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Abstract 

Currently, fibre reinforced composite materials are gaining 

more attention due to their specific advantages. Machining is 

an important process after preparation of material. Various 

machining operations (secondary operations) such as milling, 

drilling, turning and various unconventional processes are 

used for achieving near net shape and size of desired 

component. Fibre reinforced composite materials are less hard 

as compared to conventional materials so that less amount of 

cutting forces are required to achieve exact shape and size of 

desired component. Hence, a review on milling of fibre 

reinforced composite material will be helpful for various 

researchers and other manufacturing industries which are 

currently working in this field. This review shows detailed 

image of various issues which was occurred during milling of 

fibre reinforced composites. In addition, this review also 

represent different cutting parameters taken by various 

researchers during milling of fibre reinforced composite and 

also discuss its effect on responses such as delamination factor 

(Fd), surface roughness (Ra), resultant machining force (F) 

and torque (T). This review also describes various statistical 

methods used for finding out optimum cutting parameters and 

also shows a list of different instruments used for the 

measurement of responses. 

Keywords: Fibre reinforced composite (FRP), Milling, 

Delamination factor, Resultant machining force, Surface 

roughness, Torque  

 

 

 

 

 

Abbreviation: 

ANN – Artificial Neural Network 

ANOVA – Analysis of Variance 

DFA – Desirability Function Analysis  

GA – Genetic Algorithm 

RA – Regression Analysis 

RSM – Response Surface Methodology  

 

INTRODUCTION 

Nowadays, composite materials have attracting more attention 

due to their numerous advantages and unique mechanical 

properties. These properties cannot obtain directly from any 

other metal or alloy. As the name of the word ‘composite’ 

says its meaning, two or more constitutes (materials) are 

combined together for achieving our desirable mechanical 

properties. Most of composite materials are formed from two 

major components: one is matrix also referred as binder 

material and the second one may be either fibres or particles 

known as reinforcement [1]. 

From all composite materials, fibre reinforced polymer 

composite (FRP) has attract more attention due to its 

numerous advantages such as high strength to weight ratio, 

light in weight, good impact resistance, sound mechanical 

properties and they are also cheaper as compared to metal 

products. In FRP, both natural fibres, synthetic fibres or 

combination of both are used as a reinforcement material and 

matrix is made up of polymer.  
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Figure 1. Natural Fibres 

 

 

 

Figure 2. Synthetic Fibres 

 

Hand layup, vacuum bag moulding, resin transfer moulding 

and pultrusion are most common primary manufacturing 

methods for FRP. However, machining (secondary 

operations) like as turning, milling, drilling and punching etc. 

are also necessary to achieve final shape of product made 

from FRPs.  



International Journal of Applied Engineering Research ISSN 0973-4562 Volume 13, Number 10 (2018) pp. 7455-7465 

© Research India Publications.  http://www.ripublication.com 

7457 

FRPs are widely used in transport industries (automobiles, 

railway coaches, aerospace), military applications, building 

and constructions industries, goods packing industries etc. The 

use of fibre reinforced composite is very costly when they are 

used as building material like as ceilings, partitions, boards, 

windows and door frames that can be utilized at the times of 

natural disasters such as cyclones, floods, and earthquakes [2]. 

Above mentioned applications of FRP material are difficult 

without any type of improvement of machining processes 

during assembly of components. The complete studies of 

manufacturing processes are required because machining of 

FRPs are quite different than conventional machining of 

metallic parts. Drilling and milling are involved in machining 

of fibre reinforced composite to achieve near net shape of 

product. 

Milling of FRP is very important and most common process 

used in industries for removing excess material and also 

produces high quality surfaces and also used for joining 

structures of composite material. However, milling of fibre 

reinforced composite (FRP) material present no. of 

complications such as delamination damage factor or surface 

damage, surface roughness, fibre pull out and matrix failure 

associated with it due to characteristics of materials, selected 

cutting parameters used for machining, tool material and its 

geometry and also fibre orientation. Generally fibres are 

orientated either same as in cutting direction (unidirectional) 

or perpendicular to cutting direction (bidirectional) or in form 

of weaving pattern. Defects which are occurred during milling 

can ultimately decreasing product life. So that numbers of 

researches are going on machining of fibre reinforced 

composite for finding out proper cutting parameters, proper 

fibre orientation angle and tool material and its geometry for 

minimizing problems associated with it [3]. 

