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ABSTRACT 
 

Large quantiiesy of potatoes are being produced and consumed annually in Nigeria. This work presents 

design and development of a potato slicing machine using appropriate technology. Various components of 
the machine were designed and locally available materials like mild steel, stainless steel, brass and 

aluminium alloy were used in the fabrication. The machine can be adjusted to slice potatoes to varying 
thicknesses, ranging from 4mm to 10mm. The capacity of the machine is 184kg of potato per hour and its 

performance efficiency is 68%. The production cost of the machine is Twenty Five thousand Two hundred 

and Eighty Two Naira, Fifty kobo only (N25, 282.50).   
 

SIGNIFICANCE: The potato slicing machine is 

very important because of the relief it will bring 

to those who have hitherto used manual means to 

achieve their slicing. This design would provide 

opportunity for easy part replacement without 

recourse to importation or total abandonment 

(due to non-availability of parts). It’s simplicity 

in operation will make it user-friendly. 

KEYWORDS: Potato, Slicing, Automation, 

Machine, Blade, Slicer plate, coupling. 

 

1.0 INTRODUCTION 

 

The use of machines in industries and homes is 

gradually taking over manual means of achieving 

work. While the industries are being automated 

and computerized, the homes are gradually 

turning into a mini-industry where different types 

of machines are used to do the domestic chores. 

The introduction of these machines in our homes 

has brought about effectiveness, efficiency and 

time and energy saving. 

After careful study of local method of slicing 

potato it was observed that it involves a lot of 

physical labour and material wastes. In order to 

improve the processing method and enhance its 

hygienic level, there is the need of mechanisation 

of the slicing method. The aim of this work is to 

develop potato slicing machine that will serve as 

import substitute to suite our peculiar situations, 

using locally available materials and technology 

to produce an affordable machine to the local 

populace. 

The potato slicing machine developed and 

presented in this paper consists of a knife that is 

attached at its midpoint, to a rotating shaft. Two 

impacts are made by the knife on the potato in 

one complete rotation of the shaft. The shaft and 

the knife arrangement are housed within the 

casing of the machine. One end of the shaft bears 

on the knife while the other end is connected to 

an electric motor that effects the rotation. The 

slicing unit rotates within a brass bushing. 

 

2.0 LITERATURE REVIEW 

 

Sweet potato (Ipoma batatas) is an important 

food crop in many parts of the world (Woolfe, 

1992).  It serves as a cover crop, which prevents 

soil run-off and also serves as a good source of 

carbohydrate that is used as a supplementary diet 

to yam and cassava. 

Sweet potato has a high yield potential realizable 

within comparatively short growing season and 

an adaptability to a wide ecological range of 0 to 

2000 meters above sea level and 30
o
N to 30

o
S 

(Tewe et al., 2003). 
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Farmers are encouraged to produce sweet 

potatoes as it is profitable when used in 

conserving farm land (Ogbonna et al., 2007). 

Meludu (2004) conducted a study on sweet 

potato processed into different confectioneries. 

The study made attempt at broadening the choice 

of food for diabetic patients by processing sweet 

potato through fermentation and toasting the 

granules. The fresh tuber of sweet potato and the 

leaves can be used to feed livestock (Onwueme 

et al., 1991). 

Slicing is the process of cutting through an item 

using sharp-edged object. Because of the 

importance of slicing of food items in our day-to-

day life, there is the need to employ the use of 

simple mechanical devices to ease the process. 

Slicing machines are either manually or 

electrically powered. In any of the cases, the 

machine consists of a knife or set of knives 

arranged in a particular pattern to meet the need 

of the operation(s) it is intended to perform. 

Cutting involves principally the application of 

shearing force on an item with the help of a 

knife. The knife could be stationary, under going 

translational movement or on rotary motion. 

Slicing from physical survey could be achieved 

in any of the following ways: 

i) A knife moving against a stationary 

object while getting the food cut in-

between; 

ii) Two knives or cutting elements moving 

in opposite directions against one 

another and thereby getting the food 

item sliced in the process; 

iii) A knife moving against a stationary part 

of the machine. 

 

Mechanical food cutters used in modern kitchens 

basically consist of either rotating or 

reciprocating knives. In some instance, which is 

not very common, the knives are made stationary 

while food item travels against it and get sliced. 

