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        Experimental setup.

      

    

  
    
      Table 1 

      Specifications of abrasive water machining.

      
        


	Item
	Description
	Supplier





	Hydraulic Plunger Pump
	Triplex reciprocating Pump, Direct driven, Power-30 KW, Discharge − 16 ltr/min, Delivery Pressure − 60 MPA
	GOMA Engg. Pvt, Ltd, Mumbai, India



	Floating Piston Cylinder, Suspension Charging/storage tank, Air Compressor
	10 ltr capacity, 50 ltr capacity, ELGI make, 1HP, 45 liter capacity, Delivery Pressure − 12 bar
	



	Nozzles
	SS/TC materials, Exit Diameter − 0.8 and 1.0 mm
	



	Suspension mixing tank, Catcher tank
	100liter capacity, 600 × 600 × 300 mm
	Designed and fabricated at Institution Workshop



	CNC System for nozzle movement
	Two axis control, X = 450 mm, Y = 450 mm
	Texcel Marketing Corporation and Microtech Exports, Banglore, India





      

    

  
    
      Fig. 2 
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        Silicon carbide.

      

    

  
    
      Fig. 3 
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        Caryota urens fibers [19].

      

    

  
    
      Table 2 

      Properties of silicon carbide abrasive grains.

      
        


	Feature
	Silicon Carbide





	General Description
	Solid Granules, Inert to most chemicals, High strength and thermal shock resistant, High thermal conductivity



	Chemical Analysis
	Si C : 98.54%, Free C : 0.26%, Si+Si O : 2.68%, Fe2O3 : 0.24%, Al2O3 : 0.20%



	Colour
	Black/Green



	Particle Shape
	Sharp, irregular



	Hardness
	9.5 on Mohs Scale



	Density
	3.22 g/cm3



	Melting point
	2730 °C



	Solubility
	Insoluble



	Coordination geometry
	Tetrahedral





      

    

  
    
      Table 3 

      Mechanical properties of DRCUFP composites (Raviraj Shetty et al., 2018).

      
        


	Fiber (Vol%)
	20





	Density (gm/cm3)
	1.3+0.5



	Vickers Hardness (Hv)
	27.3+0.5



	Young's Modulus (Gpa)
	8.3+0.25



	Tensile strength at break (Mpa)
	355.6+0.2



	Flexural Strength (Mpa)
	78.87+2.5



	Interlaminar Shear Strength (Mpa)
	13.13+0.3





      

    

  
    
      Fig. 4 
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        SEM image of DRCUFP composites.

      

    

  
    
      Fig. 5 
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        Surface roughness measurement.

      

    

  
    
      Table 4 

      Levels and factors.

      
        


	Sl. No.
	Symbols
	Variable parameters
	Level 1
	Level 2
	Level 3





	1
	A
	Water Pressure (bar)
	100
	200
	300



	2
	B
	Traverse Speed (mm/min)
	50
	100
	150



	3
	C
	Stand off distance (mm)
	1
	3
	4



	4
	D
	Abrasive Flow rate (gm/s)
	8
	10
	12



	5
	E
	Depth of Cut (mm)
	5
	10
	15



	6
	F
	Abrasive Size (microns)
	100
	150
	200





      

    

  
    
      Fig. 6 
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        Fuzzy decision making unit.

      

    

  
    
      Fig. 7 

      
        [image: thumbnail]
      

      
        Fuzzy inference system.

      

    

  
    
      Table 5 

      Fuzzy design matrix.

      
        


	IF THEN



	




	Rules
	Water Pressure (bar)
	Connection
	Traverse Speed (mm/min)
	Connection
	Stand off distance (mm)
	Connection
	Abrasive flowrate (gms)
	Connection
	Depth of cut (mm)
	Connection
	Abrasive size (microns)
	Surface roughness(microns)





