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Abstract— Sheet metal forming is modern industries deal 

with complicated shapes and the forming process consists of 

several successive operations until the final shape is formed. 

The process sequence, die geometry, preform shape/blank, 

and process parameter at each stage are designed based on 

past experiences. Various components/parts used in 

Mechanical industry are manufactured by sheet metal. They 

can be produced by different cold pressing processes. This 

report presents a design of compound die by combining the 

blanking, piercing, operation. Compound die design is 

applied to dies in which two or more cutting operations, 

typically piercing, blanking are performed in the same single 

station and completed during the single press cycle. 
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I. INTRODUCTION 

The work tooling refers to the hardware necessary to produce 

a particular product. The Most common classification of type 

of tooling is as follows: 

1) Sheet metal press working tools press tool operations  

2) Moulds and dies for plastic molding and die casting 

3) Forging dies for hot and cold forging 

4) Jigs and fixture for guiding the tools and holding the 

work piece. 

5) Gauging and measuring instruments 

6) Cutting tools such as drills, reamers, milling cutters, 

broaches, taps etc. 

Press tools are special tools to produce a particular 

component mainly out of sheet metal. 

Design of sheet metal die is a large division of tool 

engineering, it has a rather complex and a fascinating subject 

which has its own importance and pertains to the added value 

of the particular industry. It is by far the most exacting of all 

areas of the general field of tool designing. The die designer 

originates the design of die employed, stamped and formed 

part from sheet metal, assemble the parts together and 

perform a variety of operations. New ideas of rather 

innovative kinds and skill emerge only through experience. 

The word „DIE‟ is a general term and used in two distinct 

senses. When employed in general sense, it means an entire 

press tool with all components taken together. When used in 

limited sense, it refers to the component having machined 

cavity or opening to receive the punch. 

High rate production industries generally use press 

machines. Thickness can vary significantly, although 

extremely small thicknesses are considered as sheet and 

above 6mm are considered as plate. Thickness of the sheet 

metal fed in between is called its gauge. Sheet metal is simply 

fed in between the dies of press tool for any press operation 

to perform. The reciprocating movement of punch is caused 

due to the ram movement of press machine. The press 

machine may be of electrical type, mechanical type, 

pneumatic type, manual type and hydraulic type. In today’s 

practical and cost conscious world, sheet metal parts have 

already replaced many expensive casts, forged and machined 

products. The common sheet metal forming products are 

metal desks, file cabinets, appliances, car bodies, and aircraft 

Fuselages, mechanical toys and beverage cans and many 

more. Due to its low cost and generally good strength and 

Formability characteristics, low carbon steel is the most 

commonly used sheet metal because high carbon composition 

gives high strength to the material. The other sheet metals 

used are aluminium and titanium in aircraft and aerospace 

applications. 

II. ELEMENTS OF PRESS TOOL 

A. Die Set 

The die set is one of the basic elements of the stamping 

industry. It can be defined as a sub press unit consisting of a 

bottom plate and top plate together with guide pillars and 

bushes by means of which the top and bottom plates are 

aligned. 

Die set consists of a two part, 

 Upper die 

 Lower die 

 
Fig. 1: Basic of Blanking/Piercing die 

1) Upper Die 

a) Top Plate 

The upper working member of the tool is called the top plate. 

The punch assembly including the punch holder and thrust 

plate is mounted on the top plate. The tool shank, which 

locates the whole tool centrally with the press ram, is also 

screwed into the top plate.  

b) Punch Back Plate or Thrust Plate 

While performing the cutting operation, the punch exerts and 

an upward thrust. So a hardened plate to prevent it from 

digging into the soft-top plate should back up Punch. It is 

made out of case hardened tool steels or sometimes OHNS C-

0.95, Mn-1.15, Cr-0.5, W-0.5, and V-0.2. It is hardened and 

tempered to 50-52 HRC. 

c) Punch Holder 

The punch is usually fixed to a plate with a light press fit. 