There are three basic types of slicing machines in 

use (Tervell, 1979). The choice is dependent on 

the type of food item to be sliced and 

convenience. They are as follows: 

i) Vegetable cutter and slicer: This slicer 

usually have slots or entries for cutting 

vegetable into different sizes. The cutting 

mechanism is enclosed for safety and stops 

automatically when the cover lid is lifted 

(Tervel, 1979) 

ii) Vertical cutter/mixer: It is mainly used for 

chopping meat and bakery products. Its 

knives are assembled on a shaft with rings 

providing proper pitch or positioning 

(Tervel, 1979) 

iii) Food cutter: The cutting here is done by a 

pair of knives that revolve rapidly in a 

rotating bowl. The bowl is attached to a lid 

and it helps in turning the food and 

transporting it under the knives attachment 

for cutting into the required sizes (Tervel, 

1979). 

 

3.0 SYSTEM DESIGN, CONSTRUCTION AND TESTING 

 

3.1 System Design 

The following design criteria were used: 

i) Mechanical properties, which include 

strength, rigidity, toughness and 

ductility. 

ii) Machinability or formability 

iii) Availability of material 

iv) Wear resistance of materials 

v) Cost of materials 

 

The transmission shaft is stepped for the ease of 

assembly of parts and carries the knife at one of 

its ends. It is driven by an electric motor at the 

other (Figure 1). 

 

 

 

  

 

   

 

 

Figure 1: Transmission shaft 

 

Knife 

Shaft  

To electric motor 
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In the determination of shaft diameter several 

factors were put into consideration. The shaft 

must have sufficient strength to overcome all 

stresses it shall be subjected to. Such stresses 

may be due to: i) the reaction of potatoes, the 

effort of the hand and hopper cover which is also 

used to push the potatoes against the slicer plate; 

ii) the reaction of the knife on the shaft; iii) the 

reaction of the slicer plate on the shaft; and iv) 

the force exerted by knife to slice the potato. The 

cover plate is used to push the potatoes against 

the slicer plate. Its weight affects the overall 

force acting on the shaft, and may be determined 

using the equation:     

                                                     

avamFp    ---- (1) 

 

Where, FP = weight of cover plate;   =  density  

=  7800 kg/m
3
 (Galvanised steel sheet). 

 

    tRbvolumev )
2

()1( 2
  -------- (2) 

      = 
2

5 3

(0.145 0.15) ( 0.075 ) 0.002
2

6.12 10 m





 
   

 

 

 

 

     NFp 68.481.91012.67800 5  
  

 

Assuming the potatoes are pushed against the 

slicer plate at an angle of 45
0
, the forces acting 

on the slice include: FA - the force against slicer 

plate; FB - vertical component of the force; and 

FC - horizontal component of the force (Figure 

2). 

 

 
 

Figure 2: Reaction of potatoes 

 

 

 

But the estimated average mass of potatoes in the 

hopper was considered to be 1.5 kg, therefore, its 

weight becomes 

 

NamFpo 72.1481.95.1    

 

Considering the applied force on the cover plate 

by the operator to be 100N, fifty percent of the 

average human effort (Fh = 200N). Then, the 

total force against the slicer plate, Fv becomes: 

 

  pophv FFFF         - - -   (3) 

 

Where: Fh - Force exacted by hand; Fp - Reaction 

of cover plate; Fpo - Reaction of potatoes. 

        . 

Fv   =  100 + 4.68 + 14.72=  119.40N 

Fc

FA

FB

Slicer Plate

Fp

FA

Fc

FB
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From Figure 3 above the vertical force,  

cos45B AF F     

But cos45B VF F     

FB = 119.40 x Cos 45
0
 = 62.7N 

 

 

Average weight of blade (stainless steel): 

Considering the length, l  =  0.22 m,  width, w  =  

0.035 m, thickness, t  =  0.006 m, density,  = 

8000 kg/m
3
 (Cambridge, 2003), then the  volume 

Vb  =  0.22 x 0.03 x 0.006  =  3.96 x 10
-5

m
3
 and 

the mass m   =    x   =  8000 x 3.96 x 10
-5

  = 

0.32 kg. 

 

Therefore, Fb  =  0.32 x 9.81  =  3.14N. 

