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Abstract: 
            Press tools are the most commonly used in manufacturing of sheet metal parts. In these segment 

bending is the non-cutting operation widely used in automobile industry. Press tool commonly experience 

the impact and compression load on punch and die (rollers in these project).  Press tool life depends on 

strokes per minute, on every stroke punch will undergo impact load.  

The present project is aimed at design and analysis of Rocker bending tool die. As the press tool deals with 

the lot of forces and loads on it, in this project design of a bending tool which is acceptable and meets 

customer requirements. In this design top half is movable and bottom half is fixed and it experience impact 

load, static loads on die and rollers. The design has been done with the help of design software AutoCAD. 

For modelling of the project shall be designed using Autodesk Fusion 360 then the 3D model shall be 

analyses with the same software. 
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1. INTRODUCTION 

In today’s industrial era main objective for any 

industry is to produce and manufacture the product 

with shorter lead time and greater accuracy. Most of 

the mechanical industries produce products in mass. 

The prime idea of mass production is mainly to meet 

the requirement of consumer, to maintain consistent 

quality and to make the product cost effective. 

Almost all products like television, radio, 

refrigerator, home appliances, watch, computer, car 

and many more which consists of number of 

components made of either plastic or sheet metal. 

Sheet metal components are produced by a device 

called ‘Press Tools’.  

Any product to be manufactured invariably 

requires tools. Tool is an aid for the production. It 

should be accurate for the successful functioning of 

the product. Press tools are special tools custom 

built to produce a component out of sheet metal.  
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1.1 objectives of project 

 

The product that meets customer and applicable 

regulatory requirements are very large.They need 

mass production on low cost with high precision & 

dimensional accuracy. For that I decided to analysis 

a press tool for the selected component. We got our 

project as “DESIGN OF ROCKER BENDING 

TOOL AND ANALYSIS OF DIE FOR 

OPTIMIZING THE TOOL LIFE”. We the 10 final 

year trainees discussed, designed, and manufactured 

the gauge for the component which we 

assigned.The below report show about press tool 

selection, design,manufacturing, trouble shooting, 

& problem-solving techniques and trial of the 

selected project. 

1.2 Bending 

Bending is a method of producing shapes by 

stressing metal beyond its yield strength, but not 

past its ultimate tensile strength. The forces applied 

during bending are in opposite directions, just as in 

the cutting of sheet metal. Bending forces, however, 

are spread farther apart, resulting in plastic 

distortion of metal without failure.  

1.3  Principles of Bending 

Any elastic material when deformed within its 

elastic limit regains its shape as soon as the force is 

withdrawn.But if deformed beyond its elastic limit 

it remains permanently in the formed shape. When a 

material is subjected to bending its outer layer 

experiences tensile stress. 

 

Figure 1.5: Rocker Bending Operation 

Their length increases.The inner layers experience 

compressive stresses.Their length shortens.The 

plane in the material in between the outer and inner 

layers experiences no stress.This is called neutral 

plane. It experiences no change in length.The 

material fiber at this plane is called neutral 

fiber.Neutral fiber represents the original length of 

the material before they were subjected to bending. 

The principles of bending involve.Selection of 

material of length equal to neutral fiber.Stressing it 

beyond elastic limit.Plastic deformation due to 

bending.The act of bending causes the portion of 

the material which is within the areaof bend to 

become distorted.Material beyond the bend area is 

also slightly affected, but it can be neglected. 

 The distortion is called plastic deformation. 

2.1 PROBLEM DEFINITION  

The present project is aimed at design and analysis 

of Rocker bending tool die. As the press tool deals 

with the lot of forces and loads on it, in this project 

design of a bending tool which is acceptable and 

meets customer requirements.In this design top half 

is movable and bottom half is fixed and it 
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experience impact load, static loads on die and 

rollers. The design has been done with the help of 

design software AutoCAD.For modeling of the 

project shall be designed using Autodesk Fusion 

360 then the 3D model shall be analyses with the 

same software. 

2.2 Methodology of The Work 

The initial step is the design work which mainly 

involves the detailed part drawings of the die 

components as per the required dimensional 

accuracy and tolerances. The design has been done 

with the help of design software AutoCAD. 

Finite Element Analysis done with the help of 

Autodesk Fusion 360 software. The analysis of a 

die shall be performed in both rib and without rib 

condition.  The die manufacturing involves all the 

practical applications such as machining of the raw 

materials to the required size and shape as per the 

design dimensional accuracy and tolerances. The 

manufactured components will be assembled and 

subjected to inspection. 

