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ABSTRACT 

Though the composite materials were available in the olden ways in many forms there has been a tremendous research in the area 

because of its high strength to weight ratio especially in structural applications. Nowadays the composite materials are being used 

in every field of Engineering. Presently as vast research is going on in the tribological aspects of composites this project deals 

Glass Fiber Reinforced Polymer (GFRP) composite. 

The Delamination that occurs during milling severely influences the mechanical characteristics of the material. In order to avoid 

these problems it is necessary to determine the Delamination occurring due to machining operation. In order to understand the 

effects of process parameters on the Delamination a large number of machining experiments have to be performed and analyzed 

using FEM model. Using FEM model the desired cutting and material parameters for minimized appearance of delamination has 

been developed. 
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1. INTRODUCTION 

1.1 Composite Material 

A composite material is an anisotropic, heterogeneous 

medium, made by combining two or more materials with 

differing properties. Properties of the composite are different 

from those of the constituent materials.  
 

1.2 Glass Fiber Reinforced Polymer (GFRP) 

Fiber Glass Reinforced plastic (popularly known as FRP / 

GFRP) are made of a plastic matrix reinforced by fine fibers 

of glass. GRP is a lightweight, extremely strong, and robust 

material. Although strength properties are somewhat lower 

than carbon fiber and it is less stiff, the material is typically far 

less brittle, and the raw materials are much less expensive. Its 

bulk strength and weight properties are also very favorable 

when compared to metals, and it can be easily formed using 

molding processes [1]. 

 

1.3 Delamination   

Delamination is defined as “the separation of the layers of 

material in a laminate. ”Delamination can occur at any time in 

the life of a laminate for various reasons and has various 

effects. It can affect the tensile strength performance 

depending on the region of Delamination. Among the various 

defects that are caused by drilling, Delamination is recognized 

as the most critical [2]. Other defects are spalling and  fiber  

pullout,  but  Delamination can result in a reduction in the 

durability of the composite material and can cause a reduction 

in  the  bearing  strength  of  the  material  and  the  structural  

integrity,  resulting  in performance issues. The Delamination 

in composite are shown in Fig1.Delamination factor is defined 

by ratio of maximum diameter (of damaged zone around hole) 

to actual diameter. 

Delamination factor = Dmax/Dactual. Where Dmax is damaged 

diameter around the hole and Dactual  is real diameter to be 

machined. 
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Fig 1: Delamination in composite 

Some of the major reasons for the occurrence of Delamination 

are the high thrust force and feed rate, other reasons include 

rapid tool wear and power. Some previous methods to avoid 

Delamination have been to reduce the feed rate and thereby 

reduce the thrust force, using a backing plate. Recent methods 

have involved vibratory drilling. Delamination is an important 

problem in the use of composite materials for structural 

purposes since it is a method of failure that is complex to 

understand and duplicate on computers. It tends to occur when 

the laminate is under tensile forces. Delamination caused by 

tensile forces has been attributed mainly to the stacking 

sequence of laminates. It is usually caused between plies due 

to out-of-plane tensile stresses and is also caused by cyclic 

critical. Other defects are sapling and fiber pullout, but 

Delamination can result in a reduction of this defects. When 

using glass fiber reinforced plastics (GFRP) it is often 

necessary to cut the material, but the cutting of GFRP is often 

made difficult by the Delamination of the composite and the 

short tool life [3]. In conventional milling the metal removal is 

accomplished by rotating the cutter against the direction of 

travel of the work piece at the point of contact. 

 

2. FINITE ELEMENT ANALYSIS 

Finite Element Analysis (FEA) is known since 1960-1970 and 

has been used to analyze forming Processes and designing 

tools. Finite Element Method (FEM) permits the prediction of 

cutting Forces, stresses, tool wear and temperatures of the 

cutting process so that the cutting tool can be designed. With 

this method the best cutting parameters are determined [4-5]. 

The basic concept in FEA is that the body or structure may be 

divided into smaller elements of finite dimensions called 

“Finite Elements”. The original body or structure is then 

considered as an assemblage of these elements connected at a 

finite number of joints called “Nodes” or “Nodal points”. 

Simple functions are chosen to approximate the displacements 

over each finite element. Such assumed functions are called 

“shape functions”. This will represent the displacement within 

the element in terms of the displacement at the nodes of the 

element.  

The finite element method is very important tool for those 

involved in engineering design. It is now used to solve 

problems in the following areas like, Structural analysis, 

Thermal analysis, Vibrations and dynamics, Buckling 

analysis, Acoustics, Fluid flow simulations ,Crash simulations, 

Mold flow simulations. 

FEA consists of a computer model of a material or design that 

is stressed and analyzed for specific results. It is used in new 

product design, and existing product refinement. There are 

generally two types of analysis that are used in industry: 2-D 

modeling, and 3-D modeling. While 2-D modeling conserves 

simplicity and allows the analysis to be run on a relatively 

normal computer, it tends to yield less accurate results. 3-D 

modeling, however, produces more accurate results while 

sacrificing the ability to run on all but the fastest computers 

effectively. Within each of these modeling schemes, the 

programmer can insert numerous algorithms which may make 

the system behave linearly or non-linearly.  

