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Abstract- The project involves the design of a cocoa depodding machine, to eliminate drudgery experienced by local farmers 

using manual method of pod breaking. The basic features of the machine are the frame, feeding trough, shaft, stationary blade, 

rotating blade, rotating drum, chain, and electric motor. The machine operates on the principle of compressing the pods 

against the stationary blade to break it and separate the pods from the beans. As the blade rotates, it pushes the pods towards 

the stationary blade, which cuts the pods and transfers it to the separation chamber. As the drum rotates the beans are 

separated from the pods through the rotating sieve while the pod goes out through the discharge outlet. The machine is 

powered by 1hp three phase electric motor. The machine has an efficiency of 36%, a capacity of 500kg/hr. The depodding 

machine can be used by local farmers in rural areas for small scale cocoa processing. 
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I. INTRODUCTION 
 

Background of the Study: Cocoa merit much economic 

significance in the producing countries the world over. 
Cocoa beans contain about 50% fat. It is useful in the 

production of lightning oil, ointments, candles, soaps and 

medicines (Opeke, 2004). Cocoa butter, made from the fat 

extracted from the beans, is a stable fat used in the 

production and pharmaceutical products. The beans are 

ground into powder for making beverages, chocolates, ice 

cream, soft drinks, cakes biscuits, flavoring agents and 

other confectionaries. Cocoa husks can be hydrolysed to 

produce fermentable sugar. Cocoa cake is used as part of 

feed ingredients for poultry, pig, sheep, goat, cattle and 

fish after removing the theobramine. The shell (pod) is a 
good source of potassium and can be used in the 

production of potash fertilizer, local soap, for biogas and 

particles boards (Opeke 2004). Considering all these 

benefits, cocoa production and processing must be 

mechanized and properly improved to aid profits of this 

concept of designing such a cocoa pod splitting machine, 

which has not been in existence in any part of the world. 

 

One of the advantages of the primary processing of cocoa 

beans is that it is relatively inexpensive, and this gives 

good opportunities for small farm holders in Nigeria to use 
cocoa beans as a cash crop (Are & Gwynne-Jones, 1974). 

Added to this, small farm holders in Nigeria are aware of 

what characterizes good quality beans, and they know 

strategies for obtaining the good quality. Hence, the cocoa 

farmers in Nigeria produce very high quality cocoa beans 

which have given them premium prices on the world  

 

market.  Traditionally, the process of breaking cocoa pods 

is done manually using wood and cutlass. This is an 

arduous task, apart from the large labour requirement and 

time consumed during the operation. Cocoa depodding 

machine will address the problems and drawbacks 

associated with the manual pod breaking such as; the 

number of labourers needed to break the pods is reduced, 

and the efficiency and reliability in production is 
increased. Human fatigues is also reduced, the manual 

method leads to high percentage of bean damage. Cocoa 

depodding machine is capable of breaking open cocoa 

pods and then separating the cocoa beans from the split-

open cocoa pods without causing any damage to the cocoa 

beans. Safety issue is also a concern as the current manual 

pod breaking is entirely done by using knife. The 

application of cocoa depodding where the operator only 

needs to place the cocoa into the machine will definitely 

avoid accidents. 

 

The Fabrication of a cocoa depodding will enhance, 
increase and boost productivity and enhance the quality of 

cocoa products to the highest possible level. The manual 

method of breaking cocoa which is one of the oldest 

methods makes the task greatly difficult as it requires large 

labour force. The cutlass used damages the beans, which 

makes some of the beans unsuitable for fermentation 

causing losses (Bamgboye, 2003). Also, the man-hours 

required for this manual operation vary and depend on 

crop factors such as variety and workers attitude and 

supervision (Opeke, 2004). 
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Hence the development of this concept of designing a 

cocoa depodding machine, which will massively improve 
cocoa production is designed. With this concept actualized 

it will greatly be beneficial to cocoa farmers. 

