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Abstract: This paper focuses on the optimization of drilling process parameters using the 

Fuzzy-Taguchi technique to obtain minimum surface roughness (Ra) and maximum Material 

Removal Rate (MRR). A number of drilling experiments were conducted using the L9 

Orthogonal Array on a conventional machining center. The experiments were conducted on 

Aluminium Alloy 7075 material blocks using three types of drill bits under wet cutting 

conditions. A Design of Experiment was employed to determine the most significant control 

the factors affecting the Surface Roughness and Material Removal Rate. The Cutting Tool, 

Cutting Speed and Coolant were selected as the control factors. After the nine experimental 

trails, the most significant factor on the surface roughness and the material removal rate was 

found  

Key words: Optimization, MRR, Ra, Fuzzy – Taguchi Technique  

1. Introduction  

Aishah Najiah Dahnel, Mohamad noor Ikhwan Naiman carried out a study on drilling of 7075 

Aluminum Alloys. Cutting speed and feed rate was considered as input parameters and the 

output parameters are surface roughness and tool wear. It is observed that at high cutting speed 

and feed rate they got the better results and the coolants are used to reduce the tool wear1. 

Muhammad Aamir, ShanShan Tu, Majid Tolouei-Rad, Khaled Giasil and Ana Vafadar 

employed Fuzzy logics and Taguchi method is employed to obtain better surface roughness 

and hole size on Al5083. The drilling used is one shot drilling and multi hole drilling with poly 

drill head. The Regression analysis and Analysis of Variance (ANOVA) were applied. And 

fuzzy logic technique was employed for the prediction of surface roughness and hole size2. 

Natasha A.Raof, Nor Khai Russhima MK and Suhaily Mokhtar investigated the effect of 

cutting parameters on tool wear in drilling Aluminium 7075. The cutting speed taken in range 

of 4000-8000 RPM and the feed rates are 0.01 to 0.10 mm/rev. After drilling holes it is observed 

that lower cutting speed (4000 RPM) results low tool wear (0.024 mm) and higher cutting 

speed(8000 RPM) results in maximum tool wear (0.12 mm). then it is recommended to use low 

cutting speeds on drilling AA 7075 material3. Shahed, mahamud and Md.Ariful islam carried 

out a study on optimum drilling parameters for Al alloy combination for the minimum adverse 

effect on the drilled hole. The process considering the effect of drilling parameters such as 

spindle speed, feed rate, cutting environment and cutting edge angle on the material removal 

rate (MRR) and surface roughness based on L-9 orthogonal array (OA), S/N ratio, Annova and 
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regression analysis were accustomed by using taguchi based grey relational analysis and full 

factorial analysis. By analysed they have found that the effect of surface roughness of cutting 

edge angle(118 deg), feed rate (0.1 mm/rev), Speed (670 rpm)4. Norfarah Huda abd Halim, 

Aishah Najiah Dahnel has carried out the effect of cutting parameters and cutting condition 

when drilling in terms of tool wear, surface roughness and hole circularity (cutting parameters 

are feed rate, cutting speed and cutting condition). This approaches the results high speed steel 

tool with diameter of 6mm with point angle 118 deg and feed rate of 0.15 mm/rev. The tool 

wear, surface roughness and hole diameter are mostly influenced by the cutting speed and 

cutting condition. Lower cutting speed of 22 m/min and the usage of cutting fluid with given 

improved results for the tool wear and surface roughness. It concludes that use of lower cutting 

speed and cutting fluid is preffered to produce a better hole during drilling process5. 

C.Venkatesha, N.M.Arunb , R.Venkatesan employed Taguchi coupled Fuzzy Logic to 

optimize the machining time during micro drilling of B4C/Al composite with help of micro 

electrochemical machine. The Taguchi method of experimental design was used to obtain the 

optimum process parameters. Additionally, the experimental data were optimized through 

unconventional optimization tool of fuzzy logic6. C. Manickam , N. Parthipan analyzed the 

values of the different input parameters like Cutting speed, Feed rate, and Type of drill bit using 

Taguchi method to ensure that the MRR, Surface Roughness, are best for the performance of 

the given workpiece and tools. ANOVA was used to study the degree of consequence of the 

different parameters for the different set of calculation7.  

