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Abstract 

Blanking process is continuously used in mass production of sheet metal parts. Part is cut between punch & die in a press tool by 

means of physical process called shearing operation. Research work is done to investigate the effect of   quality parameters 

which are affecting the blanking operation & their interaction. This helps to select the process leading parameters for similar 

work piece manufactured from two different materials blanked with suitable quality. Finite element method & taguchi method 

approach are useful in order to achieve required objective of project. Combination of these two techniques provides good 

solution for the optimization of sheet metal blanking process. Study help to evaluate the influence of tool clearance, sheet 

material thickness & sheet material thus optimizing clearance which affect other blanking process parameters. Work also 

investigates that before manufacturing blanking die it is useful to do Finite element analysis to know the parameters effect & go 

for feasible & result oriented design. The result from Taguchi method & finite element method is then validated with physically 

design blanking die. 
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________________________________________________________________________________________________________ 

I. INTRODUCTION 

Blanking and piercing are Shearing processes in which a punch and die are used to modify webs. The tooling and processes are 

the same between the two, only the terminology is different: in blanking the punched out piece is used and called a blank, in 

piercing the punched out piece is scrap. Metal blanking is a commonly used process in the most of the industry in which high 

volume production of metal components are produced. As the close dimensional accuracy is the most important parameter in 

today era with less production time to achieve this is very difficult because here is no general guideline for designing the die for 

blanking process hence to design the blanking process in industry it is still based largely on trial and error method and it is often 

time consuming and expensive. so to overcome to with this problem there is need to develop the method which reduce the trial 

and error method. Therefore, appropriate modeling and understanding of the blanking process could be beneficial to reduce the 

lead-time and to control the product specifications, especially the shape of a blanked (sheared) edge. 

Burrs and die rolls are typical defects of trimmed surfaces. The surface finish will be lower in the so-called fracture zone, i.e. 

where the material is irregularly stripped away from the matching surface, at the end of the shearing operation. Die roll is a 

plastic deformation of the sheet edge, which causes permanent edge rounding. Burr height is typically used as an index to 

measure tool wear, because it is easy to measure during production. 

 Characteristics of Part Edge: 

There are different zones of blanked edge based on deformation of material which has occured. That zones and modes of 

deformation of a blanked part edge are given below in figure. 1 

1) Rollover Zone (Zr) - Caused due to plastic deformation of material. 

2) Shear Zone (Zs) - This is smooth & shiny area form during shearing of material. 

3) Fracture/Rupture Zone (Zf) - It is a rough surface, results after the material crack. 

4) Burr Zone (Zb) - Due to plastic deformation. 

5) Depth of crack penetration (Dcp) - It is the angle of fracture zone depends on clearence.  

6) Secondary shear - It is created if cracks do not run to each other and material is sheared again. 
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Fig. 1: Zones of blanked part edge 

II. PROBLEM DEFINITION 

Blanking process is widely used in sheet metal industry. The main problem arising with this is formation of burr. Which in turns 

affect the quality characteristics of blanked part. So to overcome this problem need to study the various factors affecting the 

blanking process & to get optimized value of the burr height using FEA & Taguchi method. It will be helpful in decreasing the 

cost & time required for the process. Also we can get result oriented design of die. 

III. RESEARCH OBJECTIVE AND APPROACH 

 Objectives: 

The objective of this study is to 

1) Minimize burr height of the parts which is more than 0.15mm for the different types of part. 

2) Optimization of blanking process to reduce burr height. 

3) Selection of proper combination of process parameters at their specified levels in such a way that costly dies will not be   

manufactured until the finite element method shows the best set of results for process parameters. 

 Following are the parameters which affect the blanking process. 

1) Clearance (Controllable) 

2) Material (Controllable) 

3) Material thickness (Controllable) 

4) Friction (Noise factor) 

5) Punch die alignment (Noise factor) 

6) Tool geometry (Noise factor) 

7) Speed of stroke rate (Noise factor) 

Above parameters, some are the controllable parameters which can be control to get optimum results in blanking operation. 

 Approach: 

The objectives of this study are achieved by the following approaches. 