 

LITERATURE REVIEW 

Many researchers studied about influence of milling 

parameters on different FRP composite material. Koplev et al. 

(1983) studied about the influence of different cutting 

direction on generation of cutting forces during end milling of 

CFRP composite material by varying cutting parameters. 

They concluded that more cutting forces were developed 

when machining was carried out perpendicular to fibre 

orientation [4]. Davim et al. (2004) observed the behaviour of 

different resin material used for composite material 

preparation on machining force, delamination factor (Fd) and 

surface roughness (Ra) of GFRP composites. They used 

unsaturated polyester and propoxylated bispheonl as resin 

material. They concluded that propoxylated bisphenol based 

composite material (ATLAC 38205) exhibit lower machining 

force than unsaturated polyester based composite material. 

But unsaturated polyester based composite material (VIPAL 

VUP 9731) exhibit less damage and surface roughness. [5]. 

Davim and Reis (2005) studied about influence of no. of flutes 

of cutting tool and machining parameter on the surface 

roughness and delamination factor values for CFRP composite 

material. They observed that surface roughness value is 

increasing continuously with an increasing in feed rate value 

and with decreasing in cutting speed. Delamination damage 

factor value is increasing linearly with an increasing in feed 

rate and cutting speed. More delamination damage and high 

surface roughness occurred for six flute end mill tool as 

compared to two flute end mill tool [3]. Palanikumar (2006) 

studied about influence of fibre orientation angle on surface 

roughness of GFRP composite. He observed that surface 

roughness value was less for 30o fibre orientation angle and its 

value rapidly increases after 30o fibre orientation angle [6]. 

Puw and Hocheng (2007) studied about the effect of fibre 

orientation angle on the cutting force value and surface quality 

during machining of CFRP composite. They observed that no 

burrs were formed at 0o fibre orientation angle. At 45o & 90o 

fibre orientation angle shear and tensile mode type failure 

occurred of carbon fibres. They also observed that cutting 

speed had major impact on surface roughness value [7]. 

Razfar and Zadeh (2008) suggested that lower feed rate, high 

spindle speed and low no. of flutes were optimum end milling 

conditions for low surface roughness and lower feed rate, low 

spindle speed, high depth of cut with low no. of flutes are 

optimum conditions for GFRP composite material machining. 

They suggested an optimum conditions with help of artificial 

neural network (ANN) and genetic algorithm (GA) [8]. 

Rusinek (2010) observed that cutting force value for CFRP 

composite increased non- linearly with increasing in feed rate. 

They also found that there was no any significant effect of 

feed rate value in cutting force value and there was no any 

relation between cutting speed and cutting force value [9]. 

Lopez et al. (2010) studied about two different types of 

synthetic fibre such as carbon and Kevlar by varying tool 

material for machining of composite material. They concluded 

that pyramidal edges milling tool or multi tooth milling tool 

was better than single point cutting tool because they could 

not produce force along Z direction. Milling tool coated with 

6% Co with 4µm monolayer thick of TiAlN had higher tool 

life than other type of tools. They also found that cutting force 

value for combined carbon and kevlar fibre composite 

material was high than only carbon fibre based composite 

material [10]. Azmi et al. (2012) observed that abrasion type 

of uncoated tungsten tool was occurred during machining of 

GFRP composite. They also observed that minimum tool wear 

occurred at 90o fibre orientation angle. Machining force value 

was majorly affected by cutting velocity and feed force (Fx) 

value was high as compared to cutting force value (Fy) [11]. 

Raj et al. (2012) had found values of surface roughness (Ra) 

and delamination damage factor (Fd) values for GFRP 

composite by varying tool material and cutting parameters. 

