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Abstract 

Biocomposites are promising materials for traditional composites replacement in specific 

applications due to their interesting properties and sustainability. Although the composite 

components are manufactured near net shape, some machining operations, commonly drilling, 

are commonly required prior to mechanical joining of the components.  Tool geometry, mainly 

the point angle of the drill, strongly affects the performance of the drilling process of composites 

in terms of machining induced damage.  

The aim of this work is analyzing the influence of the point angle of the drill on the damage 

generated during drilling of 100% biodegradable composite, using both numerical and 

experimental approaches. The novelty of the work relies on the lack of studies of drilling 100% 

biodegradable composites. The influence of the point angle on the thrust forces and hence in 

the machining induced damage was demonstrated. 
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1. INTRODUCTION

The use of composite materials based on natural fibers is increasing in multiple sectors in 

industry. In certain applications involving no critical structural requirements, they can replace 

synthetic composites. Due to the need of limiting the environmental impact of the production 

of synthetic materials certain industries as it is the case of automotive sector [1–3], propose the 

use of biodegradable materials. For instance, biocomposites reinforced with agave fibers are 

currently used in the automotive sector being their lightness and low cost particularly 

appreciated [4]. 

On the other hand, there are a wide variety of manufacturing processes in different sectors in 

industry producing organic waste. These residual product can be used in some cases, for the 

manufacture of biodegradable composites both as matrix or reinforcing fiber, for instance the 

lignin discarded in the manufacture of paper from wood [5], and others coming from the farms 

[6].  

Although composite materials are intended to be manufactured near net shape, some 

machining operations are commonly needed in order to achieve final finishing and tolerance 

requirements [7] or for further mechanical joining to other components [8–12]. Drilling is the 
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most common operation prior to mechanical joining and has been deeply analyzed in the case 

of synthetic composites due to the impact of improvement of this operation in industry [13–16].  

Different authors have been demonstrated the importance of the proper selection of drill 

geometry and cutting parameters in order to diminish machining induced damage  [17–20]. 

Delamination is the most common defect induced during machining [21–24] Different 

techniques have been used for delamination [25] measurement, ranging from the use of optical 

microscopy and the use of image processing techniques [26,27] to the use of thermographic and 

ultrasonic techniques [28,29]. 

There are few studies in the literature focused on drilling of 100% biodegradable materials; main 

contributions are briefly summarized in the following paragraphs. 

Bajpai et al. [30] analyzed drilling of 100% biodegradable composite based on sisal fibers and 

polylactic acid (PLA) as a matrix. The influence of drill geometry and cutting parameters was 

analyzed showing a decrease of damage with the cutting speed, and on the contrary, an increase 

of machining induced defects with feed increments. It was demonstrated the strong influence 

of the drill geometry and the feed in the damage extension. 

Díaz-Álvarez et al. [31] developed a fully biodegradable composite based on jute, cotton or flax 

as fibers and PLA as matrix. Drilling induced damage was analyzed through experiments testing 

two different geometries of drill (HSS twist drill of 118° point angle and HSS customized drill of 

80° point angle, both with diameter 6mm). They observed that increments in cutting speed and 

feed led to a decrease in the damage extension (mainly fraying), concluding that both the 

geometry of the drill and the feed were the most influential parameters. 

Concerning the geometry of the drill, the drill point angle is one of the most influential 

parameter on the cutting forces and the generation of damage in the case of synthetic 

composites [10]. Heisel et al. [32] analyzed the influence of the drill point angle during drilling 

of carbon fiber reinforced plastic (CFRP). They carried out tests with feed ranging between (0.05 

– 0.40 mm/rev) and cutting speeds (21 – 513 m/min) using 6.7 mm cemented carbide drills with 

the same geometry and different point angles (155°, 175°, 185° and 185/178°). They concluded 

that the increase of point angle results in increasing feed forces; improved drill hole quality at 

the entrance (fraying and delamination) but diminished drill hole quality at the exit (mainly 

delamination). Feito et al. [8] analyzed the influence of the drill point angle and wear during 

CFRPs drilling. They tested 6 mm uncoated helicoidal carbide drills with 90°, 118° and 140° point 

angles at different values of feed (0.05, 0.1 and 0.15 mm/rev) and cutting speed (25, 50 and 100 

m/min) . They concluded that thrust force depended on the point angle especially for worn tool, 

nevertheless, reduced influence of the point angle was observed with fresh drill. Lowest 

extension of delamination was obtained for lowest value of the drill point angle: delamination 

factor both at hole entry and exit increased with the drill point angle.  

