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Abstract ─ The need to make holes in synthetic and natural fiber composites is inevitable because of the additional requirements of the 

assembly process of the various composite parts. However, regardless of the types of fibers, the damage caused by the drilling operation, 

namely the delamination and cracking of the matrix around the hole, has often deteriorated the long-term mechanical performance of these 

composites. In this experiment, the parametric effects of drilling conditions were considered namely spindle speed (rpm), feed rate (mm/rev) 

and drill point geometry on residual tensile strength. The Taguchi technique with statistical analysis was used to analyze the residual tensile 

strength of polypropylene based rice straw and banana fiber hybrid composites afterwards the drilling process. A  CNC router machine was 

used to create a hole in the composite specimen based on two levels of drilling parameters and drill point geometries. Subsequently, static 

load tests were performed in accordance with ASTM D638 (Standard Test Method for Tensile Properties of Plastics). From the analysis, it 

is evident that the drill point geometry is the most important parameter that influences the above-mentioned output. 

Keywords ─ polypropylene based rice straw and banana fiber hybrid composites; drilling; residual tensile strength; Taguchi 

method; ANOVA. 

                                                                                        1. INTRODUCTION 

In recent decades, the development of composite materials from natural resources has increased significantly great interest, 

particularly as regards its properties comparable to those of synthetic fiber in composite materials [1] Increased environmental 

awareness (eg increased pollution, increased demand for biodegradable materials, the material need for CO2 neutrality and low 

greenhouse gas emissions, new regulations) has forced researchers to explore the potential of these innovative and 

environmentally friendly materials [2]. Tensile strength of composites may be four to six times greater than that of steel or 

aluminium (depending on the reinforcements) [3]. 

Natural fiber composites are probably superior to synthetic fiber composite in most cases, for example, by comparing density, 

cost, availability, biodegradability and tool wear [4], [5], [6], [7], [8].  For certain applications, the use of natural fiber composites 

rather than metals has saved the cost and weight. Some examples are cascades for engines, cylinders, tubes, ducts [9]. 
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Nowadays, machining becomes mandatory for providing the structural integrity and shape of the complex composite products, 

whether made of synthetic or natural fibers. However, many difficulties can it is found after machining the fiber reinforced 

polymer composite. One of the reasons is that the behaviour of these composite during machining are different from those of 

conventional materials. Due to its anisotropic and non-homogeneous in nature, the machining of these materials often leads to 

several material problems. This includes damage by delamination, matrix burning, layer breakage, fiber breakage, fiber extraction, 

fiber fuzzing, fiber-matrix detachment and cracking of the matrix. Previous studies have shown that the damage generated during 

the drilling of the composite may be detrimental to the mechanical behaviour of the composite products [10], [11], [12], [13], 

[14]. 

Therefore, the study of the effect of drilling -induced damage on the mechanical behaviour of the  fiber reinforced Polypropylene 

composite are of utmost importance. One of the closely related studies that studied this topic was reported by Karimi et al [15]. 

The authors observed that the minimization of drilling-induced damage can subsequently, it leads to the maximization of the 

residual tensile strength of fiberglass reinforced composite materials. On the other hand, Kishore et al [16] also statistically studied 

the influence of cutting parameters on residual tensile strength when drilling epoxy compounds reinforced with glass fibers. The 

results showed that among the wise selection of Drilling parameters (cutting speed, feed rate and tool point geometry), cutting 

speed is the most important parameter that influences the residual tensile strength of the polymer compounds. Until recently, there 

is a lot research into the refinement of the mechanical and physical properties of fiber composites which includes rice straw, flax, 

banana, sisal, bamboo and others. However, no attempt has yet been made to understand mechanical and structural performance 

after machining processes, particularly in drilling operations. On this basis, a parametric study on the residual tensile strength of 

polypropylene based rice straw and banana fiber composites after the drilling operation is reported in this article. The parametric 

study was carried out by the Taguchi design method, while the ANOVA was performed to obtain the significant factors affecting 

the residual tensile strength of the selected reinforced fiber composite. 