They suggested that lower feed rate, lower depth of cut and 

also high cutting speed were optimum cutting parameters for 

low surface roughness. They observed that coated type milling 

tool provided better results than uncoated tool [12]. Babu and 

Kasu (2012) and Babu et al. (2013) had studied about cutting 

parameters on different natural fibre reinforced composite 

(NFRC) and they also compared results of NFRC with GFRC 

for same cutting parameters. They observed that jute fibre 

reinforced composite (JFRC) had high surface roughness and 

more delamination damage than other NFRC and GFRC 

composite. They found that hemp fibre reinforced composite 

offered high surface finish and less delamination damage than 

jute, banana and glass fibre reinforced composite [13, 14]. 

Azmi et al. (2013) observed that tool life was totally 
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dependent on feed rate and cutting speed for milling of GFRP 

composite. 54% and 45% contribution of feed rate and depth 

of cut on machining force value. Surface roughness value was 

majorly affected by feed rate value [15]. Sreenivasulu (2013) 

observed the effect of different cutting parameter on 

delamination factor and surface roughness values during end 

milling of GFRP composite.  He observed that depth of cut 

had major influence on surface roughness value and 

delamination damage factor value was majorly affected by 

cutting speed. He also suggested an optimum cutting 

parameters for machining that was 1000RPM cutting speed, 

200mm/min feed rate and 1.5mm depth of cut [16]. 

Jenarthanan and Jeyapaul (2013) had optimized cutting 

parameters, tool helix angle and fibre orientation angle for 

GFRP composite material. They suggested that low fibre 

orientation angle, low helix angle of tool with medium spindle 

speed and low feed rate were optimum parameters for 

obtaining less delamination factor and low surface roughness 

of GFRP composite [17]. Erkan et al. (2013) performed 

experiment on GFRC composite and they found that less 

delamination damage was occurred when machining was 

carried out with high no. of flutes of cutting tool and at lower 

feed rate [18]. Kilickap et al. (2013) studied about the 

influence of cutting parameters and tool parameters on surface 

roughness (Ra), delamination factor (Fd) and machining force 

value of CFRP composite. They observed that surface 

roughness, delamination damage and cutting force value 

increases continuously with an increasing in feed rate value 

and its value decreases as cutting speed increases. Less 

delamination had occurred when machining was carried out 

with high no. of flutes if cutting tool [19]. Jenarthanan et al. 

(2014) studied about effect of tool helix angle, fibre 

orientation angle and end milling parameters on machining 

force for GFRP composite. From experiments they concluded 

that machining force value is increasing continuously with an 

increasing in feed rate and fibre orientation angle but its value 

decreases with an increasing in tool helix angle [20]. Hintze et 

al. (2014) studied about influence of weaving pattern of CFRP 

composite on delamination and surface roughness. They 

observed that delamination was higher at 90o fibre orientation 

angle and negligible damage occurred at 0o fibre orientation 

angle. They concluded that delamination of weaved CFRP 

composite was less as compared to unidirectional and 

bidirectional composite [21]. Isalm et al. (2015) studied about 

delamination and normal cutting forces of unidirectional fibre 

reinforced plastics based on concept of effective cutting zone. 

They used 45o fibre orientation angle and cutting angle was 

varied from 45o to 135o. They observed that crushing and 

peeling mechanism play major role for material removal when 

cutting angle was 45o and 135o so that 45o and 135o called as 

critical cutting angle.  Minimum cutting forces was observed 

when effective critical cutting range (ECCR) was 45o at 0o 

fibre orientation angle. Normal forces value increased with an 

increasing in feed rate but its value decreased with an 

increasing in spindle speed for all fibre orientation angles 

[22]. Ghafarizadeh et al. (2015) had investigated effect of 

milling parameters and fibre orientation angle on cutting 

temperature, machining force and surface roughness of CFRP 

composite. They concluded that cutting temperature was 

linearly increased with an increasing in cutting speed. They 

observed that cutting forces value increased when speed was 

increased as cutting speed was increased from 200 to 

300m/min but its value was decreased after 300m/min. They 

also observed that cutting temperature value was almost same 

for 45o and 135o fibre orientation angle. At the end they 

suggested that to achieve better surface finish 0o and 90o fibre 

orientation angle with low cutting speed was preferable [23]. 

