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ABSTRACT:

 Composite laminates like CFRP and GFRP are used 

in many applications in industries like aerospace and 

aircraft due to their extremely high strength to weight 

ratio and corrosion resistance properties. Welding 

can’t be done for fastening the composite laminates 

with other metallic component. It can be joined by 

using bolt. But drilling a hole in composite laminates 

is a big challenge, because drilling induces damage 

such as delamination, fiber pull out, fiber push out 

etc. which give rise to the failure of material. 

Literature review provided a solution for it, Abrasive 

Waterjet Technology suited best for the given 

problem. It is one of the most recently developed 

advance non-traditional method used in the industry 

for cutting, drilling, milling, peening etc. The best 

advantage of udsing AWJ method is that it provides, 

no-thermal distortion, high machining versatility, 

high flexibility and small cutting forces. Since every 

method is not a perfect method. AWJM also induces 

damage such as delamination, consequently a poor 

quality  

 

 

oof hole is obtained at the entry and exit of the drilled 

CFRP. According to the research conducted by 

researchers, the reduction in the jet diameter or 

decreasing the water pressure can reduce 

delamination. The literature review provided the 

consequences among the various process parameters 

which affects the drilling quality and is solved with 

the help of  various  

 

technique. This work uses advance optimization 

techniques like ANN (Artificial Neural Network), 

ANFIS (Adaptive Neuro-Fuzzy Inference System) 

 

Keywords:  Abrasive Waterjet Machining, drilling on 

CFRP, Delamination, ANN and ANFIS.. 

INTRODUCTION: 

A growing interest is observed in using of composite 

materials in place of conventional materials, due to 

its unique properties, such as extremely high strength 

to weight ratio, stiffness to weight ratio and corrosion 

resistance. As a result these materials are increasing 

being used in aerospace and aeronautical structural 

applications. Carbon fibers which are commonly used 

to reduce the weight of structural components on 

aircraft results in improved fuel economy, reduced 

emissions and increased load carrying capacity of 

aircraft. Fiber reinforced composite laminates 

commonly used in industries mainly includes CFRP 

(Carbon fiber Reinforced Polymer ) composites 

GFRP  ( Glass fiber Reinforced Polymer ) 

composites and fiber metal composite laminates 

(FMLs). Because of their considerable advantages 

International Journal of Scientific & Engineering Research Volume 9, Issue 5, May-2018 
ISSN 2229-5518  

42

IJSER © 2018 
http://www.ijser.org 

IJSER



they are being used to replace in conventional 

metallic materials in wide range of industries 

including sporting goods, defense , automobiles 

along with aerospace and aeronautical. In this study 

we are mainly concerned and focused on CFRP 

composite material. 

APPLICATIONS: 

CFRP is proved to be good for environment and 

energy related applications like wind power blades, 

tidal power blades , fuel cells tube trailer tank, battery 

charging flywheel and electric cable core. CFRP had 

also found its application in automobile parts like car 

body, frame, hood, roof, and body panel for bus, 

propeller shaft, compressed natural gas tank, radiator 

core support, and chassis. They are also used in 

sporting goods like  

 

ski, bicycle, fishing rods, hockey sticks, badminton 

rackets, and golf shaft. Because of its key properties 

of high strength to weight ratio it has gained the 

attention of aerospace and aeronautical industries. 

 

LITERATURE SURVEY: 

On the basis on topic of Multi Objective 

Optimization Drilling of Composites, the Composite 

chosen to be further studied CFRP. Different papers 

published on Elsevier and certain journals involving 

the various experiments pertaining drilling of CFRP 

have been reviewed below. From these papers it is 

become easier to limit the parameters tested on 

various composites including CFRP and further study 

them. The papers have brought forward the various 

properties of CFRP under varying conditions. It has 

shown the applications of the FRP composites and 

enabled to perform optimization techniques which 

will be further informative. It has become easier to 

final on the tools to be used for the Conventional 

Drilling of CFRP. 

