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Abstract- The primary objective of the paper is to design and fabricate the sheet metal cutter for cutting circular profile using drilling machine.
In order to obtain circular cutting of the sheet metal at any size, the adjustable tool setup is provided thereby reducing the cost and increasing
the productivity. In many industries the circular profile cutting of the sheet metal is done by punching machines. But in case of small and
medium scale industries, using separate machines for sheet metal for cutting for various applications is not possible. This paper deals with "Design
and fabrication of sheet metal cutter - cutting circular profile using radial drilling machine". Instead of using drilling bits, a separate adjustable
tool holder arrangement, which contains a single point cutting tool, is provided for cutting operations.
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. INTRODUCTION

In many industries the circular cutting of the sheet metal is
done by using punching machine. But in case of small and
medium scale industries, using separate machines for sheet
metal cutting for various applications is not possible. In any
type of industries, sheet metal plays a vital role for
variety of applications. Affordability is the main factor
in case of small and medium scale industries. In order
to increase the production rate and profitability, there is a
need to reduce the cost. Drilling machine is the excellent
choice for carrying out the circular sheet metal cutting
because every industry will be having the drilling
operations. Any type of drilling machine can be employed
for cutting of sheet metal, which is depending upon
production cost and rate. Many works have been done to
carry out the various machining operations, for that special
machine, tools, fixtures are invented. Some inventor had
tried to carry out the Sheet Metal Cutting operation by
inventing special purpose machine for it. Merrill L[1].
Ridgway this invention relates to devices for cutting sheet
metal and more particularly to the type of machine having a
pair of relatively reciprocal shearing members which make
successive short cuts or bites in a sheet as the latter is fed
through the machine. Hans Poersch[2].

S. K. Maiti, A. A. Ambekar, U. P. Singh, P.P. Date, K.
Narasimhan, [3], they evaluate the influence of tool
clearance, friction, sheet thickness, punch/die size and
blanking layout on the sheet deformation for thin M. S.
sheet. The punch load variation with tool travel and stress
distribution in the sheet has been obtained. The results
indicate that a reduction in the tool clearance increases the
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blanking load. The blanking load increases with an
increase in the coefficient of friction. These observations
are very similar to the case of blanking of component of
large size. Further, these effects are very similar in the
case of both single and double blanking. An inter
blanking site distance of about twice the sheet thickness is
good to reduce the thinning of sheet at the intermediate
regions between the two blanking sites.

1. DESIGN OF COMPONENTS:
a) Sleeve Design:

A sleeve is an important component for
mounting the drilling tool on the drilling machine.
Usual way of mounting the drill tool is done by using the
sleeve. If the taper shank of the drill is smaller than taper in
the spindle hole, a sleeve is used. The sleeve has outside
taper surface. This fits into the taper hole in the spindle.
this inside taper of the sleeve can hold the drill or small
sleeve. In the sleeve also, there is tang which is used for the
avoiding sleeve.

In this paper, the drill bit is not used for making
the circular hole on the sheet metal. In this, a separate slot is
provided at the bottom of the sleeve. Usually the material
used for sleeve is mild steel. Mild steel is the most
preferable material because of its high strength , easy
machinability, low cost and durability.

The main purpose of providing the square slot on
the bottom of the sleeve is to avoid the slipping of the
horizontal rod, which is inserted in it.

b) Horizontal tool holding arrangement:
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A separate horizontal rod is inserted in between
the slot in the bottom of the sleeve. The horizontal rod is
allowed to slide over the slot. Our paper has the main
advantage of providing the adjustable tool arrangement.

The tool holder arrangement is made in circular
section. The one end of the horizontal rod is fixed with
the sleeve using the bolt. The other end of the rod is
welded with the circular section. The material used for
making the horizontal and the tool holder is chosen as mild
steel.

It is preferred because of possessing the good
mechanical properties such as machinability, strength, stress
involved, durability, good machining time, etc.
¢) Tool Holder:

Instead of using the drilling bits, a tool made up of
high speed steel (HSS) single point cutting tool is used. The
motion of the horizontal rod along with the circular tool
holder is adjustable in type and its motion is restricted
using the bolt through the tap in the tool holder. In order to
avoid the slipping of the single point cutting tool on the
tool holder during operation, filling is done on the inner
surface of the tool holder and the tool is tight in position
through the bolt arrangement. As the power is given to the
drilling machine, the spindle rotates and which inturn
rotates horizontal rod. The tool inside the holder makes
its motion and its result in the circular cutting of the
work piece of desirable size.