Ghafarizadeh et al. (2015) studied about influence of tool lead 

edge angle on machining force and surface roughness of 

CFRP composite. They observed that minimum surface 

roughness was observed at 0o tool lead edge angle for high 

cutting speed and at 5o tool lead edge angle for low cutting 

speed. They also observed that minimum cutting force was 

observed at 0o and -10o tool lead angles for low and high 

cutting speed respectively [24]. Mathivanan et al. (2016) had 

showed comparison between CFRP and GFRP composite for 

same cutting parameters.  They observed that machining force 

value for CFRP composite was higher than GFRP composite 

for same cutting parameters because strength of carbon fibres 

was high than glass fibres [25]. Wang et al. (2016) had 

established the relationship between cutting temperature and 

fibre orientation angle for CFRP composite with variation in 

cutting parameters. They observed that cutting forces value 

decreased with increasing in fibre orientation angle and 

cutting temperature value for 45o fibre orientation angle was 

less as compared to 135o fibre orientation angle [26]. Jia et al. 

(2016) studied about the failure of polycrystalline diamond 

(PCD) tool during milling of CFRP composite by varying 

cutting parameters and fibre orientation angle. They found 

two reasons for failure of PCD tool and that was extreme 

crashing and ploughing of uncut fibres on tool and serious 

impact of fibres strongly supported on cutting edge. They 

observed that wear of PCD tool was occurred when cutting 

speed was more than 9.42m/sec. They also gave a suggestion 

for avoiding tool wear of PCD tool select an optimum tool 

geometry and apply lubrication during machining of CFRP 

composite [27]. Bayraktar and Turgut (2016) studied about 

effect of milling parameters and tool geometry on generation 

of machining force and surface roughness value for CFRP 

composite. They observed that machining force value 

increased with increasing in feed rate and at less no. of flutes. 

Machining force value for uncoated carbide tool was higher 

than coated carbide tool. They also observed that surface 

roughness value increased with an increasing in feed rate, tool 

helix angle and no. of flutes [28]. Chibane et al. (2017) 

measured cutting temperature, vibration and cutting forces for 

CFRP composite. They observed that delamination damage 

was regularly occurred beyond threshold vibration and its 

value is increases with increasing in level of vibration. They 

also observed that vibration level is increases with an 

increasing in feed rate and depth of cut. Workpiece 

temperature and cutting forces values were increased with an 

increasing in cutting speed and chip thickness [29]. Mutalib 

and Jamal (2017) have studied about the effect of milling 

parameters on delamination for banana fibre reinforced 

composite. They used HSS end mill having 6mm diameter for 

milling on banana fibre reinforced composite sheet.  They 

observed that delamination factor value is increases as feed 

rate value increases but its value decreases with an increasing 

in cutting speed [30]. 
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STATISTICS AND DESIGN TOOLS FOR 

MACHINABILITY ASSESSMENT 

Majority of authors used analysis of variance (ANOVA), 

regression analysis for finding out significance and 

contribution of cutting parameters (spindle speed, feed rate, 

depth of cut, no. of flutes of cutting tool as well as helix angle 

of cutting tool) on responses such as delamination factor, 

surface roughness, machining force for various fibre 

reinforced composites as shown in table 1. 

 

Table 1. Statistics and design tools for machinability assessment 

Sr. 

No. 

Author Factors explored Tool Used 

1 Davim et al. (2004) Delamination damage of GFRP ANOVA 

2 Davim and Reis (2005) Surface roughness and Delamination damage of CFRP ANOVA, RA 

3 Palanikumar et al. (2006) Surface roughness of GFRP ANOVA 

4 Razfar and Zanjani (2008) Delamination and Surface roughness of GFRP ANN and GA 

Sr. 

No. 

Author Factors explored Tool Used 

5 Babu and  Kasu (2012) Delamination of NFRC ANOVA 

6 Raj et al. (2012) Delamination factor and Surface roughness of GFRP ANOVA, RSM and ANN 

7 Azmi et al. (2013) Surface roughness of GFRP Taguchi’s method, RA 

8 Sreenivasulu (2013)  Delamination and Surface roughness of GFRP Taguchi design method and 

ANN 

9 Jenarthanan and Jeyapaul 

(2013) 

