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Abstract: Composites applications are widely used in many 
areas. Due to the enhancement of various properties. Now a days 
kevlar composite  has widely used because of  various properties 
like tensile , compression, shear. Drilling is the majority 
important machining process in making assembly of components 
within a negligible tolerance. Drilling in kevlar composites is 
difficult due its extradionary mechanical properties like high 
toughness and hardness. Thrust force and torque are the major 
influences for delamination during various machining of 
reinforcement polymer composites. Various paramaters are 
considered to reduce defects like delamination and fiber 
crushing.  It is found from various literature reviews surface 
modification has enhancing the intermolecular bonding strength 
between fiber reinforced layers. Our paper deals with affect of 
process parameters on thrust force with respect to torque during 
drilling of Kevlar composites with and without chemically treated 
fibers. The composite lamina is prepared for the investigation of 
60/40 kevlar-polyester resin on weight basis.  The chemicals are 
used to treat the fibers such as Dichloromethane, methanol and 
distilled water with specified intervals of time. Twist and core 
drill bits are used to make holes. Results suggested  that twist drill 
with chemically treated fiber having minimum thrust force. Our 
aim to identify the minimum delamination of composites. 

Keywords: Delamination, Drilling, Kevlar, Thrust force, 
Torque 

I. INTRODUCTION 

Reinforced polymer composites having mechanical 
properties like toughness, hardness, Tensile, Compression 
strength    etc. Recently more number of research has 
been carried out to replacing metals into composites. Kevlar 
fibers are frequently used in most of the ballistic application, 
aerospace industry, commercial products like helmets , 
armours etc., Mechanical machining of reinforced polymer 
has challenging because identical in nature. Especially 
drilling is a difficult machining process because, distribution 
of force during machining is not even. Most of the research 
work has been carried in this field and found torque and 
twisting moment are major cause of delamination of 
composites.  This paper mainly focuses effect of 
chemical treatment on torque and twisting moment to reduce 
delamination.  
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Chemical treated fibers is helps to develop the improved and 
new surface of treated Kevlar, which is aimed to increase 
composites performance and the bonding strength between 
both martix and fiber. 
 Various  techniques has been analyzed in the literature 
study, the relationship between the fiber surface (with or 
without treatment). The various literature study shows the 
microscopic and the macroscopic structure and properties of 
composite, including the fiber–matrix adhesion. Kevlar 49 
fibers were treated successively under room temperature 
with 1,2-dichloroethane, methanol and distilled water and 
then vacuum dried. 
Srinivasan et al investigated the influence of process 
parameters, feed rate, drill diameter, type of drill based of 
thrust force and torque. They conducted the experiments in 
vertical milling machine. Specifically drill diameters are 
6,9,12 mm taken in to account. The results are drill diameter 
and feed rate are the major influence in 
machining[1].Bhattacharya et al investigated the machining 
operation on the Kevlar-reinforced polymer composites the 
machining operation is characterized for the poor, fuzzy 
surface finish with partially pulled-out and crushed fibers. 
Tungsten-carbide-reinforced tooling is suggested for the 
drilling operation on KFRP composites. In this study HSS 
drills are slightly modified to perform the drilling operation. 
Interestingly, the poor surface quality and edge damage at 
the entry and the exit faces of the drilled holes can be totally 
eliminated by the usage of liquid nitrogen and the 
introduction of very thin resin-rich layers on the laminate 
surfaces. The investigation has been carried out at both 
room \ and cryogenic temperatures [2]. Shuaib et al studied 
the machinability condition of the Kevlar fiber reinforced 
composite material by using the TiN coated 135° HSS split 
point 6 mm diameter drill bit. In this study he investigated 
on different drilling parameters like drilling thrust force, 
cutting force, and specific cutting energy [3]. Haijin wang et 
al discuss the drilling induced major delamination of 
composites materials, so the experiments are takes place 
with different drilling depths. To know the delamination in 
various cross sectional and radial section of hole grinding is 
adopted. Periodically we change the drill depth and 
analyzed. Finally the research investigates the hidden 
delamination zone and critical thrust forces of delamination 
are analyzed [4]. Rajamurugan et al analyzed delamination 
of GFRP Composites with polyester can be minimized by 
various parameter using Response Surface Methodology 
technique (Empirical relationship). The parameters are 
spindle speed, tool diameter ,fiber orientation and feed rate, 
by the study shows increase in drill diameter and feed rate 
delamination also increases, by the spindle speed shows the 
very little effect [5].  
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Tsao et al explains about the thrust force and surface 
roughness of the composites. Here the methods used are 
Taguchi and artificial neural network approaches.  
Drill bit used here is candlestick, results shows feed rate and 
drill diameter is the major parameter to affect thrust force 
feed rate and spindle speed will affect the surface roughness 
[6]. Tsao et al analyzed most of the hole making process 
drilling plays a major role. Here delamination is a serious 
concern of composites at a bottom surface of exit in 
specimen. Some parameters are responsible including drill 
geometry, here we used core and saw drill bits. 
Delamination can be effectively minimized by reducing the 
feed rate and introducing the backup plates for improves the 
support. The result of drilling shows larger critical thrust 
force created at larger feed rate for without delamination [7]. 
Shyu et al describes the surface modification by the 
chemical treatment such as NH3 , H2O-plasma etching 
etc,.After the chemical treatment fiber surface were etched 
and fiber surface modification takes place. The composites 
are made by chemically treated Kevlar with epoxy, by these 
combination shear strength and T-peel strength of fiber are 
increased. If the higher concentration acids are treated with 
fibers results as poor, the treated fibers are shown in various 
images [8]. Lei et al studied the chemical treatment on 
kevlar fiber by using the, sodium hydride and 
dimethylsulfoxide as a chemical solution, to enhance the 
surface of Kevlar fiber to obtain the strong bonding between 
epoxy and fibers are takes place after etching. Among the 
various chemical treatments Epoxy(DER 383) treated fibers 
with epoxy are giving higher strength than other chemically 
treated fibers [9]. Hocheng et al investigates the effect of 
various types of drill bits. Majorly paper deals with the 
Thrust force for delamination. Among the various drills core 
drill having highest critical feed rate, twist drill having 
lowest feed rate for the lower delamination. The various 
drill bits like saw, step, candlestick drills can operate larger 
feed rate for without delamination [10]. Gaitonde et al 
describes to reduce delamination by controlling the process 
parameters on CFRP. The process parameters are cutting 
speed, feed rate, point angle respectively, twist drill can be 
used for drilling of composites. By using optimization using 
RSM technique approach they find the results. Optimized 
results by the High spindle speed, Lower feed rate and point 
angle reduces delamination of composites [11]. Hocheng et 
al describes a novel method is suitable for reduction of 
delamination in drilling by active backup force. The backup 
force contributes the reduction of the growth of the 
delamination of drilling exit by 60-80%.   The results shows 
at the lower delamination with the help of higher feed rate 
[12-14]. The aim of this study is to obtain the lower 
delamination in the prepared specimens with the appropriate 
tool. 