 

 

2.1 LITERATURE SURVEY ON MATERIAL 

SELECTION : 

Khashaba, et al [9] observed that at minimum cutting 

variables the thrust force of continuous winding, 

woven/epoxy and chopped composites were suddenly 

dropped from the maximum value to zero at the drill 

exit with significant push-out delamination by 

variable feed technique. Santiusteetc, et al [10] 

observed the effect of bending moment (involving 

both cracking and crushing damage) for fiber 

orientations close to the cutting speed direction in 

CFRPs. The increment of angle orientation leaded to 

increased crushing damage beneath the machined 

surface. Krishnaraj, et al[17], while drilling CFRP/Al 

stacks, investigated that the magnitude of thrust force 

and torque during drilling of Al compared to CFRP is 

double at low feed rate (0.05 mm/rev) where as at 0.1 

mm/rev and at 0.15 mm/rev it is approximately three 

times higher. Capello, et al [14] worked on 

Workpiece damping and its effect on delamination 

damage in 5 June 2003 using Damage free machining 

to analyze the differences in delamination 

mechanisms when drilling with and without a support 

placed under the work piece. R. Janssen, et al [20] 

presented concerning the realization of economical 

drilling processes of multi-layer materials. Phapale, 

et al [26] presented delamination characterization and 

comparative assessment of delamination control 

techniques in CNC machining of CFRP. There are 

also information about the cutting tools and the 

factors which have great effect on the drilling 

process. When this temperature is exceeded the 

mechanical properties are changed. Reduction of the 

strength and hardness of the composite can be 

expected. Haeger, et al [28] discussed a non-

destructive detection of drilling-induced delamination 

in cfrp and its effect on mechanical properties. The 

point angle of the drill bit significantly affects the 

delamination behavior, since a lower point angle 

helps to avoid pushdown delamination on the exit 

side but promotes peel-up delamination on the entry 

side. Voßa, et al [29] worked on chip root analysis 

after machining carbon fiber reinforced plastics 

(CFRP) at different fiber orientations. Analysis 

shows that the height of the compressed particles is 

about the radius of the worn cutting edge. As a result 

the particles are unable to convey over the tool´s rake 

face and are instead forced under the tool´s clearance 

face and smear along the machined surface. Ellert, et 

al [31] worked on major factors influencing tensile 

strength of repaired CFRP samples. The art of 

material removal, geometry, surface pretreatment and 

different repair techniques were analyzed. Because of 

high accuracy and reproducibility, a mechanical 

material removal is preferred to manual removal. 

Rawata [19] analyzed the effect of speeds and feed 

rates on the damage mechanisms, namely, 

delamination, surface roughness, fiber pullout, 

thermal damage, hole circularity and hole diameter 

error were established using a newly introduced 

concept of Machinability Maps. 
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2.2 LITERATURE REVIEW ON ABRASIVE 

WATERJET DRILLING ON CFRP 

COMPOSITES : 

Presently, there is no process which gives the 

complete solution for the delamination of CFRP 

material. It has been demonstrated that the 

performance of AWJM is superior compared to lazer 

machining and waterjet machining as far as 

delamination is concerned [1,2 ]. Also it has been 

reported that the waterjet cutters are efficient tools 

for the machining of the layered composites [3,1]. In 

AWJM high velocity jet of abrasive slurry is 

impacted on work pieces and it removes material 

based on the principle of erosionof the material. 

AWJM has advantages like high machining 

versatility, relatively small cutting forces, high 

flexibility and no thermal distortion [ ]. While 

comparing with other machining process like lazer 

and conventional machining no heat affected zone on 

workpiece is produced [4 ]. Although AWJM is 

associated with noisy pump and higher operating 

cost, it appears to show promise in machining of 

CFRP as compared to lazer and WJM [5,1,6]. Based 

on the literature it appeared that although many 

attempts have been made to study AWJM and AWJ 

of CFRP, most of the studies have been undertaken 

on drilling. Therefore it is necessary to investigate the 

profile cutting using AWJM. Besides, to the best of 

our knowledge, there are few studies on modeling of 

AWJM of these materials. Therefore the present 

study has been undertaken to investigate the 

combination of input process parameters such as jet 

pressure, standoff distance, feed rate on dimensional 

accuracy, surface quality, and material removal rate. 