3.1  Literature Survey 

Progressive blanking and piercing tools combine 

two or more tools in a single tool that produce one 

finished blank per stroke of the press.The operations 

are arranged in a succession to work strip 

progressively with each strip progressively with 

each stroke.The no of stages depend on the no of 

stage depends on the shape and size of the work 

piece.Depending upon the number of stages the tool 

is called two stages Three stages or multi stage 

progressive tool.When the shape is such that a 

single blanking is required and economical factor be 

considered then one used to progressive tool.Also 

when the work piece shape is such that a single 

blank will stress it is necessary to use progressive 

tool.In progressive tool on or more stage should be 

provides with side cutters. 

Progressive design is used to reduce the slender 

Vulnerable punches.Progressive tool given an 

accuracy of + 0.15mm (IT12grade). 

In a progressive tool strip is moved in stages from 

station to   station. Different operations are 

performed on it at each station except idle stage. A 

complete strip is removed at the final stage. 

Progressive tool may be considered as series of 

tools placed side by side with the strip passing 

through each successively. Before designing the 

tool the piece part may be studied carefully. This is 

to plan the operation to be carried out in different 

stations. For this process strip layout is made. 

The method employed in laying out the strip 

influences the economic success. The strip layout is 

such that maximum area of strip is utilized for the 

production of thestamping.The tool shown in figure 

the finish part is produced through three station. 

The strip is stopped at the first station by the finger 

stopper and two holes are pierced.  

3.2 Sample Component Drawing 

2D Component 
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3D COMPONENT    

 
 

 

 

 

 

3.3 PROJECT DETAILS 

 

MATERIAL     : Aluminium 

SHEET THICKNESS   : 2mm                                                                                

TYPE OF FEED   : unit stock                              

SHEAR STRENGTH   :240N/mm²       

CLEARANCE PER SIDE  : 2mm 

SHUT HEIGHT   : 195mm 

STROKE LENGTH   : 60mm 

TONNAGE REQUIRED  : 603.25N 

TOOL TO BE LOADED ON  : SNX-35  

PREVIOUS OPERATION  : L-Bending 
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4.1 Estimation 
 

It is defined as the cost that is likely to be incurred 

in the manufacturing of a product. It enables us to  

fill tenders, quotations etc. Estimation of a mould 

die can be done by the following ways.   

They are:       

 1. ROUGH METHOD 

 2. COST CENTRE METHOD    

Rough Method     

The basic of this method is the experience the 

estimator has in the field. From his experience he 

calculates roughly the cost that may have to be 

incurred in the processing of various elements of the 

tool. This  method essentially requires the 

design. The method is not very accurate as the cost 

or    rate of many things may change during a period 

of time.    

Density 7.15E-06 kg / mm^3 

Young's Modulus 168000 MPa 

Poisson's Ratio 0.29 

Yield Strength 811 MPa 

Ultimate Tensile Strength 997 MPa 

Thermal Conductivity 0.021 W / (mm C) 

Thermal Expansion Coefficient 1.4E-05 / C 

Specific Heat 450 J / (kg C) 
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      This method is an accurate method of 

estimation.It is based on scientific reasoning and 

calculations .it is time consuming but accurate .The 

estimator should be fairly be experienced to 

perform the task.The method essentially requires 

the detail drawing of the design .The cost of each 

element is calculated  to reach the final result. 

 

Summary Of Machining Cost 
 

Total Estimated Cost: (Estimation) 

 

    Machining Cost+Material Cost+ Inspection Cost  

 

   = 11600 + 2021 + 600 

 

   = RS.14,221  

 

Total Estimation Cost For U Bending Tool (Avg):  

 

MachingCost+Material Cost+ Inspection Cost  

 

   = 21903 + 3060 + 600 

 

   = RS. 25,563 

 

 
 

Graph 4.1: Manufacturing cost comparison   

 

 4.2 Mesh properties 
 

Average Element Size (% of model size) 

  Solids 10 

Scale Mesh Size Per Part No 

  Average Element Size (absolute value) - 

Element Order Parabolic 

Create Curved Mesh Elements Yes 

Max. Turn Angle on Curves (Deg.) 60 

Max. Adjacent Mesh Size Ratio 1.5 

Max. Aspect Ratio 10 

Minimum Element Size (% of average 

size) 

20 

 

Table 4.1 Mesh Priorities 

Study Report DIE 

 

Simulation Model 1:1 

 Study 2 - Static StressStudy Properties 

Adaptive Mesh Refinement 

 

Number of Refinement Steps 0 

Results Convergence Tolerance 

(%) 
20 

Analyzed File die 2 v5 

Version Autodesk Fusion 360 (2.0.6032) 

Creation Date 2019-07-05, 12:07:04 

Author M S SANDEEP 
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Portion of Elements to Refine 

(%) 
10 

Results for Baseline Accuracy 
Von Mises 

Stress 

Materials 

Component Material Safety Factor 

Body1 Iron, Ductile Yield Strength 

  Iron, Ductile 

 

