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Abstract
Peeling variety vegetable is an inevitable need. Vegetable
peeling process faces a wide range of problems like that of
time consuming and become inefficient during weekly
breakdown maintenances. It is very important for food
processing industry as well as in domestic point of view.
Mechanization of processing operations will play a vital role
in removing the negative attributes of the traditional
processing techniques and promote timely large scale
production with desired quality. This paper shows the
chronological development of mechanical peeling and also
highlights on new concept of vegetable peeler which would be
the basic requirement under breakdown maintenance. The
purpose of our paper is to design and fabricate the prototype
of peeling and cutting machine. It is aimed at providing a base
for the commercial production of a peeling and cutting
machine, using locally available raw materials at a relatively
low cost. The machine constitutes of a drum, abrasive based
peeling and cutting section.
Keywords: abrasive, chronological, peeling, cutting.

Introduction
Peeling of vegetables and fruits is one of the most frequent
operations at hotels, canteens and restaurants even at house
hold purposes. Vegetable is probably the most popular food
and widely consumed item in the Indian diet. It is grown all
over the country with Uttar Pradesh growing the maximum
quantity. India ranks fourth in area and third in global
vegetable production. It produces around 8 % of the world’s
total produce. There are different types of mechanical peelers.
In Roshan.M et al [1] the machine used for peeling operation
is abrasive coated rotating drum with peeling efficiency 78%
and peeling loss of 6%. While Vishal.S.Karpe et al [2]

designed an automatic fruit peeling machine, where the
peeling is accomplished by placing the fruits between rotating
fruit holders, thus gets peeled horizontally. P.Embomwomyil
et al [3] emphasizes the concept of design and development of
semi automated potato slicing machine, the electrically
operated device is designed to cut the whole into slices of
thickness of 2.5mm. Ajibola et al [4] designed a manual
potato peeler cum slicer, material used was stainless steel and
slicing efficiency was 88%. S.K.Tyagi et al [5] fabricated a
potato washing cum peeling machine which consist of
specially designed peeling drum and spraying unit for
washing.
Based on the mechanism used for peeling, system uses knife
or blade, abrasive, rollers, milling cutters and rotary cutters.
Rotary cutters are more flexible among all even on different,
uneven surfaces. Among the current peeling methods,
mechanical peeling can attract the customer satisfaction
because of its benefits. The mechanical peeling becomes so
popular because they produced fresh peeled product. As view
of customer became more important for food processing
industries hence more researchers have showed interest
towards mechanical peeling process. Many factors were
considered in the design of the cutting machine which
includes the physical and mechanical properties of the
materials for construction. The blade of the cutting machine is
usually expected to be sharp enough to cut easily. Further the
materials needed for construction of the machine must neither
contaminate the vegetables nor get corroded when in contact
with water. Stainless steel materials were therefore used for
fabricating components. Other considerations in designing the
machine included the cutting resistance of the potatoes,
moisture content, and thickness of the slice, speed of cut,
maximum power requirement, power source and
contamination.
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Methodology








Material selection

Study of cutting and peeling mechanisms.
Developed a new design for cutting and peeling.
Material selection for frames, drum, disc plate,
gear, pulley, shaft.
Design of belt, gear, shaft
Selection of motor.
Drawing 2D, 3D and assembly using modeling
software Solid Edge ST5.
Fabrication and testing of the machine.

Components and description
Abrasive drum
Figure.1 shows the abrasive drum. This cylinder is surfaced
by a tough aluminium oxide abrasive, 1.4 millimeter thick that
is glued to a cotton web packing which is in turn glued to the
cylinder. This part plays the significant role in peeling the
vegetable.

Table 1: Material properties
Material

Weight of
1m*1m*0.02m
sheet

Brinell
hardness

Resistance
to break

(BHN)

(Joules)

(Kg)

Corrosion
rate
(mm/year)

Mild
Steel

7.7

130

190

0.36

Stainless
Steel

7.5

123

178

0.38

From Table.1, we can know the properties of mild steel and
stainless steel. Mild steel was the material selected for the
fabrication of frame, disc plate, drum and shaft. Cutting
blades are of the material stainless steel.

Design calculations
Design of gear

Figure 1: Abrasive drum.

Motor
A machine that converts electrical energy into mechanical
energy is called a motor.
Here an AC motor with 1440 rotations per minute in taken to
drive the pulleys, and a DC motor with 60 rotations per
minute is taken to rotate the cam shaft.
Specification of DC motor:
Speed
N = 60 rpm
Voltage
V = 12 Volt
Current
I = 7.5 A
Power
P = V x I = 12*7.5 = 90 W
Torque
T = (P*60)/ (2*3.14*N)
= (90*60)/ (2*3.14*60) = 15 Nm

