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ABSTRACT 

 

Composites are very difficult form a machining due to non-homogeneous and anisotropic environment and it 

require unique cutting tools. This piece of research investigates-GFRP composite round machinability 

performance in CNC machining of UD-GFRP composite round rods under wet condition as well as cryogenic 

machining. This investigation considered the Poly- crystalline diamond tool for both group of samples machining. 

The responses which measure the machining quality are: the tool wear, quality of the surface and forces generated 

at various stages of inputs given to the machining of UD-GFRP composite. The optimization technique i.e.Taguchi 

L9 orthogonal array is used for examinations and find out the targeted. The design includes three independent 

variables at three levels. The pro- posed process control independent variables are: rate of feed of tool, spindle 

speed or velocity of cutting and operation depth tool in the work. The investigation aims to establish the process 

control by studying the relationship between level of inputs and degree of responses to identify the optimal level 

of process inputs for acceptable surface quality with minimum tool wear and cutting force. 
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INTRODUCTION 

As the composite plays wide role in many applications, the machinability investigation is indispensable 

in particularly the UD-GFRP composite round bars. The material nature of inhomogeneous as well as 

anisotropic classifies it as low machinability cate gory. Though the composite name unique its properties 

could not be unique due to above said reason. Many researchers reported the machinability investigation 

on Synthesizedontheirown.Theuniformitycanbeachievedsynthesizeundermassproduction with automation 

for commercial purpose. The investigation on commercial UD-GFRP composite is most beneficial. The 

following outcomes either supports or justify the re- search gap appropriately [1] reported that though 

many input parameters considered for machining of composite the toot feed rate is most influencing factor 

on surface roughness of machined surfaces than nose radius, cutting speed, cutting depth. They used 

conventional lath machine and utilized PCA for optimization. [2] Recommended the carbide inserts to cut 

such low machinability composites, this research adopted such recommendations. [3] The enhanced 

coolant of water miscible with soluble Castrol in the ration of 6: 1 outperformed in such composite 

machining.  

The philosophy of conventional machining is harder tool work better than soft tool. Based on the work 

pieces harness the selection of appropriate tool is prime factor to meet the expected   out comes [4]. They 

investigated three harder tools via Cubic boron nitride insert, single and poly crystal diamond inserts and 
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reported that single crystal diamond tool out- performed. [5] Agreed in his review that the machinability 

of either glass or carbon fiber reinforced polymer composites are under the class of low machinability 

material sufficient effort must be made to machining them. [6] Recommended the Multiple regression 

analysis for understanding the machinability with milling operation. But this study focuses CNC turning. 

[7] Published some interesting fact that machinability of composite requires more specific investigations 

to expand its application. The length of fiber is changed the composite properties. [8] Investigated 

contribution tool in precision machining of glass fiber reinforced plastics. But this study focused the 

coolant and CNC turning center to improve machinability on for mass production with high accuracy. [9] 

Also gave importance in machining GFRP with harder tools of PCD and cemented carbide insert.  

This investigation preferred best performed carbide insert for improving the machinability. [10] Focused 

machinability GFRP on drilling holes and reported that the thickness of composite and drilling speed are 

most influenced factor for dismissing the delamination effects. [11, 12] investigated the machinability of 

CFRP turning on material removal rate aspects and reported that the cutting speed is most influencing 

factor with respect to depth of cut on material removal rate. [13] Utilized the Grey rational analysis to 

optimizing multiple responses which decides the quality of CNC milling of GFRP composites. [14] 

Focused on end milling operations and minimized the delamination by optimizing process parameters by 

additional using artificial neural network with minimal error. [15] Recommend diamond particles 

enhanced abrasive jet machining for machining hard materials of CFRP. The investigation of [16] in 

helical milling of CFRP and [17] on end milling on GFRP. Though many investigations found in the 

literature related to this research interest this piece of research is most unique by considering the CNC 

turning center for repeatability for mass production and accuracy observation of machining effects, best 

performed the carbide tool insert and conventional Eco-friendly coolant usage. 

METHODOLOGY 

In this investigation considered responses like surface quality of machining by surface roughness, tool 

wear and cutting forces, the considered input variable and constant parameters furnished in Table 1 and 

Table 2. The 20 mm diameter GFRP rods were produced by pultrusion process. The fabricated GFRP 

composite rods are cut into small segments of length 150mm and machined in the CNC machine by 

changing the independent process variables like feed, speed, and depth of cut, the responses like cutting 

forces are estimated by the dynamometer setup. After each trial the wear of the tool is estimated by using 

the tool maker’s microscope. The composite rods are then taking into the surface roughness tester to find 

out surface roughness values. These resultant parameters are assessed by using the Taguchi and Design 

Expert V.11.0 to find economical values with respect to given input values. 

