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ABSTRACT 

Aim: This research involves material removal rate of glass fibre reinforced titanium sheets Ti6Al4V filled with 

5% and 10% of TiO2 nanoparticles and reinforced novel synthetic fibre compared with titanium epoxy 

composite. Materials and methods: Titanium sheet used in this research was Ti6Al4V. The experimental group 

in this study are novel synthetic glass fibre and reinforced titanium composite by addition of 5% and 10% of 

TiO2 nanoparticles which are classified into two groups and third group is titanium epoxy composite as a control 

group. the sample involved in this study is 20 samples per group were carried out for each group involved in 

these experiments. Result: Mean material removal rate obtained for drilling process of glass fibre reinforced 

titanium composite by addition of 5% and 10% of TiO2 nanoparticles respectively 23.2335 g/min and 12.762 

g/min, whereas it is 8.2885 g/min for glass fibre reinforced titanium composite with significant value is 0.001 

(P<0.05). Conclusion: From research, it was concluded that material removal rate of glass fibre reinforced 

titanium epoxy composite with 5% of filler was higher when compared with other groups involved in research. 

 

Keywords: Material removal rate (MRR), Novel synthetic fibre, Natural fibre, Titanium sheet Ti6Al4V, Epoxy 

novel composite. 
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INTRODUCTION 

 Machining of synthetic composites is influenced by matrix, fibers, and also matching processes involved. 

This work describes comparison of material removal rate (MRR) in glass fibre reinforced hybrid titanium epoxy 

composites filled with 5%, 10%, and 0% of TiO2 nanoparticles as filler material machined by drilling processes 

(Kamaraj, Santhanakrishnan, and Muthu 2018). To reduce manufacturing lead time and increase productivity of 

components, an appropriate selection of machine tools is needed in the current scenario (Jayaganth et al. 2018). 

Metal matrix composites are widely recognized as advanced materials, it has enhanced mechanical and thermal 

properties that embrace good wear resistance and exceptional thermal conductivity (Sharma et al. 2020). Due to 

its light property and cost-cutting factor, these composite materials were used in the automotive industry, such 

as a hood, bumper, chassis support, and panels (Takahashi, Mori, and Takebe 2020). 

 In recent times many kinds of research have been found on glass fibre reinforced hybrid titanium epoxy 

composites evaluating MRR. 15,900 articles were published in google scholar and 1,498 articles were published 

in science direct. MRR evaluated on glass fiber reinforced titanium epoxy composites using metal drill bit using 

parameters like feed rate, rpm, depth of cut. In this work, maximum MRR obtained is 8.241 mm3/sec (Kumar 

and Gururaja 2020). holes were made on unidirectional novel synthetic fiber composite using a drilling process 

and it was observed that cutting speed and feed rate significantly affect holes (Geier and Szalay 2017). In this 

study, an increase in feed rate causes an increase in delamination and surface roughness of specimens (Sikiru 

Oluwarotimi Ismail, Hom Nath Dhakal, Ivan Popov, Johnny Beaugrand 2016).Previously our team has a rich 

experience in working on various research projects across multiple disciplines(Ezhilarasan et al. 2021; 

Balachandar et al. 2020; Muthukrishnan et al. 2020; Kavarthapu and Gurumoorthy 2021; Sarode et al. 2021; 

Hannah R et al. 2021; Sekar, Nallaswamy, and Lakshmanan 2020; Appavu et al. 2021; Menon et al. 2020; 

Gopalakrishnan et al. 2020; Arun Prakash et al. 2020) 

 Most of previous research works studied drilling of carbon fibre reinforced titanium epoxy composites. 

However, in proposed research material removal rate was compared in glass fibre reinforced hybrid titanium 

epoxy composite mixed with and without TiO2 nanoparticles by drilling process.   

 

MATERIALS AND METHODS  

The specimen used for research is a glass fibre reinforced titanium composite filled with 5% and 10% of TiO2 

nanoparticles. The machining process was carried out by an advanced drilling machine. study was done in 

Saveetha Industries, Saveetha School of Engineering (SSE), Saveetha Institute of Medical and Technical 

Science (SIMATS). In this work, samples were made of 5% and 10% of TiO2 nanoparticles in glass fibre 

reinforced titanium composite as an experimental group, and drilling process with glass fibre reinforced titanium 

composite is a control group. The sample size used for this study is 20 for each group (Uttley 2019). specimens 

utilized for this investigation are done with 80% G power computation (Xu, Mili, and Zhao 2019). The least 

force of examination is fixed as 0.00 and the greatest acknowledged blunder is fixed as 0.5. 

