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Abstract: Fibre reinforced polymers have emerged 

as a class of structural materials and are either used 

or being considered for use as for the metals in 

many weight critical components in aerospace, 

automotive, and other industries. Natural fibres 

have attracted the attention due to their advantages 

over other established materials and also fire 

reinforced polymer composites in recent years has 

led to an increased demand 

for machining. Accordingly, the need for accurate 

machining of the composite has increased 

enormously. This paper presents optimisation 

of machining parameters of hybrid fibre reinforced 

polymer (HFRP) composites with multi-response 

criteria based desirability function analysis (DFA) 

 combined with Taguchi method. Turning  

experiments were performed based 

on Taguchi’s L16 orthogonal array on CNC  

vertical machining centre using Physical Vapour 

Deposition (PVD) coated tungsten carbide drill tool 

insert.  The machining parameters such as spindle 

speed, feed and the weight percentage of a 

natural (SCF)  are optimised by considering 

multiple response characteristics namely surface 

roughness, thrust force and torque.   A 

composite desirability value is obtained for the 

multi-responses using 

individual desirability values from 

the desirability function analysis. Based on 

composite desirability value, the optimum levels 

of parameters have been identified and significant 

contributions of parameters were determined by 

analysis of variance. Finally, confirmation 

experiments were performed for the optimal 

combination of machining parameters and the 

significant improvement has been noticed. 

Keywords: desirability function analysis; DFA; 

GFRP composites; PVD Coated tungsten carbide 

drill bit,   ANOVA. 

 

Introduction 

At present, in the applications of aircrafts, 

composite materials have been used due to their 

good properties like resist corrosion and high 

strength-to-weight ratio etc. Drilling of composite 

has become critical operation due to delamination 

of composite while drilling. Uysal et al. (2016) 

studied the cutting temperature of drill point and 

surface roughness of holes in drilling of pure 

polypropylene and carbon black–reinforced 

polypropylene. According to L27 full-factorial 

design, experiments were conducted and the 

experimental results were analysed using analysis 

of variance. Effect of drill point angle, cutting 

speed and feed on surface roughness and 

temperature was studied. Surface roughness was 

found to be decreased with increasing cutting speed 

at the same time the surface roughness increased 

with increasing feed. Cutting temperature was 

increased with the increase of cutting speed and 

decreased with increasing feed.  Rakesh et al. 

(2012) studied flexural behaviour of the glass fibre-

reinforced plastic laminates while drilling hole 

under three point loading conditions. Experiments 

were conducted at different levels of cutting speed, 

feed rate and drill geometry and experimental 

results of cutting force and torque were collected. 

Finite element model was also used to study the 

machining characteristics and they were compared 

with experimental results. It was concluded that the 

drilling parameters affect the drilling forces and 

subsequently the drilling induced damage.  The 

drilling-induced damage has a significant effect on 

the flexural strength of GFRP laminates.  Ramesh 

et al. (2016) studied the effect of process 

parameters on quality characteristics for standard 

and specially designed drills in drilling of non 

laminated composites. The drilling experiments 
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were conducted at different levels of drilling 

parameters on the proposed composite using 

carbide drills. Experimental results of thrust force, 

torque and damage factor were analysed using 

response surface methodology (RSM). It was found 

that the special drill performs better than the 

standard geometry drill for dry drilling pultruded 

composite. It was also observed that for a twist 

drill, feed is more consequential followed by speed 

in influencing the quality characteristics whereas 

for special drill, feed is more paramount in 

influencing thrust force, torque and damage factor 

and the speed was found to be more paramount in 

influencing surface roughness and ovality. Neseli et 

al. [4] studied the thrust force and torque during 

drilling process. Experiments were conducted as 

per Taguchi method and the experimental results 

were analysed using analysis of variance with 

parameters evaluated are cutting speed, feed rate, 

and helix angle. They concluded that the high 

cutting speed, low feed rate, and high helix angle 

increase thrust force and torque. Also, decreased 

helix angle and cutting speed increase thrust force 

and torque and vice versa.  Raveendran et al. [5] 