II. EXPERIMENTAL  DETAILS 

Specimen Details 

 In the Specimen Preparation Kevlar 49 woven cloth fiber 
are chosen with polyester resin The Kevlar fiber mat and 
polymers are used to fabricate the KFRP plates with 6mm 
thickness. The preparation of the composite by hand lay- up 
method. Before preparing the laminates woven are  are 
chemically treated with dichloromethane, methanol.  
 

B.   Chemical treatment for Fiber 

 Usually the Chemical treatment will enhance the 
bonding strength between kevlar reinforced composite 
specimens. Aramid fibers are treated for 20 mins in 
dichloromethane then allowed to dry. Same procedure 
repeated with methanol and washed with distilled water. 
During the chemical treatment of the fibers, surface get 
repaired for bonding between matrix and reinforcement. 
This project an attempt made to reduce delamination during 
drilling by the treatment process.  

C.  Preparation of Kevlar composite 

  Hand lay-up technique is the simplest and oldest method 
for preparing composite materials. Preparation of reinforced 
composite specimen with chemically treated kevlar 49 cloth 
fiber and polyester resins with proportion of 60-40 ratio 
respectively on weight basis. Hand layup process used to 
make specimen. Compression moulding process is used for 
making a specimen for required thickness. In this project 15 
layers are used for making 6 mm thickness of composite 
material. The treated and untreated specimens are shown in 
Fig.1. and Fig.2. below.  