                                                                             2. EXPERIMENTAL PROCEDURES 

2.1. specimen preparation 

The composite material is being fabricated with the help of rice straw and banana fiber. Polypropylene is used as a matrix for the 

hybrid composite, in which composition of polypropylene, rice straw and banana fiber are 900gram, 80 gram and 20 gram 

respectively. The composite is being fabricated by the injection moulding process. For the present experimental work, all the 

specimens are fabricated and according to the ASTM D638 standard. Specimen is 3.2 mm thickness and having tensile strength 

29.18 Mpa. 

2.2. machining set-up 

The drilling operation was carried out on CNC router machine. High speed steel drill point geometry: twist drill and parabola drill 

of diameter 5 mm has been utilized for performing drilling operations. The tensile strength was performed after drilling of 

specimen. 

2.3. process parameters 

Drilling process has large number of process parameters but based on literature review, three machining parameters namely, 

Spindle Speed (rpm), Feed rate (mm/rev) and different drill point geometry are identified. In this study, the aforementioned 

parameters are set at two levels; namely; spindle speed 600 and 1800 rpm, feed rate: 0.16 and 0.24 mm/rev and drill point 

geometry: twist drill and parabola drill of 5 mm diameter. The number of levels used is three as shown in below table 1. 
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                                               Table 1 Levels of the variables used in the experiment, drill diameter 5 mm 

    Level Variables 

A: Spindle speed (rpm) B: Feed Rate (mm/rev) C: Drill Point Geometry 

1 600 0.1 Twist drill 

2 1800 0.3  Parabola drill 

 

                                                                 3. DESIGN OF EXPERIMENTS 

Design of experiment (DOE) is a scientific approach to deal with study the impact of various variables. DOE has advantages of 

the limited number of experiments needed for accuracy in estimating the effect, quality of improvement of a product or 

methodology. Taguchi L8 orthogonal array method is implemented for this experiment. The L8 orthogonal array includes eight 

experimental runs. This type of design minimizes the number of experiments so as to economize cost and also time. The L8 

orthogonal array is shown in table 2. 

                                                             Table 2 The L8 orthogonal array 

Experiment no. Spindle Speed (rpm) Feed Rate(mm/rev) Drill Point Geometry 

1 600 0.1 Twist drill 

2 600 0.1 Parabola drill 

3 600 0.3 Twist drill 

4 600 0.3 Parabola drill 

5 1800 0.1 Twist drill 

6 1800 0.1 Parabola drill 

7 1800 0.3 Twist drill 

8 1800 0.3 Parabola drill 

 

                                                    4. DRILLING AND RESIDUAL TENSILE TESTS 

At this phase, eight tensile specimens of 3.2 mm thickness hole at the centre were prepared according to table 2. Drilling operation 

were performed by CNC router machine in order to create the hole in each specimen. After drilling operation, the residual tensile 

properties of  specimen were determined using  Universal Testing Machine (UTM). Testing was performed in accordance to 

ASTM D638. 

                                      5. SIGNAL TO NOISE RATIO BASED ON TAGUCHI METHOD 

Taguchi characterizes a performance measure, signal-to-noise (S/N) proportion and chooses the parameter ranks which amplifies 

the proportion. The term signal speaks to the square of the mean estimation of the quality characteristic, while noise is a measure 

of the variability of the characteristic. In order to evaluate the optimal parameter setting, signal-to-noise ratios is considered. In 

the Taguchi analysis, the experimental observation or output was converted into appropriate signal to noise (S/N) ratio. This is 
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mainly to measure the deviation from the desired value of quality characteristic or output. In present work, response is residual 

tensile strength, the objective is to maximize residual tensile strength. Hence, for analysis higher is better quality characteristic is 

used. 

The higher-is-better (HB) S/N proportion is given by, 
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�

�
∑

�

��
�]�

���                                                (1) 

The higher the S/N ratio, the more steady the attainable quality. Additionally, analysis of variance (ANOVA) was also carried out 

in order to determine which process or control parameters are statistically significant on the selected output.                  