Surface roughness and Machining force of GFRP  DFA 

10 Babu et al. (2013) Surface Roughness and Delamination damage of NFRC and 

GFRP 

ANOVA and RA 

11 Erkan et al. (2013) Delamination damage of GFRP  ANN 

12 Sreenivasulu (2014) Surface roughness and Delamination damage of GFRP ANOVA and DFA 

13 Jenarthanan et al. (2014) Machining force of GFRP ANOVA, RA and ANN 

14 Islam et al. (2015) Delamination damage of CFRP Correlation analysis 

15 Wang et al. (2015) Surface roughness of CFRP  RSM 

16 Bayraktar and  Turgut (2016) Surface roughness and Cutting force of CFRP ANOVA and Taguchi method 

17 Chibane et al. (2017) Cutting temperature, Vibrations  and Cutting forces of 

CFRP 

RSM 

18 Khairushima et al. (2017) Surface roughness and Delamination damage of CFRP RSM and RA 

 

INSTRUMENTS USED FOR MEASUREMENT OF 

RESPONSES 

Instruments were used by various researchers for 

measurement of responses like as machining force, 

delamination factor, tool wear, cutting temperature and 

surface roughness is describes in table 2. 
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Table 2. Instruments used for measurement of responses 

Sr. 

No. 

Author Output Parameter Instrument used for measurement 

1 Davim et al. (2004) Machining force Kistler piezoelectric dynamometer 9257B 

Surface roughness Hommeltester T1000 profilometer 

2 Davim and Reis (2005) Surface roughness Hommeltester T1000 profilometer 

Delamination  Shop microscope Mitutoyo TM 500 

3 Razfar and Zanjani (2008) Surface roughness Hommel Tester T8000 (Hommelwerke) 

Delamination  Microscope with magnification 

of 500 

4 Rusinek (2010) Machining force Piezoelectric dynamometer 

5 Lopez et al. (2010) Machining force Kistler dynamometer plate 

(type 99255B) 

6 Azmi et al. (2012) Machining force Kistler dynamometer 

Tool Wear Leica MZ16 stereomicroscope 

7 Raj et al. (2012) Delamination  CEDIP Focal Plane Array Camera (Silver 420M) 

Surface roughness Surfcoder SF 1700 

8 Azmi et al. (2013) Machining Force Kistler® 5,001 amplifier 

Surface roughness Taylor Hobson Surtronic-3 surface measurer 

Tool wear Leica MZ16 stereo microscope at × 115 magnification 

9 Sreenivasulu 

(2013) 

Surface roughness Surface analyser of form 

Talysurf 50 

Delamination Travelling Microscope with an accuracy of 10μm 

10 Jenarthanan and Jeyapaul 

(2013) 

Surface roughness Stylus type profilometer Mitutoyo SJ-201. 

Delamination  Shope microscope Mitutoyo TM-500 

Machining Force Kistler dynamometer 

11 Babu et al. 

(2013) 

Delamination  Mitutoyo TM 500 toolmakers’ microscope of 1μm resolution 

with 30X 

magnification 

Surface roughness Surf Test stylus instrument (SJ-301 series, Mitutoyo) 

Sr. 

No. 

Author Output Parameter Instrument used for measurement 

12 Erkan et al. (2013) Delamination  CAD software 

13 Kilickap et al. (2013) Machining force Kistler piezoelectric dynamometer (Type 9257B) 

Surface roughness Taylor-Hobson Surtronic 3+ 

14 Sreenivasulu (2014) Surface roughness Talysurf 50 

Delamination  Tool makers microscope with magnification 200X 

15 Jenarthanan et al. (2014) Machining force Kistler 

dynamometer 

16 Hitnze et al. (2014) Delamination  Wild Heer-brugg stereo microscope 

17 Ghafarizadeh et al. (2015) Cutting temperature K-type thermocouples 

Surface roughness Digital microscope (Kenyence VHC-500F type), Olympus 

LEXT 

OLS4000 3D confocal laser microscope and 

Hitachi S-3600N electronic microscope 

18 Ghafarizadeh et al. (2015) Machining force Kistler 9255B 

Surface roughness Mitutoyo SJ400 contact profilometer 

19 Wang et al. (2015) 

 

Surface roughness White light interferometer 

Veeco NT9300 



International Journal of Applied Engineering Research ISSN 0973-4562 Volume 13, Number 10 (2018) pp. 7455-7465 