Concerning fully biodegradable composites, there is no study in the literature focused on the 

analysis of the influence of drill point angle during drilling of this family of materials. On the 

other hand, tool manufacturers provide a wide range of drill types for different applications. 

Despite of the interest of biodegradable composites there is no special purpose family of drills 

for this type of materials. 

Numerical modeling of drilling process is a valuable tool for analysis of geometry influence prior 

to costly experiments execution. In this sense, finite element (FE) modelling has been 

successfully implemented in machining processes on synthetic fiber composites [33]. 

Traditionally, numerical simulations had been carried out using a two dimensional (2D) approach 
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avoiding the complexity of three-dimensional modeling (3D). 2D simulations [34], allow 

analyzing the orientation of the fibers, the cutting parameters and materials properties in 

different composites [35–37], however it is not possible to reproduce out-of-plane failure 

mechanisms [38], and cannot be applied to the modelling of complex cutting processes [39], 

such as the current drilling processes in industrial applications. The first works on the 

development of 3D models of the drilling process attempted to find the relationship of the 

delamination during the drilling of CFRPs with the thrust force and the influence of the point 

angle on the generation of the damage, using a simplified approach considering the drill as a 

punch [20,40,41]. The simulation of the penetration of the drill in the material and the failure 

mechanism implies the use of 3D models that enable the simulation of the chip removal [42–

44].  

The simulations related to fully biodegradable materials have focused on determining main 

mechanical properties, with few works focused on modelling of the machining processes 

[45,46]. It should be noted that up date, just a previous work of the authors dealing with 

numerical modelling of drilling operation on 100% biodegradable composites is available. 

This paper focuses on the analysis and study of the influence of drill point angle in drilling 

performance of 100% biodegradable composite. 3D FE model has been developed and validated 

in a previous work for the simulation of the drilling process on fully biodegradable material (Flax 

as fibers and PLA as matrix) in different conditions. The model has been used to determine the 

value of the drill point angle (in the range 70-118°) giving best results in terms of thrust force 

and machining damage. Uncoated HSS twist drills were manufactured in order to validate the 

results obtained numerically. The model showed good accuracy in simulation of drilling and the 

influence of the drill point angle on the thrust force and damage generation was demonstrated. 

 

2. NUMERICAL MODELING 

 

2.1. DRILLING MODEL 

The numerical model has been developed and validated in a previous work focused on the 

simulation of the drilling process of fully biodegradable material (Flax as fibers and PLA). 

Twodifferent drill geometries (HSS twist drill and HSS customized drill) were tested on variable 

composite thickness.  

The 3D model is able to reproduce the complete movement of the drill, including the spindle 

speed, the feed rate and the chip removal simulating the penetration of the tool in the material. 

The extension of the workpiece modelled is a cylinder of diameter 10 mm, corresponding to the 

free surface inside the supporting back plate used in experimental tests. During the 

experimental tests, it was demonstrated that drilling induced damage was inside the free 

surface of diameter 10 mm around the hole.  

Different point angles of 118°, 110°, 100°, 90°, 80° and 70° for a standard HSS twist drill of 6 mm 

diameter has been simulated, the selected geometry was as simple as possible, in order to 

obtain a better understanding of the effect of the point angle. The selected values are in the 

range of those provided by the tool manufacturer. The values higher than 118o are only 

recommended for very hard cutting, while point angle lower than 70o are related to excessive 

weakness of the tools. The material has been simulated in different thicknesses of the composite 

BF/PLA10 (Flax fibers and PLA 10361D matrix) were simulated (2 layers, 1.4 mm; 3 layers, 2.14 
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mm; and 4 layers, 2.68 mm). Figure 1 illustrates the scheme of the drilling model, as well as the 

different drill point angles analyzed. 

 

Figure 1. Scheme of the drilling model. Different drill point angles: a) 118°, b) 110º, c) 100º, d) 90º, e) 80° and f) 70º. 

An interaction contact has been defined between the drill and the the workpiece. The contact 

between the surface of the drill and the node region corresponding to the composite has been 

formulated through a kinematic contact, available in ABAQUS/Explicit [47]. 

