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ABSTRACT 

 
        The use of fiber reinforced plastic (FRP) has increased over the last decade and the number of research focused on relevant aspects 

concerning the machinability of this materials has also grown exponentially. The aim of this paper is to present a systematic literature 
review on the machining of FRP composites, emphasising on  milling of carbon and glass fiber reinforced plastics. It also aims to evaluate 

the current state of the art in the research  on milling of FRP composites . This paper focus on the relationship of milling parameters on the 

machinability parameters in milling FRP composites material. Milling parameters  include cutting parameter, tool geometries/coating and 
fiberorientation. The machinability outputs include: surface roughness, delamination, cutting force, hole quality, tool wear, mechanical and 

thermal damage and residual strength.  
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INTRODUCTION 

 

Fiberreinforced plastic (FRP) composites are 

attractive engineering materials for variety of 

applications due to many features. This includes low 

weight, low cost, ease of processing and shaping, and 

corrosion resistance. In FRPcomposites, the fibers 

carry the bulk of the load whereas the matrix serves 

as a medium for  transferringthe load on the 

composites. Due to its different phases of materials 

with distinguished mechanical and thermal 

properties, this brings in complicated interactions 

between the matrix and the reinforcement during 

machining [25]. 

Thus, the mechanism of machining composites 

has been recognised as a process different from that 

of homogeneous metal [34]. The composite materials 

are characterised by unique anisotropic, structural 

non-homogeneity and lack of plastic deformation 

[1,10]. It was observed that the damages during 

machining on FRP laminates reduced the strength 

and fatigue life of the composite parts. 

FRP composites are widely used in the 

construction, aerospace and transportation industries 

as well as in medical and military sectors. However, 

the wider applications of FRP composites have often 

been hindered due to the difficulty and high cost 

associated with shaping them into damage free 

composite parts with requisite tolerances and surface 

finish.Generally, parts made of composites are 

produced to a near-net shape and drilling is the most 

popular and commonly used machining process.  

Beside the drilling process, milling can also be 

considered as another important machining process 

in the manufacturing parts made out of FRP 

composites. However, unlike milling of metals which 

is characterised by high material removal rates, 

milling of FRP composites is usually not a preferred 

method  ofmachining process. The reason for this is 

that FRP components are largely made near net 

shape and any subsequent milling is limited mainly 

to deburring and trimming as well as to achieving 

contour shape accuracy [30]. However, the milling of 

composites components remains a challenge. There 

have been several studies in the literature on damage, 
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surface roughness, and cutting forces in milling of 

CFRP composites [20,8]. 

In thispaper, review of milling of FRP 

composites will be focused on carbon fiber and glass 

fiber reinforced plastics.Carbon fiber reinforced 

plastic (CFRP), glass fiber reinforced plastic, 

(GFRP) and aramid fiber reinforced plastic (AFRP) 

are composites which are widely used for both low 

and high technologies engineering applications [7] 

which involve design, equipments and finished 

products. Among these fibers, carbon fiber not only 

offers the maximum degree of strength and wear 

resistance enhancement but also boosts the thermal 

conductivity, which is crucial from a tribological 

point of view [36]. For GFRP composites, they are 

also widely used in several important industrial 

sectors, such as aerospace, aircraft, automobile and 

sport goods, due to their properties such as high 

specific strength, high specific modulus of elasticity, 

light weight, corrosion resistance, etc. [33].   

A search of the Science Direct Academic 

electronic database which only provides  impact 

journalarticles yielded surprisingly limited studies 

relating milling to FRP compositesbetween 2003 and 

2013. Only 5 studies have been reported on carbon 

fiber reinforced plastics and 4 studies on glass fiber 

reinforced plastics. Apart from  the Science Direct 

database, Scopus, the largest abstract and citation 

database of peer-reviewed literature, between 2003 to 

2013 has shown an increasing trend where almost 40 

journal / conference paper relating milling toward the 

FRP composites.  

Therefore, this paper aims to present a 

systematic literature survey onmilling operation of 

glass and carbon fiber reinforced plastics(GFRP and 

CFRP, respectively). It also aims to evaluate the 

current state of the art in the research on milling of 

FRP composites .This paper focus on the relationship 

of milling parameters on the machinability 

parameters in milling FRP composites material. 