studied the surface roughness and tool wear in 

drilling of glass fiber reinforced plastic composite 

with TiCN/TiN coated tool. Experiments were 

conducted according to Taguchi method and the 

experimental results were analysed and significant 

parameter were identified using ANOVA. A 

multiple response optimization technique was 

carried out using grey relational analysis to 

optimize process parameters. The significant 

cutting parameters affecting the surface roughness 

were found as depth of cut followed by feed, and 

the significant cutting parameters affecting the tool 

wear were found as depth of cut followed by 

cutting speed.  Dhawan et al. (2013) developed an 

artificial intelligence-based software tool to predict 

magnitude of thrust force, torque and delamination 

factor generated during drilling of FRPs. The 

experimental data was used to train and test the 

developed predicted models. The generated results 

predicted by the developed software tool are in 

close. 

In this context, in the present work an effort has 

been made to optimise the machining 

characteristics of GFRP composite tubes using 

desirability function analysis (DFA). Desirable 

function analysis is widely method was widely 

used in an industry for optimisation of multi- 

response characteristics. DFA is used to convert the 

multi-response characteristics into single-response 

characteristics. As a result, optimisation of the 

complicated multi-response characteristics can be 

converted into optimisation of a single response 

characteristic termed composite desirability. It does 

not involve complicated mathematical theory or 

computation like in traditional approaches and thus 

can be employed by the engineers without a strong 

statistical background. The multi-responses such as 

surface roughness, thrust force and torque are 

combined as composite desirability using DFA. 

 

                

 

 

Figure 1:  Photographic view of HFRP drilled specimens 
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MATERIALS AND METHODS 

In the present work, a commercially available 

vinylester, methyl ethyl ketone peroxide (catalyst) 

and cobalt napthenate (accelerator) were used in 

making of SCF (Sansevieria cylindrical leaf 

fiber)/carbon composite. Sansevieria leaves were 

cut from the plant with a sickle and then the bunch 

of cut leaves were thrown into the water and later 

these leaves will be subjected to under compression 

for a month. After removing from the soaking, the 

leaves will be smashed with a stick for half an hour 

to remove all the organic material out of fibers. 

Then the fibers will be washed with distilled water 

for several times until getting clean fibers. The 

clean fiber will be dried for another two days called 

treated SCF. In order to obtain treated SCF the 

following chemical process has to be done.  

 SCF PREPARATION (TREATED)  

The fibres are cleaned normally in clean running 

water and dried. A solution is made in a glass 

beaker with 6% NaOH and 80% of distilled water 

is added to it. The dried fibres are soaked in the 

prepared NaOH solution. Soaking is carried out for 

different time intervals depending upon the strength 

of fibre required. For this work, the fibres are 

soaked in the solution for three hours. After the 

soaking process, the fibres are taken out and 

washed in running water and dried for another 2 

hours.  

             The moulds are prepared with 

150 x 150 x 12.7 mould size and the samples were 

prepared with 63.x 12.7 x 12.7 mm size for drilling 

with glass as the mould material.            A 

transparent plastic sheet (OHP Sheet) is taken, a 

releasing agent is applied over it and fitted with the 

inner side of the mould and then allowed 

to dry it. A glass beaker and a glass rod or a stirrer 

are taken and cleaned well with running water and 

then with warm water. The 

calculated quantity of vinylester resin is added with 

the 

measured quantity of promoter/accelerator/catalyst. 

The mixture is stirred for nearly 15 minutes to 

create a homogeneous mixture of resin and 

accelerator. After mixing, the calculated quantity of 

fibers is added and the stirring process is continued 

for the next 45 minutes. After that, the measured 

quantity of a catalyst is added and stirred for a short 

while. Then the mixture is poured into 

the mould and rammed mildly for uniform 

settlement. The mould is allowed to solidify for 24 

hours. Rule of hybrid mixtures is used to prepare 

the composites of untreated and treated hybrid 

composites and all the moulds are prepared with 

the hand layup technique. 

DESIRABILITY FUNCTION ANALYSIS 

The desirability function approach is one 

of the most extensively used methods in industry 

for the optimization of multiple response processes.  