Table 3 SN ratio result 

Experiment 

Number 

Spindle Speed 

(rpm) 

Feed 

Rate(mm/rev) 

Drill Point 

Geometry 

Residual Strength 

(MPa) 

SN Ratio 

1 600 0.1 Twist drill 19.56 25.8274 

2 600 0.1 Parabola drill 17.24 24.7307 

3 600 0.3 Twist drill 18.55 25.3669 

4 600 0.3 Parabola drill 17.18 24.7005 

5 1800 0.1 Twist drill 21.21 26.5308 

6 1800 0.1 Parabola drill 19.01 25.5796 

7 1800 0.3 Twist drill 19.75 25.9113 

8 1800 0.3 Parabola drill 16.75 24.4803 

 

                                                      6. ANALYSIS OF SIGNAL-TO-NOISE RATIO 

For the present study, from Table 4 it can be seen that the residual strength is mainly influenced by drill point geometry because 

its rank is 1 followed by feed rate and spindle speed having rank 2 and 3 respectively, also from the table 4 it has been seen that 

response of SN ratio of spindle speed, feed rate and drill point geometry are highest at level 2,1and 1 respectively. From table 1 

it is seen that the optimal process parameters for maximum tensile strength is also A2B1c1 i.e. 1800 rpm spindle speed and 0.1 

mm/rev feed rate and twist which is shown in table 5.                                           

Table 4 Response table for SN ratios 

Level Spindle Speed Feed Rate Drill Point Geometry 

1 25.16 25.67 25.91 

2 25.63 25.11 24.87 
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Delta 0.47 0.55 1.04 

Rank 3 2 1 

 

Table 5 Optimal combinations of process parameters 

Variables Spindle Speed(rpm) Feed Rate(mm/rev) Drill Point Geometry 

Level 1800 0.1 Twist drill 

 

                  

                                                              Fig. 1 Taguchi Response Graph 

                                                           7. ANALYSIS OF  VARIANCE  (ANOVA) 

In order to understand a real visualization of impact of various factors and their interactions, it is desirable to develop analysis of 

variance (ANOVA) table to find out the order of significant factors as well as interactions. Table 5.4 shows the results of the 

ANOVA with the % of contribution. This analysis was undertaken for a level of confidence of significance 95 %. The last column 

of the table indicates that the % of contribution of spindle speed, feed rate, drill point geometry. The analysis is made using the 

popular software specifically used for design of experiment applications known as MINITAB version 2018. 

                                                               Table 6 ANOVA table for residual strength 

Factor Degree of 

Freedom 

Sum of Square F-Value P-Value  Contribution* 

Spindle 

Speed, 

1 0.02828 5.44 0.080 12.88% 
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Feed Rate, 1 0.03804 7.31 0.054 17.32% 

Drill Point 

Geometry 

1 0.13247 25.47 0.007 60.33% 

Error 4 0.02081   9.48% 

Total 7 0.21960   100.00% 

           *Significant at 95% confidence level 

                     

     Fig. 2 Percentage contribution of process parameters 

                                                                    9. RESULTS AND DISCUSSION 

From Table 6 and fig 2, it is apparent that drill point geometry is the parameter that has the strongest influence 60.33% on residual 

tensile strength of drilled composites. Thus, this affected residual tensile strength and led to failure of the composite specimens. 

Based on the current result, feed rate parameter is second strongest influence 17.32%. Meanwhile, mild contribution of 12.88 % 

is observed for spindle speed on the residual tensile strength.  

                                                                                    8. CONCLUSIONS 

The machining characteristic of rice straw and banana fiber reinforced polypropylene composites and its effect on residual tensile 

strength has been studied. From Taguchi analysis, the desired combination of parameters is at 1800rpm, 0.1 mm/rev and twist 

drill obtained for spindle speed (rpm), feed rate (mm/rev) and drill point geometry respectively. This setting is suggested in 

achieving high residual tensile strength of the material after drilling process. The S/N ratio response table showed that drill point 

geometry, feed rate and spindle speed are the order of influence of parameters on residual tensile strength. ANOVA results 

confirmed that drill point geometry is the most significant parameter in affecting the residual tensile strength, in which twist drill 

bit is preferred. The feed rate is second influencing parameter, spindle speed had mild effect on drilling of rice straw and banana 

fiber composite. However, tool geometry factor has the most effect on the residual tensile strength 
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