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Aim: Comparing and analyzing the surface roughness of the CNC Novel Drilling of sisal fibre reinforced with aluminium 

wire mesh sandwich composite and sisal fibre composite with 45⁰ /0⁰ /45⁰  ply orientation angle.  

Materials and methods: The examination of surface roughness during penetrating the drill on sisal fiber metal composite 

overlay of sisal and aluminium wire mesh layered as sandwich (sisal - aluminium - sisal - aluminium - sisal) with sisal built 

up composite cover. The unidirectional sisal fiber is laid in 45°/0°/45° direction in both the overlays considered for 

correlation. The work material picked for this review is aluminium wire lattice of grade 6092 and unidirectional sisal fiber. 

The type of drill bit selected for novel drilling operation is tungsten carbide drill bit. The Sisal fibre reinforced laminates were 

manufactured in two groups (Experiment group =1 and Control Group =1). Sample sizes for each group were 20 with pre-test 

power of 80%, beta=0.05%, and CL 95%.  

Results:A test study is chosen with samples for every group and surface roughness is estimated for both the experimental 

group and control group and analyzed for its significance by SPSS software and the graphs were plotted and level of 

significance was found to be 0.031 (p<0.005).  

Conclusion: Within the limitations of the study, the experimental group of novel sisal fibre reinforced with aluminium wire 

mesh sandwich composite  (sisal - Al - sisal - Al -sisal) with 45⁰ /0⁰ /45⁰  ply orientation angle gives the good surface finish 

with 26.5% improvement in surface roughness value in comparison with base materials.. 
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INTRODUCTION 

The main aim of this research is to analyze the surface roughness of hole surface drilled in sisal fibre 

reinforced with aluminium wire mesh laminate using sisal layer as an alternative layers in the laminate (sisal - 

aluminium - sisal - aluminium - sisal) by using tungsten carbide drill. The drilling is carried out by using the 

CNC drill machine. This composite comprises alternate layers of aluminium wire mesh and sisal fiber supported 

by epoxy layer (Cheluka 2020). The fiber-metal composite consolidates the upsides of metal materials and fiber 

supported composite frameworks. The most broadly utilized metal in fiber metal composites is aluminium (Al). 

The aluminium wire mesh is incredibly lighter in weight, has extremely low thickness, has high strength, great 

consumption opposition and furthermore accessible at less expensive rate (V. Shanmugam et al. 2021). The 

surface roughness is strongly suggested by cutting the face as opposed to taking care of feed rate and speed. The 

cutting power of the tool is needed to create the great surface finish of the hole. The commercial and industrial 

applications of sisal fibre laminate are interior works of passenger cars, panels for partition and fall ceiling, 

partition cupboards, fibers in packing, furniture applications, as covering materials in geotextiles for soil 

protection (Kumar and Sing 2017). 
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The total number of articles published for the past ten years related to this research area are around 810 

in google scholar and 135 in science directly. Here the development and analysis of hole surface roughness on 

the sisal fibre is compared with sisal fibre reinforced with the aluminium wire mesh sandwich composite and 

sisal fibre at 45°/0/45°of the ply orientation angle. The epoxy and the hardener used for the fabrication and 

tungsten coated drill bits are used to drill the holes on the sandwich composite laminate.(Sathishkumar, 

Ramakrishnan, and Navaneethakrishnan 2021). Thus Assessing fibre surface treatment to improve the 

mechanical properties of natural fibre composites the research is about obtain fibre strength and stiffness data is 

described, and the statistical treatment that can be applied to this type of data and the influence of treatment 

conducted to improve interfacial strength on the mechanical properties of natural fibre are explored (Pickering 

2011)).Experimental investigation of surface roughness in drilling hybrid structural composites such, a new 

hybrid structural composite was fabricated with red mud as filler and sisal fibre as reinforcement in polyester 

matrix(V. Shanmugam et al. 2021). Aging effects on natural fibre reinforced polymer composite, durability and 

life prediction this focuses on the phenomenon of natural fiber-based composites under various aging conditions 

and proposes suitable solutions to improve the response of natural fiber-reinforced composite to aging conditions 

such as moisture, seawater, hygrothermal, and natural and accelerated wealth (Bourhis, Le Bourhis, and 

Touchard 2021) . The best paper related to the current study is the investigation of surface roughness in drilling 

hybrid composites (V. Shanmugam et al. 2021).Our 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; R. Shanmugam et al. 2021; Rajasekaran et al. 2020; Adhinarayanan et al. 2020; Rajesh et al. 

2020; Aurtherson et al. 2021) 

There is only limited research on machining of natural fibre based sandwich laminates. Taking this as a 

research gap, the study on measuring and comparing the surface roughness of holes created in sisal fibre 

reinforced aluminium laminate is carried out in this research project. The expertise in this research is theoretical 

and experimental knowledge on fabricating sandwiched fibre metal laminates. The aim of the  present work is to 

compare the hole surface quality in CNC novel drilling of novel sisal fibre reinforced aluminium wire mesh 

sandwich composite and sisal fibre composite with 45°-0-45° of ply orientation angle.  