Punch holder holds the all types of cutting and non-cutting 
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punches to ensure alignment between punch and die it is 

made out of Mild Steel. 

d) Punches 

A punch is the male member of a press tool to get a 

component from the strip.  It is made out of good quality alloy 

steel called HCHCr.  C-2%, Cr-12% material and hardened 

to 58-60 HRC. 

e) Stripper Plate 

When cutting action is over, the punch withdraws from the 

die but the stock strip also will move along with punch. So 

for next operation strip cannot be moved forward. To 

facilitate this function one plate is fixed above the die plate. 

This remove the strip from the punch is called stripper. It 

guides punches and pilots in this plate to ensure alignment 

with punch and die. It is made of Mild Steel. 

f) Shoulder Bolt 

Shoulder bolt is an Allen bolt which is used to connect the 

stripper plate to the top plate. It is selected from standards 

M12 x 120  

g) PU Rubber 

It is elastic material acts like a spring in the die set. It brings 

the stripper plate at its initial position after the each punching 

stroke. It is made up of Poly-Urethane PU. 

h) Guide Bush 

These are very important function in press-tool. Pillar and 

bushes guide the moving and fixed half of the tool in the press 

and also it is used to ensure accurate alignment between the 

punch and die. These are made out of case hardened & ground 

1-1.5mm tool steel 20Mn.  

i) Bush Retainer 

It is used to fix the guide bush to the top plate. It is made up 

of Mild Steel. 

j) Guide Pin 

It is necessary to guide the stripper plate motion in accurate 

position. Hence, guide pin is used to guide the stripper plate. 

It is made up of 20MN. 

2) Lower Die 

a) Bottom Plate 

This plate gives cushioning effect to the die as well as 

provides enough space for the tool to be clamped to the press 

bed. There may be opening in the base plate which allows the 

blank or slug to fall and clear off from the tool. The die 

assembly including stripper is mounted on the bottom plate. 

b) Die Back Plate or Thrust Plate 

While performing the cutting operation the punch exert a 

downward thrust. Due to repetitive compressive stress on the 

die it will deform the soft top plate. So a hardened plate to 

prevent it from deformation it is made out of case hardened 

tool steels or sometimes OHNS C-0.95, Mn-1.15, Cr-0.5, W-

0.5, and V-0.2. It is hardened and tempered to 50-52 HRC. 

c) Die Button Holder 

A die is defined as the block or plate from which the die 

profile is cut. It is usually lower member of the tool.  It is 

usually made from MS material.  It provides cutting edge. 

The die opening has different designs and the design is 

selected after looking in the requirements and facilities 

available. The most common die section has straight line and 

then angular clearance is given in order to allow easy fall of 

components and slugs.  Many factors influences design of die 

blocks. 

 Shape and complexity of the profile 

 Size and thickness of the component 

 Hardness of the component 

 Production requirement 

d) Die Button 

Button inserts can be used conveniently for circular holes.  

Large dies are made from many segments, which are secured 

in a sturdy die holder bottom plate by Allen screws and 

dowels. It is usually made from HCHCr C-2%, Cr-12% 

material hardened and ground to 58HRC. 

e) Guide Piller 

These are very important function in press-tool. Pillar and 

bushes guide the moving and fixed half of the tool in the press 

and also it is used to ensure accurate alignment between the 

punch and die. These are made out of case hardened& ground 

1-1.5mm tool steel 20Mn. 

f) Stoppers 

After each and every stroke of press the strip has to be fed 

from one pitch length. This can be accomplished by means of 

a stopper. The function of the stoppers is to arrest the 

movement of the strip. It is made out of hardened tool 

steels. It is hardened and tempered to 48-50 HRC. 
g) Setting Ring 

Generally, the punch should enter into the die button up to 

3mm during the operation. Hence, it limits the punch 

movement in die button. It is made up of Mild Steel. 

h) Striker Ring 

It is used to maintain the free state of the PU Rubber. If is not 

used then PU Rubber will remain in compressed position due 

to which the life of PU Rubber decreases. It is always used in 

non-operating i.e. storage condition. It is made up of Mild 

Steel. 

i) Gauge Plate 

It is necessary to locate the component in accurate position 

during operation. The accuracy of Hole positions depends 

upon the accuracy of component location in the die. 