Laminates were prepared using bidirectional glass fiber fabrics (Supplied by Hayael Aerospace India Pvt. Ltd 

Poonamallee, Chennai) titanium alloy, epoxy resin (LY556), and hardener (HY951). TiO2 nanoparticles were 

mixed with epoxy resin to make a novel glass fibre reinforced titanium composite filled with 5% and 10% TiO2 

nanoparticles using a hand layup process. a workpiece with a size of  (300 X 300 X 12 mm) was fabricated. Fig. 

2 shows a fabricated sample of glass fibre reinforced titanium composite filled with 5% of TiO2 nanoparticles. 

In this research, holes were made on glass fibre reinforced titanium composite filled with 5% and 10% of TiO2 

nanoparticles. Fig. 3 shows drilling process on glass fibre reinforced titanium composite filled 10% of TiO2 

nanoparticles. 

https://paperpile.com/c/Nv54ae/yqTu
https://paperpile.com/c/Nv54ae/oq5z
https://paperpile.com/c/Nv54ae/tLqz
https://paperpile.com/c/Nv54ae/mWFZ
https://paperpile.com/c/Nv54ae/ffnJ
https://paperpile.com/c/Nv54ae/ffnJ
https://paperpile.com/c/Nv54ae/0Mr7
https://paperpile.com/c/Nv54ae/Tvad
https://paperpile.com/c/Nv54ae/Tvad
https://paperpile.com/c/Nv54ae/XfHYi+UTdY5+hpOjq+Oetx0+sXRBb+L2ffo+L8Qxg+dl4Wa+SRxhG+fb9hI+gbbN9
https://paperpile.com/c/Nv54ae/XfHYi+UTdY5+hpOjq+Oetx0+sXRBb+L2ffo+L8Qxg+dl4Wa+SRxhG+fb9hI+gbbN9
https://paperpile.com/c/Nv54ae/XfHYi+UTdY5+hpOjq+Oetx0+sXRBb+L2ffo+L8Qxg+dl4Wa+SRxhG+fb9hI+gbbN9
https://paperpile.com/c/Nv54ae/XfHYi+UTdY5+hpOjq+Oetx0+sXRBb+L2ffo+L8Qxg+dl4Wa+SRxhG+fb9hI+gbbN9
https://paperpile.com/c/Nv54ae/tREi
https://paperpile.com/c/Nv54ae/Ifw9


Copyrights @Kalahari Journals Vol. 7 (Special Issue, Jan.-Mar. 2022) 

International Journal of Mechanical Engineering 

1103 

Fabricated composite material using drilling machines with process parameters of feed rate (mm/rev), spindle 

speed (rpm), drill bit diameter(mm) (Abdullah and Sapuan 2019). Fig. 1 shows the drilling machine used for 

this investigation. A weight-loss method was used for measuring material removal rate in glass fibre reinforced 

titanium composite filled with TiO2 nanoparticles.  Fig. 4 shows drilling process on glass fibre reinforced 

titanium composite filled 0 % of TiO2 nanoparticles. 

Before making holes, the weight of the work specimen was measured by using a weighing machine. While 

drilling, machining time was recorded using a stopwatch. After machining, the weight of the specimen was 

noted. material removal rate was evaluated using following formula (1) (Jesthi and Nayak 2020). 

 

𝑀𝑎𝑡𝑒𝑟𝑖𝑎𝑙 𝑅𝑒𝑚𝑜𝑣𝑎𝑙 𝑅𝑎𝑡𝑒 (𝑔/𝑚𝑖𝑛) = (𝑊𝑏 − 𝑊𝑎) / 𝑀𝑡  ----- (1) 

 

Where Wb
  -Weight before machining, Wa   

 - Weight after machining,  𝑀𝑡 - Machining Time, material removal 

rate was calculated using a weight-loss method for glass fibre reinforced titanium composite filled with TiO2 

nanoparticles and glass fibre reinforced titanium composite machined using drilling process 

 

Statistical analysis  

Statistical programming SPSS V 2.6 was used to compute standard deviation, mean and standard blunder. 

importance esteem is recorded when significance  P<0.05. In this examination, free factors are spindle speed, 

feed rate, drill diameter variable is material removal rate (MRR). An independent sample T-test was used to 

analyze the significance of the drilling process. 