Milling parameters usuallyinclude cutting parameter, 

tool geometries/coating and fiber orientation. The 

machinability parameters will include: surface 

roughness, delamination, cutting force, hole quality, 

tool wear, mechanical and thermal damage and 

residual strength. However for this review paper only 

surface roughness, delamination and cutting force 

will be discussed in detail.  

 

Current Research in Milling of FRP composites: 

Research on  drilling on FRP composites 

isnearly reaching its maturity. This is because 

drilling holes in composites materials is a very 

common and essential inperform the assembly of 

aerospace and automotive composites structure [11]. 

The applications require high quality machined 

surfaces, including dimensional accuracy and surface 

integrity. Despite that drilling of FRP composites 

often causes severe damage represented by 

delamination, fiber pull out, fiber fragmentation 

burning and fuzzing. However compared to the 

machining of metals, the investigations on machining 

FRP composites  are insufficient and limited to some 

special applications, such as edge trimming, effects 

of tool materials and geometry, machining induced 

structural integrity, size effect in orthogonal cutting  

and mechanism of chip formation  and drilling.Due 

to the complexity of the FRP composites structures, 

the deformation mechanism of the materials under 

cutting are still undergo the research, even though a 

simply structured composite was attempted. 

Based on the aforementioned statement beside 

the drilling process, milling machining operation has 

received significant  attention from the researcher 

over the past 10 years. Puw and Hocheng (1993)were 

the first to report some preliminary results of milling 

uni-directional carbon fiber reinforced plastic 

composite.  Milling composite materials are 

significantly affected by the tendency of these 

materials to delaminate under the action of 

machining forces, namely cutting force, feed force 

and depth force. With the regard to improving the 

quality of the machined surface, some problems, 

such as surface delamination and fibre/resin pullout, 

must be avoided. In order to alleviate these problems, 

and achieve the desired quality of the machined 

surface, it is necessary to understand the cutting 

mechanisms of material removal, and the kinetics of 

machining processes affecting the performance of the 

cutting tools [31]. 

In recent years, research on milling has focused 

on the relationship between milling parameters  with 

machinability parameters of carbon fiber and glass 

fiber reinforced composites. A summary of this 

machinability parameters used in milling research for 

the last decade is given in Table 1.0. 

From Table 1, processing parameter appears to 

be the  potentialarea of research area. On the 

contrary: the effect of fiberorientationscan be another 

possible area to study due to limited data on that 

area.  

For machinability outputs, surface roughness 

shown the highest frequency since it is relevant to the 

industry need, in which if the surface roughness is 

not control it will affect the quality and also increase 

the production cost. Delaminationis also as important 

as surface roughness since it will affect the 

mechanical properties and dimensional tolerance. On 

the other hand, cutting force has shown an increasing 

trend because it will affect the strength of composites 

especially in mechanical effect.   

Research on glass fiber reinforced plastic still 

has a demand even though carbon fiber is the choice 

for high end product. The use of hybrid composites 

in machining is still relatively small, hence this type 

of composites has a potential to explore. It is also to 

note that  previously most of the research reported on 

experimental work, in which the result from the 

experiment was presented straight away. Nowdays 

the uses of statistical program is a must in order to 
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determine the significant and reliable result. Taguchi 

and ANOVA are the popular design of experiment 

and statistical process has been used to support 

optimization and modelling. 

 

Influence of milling parameters on machinability 

parameters  of FRPs: 

Surface Roughness: 

Study on the surface roughness of FRP 

composites after machining operation has attracted a 

number of attention among researchers worldwide as 

part of machinability assessment [13]. This is mainly 

due to the fact that surface roughness is closely tied 

to the accuracy or tolerance of a machine component. 

Geometric irregularities and metallurgical alterations 

of machined surfaces are important aspects that need 

to be defined and controlled because it will affect the 

performance of the mechanical pieces and production 

cost.Therefore, surfacefinish and surface integrity 

must be defined, measured, and maintained. The 

final finish on a machined surface is a function of 

tool geometry, tool material, the run out errors in 

tool, mechanical properties of work piece material, 

machining process, cutting speed, feed, depth of cut, 

and cuttingfluid.  