 

II. MATERIALS AND METHODS 
 

1. Design Considerations: 

 The following factors were considered in the design of 
the cocoa depodding machine: 

 Availability of local materials, selection of materials 

based on minimal cost, durability and aesthetics of the 

machine 

 Geometric shape of the machine as well as the strength 

of the materials that would withstand vibration under 

different operating conditions  

 The shape and size of the feeding trough that will allow 

for free flow of reasonable materials. 

 The power requirement of the machine for effective 

depodding. 

 The speed of operation of the machine 

 The cost of materials 

 

2. Component Parts of the Cocoa Depodding Machine: 

The major components of the depodding machine are as 

follows: 

2.1 Chain: The chain transmission provides a convenient 

means for transferring power from one shaft to 

another. The power is transmitted through friction 

between the chain and the sprocket. 

2.2 Collecting Trough: This is where the cocoa beans 
from the depodding chamber are being collected. 

2.3 Feeding trough: This is where the cocoa pods to be 

depodded are being fed. 

2.4 Frame: The frame is a piece of angle iron welded 

together to carry the entire machine, it will be 

designed to carry the entire weight of the machine. 

2.5 Residue Outlet: This was made of galvanized iron 

sheet of gauge. It is welded to the main frame and 

residue from the cocoa passed through it into the 

collection trough.  

2.6 The Outlet: The outlet is rectangular in shape with 

dimension. This is where the depodded cocoa is 
collected. 

2.7 Roller Bearings: The bearing was used in the 

fabrication of this work in other to remove friction 

between moving parts of machine. 

2.8 Cleaning and separation unit: This is where the 

depodded cocoa beans is separated from the pods 

through the vibratory action of the attached sieve via a 

cam shaft. 

 

3. Design Calculations of Component Parts: 

3.1 Bending Moment And Torsion Moment On Shaft 

 

3.1.1 Torsion Moment 

The torsion moment, mt acting on the shaft can be 

determine using, 

 

mt =
kw × 1000 × 60

2πN
 Hannah, 1984       

 
Where, kW = power in kilowatt 

N = speed of shaft in rpm. 

The electric motor to be used is 1 hp 

                   

                                       50N 

 

 

 

 

 

 
 

L = 0.7m,  w = 50N,  d = ? 

 

Allowable stress without keyway = 55MN/m2 

𝒛 =
𝛑𝐝

𝟑𝟐
= 𝟎.𝟎𝟗𝟖𝐝𝟑 

Max. moment at the center of the shaft 

𝒎 =
𝐰.𝐋

𝟒
 

 

Where; W= force acting on the shaft,  

L = length of the shaft 
50 x 0.7 x 1000

4
 

 
35000

4
 

8750N/mm 

 

Bending stress does not exceed 40mpa 

 𝜎𝑏 =
𝑚

𝑧
 

40 =
8750

𝑧
=

8750

0.098𝑑3
 

40 =  
8750

0.098𝑑3
 

 

2.45𝑑3 = 8750 

𝑑3  =  
8750

2.45
  

  

𝑑 =  2232.143
3

 
 
d = 47.25mm 

3.1.2 Second shaft design: 

                              10N 

      A                                                    B 

                    

                                                                

                         

 

                      3250  
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Vertical moment = 3250Nmm 

  

Mb =  32502 + 2275002 
 

Mb = 227523.2Nmm 
 

Mt =  
0.745 x 9550

x
 

 

V. R =
no of teeth of the driven sprocket

no of teeth ofthe drivings procket
 

 

V. R =
55

15
 = 11: 3 

 

output Torque = 700Nmm x 37 = 2590Nmm 
 

output  RPM =
1400

37
= 378.4RPM 

 

Mt =
0.745 x 9550   

378.4
=  

7114.75

378.4
 

 

Mt = 18.802N/m 

Mb = 227.52Nm 
 

The diameter of the shaft by A.S.M.E 

ds
3 =

16

 Ss

 (Kb Mb )2 + (KtMt)
2                 

 