 

RESULTS 

Material removal rate obtained for glass fibre reinforced titanium composite filled with 5% and 10% of TiO2 

nanoparticles and glass fibre reinforced titanium composite is shown in Table 1. Higher MRR is obtained in 

glass fibre reinforced titanium composite filled with 5% of TiO2 nanoparticles which are machined using a 

drilling process.  

In SPSS software, an independent sample T-Test was used among considered groups, and output values are 

shown in  Table 2. sample machined by drilling process has a higher material removal rate with a 5 % filler 

mean of 23.2335 g/min and standard deviation value is 1.00495 and for 10 % filler mean value is12.762 g/min 

and standard deviation 1.29271. and without addition of filler, mean value is 8.2885 g/min and standard 

deviation 1.26461 Table 3 indicates outcomes from ANOVA test performed to determine quality of means for 

formulated hypothesis among experimental and control groups. From results, it was seen that a significant 

variance exists among considered two groups at level of significance value  0.001, which is below 0.05.  

 

DISCUSSION 

This research observed that maximum MRR was obtained in glass fibre reinforced titanium composite filled 

with 5% TiO2 nanoparticles machined with drilling process. Fisher value obtained for this study is 824.756 with 

a significance of 0.001 that is < 0.05 which shows that a significance exists between two processes. glass fibre 

reinforced titanium composite filled with 5% and 10% of TiO2 nanoparticles and glass fibre reinforced titanium 

composite machine with drilling. From bar chart Fig. 5  it is observed that higher MRR is obtained when a 

specimen is drilled by a drilling process.  

Since there is a contract between boring apparatus and manufactured composites, TiO2 nanoparticles at a higher 

interfacial temperature prompt dissipated epoxy pitch and fiber breaks which thus increment MRR.  Due to this 

https://paperpile.com/c/Nv54ae/o7ak
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material removal rate of fabricated composite decreased (Jani et al. 2016). According to (Kumar, Singh, and 

Zitoune 2016) spindle speed is a significant parameter for MRR in the drilling process. Previous research work 

noticed that interaction between process parameters significantly affects MRR with a minor percentage of 

contribution. findings of above authors are not in line with findings of this work. The reason for this is mainly 

due to combinations of process parameters considered by above authors, whereas constant process parameters 

are used in this work. In the drilling process, spindle speed, feed rate, and drill bit diameter are significant 

parameters for material removal rate.  

In a study called (Kondo et al. 2019) it was found that material removal rate increases with test span length for 

specimens. This research (Natarajan et al. 2020) states that material removal rate is constant and offers improved 

mechanical properties depending upon constituents to be added. This author’s work is in line with the scope of 

this study. In another study, (Azam and Afendi 2016) states that MRR specimens will have better performance 

in other properties. This author’s work is not in line with work carried out in this study. 

Limitation of this research work involved that when spindle speed is low, bottom peels up of fiber causing a 

reduction of machinability. In the future, the same study will compare material removal rate using waterjet and 

drilling process of glass fibre reinforced titanium composite filled with 5% and 10% of ceramic nanoparticles 

using a resin infusion process. 

 

CONCLUSION 

In the present study holes were made on glass fibre reinforced titanium composite filled with 5%  of TiO2 

nanoparticles and glass fibre reinforced titanium composite using a drilling process to compare material removal 

rate. It was observed that the drilling process of glass fibre reinforced titanium composite filled with 5% of TiO2 

nanoparticles provides a higher material removal rate. 

 

DECLARATIONS   

 

Conflict of Interests 

No conflict of interest in this manuscript. 

 

Authors Contributions 

Author VK was involved in data collection, data analysis, and manuscript writing. Author VSM was involved 

in conceptualization, data validation, and critical review of manuscript. 

 

Acknowledgment 

The authors would like to express their gratitude towards Saveetha School of Engineering, Saveetha Institute of 

Medical and Technical Sciences (Formerly known as Saveetha University) for providing necessary 

infrastructure to carry out this work successfully. 

 

Funding 

We thank the following organizations for providing financial support that enabled us to complete study. 

1. Hayael Aerospace India Pvt. Ltd, Chennai 

2. Saveetha University 

3. Saveetha Institute of Medical and Technical Sciences 

4. Saveetha School of Engineering 

 

 

https://paperpile.com/c/Nv54ae/B1FR
https://paperpile.com/c/Nv54ae/ILTt
https://paperpile.com/c/Nv54ae/ILTt
https://paperpile.com/c/Nv54ae/d65Z
https://paperpile.com/c/Nv54ae/Oyez
https://paperpile.com/c/Nv54ae/NsZ4


Copyrights @Kalahari Journals Vol. 7 (Special Issue, Jan.-Mar. 2022) 

International Journal of Mechanical Engineering 

1105 

REFERENCES 

1. Abdullah, Ahmad Baharuddin, and S. M. Sapuan. 2019. Hole-Making and Drilling Technology for 

Composites: Advantages, Limitations and Potential. Woodhead Publishing. 