Table 4.2Material Priorities 

Contacts 
Die plate is clamped by four M8 bolts and 

nuts to the bottom plate of the tool which provides 

the sufficient clamping force to it. Properties of the 

bolted joints are as follows  

   

  Bolt Connector1-4 

 

Type Bolt Connector 

Bolt Subtype With Nut 

Bolt Diameter 8 mm 

Head Washer No 

Nut Washer No 

Pre-load type Axial 

Material Iron, Ductile 

Elastic Modulus 168000 MPa 

Poisson's Ratio 0.29 

Thermal Expansion 

Coefficient 
1.4E-05 / C 

 

Table 4.3Bolt 

Connector 1-

4 
 Bolt 

Connector 1-4 

Selected 

Entities 

 

 
 

Fig 4.1 : Bolted Constrins  

 

  Mesh 

Type Nodes Elements 

Solids 12715 7864 

Load Case1 

Constraints: Bottom of the die is fixed in 3-axes (x, 

y & z) and having sufficient clamping force  

   

Fig 4.2: Bottom of die Constrains  

Applied Loads: Selected Entities 

 
Fig 4.3:Applied Loads on die  

 

4.3 Results and Discussion: 

 
Design of the Rocker bending tool is under 

the safety Factor limit and it can withstand longer 

life when the impact load is on die plat, there is a 

deformation which can be reduced by providing a 

rib on the weaker section of the die. Without rib 

these are the Finite Element Analysis results. 

 

Result Summary 

  Safety Factor (Per Body)     

             0  8 

 

 

 

 

Type Fixed 

Ux Yes 

Uy Yes 

Uz Yes 
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Fig 4.4: Safety Factor on die deformation 

Stress Von Mises 

[MPa] 0.00001  0.03217 

 
 

Fig 4.5:StressVon Mises on die 

 

1st Principal 

[MPa] -0.004679  0.004288 

 

 
 

Fig 4.6:1st Principal Stress on die 

 
 

3rd Principal 

[MPa] -0.03655  0.00032                                                 

 
 

Fig 4.7 :3rd Principal Stress on die 

 

  DisplacementTotal 

[mm] 0  1.291E-05 

 

 

 
 

Fig 4.8: Total displacementof die 

 

RESULTS OF DIE ANALYSIS WITH RIB 

 

 Now the above analysis given the clear 

picture about the static analysis data, and the 

deformation of the die is need to improve for life of 

the Rocker bending tool. Displacement is a major 

problem in press tool for decreasing it rib is the best 

and easy way to provide on the one side of the die. 

Rib is provided in modeling software (Autodesk 

Fusion 360) and Analyzed in simulation mode 

Study 2 - Static Stress with Rib: 

Finite element analysis provided the clear 

information of weaker portion and the design 

acceptance for the manufacturing. This design is 

acceptable and can be improved its life by 
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modifying the design of the die or adding the rib to 

the die. From the above result die is fine enough to 

take impact load and need an improvement in 

displacement of die for one side, so we are provided 

the rib on one side of the die and the results are as 

follows  

   

 

 
 

Fig 4.9: Applied Loads on die  

 
  

Fig 4.10: Applied Loads on die  
 

 
   

Fig 4.11: Applied Loads on die  
 

 
Fig 4.12: Applied Loads on die  

 

 
Fig 4.13: Applied Loads on die  

 

StressVonMises[MPa] 

 0.00003  0.05789 

 
Fig 4.14: Applied Loads on die  

 1st Principal 

[MPa] -0.01803  0.01018 

 

 
   

Fig 4.15: Applied Loads on die  
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0
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4

5

Stress Reaction 

Force

Strain (E-7) Safety 

Factor

ANALYTICAL DATA FOR DIE

with out Rib With Rib

3rd Principal 

[MPa] -0.07602  0.00216 

 
Fig 4.16: Applied Loads on die  

 

  DisplacementTotal 

[mm] 0  1.618E-05 

 
 

Fig 4.17: Applied Loads on die  

 

5 RESULTS AND CONCLUSION 

Rocker bending tool is a special case of tool where 

top half of the tool will actuate in every stroke for 

bending the sheet in to desired angle and it is called 

as live tool. Rocker bending tool die is experiences 

the maximum load than the other elements. This 

project designed in Auto CAD, 3D modeled and 

analyzed in Autodesk Fusion 360. Finite Element 

analysis is done for die plate in two aspects.                                                

• Die without Rib 

• Die with Rib  

Both the cases the Design is acceptable in various 

streams i.e.  

� Economically 

� Factor of safety  

� Reliability 

� Deformation 

� Stress in various loads 

� Displacement 

Now we will discuss these in detail by comparing 

their analytical data from the study report generated 

from Autodesk fusion 360.  

 

Graph 5.1 Stress and Strain Analysis 
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