MATERIALS AND METHODS 

The specimens were fabricated by the hand layup method in Saveetha School of Engineering, Saveetha 

Institute of Medical and Technical Sciences, Chennai. In this research the sisal fiber reinforced epoxy composite 

laminate was taken as a control group with the sample size of 20, and novel sisal fibre reinforced aluminium wire 

mesh sandwich composite was taken as an experimental group with the sample size of 20. G power calculator 

was used to calculate the sample size of the composite.The pre-test power for testing was 80%, Alpha=0.05% 

and CL was 95%, G power test was used to fix the number of samples for each group (Muthukumar, n.d.)(Sood 

and Singh 2021)(Muthukumar, n.d.). 

The sisal fibre which is used to fabricate the composite materials which is extracted through the process 

known as decortication, where the leaves are crushed ,beaten ,and brushed away by rotating wheel set with blunt 

knives. The method used to create the composite material supported with aluminium wire mesh was the hand 

layup method The size of the laminate was 150 mm x 150 mm of thickness 5 mm. ( sisal - aluminium - sisal - 

aluminium - sisal ) for fabrication.  

The epoxy and the hardener are blended for the fabrication process in the proportion of 10:1 for fast and 

legitimate holding between the layers. The epoxy and hardener is consistently spread with the assistance of the 

brush. The second layer of sisal fiber is placed and a roller is moved with the gentle strain to entangle the air 

between the layers. The cycle is repeated for each layer of sisal fiber, till the required thickness of 5 layers are 

obtained. The curing is done at room temperature or at explicit temperature ((Khan et al. 2021). The other 

laminates considered for the experimental group are also done by the same procedure. After curing the specimen 

is removed and the sharp edges are machined by the secondary operation as per the ASTM standards as shown in 

Fig. 1.  

 Drilling was performed on the Novel Drilling machine under the distinctive machining conditions, for 

example, feed rate (mm/min) and speed (rpm) (Sultan et al. 2020). All the samples are drilled for assessing the 

surface roughness of the drill hole. The tungsten carbide of 8 mm diameter was utilized to drill the holes using a 

CNC Novel Drilling machine.  
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The surface roughness measurement was carried out using the roughness measuring machine (mitutoyo) 

shown in Fig. 2 to compare the experimental and control groups in order to determine which group has the best 

surface quality.In order to implement the composite into daily life usage, some of the properties were to be 

measured, studied and compared for safety and reliability. Hence surface roughness is measured and compared to 

ensure that which has high surface roughness by comparing the data.The specimen depends upon the 

experimental group and control group for the comparison of surface roughness quality to determine which 

surface roughness. 

STATISTICS ANALYSIS  

The statistical analysis of SPSS V.26 was used to determine the standard deviation, standard error, mean 

values. Aslo with the probability value of p<0.005 was noted as significant value. In this experiment the 

independent variables are spindle speed, drill bit diameter of 8mm, and feed rate. The independent sample T-test 

was used to analyse the significance of with and without aluminium wire mesh composite if sisal fibre reinforced 

with aluminium wire mesh composite (Bourhis, Le Bourhis, and Touchard 2021). 

RESULTS  

The experimental and analysis details of the work carried out on sisal fibre reinforced with aluminium 

wire mesh composite sandwich laminate are described here. Fig. 3 shows the graphical representation of Surface 

Roughness (μm) for Group-1 (Novel Sisal Fibre Reinforced Aluminium Wire Mesh Sandwich Composite 

Laminate) and Group-2 (Sisal Fibre Composite Laminate). Table 1 and Table 2 shows details of measured value 

of surface roughness and group statistical analysis done for samples prepared with and without aluminium wire 

mesh. By performing an Independent t-test analysis, The result of a data set is statistically significant to p = 

0.031 (<0.05) according to statistical analysis. Table 3 shows the Independent t-test details (mean and std-

deviation) obtained using IBM-SPSS software.  

DISCUSSION 

 The samples are prepared as per the ASTM standards for machining. The novel drilling operation is 

performed on the novel drilling machine under the different machining conditions such as feed rate (mm/min) 

and speed (rpm). The several samples are drilled for evaluating the surface roughness of the drilled hole. The 

tungsten carbide of 8 mm diameter is used to drill the holes on sample using a CNC drilling machine. The CNC 

novel drilling machine was used to drill the holes on the fabricated composite of sisal reinforced with aluminium 

wire mesh. From the graph, the mean value of the surface roughness of sisal fibre laminate was 2.27017 μm with 

the maximum and minimum values were 2.084 and 1.321 μm respectively. The mean value of the surface 

roughness of the sisal fibre reinforced with aluminium wire mesh as sandwich layer composite is 2.7080 μm and 

with maximum and minimum values were 3.214 and 2.286 μm respectively. Therefore from the graph the 

surface roughness is better in the sisal fibre laminate than the sisal fibre reinforced with aluminium wire mesh 

composite. The results obtained were subjected to the one way ANOVA analysis using spss v2.6 statistical 

software. In statistical analysis table 2, the mean value of surface roughness of sisal fibre reinforced with 

aluminium wire mesh is 2.7080 and standard deviation is 0.29947 the mean value of sisal fibre laminate is 

2.27017 and the standard deviation is 0.295004 From ANOVA Table 3, the significance level of the surface 

roughness is determined p=0.031 (p<0.5). Significance value for the surface roughness of the sisal fibre 

composite with aluminium wire mesh compared with sisal fibre composite without aluminum wire mesh was 

statistically significant p=0.031 (p<0.05). 

