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Abstract - Sheet metal operations are usually carried out either manually or with the help of hydraulic actuators. Sheet metal 
is widely used in many sectors like Automobile, Aerospace and Medical etc. For specific operations such as piercing, bending, 
shearing, embossing; sheet metal should pass through various machines which are specifically designed for particular 
operation incurring heavy investment for small scale industries as well as increase in manufacturing lead time (MLT). The 
main objective of the present work is to perform shearing, bending, piercing & embossing operations on sheet metal by using 
a single pneumatic cylinder. Pneumatics system is well known for their simplicity, reliability and ease of operation. Also, they 
are suitable for fast and rapid application of force. Therefore the purpose of this project is to design a die to perform various 
operations such as shearing, bending, piercing and embossing on sheet metal using hydraulic system which operates 
effectively with a pressure of 8-10 bar. Application of this approach in small scale industries will go a long way to minimize 
the overall cost of production and reduce MLT. 
 
Index Terms - Bending, Embossing, Hydraulic Actuators, MLT, Piercing, Shearing.  
 

 
 

I. INTRODUCTION 
 
Sheet metal operations are much required in 
industries which are carried out by manual machines 
and in some cases use of hydraulic actuation are seen. 
One more technique of actuation is pneumatic one. A 
Pneumatic actuator mainly consists of a piston which 
develops the motive power. It holds the air within the 
upper portion of the cylinder permitting air pressure to 
force the piston to maneuver the valve stem or rotate 
the valve control component. Usually we observe that 
the operations performed on sheet metal are carried 
out on particular machines for specific operation. And 
those machines either manually or hydraulically 
operated are costlier compared to pneumatic 
actuation. The accuracy of manually operated 
machine is not satisfactory. P.M. Pradhan conducted 
an investigation on design and fabrication of blanking 
of thin sheet (0.1-2 mm) of different sheet material 
and formation of burr. The influence of sheet 
thickness, burr formation, tool clearance, punch/die 
size and blanking layout on the sheet deformation was 
evaluated. There was a reduction in the tool clearance 
with blanking load and burr formation varies at 
different pressures. [1] During the last decades, there 
has been considerable advancement in automation 
process planning function by computerized systems. 
An alternative approach to process planning is 
needed, and CAPP system is the solution. In 
manufacturing, the goal is to produce a component 
that meets the design specifications. The gap between 
design and manufacturing is filled by CAPP System by 
translating design specification into manufacturing 
process detail. Hence, a focused study of CAPP system 

for dies making process is executed by Mr. Deepak 
Bharat Pawar. [2] Design and development of 
Progressive tools for sheet metal operations was 
carried out by Ch.Mastanamma. Detailed modeling of 
the tools was done in Pro-Engineer 4.0 and Ansys12.0 
software was used to carry out the analysis of the 
designed components. Study concluded that the 
design of progressive tool is safe as all the stress values 
obtained were less than the allowable stress of the 
materials used for fabrication of tools.[3] 
Pneumatically controlled machine for small scale 
production was designed to perform piercing 
operation on thin sheets (1-2 mm) of different 
material. Punch tool design is modified   by 
facilitating shear on the punch face which results in 
decreased force requirement on punching tool. And a 
CATIA model of the tool was developed with respect 
to punching force requirement. [4] 
In this paper an attempt has been made to develop a 
die model to perform various operations such as 
punching, piercing, embossing and bending. All these 
operations can be performed in a single machine 
which is controlled with pneumatic system. Therefore 
reducing the total cost of the production and also 
minimizes manufacturing lead time, hence increases 
production rate of small scale industries. A pressure of 
8-10 bar is sufficient to carry out the above mentioned 
operations efficiently and effectively. 
 