 

Average weight of slicer plate (aluminium 

alloy):  

 

m = density of Al alloy x (vol. of plate + vol. of 

rim – vol. of slot in plate) ----------------------- (4) 

 

    =        bvdwttr  2
  = 0.71 kg 

        

Fsp  =  0.71 x 9.81   =   6.95N. 

 

Weight of Brass nut on the shaft was determined 

from equation 4: 

 

      2

3

2

12

2

2

2

11
4

rrllrlMass 


  -- (5) 

 

Where:    =  density of brass, l1 = length of nut, 

l2 = length of groove, r1 = outer radius of nut, r2 = 

inner radius of nut, r3 = inner radius of groove. 

 

Mass   =  

 )037.0045.0(006.0)028.0045.0(03.0
4

8530 2222 


   

 

  =  0.223 kg,  

 

Therefore,      Fn =  2.2 N. 

 

Force required to slice a potato, Fs = 80 N was 

obtained through the use of Seidner Universal 

Testing Machine. A knife was attached to the 

spindle of the machine. The loading lever was 

released until the knife cuts through the potato. 

The reading on the display was recorded. The 

slicing torque is given by 

 

  rFT ss   -----  (6) 

 

Where Fs  =  slicing force, r  =  distance from the 

point of application to the centre of knife; and Ts  

=  80 x 100  =  8000 Nmm 

 

Total vertical force on slicer =  spv FF    =  

119.4 + 6.95  =  126.35 N. From shear force and 

bending moment analysis, the moment M and 

Torque T are expressed as: 

 

T  =   Fs x r  =  80 x 100   =  8,000 Nmm 

 

M  =     
2

2
440025.6949    =  8225 Nmm. 

 

The shaft diameter d was calculated from the 

equation below (Hall et al, 1961): 

 

d
3
  =     

2
2/16 TCMC tm

MAX




 -----  (7) 

 

Where: d is the shaft diameter,  is the yield 

strength, M is moment, T is torque and mC and 

tC are constants. 

max (allowable)  =  40N/mm
2
, Cm = 2  and  Ct = 

1.5 per ASME code for shaft (Hall  et al., 1961): 

 

223 )80005.1()82252(
40

16






d  

 

d  =  13.7 mm 

 

For operational convenience and its coupling 

with other component parts such as nuts, spring, 

key, etc, the total length of the shaft is 175 mm, 

the smallest diameter of the shaft has been taken 

to be 20 mm while the biggest diameter which 

carries the hub of the slicing unit is taken to be 

35 mm. 

 

The power requirement of the shaft was 

determined using the following formula: 
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60

2 NT
P


        ------  (8) 

 

Where, P = Power of motor, W; N  =  Speed of 

motor, rev/min; and T  =  Torque, Nm. From 

semi-emperical analysis, 900 rev/min was 

selected for good slicing operation 

 

60

89002
,





PPower    

         =  0.75398 kW 

 

A 0.75 kW motor was selected to provide power 

to the potato slicing machine. 

 

The electric motor was coupled to the shaft using 

universal joint based on its suitability in 

connections where angular misalignment is 

unavoidable (Faires, 1970). The journal for the 

potatoes slicing machine was chosen to be of 55 

mm diameter, after taking the dimensions of the 

associated components into consideration. 

In the calculation for load carrying capacity, oil 

flow rates, etc, the performance of bushes and 

split bearings may be regarded as identical and 

the choice between them in any given application 

will usually depend only on their relative 

convenience of manufacture, supply and 

assembly (Welsh, 1999). Bushes were selected as 

bearings because they are widely employed in 

general engineering practice particularly in the 

smaller size (up to say 50 mm diameter) and for 

the less exerting load conditions, often under 

relatively poor lubrication conditions. 

 

3.2 Construction of components 

The machine components were produced (Figure 

4) through the use of conventional machine tools. 

The machines used include lathe machine, 

milling machine and drilling machine.  