It is based on the idea that the ‘quality’ of a product 

or process that has multiple quality characteristics, 

with one of them outside of some ‘desired’ limits, 

is completely unacceptable. 

 Desirability analysis is used to convert the 

multi-response characteristics into single response 

characteristic. As a result, optimization of 

complicated multi-response characteristics can be 

transformed into optimization of single response 

characteristic called composite desirability using 

DFA. The steps involved in the optimization 

problem are listed below. 

Step 1 The first step is calculation of desirability 

index (di) for each machining response 

viz., surface roughness, thrust force and 

torque. There are three forms of 

desirability functions according to the 

response characteristics. A useful class of 

desirability functions was proposed by 

Derringer and Suich (1980) are 

 Target is best: If a response is of the ‘target is best’ kind, then its 

individual desirability function is given by equation (5.1). 

𝒅𝒊(�̂�𝒊) = {
[

�̂�𝒊(𝒙)−𝑳𝒊

𝑻𝒊−𝑳𝒊
] 𝒔

[
�̂�𝒊(𝒙)−𝑼𝒊̂

𝑻𝒊−𝑼𝒊
] 𝒕

    --------- (1) 

 

if �̂�𝒊(𝒙) < 𝑳𝒊 

if Li < �̂�𝒊(𝒙) <Ti 

if Ti< �̂�𝒊(𝒙)<Ui 

if �̂�𝒊(x)>Ui 

0 

0 
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Let Li, Ui and Ti be the lower, upper, and target values, respectively, that are desired for response Yi, 

with Li < Ti < Ui    

 The-larger-the-better: If a response is to maximized instead, the individual desirability is 

defined by equation (5.2). 

 

                  𝒅𝒊(�̂�𝒊) = {(
�̂�𝒊(𝒙)−𝑳𝒊

𝑻𝒊−𝑳𝒊
)

𝒔

 
                                                ---------------- (2)  

         

              With Ti in this case interpreted as a large enough value for the response. 

 The –smaller –the –better: If the response is to be minimized, the individual desirability is 

defined by equation (5.3). 

 

𝒅𝒊(�̂�𝒊) = {(
�̂�𝒊(𝒙)−𝑳𝒊

𝑻𝒊(𝒙)−𝑼𝒊
)

𝒔

 
      ---------- (3)   

With Ti  denoting a small enough value for the response. 

In this study, ‘the smaller-the-better’ characteristic is employed to determine the individual 

desirability values for the machining responses Viz., surface roughness, thrust force and torque. For 

each response Yi(x), a desirability function di (Yi) assigns numbers between 0 and 1 to the possible 

values of Yi and di (Yi) = 1 representing a completely desirable or ideal response value. 

Step 2 The individual desirability are then combined using the geometric mean, which gives the composite 

desirability and is calculated using equation (5.4). 

 D = (d1 (Y1) x d2 (Y2) x …..x dk (Yk)1/k ------------------  (4) 

With ‘k’ denoting the number of responses. Notice that if any response Yi is completely undesirable 

(di(Yi) = 0), then the composite desirability is zero, In practice, fitted response values 𝒀�̂�are used in 

place of the Yi . 

Step 3 Determination of optimal combination of machining parameters based on the highest value of 

Composite desirability. Also the effect of machining parameters on the responses is estimated. 

Step 4 Perform ANOVA for identifying the significant parameters. ANOVA establishes the relative 

significance of parameters. The total sum of square value is used to measure the relative influence of 

the parameters. 

EXPERIMENTAL DETAILS 

The experiments were conducted as per the 

Taguchi’s orthogonal array L16 orthogonal array. 

The three cutting parameters selected for the 

present investigation were spindle  speed (N) rpm, 

feed (f) mm/rev and weight percentage of SCF 

(%Wt) as a work piece. Since the considered 

factors are multi-level variables and their outcome 

effects are not linearly related. The machining 

parameter used and their levels chosen are given in 

Table 2. All the HFRP composites are drilled in a 

CNC vertical machining centre with a maximum 

speed of 6000 rpm and feed rate of 5000 mm/min. 