II. EXPERIMENTATION 
 
2.1 Pneumatic actuators 
Pneumatic actuators are the devices used for 
conversion of pressure energy of compressed gas into 
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the mechanical energy to perform helpful work. In 
alternative words, Actuators are accustomed perform 
the task of exerting the desired force at the tip of the 
stroke or accustomed to produce displacement by the 
movement of the piston. The pressurized air from the 
compressor is supplied to reservoir. The pressurized 
air from storage is supplied to pneumatic actuator to 
do work. Friction losses are low, seldom exceeds 5 % 
with a cylinder in good condition, and cylinders are 
particularly suitable for single purpose applications 
and /or where rapid movement is required. They are 
also suitable for use under conditions which preclude 
the employment of hydraulic cylinders that is at high 
ambient temperature of up to 200c to 250c. [6] 
 
2.2 Directional control valve  
Directional control valves are the most important 
parts of a hydraulic system as well and pneumatic 
system. They permit flow of fluid into various paths 
from one or more sources. Normally they consist of a 
spool inside a cylinder controlled mechanically or 
electrically. The movement of the spool restricts or 
permits the flow; thus, it controls the fluid flow. 
Directional control valves are classified based on 
number of ports, number of positions, actuating 
methods, type of spool. 
 
2.3 Pneumatic Air Compressor 
A compressor is a device that converts power into 
potential stored in pressurized air. By one amongst 
many ways, a compressor forces a lot of and a lot of air 
into a vessel, increasing the pressure. Once tank 
pressure reaches its higher limit the compressor shuts 
off. 
 

 
Fig 1: Reciprocating Two-stage, Two Cylinder Compressor 

 
2.4 Polyurethane Tube 

                                
Fig 2: Polyurethane Tube 

Pneumatic tubes are also known as polymer tubes. A 
pneumatic system consists of various cylinders of 
different purposes and pressurized air to these 
cylinders is passed with help of these polyurethane 
tubes. 
 
2.5 Design of Punch and Die 
Punch and die are the main parts of sheet metal 
operation machines. Punch is an attachment which is 
going to move towards the die with a force to cut sheet 
metal into required shape. 
 

 
Table 1: Hardness of tool steel [5] 

 
W - Water Hardening    D - High Carbon-Chromium 
Steels 
O - Oil Hardening           S - Shock Resisting 
A - Air Hardening            T - Tungsten Base, High 
Speed 
H - Hot Working              M - Molybdenum-base High 
Speed 
L - Special Purpose, Low-alloy 
 
From table 1 we can see there is common use of D 
(High Carbon, High Chromium Die Steels) material 
for various operations. So, we selected a High Carbon, 
High Chromium Die Steels as die & punch material in 
our project. HCHCR Steel normally features good 
wear resistance, dimensional stability and toughness. 
Higher hardness is recommended to achieve wear 
resistance. For better impact strength steels with better 
toughness are suggested. Toughness normally 
depends on the Microstructure and Hardness level 
steel like Carbide distribution, grain size & inclusion 
rating. 
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III. EXPERIMENTAL SETUP 
 

 
Fig 3: Die design modeling 

 
 

   
Fig 4: HCHCR Die              Fig 5: Bending tool 

 

   
Fig 6: cutting tool                   Fig 7: Piercing tool 

 

 
Fig 8: Embossing Tool 

 

 
Fig 9: Assembled view of machine 

 
3.1 Working 
The double acting compressor is used to store the 
compressed air up to 8 to 10 bar. According to the 
required operation the punch is attached   to 
pneumatic actuator piston rod by spanner. After 
attachment of punch to the piston rod the die is fixed 
on work table with accurate alignment using jigs and 
fixtures. Die is provided with a large hole using which 
we can able to fix the die using fixtures. Fixtures are in 
form of an Allen key headed bolt with a metal plate. 
After the alignment of punch and die, set the required 
pressure for particular operation by using valve and 
pressure gauge. Place the selected sheet metal on the 
die and apply the pressure on sheet metal by actuator 
assembly. In this process, the compressed air is 
supplied to pneumatic cylinder through 4/3 hand 
operated pneumatic valve. Pressure can be measured 
in pressure gauge & flow of air can be controlled by 
flow control valve. Depending upon specific die and 
punch arrangement the particular operation can be 
achieved.  (Bending, Cutting, Embossing and 
Piercing). The above operations can be performed 
smoothly and accurately when punch & die arranged 
with proper alignment. If it is not aligned properly 
required shape or desired process may alter. After 
performing required operations, the piston with punch 
has to move upwards, for this the 4/3 valve is 
positioned to return stroke. To perform the next 
operation, change the punch and die arrangement. 
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3.2 CALCULATIONS [7]-[8] 
 
SHEET METAL CUTTING CALCULATION 
Sheet metal material   = Aluminum 
Thickness of material             = 1 mm 
Shear strength of aluminum   = 30 N/mm2  
Length of cut       = 100 mm 
Force calculation (F)    = L × t ×τ max 
                                              = 3000 N. 
 