 
Fig.1. SEM image of treated specimen 

 
Fig.2. SEM image of untreated specimen 
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D. Drilling process setup 

The machining of Kevlar fiber composite was carried 
out in Vertical Machining Center, Makino S33 drilling 
machine with the help of dynamometer as shown in Fig.3. 

  
Fig.3. Setup for drilling KFRP Composites. 

Process parameters chosen for drilling ,the speed  are 
600rpm, 1000rpm and 1400rpm and feed rate are 
45mm/min, 60mm/min and 75mm/min. Drill tools are Twist 
and Core drill bits with 8mm diameter. Polyester resin for 
making as specimen for 6mm thickness. The drilling 
parameters are cutting speed and feed rate. 

III. RESULT AND DISCUSSION 

 Kevlar fiber reinforced composite materials are used in 
aerospace industry, helmets , armours  due to the high 
strength property. These composite laminates are joined by 
using various manufacturing process like drilling, milling, 
etc,. In this study we compared Twist drills and Core drills 
with 8mm diameter. Drilling of composite is moreover 
different from the conventional process. In drilling of 
composite materials Delamination is the major cause of 
failure. The result are correlates with the selected parameters 
such as spindle speed and feed rate are considered as input 
during drilling operation, torque and Thrust force are 
obtained as output in Kevlar fiber reinforced composites. 
The selection parameters are shown in TABLE I. 

Table I. Parameters For Drilling Kfrp Treated And 
Untreated Composites. 

DRILLING PARAMETERS 
Feed rate mm/rev 45,60,75 
Spindle speed rpm 600, 1000, 1400  

Drill bit diameter mm  8 

Tool type 
Twist drill ,core 
drill 

 From the various literature survey we identified Thrust 
force and torque are the major influence of delamination 
This project aimed to know the suitable parameters for 
lower delamination. Specimen preparations for this study 
are chemically treated specimen and untreated specimen. 
 Comparison of thrust force for chemically treated and 
untreated specimen drilled by twist drill bit as follows. 

 

Table Ii. Thrust Force  For A Chemically Treated 
Specimen Drilled By Twist Drill. 

Speed/Feed 45mm/min 60mm/min 75mm/min 

600 rpm 121 132 141 

1000 rpm 135 153 166 

1400 rpm 95 102 109 

 

 
Fig.3. Thrust force  for a chemically treated specimen 

drilled by twist drill 
TABLE III. Thrust force for a chemically untreated 

specimen drilled by twist drill. 

Speed/Feed 45mm/min 60mm/min 75mm/min 

600 rpm 152 162 169 

1000 rpm 164 171 178 

1400 rpm 115 123 129 

 

 
Fig.4. Thrust force for a chemically untreated 

specimen drilled by twist drill. 

From the above graph results Fig. 3 & 4 shows variation 
between spindle speed and feed rate that the results shows 
for twist drill bit with the combination of treated and 
untreated specimens are as follows.  
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Among the above results for a treated specimen 
maximum thrust are noted as 166N at 1000 rpm, 75mm/min 
and minimum as 95N at 1400rpm, 45mm/min. 

Drilling operation for a untreated specimen by using 
twist drill shows the same above by considering the 
parametars. Minimum thrust force  of 115N obtained at 
1400 rpm  and 45mm/min.   

The maximum thrust force of 178N obtained at 1000rpm 
and 60mm/min. 

Figure 5. shows the obtained results of core drill bit by 
the following parameters such as spindle speed , feed rate 
and output result as thrust force . The treated specimen 
results concludes the maximum thrust shows as 551N  in the 
combination of lower speed  and highest feed. For a high 
spindle speed and low feed shows as lower thrust force 
results as 223N. 

Figure. 6 shows the following results for un treated 
specimen  in the high speed and low feed rate as 241N at 
1400rpm and 45mm/min. and also we notified as higher 
result of thrust force for these specimen as 571N at 600rpm 
and 75mm/min 

Table Iv. Thrust Force  For A Chemically Treated 
Specimen Drilled By Core Drill. 

Speed/Feed 45mm/min 60mm/min 75mm/min 

600 rpm 311 517 551 

1000 rpm 281 240 287 

1400 rpm 223 236 249 

 

 
Fig.5. Thrust force  for a chemically treated specimen 

drilled by core drill. 

Table V. Thrust Force For A Chemically Untreated 
Specimen Drilled By Core Drill. 