The toll holder used for the drilling operation is a 

tool holder and the drill tool used for the study is 

Physical Vapour Deposition (PVD) coated tungsten 

if �̂�𝒊(𝒙) < 𝑳𝒊 

if Li < �̂�𝒊(𝒙) <Ti           

if �̂�𝒊(x)>Ti 

if �̂�𝒊(𝒙) < 𝑳𝒊 

if Li < �̂�𝒊(𝒙) <Ui 

if �̂�𝒊(x)>Ui 

0  

1.0 

1.0 

0 
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carbide drill tool insert. Figure 2 shows the photo 

graph of the original experimental setup. The 

Physical Vapour Deposition (PVD) coated tungsten 

carbide drill tool insert used in this investigation is 

shown in Figure 3. 

 

Table 1 :  Process parameters and levels used for the experimentation 

 

 

Figure 2 (a):  Photographic view of the original experimental setup. 

.  

                  Figure 2 (b):  Photographic view of the fixture with the workpiece 

Process parameters 

Levels 

With units 

Notation 
Levels 

1 2 3 4 

Weight percentage of 

SCF 
%Wt 25 50 75 100 

Speed, rpm N 500 1000 1500 2000 

Feed, mm/rev F 0.2 0.3 0.4 0.5 
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Figure: 3(a)                                           Figure: 3 (b) 

Figure 3 (a&b):  Cutting tool holder used for the experiment (Front & Top views respectively) 

 

Table 2:   Experimental results for PVD coated tungsten carbide drill bit (untreated composites) 

Expt. No 

Weight 

percentage of 

SCF 

(%Wt) 

Spindle 

speed 

(N) 

Rpm 

Feed 

(f) 

mm/rev 

Surface 

roughness 

(Ra), μm 

Thrust 

Force 

(Ft), N 

Torque 

(T), N-m 

1 25 500 0.2 1.690 27.24 1.22 

2 25 1000 0.3 1.925 28.43 1.14 

3 25 1500 0.4 1.938 26.43 1.11 

4 25 2000 0.5 1.889 25.24 1.19 

5 50 500 0.3 1.630 29.43 1.43 

6 50 1000 0.2 2.174 28.05 1.32 

7 50 1500 0.5 2.219 28.43 1.17 

8 50 2000 0.4 2.456 25.43 1.02 

9 75 500 0.4 2.387 36.24 1.52 

10 75 1000 0.5 2.675 32.43 1.63 

11 75 1500 0.2 2.820 33.43 1.38 

12 75 2000 0.3 2.780 34.24 1.05 

13 100 500 0.5 3.290 49.05 1.82 

14 100 1000 0.4 2.980 37.24 1.55 

15 100 1500 0.3 2.960 31.43 1.44 

16 100 2000 0.2 2.080 33.24 1.08 
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Table 3 :  Experimental results for PVD coated carbide Drill bit (treated composites) 

Expt. No Weight percentage 

of SCF 

(%Wt) 

Spindle 

speed (N) 

rpm 

Feed 

(f) 

mm/rev 

Surface 

roughness 

(Ra), μm 

Thrust 

Force 

(Ft), N 

Torque 

(T), N-m 

1 25 500 0.2 2.026 29.36 1.28 

2 25 1000 0.3 2.050 30.23 1.32 

3 25 1500 0.4 3.020 28.53 1.28 

4 25 2000 0.5 3.180 28.24 1.35 

5 50 500 0.3 2.657 30.43 1.58 

6 50 1000 0.2 2.140 31.05 1.28 

 

7 50 1500 0.5 3.060 27.43 1.34 

8 50 2000 0.4 3.020 28.43 1.12 

9 75 500 0.4 3.019 33.24 1.58 

10 75 1000 0.5 3.809 29.43 1.48 

11 75 1500 0.2 2.959 29.43 1.22 

12 75 2000 0.3 2.950 30.24 1.08 

13 100 500 0.5 4.939 49.05 1.69 

 

14 100 1000 0.4 5.490 37.24 1.50 

15 100 1500 0.3 5.660 32.43 1.28 

16 100 2000 0.2 5.039 30.24 1.18 

 

Results and discussion 

The machinability of HFRP composite in this 

investigation was evaluated by machining 

responses like surface roughness, thrust force and 

torque. The results obtained through experiments 

are presented in Table 2 and Table 3. Table 4 

shows the individual and composite desirability for 

each of the experimental run. Higher the composite 

desirability values better the product quality. 

