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 Nowadays sheet metal applications are very wide in the automotive as well as 

aerospace industries, at the same time failures are also occurs occasionally during the 

applications which leads in losses in the resources. Earlier researchers were studied the 

failure analysis through various Failure Mode and Effective Analysis (FMEA) 
technique and tried to predict the fracture before failure occurs. This work attempts to 

predict the ductile fracture criterion for the sheet metal to avoid the failure by means of 

considering various controllable and uncontrollable parameters. With the Design of 
Experiments and the Artificial Neural Network techniques a ductile fracture initiation 

criteria modeled and the model will be validated through Finite element simulation for 

the verification of the quality. If comparison results are within the limit condition, the 
model can be utilized for the prediction of ductile fracture before it happens in the real 

application. 
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INTRODUCTION 

 

Fracture mechanics is the field of 

mechanics concerned with the study of the 

propagation of cracks in materials. It uses methods of 

analytical solid mechanics to calculate the driving 

force on a crack and those of experimental solid 

mechanics to characterize the material's resistance 

to fracture. 

In modern materials science, fracture mechanics 

is an important tool in improving the mechanical 

performance of mechanical components. It applies 

the physics of stress and strain, in particularly the 

theories of elasticity and plasticity, to the 

microscopic crystallographic defects found in real 

materials in order to predict the macroscopic 

mechanical failure of bodies. Fractography is widely 

used with fracture mechanics to understand the 

causes of failures and also verify the theoretical 

failure predictions with real life failures. The 

prediction of crack growth is at the heart of 

the damage tolerance discipline. 

The design process for a component consists of 

choosing the appropriate geometry, the necessary 

material strength as per the loading conditions (either 

cyclic or constant loading), the temperature of usage 

and structural analysis (Testing and FEM analysis), 

so that it does not fail under load. The methodologies 

followed in design criteria traditionally pick up the 

conventional materials based on standard data and as 

per the loading conditions proportioning the 

geometry of the components on basis of analysis. 

The material strength is chosen keeping in mind the 

factor of safety, i.e. the ultimate stress (where it fails) 

is much higher than maximum stress in the 

component.  

Major applications of fracture mechanics design 

are material selection, effect of defects, failure 

analysis and control/monitoring of components. 

Fracture analysis includes the usage of mathematical 

models such as linear elastic fracture mechanics 

(LEFM), crack opening displacement (COD) and J-

integral approaches by using finite element analysis 

(FEM). The relationship used for estimating stress 

intensity factor is 

 
where K is the critical fracture toughness value, 

c a constant that depends on crack and specimen 

dimensions, σ the applied stress, and a the flaw size. 

The above relation is very general and as per the 

shape of the crack, relations available in standard 

data books or course books are to be used, any 

general crack can be approximated to standard 

shapes used in writing the relations. 

 

2. Literature Survey: 

http://en.wikipedia.org/wiki/Solid_mechanics
http://en.wikipedia.org/wiki/Fracture
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A.M. Goijaerts, et al. (2009) described that in 

critical applications, the development of a blanking 

process becomes trial-and-error due to the empirical 

blanking knowledge. A validated FEM-model of the 

process is present but a proper ductile fracture model 

is missing. For that development of ductile fracture 

model was carried out. From the experimental 

blanking process they determined the critical value 

and the characterized the process. The main goal of 

the research was to predict the product shape of a 

blanked product. An FEM-model, validated on the 

deformations in the blanking process, existed but the 

problem of ductile fracture initiation had not been 

solved yet. The category of local ductile fracture 

criteria was chosen for this application. For the 

characterization of such a model two approaches are 

discussed. To verify these approaches an 

experimental setup was built and results are 

presented for the punch displacement at ductile 

fracture initiation for five different clearances in the 

blanking process. David Hunt, (2008), Finite 

Element Assisted Prediction of Ductile Fracture in 

Sheet Bulging of Magnesium Alloys, M.Eng Thesis. 

The Finite Element Model of a sheet bulging 

process was built and validated with results obtained 

from physical testing. The FEA model uses Oyane’s 

ductile fracture criterion to predict whether fracture 

has occurred in the material and also to predict the 

location of fracture if it occurs. This validated FEA 

model implements a failure range where the failure is 

predicted over a range of draw depths, and sensitivity 

analysis provides a confidence level in this range by 

varying some of the material properties and 

examining the effects on the prediction of fracture. 

Emad Al-Momani, et al. (2008) metal blanking is a 

widely used process in high volume production of 

sheet metal components. The main objective was to 

present the development of a model to predict the 

shape of the cut side. The model investigates the 

effect of potential parameters influencing the 

blanking process and their interactions. This helped 

in choosing the process leading parameters for two 

identical products manufactured from two different 

materials blanked with a reasonable quality on the 

same mold. Finite Element Method (FEM) and 

Design of Experiments (DOE) approaches were used 

in order to achieve the intended model objectives. 

The combination of both techniques was proposed to 

result in a reduction of the experimental cost and 

effort in addition to getting a higher level of 

verification. It can be stated that the Finite Element 

Method coupled with Design of Experiments 

approach was provided a good contribution towards 

the optimization of sheet metal blanking process. 