The selection of the element size for both the drill and the material require a compromise 

between the computational cost and the accuracy of the simulation. Hexagonal CRD8R element 

type (prismatic elements with hexagonal section) with size 120 μm was chosen for the 

composite modeling, diminishing the dependence of the results with the mesh orientation in 

the laminate plane. In the case of drill, it has been imported to ABAQUS from the CAD program, 

and was modeled to behave rigid, using a rough mesh, based on triangular elements type R3D3 

with size 500 μm. 

 

2.2. MATERIAL MODELING 

The mechanical response of the workpiece material was modeled through a rheological model 

calibrated and validated in a previous work [46]. This constitutive model accounts for the plastic 

behavior, as well as the effect of the strain rate on the fully biodegradable composite material. 

It was calibrated through the comparison with experimental stress-strain curves and relaxation 

tests performed on the material, taking into account the influence of the strain rate. 

Figure 2 shows the effect of the strain rate through different stress-strain curves, according to 

which, when the strain rate increases, both the resistance and the stiffness are enhanced while 

the ultimate strain is decreased. 
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Figure 2. Stress-strain curves obtained experimentally under different strain rates [46]. 

Both the yield stress and the plastic behavior of the biodegradable compound were determined 

as a function of the strain rate following the corresponding stress-strain curve. It was necessary 

to perform an interpolation for different values of strain rate.  

In order to simulate chip removal, a VUSDFLD subroutine has been implemented, allowing the 

erosion of the elements once the ultimate strain is reached, defined as a function of the strain 

rate. Thus, for the chip removal during the simulation, the subroutine firstly evaluates the strain 

rate, and continues with the calculation of the ultimate strain. When the strain level in one of 

the three main directions is higher than the value of the ultimate strain previously calculated 

the element is eroded. 

Main damage mechanism during drilling of 100% biodegradable materials is fraying, while 

delamination has not been observed during previous experimental tests on this type of material 

[31], thus the cohesive elements for debonding between plies simulation are not required in this 

model. 

 

3. EXPERIMENTAL WORK 

 

3.1. MANUFACTURING 

Fully biodegradable composite material has been manufactured based on flax fibers and PLA 

10361D matrix through the compression molding method. Flax fibers are one of the earliest 

natural fibers [48] and they are currently used in the composite industry [49–51]. Basket weave 

flax (BF) used as reinforcement for the manufacture of the 100% biodegradable composites have 

been cut into plates of 150 x 150 mm with an areal density of 463.3 g/m2, 0.94 mm thickness 

and no chemical pre-treatment. On the other hand, a thermoplastic resin PLA 10361D provided 

by Nature Works, LLC, in pellets shape, has been used as a matrix. The polymer of PLA 10361D 

has a density of 1.24 g/cm3 and a melting temperature around 145-170 ºC, which is created 

specifically for use as a binder for natural fiber composite manufacture. 

The manufacture route of the composite material by the method of compression molding 

involves different stages of pressure and heat. Firstly, the PLA is kept in an oven at 95º for 30 

minutes to remove the possible water content, to subsequently, obtain PLA films from the 
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pellets, keeping them at 185º for 3 minutes between thermo-heated plates. Once cooled, and 

with a dimension of 160 x 200 mm2, the PLA films are alternately stacked with the woven plies 

and placed between the thermo-heated plates at 185º for 2 minutes. After preheating, a 

pressure of 16 MPa is applied for 3 minutes by means of a universal testing machine, and later, 

they are dried at room temperature. Figure 3 illustrates the outline of the biocomposite 

manufacture through compression molding method. 

 

Figure 3. Flax/PLA (BF/PLA10) biocomposite manufacture route through compression molding method [31]. 

Biocomposite samples for the drilling tests have been manufactured with different thicknesses 

(two, three and four layers) and subsequently cut in rectangular specimens 120 x 30 mm2 

allowing the attachment inside the confining device.  

According to ATM D2584 standard, the weight ratio was controlled by different thickness of PLA 

films, being 58.6% the resulting fiber volume fraction for flax/PLA composites. The tensile 

strength for the manufactured biocomposite have been obtained testing the specimens in an 

Instron 8516 universal testing machine, according to the ATM D3039 standard (Table 1). More 

details for the manufacture of biodegradable composites and their mechanical properties can 

be found in [52]. 

Table 1. Tensile strength for the Flax/PLA composite [52]. 