The operational sequence for slicing potato is 

outlined below: 

 

i) Release the latch and open the 

cover/hopper 

ii) Using the brass and aluminium nuts, 

adjust the knife in relation to slicer plate 

to set the aperture to the desired 

thickness of potato slice. 

iii) Close the slicing unit cover and put the 

latch in place 

iv) Connect the electric motor to the power 

source 

v) Raise the hopper cover plate, feed in the 

peeled potatoes into the hopper and 

replace the cover while slightly pressing 

it on the potatoes via the lever. 

vi) Put-on the power and immediately press 

the button of the capacitor and collect 

the sliced potatoes coming out of the 

sprout. 
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Figure 4: 3D assembly drawing of the potato slicing machine 

 

3.3 Testing 

The prototype of the machine was tested by 

filling its hopper with tubers of potatoes. The 

machine was then operated to slice the potatoes. 

The time taken to slice the potatoes was noted. 

After slicing, the potatoes were sorted into three 

classes: right thickness, wrong thickness and 

waste. Each of these classes was weighed and 

recorded accordingly. This process was repeated 

for each adjustment of blade for the selected 

potato slice thickness. The efficiency was 

calculated based on those slices that satisfied the 

required thickness. 

 

 

4.0  RESULTS AND DISCUSSION 

 

4.1 Results 
Table 1 presents summary of the design 

parameters of the various components of the 

potato slicing machine as obtained from the 

design analysis. This section presents the results 

of the tests conducted to determine the 

performance of the developed machine. The 

average output of the machine is 9,222/3  =  

3,074 g/min = 184 kg/hr. Tables 2 and 3 present 

the various output parameters of the machine 

obtained from the test conducted. 

 

 

HOUSING

5

2

3

4

6

7

DESCRIPTION

KNIFE

SLICING UNIT COVER

HOPPER

MACHINE STAND

HOPPER COVER

DISCHARGE SPROUT1

S/NO QTY

1

1

1

1

1

1

1

MATERIAL

STAINLESS STEEL

GALVANISED STEEL SHEET

MILD STEEL

GALVANISED STEEL SHEET

MILD STEEL

GALVANISED STEEL SHEET

GALVANISED STEEL SHEET

7

1

6

4

3

2

5

ELECTRIC MOTOR

3-D DIAGRAM OF THE POTATO SLICING MACHINE
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Table 1: Design Parameters 

 

Component Size/specification 

Shaft Diameter (35mm) 

Electric motor Power (0.75Kw) 

Coupling Universal joint 

Bearing Bushing 

 

Table 2:  Machine Output 

 

S/No. Blade 

opening 

(mm) 

Mass of 

slices (g) 

Time 

taken 

to slice 

(s) 

Average 

loading 

times (s) 

Total time 

taken to slice 

(s) 

Mass of slices 

produced /sec. 

Mass of slices 

produced /min. 

1 

2 

3 

4 

7 

10 

1200 

1350 

1250 

16 

13 

10 

12 

12 

12 

28 

25 

22 

42.9 

54 

56.8 

2,574 

3,240 

3,408 

 153.7 9,222 

 

 

Table 3:  Output Parameters and Cutting Efficiency 

 

S/N Set 

thickness 

(mm) 

Output 

Right thickness 

(g) 

Output wrong 

thickness (g) 

Wastage (g) Total weight 

(g) 

Cutting 

efficiency 

(%) 

1 

2 

3 

4 

7 

10 

750 

900 

850 

370 

386 

359 

80 

64 

41 

1200 

1350 

1250 

62.5 

66.7 

68.0 

 

4.2 Discussion 
Potato slicing machine was developed through 

basic design procedures and the machine was 

constructed using local technology and locally 

available materials. The material cost was 

Nineteen Thousand Four Hundred Naira 

(N19,400.00), the labour cost was Five Thousand 

Eight Hundred and Eighty Two Naira. This 

brings the total cost of producing the machine to 

Twenty Five Thousand Two Hundred and Eighty 

Two Naira (N25,282.00). The performance test 

showed that the machine has the highest cutting 

efficiency of 68% at a blade opening of 10mm 

and the least cutting efficiency was 62.5%, 

recorded at a blade opening of 4mm. 

 

5.0 CONCLUSION  

 

 

Potato slicing machine has been successfully 

developed and tested. The performance 

efficiency of the machine is 62.5% for 4mm 

blade opening, 66.7% for 7mm blade opening 

and 68% for 10 mm opening. The total cost of 

producing the machine is Twenty Five Thousand, 

Two Hundred and Eighty Two Naira only. The 

machine could serve as a good tool for 

processing potatoes for both domestic and 

commercial purposes. 
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