© Research India Publications.  http://www.ripublication.com 

7461 

20 Mathivanan N. et al. (2016) Machining force Kistler dynamometer 

21 Wang et al. (2016) Cutting temperature Thermo couples 

Surface quality Scanning electron microscope 

22 Bayraktar and  Turgut (2016) Cutting forces KISTLER 9257B type dynamometer 

Surface roughness Mahr Perthometer M1 

23 Chibane et al. (2017) Vibration Tri-axial accelerometer 

Machining force Kistler mod.9255B 

Delamination damage Stereomicroscope 

Temperature of machined 

surface 

Infrared camera 

24 Khairushima et al. (2017) Surface roughness WYKO Profiling Microscope 

Delamination  Scanning electron microscope 

25 Mutalib and Jamal (2017) Delamination  Tool maker microscope 

 

EFFECT OF CUTTING PARAMETERS ON 

DELAMINATION FACTOR (Fd) 

Erkan et al. (2013) observed that delamination factor value 

decreases with an increasing in depth of cut value. The 

reason is that vibrations occurred at higher depth cut value 

can be absorbed by resin material therefore smooth 

machining process can be carried out so that delamination 

factor value decreases [18]. While Sreenivasalu (2013) 

observed that delamination factor value is decreases up to 

moderate spindle speed and after that its value increases 

[16]. Raj et al. (2012) observed that delamination factor 

value increases with an increasing in depth of cut as shown 

in figure 3(a) [12]. Many researchers observed that 

delamination factor value is increases as feed rate value 

increases and this is due to interlaminar shear stresses. 

Interlaminar shear stresses values are increase with an 

increasing in feed rate as shown in figure 3(b). Jenerthanan 

and Jeyapaul (2013) observed that delamination factor value 

is increasing continuously as helix angle of cutting tool 

increases as shown in figure 3(c) [17]. Some researchers 

observed that as value of spindle speed increases, 

delamination factor value increases and this is due to 

increasing in plastics deformation of FRP material at higher 

cutting speed. Few of them also observed that delamination 

factor value reduces as spindle speed increases as shown in 

figure 3(d). 

 

 

  

(a) (b) 

  

(c) (d) 

Figure: 3 Influence of milling parameters on delamination 
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EFFECT OF CUTTING PARAMETERS ON 

MACHINING FORCE (F) 

Jenerthanan et al. (2016) observed that machining force 

value increases with an increasing in depth of cut as shown 

in figure 4(a) [20]. Many researchers reported that as feed 

rate value increases, machining force value increases as 

shown in figure 4(b). Jenerthanan and Jeyapaul (2013) and 

Jenerthanan et al. (2016) observed that machining force 

value reduces with an increasing in helix angle of cutting 

tool. The reason is that as helix angle increases, amount of 

gap between tool rake surface and work material increases 

which can lead to easily removal of chip from base material 

as shown in figure 4(c) [17, 20]. Majority researchers 

observed that machining force value decreases as spindle 

speed value increases. Few researchers also observed that 

delamination factor value is increases with an increasing in 

spindle speed as shown in figure 4(d). 

 

 

  

(a) (b) 

  

(c) (d) 

Figure: 4 Influence of milling parameters on machining force 

 

 
 

(a) (b) 

  

(c) (d) 

Figure: 5 Influence of milling parameters on surface roughness 
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EFFECT OF CUTTING PARAMETERS ON 

SURFACE ROUGHNESS (Ra) 

Raj et al. (2012) observed that surface roughness value first 

decreases up to certain limit of depth of cut but after that its 

value increases as shown in figure 5(a) [12]. Many 

researchers observed that surface roughness value is 

increases continuously with an increasing in feed rate value. 

The reason is that as feed rate increases, it can generate 

more amount of heat and hence tool wear and chatter 

increases and also it can require larger amount of cutting 

forces and that can increase chip thickness so that surface 

roughness value increases as shown in figure 5(b). 

