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Abstract

Aim: The objective of this paper is to investigate the material removal rate of 15% egg shell powder reinforced epoxy
composite compared with plain epoxy resin composite. Materials and Methods: Experiment was carried out for two groups
namely Group 1 (Plain epoxy resin composite) and Group 2 (15% egg shell powder reinforced epoxy composite). The sample
size calculation was done using a G power calculator, g-power was calculated and pre-test power is 95%. Mean value and
standard deviation are 0.3 and 0.04 and 16 samples per group were taken for study. Egg shell contains calcium carbonate
crystals. Eggshell contains 1% magnesium carbonate, 1% calcium phosphate, 4% organic matter, and 94% calcium carbonate.
Statistical analysis was performed with the SPSS statistical tool. G-power is taken as 80%. Results: It was inferred from the
results that the material removal rate of the plain epoxy resin composite was 0.180 mm3/min and 15% egg shell powder
reinforced epoxy composite was 0.290 mm3/min. The significance value obtained from statistical value analysis p=0.010
(p<0.05) and hence significant variation observed between the groups. Conclusion: Within the limitations of this study, It
was found that the material removal rate of novel 15% egg shell powder reinforced epoxy composite was better than the plain
epoxy resin composite. The analysis shows that speed and feed rate are the most important factors for material removal rate
and point angle is the second most important factor.

Keywords: Plain Epoxy Resin, Egg Shell powder Reinforced, CNC Machine, Epoxy Hardener, Novel Polymer Composite,
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INTRODUCTION

The research was about increasing material removal rate of an epoxy composite and egg shell powder reinforced
epoxy novel polymer composite. Material removal rate is one of the main and important points of machine and
cutter interaction when conducting the machining process. This work is mainly based on maximizing the material
removal rate of egg shell powder novel polymer composite drilling CNC machine process ((Kamaraj,
Santhanakrishnan, and Muthu 2018)). Composite materials have advantages over conventional metals and alloys
due to their excellent mechanical properties, and as a result, they are widely used in a variety of industries, like
marine, aerospace and automobile industries, home applications and sports, utilities and many others ((Gupta and
Kumar 2015)). Eggshells contain mainly calcium and little amounts of other elements like magnesium, sodium,
phosphorus, boron and carbon. Egg shell powder reinforced polymer is a composite material which has been
mostly used in the automotive industry and aerospace industry due to its good performance and mechanical
properties. Less weight, high specific strength, high corrosion resistance and superior fatigue strength are some
of the mechanical properties of this material (Simpson, Aryee, and Toldr4 2019)(Hassanien et al. 2021); (Simpson,
Aryee, and Toldra 2019).0Our team has extensive knowledge and research experience that has translate into high
quality publications(Bhansali et al. 2021; Jayanth et al. 2021; Sudhakar, Ravel, and Perumal 2021; Sathiyamoorthi
et al. 2021; Deepanraj et al. 2021; Raju et al. 2021; Arun Prakash et al. 2020; Kamath et al. 2020; Shanmugam et
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al. 2021; S. Rajasekaran et al. 2020; Adhinarayanan et al. 2020; Rajesh et al. 2020; Aurtherson et al. 2021). No
citation or research has been carried out using this novel filler in this composite. For the existing novel composite
material the metal removal rate is less, to overcome the limitation of the reinforcement of 15% egg shell powder
reinforcement with plain epoxy composite. The major application of the composite material is fabrication of
lightweight components or parts of aircrafts parts and sports car components, automobile.

MATERIALS AND METHODS

The fabrication was done in a central workshop and machining was done in Saveetha Industries, Department of
Mechanical Engineering, Saveetha School of Engineering, Saveetha Institute of Medical and Technical Sciences,
Chennai. Ethical approval for this project is not applicable since we are not working on human samples. Epoxy
resin (LY556) was the matrix material used for fabrication of composite materials. It was purchased from a private
vendor in Poonamallee, Chennai. Egg shell powder and epoxy resin, epoxy hardener was purchased from Hayael
aerospace India pvt. Ltd, Chennai, Tamil nadu. Two groups were selected for experimental investigation. Group
1 is Plain Epoxy Resin composites and Group 2 is 15% egg shell powder reinforced epoxy composite. Sample
size is 32 (16 for each group) was calculated using g-power calculated and pre-test power is 95% mean value and
standard deviation are 0.3 and 0.04 for without laminated and 0.5 and 0.08 for laminated respectively. G-power
is taken as 80(Kamaraj, Santhanakrishnan, and Muthu 2018).