2. Appavu, Prabhu, Venkata Ramanan M, Jayaprabakar Jayaraman, and Harish Venu. 2021. “NOx 

Emission Reduction Techniques in Biodiesel-Fuelled CI Engine: A Review.” Australian Journal of 

Mechanical Engineering 19 (2): 210–20. 

3. Arun Prakash, V. R., J. Francis Xavier, G. Ramesh, T. Maridurai, K. Siva Kumar, and R. Blessing Sam 

Raj. 2020. “Mechanical, Thermal and Fatigue Behaviour of Surface-Treated Novel Caryota Urens 

Fibre–reinforced Epoxy Composite.” Biomass Conversion and Biorefinery, August. 

https://doi.org/10.1007/s13399-020-00938-0. 

4. Azam, N., and M. Afendi. 2016. “Effect of Wire-EDM Cutting Parameters on Material Removal Rate 

of Titanium Alloy (Ti6Al4V).” https://doi.org/10.1063/1.4958775. 

5. Balachandar, Ramalingam, Logalakshmanan Baskaran, Ananthanarayanan Yuvaraj, Ramasundaram 

Thangaraj, Ramasamy Subbaiya, Balasubramani Ravindran, Soon Woong Chang, and Natchimuthu 

Karmegam. 2020. “Enriched Pressmud Vermicompost Production with Green Manure Plants Using 

Eudrilus Eugeniae.” Bioresource Technology 299 (March): 122578. 

6. Ezhilarasan, Devaraj, Thangavelu Lakshmi, Manoharan Subha, Veeraiyan Deepak Nallasamy, and 

Subramanian Raghunandhakumar. 2021. “The Ambiguous Role of Sirtuins in Head and Neck 

Squamous Cell Carcinoma.” Oral Diseases, February. https://doi.org/10.1111/odi.13798. 

7. Geier, Norbert, and Tibor Szalay. 2017. “Optimisation of Process Parameters for the Orbital and 

Conventional Drilling of Uni-Directional Carbon Fibre-Reinforced Polymers (UD-CFRP).” 

Measurement. https://doi.org/10.1016/j.measurement.2017.07.007. 

8. Gopalakrishnan, R., V. M. Sounthararajan, A. Mohan, and M. Tholkapiyan. 2020. “The Strength and 

Durability of Fly Ash and Quarry Dust Light Weight Foam Concrete.” Materials Today: Proceedings 

22 (January): 1117–24. 

9. Hannah R, Pratibha Ramani, WM Tilakaratne, Gheena Sukumaran, Abilasha Ramasubramanian, and 

Reshma Poothakulath Krishnan. 2021. “Author Response for ‘Critical Appraisal of Different Triggering 

Pathways for the Pathobiology of Pemphigus vulgaris—A Review.’” Wiley. 

https://doi.org/10.1111/odi.13937/v2/response1. 

10. Jani, S. P., A. Senthil Kumar, M. Adam Khan, and M. Uthaya Kumar. 2016. “Machinablity of Hybrid 

Natural Fiber Composite with and without Filler as Reinforcement.” Materials and Manufacturing 

Processes. https://doi.org/10.1080/10426914.2015.1117633. 

11. Jayaganth, A., K. Jayakumar, A. Deepak, and K. Pazhanivel. 2018. “Experimental Studies on Drilling 

of 410 Stainless Steel.” Materials Today: Proceedings. https://doi.org/10.1016/j.matpr.2017.11.382. 

12. Jesthi, Dipak Kumar, and Ramesh Kumar Nayak. 2020. “Sensitivity Analysis of Abrasive Air-Jet 

Machining Parameters on Machinability of Carbon and Glass Fiber Reinforced Hybrid Composites.” 

Materials Today Communications. https://doi.org/10.1016/j.mtcomm.2020.101624. 

13. Kamaraj, M., R. Santhanakrishnan, and E. Muthu. 2018. “An Experimental Investigation on Mechanical 

Properties of SiC Particle and Sisal Fibre Reinforced Epoxy Matrix Composites.” IOP Conference 

Series: Materials Science and Engineering. https://doi.org/10.1088/1757-899x/402/1/012094. 