From literature, it is evident that the number of 

research done on milling FRP composites  from 2004 

– 2013 shows an increasing trend especially in 

investigating the influence of cutting parameters on 

the surface roughness. One of the published articles 

is by Davim and Reis [9] in which they investigated 

the influence of cutting parameters such as cutting 

speed and feed rate on the surface roughness, 

delamination factor, and international dimensional 

precision in milling laminate plates of CFRP 

composites using cemented carbide end mills. In 

their study,an empirical relationship between cutting 

parameters and surface roughness and delamination 

factor was established.It was reported that the surface 

roughness and delamination factor  was strongly 

influenced by feed rate. 

 

  

 

 
Table 1.0: Research on relationship between milling parameters and machinability output 

 

 

 

Milling/Drilling  Parameters

Cutting Parameter 8 x x x x x x x x

Tool geometries/coating 5 x x x x x

Tool wear

Fiber orientation 1 x

Machinability parameters

Surface Roughness 7 x x x x x x x

Delamination 4 x x x x

Cutting force 3 x x x

Hole quality 2 x x

Mechanical and Thermal damage

Residual Strenght

Other

Chip formation

Optimization/modelling 3 x x x

Milling vs Drilling

Hybrid 

Glass 7 x x x x x ? x x

Carbon 1 x ?

Anova 6 x x x x x x

Taguechi 6 x x x x x x

Multiple Regression Analysis 1 x  

Respond Surface Methodology

S/N ratio 4 x x x x

Temperature

Vibration

GONNs 1 x

DFA 1 x
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In another study, Davim et al. [11] presented an 

evaluation of cutting parameters related to machining 

force in the work piece, delamination factor, surface 

roughness, and international dimensional precision in 

milling GFRP composites. Evaluation of machining 

parameters of hand layup GFRP composites related 

to machining force was also carried out  on milling 

using cemented carbide (K10) end mill. 

Similar work was carried out by Erol et al. [14] 

who investigated end milling test on theCFRP  

composites. It was also found that different cutting 

parameter and number of flute influenced thesurface 

roughness of the CFRP composites. The authors 

claimed that the best machining conditions can be  

achieved with  low feed rate and four-flute end mill. 

In a recent study, Erkan et al. havecarried out a 

study to determinethe relationship between the 

cutting parameters of end milling operations and the 

surface roughness of the machined component. They 

reported  that the surface roughnessimproved with 

increasing cutting speed and decreasingfeed rate. 

They also found that the number of flutes (cutting 

edges) seemed to improve the surface quality.  

Reddy Sreenivaslu [29] investigated  the 

influence of cutting speed, feed rate and depth of cut 

on the delamination damage and surfaceroughness on 

GFRP composites in end milling.Contrary to 

previously reportedresults,depth of cut was found to 

be the most significant parameter in affecting the 

surface roughness.  Meanwhile, Balamugundan et al. 

[5] have claimed that minimal surface roughness can 

be obtained by loweringthe cutting speed and  feed 

rate, but increasing the depth of cut. Clearly, both of 

these results contradictory to that of Erkan et al., in 

which the depth of cut did not make any significant 

effect on the surface roughness within the tested 

range.  

Sorrentino andTurchetta (2010) studied the 

relationship between cutting force and surface 

roughness with the relevant cutting parameters, such 

as  cutting speed, axial depth of cut and the feed rate.  

They presented the results through ANOVA analysis, 

which showed that the surface roughness 

deterioratedwith increasing feed speed. Narayana et 

al. investigated  the influence of cutting parameters 

such as  cutting speed, feed rate and depth of cut on 

the surface roughness of FRP composites during 

milling. The finding  fromANOVA resultsshown that 

feed rate has a higher influence on the surface 

roughness 

Schlegel et al. studied the influence of two 

cutting parameters, cutting speed and feed rate, on 

surface roughness during slot milling. The result 

indicated that surface quality is minimum  at 

definedmachining conditions, due to different fiber 

and matrix behavior. There is no trend to improve the 

surfacequality while reducing feed or increasing the 

cuttingspeed, asit is the case in metallic materials. 