Group 1: The epoxy resin (LY556) and hardener (HY951) was mechanically stirred in a container for about 10
minutes in 10:1 ratio and formed into plates on mica sheet (300x300x3mm) in Fig. 1 and folding by using hand
layup method. The curing time for composite is 24-36 hrs.

Group 2: The epoxy resin (LY556) and hardener (HY951) was mechanically stirred in a container for about 10
minutes in 10:1 ratio and then add 15 wt % of egg shell powder in that mixture and start stirring it again for proper
composition then form it into plates on mica sheet (300x300x3mm) in Fig. 2 and folding by using hand layup
method. The curing time for composite is 24-36 hrs.The method involved for the entire process was called the
Hand lay-up method.

The drilling was carried out in a CNC machine by varying of input parameters i.e. speed, feed rate and depth of
cut on different levels, datas are collected of control group (Plain Epoxy Composites) for 16 samples and 15%
egg shell powder laminated epoxy composite for 16 samples by 8mm drill bit as shown in Fig. 3 and Fig. 4.
Material removal rate (MRR) values for 15% egg shell powder laminated epoxy composite varied from 0.290
mm3/min to 0.230 mm3/min and the values of Plain Epoxy Composites varied from 0.180 mm?min to 0.140
mm?3/min.

Data was obtained by the inhouse research facilities of radial drilling of type YCM — EV 1020A used. The Spindle
Speed 45 ~ 1000 RPM, Spindle Nose Taper BT40, Spindle Motor (Std.) (cont./15min) 5.5 / 7.5 kW. CNC
machined in specific contour millied specimens with both tools i.e plain epoxy and egg shell powder reinforced
polymer are measured in terms of weight before and after machining and Material Removal Rate was evaluated
for all specimens by dividing difference between before machining and after machining with density of the
composite by time taken for machining that particular specimen in mm3/min. Cutting of the plates was done with
bosch gdc 120, marble cutter which has tungsten carbide tip and wood circular saw blade. The speed of the cutting
machine is 1200rpm and weight is 2.5 kg, 10mm diameter (Stadelman, Newkirk, and Newby 2017).

Statistical Analysis

The SPSS software was used to compare the values of plain epoxy composites, the mean surface average was
plotted in Y-axis and The 15% egg shell powder laminated epoxy composite was in X-axis. The composite had
three independent variables namely depth of cut (mm), feed rate (mm/rev) and speed (m/min). The material
removal rate was dependent variable (mrr) 4 of 13 in microns, (i.e) any change in independent variable the values
of material removal rate was affected. These statistics were used to identify the significant parameter and its
analysis was done (Landau 2017).

RESULTS

The CNC based drilling experiments are performed on experiments as shown in Fig. 3 and Fig. 4. The drilling of
control groups based on the independent input parameters and their values as shown in Table 1 and the determined
material removal rate value of the drilled hole are shown in Table 2 and 3. The comparison graph is also plotted
using the SPSS tool and its significance is analyzed as on Fig. 5.

In Table.1, the specimens are machined under these input parameters with different levels. In Table 2, the material
removal rate values of 16 samples drilled on plain epoxy composites are tabulated. The values of speed (m/min),
depth of cut (mm) and feed rate (mm/rev) are given as the input parameters and the corresponding material
removal rate values are obtained by dividing the difference between before machining and after machining with
density of material multiplied by machining time. The least value of material removal rate is 0.140 mm3/min when
machined with plain epoxy composites during the 15th trial at a speed of 1100m/min, 0.16mm depth of cut and
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1.3mm/rev feed rate. In Table 3, The material removal values of 16 samples machined with the 15% egg shell
powder laminated epoxy composite. The values of speed (m/min), depth of cut (mm) and feed rate (mm/rev) are
given as the input parameters while testing and the material removal rate values are calculated accordingly. The
least value of material removal rate is 0.230 mm3/min when machined with egg shell powder laminated epoxy
composite during the 6th trial at a speed of 700 m/min, 0.12 mm depth of cut and 0.9 mm/rev feed rate.

In Table 4, the T-test table shows the standard deviation value for both plain epoxy composites and glass fiber
laminated epoxy composite. In Table 5, an independent sample test is tabulated to find the significance of the
samples machined with both the composites by finding the T-test for equality of means with its significance in 2
tailed processes. The significance value is found to be p=0.010 which is lower than p<0.05 and hence there is
significance among the considered groups. From Fig. 5, the bar chart shows the comparison of the mean material
removal average value of the samples machined with both plain epoxy composites and 15% egg shell powder
laminated epoxy composite. As expected the value of the material removal rate is less in the sample when drilled
with the 15% egg shell powder laminated epoxy composite than the plain epoxy composites.