F      = 4500 N (150% safety) 
 
Designing of a cylinder for cutting operation 
F   = 4π d2 P 
4500 = 4π d2 (10.34 ×105)    
d  = 74.43mm                
d ≈75 mm 
 
FORCE REQUIRED FOR PIERCING 
Sheet metal material  = Aluminum        
Thickness of material(t)  = 1 mm 
Shear strength of aluminum (τ max) = 30 N-mm2 
Dimension of removed work piece  = 4πd2 t 
                                            = 490.87 mm 
Perimeter (P)                                  =2πr  

         =78.53 mm 
Force required for piercing (F)        = P ×t ×τ max 
F  = 2355.9 N 
Design of cylinder for piercing operation 
F     =  4π d2  P 
2355.9    = 4π d2 (78.53) 
d     =53.83 m 
 
RESULTS AND DISCUSSIONS 
 

 
Fig 10: Pressure v/s Bending deflection for Al 26 gauge 

 
From fig. 10 (For Al 26), it is seen that there is gradual 
increase in the bending deflection is with increase in 
the pressure because as the pressure increases, larger 
force is applied on the sheet metal causing it to bend 
through wide angle. 
 

 
Fig 11: Pressure v/s Bending deflection for GI 

 
From fig. 11(For GI), it is observed that bending 
deflection increases rapidly for initial pressures 
(0.5-1bar) due to sudden application of force on the GI 
sheet metal. Further gradual increase in bending 
deflection is observed beyond pressure of  1bar. 
 

 
Fig 12: Pressure v/s Bending deflection for copper18 gauge 

 
From fig. 12 (For copper 18), it is observed that 
bending deflection increases with increase in pressure 
until 3.5bar. A consistency is observed in bending 
deflection beyond a pressure of 3.5bar. 
 

 
Fig 13: Pressure v/s Bending deflection Al for 21 gauge 

 
From fig. 13 (For Al 21), it is observed that there is 
linear increase in bending deflection with increase in 
pressure until 2bar since the force applied is linear. 
Further there is slight increase in bending deflection 
with increase in pressure. 



International Journal of Mechanical And Production Engineering, ISSN(p): 2320-2092, ISSN(e): 2321-2071 
Volume- 5, Issue-12, Dec.-2017, http://iraj.in 

 Multi Operational Pneumatic Machine for Sheet Metal 
 

23 

 

 
Fig 14: Pressure v/s Bending deflection for Al 18 gauge 

 
From fig.14 (For Al 18), it is observed that there is 
irregularity in the increment of bending deflection in 
accordance to the increase in pressure. 
 
CONCLUSION 
 
The sheet metal fabrication plays very important role 
in automotive industries, aerospace industries and 
ship building and many other industries. The present 
available machineries can perform single operation on 
sheet metal. This drawback can be overcome by our 
project by performing multi operations in a single 
machine by using pneumatic actuator. Operations 
such as cutting, bending, piercing & embossing are 
achieved by special designed and fabricated individual 
punch with a multi faced die which possesses High 
adaptability to harsh environment, because compared 
to the elements of other systems, compressed air is less 
affected by high temperature, dust, corrosion. The 

system is compact size, simple in construction and 
continuous operation is possible without delay. 
Application of this approach in small scale industries 
will go a long way to minimize the overall cost of 
production with high grade surface finishing. With 
further advancement in the existing system such as 
incorporating indexing mechanism punch and die 
assembly for easy change of punch and die for 
respective operations, it can be proved to be a boon in 
small scale production sector.  
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