1) Finite element method & Taguchi method approach are useful in order to achieve required objective.  

2) Combination of these two techniques provides good contribution for the optimization of sheet metal blanking process. 

3) Study helps to find the influence of tool clearance, sheet metal thickness and sheet material thus optimizing clearance which 

affect other process parameters.                                       

4) Understand the effect of parameters, with simulation in blanking process & getting optimize value with Taguchi Method 

And comparing the results with practically design tool.                                                                                                   

IV. LITERATURE REVIEW 

Numerical simulation of the problems associated with sheet metal forming using the Finite Element Method (FEM) can help in 

process design by reducing the number of trial steps. Although process modeling using FEM simulation is already used in 

industry in a wide variety of forming operations, no commercially available FEM code is capable of simulating, with the 

required degree of precision, the blanking process, and fracture formation.          

R. Hambli, “BLANKSOFT: a code for sheet metal blanking processes optimization” presents industrial software called 

BLANKSOFT dedicated to sheet metal blanking processes optimization. Several researches have emphasized different aspects 

of the blanking process. Through literature, it is clear that many methods are used to study the blanking process to achieve the 
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optimal combination of its parameters. This includes analytical approaches; Finite Element Method; Design of Experiments and 

Neural Networks Modeling . Literature shows that the mechanical characteristics of the blanking process and the geometrical 

aspect of the sheared edge are affected by different parameters. These parameters include clearance, wear state of the tool, tool 

radii and geometry, thickness of the sheet, blank geometry, or layout, material prosperities such as hardness and ductility, 

friction, tools surface finish or lubricant type, sheet metal coating, and stroke rate or blanking speed . Using a combination of 

techniques in analyzing the blanking process and its parameters and conducting comparisons are widely common in literature. 

W. Klingenberg, and U. Singh, “Comparison of two analytical models of blanking and proposal of a new model” have 

compared two existing analytical models of blanking.                  

F. Biglari, A. Kermani, M. Parsa, K. Nikbin, and N. O’Dowd, “Comparison of fine and conventional blanking based on 

ductile fracture criteria” have performed a comparison between fine and conventional blanking.            

R. Hambli, R. “Design of Experiment Based Analysis for Sheet Metal Blanking Processes Optimization” has combined 

predictive finite element approach with neural   network modeling of the leading blanking parameters in order to predict the burr 

height of the parts for variety of blanking conditions.  

In addition, M. Rachik, J. Roelandt, and A. Maillard, “Some phenomenological and computational aspects of sheet metal 

blanking simulation presented a comprehensive experimental and numerical study of the sheet metal blanking process. The 

clearance impact on the blanking processes has consumed a significant amount of research. This concern about the clearance 

factor is because the structure of the blanked surfaces is influenced by both the tooling (clearance and tool geometry) and the 

properties of the work piece material (blank thickness, mechanical properties, microstructure, etc.).  

V. OPTIMIZATION TECHNIQUES 

There are various techniques used to optimize the process. Following are the different optimization techniques basics are 

describe.  

 Design of Experiments 

It is a systematic approach for optimizing the process performance. Setting of the single factor is at at a time till response is 

improved.  It is used to get various combination of parameter. 

 Finite Element Method 

Simulation problems associated with sheet metal forming using finite element analysis can help to design the process by 

reducing so many numbers of trial steps. 

Process modeling by FEM simulation is widely use in various industries of forming operation. Among the various numerical 

methods, Finite element analysis is has been used with success. However this requires generation of large set of data to get 

accurate results and consumes more investment in engineering time & computerized resources. FEM is the good choice for sheet 

metal processes since it helps to eliminate the need for time consuming experiment to optimize process parameters. 

So many of the time consuming process can be replaced by computer simulations. Therefore, more accurate results may be 

obtain using FEM simulation. Finite element gives approximate solution with an accuracy which depends on type of elements 

and fine quality of finite element mesh. 

 Taguchi Method of approach 

In Taguchi method modified & standardized form of design of experiments is used. It is help to study the effect of various 

factors on quality characteristics. Experiments are design using specially constructed tables known as orthogonal array which 

makes experiments very easy and less no of trials require to study the entire parameters.  