DISCUSSION

By this study we compare two different types of composites in which we found that 15% egg shell powder
laminated epoxy composites gives a maximum material removal rate (Deo and Acharya 2010). Using egg shell
powder laminated composites, the maximum material removal rate is found to be 0.290 mm3/min using 700 m/min
of speed, 0.16 mm of depth of cut and 1.3 mm/rev of feed rate.

Minimum material removal rate is registered as 0.230 mm®min (Stadelman, Newkirk, and Newby 2017). Using
plain epoxy composites, the maximum material removal rate was obtained as 0.180 mm?/min with the influence
of 700 m/min of speed, 0.12 mm of depth of cut and 0.9mm/rev of feed rate. Minimum material removal rate was
registered as 0.140 mm?®/min (Tripathi et al. 2020). Test results show that 15% egg shell powder laminated epoxy
composite gives more material removal rate when compared to plain epoxy composites (Stadelman, Newkirk, and
Newby 2017; Jawaid, Tharig, and Saba 2018). The material removal rate of the composite was significantly
maximized with the usage of laminated composites when it is compared to without laminated composites with a
significance value of 0.010. Also, other parameters which were influencing material removal rate are depth of cut
and feed rate which is similarly stated in(B. S. Kumar et al. 2016). If feed rate and depth of cut increases then
material removal rate will decrease. Based on this it can be stated that material removal rate has improved by
44.15%. This is a newly laminated composite (15% egg shell powder laminated epoxy composite) required to get
improved material removal and lower depth of cut for this composite. There is no opposite research analysis
observed in material removal rate findings.During the sample preparation, the development of air bubbles and
lumps are observed as the drawbacks which inturn hinders the proper machining of the composite, which is
considered as the limitations in this work. This arises the need for developing new or improvising the existing
technique (T. Rajasekaran et al. 2010).

Thus the future scope of this investigation is to develop or improvise a method that could overcome the hurdles
and this material will be useful to manufacture ceiling fan blades and research work can be expanded to the volume
fractions of 10 wt%, 20 wt%,25 wt% and 30 wt% to improve surface properties of composites.

CONCLUSION

Within the limitations of this study, drilling studies on plain epoxy composite and 15% egg shell powder laminated
epoxy composite using HSS drill bit and the performance of these materials were evaluated based on the measured
material removal rate. Outcome of these experiments show that 15% egg shell powder laminated epoxy composite
exhibit better material removal rate than plain epoxy composites. The results of conducted experiments show the
depth of cut, speed and feed rate are the most significant factors of material removal rate.

Declaration
Conflict of Interest
The authors declare that there is no conflict of interest.

Authors contribution
Author MS was involved in data collection, data analysis, and manuscript writing. Author TMD was involved in
conceptualization, data validation, and critical review of manuscript.

Acknowledgements

We would like to thank our management, Saveetha School of Engineering,Saveetha Institute of Medical and
Technical Sciences (Formerly Known as Saveetha University) for providing the opportunities and facilities to
carry out research study.

'ournal of Pharmaceutical Negative Results | Volume 13 | Special Issue 4 | 2022



https://paperpile.com/c/UA1j7Q/JQqK
https://paperpile.com/c/UA1j7Q/WrU7
https://paperpile.com/c/UA1j7Q/Pas76
https://paperpile.com/c/UA1j7Q/WrU7+r0TB
https://paperpile.com/c/UA1j7Q/WrU7+r0TB
https://paperpile.com/c/UA1j7Q/URiOu
https://paperpile.com/c/UA1j7Q/VVJR

Madbhini Sivasai, et al.: A Comparative Analysis on Material Removal Rate of Plain Epoxy Composite with Reinforcement of 15 wt% of Egg

Shell Powder particles Novel composite using CNC Machining

Funding
We thank our financial sponsor for financial support that enabled us to complete this study

1. Precision Machines Auto Components Pvt. Ltd, Chennai, Tamil nadu,India
2. Saveetha University

3. Saveetha Institute of Medical and Technical Sciences

4. Saveetha School of Engineering

REFERENCES

10.

11.

12.

13.

14.

15.

16.

18.

19.

20.

21.

22.

23.

Adhinarayanan, Rajesh, Aravindh Ramakrishnan, Gopal Kaliyaperumal, Melvinvictor De Poures, Rajesh Kumar Babu, and Damodharan
Dillikannan. 2020. “Comparative Analysis on the Effect of 1-Decanol and Di-N-Butyl Ether as Additive with diesel/LDPE Blends in
Compression Ignition Engine.” Energy Sources, Part A: Recovery, Utilization, and Environmental Effects, June, 1-18.