In another recent study, Azmi et al. [4] 

investigated the effects of feed rate, spindle speed, 

anddepth of cut on different machinability 

characteristics of GFRP composites using Taguchi 

design of experimental (DOE). The aim of their 

study was to explain the end milling machinability of 

 

Milling/Drilling  Parameters

Cutting Parameter 19 x x x x x x x x x x x x x x x x x x x

Tool geometries/coating 3 x x x

Tool wear 3 x x x

Fiber orientation 6 x x x x x x

Machinability parameters

Surface Roughness 13 x x x x x x x x x x x x x

Delamination 10 x x x x x x x x x x

Cutting force 11 x x x x x x x x x x x

Mechanical and Thermal damage 2 x x

Residual Strenght 1 x

Other

Chip formation 1 x

Optimization/modelling 7 x x x x x x x

Milling vs Drilling 1 x

Hybrid 1 x

Glass 10 x x x x x x x x x x

Carbon 12 x x x x x x x x x x x x

Anova 9 x x x x x x x x x

Taguechi 10 x x x x x x x x x

Multiple Regression Analysis 4 x x x x

Respond Surface Methodology 2 x x

S/N ratio 3 x x x

Temperature 1 x  x

Vibration 1 x 
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GFRP composites with respect to different 

machinability characteristics, namely machining 

forces, surface roughness, and tool life. 

Ahmad et al. conducted an experimental 

investigation to determine the effect of spindle speed, 

feed rate, and tool condition on delamination depth 

and surface roughness CFRP composites during edge 

trimming operation.They found that delamination 

and surface roughness deteriorated with an increase 

in feed rate. In contrast, delamination and surface 

roughness seemed to be improved with an increase in 

spindle speed.This in agreement with Ramulu et al. 

which concluded that the surface quality (surface 

roughness), and delamination factor are strongly 

dependent on cutting parameters, tool geometry and 

cutting forces (feed force, depth force and cutting 

force) in milling of composites. 

Apart from cutting parameters, other factors 

such as tool geometry and fiber orientationhave 

major effects on  the surface roughness. Naresh et al. 

studied the parametric effect of fiber orientation 

angle, helix angle, spindle speed and feed rate on 

minimizing the surface roughness, machining force 

and delamination factor. Their  finding showed  that 

fiber orientation is the most significant 

parameter,whereas spindle speed is the least 

significant parameter for milling of GFRP 

composites. 

Similar work of Naresh et al. (2013) was 

reported by Jenarthanamet al. (2012). The   

investigated the influence of cutting parameters and 

fiber orientation on surface roughness. Their results 

showed that feed rate is the cutting parameter which 

has greater influence on surface roughness for GFRP 

composites. The authors elaborated that surface 

roughness deteriorated with the increase of feed rate 

and fiberorientation angle. This indicated that the 

composite damage is larger for higher feed rate 

andfiber orientation. 

Tool geometry is a relevant aspect to be 

considered in milling of FRPs composites. Raj 

andPerumal (2010) presented a study on surface 

roughness, precision and delamination factor while 

usingTi-Namite carbide K10, solid carbide K10 and 

tipped carbide K10 end mills on GFRPcomposites. 

They concluded that Ti-Namite coated carbide end 

mill and tipped carbide end mill produces less 

damage on GFRP composite compared to that of 

solid carbide end mill.  

In addition to the previous article  discussed, 

Jenarthanan and Jeyapaul (2013) conducted milling 

experiment on the GFRP composite plates using 

solid carbide end mills of  different helix angles. 

They found that end mills with small helix angles 

developed the largest machining force, lowest 

surface roughness and delamination factor. Surface 

roughness, machining force and delamination factor 

deteriorated with increase in fibre orientation angle 

and feed rate, and improved  with increase in cutting 

speed. 

Research trend in milling FRP composites not 

only limited to the study of effects of cutting 

parameter, tool geometry and fiber orientation 

towards surface roughness. In one of thelatest result, 

[22] reported the preparation, characterisation and 

machinability of resin hybrid GFRP composites, 

which are made of glass fibre and the mixture of 

epoxy & polyester resin. They claimed  that the 

hybrid resin  GFRP laminate provides better 

machinability in terms of surface roughness and 

delamination when compared to homogenous GFRP 

laminates (pure epoxy resin). They also found that 

polyester resin enhances the machinability of the 

GFRP laminates.  

Beside the research done on the hybrid resin, 

other parameters such as comparing the effect of 

various composites fabrication during machining, 

effect of machining toward the mechanical properties 

and chilled air have also been investigated lately. 

Hussien et al. [17] conducted an experiment to 

select optimal cutting parameters for high cut quality, 

productivity and low cost simultaneously in hole 

making by comparing drilling and milling operations 

of glass fiber reinforced epoxy composites. In their 

study they suggested thatmilling  process is more 

suitable than drilling process at high cutting speed 

and low feed rate. 