Experimental results then transfer into signal to noise (S/N) ratio to measure quality characteristics.  There are three categories, 

Lower the better, higher the better, nominal the better. Greater S/N ratio leads to better quality. 

After this statistical analysis of variance (ANOVA) is done to see which parameter is significant? With S/N ratio and ANOVA 

analysis optimum parameter can be predicted. 

 Neural network analysis 

Networks are used as numerical devices for substituting finite element code for optimum clearance prediction. Neural networks 

are used to estimate or approximate function that can depend on large number of inputs and are generally unknown. 

 Genetic Algorithm 

In genetic algorithm, population of candidate solution to the optimization problem evolved towards better solution. Each of these 

candidate solution hasv set of properties which can be mutated and can be altered. The evolution usually starts from the 

population of randomly generated individuals and happens in generations. In each of the generation, the fitness of each and every 

individual in the population is evaluated, the more fit individuals are selected from the current population, and each individual’s 

genome is modified to form a new population. The new population is then used in the next iteration of an algorithm. Commonly, 
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algorithm terminates when either the maximum number of generations has been produced, or a satisfactory fitness level has been 

reached for the population.  

Once the genetic representation and the fitness functions are defined, a GA proceeds to initialize the population of solutions 

and then to improve it through contineous application of the mutation, crossover and inversion and selection of the Operators. 

VI. METHODOLOGY 

 Design of experiments by Taguchi method 

Steps Involved in Taguchi Method.  

1) Identify the main function and its side effects.  

2) Identify the testing condition and quality characteristics.  

3) Identify the objective function which is to be optimized.  

4) Identify control factors and their respective levels.  

5) Select a suitable Orthogonal Array and construct  Matrix 

6) Conduct the Matrix experiment.  

7) Examine the data; predict the optimum control factor levels and its performance.  

8) Conduct the verification experiments.  

 For that material Considered:  

 CRCA (Cold rolled cold annealed)  & Aluminum 

 Thickness Considered: 

 0.8mm , 1mm , 2mm 

 Clearance considered: 

 5% , 10% & 15% 

With the help of Minitab 15 software we have find L9 array for experiment. 

Refer figure 3 for Minitab work to find L9 Array. As the numbers of factors are only 2 & we have to perform the work for two 

different materials we have selected L9 array. For single experiment one can also go for L27 Array. 
Table – 1 

Orthogonal L9 Array 

Experiment No Clearance (%) Thickness(mm) 

1 5 0.8 

2 5 1 

3 5 2 

4 10 0.8 

5 10 1 

6 10 2 

7 15 0.8 

8 15 1 

9 15 2 

 Finite Element Analysis 

The problem studied in this work involves analysis of an axis-symmetric blanking operation of sheet metal. 

The analysis is done to study two types of materials (AL and CRCA); three values of clearances (C= 5, 10 and 15 percent of 

sheet metal thickness); three values of thickness of the sheet (t = 0.8,1.0, and 2.0 mm). Eighteen simulations are performed for 

the above configuration. Simulations are conducted on the commercial finite element software package ANSYS/Explicit. 

The analysis is simplified by using a two-dimensional situation, under plane-strain conditions, since in a normal blanking 

operation punch-die clearance is usually very small in relation to the diameter of the blank, otherwise, the deformation will be in 

the 3-D form. In all simulations, a disc with a diameter of 70 mm has been used as the blank. Only half of the blank was modeled 

because the blanking process is symmetric about a plane along the center of the blank.  

The blank is modeled using four-node 2D elements (ANSYS Plane 162) as shown in Figure 4. The tools are modeled with 

rigid surfaces and contacts are defined between the top of the blank and the punch, and the bottom of the blank and the die. The 

friction coefficient between the blank and the other tools is assumed 0.1. The contact between components is established in a 

reasonably gentle manner to avoid large over-closures and rapid changes in contact pressure. This approach, although requires 

one more step, minimizes the convergence difficulties, and makes the solution more efficient. 