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.

Aurtherson, P. Babu, Bhanu Teja Nalla, Karthikeyan Srinivasan, Kulmani Mehar, and Yuvarajan Devarajan. 2021. “Biofuel Production
from Novel Prunus Domestica Kernel Oil: Process Optimization Technique.” Biomass Conversion and Biorefinery, May.
https://doi.org/10.1007/s13399-021-01551-5.

Bhansali, Karan J., Kamlesh R. Balinge, Subodh U. Raut, Shubham A. Deshmukh, M. Senthil Kumar, C. Ramesh Kumar, and Pundlik
R. Bhagat. 2021. “Visible Light Assisted Sulfonic Acid-Functionalized Porphyrin Comprising Benzimidazolium Moiety for
Photocatalytic Transesterification of Castor Oil.” Fuel 304 (November): 121490.

Deepanraj, B., N. Senthilkumar, D. Mala, and A. Sathiamourthy. 2021. “Cashew Nut Shell Liquid as Alternate Fuel for CI Engine—
optimization Approach for Performance Improvement.” Biomass Conversion and Biorefinery, February. https://doi.org/10.1007/s13399-
021-01312-4.

Deo, Chittaranjan, and S. K. Acharya. 2010. “Effect of Moisture Absorption on Mechanical Properties of Chopped Natural Fiber
Reinforced Epoxy Composite.” Journal of Reinforced Plastics and Composites. https://doi.org/10.1177/0731684409353352.

Gupta, Meenu, and Surinder Kumar. 2015. “Investigation of Surface Roughness and MRR for Turning of UD-GFRP Using PCA and
Taguchi Method.” Engineering Science and Technology, an International Journal. https://doi.org/10.1016/j.jestch.2014.09.006.
Hassanien, Aboul Ella, Siddhartha Bhattacharyya, Satyajit Chakrabati, Abhishek Bhattacharya, and Soumi Dutta. 2021. Emerging
Technologies in Data Mining and Information Security: Proceedings of IEMIS 2020, Volume 2. Springer Nature.

Jawaid, Mohammad, Mohamed Thariqg, and Naheed Saba. 2018. Mechanical and Physical Testing of Biocomposites, Fibre-Reinforced
Composites and Hybrid Composites. Woodhead Publishing.

Jayanth, Bellappu Venkat, Melvin Victor Depoures, Gopal Kaliyaperumal, Damodharan Dillikannan, Dilipsingh Jawahar, Kumaran
Palani, and Ganesha Prasad Meravanigee Shivappa. 2021. “A Comprehensive Study on the Effects of Multiple Injection Strategies and
Exhaust Gas Recirculation on Diesel Engine Characteristics That Utilize Waste High Density Polyethylene Oil.” Energy Sources, Part
A: Recovery, Utilization, and Environmental Effects, June, 1-18.

Kamaraj, M., R. Santhanakrishnan, and E. Muthu. 2018. “Investigation of Surface Roughness and MRR in Drilling of AI203 Particle
and Sisal Fibre Reinforced Epoxy Composites Using TOPSIS Based Taguchi Method.” IOP Conference Series: Materials Science and
Engineering. https://doi.org/10.1088/1757-899x/402/1/012095.

Kamath, Manjunath, Subha Krishna Rao, Jaison, Sridhar, Kasthuri, Gopinath, Sivaperumal, and Shantanu Patil. 2020. “Melatonin
Delivery from PCL Scaffold Enhances Glycosaminoglycans Deposition in Human Chondrocytes — Bioactive Scaffold Model for
Cartilage Regeneration.” Process Biochemistry 99 (December): 36-47.

Kiran, Kiran, M. Nagamadhu, M. Jaiprakash, K. Karthikeyan, and Mudabbir Shariff. 2020. “Study the Impact of Drilling Process
Parameters on  Natural  Fiber  Reinforced  Chaired  Epoxy  Composites.” Materials  Today:  Proceedings.
https://doi.org/10.1016/j.matpr.2020.03.678.

Kumar, B. Suresh, B. Suresh Kumar, V. Vijayan, and N. Baskar. 2016. “Optimization of Drilling Process Parameters for Material
Removal Rate and Surface Roughness on Titanium Alloy Using Response Surface Methodology and Fire Fly Algorithm.” Asian Journal
of Research in Social Sciences and Humanities. https://doi.org/10.5958/2249-7315.2016.00184.2.