As the prescribed feed rate of the mild steel is
given as 20 - 30 mm/min, the shearing of the sheet metal

Volume of the holder =8725.27 mm’
Mass of the rectangular section,
m, = 0.290 kg Mass of the circular section,
m, =0.074 kg Shear force, At free end,

sf =1.098 N.
At fixed end,
sf =1.823N

Bending moment, At B =0,
At A=371N-mm
b) Sleeve:
Yield Strength =300 N/ mm’
Allowable shear stress = t = 180 N/ mm’
Rectangular rod, I, , = 2.306 * 10" mm*

Deflection Y=21707.98 mm

[M/1]=[fly] = (371/2.306*10") = (f/21707.98)

f=0.349 N/ mm2.

From design data book pg. no 7.7 f
(allowable) = 50 N/ mm2

F>f (allowable)

The Bending stress induced on the rod is
lesser than the allowable bending stress. Therefore,
the design ids safe.

Maximum speed of the spindle (N) = 461 rpm
Maximum diameter that can be cut, D = 500 mm
Cutting speed of the process, V =J1 * D * N/ 1000

=723.77 mm / min

For, Maximum speed of the spindle (N) = 461

will be safe stress limit. rpm . .
™ DESIGN CALCULATION Maximum diameter that can be cut, D = 500
a) Volume Calculation mm
Volume of the rod = 33660 mm’
Table 1. Validation of the design

Material Bending Allowable Validation Design
Moment of the bending
component moment

MSC30 0.349 N/ mm> 50 N/ mm? F<F(allowable) safe

Material Shear stress of Allowable shear Validation Design
the component stress

MSC30 23.87 N/ mm> 54 N/ mm? 1 < 1 (allowable) safe

Weld Stress Calculation:

The Size of the weld, h =10 mm

Length of the weld,

=18 mm

Maximum Bending moment on the rod, M = 371 N-mm
Therefore, weld stress on the welded joint, 6 =4.2* M/ (h*IZ)

=0.48 N/mm’
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Fig 1. Elevation of the sleeve Fig 2. Front View of the sleeve

Fig 3. 3D Assembled view of the Setup

V. FABRICATION OF CIRCULAR PROFILE its easily machinable property and durability and high
SHEET METAL CUTTER: material strength. The sleeve material size is used for
As per the design conditions analyzed above, the the vertical drilling machine. A 12*12 mm area square rod

sleeve made up of mild steel MSC30 is chosen for the is provided for inserting the horizontal rod within it.

working. The main reason for selecting mild steel material is
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The Horizontal rod is made up of mild steel
because it should possess high bending moment in case of
high load application. the rod length 255 mm, width 11 mm
is used. One end of the rod is fixe with the sleeve using
bolt. Thus the motion of the rod is restricted and the
radius of the circular hole can be obtained.

The other end of the horizontal rod is fixed with
the tool holder through welding. The rectangular circular
components are joined through butt welding. The thickness
of the welding fillet is 10 mm in between the two
components. Due to the higher weld strength, the stress
distribution is uniform over the horizontal axis.

As the power is given to the drilling machine, the
power is transmitted to the spindle. Since the sleeve is
connected to the spindle, the sleeve begins to rotate and
which in turn rotates the horizontal rod along with the tool
held in the holder. This single point cutting tool shears the
sheet metal placed on the work table and according to the
different feed rates, the circular cutting of the material is
done.

V. CONCLUSION:

Taking the recent trends of industries into
consideration, there are a lot of growth and advancement in
the production technology. But all the advanced
automation techniques can be employed to only large scale
industries. Small and medium scale industries cannot afford
high amount of automation.

Keeping the affordability and accuracy in mind,
this paper has been developed for the circular cutting of the
sheet metal using drilling machine.

The Possibility of using drilling bits to carry out
the circular cutting of the sheet metal at any required size is
low. Drill bits are available only in standard dimensions.
But this paper is helpful in obtaining the hole of required
diameter with good degree of accuracy.

It is a simpler one in construction and its
fabrication involves an easy process and its is more
economical one. It has been a successful one in its design
and fabrication and the further alterations can be easily
implemented according to the various working conditions at
lesser cost.
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This sheet metal cutting process will definitely
satisfy the needs of the small and medium scale industries
in effective circular cutting of the sheet metal with good
degree of accuracy at very low cost. Instead of separate
punching machines for producing holes, this method can be
employed effectively far all type of applications at
required dimensions. There is further scope for the
development of this paper.
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