The surface roughness quality is performed in the roughness testing machine, (mitutoyo) to compare the 

experimental group and the control group to find out if the surface quality is good (Ramesh and Deepa 2021). 

The hand layup method is the time consuming process. So, that it is not suitable for mass production. However 

the bonding between the fibre matrix and epoxy is more important which reduces the surface roughness and 

strength of the composite. This project can be overdone in the future by taking chaos properties and analysis 

(Prabhu et al. 2022). Totally 20 holes were drilled and tested and the surface quality of the holes is determined. 

The mean values are determined by the SPSS software ((Khan et al. 2021). The output from the spss software, 

the values are in the table 2 and 3. By comparing both the values from the experimental group and control group 

within the spss software, then concluded by the output by the spss software that the surface finish is high in the 

sisal fibre laminate without aluminium wire mesh ( sisal - sisal - sisal - sisal - sisal ) with the play orientation 

angle of 45 degree, and the speed and feed rate also affects the surface finish of the hole (Won 1999). So that it 

also should be selected carefully to get a good surface finish. By comparing and analyzing the results obtained by 
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measuring the surface roughness of the sisal fibre laminate has good surface quality when compared to sisal fibre 

reinforced with aluminium wire mesh composite (Sood and Singh 2021). 

 The limitations of the present study is the hand layup method which involves the human resources with 

the limitations such as air traps, low concentration and fibre in proper degree. Hence, the future scope of the 

project is to adopt a compression moulding method to fabricate the sandwich laminates. Further many natural 

fibres can be used for investigation. 

CONCLUSION 

Within the limitations of the study, the surface quality of novel sisal fibre reinforced with aluminium 

wire mesh sandwich composite and sisal fibre laminate of 45⁰ /0/45⁰  ply orientation angle were measured and 

compared with standard stipulations. The experimental group of novel sisal fibre reinforced with aluminium wire 

mesh sandwich composite  (sisal - Al - sisal - Al -sisal) with 45⁰ /0⁰ /45⁰  ply orientation angle gives the good 

surface finish with 26.5% improvement in surface roughness value in comparison with base materials. 
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TABLES AND FIGURES 

Table 1. This table shows the values of surface roughness with the varying speed and feed rate of 20 samples of 

8mm diameter. 

Surface Roughness (μm) 

Exp. No.  
Novel Sisal Fibre Reinforced Aluminium 

Wire Mesh Sandwich Composite Laminate 
Sisal Fibre laminate  

1. 2.286 2.084 

2. 2.894 2.392 
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3. 2.307 2.162 

4. 2.606 2.332 

5. 2.572 2.312 

6. 2.432 2.235 

7. 2.955 2.148 

8. 2.672 2.617 

9. 2.419 2.118 

10. 2.569 2.519 

11. 2.656 2.321 

12. 2.735 2.216 

13. 2.319 2.346 

14. 2.878 2.211 

15. 2.937 2.681 

16. 3.180 1.016 

17. 3.104 1.217 

18. 3.223 1.114 

19. 3.112 1.221 

20. 3.214 1.321 

 

Table 2. Descriptive table represents the highest mean value of surface roughness is 2.270800 μm found at 

Group 2 a standard deviation of 2.27017 μm. 

 

Group  N Means  
Standard 

Deviation 
Std Error Means 

 Novel Sisal Fibre Reinforced 

Aluminium Wire Mesh Sandwich 

Composite Laminate 

20 2.70800 .299472 .070586 

Sisal Fibre laminate  20 2.27017 .295004 .069533 
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Table 3. Independent sample test represents the significant value of surface roughness between and within the groups 

is p = 0.031 (p<0.05) 

Independent Sample Test  

 

Levene's Test  T  Df Sig 

(2-Tailed) 

T Test For Equality of 

Means  

Confidence Interval 

of Difference 

F Sig Mean 

Difference 

Std Error 

Difference 

Lower Upper 

0.235 0.031 4.419 34 0.000 .437833 .099082 .23647 .639193 

  4.419 33.992 0.000 .437833 .099082 .23647 .639194 

 

 

 

 

 

 

 

 

 

 

Fig. 1. Drilled sample of fabricated sisal and aluminium wire mesh after drilling process  
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Fig. 2. Surface roughness tester 

 

 

 

 

 

 

 

 

Fig. 3. Graphical representation of Surface Roughness( μm ) for Group-1 (Novel Sisal Fibre Reinforced 

Aluminium Wire Mesh Sandwich Composite Laminate) and Group-2 (Sisal Fibre Composite Laminate ), X axis: 

Material groups, Y axis: Surface Roughness( μm ) with Mean accuracy of detection 95% CI and +/-1 SD. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