Kumar, Surinder, Department of Mechanical Engineering, National Institute of Technology, Kurukshetra, India, Meenu, Department of
Mechanical Engineering, National Institute of Technology, Kurukshetra, and India. 2017. “Investigation of Surface Roughness and
Material Removal Rate for UD-GFRP Composite Using Taguchi Grey Relational Analysis.” INTERNATIONAL JOURNAL OF
AUTOMOTIVE AND MECHANICAL ENGINEERING. https://doi.org/10.15282/ijame.14.2.2017.14.0343.

Landau, Sabine. 2017. A Handbook of Statistical Analysis Using SPSS. Chapman & Hall/CRC.

Manickam, Adhiyaman, Ezhilmaran Devarasan, Gunasekaran Manogaran, Malarvizhi Kumar Priyan, R. Varatharajan, Ching-Hsien Hsu,
and Raja Krishnamoorthi. 2019. “Score Level Based Latent Fingerprint Enhancement and Matching Using SIFT Feature.” Multimedia
Tools and Applications. https://doi.org/10.1007/s11042-018-5633-1.

Rajasekaran, S., D. Damodharan, K. Gopal, B. Rajesh Kumar, and Melvin Victor De Poures. 2020. “Collective Influence of 1-Decanol
Addition, Injection Pressure and EGR on Diesel Engine Characteristics Fueled with diesel/LDPE Oil Blends.” Fuel 277 (October):
118166.

Rajasekaran, T., B. K. Vinayagam, K. Palanikumar, and S. Prakash. 2010. “Influence of Machining Parameters on Surface Roughness
and Material Removal Rate in Machining Carbon Fiber Reinforced Polymer Material.” Frontiers in Automobile and Mechanical
Engineering -2010. https://doi.org/10.1109/fame.2010.5714801.

Rajesh, A., K. Gopal, De Poures Melvin Victor, B. Rajesh Kumar, A. P. Sathiyagnanam, and D. Damodharan. 2020. “Effect of Anisole
Addition to Waste Cooking Oil Methyl Ester on Combustion, Emission and Performance Characteristics of a DI Diesel Engine without
Any Modifications.” Fuel 278 (October): 118315.

Raju, P., K. Raja, K. Lingadurai, T. Maridurai, and S. C. Prasanna. 2021. “Glass/Caryota Urens Hybridized Fibre-Reinforced
nanoclay/SiC Toughened Epoxy Hybrid Composite: Mechanical, Drop Load Impact, Hydrophobicity and Fatigue Behaviour.” Biomass
Conversion and Biorefinery, March. https://doi.org/10.1007/s13399-021-01427-8.

Sathiyamoorthi, Ramalingam, Gomathinayakam Sankaranarayanan, Dinesh Babu Munuswamy, and Yuvarajan Devarajan. 2021.
“Experimental Study of Spray Analysis for Palmarosa Biodiesel-diesel Blends in a Constant Volume Chamber.” Environmental Progress
& Sustainable Energy 40 (6). https://doi.org/10.1002/ep.13696.

Shanmugam, Rajasekaran, Damodharan Dillikannan, Gopal Kaliyaperumal, Melvin Victor De Poures, and Rajesh Kumar Babu. 2021.

