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Abstract: Perforated sheet metal is having less weight and same strength compare to plain sheet. It is widely
used in screens, filters, shields and guards. It is also used in architectural design. Wrinkling and stress intensity at
the curved portion are the major problems which decreases the life of the product. This work is about to identify
optimum forming parameters like punch velocity and co-efficient of friction to reduce wrinkling and stress
intensity. Experimental results by UTM Machine will be validated with simulated results by DEFORM-3D
software. RSM is used for relationship between input process parameters and responses.
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INTRODUCTION

Forming is a manufacturing process to produce required shapes by plastic deformation of the material. The force
is applied beyond its yield strength which causes the material to deform plastically and it does not fail. The force
may be compressive, tensile, bending or combination of both. Stresses induced in it is less than fracture strength
and greater than yield strength. This process is good as it gives desired size, shape and surface finish can also be
obtained without loss of material.

Good control is required in this process for material properties. To obtain desired size and shape, the material
should have to flow plastically in solid state without losing control in their properties.

The forces applied to the material is above elastic limit in plastic deformation. The material is more rigid as it is
done at room temperature. So greater force is needed in cold state than hot state. The deformation depends on the
ductility of the material.

Forming is widely used manufacturing process in many industries for fabrication of wide range of products. This
process is used more because metal can be formed in any useful shape easily by plastic deformation.

Deep drawing is forming process in which sheet metal is radially drawn into a die by mechanical action of punch
and used to produce shells, cups, boxes, etc. In deep drawing shape transformation is there and material is not
removed.

Perforated sheet metal (PSM) has relative advantage of having less weight and same strength compared with plain
sheet metal. In order to have a practical application of PSM, it is required to impart the desired shape. The deep
drawing process is one such forming process which could be used to shape the PSM. The forming process
parameters vary considerably for PSM due to the changes in the contour of the sheet. The PSM behavior has to be
characterized for different sets of inputs during forming process e.g. Punch velocity, coefficient of friction,
workpiece thickness.

SIMULATION
Table 1Simulation
Simulation Material Punch Punch Stress
Velocity Radius Analysis
(mm/sec) (mm) (MPa)
1 Aluminum 5 5 97
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2 Aluminum 10 95.8
3 Aluminum 15 97.8
4 Brass 5 326
5 Brass 10 347
6 Brass 15 332
7 Stainless 5 953
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8 Stainless 10 903
9 Stanless 15 835
10 Aluminum 5 98

11 Aluminum 10 96.1
12 Aluminum 15 101
13 Brass 5 344
14 Brass 10 340
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15 Brass 15 7 329

16 Staniess 5 7 013

17 Staniess 10 7 933

18 Stainless 15 7 970
Steel

RESULTS AND DISCUSSION

From simulation-1, 2, 3 of aluminum material of punch radius 5 mm and punch velocity 5 mm/sec, 10
mm/sec and 15 mm/sec respectively, the less stress intensity is obtained in simulation-2 of punch velocity
10 mm/sec and its value is 95.8 MPa.

From simulation-4, 5, 6 of brass material of punch radius 5 mm and punch velocity 5 mm/sec, 10 mm/sec
and 15 mm/sec respectively, the less stress intensity is obtained in simulation-4 of punch velocity 5
mm/sec and its value is 326 MPa.

From simulation-7, 8, 9 of stainless steel material of punch radius 5 mm and punch velocity 5 mm/sec,
10 mm/sec and 15 mm/sec respectively, the less stress intensity is obtained in simulation-9 of punch
velocity 15 mm/sec and its value is 885 MPa.

Now, with simulation-1 to 9 of punch radius 5 mm, the minimum stress intensity is obtained in aluminum
material and its value is 95.8 MPa.

From simulation-10, 11, 12 of aluminum material of punch radius 7 mm and punch velocity 5 mm/sec,
10 mm/sec and 15 mm/sec respectively, the less stress intensity is obtained in simulation-11 of punch
velocity 10 mm/sec and its value is 96.1 MPa.

From simulation-13, 14, 15 of brass material of punch radius 7 mm and punch velocity 5 mm/sec, 10
mm/sec and 15 mm/sec respectively, the less stress intensity is obtained in simulation-15 of punch
velocity 15 mm/sec and its value is 329 MPa.

From simulation-16, 17, 18 of stainless steel material of punch radius 7 mm and punch velocity 5
mm/sec, 10 mm/sec and 15 mm/sec respectively, the less stress intensity is obtained in simulation-16 of
punch velocity 5 mm/sec and its value is 913 MPa.

Now, with simulation-10 to 18 of punch radius 7 mm, the minimum stress intensity is obtained in
aluminum material and its value is 96.1 MPa.

Now, from all the above simulation i.e. 1 to 18, the minimum stress intensity is obtained in aluminum
material of punch radius 5 mm and punch velocity of 10 mm/sec. The value of minimum stress intensity
in aluminum material of punch radius 5 mm and punch velocity 10 mm/sec is 95.8 MPa.
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RESPONSE SURFACE METHODOLOGY

Response surface modelling is used to establish the mathematical relationship between the responses, yu and the
various parameters, with the eventual objective of determining the optimum operating conditions for the system.
A general second-order polynomial response surface mathematical model is used to analyze the parametric
influences on the various response criteria as follows.
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Where, yu is the corresponding response for the temperature and material removal rate (MRR), xiu is the coded
value of the ith machining parameter of the uth experiment, k is the number of machining parameters, Bi, Pii, Bij
are the second-order regression coefficients.
In this case, k=2 due to two process parameters: punch velocity and punch radius. For punch velocity and punch
radius respective coded values are X1 and X2. Coded variables are calculated using following equation,
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In the above equation, Xij is the ith natural variable for jth experimental run.
Table 2 Coded values for process parameters

Exp. Runs X1 X2
1 -1 -1
2 0 -1
3 1 -1
4 -1 -1
5 0 -1
6 1 -1
7 -1 -1
8 0 -1
9 1 -1
10 -1 1
11 0 1
12 1 1
13 -1 1
14 0 1
15 1 1
16 -1 1
17 0 1
18 1 1

MINITAB 14 software has been used to establish mathematical models and for parametric optimization to achieve
optimum punch radius and punch velocity for response of minimum stress. Using MINITAB 14 software the
values of regression coefficients are found as follows.

Constant: 452.483

Punch velocity (V): -1.350

Punch Radius (R): 4.861

V*V=1.333

VV*R= 8.850

Response is modelled as below:

Y =452483-1.350*V +4.861*R+1.333*V*V+8850*V *R

Above equation shows the relationship between input parameters and response.

CONCLUSION

e From all the above simulations, the minimum stress intensity is obtained in aluminum material of punch
velocity 10 mm/sec and punch radius 5 mm and the value of stress intensity is 95.8 Mpa.

e The blank holding force has major influence on Deep drawing process.

e The dieradius also has an influence in the process which is followed by punch nose radius.
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