14. Kavarthapu, Avinash, and Kaarthikeyan Gurumoorthy. 2021. “Linking Chronic Periodontitis and Oral 

Cancer: A Review.” Oral Oncology, June, 105375. 

15. Kondo, Yasuo, Yamagata University, 4-2-, Yonezawa, Yamagata, 980-, Japan, et al. 2019. “Prediction 

Model of Power Consumption for Variable Material Removal Rate Machining Process.” International 

Journal of Materials, Mechanics and Manufacturing. https://doi.org/10.18178/ijmmm.2019.7.2.432. 

16. Kumar, Dhiraj, and Suhasini Gururaja. 2020. “Machining Damage and Surface Integrity Evaluation 

during Milling of UD-CFRP Laminates: Dry vs. Cryogenic.” Composite Structures. 

https://doi.org/10.1016/j.compstruct.2020.112504. 

17. Kumar, Dhiraj, K. K. Singh, and Redouane Zitoune. 2016. “Experimental Investigation of Delamination 

and Surface Roughness in the Drilling of GFRP Composite Material with Different Drills.” Advanced 

Manufacturing: Polymer & Composites Science. https://doi.org/10.1080/20550340.2016.1187434. 

18. Menon, Soumya, Happy Agarwal, S. Rajeshkumar, P. Jacquline Rosy, and Venkat Kumar Shanmugam. 

2020. “Investigating the Antimicrobial Activities of the Biosynthesized Selenium Nanoparticles and Its 