As the rotation from motor needs to be reduced we require
pinion and spur gears.
We selected a pinion of 10 teeth which has a diameter of 2.5
cm.
Teeth, T1 = 10
Diameter, D1 = 2.5 cm
Rotations per minute, N1 = 60
Require crank rotation of 12 times per minute.
So, N2 = 12
Using gear ratio formula:
D1/D2 = N2/N1 = T1 /T2
ie, 2.5/D2 = 12/60 = 8 /T2
D2 = (60/12) * 2.5 = 12.5 cm
T2 = (60/12) * 10 = 50
So, a gear of 12.5 cm diameter with 50 teeth is required.
Design of belt
µѳ
2.3 log (T1 /T2 ) =
sinα
ѳ – Angle of wrap of an open belt
µ - coefficient of friction
T1 – Tension in the tight side of the belt
T2 – Tension in the slack side of the belt
2α = 40°
Angle of wrap, ѳ = 180 – 2α
ѳ = 180 – 2×20= 140°
π
= 140× = 2.44 rad
180

Belt speed, v =
Specification of AC motor:
Speed
N = 1440 rpm
Power
P = 1.5 horse power = 1119 W
Torque
T = (P*60)/ (2*3.14*N)
= (1119*60)/ (2*3.14*1440) = 7.5 Nm

π×D×N
60

π×25.4×10−3 ×1440

v=
=1.915 m/s
60
Power, p = (T1 – T2 ) v
T1 – T2 =
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T1 – T2 =

1119

= 584.34 N

1.915

T1 – T2 =584.34 N …………… (1)
µ = 0.3
0.3×2.44
sin20

T1 /T2 = e

T1 /T2 = 8.5
T1 =8.5 × T2 …………. (2)
(8.5 ×T2 )– T2 =584.34
7.5T2 =584.34
T2 =

584.34
7.5

= 77.9 N

T1 = 8.5×77.9 = 662.3N, where T1 and T2 are tensions on the
belt.
Design of shaft for DC motor
1 Kg = 1000g = 9.81 N
1 g = 9.81 * 10-3 N
Weight of cam = 1000g = 9.81 N
Weight of gear = 1600 g = 15.7 N

Figure 4: Bending moment diagram
From Figure.4, Maximum bending moment (M) = (15.7*3)
M = 47.1 Ncm = 47.1*10-2 Nm.
P = (2π*N*T)/60
90 = (2*3.14*60*T)/60
ie, T = 15 Nm.
T equivalent = (M2 + T2)1/2 = (0.472 + 152)1/2
=15 Nm
We selected material mild steel, which has a shear stress of
200 MPa.
= 16 T/ πd3
200*106 = (16*15)/(3.14*d3)
Solving we get,
d = 7.25*10-3m
= 7.62 mm
Standardizing the diameter with reference to data hand book
by K.Mahadevan, design of shaft – page no: 57 – Table 3.5(a).
d = 8 mm.
In a similar way shaft for AC motor was designed and the
diameter obtained was 15 millimeter.
Selection of ball bearing

Figure 2: Free body diagram
From Figure.2, RA + RB = (9.81 + 15.7) = 25.51 N
(-9.81 * 14.59) + (RA * 12.5) + (15.7 * 3) = 0
-143.12 + 12.5RA + 47.1 = 0
Therefore, RA = 7.61 N and RB = 17.89 N

Shaft diameter = 15 mm
Trail – 1
Assume ball bearing 15BC02 series 6202
d = 15 mm
D = 35 mm
B = 11 mm
(Values obtained from: Machine Design data book by
Prof. K. Lingaiah, Volume II)
5 ×365 ×5×60×160
L10 =
= 87.6 million revolution
106
Static load, c0 = 3750 N
Dynamic load, c = 7800 N
K s = 1 for steady state
P = Fr × K s = 538.64 × 1 = 538.64 N
C 3

7800

3

L = ( ) =(
) = 3036.60 million revolution
P
538.64
L >L10 , so the 15BC02 series ball bearing is safe & suitable.
Length of Belt:

(r −r )2

Length, L =π(r1 + r2 ) + 2×x + 1 2
x
r1 –radius of driving pulley = 12.7 mm
r2 –radius of follower = 114.3 mm
x –distance between two pulley = 250 mm
Figure 3: Shear force diagram

L = π( 12.7 + 114.3) + 2 ×250 +
= 940.27 mm
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3D modeling

Working
The mechanism of this peeling machine is simpler. Motor
transmits power to the rotating disc through a V-belt and
pulley arrangement in which the motor rotates at a speed of
1440 rpm which gets reduced to 160 rpm at the driven side.
Rotating disc and drum surface being coated with abrasive
sheet surface for the peeling action to be possible. Vegetables
are filled to the drum and the disc rotates at the bottom and
centrifugal force is developed which make the vegetables to
come in contact with the drum surface which remains
stationary making possible the peeling action. A clearance of
10 mm is provided between the stationary drum and rotating
disc for waste removal.

Conclusion

Figure 5: Dimension of parts

At the end of construction, a satisfactory peeling and cutting
machine was fabricated using the available raw materials and
techniques. The overall performance of the machine is more
efficient compared to existing ones. The cost of production
and maintenance is relatively cheap. Hence the machine will
be welcomed by industries given its performance,
affordability and simplicity. The design of the integrated
peeling and cutting machine is based on the technical idea of
the combination of all the process in one which helps in
reduction of manpower and satisfies the need for household,
industries. The machine is simple to operate, safe and easy to
repair. The technology is affordable and less expensive when
compared to existing peeling machines. It has low operating
cost. Hence the machine was a successful one.
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Figure 7: Peeling and cutting machine
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