'ournal of Pharmaceutical Negative Results | Volume 13 | Special Issue 4 | 2022



http://paperpile.com/b/UA1j7Q/7g31z
http://paperpile.com/b/UA1j7Q/7g31z
http://paperpile.com/b/UA1j7Q/7g31z
http://paperpile.com/b/UA1j7Q/7g31z
http://paperpile.com/b/UA1j7Q/7g31z
http://paperpile.com/b/UA1j7Q/FLkLZ
http://paperpile.com/b/UA1j7Q/FLkLZ
http://paperpile.com/b/UA1j7Q/FLkLZ
http://paperpile.com/b/UA1j7Q/FLkLZ
http://paperpile.com/b/UA1j7Q/FLkLZ
http://paperpile.com/b/UA1j7Q/FLkLZ
http://paperpile.com/b/UA1j7Q/FLkLZ
http://paperpile.com/b/UA1j7Q/FR0Wr
http://paperpile.com/b/UA1j7Q/FR0Wr
http://paperpile.com/b/UA1j7Q/FR0Wr
http://paperpile.com/b/UA1j7Q/FR0Wr
http://paperpile.com/b/UA1j7Q/FR0Wr
http://paperpile.com/b/UA1j7Q/FR0Wr
http://paperpile.com/b/UA1j7Q/FR0Wr
http://paperpile.com/b/UA1j7Q/pUiID
http://paperpile.com/b/UA1j7Q/pUiID
http://paperpile.com/b/UA1j7Q/pUiID
http://paperpile.com/b/UA1j7Q/pUiID
http://paperpile.com/b/UA1j7Q/pUiID
http://paperpile.com/b/UA1j7Q/L0VYn
http://paperpile.com/b/UA1j7Q/L0VYn
http://paperpile.com/b/UA1j7Q/L0VYn
http://paperpile.com/b/UA1j7Q/L0VYn
http://dx.doi.org/10.1007/s13399-021-01312-4
http://dx.doi.org/10.1007/s13399-021-01312-4
http://paperpile.com/b/UA1j7Q/L0VYn
http://paperpile.com/b/UA1j7Q/JQqK
http://paperpile.com/b/UA1j7Q/JQqK
http://paperpile.com/b/UA1j7Q/JQqK
http://paperpile.com/b/UA1j7Q/JQqK
http://dx.doi.org/10.1177/0731684409353352
http://dx.doi.org/10.1177/0731684409353352
http://paperpile.com/b/UA1j7Q/8Vn7M
http://paperpile.com/b/UA1j7Q/8Vn7M
http://paperpile.com/b/UA1j7Q/8Vn7M
http://paperpile.com/b/UA1j7Q/8Vn7M
http://dx.doi.org/10.1016/j.jestch.2014.09.006
http://dx.doi.org/10.1016/j.jestch.2014.09.006
http://paperpile.com/b/UA1j7Q/5gq6z
http://paperpile.com/b/UA1j7Q/5gq6z
http://paperpile.com/b/UA1j7Q/5gq6z
http://paperpile.com/b/UA1j7Q/5gq6z
http://paperpile.com/b/UA1j7Q/r0TB
http://paperpile.com/b/UA1j7Q/r0TB
http://paperpile.com/b/UA1j7Q/r0TB
http://paperpile.com/b/UA1j7Q/r0TB
http://paperpile.com/b/UA1j7Q/fNeVd
http://paperpile.com/b/UA1j7Q/fNeVd
http://paperpile.com/b/UA1j7Q/fNeVd
http://paperpile.com/b/UA1j7Q/fNeVd
http://paperpile.com/b/UA1j7Q/fNeVd
http://paperpile.com/b/UA1j7Q/fNeVd
http://paperpile.com/b/UA1j7Q/npT2n
http://paperpile.com/b/UA1j7Q/npT2n
http://paperpile.com/b/UA1j7Q/npT2n
http://paperpile.com/b/UA1j7Q/npT2n
http://paperpile.com/b/UA1j7Q/npT2n
http://paperpile.com/b/UA1j7Q/npT2n
http://paperpile.com/b/UA1j7Q/npT2n
http://paperpile.com/b/UA1j7Q/2ALI4
http://paperpile.com/b/UA1j7Q/2ALI4
http://paperpile.com/b/UA1j7Q/2ALI4
http://paperpile.com/b/UA1j7Q/2ALI4
http://paperpile.com/b/UA1j7Q/2ALI4
http://paperpile.com/b/UA1j7Q/pRtgS
http://paperpile.com/b/UA1j7Q/pRtgS
http://paperpile.com/b/UA1j7Q/pRtgS
http://paperpile.com/b/UA1j7Q/pRtgS
http://paperpile.com/b/UA1j7Q/pRtgS
http://paperpile.com/b/UA1j7Q/pRtgS
http://paperpile.com/b/UA1j7Q/pRtgS
http://paperpile.com/b/UA1j7Q/URiOu
http://paperpile.com/b/UA1j7Q/URiOu
http://paperpile.com/b/UA1j7Q/URiOu
http://paperpile.com/b/UA1j7Q/URiOu
http://paperpile.com/b/UA1j7Q/URiOu
http://paperpile.com/b/UA1j7Q/URiOu
http://paperpile.com/b/UA1j7Q/URiOu
http://paperpile.com/b/UA1j7Q/JvUy
http://paperpile.com/b/UA1j7Q/JvUy
http://paperpile.com/b/UA1j7Q/JvUy
http://paperpile.com/b/UA1j7Q/JvUy
http://paperpile.com/b/UA1j7Q/JvUy
http://paperpile.com/b/UA1j7Q/JvUy
http://dx.doi.org/10.15282/ijame.14.2.2017.14.0343
http://dx.doi.org/10.15282/ijame.14.2.2017.14.0343
http://paperpile.com/b/UA1j7Q/KVH1t
http://paperpile.com/b/UA1j7Q/KVH1t
http://paperpile.com/b/UA1j7Q/KVH1t
http://paperpile.com/b/UA1j7Q/U5I1S
http://paperpile.com/b/UA1j7Q/U5I1S
http://paperpile.com/b/UA1j7Q/U5I1S
http://paperpile.com/b/UA1j7Q/U5I1S
http://paperpile.com/b/UA1j7Q/U5I1S
http://paperpile.com/b/UA1j7Q/U5I1S
http://paperpile.com/b/UA1j7Q/U5I1S
http://paperpile.com/b/UA1j7Q/MrDoY
http://paperpile.com/b/UA1j7Q/MrDoY
http://paperpile.com/b/UA1j7Q/MrDoY
http://paperpile.com/b/UA1j7Q/MrDoY
http://paperpile.com/b/UA1j7Q/MrDoY
http://paperpile.com/b/UA1j7Q/VVJR
http://paperpile.com/b/UA1j7Q/VVJR
http://paperpile.com/b/UA1j7Q/VVJR
http://paperpile.com/b/UA1j7Q/VVJR
http://paperpile.com/b/UA1j7Q/VVJR
http://paperpile.com/b/UA1j7Q/VVJR
http://paperpile.com/b/UA1j7Q/VVJR
http://paperpile.com/b/UA1j7Q/S3Sx7
http://paperpile.com/b/UA1j7Q/S3Sx7
http://paperpile.com/b/UA1j7Q/S3Sx7
http://paperpile.com/b/UA1j7Q/S3Sx7
http://paperpile.com/b/UA1j7Q/S3Sx7
http://paperpile.com/b/UA1j7Q/xOLb9
http://paperpile.com/b/UA1j7Q/xOLb9
http://paperpile.com/b/UA1j7Q/xOLb9
http://paperpile.com/b/UA1j7Q/xOLb9
http://paperpile.com/b/UA1j7Q/xOLb9
http://paperpile.com/b/UA1j7Q/xOLb9
http://paperpile.com/b/UA1j7Q/xOLb9
http://paperpile.com/b/UA1j7Q/ohrHk
http://paperpile.com/b/UA1j7Q/ohrHk
http://paperpile.com/b/UA1j7Q/ohrHk
http://paperpile.com/b/UA1j7Q/ohrHk
http://paperpile.com/b/UA1j7Q/ohrHk
http://paperpile.com/b/UA1j7Q/ohrHk
http://paperpile.com/b/UA1j7Q/ohrHk
http://paperpile.com/b/UA1j7Q/x5MGE