	1
	L
	and
	L
	and
	L
	and
	L
	and
	L
	and
	L
	M



	2
	L
	and
	L
	and
	L
	and
	L
	and
	M
	and
	M
	VH



	3
	L
	and
	L
	and
	L
	and
	L
	and
	H
	and
	H
	EH



	4
	L
	and
	L
	and
	M
	and
	M
	and
	L
	and
	L
	M



	5
	L
	and
	L
	and
	M
	and
	M
	and
	M
	and
	M
	VH



	6
	L
	and
	L
	and
	M
	and
	M
	and
	H
	and
	H
	EH



	7
	L
	and
	L
	and
	H
	and
	H
	and
	L
	and
	L
	H



	8
	L
	and
	L
	and
	H
	and
	H
	and
	M
	and
	M
	EH



	9
	L
	and
	L
	and
	H
	and
	H
	and
	H
	and
	H
	VH



	10
	M
	and
	M
	and
	L
	and
	L
	and
	L
	and
	L
	M



	11
	M
	and
	M
	and
	L
	and
	L
	and
	M
	and
	M
	M



	12
	M
	and
	M
	and
	L
	and
	L
	and
	H
	and
	H
	VH



	13
	M
	and
	M
	and
	M
	and
	M
	and
	L
	and
	L
	M



	14
	M
	and
	M
	and
	M
	and
	M
	and
	M
	and
	M
	H



	15
	M
	and
	M
	and
	M
	and
	M
	and
	H
	and
	H
	M



	16
	M
	and
	M
	and
	H
	and
	H
	and
	L
	and
	L
	EH



	17
	M
	and
	M
	and
	H
	and
	H
	and
	M
	and
	M
	M



	18
	M
	and
	M
	and
	H
	and
	H
	and
	H
	and
	H
	VH



	19
	H
	and
	H
	and
	L
	and
	L
	and
	L
	and
	L
	EH



	20
	H
	and
	H
	and
	L
	and
	L
	and
	M
	and
	M
	VL



	21
	H
	and
	H
	and
	L
	and
	L
	and
	H
	and
	H
	M



	22
	H
	and
	H
	and
	M
	and
	M
	and
	L
	and
	L
	H



	23
	H
	and
	H
	and
	M
	and
	M
	and
	M
	and
	M
	EL



	24
	H
	and
	H
	and
	M
	and
	M
	and
	H
	and
	H
	M



	25
	H
	and
	H
	and
	H
	and
	H
	and
	L
	and
	L
	H



	26
	H
	and
	H
	and
	H
	and
	H
	and
	M
	and
	M
	L



	27
	H
	and
	H
	and
	H
	and
	H
	and
	H
	and
	H
	VH





      

    

  
    
      Fig. 8 
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        Fuzzification of Input parameter water pressure (bar).

      

    

  
    
      Fig. 10 
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        Fuzzification of Input parameter traverse speed (mm/min).

      

    

  
    
      Fig. 11 
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        Fuzzification of Input parameter depth of cut (mm).

      

    

  
    
      Fig. 12 

      
        [image: thumbnail]
      

      
        Fuzzification of Input parameter abrasive size (microns).

      

    

  
    
      Fig. 13 
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        Fuzzification of Input parameter stand of distance (mm).

      

    

  
    
      Fig. 14 
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        Fuzzification of output parameter surface roughness (microns).

      

    

  
    
      Fig. 15 
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        Main effects plot of output parameter surface roughness (microns).

      

    

  
    
      Table 6 

      Inputs and outputs to fuzzy logic modeling.

      
        


	Variable parameters
	Input/ Output
	Min
	Max





	Water pressure (bar)
	Input
	100
	300



	Traverse Speed (mm/min)
	Input
	50
	150



	Stand off distance (mm)
	Input
	1
	4



	Abrasive flow rate (gm/s)
	Input
	8
	12



	Depth of cut (mm)
	Input
	5
	15



	Abrasive size (microns)
	Input
	100
	200



	Surface Roughness (microns)
	Output
	3.1
	3.5





      

    

  
    
      Table 7 

      Response table surface roughness.

      
        


	Water pressure (Bar)
	Traverse speed (mm/min)
	Stand of distance (mm)
	Abrasive flow rate (g/s)
	Depth of cut (mm)
	Abrasive size (microns)
	Mean surface roughness (microns)





	300
	50
	1
	12
	5
	200
	3.131





      

    

  
    
      Fig. 16 
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        SEM image of machined surface (a) 100 bar; (b) 200 bar; (c) 300 bar.

      

    

  
    
      Fig. 17 
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        Fuzzy rule editor.

      

    

  
    
      Fig. 19 
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        Effect of water pressure and stand of distance on surface roughness.

      

    

  
    
      Fig. 20 
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        Effect of water pressure and abrasive flow rate on surface roughness.

      

    

  
    
      Fig. 21 
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        Effect of water pressure and depth of cut on surface roughness.

      

    

  
    
      Fig. 22 
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        Effect of water pressure and abrasive size on surface roughness.

      

    

  
    
      Table 8 

      Predicted values of surface roughness using TDOE.

      
        


	Level
	Water pressure (Bar)
	Traverse speed (mm/min)
	Stand of distance (mm)
	Abrasive flow rate (g/s)
	Depth of cut (mm)
	Abrasive size (microns)





	1
	3.369
	3.286
	3.307
	3.325
	3.241
	3.316



	2
	3.318
	3.311
	3.315
	3.315
	3.320
	3.316



	3
	3.253
	3.342
	3.317
	3.300
	3.379
	3.308



	Delta
	0.116
	0.056
	0.011
	0.024
	0.138
	0.009



	Rank
	2
	3
	5
	4
	1
	6





      

    

  
    
      Table 9 

      Minimum and maximum values of input/output parameters.

      
        


	Variables
	Input/output
	Minimum value
	Maximum value





	Water pressure (Bar)
	Input
	100
	300



	Traverse Speed (mm/min)
	Input
	50
	150



	Stand of distance (mm)
	Input
	1
	4



	Abrasive flow rate (g/s)
	Input
	8
	12



	Depth of cut (mm)
	Input
	5
	15



	Abrasive size (microns)
	Input
	100
	200



	Surface roughness (microns)
	Output
	3.47
	3.25





      

    

  
    
      Fig. 23 
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        Comparison plots for TDOE and FLM for surface roughness (microns).
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