 

3.2.  DRILLING TESTS 

Drilling tests were carried out in a B500 KONDIA machining center, instrumented with a rotary 

dynamometer (Kistler 9123C) for the measurement of thrust forces and torque (see Fig. 4). A 

confinement device has been installed in order to clamp the sample to be drilled (which has the 

dimensions of 120 mm x 30 mm). Moreover the chips are evacuated generating a suction current 

with a vacuum connected to the confining device avoiding the dispersion of the fibers. The 

drilling device consists of a 100 x 80 x 52 mm3 aluminum main body, with two plates inside, 
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sliding the upper one over rectified guides to ensure the accuracy of the drill and allowing the 
samples to be attached during drilling (Figure 1 and 4.a)). In addition, the back plate presents a 
hole of 10 mm providing free surface for drilling the hole.  

 
Figure 4. a) Configuration used in the machining center B500 Kondia during drilling tests; b) 118°; c) 100°; e) 90° and 

e) 70° 

Cutting parameters used during the experimental tests have been selected taking into account 
the tool manufacturer recommendations for the biodegradable composites and the literature 
[30]. The experimental tests have been carried out at three cutting speeds (15, 20 and 25 m/min) 
and three feeds (0.03, 0.06 and 0.12 mm/rev) in dry conditions. To perform the tests, HSS twist 
drills with point angles of 118º, 100º, 90º and 70º were manufactured in order to validate the 
results obtained numerically, one fresh drill was used in each test to guaranty the integrity of 
the cutting edges. 

Damage extension was quantified in terms of the damage factor (Fd) defined as the ratio 
between the maximum diameter of damaged zone, and the nominal diameter of the hole (drill 
diameter), see Figure 5. Damage factor was quantified both at the entrance (peel up) and the 
exit (push out) of the drill through the images obtained with the optical microscope Optika SZR. 
Further details of the damage analysis derived from drilling process on the flax biocomposite 
material can be found in [31]. 
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Figure 5. Image taken with Optika SZR microscope for the Damage factor (Fd) calculation for flax biocomposite 
(three layers) drilled at 20 m/min and 0.06 mm/rev (push out). 

4. NUMERICAL RESULTS 

Simulation of drilling was carried out for the tip angles of 118°, 110°, 100°, 90°, 80° and 70°. 

Different values of the number of layers and cutting parameters were modeled being 

summarized in the Table 2. 

Table 2. Different cases analyzed numerically for each point angle (118°, 110°, 100°, 90°, 80° and 70°) study during 
the drilling of flax biocomposite. 

 

The influence of point angle during drilling was analyzed in terms of the induced damage (peel 

up and push out) and thrust forces generated during the process. 

Figure 6 shows the numerical thrust forces predicted for the different cases proposed. 
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Figure 6. Maximum numerical Thrust Forces results for the different drill point angles analyzed: 118°, 110°, 100°, 90°, 
80° and 70° (HSS twist drill of 6 mm diameter). 

The increase of the drill point angle leads to the increment of the thrust forces in all cases 

analyzed. This trend is in agreement with the observations of other authors  during drilling of 

other types of composite materials (see for instance [8,32]). In addition, the effect of the drill 

point angle was more significant when the feed was incremented. Comparing the Case 1 with 

the Case 3 (at the same cutting speed), it can be appreciated an increment of the thrust force 

when the drill point angle change from 70° to 118° up to 250 % and 400 % respectively for Cases 

1 and 3. 

The effect of drill point angle combined with the variation of cutting speed on the thrust force 

was no as relevant as the effect of the feed, however, the larger the cutting speed used the 

larger the thrust force found.  

Independently of the drill point angle, and for the studied conditions, the numerical model 

shows a negligible effect of the number of layers on the thrust forces.  

 

 

Figure 7. Scheme of Numerical quantification of the damage factor (Fd) (HSS twist drill of 118° point angle for Case 
3). 

Damage factor was obtained  using the post processing module ABAQUS CAE (Figure 7) by means 

of the extension of plastic deformation generated in the flax composite during the simulation 
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both at the entry (peel up) and at the exit (push out). In Figure 8, the damage generated during 

the drilling of the flax biocomposite at the entry (peel up) is shown.  

 

 

Figure 8. Damage factor (Fd) obtained numerically for both drill point angles (118°, 110°, 100°, 90°, 80° and 70°) at 
the entry (peel up). 

For all tested conditions, the decrease of the drill point angle led to decreased damage extension 

at the entry (peel up) during drilling. Therefore, the best results are those obtained for the drill 

point angles of 90°, 80° and 70° in all cases analyzed. 