Madbhini Sivasai, et al.: A Comparative Analysis on Material Removal Rate of Plain Epoxy Composite with Reinforcement of 15 wt% of Egg

24.

25.

26.

28.

Shell Powder particles Novel composite using CNC Machining

“A Comprehensive Study on the Effects of 1-Decanol, Compression Ratio and Exhaust Gas Recirculation on Diesel Engine
Characteristics Powered with Low Density Polyethylene Oil.” Energy Sources, Part A: Recovery, Utilization, and Environmental Effects
43 (23): 3064-81.

Simpson, Benjamin K., Alberta N. Aryee, and Fidel Toldra. 2019. Byproducts from Agriculture and Fisheries: Adding Value for Food,
Feed, Pharma and Fuels. John Wiley & Sons.

Singh, C. Quberk Jeeva, C. Quberk Jeeva Singh, G. Rajamurugan, and Prabu Krishnasamy. 2021. “Impact of E-Waste on the Mechanical
and Machining  Characteristics of  Epoxy-Based Hemp Fibre Composite.” Materials Today: Proceedings.
https://doi.org/10.1016/j.matpr.2020.11.285.

Stadelman, William J., Debbie Newkirk, and Lynne Newby. 2017. Egg Science and Technology. CRC Press.

Sudhakar, M. P., Merlyn Ravel, and K. Perumal. 2021. “Pretreatment and Process Optimization of Bioethanol Production from Spent
Biomass of Ganoderma Lucidum Using Saccharomyces Cerevisiae.” Fuel 306 (December): 121680.

Tripathi, Dharmagna R., Krupang H. Vachhani, Soni Kumari, Dinbandhu, and Kumar Abhishek. 2020. “Experimental Investigation on
Material Removal Rate during Abrasive Water Jet Machining of GFRP Composites.” Materials Today: Proceedings.

https://doi.org/10.1016/j.matpr.2020.02.280.