Therefore on the basis of composite desirability, 

the factor effect can be estimated and the optimal 

level for each controllable parameter can also be 

determined. Figure 4 shows the main effect plot for 

the composite desirability at different levels of 

processing parameters. Generally, the larger the 

value for the composite desirability, the better is 

the multiple performance characteristics. 

OPTIMIZATION OF PROCESS 

PARAMETERS FOR UNTREATED   

COMPOSITE 

The process parameters were optimized 

for untreated composites using response surface 

optimization technique . The process parameters 

were optimized for the  PVD coated tungsten 

carbide drill bits. Table 4 indicates that individual 

and composite desirability of PVD coated tungsten 

carbide drill  bit by using desirability function 

analysis for the Table 3  
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Table 4 Individual and Composite Desirability of PVD Coated Tungsten Carbide drill bit  

Expt. No Weight  Percentage of Spindle 

Speed 

Feed   Individual desirability 

               (d i) 

Composite desirability 

SCF (%Wt) (N) (f)     Ra     Ft    T         Do 

 rpm mm/rev 

1 25 500 0.2 0.963 0.916 0.75 0.871 

2 25 1000 0.3 0.822 0.866 0.85 0.845 

3 25 1500 0.4 0.814 0.95 0.8875 0.882 

4 25 2000 0.5 0.844 1 0.7875 0.872 

5 50 500 0.3 1 0.824 0.4875 0.737 

6 50 1000 0.2 0.672 0.882 0.625 0.718 

7 50 1500 0.5 0.645 0.866 0.8125 0.768 

8 50 2000 0.4 0.502 0.992 1 0.792 

9 75 500 0.4 0.544 0.538 0.375 0.478 

10 75 1000 0.5 0.37 0.698 0.237 0.394 

11 75 1500 0.2 0.283 0.656 0.55 0.467 

12 75 2000 0.3 0.307 0.622 0.962 0.568 

13 100 500 0.5 0 0 0 0 

14 100 1000 0.4 0.186 0.496 0.337 0.315 

15 100 1500 0.3 0.198 0.74 0.475 0.411 

16 100 2000 0.2 0.728 0.664 0.925 0.765 

       

The above table indicates the individual and 

composite desirability of PVD coated tungsten 

carbide for each of the experimental run.  The 

higher the composite desirability values, the better 

the product quality.  Therefore on the basis of 

composite desirability, the factor effect can be 

estimated and the optimal level for each 

controllable parameter can also be decided.  

 

Analysis of Variance for Composite desirability 

of PVD coated tungsten carbide drill bit 

           ANOVA is used to determine significant 

parameters which affect the performance 

characteristics. This technique is carried out by 

calculating and separating the total variability of 

the responses or composite desirability.  

Contribution of individual process parameters is 

calculated with its sum of squared deviation from 

total sum of squared deviations.  As the ANOVA is 

carried out at     95 % of confidence level, the 

process parameters which have p-value less than 

0.05 are identified to be significant. In addition to 

that, F-test is also carried out to support the 

ANOVA. From the Table 5, it was observed that 

the %Wt has p-value and F-value 0.008 and 10.76 

respectively with 67 % of contribution.  Hence, it is 

said to be more significant parameter.  
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Table 5 :  ANOVA for composite desirability of PVD coated tungsten carbide  drill bit 

  Source       Df 
Sum of 

Squares 

Mean 

Square 
F-Value   P-Value %  Contribution 

Weight  

percentage of 

SCF (%Wt) 