 

2.1. Finite Element Modeling of End Milling 

 Among several industrial machining processes, milling is a 

fundamental machining operation. End milling is the most 

common metal removal operation encountered. It is widely 

used in a variety of manufacturing industries including the 

aerospace and automotive sectors, where quality is an 

important factor in the production of slots and dies. The 

quality of the surface plays a very important role in the 

performance of milling as a good-quality milled surface 

significantly improves fatigue strength, corrosion resistance, 

and creep life [6].  

 The finite element method has been a fundamental analysis 

technique in widespread use in engineering Community. FEM 

is a computer-based numerical for calculating the strength and 

behavior of engineering structures. In the finite element 

method, a structure is broken down into many small simple 

blocks or elements. The behavior of an individual element can 

be described with a relatively simple set of equations. 

Planning the analysis is arguably the most important part of 
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any analysis, as it helps to ensure the success of simulation. 

The purpose of an FE analysis is to model the behavior of 

structure under a system of loads. In order 

to do so, all influencing factors must be considered and 

determined whether their effects are considerable or negligible 

on the final result. This finite modeling of end milling 

involved a great deal of complexity as the mill being a very 

complex tool and so is the process and chip geometry. So the 

preprocessing phase was done considering various parameters 

from element selection, boundary conditions, material 

properties and right selection of pre-processor and solver tool. 

2.2 Finite Element Modeling of GFRP 

Finite Element Analysis (FEA) model of various GFRP was 

developed using a standard FE software package to evaluate 

the behavior during milling process. To study the elastic 

behavior of the plastics and predict some of the resulting 

important delamination, a finite-element analysis (FEA) was 

carried out. Although most of this delamination can be 

obtained through experimentation, the elastic-plastic transition 

behavior in plastics is not easily to study under experimental 

conditions. A finite element model of the experimentally 

molded specimens was created using ANSYS 11.0 software. 

Preliminary results from delamination tests indicated that the 

composite material was very brittle but exhibited linear 

deformation in its elastic state. 

Thus the model was developed using a solid layer 46 element, 

using an elastic material, with mechanical characteristics. 

Because we are considering a thermosetting plastic with 

granular additives, behavior is fairly uncertain. solid layer 46 

elements permit irregular shapes, and its layer 46 allow for 

any spatial orientation.  

2.3 Assumptions of Model 

For simplicity a perfectly rigid milling is assumed in view of 

the significantly high elastic modulus of tool materials in 

comparison to work material. This is also an acceptable 

approximation since the elastic deflection of the milling is of 

secondary importance relative to excessive plastic deformation 

of the work piece. The surface of the mill is modeled using 

rigid elements. Boundary conditions are enforced to constrain 

the motion of the milling in all directions except the Z 

translation and Z rotation. This assumption holds good as it 

has been proven experimentally that it is the cutting speed and 

the feed rate that are of practical significance. The rotation of 

the tool is not considered in the present study as speed is 

not found to have a significant effect on the milling forces 

statistically. The milling point therefore acts as a punch that 

pierces through the laminate. It has been proven that pre-

milling helps in avoiding the effect of the chisel edge, 

therefore a pre-milled slot of 1 mm was assumed to exist in 

the laminate prior to milling.  

The Tsai Wu Failure criteria take into account the interaction 

of the stress components in all directions. In this work, this 

criterion has been applied for finding the damage around the 

slot. Therefore, it is a more realistic approach to predict failure 

than the maximum stress and strain theories. 

 

3. SIMULATION RESULTS 

Below shown in figures is nodal solution of the specimen I, II, 

III.  

Specimen-I 

 

Fig 2: Delamination of GFRP specimen-I in end milling 

CALCULATION OF DELAMINATION 
 Delamination     =  Dmax/Dactual  

 Dmax      =144mm,  Dactual      =105mm 
 Delamination    =144/105= 1.37mm     

 

Table 1: Comparison of experimental and simulation results 

Specimen-I 

 

Delamination  in 

experimental  results 

Delamination in 

FEA  results 

1.48mm 1.37mm 
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Specimen-II 

 

Fig 3: Delamination of GFRP specimen-II in end milling 

 

Table 2: Comparison of experimental and simulation results 

Specimen-II 

 

 

 

 

 

 

Specimen-III 

 

Comparisons of Experimental and Simulation 

Results 

The results obtained from the experimental testing and 

simulations have been compared are shown in the table 4. It 

has been found out that the discussed FEA model results are 

close to be experimental results. 

Table 3: Comparison of experimental and simulation results 

Specimen-III 

Delamination  in 

experimental  results 

Delamination in FEA  

results 

1.45 1.36 

 

   Fig 4: Delamination of GFRP Specimen-III In End Milling                  

Specimen Delamination  

in experimental  

results (mm) 

Delamination in 

FEA results (mm) 

I 1.48 1.37 

II 1.50 1.26 

III 1.45 1.36 

 

4. CONCLUSION 

The Delamination that occurs during milling severely 

influences the mechanical characteristics of the material. In 

order to avoid these problems it is necessary to determine the 

Delamination occurring due to machining operation. In order 

to understand the effects of process parameters on the 

Delamination a large number of machining experiments have 

to be performed and analyzed using FEM model. Using FEM 

model the desired cutting and material parameters for 

minimized appearance of delamination has been developed. It 

has been found out that the discussed FEA model results are 

close to the experimental results. The 3D FEM models are 

applied to milling and after simulations it is adaptable to 

industry.  
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