Concerning the values obtained for the damage generated at the exit (push out) of the drill, 

(Figure 9) the same trend is observed: the best values are obtained with the lowest drill point 

angle (90°, 80° and 70°), improving those obtained with respect to the worst (118° and 110°) up 

to 3.5 % in the Case 4.  

 

Figure 9. Damage factor (Fd) obtained numerically for both drill point angles (118°, 110°, 100°, 90°, 80° and 70°) at 
the exit (push out). 

The damage extension is greater at the hole exit in all cases for the same testing conditions 

(Figure 8 and 9). This behavior is also observed in synthetic composites where the critical 

damage extension commonly appears at the hole exit. 

Concerning the influence of cutting parameters, it is observed from cases Case 1, 2 and 3 (with 

cutting speed fixed at 20 m/min and the feed changing from 0.03 to 0.12 mm/rev) that the 

increment in the feed results in a decrease of the damage generated during the drilling (Figure 
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10. a) and b)). This trend is contrary to the results obtained during drilling of synthetic composite 

[17,53–55], however this behavior is consistent with the viscoelastiplastic behavior of these 

materials reported in [31]. In addition, it is observed that the point angle effect is more 

significant for small feeds in the Case 1 going from 70° to 118°, where the damage at the 

entrance and exit increased 3.6 % and 2.6 % respectively.  However, in the Case 3, with cutting 

speed equal to that in the Case 1 but with increased feed, increments of 1.93 % and 0.76 % were 

obtained for the peel up and push out respectively, when increasing the angle from 70° to 118°. 

Thus, no clear trends can be identified in the effect of the point angle with the cutting speed on 

the damage generated both at the peel up and push out.  

Independently of the drill point angle, the numerical model showed negligible effect of the 

number of layers on the damage at the entry and exit zone.  

 

 

Figure 10. Damage factor (Fd) at entry (a)) and exit (b)) of the drill for each drill point angle (118°, 110°, 100°, 90°, 
80° and 70°) for Cases 1, 2 and 3 (cutting speed fixed at 20 m/min and feeds of 0.03, 0.06 and 0.012 mm/rev. 

 

5. EXPERIMENTAL RESULTS  

The numerical analysis showed the influence of the point angle, being 70° the best option in 

terms of the thrust force and drilling induced damage. In this section, further experimental 

analysis is presented with the aim of validating numerical results. A selection of cases analyzed 

in the numerical study were reproduced (see Table 2). With this objective, HSS twist drills (6 mm 

diameter) with different point angles (118°,100°,90° and 70°) corresponding to the extreme and 

medium values of the range analyzed numerically were manufactured.  
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Figure 11. Maximum experimental Thrust forces for the different point angles studied (118°, 110°, 100°, 90°, 80° and 
70°). 

Figure 11 illustrate the maximum values of thrust forces obtained during experiments:  in 

agreement with the numerical results, it is observed that the larger point angle resulted in 

greater thrust force (obtaining the lowest values for a point angle of 70°). Thus, for the point 

angle of 70° the value of the thrust force was diminished up to 77.5% when compared with the 

force obtained for the tip angle 118° (Case 3, 20 m/min and 0.06 mm/rev). These results agree 

with those obtained by other authors during the experimental analysis of the influence of the 

drill point angle [8,32]. 

 

Figure 12. Comparison of numerical and experimental Thrust Force results for 70° drill point angle.  

Reasonably accuracy in the prediction of the thrust force was observed (Figure 12). Therefore, 

the best result has been obtained for Case 6 (20 m/min, 0.06 mm/rev and 3 layers), in which the 

error presented the lowest value (about 5%). The largest value of the error (about 13 %) was 

obtained for the Case 3 (20 m/min, 0.06 mm/rev and 2 layers). These values of error are in the 

order of those reported in the literature during numerical modeling of cutting [39]. 

Figure 13 summarizes the experimental results of the damage factor measured at the entrance 

of the drill (peel up) for the different cases studied. 
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Figure 13. Experimental Damage factor at the entrance of the drill (peel up) for the different cases analyzed 
experimentally. 

In agreement with numerical results the smallest value of damage factor at the entry (peel up) 

was obtained for the lower value of the drill point angle (70°) in all cases analyzed. Moreover, it 

can be seen that the best results were obtained at high cutting speed and feed for two layers 

(Case 3), and the worst, were obtained at low cutting speed and two layers. 