Based on the feeding rate, it is loaded suddenly (minor 

shock) 

        Kt = 1.0      kb = 1.5 

      

      ds
3 =

16

 Ss
 (1.5 x 275.50)2 + (1.0 x 18.802)2                 

 

     d3 = 1.273x107 171153.88
        

 
 

      d = 37.55mm 

 

3.2 Bearing Selection: 

These were based on ASAE (1972) standard. Factors 

considered are; 

 Speed of shaft 

 Size of shaft  

 

A pillow bearing of 30mm diameter was selected for for 

the reciprocating shaft and a 40mm diameter pillow 

bearing selected for the separator shaft. 

 

3.3 Power of chain: 

Hp = 0.004N11.08 N10.9P3.0- 0.007p 
 

 At low speed 

Hp = 0.004 x 1501.08 x 14000.9 x 0.63.0 – 0.007x 0.6 

      = 0.004 x 18.629 x678.45 x 0.21644 
      = 10.94W 

At high speed 

 

Hp =       1000KN1
1.5p0.8 

 

                        N1
1.5 

 

        1000 x 2.9 x 151.5 x 0.60.8 

                     14001.5 

 

Hp  =          2900 x 58.095 x 6..65 

 
                           52383.20 

 

1120362.075 

                    52383.20 

 

Hp = 21.39 W 

  
3.4 Working Principle of the Machine: 
Once the machine is connected to the power source, power 

is transferred to the electric motor which provides power 

to the machine via the shaft. As the shaft rotates, it 

provides a turning effect for the hammer connected to beat 

the metal hitched to the feeding trough, this causes the 

feeding trough to tilt a little to allow a free flow of the 

cocoa to be fed into it. Once this is achieved, the cocoa is 

manually fed into the machine via the feeding trough.  

 

The rotating spike connected to the shaft pushes the cocoa 
pods further towards the stationary blade which provides a 

compressive force to split the pods open. With the pods 

open, it is moved to the discharge outlet. Due to the 

vibrating action of the machine, the splitted pods are 

transferred to the cleaning and separating unit which 

comprises of a rotating drum with sieve.  

 

The sieve are fabricated in such a way that only the beans 

can pass through it. As the rotating drum rotates at low 

speed, the beans passes through the sieve and it is 

separated from the pods while the pods are discharged 
through another outlet and gathered. 

 

3.5 Methodology for Evaluation: 

Freshly harvested cocoa pods were obtained from uchi 

market Auchi Edo state Nigeria.This pods were sorted and 

the bad and over ripe pods were separated from the rest. 

After sorting, the pods were weighed with a weighing 

balance and it’s mid diameter were determined using a 

vernier caliper.The pods were grouped according to their 

mid diameter. 

 

This experiment was carried out in the departmental 
workshop of Agricultural and bio environmental 

engineering Auchi. After which this pods were fed into the 

machine and the time of depodding was recorded. The 
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depodded beans were weighed and its weight recorded. 

This parameters would help determine the machine 
efficiency and other various parameters. 

 

3.6 Throughput Capacity 

Throughput determines the input capacity of the 

depodding machine and it is expressed as:  

𝐓𝐩 =
𝐰𝟏

𝐓
                       

 

Where W1 = Initial weight of the cocoa pod (kg),  

T = Time of depodding (min)  
 

t =
72

3600
= 0.02hr 

tp =
10

0.02
= 500kg/hr 

 

3.7 Output Capacity: 

Output Capacity (kg/hr) Qc: This determines the quantity 

of cocoa pod, depodded per unit time and is expressed as: 

𝐐𝐜 =
𝐰𝟐

𝐓
 

 

Where Qc = Output Capacity (kg/hr)  
W2 = Weight of cocoa seed (kg)  

T = Time of depodding (min)  