TABLES AND FIGURES

Table 1. Input parameters (speed,feed,depth of cut)

Index Factor description Lelv el Le2v el Legl el LeXeI
A Speed(m/min) 500 700 900 1100
B Depth of Cut(mm) 0.08 0.12 0.16 0.2
C Feed (mm/rev) 0.5 0.9 13 1.7

Table 2. Material removal rate values for the specimens drilled in plain epoxy composite.

Speed Depth of Feed .
Trail Factor | Factor | Factor (m/min) | Cut (mm) | (mmirev) Material rsemgval
A B C A B o rate(mm?3/min)
1 1 1 1 500 0.08 0.5 0.170
2 1 2 2 500 0.12 0.9 0.160
3 1 3 3 500 0.16 1.3 0.170
4 1 4 4 500 0.2 1.7 0.160
5 2 1 2 700 0.08 0.5 0.170
6 2 2 1 700 0.12 0.9 0.180
7 2 3 4 700 0.16 1.3 0.170
8 2 4 3 700 0.2 1.7 0.170
9 3 1 3 900 0.08 0.5 0.160
10 3 2 4 900 0.12 0.9 0.160
11 3 3 1 900 0.16 1.3 0.150
12 3 4 2 900 0.2 1.7 0.160
13 4 1 4 1100 0.08 0.5 0.180
14 4 2 3 1100 0.12 0.9 0.170
15 4 3 2 1100 0.16 1.3 0.140
16 4 4 1 1100 0.2 1.7 0.150
Table 3. Material removal rate of the specimens drilled with egg shell powder laminated composite.
Speed Depth Feed .
Trail FaZcor Fathor Fag:tor (m/min) | of Cut (mm/rev) Miizz:ﬁgsm?:)al
A (mm) B C
1 1 1 1 500 0.08 0.5 0.270
2 1 2 2 500 0.12 0.9 0.280
3 1 3 3 500 0.16 1.3 0.240
4 1 4 4 500 0.2 1.7 0.240
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5 2 1 2 700 0.08 0.5 0.240
6 2 2 1 700 0.12 0.9 0.230
7 2 3 4 700 0.16 1.3 0.290
8 2 4 3 700 0.2 1.7 0.250
9 3 1 3 900 0.08 0.5 0.260
10 3 2 4 900 0.12 0.9 0.270
11 3 3 1 900 0.16 1.3 0.250
12 3 4 2 900 0.2 1.7 0.250
13 4 1 4 1100 0.08 0.5 0.240
14 4 2 3 1100 0.12 0.9 0.280
15 4 3 2 1100 0.16 1.3 0.270
16 4 4 1 1100 0.2 1.7 0.270

Table 4. The Mean, Standard deviation and Standard error mean values for both plain epoxy composites
(without filler) and egg shell powder laminated epoxy composite (with filler) are obtained for 16 sample data
sets. Egg shell powder laminated epoxy composite (with filler) has better performance than plain epoxy
composites (without filler).

Group Statistic
Std. Std. Error
Polymer N Mean Deviation Mean
Without filler 16 .25813 .017970 .004492
MRR
With filler 16 16375 .010878 .002720

Table 5. Independent sample T-test t is performed for the two groups for significance and standard error
determination. P value is less than 0.05 and it is considered to be statistically significant.

Independent samples test

Levene’
Test_For T-test For Equality ofMeans
equality of
Variances
95% confidence
interval of the
= i df Sig Mean Std error difference
9 2 difference | difference
lower upper
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Equal
variances | 7.626 | 0.01 [ 17.97 | 30 | .000 [ .094375 .005251 .083650 .105100
assumed

MRR

Equal
Variances
Not
assumed

17.97 | 24.69 | .000 | .094375 .005251 .083553 105197

Fig. 1. Plain epoxy & epoxy hardener(10:1) mixture formed into plates on mica sheet (300x300x3mm) and
folded by hand layup method.

Fig. 2. Plain epoxy & hardener(10:1) 15% egg shell powder preparation mixture formed into plates on mica
sheet (300x300x3mm) and folded by hand layup method.
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Fig. 4. CNC machined Plain epoxy + 15% egg shell powder 16 samples drilled by 8mm drill bit.
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Fig. 5. Comparison of reinforced egg shell powder composites (With filler) or Plain Epoxy composites (Without
filler) in terms of mean accuracy. The Mean accuracy of reinforced egg shell powder composites (With filler)
better than Plain Epoxy composites (Without filler). The standard deviation of reinforced egg shell powder
composite is slightly better than Plain Epoxy composites. X Axis: With VS without filler, Y Axis: Mean
accuracy of detection + 1 SD.
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