Ghidossi et al. [16] investigated the influence of 

the machining procedure of carbon/epoxy and 

glass/epoxy composite coupons on their mechanical 

performances. They reportedthat  surface roughness 

is not a relevant indicator to assess machining quality 

of fibre composites, particularly when mechanical 

performance is the issue. 

Khairusshima et al. [24] studied the  influence of 

different cutting parameters under room-temperature 

and chilled-air machining on the performance of the 

uncoated carbide tool and their effect on the surface 

of CFRP panel. The author reported that surface 

roughness under air chilled  machining was better 

than that of under room temperature machining. The 

surface became smoother as the cutting speed 

increased at a constant feed rate and as the feed rate 

decreased at constant cutting speed. The smoothest 

CFRP surface was attained at lowest feed rate under 

air chilled machining and the highest surface 

roughness was observed at cutting speed under room 

temperature machining. 

Research in drilling and turning on FRP 

composites hasoften been used as a reference for 

milling parameters since the work on milling FRPs 

composites is limited. Palanikumar et al. [26] 

conducted design of experiments (full factorial 

design) to assess the influence of machining 

parameters on the turning of GFRP composites. The 

increase in feed rate increases the chatter and it 

produces incomplete machining at a faster traverse, 

which led to higher surface roughness and hence low 

limit of feed rates are advisable in machining GFRP 

composites.. They concluded that feed rate is the 
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factor, which has greater influence on surface 

roughness, followed by cutting speed. Palanikumar et 

al. [26] also developed a procedure to asses and 

optimize the chosen factors to attain minimum 

surface roughness by incorporating Taguchi method 

and analysis of variance (ANOVA) technique. 

Based on the results and findings from the 

various authors, feed rate played major role in 

determining the surface quality, especially to 

determine whether the surface roughness improved  

or deteriorated. Beside the feed rate, cutting 

speed/spindle speed also affected the surface 

roughness, especially at the lowest speed. 

Combination of feed rate and spindle speed need to 

be considered especially, to get the optimum surface 

quality. For depth of cut, the results from different 

authors areinconsistence. Some of the results shown 

that there is no significance effect on various depths 

of cut on surface finish during milling the 

composites. However, there is a result which is 

proved by ANOVA that depth of cut has significance 

for affecting the surface roughness. Tool geometries, 

especially the tool coating, number of flute and lately 

the tool helix angle has attracted researcher attention. 

Tool coating seemedirrelevant to surface roughness 

because it is more concern with the issue of tool 

wear. Meanwhile different cutting tool helix angle 

has effect on machining with variousfiber 

orientations. 

 

Delamination: 

Beside surface roughness, delaminationis also 

another  parameters that has a significant influence 

on dimensional precision and mechanical 

performance of FRP composites parts. It is well 

reported that milling composite material is 

significantly affected by the tendency of these 

materials to delaminate under the action of spindle 

speed, feed force and depth force, respectively, 

[31,15]. 

Mugundhu andJeyapaul (2012) in their study 

had  analysed the influences of  individual input 

machining parameters (cutting speed, depth of cut 

and feed rate) on the responses in milling of GFRP 

composites with solid carbide end mill cutter coated 

withpolycrystalline diamond (PCD). They have 

found that the delamination tends to increase steadily 

with an increase in the feed rate, slightly by an 

increase in the cutting speed and veryslightly as the 

depth of cut increased. They conclude that feed rate 

is the cutting parameter which has greater influence 

on delaminationfor GFRP composite materials, 

followed by the cutting speed. 

Davim et al. [11] reported that the feed rate that 

has the highest physical as well statistical influence 

on the delamination factor (Fd) in milling GFRP 

composites. Similar work carried out by Erol et al. 

[14] supported this early finding in which 

delamination factor increased with increasing feed 

rate and cutting speed. Apart from the cutting 

parameter, they also have found that by increasing 

number of flute of end mill, the damage was 

alleviated, particularly  the size of delamination 

factor. Erkan et al. also have employed the same 

parameters   by using two, three, and four flute end 

mills. It was observed that the delamination factor 

decreased with increasing number of flutes. This is 

attributed to decreasing delamination factor due to  

more cutting edges of end mill in a revolution. 