http://paperpile.com/b/Nv54ae/o7ak
http://paperpile.com/b/Nv54ae/o7ak
http://paperpile.com/b/Nv54ae/o7ak
http://paperpile.com/b/Nv54ae/o7ak
http://paperpile.com/b/Nv54ae/dl4Wa
http://paperpile.com/b/Nv54ae/dl4Wa
http://paperpile.com/b/Nv54ae/dl4Wa
http://paperpile.com/b/Nv54ae/dl4Wa
http://paperpile.com/b/Nv54ae/dl4Wa
http://paperpile.com/b/Nv54ae/gbbN9
http://paperpile.com/b/Nv54ae/gbbN9
http://paperpile.com/b/Nv54ae/gbbN9
http://paperpile.com/b/Nv54ae/gbbN9
http://paperpile.com/b/Nv54ae/gbbN9
http://paperpile.com/b/Nv54ae/gbbN9
http://dx.doi.org/10.1007/s13399-020-00938-0
http://dx.doi.org/10.1007/s13399-020-00938-0
http://paperpile.com/b/Nv54ae/NsZ4
http://paperpile.com/b/Nv54ae/NsZ4
http://dx.doi.org/10.1063/1.4958775
http://dx.doi.org/10.1063/1.4958775
http://paperpile.com/b/Nv54ae/UTdY5
http://paperpile.com/b/Nv54ae/UTdY5
http://paperpile.com/b/Nv54ae/UTdY5
http://paperpile.com/b/Nv54ae/UTdY5
http://paperpile.com/b/Nv54ae/UTdY5
http://paperpile.com/b/Nv54ae/UTdY5
http://paperpile.com/b/Nv54ae/XfHYi
http://paperpile.com/b/Nv54ae/XfHYi
http://paperpile.com/b/Nv54ae/XfHYi
http://paperpile.com/b/Nv54ae/XfHYi
http://paperpile.com/b/Nv54ae/XfHYi
http://paperpile.com/b/Nv54ae/XfHYi
http://paperpile.com/b/Nv54ae/XfHYi
http://paperpile.com/b/Nv54ae/0Mr7
http://paperpile.com/b/Nv54ae/0Mr7
http://paperpile.com/b/Nv54ae/0Mr7
http://paperpile.com/b/Nv54ae/0Mr7
http://dx.doi.org/10.1016/j.measurement.2017.07.007
http://dx.doi.org/10.1016/j.measurement.2017.07.007
http://paperpile.com/b/Nv54ae/fb9hI
http://paperpile.com/b/Nv54ae/fb9hI
http://paperpile.com/b/Nv54ae/fb9hI
http://paperpile.com/b/Nv54ae/fb9hI
http://paperpile.com/b/Nv54ae/fb9hI
http://paperpile.com/b/Nv54ae/L2ffo
http://paperpile.com/b/Nv54ae/L2ffo
http://paperpile.com/b/Nv54ae/L2ffo
http://paperpile.com/b/Nv54ae/L2ffo
http://dx.doi.org/10.1111/odi.13937/v2/response1
http://dx.doi.org/10.1111/odi.13937/v2/response1
http://paperpile.com/b/Nv54ae/B1FR
http://paperpile.com/b/Nv54ae/B1FR
http://paperpile.com/b/Nv54ae/B1FR
http://paperpile.com/b/Nv54ae/B1FR
http://paperpile.com/b/Nv54ae/B1FR
http://paperpile.com/b/Nv54ae/B1FR
http://paperpile.com/b/Nv54ae/B1FR
http://paperpile.com/b/Nv54ae/oq5z
http://paperpile.com/b/Nv54ae/oq5z
http://paperpile.com/b/Nv54ae/oq5z
http://paperpile.com/b/Nv54ae/oq5z
http://dx.doi.org/10.1016/j.matpr.2017.11.382
http://dx.doi.org/10.1016/j.matpr.2017.11.382
http://paperpile.com/b/Nv54ae/VgKdV
http://paperpile.com/b/Nv54ae/VgKdV
http://paperpile.com/b/Nv54ae/VgKdV
http://paperpile.com/b/Nv54ae/VgKdV
http://dx.doi.org/10.1016/j.mtcomm.2020.101624
http://dx.doi.org/10.1016/j.mtcomm.2020.101624
http://paperpile.com/b/Nv54ae/yqTu
http://paperpile.com/b/Nv54ae/yqTu
http://paperpile.com/b/Nv54ae/yqTu
http://paperpile.com/b/Nv54ae/yqTu
http://paperpile.com/b/Nv54ae/yqTu
http://paperpile.com/b/Nv54ae/yqTu
http://paperpile.com/b/Nv54ae/yqTu
http://paperpile.com/b/Nv54ae/Oetx0
http://paperpile.com/b/Nv54ae/Oetx0
http://paperpile.com/b/Nv54ae/Oetx0
http://paperpile.com/b/Nv54ae/Oetx0
http://paperpile.com/b/Nv54ae/d65Z
http://paperpile.com/b/Nv54ae/d65Z
http://paperpile.com/b/Nv54ae/d65Z
http://paperpile.com/b/Nv54ae/d65Z
http://paperpile.com/b/Nv54ae/d65Z
http://paperpile.com/b/Nv54ae/d65Z
http://paperpile.com/b/Nv54ae/d65Z
http://paperpile.com/b/Nv54ae/ffnJ
http://paperpile.com/b/Nv54ae/ffnJ
http://paperpile.com/b/Nv54ae/ffnJ
http://paperpile.com/b/Nv54ae/ffnJ
http://paperpile.com/b/Nv54ae/ffnJ
http://paperpile.com/b/Nv54ae/ffnJ
http://paperpile.com/b/Nv54ae/ffnJ
http://paperpile.com/b/Nv54ae/ILTt
http://paperpile.com/b/Nv54ae/ILTt
http://paperpile.com/b/Nv54ae/ILTt
http://paperpile.com/b/Nv54ae/ILTt
http://paperpile.com/b/Nv54ae/ILTt
http://paperpile.com/b/Nv54ae/ILTt
http://paperpile.com/b/Nv54ae/ILTt
http://paperpile.com/b/Nv54ae/SRxhG
http://paperpile.com/b/Nv54ae/SRxhG


Copyrights @Kalahari Journals Vol. 7 (Special Issue, Jan.-Mar. 2022) 

International Journal of Mechanical Engineering 

1106 

Statistical Analysis.” BioNanoScience 10 (1): 122–35. 

19. Muthukrishnan, Sivaprakash, Haribabu Krishnaswamy, Sathish Thanikodi, Dinesh Sundaresan, and 

Vijayan Venkatraman. 2020. “Support Vector Machine for Modelling and Simulation of Heat 

Exchangers.” Thermal Science 24 (1 Part B): 499–503. 

20. Natarajan, Manikandan, Binoj Joseph Selvi, Bhanu Palampalle, and Varaprasad Katta Clement. 2020. 

“Prediction of Material Removal Rate in Wire Electrical Discharge Machining of Aluminum 

Composites for Automotive Components.” SAE Technical Paper Series. https://doi.org/10.4271/2020-

28-0399. 

21. Sarode, Sachin C., Shailesh Gondivkar, Gargi S. Sarode, Amol Gadbail, and Monal Yuwanati. 2021. 

“Hybrid Oral Potentially Malignant Disorder: A Neglected Fact in Oral Submucous Fibrosis.” Oral 

Oncology, June, 105390. 