Therefore, the gauge plate is used to locate the component in 

accurate position. The material used for gauge plate is EN8 

C-0.40%; Si-0.25%; Mn-0.8%; S-0.015%; P-0.015%. 

j) Lifter 

It is used for the purpose of loading, unloading & handling of 

the die. It is made up of Mild Steel. 

III. LITERATURE REVIEW 

This chapter gives review of various papers related to die 

designing of flange. 

Mojtaba 2014 [1] gave classical sheet metal forming 

process includes a variety of stages. The examples of these 

stages are punching, blanking, drawing, bending, flanging 

and coining. These stages can occur in single stage operation 

or they could occur through a series of combined stages. For 

example, in a drawing process, a blank of sheet metal is 

clamped around the edges, while the middle section is forced 

by a punch into a die to stretch the metal into the desired 

shape. Hence, it requires a press machine to provide sufficient 

force to push the sheet metal into a die punch to form a part. 

Moreover, a set or many sets of dedicated dies are needed to 

be used for different parts of the metal sheet. In addition, 

making a die is not cheap and takes a long time. When more 

stages are involved in the metal forming process, more cost 

would incur, and more time is needed to complete all the 

processes involved. Hence, to lower the cost and speed up the 

process, various kinds of die-less forming methods which can 
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produce sheet metal parts without dies are proposed. These 

methods include laser forming, flexible spinning, multi-point 

forming, incremental forming and shot peen forming. Today, 

the die-less forming methods have become important in 

research in metal industry. One of these methods, which are 

called the Incremental Sheet Metal Forming ISMF, has been 

introduced recently. In ISMF, a piece of sheet metal is formed 

to the desired shape by a series of small incremental 

deformations. As it does not use dies, ISMF is effective for 

small batch prototypes and production. We hope that this 

research will supply guidelines for future research on sheet 

metal forming process and provide researchers and 

practitioners with insight on review of various ISMF 

methods. It discussed the basic ideas behind die less forming 

methods. Our research provided information about various 

kinds of die less forming methods by examining the 

publication articles on die less forming methods that were 

published in academic journals. As result, to lower the cost 

and speed up the process, various kinds of die-less forming 

methods which can produce sheet metal parts without dies are 

proposed. This paper provided an introduction on various 

kinds of die less forming methods. By the comparison, it is 

not difficult to find out that the research on die less forming 

methods is a newly emerged domain. 

Madake et al 2013 [2] discussed Sheet metal 

forming is one of the most commonly used processes in 

industry. Throughout the years, the sheet metal forming 

industry experienced technological advances that allowed the 

production of complex parts. However, the advances in die 

design progressed at a much slower rate, and they still depend 

heavily on trial-and-error and the experiences of skilled 

workers. During the development of the Die, a reduction in 

the number of trials would directly influence the cycle time 

for development. A shorter cycle time can be planned with 

due utilization of software tools that would predict the trial 

results without actually conducting the same. The simulation 

offered by the software during the process of stamping lends 

important insights into the modifications needed in the die 

and/or the component to affect a simplified and productive 

die. Normally, a Forming die including Draw die calls for 

refined design parameters for ensuring a smooth passage 

through the trial phase of the developed Die normally 

accompanied by crucial review inputs over the design of the 

component too. The study of the papers offers enough inputs 

to take up the project work in identifying a `process-oriented’ 

solution that could be used as a reference for academicians 

and the corporate entities while faced with the challenges 

associated with the elusive process of `Forming. 

IV. METHODOLOGY 

1) Press Selection 

2) Die design 

 Design checking and approval 

 Final approval from department 

 Prints giving to tool room 

3) Die manufacturing 

 Procurement and material selection  

 Machining of raw material  

 Performing required operations 

 Material handover to fitting section 

4) Fitting section 

 Fitting of the top plate 

 Holder fitting on top plate. 