Similar work was carried by Erol et al [14], to  

determine the influence of milling parameters such as 

cutting speed, feed rate, and number of end mill flute 

on delamination factor, surface roughness, and 

cutting force in milling of CFRP composites using 

cemented carbide end mill. They found that 

delamination factor increased with increasing feed 

rate and cutting speed and decreased with increasing 

flute number. 

In another study, Jenarthanan [22], claimed that 

the feed rate is the cutting parameter which has 

greater influence on surface roughness and 

delamination for GFRP composites. Reedy 

Sreenivaslu [29] also use the cutting parameters but  

from the result ANOVAfor delamination damage, 

cutting speed has the more significant parameter for 

affecting the delamination damage.His  results is  

contradictory to the work done by the previous 

authors. 

Davim and Reis [12] have reportedthat  the 

delamination factor increases marginally with the 

feed rate,for both six flutes and two flutesend mills. 

The result showed that six flutes end mill has 

increased  the delamination factor compared to the  

two flutes end mill on the CFRP composites. The 

result is different when compared with Erkan et al 

where by increasing the number of flute it will 

reduced the damage. Similarly feed rateis the cutting 

parameter that present the higheststatistical and 

physical influence on surface roughness and on 

delamination factor for both end mills, respectively. 

Khairussihima et al [24] use chilled air during 

machining and found that improved delamination 

factor was obtained for air chilled machining 

compared to the room temperature  machining.To 

avoid delamination damage, Caprino et al. suggested 

that the feed rates used in machining must be much 

lower than those used for metal. Gaitonde also found 

that delamination has a tendency to increase with 

increase in feed rate [11].  

Fiber orientation also play a major role in 

delamination [19,21]. It was found that the fiber 

failure modes are highly dependent on the fiber 

orientation with respect to direction of tool motion, 

cutting parameter and tool geometry. Jenarthanan et 

al [22] reported that delamination increases with the 

feed rateand fibre orientation angle, which means 

that the composite damageis larger for higher feed 

rate and fibre orientation. In addition Jenarthanan 

and Jeyapaul [21] found that  end mills with small 

helix angles develop the greatest machining force, 
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lowest surface roughness and delamination factor. 

The delamination factor increases with increase in 

fiber orientation angle and feed rate, and decreases 

with increase in cutting speed. 

Hintze et al. [18] have reported their 

investigation on milling of CFRP composites as a 

function of increasing tool wear.In this experimental 

study, they investigated the correlation between wear 

and fiber orientation on the delamination and 

described occurrence of delamination of the top 

layers during milling of CFRP composites using new 

and worn tools. The experimental results showed that 

delamination in milling CFRP composite materials 

are dependent on the fiber orientation and tool 

sharpness. 

In summary, similar to surface roughness, feed 

rate has been reported to be the major factor that 

statistical influencing the degree of delamination. 

Cutting speed only effect  slightly on delamination. 

The effect of the number of flute for end mill has 

also a significant effect on delamination. However, 

there is a limit in using six flutes end mill with the 

increasing cutting speed, in which the delamination 

has been increasing accordingly. Fibre orientation 

also played  a major role in determining the degree of 

delamination. Lately, more researchers have tested 

the cutting tool with various helix angles and found 

that the small helix produced less damage.  

 

Cutting force: 

Machining damage due to excessive cutting 

forces may result in rejection of  the composite 

components at the last stages of their production 

cycle. Therefore, the ability to predict the cutting 

forces is essential for selecting process parameters 

that would result in minimum machining damage 

[32,35,6]. Delamination in particular is strongly 

dependent on the cutting force component normal to 

the stacking plane in unidirectional and 

multidirectional laminate composites [23]. Therefore, 

it is of great technological and practical interest to be 

able to predict the cutting forces in machining 

composites. Accurate prediction of the cutting forces 

allows the development of process control schemes 

for avoiding delamination. This can be in term of 

controlling and regulating the cutting process 

parameters that lead to high thrust and axial cutting 

forces. 

Davimet al. [11], in their study have found that 

the machining force in the work piece (Fw) increases 

with the feed rate and decreases with cutting 

velocity. Hence, feed rate is the cutting parameter 

which has greater influence on machining force in 

the composites. Hussien et al. [17] compared drilling 

and milling processes, in which they have found that 

in drilling process, average thrust force can be 

lowered by reducing the cutting speed while in 

milling, machining force can be reduced by reducing 

feed rate. 

