, the proposed methodology 

proves to be a useful tool. Fuzzy log ic is one of the best 

methods of the optimization. Textile machine is use for 

making the Yarn, which is used in the tyre. It  is made by the 

Nylon 6. It is a polymer and it is a high breaking strength. This 

work is based on the fuzzy logic, which is a combination of 

fuzzy logic and Taguchi methodologies. In the method , a 

normalized prediction value is used. By using the two simple 

approaches, determined the optimized value for the nylon 6 in 

the textile machine. Result found since Taguchi methods 

strictly compare with ANOVA method. The results are 

summarized as follows:     

 

 The optimum machining parameter combination of 

multip le qualit ies is A3B3C2. The computational value of 

MPCI is 0.98808  

 This research proposed the OA (L27) combined with 

fuzzy logic to optimize the multip le performances 

characteristics of BS and YL.  

 From ANOVA for fuzzy logic, it is observed that Yarn  

diameter (0.00%), Spindle speed (0.00%) and Ply twist 

(97.8%) applied a significant effect on mult iple response 

parameter.  
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