Speed/Feed 45mm/min 60mm/min 75mm/min 

600 rpm 357 427 571 

1000 rpm 286 296 302 

1400 rpm 241 249 262 

 

 
Fig.6. Thrust force  for a chemically untreated 

specimen drilled by core drill. 
 

Table Vi. Torque  For A Chemically Treated Specimen 
Drilled By Twist Drill. 

Speed/Feed 45mm/min 60mm/min 75mm/min 

600 rpm 0.57 0.6 0.75 

1000 rpm 0.42 0.4 0.49 

1400 rpm 0.35 0.49 0.6 

 

 
Fig.7. Torque  for a chemically treated specimen drilled 

by Twist drill. 
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Figure.7 shows the results of Torque for twist drill with the 
following parameters such as Spindle speed and Feed rate. 
From the graph we conclude the highest and lowest torque 
for the specimens eith the help of 8mm Twist drill  
maximum torque of treated specimen as 0.75N-m for 
600rpm and 75mm/min as well as lowest torque are 0.35N-
m at 45mm/min and 1400rpm. Fig.8 shows the results for 
untreated specimen as 0.74N-m for 75mm/min and 600rpm 
as a maximum and lower torque as 0.38N-m.  

Table Vii. Torque  For A Chemically Untreated 
Specimen Drilled By Twist Drill. 

Speed/Feed 45mm/min 60mm/min 75mm/min 

600 rpm 0.63 0.69 0.74 

1000 rpm 0.48 0.45 0.51 

1400 rpm 0.38 0.41 0.43 

 

 
Fig.8. Torque  for a chemically untreated specimen 

drilled by Twist drill. 
From the Figure 9 and 10 shows the consideration of above 
parameters ,by changing the drill as Core drill of 8mm 
shows the following maximum and minimum torque results 
as compared to various readings in the chart. The maximum 
torque for treated specimen for core drill is 0.98N-m at 
75mm/min and 600rpm and for untreated specimen as  
1.43N-m at 75mm/min and 600rpm. The lowest torque as 
identified at high speed and low feed of treated and 
untreated specimen as 0.45N-m and 0.7N-m at 45mm/min, 
1400rpm. 

Table Viii. Torque  For A Chemically Treated Specimen 
Drilled By Core Drill. 

Speed/Feed 45mm/min 60mm/min 75mm/min 

600 rpm 0.74 0.89 0.98 

1000 rpm 0.53 0.67 0.79 

1400 rpm 0.45 0.56 0.64 

 

 
Fig.9. Torque  for a chemically treated specimen drilled 

by core drill. 

Table Ix. Torque  For A Chemically Untreated Specimen 
Drilled By Core Drill. 

Speed/Feed 45mm/min 60mm/min 75mm/min 

600 rpm 1.02 1.21 1.43 

1000 rpm 0.84 0.92 0.99 

1400 rpm 0.7 0.85 0.91 

 

 
Fig.10. Torque  for a chemically  untreated specimen 

drilled by core drill. 

IV. CONCLUSION 

 Drilling influences the major damage in polymer–matrix 
composites in the form of delamination. Various Practical 
approaches have been carried out to minimize the damage 
occurred during drilling.  
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In this study, the drilling operation has been done in the 
chemically treated Kevlar fiber reinforced composites to 
determine the lower delamination under various machining 
conditions. The       above experimental results are shown 
the various results of thrust force and torque under various 
considered drilling parameters such as spindle speed, 
drilling feed rate and 8mm diameter of twist and core drills. 
Based on the above experiment results the lower thrust force 
is identified at lower feed rate and high speed of the drill bit. 
Both treated and untreated Kevlar fiber reinforced 
composites are having thrust force. Similarly the torque is 
also identified for the both treated and untreated Kevlar fiber 
reinforced composites. The results exposed about the torque 
developed during the drilling operation by using the 8 mm 
diameter twist and core drill bits. The optimum torque is 
found that the low feed rate and high spindle speed. 
 In these investigation study we obtain two various results 
based on the types of drill bits. From that result Twist drill is 
suitable to drill the Kevlar fiber reinforced composites, 
because it reflects the lower torque and lower thrust force 
based up on the input of high spindle speed and low feed 
rate for the minimum delamination effect as compared to 
core drill. 
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