 

Figure 14. Experimental Damage factor at the entrance of the drill (peel up) for the different cases analyzed 
experimentally.  

The damage factor at the hole exit (push out) is presented in the Figure 14. Similar trend to that 

observed at the hole entry was found. This tendency (both peel up and at push out) is contrary 

to the results obtained during drilling of synthetic composite [8,32], but on the other hand, 

consistent with the results found in previous work focused on biocomposites due to the 

viscoelastiplastic behavior of these materials  [31]. 

Concerning the influence of the feed on the damage, the increment of the feed (from 0.03 to 

0.12 mm/rev, and fixed cutting speed equal to 20 m/min, corresponding with Cases 1, 2, 3) 

resulted in a decrease in the damage generated for all the cases studied (118°,100°,90° and 70°). 

and varying the feed, These results corroborate those obtained from the literature when drilling 

fully biodegradable materials [31]. This trend is also illustrated in Figure 15. 
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Figure 15. Microscope images (Optika SZR) for different drill point angles (118°, 110°, 100°, 90°, 80° and 70°) at the 
exit (push out); Cases 1, 2 and 3 (20 m/min cutting speed and feeds of 0.03, 0.06 and 0.12 mm / rev respectively). 

Figure 16 shows the comparison for the damage results from the drilling process, both at the 

entry (peel up) and at the exit (push out) for a drill point angle of 70º the most favorable 

geometry for hole quality. . 

 

Figure 16. Comparison of Damage Factor (Fd) results obtained numerically and experimentally for 70° drill point 
angle. 

The drilling model accurate predicts the damage factor, obtaining higher push out damage than 

peel up in all the cases studied for a 70º drill point angle. For the entry damage factor, the 

maximum error was about 1.1%, obtained for the Case 6 while, the minimum value was obtained 

for Case 3, with an error about 0.2%. Regarding the push out damage, the error obtained follows 

the same trend, showing the highest value for Case 1 with 1% and the lowest error value about 

0.2% for the Case 2. 
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6. CONCLUSIONS 

This paper has been focused on the influence of the drill point angle during drilling of flax/PLA 

biocomposites. Main contributions of the analysis are summarized below: 

- A 3D numerical model of the drilling process on flax-based composite developed and validated 

in a previous work, has been used to analyze the effect of the drill point angle (118°, 110°, 100°, 

90°, 80° and 70°) during the drilling process. The 3D model allows the simulation of drill 

movement and chip removal.  

- The numerical model allows the accurate prediction of the damage factor for each value of drill 

point angle, demonstrating the clear influence of drill point angle. The increase of the angle 

resulted in increased damage extension. 

- The numerical results follow the trend observed in previous experimental work of the authors, 

according to which, increments in the feed led to damage reduction, contrary to the tendency 

obtained in drilling of synthetic composites. 

- A greater influence of the point angle of the tool was observed in the feed forces recorded with 

small feed values (3.6 % peel up and 2.6 % push out).  On the other hand, the effect of the drill 

point angle on the damage both at the entry and exit was reduced for higher feeds (1.93 % and 

0.76 % respectively).  

- HSS twist drills with point angles of 118º, 100º, 90º and 70º have been manufactured in order 

to validate the result obtained numerically. The experimental tests corroborate the numerical 

damage predictions, showing good accuracy of the numerical model with error values ranging 

between 0.2 and 1.1% in all the cases in the range analyzed. 

- Both the model and the experiments showed higher point angles inducing higher values of 

thrust force and on the contrary, a reduction of the damage generated during the machining 

process. This decrease in the generated damage, is contrary to the results obtained by other 

authors for synthetic composite, due to the viscoelastoplastic behavior of the biodegradable 

composites. 

Despite the promising results obtained in the work, the limitations of the study should be 

accounted. Firstly, the analysis was carried out in a certain range of tip angle and cutting 

parameters similar to those recommended for other synthetic composites. The lack of studies 

focused on drilling of biocomposites did not allow the extense revision of proper references. On 

the other hand, the study has been focused on the analysis of fresh drill performance, meaning 

that the evolution of tool wear has not been accounted. The optimization of drill geometry 

should take into account also the evolution of wear. Acute drill geometries are related to 

enhanced drill weakness and high rates of wear, thus these results concerning drilling 

performance should be completed with the analysis of wear progression.  
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