3 0.64311   0.21437     10.76     0.008 67.00 

Spindle speed (N) 3 0.11694   0.03898 1.96     0.222 12.18 

Feed (f) 3 0.08040   0.02680      1.35     0.345 8.37 

     Error 3 0.11951   0.01992   12.45 

     Total 15 0.95995    100.00 

 

Optimization for PVD coated tungsten carbide 

Drill bit  

The response surface technique was 

applied to optimize process parameters for 

minimum torque, thrust force and surface 

roughness by using Table 2 with the help of 

MINITAB 17 statistical software.  Optimization of 

process parameters for PVD coated tungsten 

carbide drill for the drilling of untreated composite 

was shown in the Figure 4. The SCF with 25 % of 

Wt, spindle speed with 500 rpm and feed with 0.5 

mm/rev were found to be optimum process 

parameters.  

 

                 Figure 4 : Optimization of process parameters for PVD coated Tungsten    carbide   drill bit 

OPTIMIZATION OF PROCESS 

PARAMETERS FOR TREATED 

COMPOSITE 

The process parameters were optimized 

for untreated composites using response surface 

optimization technique.  The process parameters 

were optimized for the PVD coated tungsten 

carbide bit.  Table 6 indicates that individual and 

composite desirability of PVD coated tungsten 

carbide drill bit (treated composite) by using 

desirability function analysis for the Table 3. 
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Table 6: Individual and Composite Desirability of PVD Coated Tungsten Carbide drill bit  

Expt. No 

Weight  Percentage 

of 

Spindle 

Speed Feed 

Individual desirability 

(d i) 

Composite 

desirability 

SCF (%Wt) (N) (f) 

Ra Ft T Do 

 

rpm mm/rev 

1 25 500 0.2 1 0.910 0.672 0.849 

2 25 1000 0.3 0.993 0.870 0.606 0.806 

3 25 1500 0.4 0.726 0.949 0.672 0.773 

4 25 2000 0.5 0.682 0.962 0.557 0.715 

5 50 500 0.3 0.826 0.861 0.180 0.504 

6 50 1000 0.2 0.968 0.832 0.672 0.815 

7 50 1500 0.5 0.715 1 0.573 0.743 

8 50 2000 0.4 0.726 0.953 0.934 0.865 

9 75 500 0.4 0.726 0.731 0.180 0.457 

10 75 1000 0.5 0.509 0.907 0.344 0.541 

11 75 1500 0.2 0.743 0.907 0.770 0.803 

12 75 2000 0.3 0.745 0.87 1 0.865 

13 100 500 0.5 0.198 0 0 0 

14 100 1000 0.4 0.046 0.546 0.311 0.199 

15 100 1500 0.3 0 0.768 0.672 0 

16 100 2000 0.2 0.170 0.87 0.836 0.499 
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             The above table indicates the individual 

and composite desirability of PVD coated tungsten 

carbide bit for each of the experimental run. The 

higher the composite desirability values, the better 

the product quality.  Therefore on the basis of 

composite desirability, the factor effect can be 

estimated and the optimal level for each 

controllable parameter can also be decided. 

 Analysis of Variance for Composite desirability 

of PVD coated tungsten carbide drill bit  

              ANOVA is used to determine significant 

parameters which affect the performance 

characteristics. This technique is carried out by 

calculating and separating the total variability of 

the responses or composite desirability.  

Contribution of individual process parameters is 

calculated with its sum of squared deviation from 

total sum of squared deviations.  As the ANOVA is 

carried out at      95 % of confidence level, the 

process parameters which have p-value less than 

0.05 are identified to be significant. In addition to 

that, F-test is also carried out to support the 

ANOVA. From the Table 7, it was observed that 

the %Wt has p-value and F-value 0.001 and 25.14 

respectively with 71.88 % of contribution.  Hence, 

it is said to be more significant parameter.  