Table 1. Levels of CNC Turning Process parameters 

Process Variable Low Medium High 

Spindle Speed in rpm 1000 1200 1500 

Feed of the Tool in mm/ rev 0.05 0.1 0.15 

Depth of Cut in mm 0.5 1.0 1.5 

Table 2. The independent and fixed Process parameters 

Independent Process Variables Low Medium High 

Cutting Environment Wet Condition Wet Condition Wet Condition 

Condition Tool material PCD PCD PCD 

Tool rake angle 6 6 6 

 

The MIXMAX ST 2020 lubricating oil is employed as coolant in flood cooling form. Hence the cutting 

condition is wet machining. The fixed parameters are tool material, tool type (PCD) 

Coolant for Wet Machining 

Water-soluble cutting fluids are mixed with water in different ratios depending on the machining 

operation. Cutting fluid is supplied to the cutting fluid unit with the   help of electric motor. The storage 
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capacity of the fluid tank is 100 liters. The cutting fluid is supplied at constant rate of 0.2 liters per sec. 

Castrol water miscible soluble coolant is utilized in this investigation and with 1:6 concentrations by 

volume fraction. The filters coolant after machining before back to the tank. 

Cutting fluids 

Cryogenics is clearly known as branch of physics that deals with the creation of very low temperatures 

and its effect on substance, this will address the aspects of getting least temperatures which do not in 

nature occur on world and utilizing the for the learning of nature or the human industry. Liquid nitrogen - 

which is colorless, odorless and tasteless and eco friendly to environment and used for machining of hard 

metal and ceramics composites for better surface finishing. In this research to get the behavior of 

machining a composite under this condition, here liquid nitrogen is used for machining of composite and 

examine the various parameters. In general Liquid nitrogen has − 196 °C [− 320 °F]. 

EXPERIMENTATION 

Here the glass fiber reinforced composite rod in turning was done with the different machinability trials. 

The cutting tool used is PCD inserts shown in Figure 5 and its description furnished in Table 3. The GFRP 

bar of 20mm diameter, 150 mm long jobs prepared and experimented in SUPER JOBBER 500 CNC 

(SIEMENS 802 D SL) turning center refer figure 1. The UD-GFRP composite specifications furnished in 

Table 4. The Figure 7 exhibits the CNC turning facility which employed for executing the 

experimentations. The Mitutoyo make tester employed for measuring surface peaks on machined work 

pieces. The surface roughness tester is shown in the Figure 3. All the experiment was conducted by Wet 

and cryogenic conditions and recorded values. The wear property of the tool was investigated with tool 

maker’s microscope Figure 2. These values are analyze by MINI Tab software individually, at the last step 

of research did on comparison of all the values 

 

Figure 1. CNC SUPER JOBBER 500 CNC Turning center 

 

Figure 2. Tool maker’s microscope 
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Figure 3. Surface roughness tester Composite rod 

 

Figure 4. CNC Turning of UN-GFRP 

 

Figure 5. Polycrystalline diamond tool inserts 

 

Figure 6. Lathe dynamometer setup while turning of UD-GFRP 
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Figure 7. Coolant supply 

 

Figure 8. Liquid nitrogen 

 

Figure 9. Liquid nitrogen Setup in machinecontainer 
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Figure 10. Wet condition machining 

 

Figure 11. Cryogenic condition 

Table 3. Specification of PCD tool 

Properties of PCD tool. 

Clearance angle 6o 

Grade M10 

Density 3.80e4.50 g/cm3 

Hardness 1600 Vickers kg/mm2 

Young's modulus 800e900 GPa 

Thermal conductivity 150e550 W/m K 

Compressive strength 7000e8000 N/mm2 

Cutting edge inclination angle top 6O 

Tool rake angle 6O 

Table 4. Properties of Prepared Composite bar 

Sr. no. Description of composite Quantity/ Specification 

1 Composite’s Strength on Compression 600 N/mm2 

2 Young’s Modulus of Composite 320 N/mm2 

3 Absorption Moisture/Water absorption 7x10-2% 

4 Fiber orientation unidirectional 

5 Epoxy resin content (by weight) 25 ± 5 % 

6 wt.% of Glass Fiber contribution 75 ± 5% 

7 Composite’s Strength on Tensile  650 N/mm2 

8 Composite’s Strength on Shear 255 N/mm2 

10 Agent of Reinforcement,  Roving: E- Glass  
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Run Speed Feed DoC Environment 

Tool 

Wear 

(µm) 

Surface 

Rougness 

(µm) 

Cutting 

Forece 

(N) 