Erol et al. [14] concluded in their study by 

saying that cutting force increased with an increase 

in the feed rate and remained nearly constant with 

increase in cutting speed for both end 

mills.Experimental results of Rafal showns similar 

trends in which feedrate influences the cutting force. 

Pecat et al. [27] in their finding mentioned that is a 

significant differences in the measured resultant 

cutting forces for the four different fiber orientations. 

Jenarthanan and Jeyapaul [21] investigated the 

effect of  different helix angle during milling of  

GRFP composites, in which they have claimed that 

end mills with small helix angles develop greatest 

machining force, lowest surface roughness and 

lowest delamination factor. Beside different helix 

angle, they have also found that machining force 

increases with increase in fibre orientation angle and 

feed rate, and decreases with increase in cutting 

speed. Similar worked done by Naresh et al. and 

showed consistent results with Jenarthanan and 

Jeyapaul [21] in which machining force increases 

with higher fibre orientation angle and feed rate, and 

it decreases with increasing the helix angle and 

spindle speed.  

Azmi et al. [3] conducted an experimental study 

to evaluate the constitutive relationship between 

different machining parameters and tool wear, tool 

life, machining quality, and machining forces using 

uncoated cemented carbide end mill tool. In their 

study, cutting speed was recognized as the key 

machining parameter in influencing the tool life 

followed by feed rate and fiber orientation. Kalla et 

al. [23] developed  machining force prediction model 

in milling CFRP composites. They have employed 

mechanistic modeling techniques for simulating the 

cutting of CFRP composites. The developed models 

were based on different fiber orientations ranging 

from 0 ° to 180 ° of unidirectional and 

multidirectional CFRP composites. 

Azmi et al. [4 investigated the effects of feed 

rate, spindle speed, and depth of cut on different 

machinability characteristics of GFRP composites 

using Taguchi design of experimental (DOE) 

method. The aim of their study is to explain the end 

milling machinability of GFRP composites with 

respect to different machinability characteristics, 

namely machining forces, surface roughness, and 

tool life. 

In summary, increasing of cutting force will also 

deteriorated the size of delamination on the FRP 

composites machining. Feed rate has been found to 

be strongly related to the cutting force. One the other 

hand, effect of number flute also has a significant 

effect whereby it can lower the cutting force. 

Selection of helix angle is important to be taken prior 

to machining FRP composites, in which small helix 

angle can reduces cutting force and size of 

delamination damage. Meanwhile, larger  fibre 

orientation will lead to increase of cutting 

forcesduring machining. 
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Concluding Remarks: 

The following conclusions can be drawn with 

regard to the milling of  FRP: 

 Most of previous studies  focus on the  

parametric effects of cutting parameter  during 

milling or drilling the FRP composites especially 

CFRP and GFRP composites. However, until now 

there are no machining data  been recorded or 

established or been compared. It is hope in the future 

research by having this it can be used to select the 

suitable cutting conditions in order to get the lowest 

surface roughness or delamination.  

 Studies on the relationship between fibre 

orientation and tool geometries are still relatively 

low, in fact only one reported so far.  The important 

of the number of flute and helix angle has create 

attention among the researchers. However, how 

relevant is different type tool coating on surface 

quality is still unclear.  

 Issue on environmental and production cost, 

have attracted the researcher attention to divert their 

research on hybrid composites. However, until now 

the number of this research is still lower. The 

research on hybrid composites between carbon fibre 

and natural fibre seem to show a great  potential for 

exploration. Apart from that, hybrid between carbon 

fibre and glass fibre also has a niche since the price 

of carbon fibre is considered expensive. 

 New cutting tools for machining FRP 

composites are currently available in the market. 

Most of the previous research used cutting tool for 

metallic material, in which is cutting metallic 

material is not the same asFRP composites. This due 

to heterogeneity and anisotropy of FRP composites. 

By using the cutting tool specially design for FRP 

composites the result is more reliable compared to 

the metal cutting tools.  

 Studies on the effects of tool wear 

ondelamination damage have not been fully 

understood. This is very important for the FRP 

composites which are usedin high end parts such as 

in aeronautic and automotive industries. 

 Most of the experimental works have 

employed Taguchi Design of Experiment and 

ANOVA statistical analysis. These techniques can 

produce relevant and significant results and the data 

from the statistic  software can be optimized and 

develop  new machining model.  
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