In the blanking operation, deformation is concentrated along very narrow shear band. The width of the shear band is a few 

microns, thus, the number of elements used is critical for every simulation since a large number of elements increases the 

accuracy of the result, but also substantially increases the calculation time. Therefore, a very dense mesh is defined in the 

shearing region and relatively large elements for the remainder. Figure 2 shows part of the finite element mesh used to model the 

plate in the shear zone.  
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Fig. 2: A part of the finite element mesh used to model  the plate in the shear zone. 

For the materials aspects, most materials of engineering interest initially respond elastically. If the load exceeds 

Some limit (the “yield load”), the deformation is no longer fully recoverable. However, a portion of the deformation will remain 

when the load is removed. Plasticity theories model the material's mechanical response as it undergoes such non-recoverable 

deformation in a ductile fashion. As a first approximation, the blanking process is simulated using two-dimensional plane-strain 

model. The specimen is modeled using isotropic material properties. The plastic material behavior is described by the Von 

Misses yield condition and isotropic hardening in which the strain hardening behaviour described using tabulated data (stress 

versus effective plastic strain). The classical metal plasticity model is used with isotropic hardening which is available in 

ANSYS/Explicit. A shear failure model offered in ANSYS/Explicit is used to limit the subsequent load carrying capacity of an 

element (up to the point of removing the element) once a stress limit is reached.  

Boundary conditions applied in the simulation are punch velocity (100 mm/sec) and die is considered as fixed. 

Burr height is measured after the analysis is 0.09 mm for 0.8 mm thickness for CRCA and 5 % clearance as shown in Step7. 

Similarly we find the burr height of all iterations using above method of FEA & tabulated. 

 Steps in Finite Element Analysis of Blanking Process 

1) Step 1: Adding Project 

 
2) Step 2: Engineering Nonlinear Material 

 
3) Step 3: Geometry Creation in ANSYS Design Modeler 
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4) Step 4: Meshing the geometry 

Meshing of geometry can be done as shown in fig.2.  

In the area where there is contact between punch & sheet dense meshing is done to get acuurate results 

5) Step 5: Load 

 
Punch Velocity 

Top & Bottom die Fixing 

6) Step 6: Solutions 

 
7) Step 7: Result 
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Burr Height (0.09 mm) 

Using this burr height & factors we have got the following experimental data with S/N ratio by using the minitab 15 software 

using Taguchi analysis. 
Table – 2 

Data for Aluminum 

 
Similarly we will get the data for CRCA material using same method. 

Table – 3 

Data for CRCA 

 
 Analysis for Aluminum 

 
Fig. 3: Signal to noise ratio for Aluminium 
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Figure 3. Shows the S/N ratio graph where horizontal line is the value of the total mean of the S/N ratio. Basically, larger the 

S/N ratio, the better the quality characteristics for the blank. As per the S/N ratio analysis from graph the levels of parameters to 

be set for getting optimum values of burr height. 

 Analysis of Variance for SN ratios, using adjusted SS ANOVA 
Table – 4 

Analysis of Variance using ANOVA for Aluminum 

Source DF Seq SS Adj SS Adj MS F P 

Clearance (%) 2 97.44 97.44 48.720 10.76 0.025 

Thk(mm) 2 131.06 131.06 65.529 14.48 0.015 

Residual Error 4 18.10 18.10 4.526   

Total 8 246.60     

According to ANOVA Analysis as shown in table.4, for the burr height most effective parameter is clearance. Percent 

contribution indicates the relative power of a factor to reduce variation. For a factor with a higher percentage contribution, a 

small variation will have a great influence on the performance. The percent contributions of the blanking parameters at the burr 

height are shown in Table.4. According to this, clearance was found to be the major factor affecting the burr height (2.5%). A 

percent contribution of sheet thickness is much lower, being (1.5%).  