A.M. Goijaerts, et al. (2000) studied and focused on 

the evaluation of ductile fracture methodologies, 

which are needed to predict product shapes in the 

blanking process. Earlier two approaches were 

elaborated using local ductile fracture models. The 

First strategy incorporates the characterisation of a 

ductile fracture model in a blanking experiment. The 

second methodology was more favorable for 

industry. In that approach, instead of a complex and 

elaborate blanking experiment, a tensile test is used 

to characterize a newly proposed criterion, which 

was shown to predict accurately the ductile fracture 

for different loading conditions. Ahmad Rafsanjani, 

et al.(2004) proposed a methodology to predict the 

ductile damage in the sheet metal blanking process 

using a coupled thermo mechanical finite-element 

method. A constitutive material model combined 

with the ductile fracture criteria was used. The effect 

of material softening due to the heat generated during 

plastic work in a specimen was considered in 

blanking simulations. The sheet metal blanking 

process was simulated using DEFORM2D, a 

commercial finite-element code. The effect of 

material softening due to heat generation because of 

plastic deformation was introduced to the simulation 

using a coupled thermo mechanical finite element 

method. The effect of punch speed and punch–die 

clearance on blanking quality was carefully 

examined. To verify the validity of the proposed 

model, several blanking simulations performed and 

the results compared with those obtained from an 

experimental study. I.M. Gunter, et al.(2007) added 

some spinal additions>2.5 vol.%, the additional crack 

initiation sites associated with the brittle particles 

embrittle the molybdenum and hinder the ductilizing 

grain size effect, resulting in a decrease in ductility 

beyond 2.5 vol.% spinel. Thus, it would appear that 

controlling the molybdenum grain size, rather than 

adding spinel particles, is a more effective means of 

controlling ductility of molybdenum when fracture 

occurs inter granularly. Molybdenum-base materials 

exhibit excellent potential for such applications due 

to the high strength and high melting point of 

molybdenum; however, the oxidation resistance of 

molybdenum metal is extremely poor. Although 

several molybdenum silicides exhibit excellent 

oxidation resistance, these intermetallics are too 

brittle for practical use as structural materials. D. 

Brokken, et al (1999) exhibited the large, localized 

deformations were handled by a combination of an 

Operator Split Arbitrary Lagrang Euler (OS-ALE) 

method and full remeshing was done. Transport of 

the state variables between subsequent meshes for 

the OS-ALE and remeshing methods was achieved 

by the Discontinuous Galerkin (DG) method and an 

interpolation procedure, respectively.Ductile fracture 

is incorporated using a discrete cracking approach. 

The calculated product shapes are compared to 

experimental observations, showing an overall good 

agreement. The element elimination procedure is 

capable of modelling separation, it is inherently mesh 

dependent. Furthermore, the adoption of rigid plastic 

material behaviour obstructs the modelling of spring 

back effects. It is concluded that a mesh independent 

finite element procedure to predict the shape of 

blanked products is not yet available. Yanshan Lou, 
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et al.(2012) implements a ductile fracture criterion 

was proposed to model fracture behavior of sheet 

metals for nucleation, growth and shear coalescence 

of voids during plastic deformation. In the new 

ductile fracture criterion, void nucleation is described 

as a function of the equivalent plastic strain, void 

growth is a function of the stress triaxiality and void 

coalescence is controlled by the normalized maximal 

shear stress. A ductile fracture criterion is newly 

proposed for prediction of FFLDs with efficient 

procedure to obtain the material constants in the 

criterion. The criterion is constructed with 

consideration of damage accumulation induced by 

nucleation, growth and shear coalescence of voids. 

These three processes are described as functions of 

the equivalent plastic strain, the stress triaxiality, and 

the normalized maximal shear stress to be multiplied 

to represent a fracture model.  

 

3. Proposed Work: 

The objective function of the work deals with 

the predictions of ductile fracture in the sheet metal 

blanking process by modelling ductile fracture 

initiation criteria which is suitable for various 

working conditions of the materials. Proposed work 

plan will be as follows, 

 Study of blanking process 

 Identifying the controllable and non-controllable 

factors of blanking process. 

 Proposing the process conditions through 

literature review 

 Choosing the assumptions and measuring 

devices 

 Material selection 

 Punch and die specifications 

 Design of Experiments 

 Results from DOE 

 Applications of ANN 

 Finding Optimized parameters for numerical 

simulation- Result-I 

 Finite Element Analysis 

 FEA Simulation planned to identify the crack 

propagation and fracture conditions – Result-II 

 Comparison of Results I and II 

 Validation of the model 

 

Conclusions : 

From the literature survey identified that 

blanking process is the major manufacturing process 

of various automotive as well as aerospace 

components in the very large quantity. Focusing on 

the prediction of failure, the enlargement of the crack 

in the sheet metal is characterized by the researchers 

concentrated only on the critical parameters. The 

exact fracture points due to the crack propagation 

during the application were not presented. If the 

exact nucleation of the void, void-coalescence and 

crack propagation is available, the fracture can be 

predicted before the failure happens. On the 

completion of implementation of the proposed work, 

the fracture behavior can be predicted by ANN as 

well as DOE techniques. 
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