1 0.035 0.15 1.5 Dry 1.87 6.38 23.5 

2 0.025 0.05 1.5 Cryogenic 1.005 4.258 14.5 

3 0.03 0.1 1 Cryogenic 0.169 4.114 16 

4 0.025 0.15 1.5 Cryogenic 1.024 4.529 15.5 

5 0.025 0.05 0.5 Dry 0.125 5.96 15.5 

6 0.035 0.15 1.5 Cryogenic 1.012 4.032 21 

7 0.035 0.15 0.5 Dry 0.234 4.69 22 

8 0.03 0.1 1 Cryogenic 0.169 4.115 16 

9 0.03 0.1 1 Cryogenic 0.168 4.116 16 

10 0.03 0.1 1 Dry 0.175 4.9 18 

11 0.03 0.18409 1 Dry 0.41 6.12 18.5 

12 0.03 0.1 1.840896 Dry 0.58 6.36 19 

13 0.035 0.15 0.5 Cryogenic 0.098 3.836 19 

14 0.03 0.01591 1 Cryogenic 0.179 4.285 17 

15 0.021591 0.1 1 Dry 0.175 5.21 16 

16 0.03 0.1 1 Cryogenic 0.169 4.114 16 

17 0.03 0.1 1 Dry 0.17 4.93 18 

18 0.03 0.1 1 Dry 0.165 4.9 17.5 

19 0.035 0.05 0.5 Cryogenic 0.138 3.852 19.5 

20 0.025 0.05 1.5 Dry 0.2 5.43 16 

21 0.035 0.05 1.5 Dry 1.12 6.27 22.5 

22 0.03 0.1 0.159104 Dry 0.59 6.82 20 

23 0.038409 0.1 1 Cryogenic 0.227 4.088 20 

24 0.025 0.15 0.5 Dry 0.19 5.35 16.5 

25 0.03 0.1 1.840896 Cryogenic 0.598 4.306 18 

26 0.035 0.05 1.5 Cryogenic 0.805 3.761 20 

27 0.038409 0.1 1 Dry 0.17 4.49 20.5 

28 0.03 0.18409 1 Cryogenic 0.316 4.194 17 

29 0.03 0.01591 1 Dry 0.3 5.05 19 

30 0.03 0.1 0.159104 Cryogenic 0.365 4.275 17.8 

31 0.03 0.1 1 Cryogenic 0.168 4.116 16 

32 0.03 0.1 1 Cryogenic 0.168 4.115 16 

33 0.025 0.15 1.5 Dry 0.148 4.9 17.5 

34 0.035 0.05 0.5 Dry 0.22 4.56 21.5 

35 0.03 0.1 1 Dry 0.17 4.91 18 

36 0.025 0.15 0.5 Cryogenic 0.142 4.321 14.5 

37 0.021591 0.1 1 Cryogenic 0.124 3.896 16 

38 0.025 0.05 0.5 Cryogenic 0.172 4.322 15 

39 0.03 0.1 1 Dry 0.17 4.86 18.5 

40 0.03 0.1 1 Dry 0.175 4.97 18 

RESULTS AND DISCUSSION 

The observed outcomes conducted experiments statistically analyzed and presented. The statistical 

examination is done by utilizing Design Expert software. The impressions and combinations of Tool feed, 

spindle speed and, depth of cut offered average roughness on surface, wear of tool and forces encountered 

while CNC turning on tool have been observed and recorded as per experimental design of response 

surface methodology.  
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Analysis of variance: 

Tool Wear:  

Table ANOVA for Linear + Extra Terms model for Tool wear 

 

The Model F-value of 4.08 implies the model is significant. There is only a 0.81% chance that an F-value 

this large could occur due to noise. P-values less than 0.0500 indicate model terms are significant. In this 

case C is a significant model term. Values greater than 0.1000 indicate the model terms are not significant. 

If there are many insignificant model terms (not counting those required to support hierarchy), model 

reduction may improve your model. The Lack of Fit F-value of 20760.94 implies the Lack of Fit is 

significant. There is only a 0.01% chance that a Lack of Fit F-value this large could occur due to noise. 

Significant lack of fit is bad -- we want the model to fit. 

Coefficients in Terms of Coded Factors for the response of Tool Wear 

 

The coefficient estimate represents the expected change in response per unit change in factor value when 

all remaining factors are held constant. The intercept in an orthogonal design is the overall average 

response of all the runs. The coefficients are adjustments around that average based on the factor settings. 

When the factors are orthogonal the VIFs are 1; VIFs greater than 1 indicate multi-colinearity, the higher 

the VIF the more severe the correlation of factors. As a rough rule, VIFs less than 10 are tolerable. 