22. Sekar, Durairaj, Deepak Nallaswamy, and Ganesh Lakshmanan. 2020. “Decoding the Functional Role 

of Long Noncoding RNAs (lncRNAs) in Hypertension Progression.” Hypertension Research: Official 

Journal of the Japanese Society of Hypertension. 

23. Sharma, Arun Kumar, Rakesh Bhandari, Amit Aherwar, and Rūta Rimašauskienė. 2020. “Matrix 

Materials Used in Composites: A Comprehensive Study.” Materials Today: Proceedings. 

https://doi.org/10.1016/j.matpr.2019.11.086. 

24. Sikiru Oluwarotimi Ismail, Hom Nath Dhakal, Ivan Popov, Johnny Beaugrand. 2016. “Comprehensive 

Study on Machinability of Sustainable and Conventional Fibre Reinforced Polymer Composites.” 

Engineering Science and Technology, an International Journal 19 (4): 2043–52. 

25. Takahashi, Kazuhiro, Kenichi Mori, and Hidenori Takebe. 2020. “Application of Titanium and Its 

Alloys for Automobile Parts.” MATEC Web of Conferences. 

https://doi.org/10.1051/matecconf/202032102003. 

26. Uttley, J. 2019. “Power Analysis, Sample Size, and Assessment of Statistical Assumptions—Improving 

the Evidential Value of Lighting Research.” LEUKOS. 

https://doi.org/10.1080/15502724.2018.1533851. 

27. Xu, Yijun, Lamine Mili, and Junbo Zhao. 2019. “Probabilistic Power Flow Calculation and Variance 

Analysis Based on Hierarchical Adaptive Polynomial Chaos-ANOVA Method.” IEEE Transactions on 

Power Systems. https://doi.org/10.1109/tpwrs.2019.2903164. 

 

 

  

http://paperpile.com/b/Nv54ae/SRxhG
http://paperpile.com/b/Nv54ae/SRxhG
http://paperpile.com/b/Nv54ae/SRxhG
http://paperpile.com/b/Nv54ae/hpOjq
http://paperpile.com/b/Nv54ae/hpOjq
http://paperpile.com/b/Nv54ae/hpOjq
http://paperpile.com/b/Nv54ae/hpOjq
http://paperpile.com/b/Nv54ae/hpOjq
http://paperpile.com/b/Nv54ae/Oyez
http://paperpile.com/b/Nv54ae/Oyez
http://paperpile.com/b/Nv54ae/Oyez
http://paperpile.com/b/Nv54ae/Oyez
http://paperpile.com/b/Nv54ae/Oyez
http://paperpile.com/b/Nv54ae/Oyez
http://dx.doi.org/10.4271/2020-28-0399
http://dx.doi.org/10.4271/2020-28-0399
http://paperpile.com/b/Nv54ae/sXRBb
http://paperpile.com/b/Nv54ae/sXRBb
http://paperpile.com/b/Nv54ae/sXRBb
http://paperpile.com/b/Nv54ae/sXRBb
http://paperpile.com/b/Nv54ae/sXRBb
http://paperpile.com/b/Nv54ae/L8Qxg
http://paperpile.com/b/Nv54ae/L8Qxg
http://paperpile.com/b/Nv54ae/L8Qxg
http://paperpile.com/b/Nv54ae/L8Qxg
http://paperpile.com/b/Nv54ae/L8Qxg
http://paperpile.com/b/Nv54ae/tLqz
http://paperpile.com/b/Nv54ae/tLqz
http://paperpile.com/b/Nv54ae/tLqz
http://paperpile.com/b/Nv54ae/tLqz
http://paperpile.com/b/Nv54ae/tLqz
http://paperpile.com/b/Nv54ae/tLqz
http://paperpile.com/b/Nv54ae/tLqz
http://paperpile.com/b/Nv54ae/Tvad
http://paperpile.com/b/Nv54ae/Tvad
http://paperpile.com/b/Nv54ae/Tvad
http://paperpile.com/b/Nv54ae/Tvad
http://paperpile.com/b/Nv54ae/mWFZ
http://paperpile.com/b/Nv54ae/mWFZ
http://paperpile.com/b/Nv54ae/mWFZ
http://paperpile.com/b/Nv54ae/mWFZ
http://paperpile.com/b/Nv54ae/mWFZ
http://paperpile.com/b/Nv54ae/mWFZ
http://paperpile.com/b/Nv54ae/mWFZ
http://paperpile.com/b/Nv54ae/tREi
http://paperpile.com/b/Nv54ae/tREi
http://paperpile.com/b/Nv54ae/tREi
http://paperpile.com/b/Nv54ae/tREi
http://paperpile.com/b/Nv54ae/tREi
http://paperpile.com/b/Nv54ae/tREi
http://paperpile.com/b/Nv54ae/tREi
http://paperpile.com/b/Nv54ae/Ifw9
http://paperpile.com/b/Nv54ae/Ifw9
http://paperpile.com/b/Nv54ae/Ifw9
http://paperpile.com/b/Nv54ae/Ifw9
http://paperpile.com/b/Nv54ae/Ifw9
http://paperpile.com/b/Nv54ae/Ifw9
http://paperpile.com/b/Nv54ae/Ifw9