 Insert drilling and counter boring for aligning screws 

 Drilling holders for tapping them for inserts 

 Insert fitting on holders and drilled reaming. 

 Top plate ready for CNC 

 Fitting of the bottom plate 

 Bearing block for guide pillar drill cutter 

 Drill tap of bottom plate for bearing block and riser 

block 

 Insert drill cutter 

 Riser drill tap for insert 

 Insert fitting and drill reaming 

 Bottom plate ready for CNC 

5) After CNC 

 TOP 

 Insert reliving  

 Forming punch 

 Holding screws 

 Bottom  

 Insert relief drill for pierce hole and other relieve 

machining 

 Heat treatment of insert 

 Guide pillar and bush centre grinding die set 

making 

 Bottom insert fit after heat treatment  

 Shearing of top insert  check clearance between 

punch and die  

 Do spotting /shearing /grinding if any required 

 Top insert heat treatment 

 Fit of insert after heat treatment base spot free 

 Again check alignment of top and bottom 

 Final assembly of top and bottom with screws 

and bolts 

 Checking of die before giving to try out 

6) Trials 

 Inspection of parts 

 Visual inspection: Bur , Bend , Dent marks 

 Dimensional inspection 

A. Process Flow Chart 

 
Fig. 2: Process Flow Graph 
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B. Blanking 

A blanking die produces a flat piece of material by cutting the 

desired shape in one operation. The finished part is referred 

to as a blank. Generally a blanking die may only cut the 

outside contour of a part, often used for parts with no internal 

features. 

 
Fig. 3: Blanking Operation 

V. BLANKING CUTTING LOAD/FORCE CALCULATIONS 

The blanking force or cutting force is the force required to 

punch a blank. This determines the capacity of the press to be 

used for the tool. 

F = p × t × fus                                [1] 

Where, 

F=Blanking force or Cutting load N  

p=Perimeter mm  

t=Thickness of sheet mm  

Fus=Ultimate shear strength of sheet N/mm2  

F = 253 × 6 × 45 = 68310 Kg F = 68.3 Ton 

Blanking force or cutting load F= 68.3 ton 

A. Strip Load 

Strip load= 20% cutting load = 20/100 × 68.3 = 13.66 ton 

1) Press Load or Press Capacity 

The rated capacity of press is the force which the slide or ram 

will exert near the bottom of the stroke. 

 Press load or press capacity = Blanking force or cutting 

load + strip load = 68.3 + 13.66 = 81.96 ton 

Press Load Is 100 Ton Selected 

B. Piercing Force or Cutting Load Calculation 

The piercing is the operation of production of hole in a sheet 

metal by the punch and the die. 

F = p × t × fus     [2] 
Where, 

F=Piercing force or Cutting load N  

p=Perimeter mm  

t=Thickness of sheet mm  

Fus=Ultimate shear strength of sheet N/mm2  

F = 208×6×45 = 56,160 Kg = 56.1 Ton 

C. Strip Load 

Strip load= 20% cutting load = 20/100 × 56.1 = 11.22 Ton 

1) Press Load or Press Capacity 

The rated capacity of press is the force which the slide or ram 

will exert near the bottom of the stroke. 

Press load or press capacity = blanking force or cutting load 

+ strip load = 56.1 + 11.22 = 67.33 ton 

Press Load Is 100 Ton Selected 

D. Material Selection 

Part name Material 

Top plate Mild Steel  MS 

Base plate EN 31 

Punch Mild Steel  MS 

Ejector plate HCHCr 

Housing HCHCr 

Guide pillar and bush Mild Steel  MS 

Holding plate Mild Steel  MS 

Guide pin EN 31 

Table 1: Material selection 

VI. SUMMARY  

With the proposed project we are able to minimize the things 

which are majorly obstructing the growth of all industries. 

Such few things are die interchange ability time, loss of man 

power, loss in productivity, etc. 

With this project we are able to minimize all the 

things which are discussed still, will help for increasing the 

productivity of plant which will ultimately help to increase 

plant efficiency and the growth of industry. 
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