Table ANOVA for Linear + Extra Terms model for Tool wear 
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Coefficients in Terms of Coded Factors 

 

The coefficient estimate represents the expected change in response per unit change in factor value when 

all remaining factors are held constant. The intercept in an orthogonal design is the overall average 

response of all the runs. The coefficients are adjustments around that average based on the factor settings. 

When the factors are orthogonal the VIFs are 1; VIFs greater than 1 indicate multi-colinearity, the higher 

the VIF the more severe the correlation of factors. As a rough rule, VIFs less than 10 are tolerable.  

Table ANOVA for Linear + Extra Terms model for Tool wear 

 

Coefficients in Terms of Coded Factors 

 

The coefficient estimate represents the expected change in response per unit change in factor value when 

all remaining factors are held constant. The intercept in an orthogonal design is the overall average 

response of all the runs. The coefficients are adjustments around that average based on the factor settings. 

When the factors are orthogonal the VIFs are 1; VIFs greater than 1 indicate multi-colinearity, the higher 

the VIF the more severe the correlation of factors. As a rough rule, VIFs less than 10 are tolerable.  

Consolidated Coefficient table  
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Mathematical Model 

Prediction of Tool wear 

The equation in terms of coded factors can be used to make predictions about the response for given levels 

of each factor. By default, the high levels of the factors are coded as +1 and the low levels are coded as -

1. The coded equation is useful for identifying the relative impact of the factors by comparing the factor 

coefficients. 

Final Equation in Terms of Actual Factors 

The equation in terms of actual factors can be used to make predictions about the response for given levels 

of each factor. Here, the levels should be specified in the original units for each factor. This equation 

should not be used to determine the relative impact of each factor because the coefficients are scaled to 

accommodate the units of each factor and the intercept is not at the center of the design space.  

Environment Dry 

TW= (19.446760204594 x Speed) + (0.98734511220654 x Feed) + (0.45691633572461 x 

DOC) - 0.77120365308309 
(1) 

Environment Cryogenic 

TW = (19.446760204594 x Speed) + (0.98734511220654 x Feed) + (0.45691633572461 x 

DOC) - 0.77825365308309 
(2) 

Environment Dry 

SR = 5.6833816314004 – (-18.86954760906 x Speed) + (0.93101614606016 x Feed) + 

(0.1426031822654 x DOC) 
(3) 

Environment Cryogenic 

SR = 4.4626316314004 – (18.86954760906 x Speed) + (0.93101614606016 x Feed) + 

(0.1426031822654 x DOC) 
(4) 

Environment Dry 

CF = 5.2757005439122 + (426.85700523955 x Speed) + (3.0454330907873 x Feed) + 

(0.4140459898226 x DOC) 
(5) 

Environment Cryogenic 

CF = 3.5157005439122 + (426.85700523955 x Speed) + (3.0454330907873 x Feed) + 

(0.4140459898226 x DOC) 
(6) 

Surface Plots 

For Surface Roughness 
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Optimal process parameters 

For Green Machining 

Ramps are a graphical view of each optimal solution. 

Optimal factor settings are shown with red points. 

Optimal response prediction values are displayed in blue. 

Responses with models, but no goals are shown with gray. 

 

For Cryogenic Machining  
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CONCLUSION 

The articles described about CNC wet and cryogenic turning of unidirectional GFRP composite rod. The 

machinability improvement with use of Polycrystalline diamond tool (PCD) as cutting tool presented in 

this paper. The comparative study on performance of wet machining and cryogenic machining revealed 

that the cryogenic machining gave best performance than wet machining in terms of surface quality and 

low force required on cut hence tool wear reduced tool life will be improved. This experimental 

investigation optimized parameters based on Cutting forces querulent, roughness on machined surfaces 

and wear of tool.  

Polycrystalline diamond tool (PCD) as cutting tool based on the experimental results, the following 

conclusions are drawn within the range of parameters selected. 

1. The economical surface roughness is got when Speed for 1000 rpm, feed 0.15mm and depth of 

cut1.0mm. 

2. The surface roughness on machined composite (UG-GFRP) rod is severally prejudiced by Tool 

feed rate (Rank 1), depth of cut (Rank 2) spindle speed (Rank3). 

3. The main effective parameter forgetting rough surface isspeed1000rpm, feed 0.10mm and depth of 

cut 1.5 this noteworthy factor for influencing the parameter is more. 

4. As wet machining water particles are inserting in to the fiber and takes 24 hours to get complete 

dry condition  

5. In cryogenic condition, after machining composite rods are getting dry in few seconds because of minus 

degrees liquid temperature. 

6. Over all comparative performance cryogenic condition got no pulling of fiber as compared to other 

condition  
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