 

Table 7: ANOVA for composite desirability of PVD coated tungsten carbide drill bit  

Source df 
Sum of 

Squares 

Mean 

Square 
F-Value P-Value % Contribution 

Weight  

percentage of 

SCF (%Wt) 

3 0.94761 0.31587 25.14 0.001 71.88 

Spindle speed 

(N) 
3 0.16131 0.05377 4.28 0.062 12.24 

Feed (f) 3 0.13403 0.04468 3.56 0.087 10.17 

Error 3 0.07540 0.01257   5.72 

Total 15 1.31835    100 

Optimization for PVD coated tungsten carbide Drill tool  

            Response surface technique was 

applied to optimize process parameters for 

minimum torque, thrust force and surface 

roughness by using Table 3 with the help of 

MINITAB 17 statistical software. Optimization of 

process parameters for PVD coated tungsten 

carbide drill bit for the drilling of treated composite 

was shown in the Figure 5. The SCF with 28.0303 

% of Wt, spindle speed with 2000 rpm and feed 

with 0.2 mm/rev were found to be optimum process 

parameters.  
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Figure 5 : Optimization of process parameters for PVD coated Tungsten carbide drill bit 

 

Confirmation test  

After selection of the optimal level of design 

parameters, the final step is to predict and verify 

the improvement in quality characteristics of 

drilling HFRP composite materials. It can be seen 

from the confirmation experimental results that the 

surface roughness of the machined surface has been 

improved from 1.690μm to 1.45μm, the thrust force 

is greatly decreased d from 27.24N to 23.55N and 

the torque is decreased from 1.22 N-m to 1.07 N-m 

for untreated composites. For treated composite the 

surface roughness of the machined surface has been 

improved from 3.189μm to 1.44μm, the thrust force 

is greatly decreased d from 28.24N to 24.05N and 

the torque is decreased from 1.35 N-m to 1.08 N-m 

and there is no much difference in variations of 

surface roughness , thrust force and torque for both 

untreated and treated composites 

Table 8 shows that the optimum values obtained by 

using response surface methodology and by 

conducting experiments at optimum values that 

values are called confirmation experiments. 

 

Table 8  Optimum  values and confirmation experimental values. 

Drill bit materials 

C
o

m
p

o
si

te
 c

o
n

d
it

io
n

 

Optimum process responses Confirmation Experiments 

%Wt 
N 

(rpm) 

F 

(mm/rev) 

Ra 

(µm) 

Ft 

(N) 

T 

(N-m) 

PVD Coated 

Tungsten carbide 

u
n

tr
e
a

te
d

 

25% 500 0.5 1.45 23.55 1.07 

PVD Coated 

Tungsten carbide 

T
re

a
te

d
 

28.03% 2000 0.2 1.44 24.05 1.08 
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Conclusions 

 

The objective of this investigation is 

optimisation of machining parameters in turning of 

HFRP composites with multi-response 

characteristics namely surface roughness (Ra), 

thrust force (Ft) and torque (T) using Response 

surface methodology and DFA. Based on the 

results the following conclusions are drawn 

1 The DFA embedded with Response surface 

method is an effective method for optimisation 

of multi-response optimisation problem. 

2 The optimal combination of machining 

parameters in drilling of HFRP untreated 

composites lies at 500 rpm for spindle speed, 

0.5 mm/rev for feed and 25 % for weight 

percentage of SCF. 

3 The optimal combination of machining 

parameters in drilling of HFRP treated 

composites lies at 2000 rpm for spindle speed, 

0.2mm/rev for feed and 28 % for weight 

percentage of SCF. 

4 Significant improvement in machining 

characteristics is observed, the percentage 

decrease in surface roughness is 14.2 %, 

reduction in thrust force is 13 % and reduction 

in torque is 12.29 % when drilling of 25 % 

weight percentage of SCF with PVD Coated 

tungsten carbide drill bit for untreated 

composite. 

5 Significant improvement in machining 

characteristics is observed, the percentage   

decrease in surface roughness is 54.71 %, 

reduction in thrust force is 14.83 % and 

reduction torque is 20 % when drilling of 28 % 

weight percentage of SCF with PVD Coated 

tungsten carbide drill bit for treated composite. 

6 Analysis of variance shows that the weight 

percentage of SCF is the most significant 

machining parameter followed by spindle 

speed and feed affecting the multi-response 

characteristics. 

7 There is no much variation in output response 

for both untreated and treated composites 
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