In addition, empirical models have also been 

developed for kerf, surface roughness, and material 

removal rate using response surface methodology. 

The scope of this study is, therefore, limited to 

empirical study of machinability of CFRP using 

AWJM. 

 

2.3 LITERATURE REVIEW ON HYBRID AI 

TECHNIQUES USED : 

Chang and Kuo [15] analyzed the surface roughness 

and material removal rate of aluminum oxide in laser 

assisted turning using Taguchi method. They varied 

the rotation speed, feed, depth of cut and pulse 

frequency during experimentation identified that the 

rotational speed was the most significant parameter 

affecting both the surface roughness material removal 

rate. 

R.Rinaldo et al [16] analyzed the natural variables of 

drilling tools in Finite element analysis and studied 

spindle speed frequency. They conclude that cutting 

mechanisms can be achieved by initiation 

propagation. 

ANOVA GRA (GRT relational analysis) analysis of 

Si3Ni4-TiN conductive ceramic composite in EDM 

was done by C. Sathiya Narayanan et al [17] material 

removal rate, taper angle, circularity, runout, surface 

roughness were observed by varying current  pulse 

on time, pulse off time, dielectric pressure and spark 

gap voltage. Increase in spark eroding process was 

experimentally observed. 

Saha et al. [18] using ANN for WEDM of tungsten 

carbide-cobalt composite found that peak current and 

capacitance significantly increases cutting speed and 

surface roughness. Pulse-on time ,pulse-off time, 

peak current and capacitance were varied during 

experimentation. 

Somashekhar et al. [19] analyzed the material 

removal rate of aluminum in micro-EDM by varying 

gap voltage, capacitance and feed rate. They 

concluded that more variation in MRR was observed 

due to capacitance compared to others. They used 

ANN and SA as optimization techniques. 

Amini et al. [20] used combination of Taguchi 

method, ANN and GA methods to optimize the 

material removal rate and surface roughness of TiB2 

nano-composite ceramic in WEDM by varying 

power, time off, voltage, servo and wire feed rate. 

Shown that the achieved optimization results were in 

good agreement with the experimental result. 

Shrivastava and Dubey [21] optimized the material 

removal rate by 76% and wheel wear rate by 31% in 

electric discharge diamond grinding of copper-iron-

graphite MMC by using ANN,GA and grey relational 

analysis as optimization techniques. 

Parikh and Lam [22] used orifice diameter, depth of 

cut and work piece-abrasive material combination 

factor to find Abrasive mass flow rate, focus 

diameter, traverse rate and pump pressure in AWJM. 

They found that results of neural network showed 

better than other techniques. 

Singh and Grill [23] used adaptive Neuro-fuzzy 

inference system to calculate MRR by varying depth 

of penetration, time of penetration and penetration 

rate in porcelain ceramic, Alumina ceramic and 

sillimanite ceramic.Fuzzy logic-based models were 

designed to simulate MRR. 
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Rao and Kalyankar [24] used TLBO for cutting speed 

of WEDM of oil hardened and nitride steel. Surface 

roughness was considered as constraint. 

Pawar and Rao [25] studies TLBO application for 

Titanium in AWJM. Power generation was 

considered as constraint. 

 

CONCLUSION:  

The work carried out by various researchers using 

abrasive Water Jet technique is reported for wide  

variety of metals, non-metals,ceramics and 

composites. But still AWJM has many limitations 

regarding to layered composites. Grit embedment, 

delamination,and fiber pull out are most important 

issues. These issues are not totally omitted it need to 

choose the parameters wisely. It is observed that the 

reduction of jet diameter or decreasing the 

waterpressure can reduce delamination effect. 
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