Copyrights @Kalahari Journals Vol. 7 (Special Issue, Jan.-Mar. 2022) 

International Journal of Mechanical Engineering 

1107 

Tables and Figures  

 

Table 1. Comparative analysis of MRR glass fibre reinforced titanium composite by addition of TiO2 

nanoparticles compared with glass fibre composite by Drilling process. 

S 

Material Removal Rate(g/min) 

eeeeeeeeeeee

eeebnngngng

h 5% of filler 10% of filler 0% of filler 

1 24.85 12.96 6.92 

2 22.79 11.05 9.22 

3 24.68 14.55 9.3 

4 22.92 14.36 7.65 

5 22.81 13.56 8.04 

6 22.72 12.13 6.69 

7 22.9 10.86 9.17 

8 22.66 11.53 8.34 

9 24.47 14.37 6.67 

10 22.04 14.84 6.69 

11 23.55 13.24 9.96 

12 24.91 14.43 9.7 

13 22.72 10.83 10.1 

14 21.97 12.4 9.39 

15 23.39 11.96 6.59 

16 21.89 13.07 8.95 

17 24.35 11.53 8.51 

18 24.27 12.03 9.7 

19 22.45 12.39 6.84 

20 22.33 13.15 7.34 

 

 

 

  



Copyrights @Kalahari Journals Vol. 7 (Special Issue, Jan.-Mar. 2022) 

International Journal of Mechanical Engineering 

1108 

Table 2. Group statistics: sample machined by drilling process have a higher material removal rate with 5 % of 

filler mean of 23.2335 g/min and standard deviation value is 1.00495 and for 10 % filler  mean value is 12.762 

g/min and standard deviation 1.29271. and without addition of filler, mean value is 8.2885 g/min and standard 

deviation 1.26461. 

Descriptives 

MRR 

    

N Mean Std. Deviation Std. Error 

5% of Filler 20 23.2335 1.00495 0.22471 

10% of Filler 20 12.762 1.29271 0.28906 

0% of Filler 20 8.2885 1.26461 0.28278 

Total 60 14.7613 6.42397 0.82933 

 

Table 3. ANOVA test: A significant difference between control and experimental group is observed   - 

Significance value P=0.001 (P<0.05) and df value is 2, 57 & 59 and fisher value is 824.756. 

ANOVA 

MRR 

 Sum of Squares df Mean Square F Sig. 

Between Groups 2353.45 2 1176.725 824.756 0 

Within Groups 81.325 57 1.427   

Total 2434.775 59    
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Fig. 1. Drilling machine - drilling capacity - ⌀25 mm. Table size - 400 mm, range of speed 2000- rpm, feed 

rate-0.5 -1.5 mm/min, depth of cut - 0.3 to 0.7, tool diameter- 10 mm . 
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Fig. 2. Shows fabricated sample of glass fibre reinforced titanium composite filled with 5% of TiO2 

nanoparticles. 

 

 
 

Fig. 3. Shows drilling process on glass fibre reinforced titanium composite filled 10% of TiO2 nanoparticles. 
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Fig. 4. Shows drilling process on glass fibre reinforced titanium composite filled  0 % of TiO2 nanoparticles. 

 

 
Fig. 5. Comparative analysis of MRR glass fibre reinforced titanium composite by addition of TiO2 

nanoparticles compared with glass fibre composite by Drilling process.: Mean accuracy of detection + 1 SD. 

The vast difference between Experimental group and control group implies that addition of filler materials in % 

of 5, 10 and 0. X-axis: Experimental and control groups, Y-axis: Mean material removal rate. 

 

 

 