 

2. Material and Methodology  

Aluminium 7075 is a type of aluminium alloy that is generally used in various applications 

because of its high strength-to-weight ratio and resistance to fatigue. The number "7075" refers 

to the specific alloy within the 7000 series of aluminium alloys. Aluminium 7075 is composed 

mainly of aluminium, with small amounts of zinc, copper, magnesium, and chromium. It is 

known for its high strength, which makes it suitable for use in applications that require a 

material with high structural integrity. The alloy is also known for its excellent fatigue 

resistance, which means that it can withstand repeated stress and strain cycles without failing.   

Table 2.1 Mechanical Properties     Table 2.2 Chemical Composition   
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2.1 OBJECTIVE:  

1.  To obtain a better surface finish  

2    To improve Material Removal Rate (MRR)  

3     To increase productivity 

2.3 Methodology:  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

2.4 Experimental Setup:  

 Table 2.1 Experimental Setup  
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2.5 Optimization:  

 

 

 

 

 

 

 

         Figure 2.2.1 Fuzzy Logic Architecture  

2.6 Normalization:  

To make data easier to compare and analyse, normalisation values are used to 

bring data within a specific range, usually between 0 and 1. When a variable is 

normalised, its values are scaled to fall between a range of 0 and 1, depending on the 

variable's minimum and maximum values. When “Higher is better” is a characteristic 

of the original sequence, then the original sequence is  

 

 When 

“Lower is better” is a 

characteristic of the original sequence, then the   original sequence is  

 

3 Results and Discussion:  

Table 3.1 Response Table with S/N ratio values  
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 From Taguchi we get the S/N values then the normalization values are calculated for 

these S/N values. The normalized values of MRR and Ra are taken as input for Fuzzy logic 

and MPCI is the output obtained from the Fuzzy Logics.. For MPCI values larger is better and 

minimum is worst.  

 

Figure 3.1 Fuzzy logic Designer  

For initial fuzzy logic design, the triangular membership functions for MRR, Ra and 

MPCI which 3 levels as high, medium and low which indicates the triangular MFs was selected  

 

 Figure 3.2 Membership Functions for MRR   

 

 Figure 3.3 Membership Functions for Ra  
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Figure 3.4 Membership Functions for MPCI  

         After selecting and applying the member ship functions rules are written in the rule 

editor of the fuzzy logic for MPCI  

 

Figure 3.5 Rule Editor  

 

Figure 3.6 Rule Viewer  
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        The normalized values of MRR and Ra are given as input in the space provided in the rule 

viewer from this the MPCI values are extracted  

Table 3.2 Normalized values of MRR, Ra and MPCI  

 

 

 

 

 

 

 

 

 

 

 

            These MPCI values are again taken as input for Taguchi method. From this the S/N 

ratio for MPCI values are calculated and finallay the optimized values are obtained from 

Taguchi method  

Table 3.3 S/N ratio values of MPCI  
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 Figure 3. 7 MPCI Plot for Means and S/N ratios  

4 Conclusions  

The response from the Taguchi method are defined to predict the output parameters which 

are Surface Roughness (Ra) and MRR. The input parameters like cutting speed, type of 

drill bit and coolant type which influence the output parameters are identified.  

Taguchi design provides the optimal conditions for process (input) parameters  

➢ The Ra values should be low, from this work, it is find that, the best suited sequence 

for this is Cutting Speed-1400rpm, drill bit type – Carbide Tipped and Coolant- 

diesel + paraffin oil  

➢ The MRR value should be high, from this work, it is find that, the best suited 

sequence for this is Cutting Speed-1800rpm, drill bit type – HSS and Coolant: Oil  

Fuzzy logic is applied to find the better sequence in which the Ra value is low and 

MRR value is high  

➢ For low Ra and high MRR, we identified the results are: Cutting Speed-1800rpm, 

drill bit type – HSS + TiN and Coolant – oil  
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