Jenerthanan and Jeyapaul (2013) observed that with an 

increasing in helix angle of cutting tool, surface roughness 

value increases as shown in figure 5(c) [17]. Many 

researchers observed that surface roughness value decreases 

as spindle speed increases. Few researchers observed that its 

value increases with an increasing in spindle speed. While, 

Raj et al. (2012) observed that surface roughness value first 

decreases and after certain value of spindle speed its value 

increases as shown in figure 5(d) [12]. 

 

REGRESSION ANALYSIS 

Regression analysis is also referred as mathematical 

modelling. Regression equation shows a relationship 

between responses and cutting parameters used for milling 

of FRPs. Table 3 shows regression equations were derived 

by researchers for various FRP material. 

 

Table 3. Regression equations of responses for different FRP material 

Sr. 

No. 

Author Workpiece 

material 

Cutting Parameters Multi Regression Analysis (MRA) Equation 

Cutting    speed (A) Feed rate (B) Depth  

of cut (C) 

Other (D) 

1 Davim and Reis 

(2005) 

CFRP 28 

38 

47 (m/min) 

200 

410 

860 (mm/min) 

- - For Two- flute end mill: 

𝑆𝑢𝑟𝑓𝑎𝑐𝑒 𝑅𝑜𝑢𝑔ℎ𝑛𝑒𝑠𝑠 = 1.76 − 2.40 ×  10−2  × 𝐴 + 1.71 ×  10−3  × 𝐵 

𝐷𝑒𝑙𝑎𝑚𝑖𝑛𝑎𝑡𝑖𝑜𝑛 𝐹𝑎𝑐𝑡𝑜𝑟 = 1.00 − 6.58 ×  10−5  × 𝐴 + 2.34 ×  10−5  

× 𝐵 

For Six- flute end mill 

𝑆𝑢𝑟𝑓𝑎𝑐𝑒 𝑅𝑜𝑢𝑔ℎ𝑛𝑒𝑠𝑠 = 1.76 − 7.70 ×  10−3  × 𝐴 + 1.75 ×  10−3  × 𝐵 

𝐷𝑒𝑙𝑎𝑚𝑖𝑛𝑎𝑡𝑖𝑜𝑛 𝐹𝑎𝑐𝑡𝑜𝑟 = 1.01 − 2.58 ×  10−3  × 𝐴 + 2.73 ×  10−5  

× 𝐵 

2 Jenarthanan et 

al. (2016) 

GFRP 2000 

4000 

6000 

(rpm) 

500 

750 

1000 

(mm/min) 

1 

1.5 

2 

(mm) 

Helix angle of 

tool 

25o, 35o 45o 

For 15o fibre orientation: 

𝑀𝑎𝑐ℎ𝑖𝑛𝑖𝑛𝑔 𝐹𝑜𝑟𝑐𝑒 = 29.1 − 0.000917 × 𝐴 + 95.4 × 𝐵 + 2.9 × 𝐶

+ 0.532 × 𝐷 

For 60o fibre orientation angle: 

𝑀𝑎𝑐ℎ𝑖𝑛𝑖𝑛𝑔 𝐹𝑜𝑟𝑐𝑒 = 40.6 + 0.000425 × 𝐴 + 75 × 𝐵 + 1.8 × 𝐶

+ 0.615 × 𝐷 

For 105o fibre orientation angle: 

𝑀𝑎𝑐ℎ𝑖𝑛𝑖𝑛𝑔 𝐹𝑜𝑟𝑐𝑒 = 34.7 + 0.000733 × 𝐴 + 76.3 × 𝐵 + 2.37 × 𝐶

+ 0.440 × 𝐷 

3 Babu et al. 

(2013) 

GFRP 

HFRP 

JFRP 

BFRP 

16 

24 

32 (m/min) 

0.10 

0.20 

0.30 (mm/rev) 