 Regression Analysis 

The regression equation is 

Burr height = 0.0596 - 0.00543 Clearance + 0.0545 Thickness 

S = 0.00579279   R-Sq = 98.3%   R-Sq(adj) = 97.8% 
Predictor Coef SE Coef T P 

Constant 0.059570 0.006914 8.62 0.000 

Clearance -0.0054333 0.0004730 -11.49 0.000 

Thickness 0.054462 0.003678 14.81 0.000 

Solving above equation in Minitab we will get below predicted values for observations. 
New obs Fit SE Fit 95% CI 95%PI 

1 0.07597 0.00350 (0.06740,0.08454) (0.05941,0.09254) 

 95%PI value is prediction interval is range that is likely to contain single future response for value of predictor variable. Hence 

range for optimum burr height will be 0.05941-.09254mm. So the values of predictors for new observations are- 
Obs Clearance(%) Thickness(mm) 

1 5 0.8 

Our Values comes from FEA with 5% Clearance & for 0.8mm thickness sheet is 0.076mm which lie in above predicted range. 

So we can say that above are the optimized values for Aluminum 

 Analysis for CRCA 

 
Fig. 4: Signal to noise ratio for CRCA 

Figure 4. Shows the S/N ratio graph where the horizontal line is the value of the total mean of the S/N ratio. Basically, larger 

the S/N ratio, the better is the quality characteristics for the blank.  

 Analysis of Variance for SN ratios, Using adjusted SS ANOVA 
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Table – 5 

Analysis of Variance using ANOVA for CRCA 

Source DF Seq SS Adj SS Adj MS F P 

Clearance (%) 2 63.71 63.71 31.854 11.06 0.023 

Thk(mm) 2 89.03 89.03 44.515 15.46 0.013 

Residual Error 4 11.52 11.52 2.879   

Total 8 164.25     

According to ANOVA Analysis as shown in table.5, for the burr height most effective parameter is clearance. Percent 

contribution indicates the relative power of a factor to reduce variation. For a factor with a higher percent contribution, a small 

variation will have a great influence on the performance. The percent contributions of the blanking parameters on the burr height 

are shown in Table.4. According to this, clearance was found to be the major factor affecting the burr height (2.3%). A percent 

contribution of sheet thickness is much lower, being (1.3%).  

 Regression Analysis 

The regression equation is 

Burr = 0.0828 - 0.00573 Clearance + 0.0535 Thickness 

S = 0.0121800   R-Sq = 93.1%   R-Sq(adj) = 90.8% 
Predictor Coef SE Coef T P 

Constant .08284 0.01454 5.70 0.001 

Clearance -0.0057333 0.0009945 -5.77 0.001 

Thickness 0.053548 0.007734 6.92 0.000 

Solving above equation in Minitab we will get below predicted values for observations. 
obs Fit SE Fit 95% CI 95%PI 

1 0.09701 0.00736 (0.07899,0.11503) (0.06218,0.13184) 

95%PI value is prediction interval is range that is likely to contain single future response for value of predictor variable. Hence 

range for optimum burr height will be 0.6218-013184mm. So the values of predictors for new observations are- 
Obs Clearance (%) Thickness(mm) 

1 5 0.8 

Our Values comes from FEA with 5% Clearance & for 0.8mm thickness sheet is 0.09mm which lie in above predicted range. 

So we can say that above are the optimized values for Aluminum. 

VII. EXPERIMENTAL SETUP FOR VALIDATION 

From above results of Finite element analysis & Taguchi method we found that, for the 0.8mm thickness of CRCA & aluminum 

sheet with 5% clearance in punch & die resulting burr height is very less or acceptable. So we have design the die as per 5% 

clearance of 0.8mm CRCA sheet for support plate-parcel tray and taken the results on 30ton press which are similar to our 

FEA/ANOVA results. ie., 0.09mm. 

 
Fig. 5: Experimental setup 
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Fig. 6: Burr measurement 

VIII. CONCLUSION 

The developed experimental investigation of the sheet metal blanking process makes it possible to study the effects of process 

parameters such as the material type, the punch-die clearance, the thickness of the sheet and their interactions on geometry of the 

sheared edge especially the burrs height.            

This study will help in selection of the proper combination of process parameters at their specified levels in such a way that 

costly dies will not be manufactured till the finite element method shows the best set of the process parameters. This 

investigation shows that, in order to minimize the burrs height, the clearance should have to set at about 5 %. It is possible to 

reduce lead-time by using Taguchi Method as the Design of Experiment technique in the design process, where computer 

software can replace many time Consuming process optimization using Taguchi method to consuming experiments.  
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