- - GFRP 

𝐷𝑒𝑙𝑎𝑚𝑖𝑛𝑎𝑡𝑖𝑜𝑛 𝐹𝑎𝑐𝑡𝑜𝑟 = 1.20 − 0.00434 × 𝐴 + 0.671 × 𝐵 

𝑆𝑢𝑟𝑓𝑎𝑐𝑒 𝑅𝑜𝑢𝑔ℎ𝑛𝑒𝑠𝑠 = 1.92 − 0.0429 × 𝐴 + 4.25 × 𝐵 

HFRP 

𝐷𝑒𝑙𝑎𝑚𝑖𝑛𝑎𝑡𝑖𝑜𝑛 𝐹𝑎𝑐𝑡𝑜𝑟 = 1.15 − 0.00388 × 𝐴 + 0.448 × 𝐵 

𝑆𝑢𝑟𝑓𝑎𝑐𝑒 𝑅𝑜𝑢𝑔ℎ𝑛𝑒𝑠𝑠 = 1.46 − 0.0393 × 𝐴 + 5.34 × 𝐵 

JFRP 

𝐷𝑒𝑙𝑎𝑚𝑖𝑛𝑎𝑡𝑖𝑜𝑛 𝐹𝑎𝑐𝑡𝑜𝑟 = 1.22 − 0.00756 × 𝐴 + 0.958 × 𝐵 

𝑆𝑢𝑟𝑓𝑎𝑐𝑒 𝑅𝑜𝑢𝑔ℎ𝑛𝑒𝑠𝑠 = 2.65 − 0.0541 × 𝐴 + 6.18 × 𝐵 

BFRP 

𝐷𝑒𝑙𝑎𝑚𝑖𝑛𝑎𝑡𝑖𝑜𝑛 𝐹𝑎𝑐𝑡𝑜𝑟 = 1.23 − 0.00705 × 𝐴 + 0.782 × 𝐵 

𝑆𝑢𝑟𝑓𝑎𝑐𝑒 𝑅𝑜𝑢𝑔ℎ𝑛𝑒𝑠𝑠 = 2.19 − 0.0527 × 𝐴 + 5.05 × 𝐵 

4 Azmi et al. 

(2013) 

GFRP 3000 

4000 

5000 

(rpm) 

 

500 

750 

1000 

(mm/min) 

1 

1.5 

2 

(mm) 

- 𝑆𝑢𝑟𝑓𝑎𝑐𝑒 𝑅𝑜𝑢𝑔ℎ𝑛𝑒𝑠𝑠 =  100.293  ×  𝐴−0.232 ×  𝐵0.313  ×  𝐶0.025  

𝑇𝑜𝑜𝑙 𝐿𝑖𝑓𝑒 =  1011.398  ×  𝐴−0.911 ×  𝐵−1.922  ×  𝐶−0.201  

𝑀𝑎𝑐ℎ𝑖𝑛𝑖𝑛𝑔 𝐹𝑜𝑟𝑐𝑒 =  10−1.214  ×  𝐴−0.156 ×  𝐵1.136  ×  𝐶1.048  

5 Khairushima et 

al. (2017) 

CFRP 500 

3500 

(m/min) 

100 

900 

(mm/min) 

0.5 

2 

(mm) 

- 𝑆𝑢𝑟𝑓𝑎𝑐𝑒 𝑅𝑜𝑢𝑔ℎ𝑛𝑒𝑠𝑠 = 1.92 − 0.12 × 𝐴 + 0.22 × 𝐵 + 0.24 × 𝐶 

𝐷𝑒𝑙𝑎𝑚𝑖𝑛𝑎𝑡𝑖𝑜𝑛 𝐹𝑎𝑐𝑡𝑜𝑟 = 1.31 − 0.046 × 𝐴 + 0.016 × 𝐵 + 0.024 × 𝐶 
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CONCLUSION 

This review paper has focused a comprehensive review on 

the various problems occurred during milling of FRP 

composite material. The following conclusions are drawn 

which are described as follows: 

 The parameters used for composite material 

development which can decide the characteristics of the 

composite material and also it can directly or indirectly 

affect on the machinability of composite material. 

  Selection of proper cutting parameters used for milling 

of FRPs is an important issue so that this paper also 

describes different cutting parameters were taken by 

various researchers for milling of different FRP 

material. 

 Machinability of composite material can be measured 

using serval factors. In this review paper, instruments 

were used by various researchers for measurement of 

various responses is described. 

 Statistical and optimization techniques were used for 

finding out significance, contribution of each 

parameters on responses and also finding out optimum 

cutting parameters for milling of different FRP material. 

This paper also describes various statistical and 

optimization techniques were used by various 

researchers.  
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