 

qc =
3.6

0.02
= 180kg/hr 

 

3.8 Depodding Efficiency: 

Depodding efficiency (%): This determines how 

efficiently the machine is, it is expressed as:  

𝐃𝐞 =  
𝐰𝟐

𝐰𝟏

 × 𝟏𝟎𝟎%   

 

Where De (%) = Depodding efficiency 

W2 = Weight of cocoa seed (kg)  

W1 = Initial weight of cocoa pod (kg)  

 

De =
3600

10000
 x 100 

De = 36% 
 

3.9 Cocoa Bean Damage: 

𝐁𝐝 =  𝟏−
𝐌𝐰𝐛

𝐌𝐭

 × 𝟏𝟎𝟎 

 

Mwb is the mass of whole bean, g;  

Mt is the total mass of the pod and beans  

 

Bd =   1 −  
3600

10000
 x 100 

Bd =  0.64 x 100 

Bd = 64% 
 

3.10 Pictorial View of Mechanical Cocoa Depodding 

Machine: 

 

The pictorial view, isometric and orthographic view of the 
mechanical cocoa depodding machine are presented in 

figures 3.1 -3.2. 

 

 
 

Fig 1. Cocoa depodding machine (Plate1). 
 

 
 

  Fig 2. Front View of Cocoa Depodding Machine  

(Plate 2). 

 

III. RESULTS AND DISCUSSION 
 

1. Result 

Testing was carried out on the machine as stated in the 

previous chapter and the following data were obtained. 

This would help us determine various parameters such as 
the depodding efficiency, the percentage of cocoa bean 

damaged etc. 

 

Table 1. Results of testing carried out. 

 

Mid 

diameter 

(mm) 

Weight 

of cocoa 

(kg) 

Time 

(sec) 

Mass of 

bean 

(g) 

Mass 

of 

losses 

(kg) 

70-75 1.9 22 800 1 

76-81 4 24 1300 1.3 

82-87 4.1 28 1500 1.2 

Total 10 72 3600 3.5 
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2. Discussion: 
From the analysis carried out, it was discovered that the 

losses and percentage of cocoa bean damaged was more 

than the depodded bean. 64% 0f pods and beans were 

either damaged or not broken by the machine. It shows 

that adequate effort can be put in place to enhance the 

machine efficiency and minimize losses. 

 

The table of analysis also shows that cocoa pods with 70-

75mm diameter were the least depodded and the time of 

depodding is high when compared to others, as such the 

feeding trough can be designed in a way that would 

minimize losses of cocoa pods within this 
diameter.Generally, the time and rate of depodding is 

faster when compared to the manual method which is not 

just time consuming but also puts the farmer in greater of 

causing harm to himself and the cocoa beans if not careful. 

 

IV. CONCLUSION 
 

Based on the test carried out on the machine, it shows that 

the machine has a throughput capacity of 500 kg/hr. The 

machine is capable of depodding 500 pods/hr which 

justifies the design of the machine when compared to the 

traditional method of breaking pods, which has a capacity 

of 200-250 pods/hr. Though the rate of damage is high, the 

machine could be improved upon to minimize the losses 

and maximize efficiency.  

 

REFERENCES 

 
[1] Ademosun, O.C. (1993).Performance evaluation of a 

medium scale dehulling and winnowing machine. 
Agricultural Mechanization in Asia, Africa and Latin 

America. 24(2): 57-60. 

[2] Adewumi, B.A, O.C. Ademosun and A.S. Ogunlowo, 

(2006) Design, fabrication and preliminary testing of 

a thresher-cleaner for legume. J.Food Sci. Technology 

44(3).        

[3] Adewumi, B.A. (1997). Cocoa bean processing and 

drying equipment for small and medium scale 

industries. A paper presented at a conference titled 

‘The Role of Science and Technology in the 

Development of Small/Medium scale Industries in 
Nigeria, Organized by the Centre for Research and 

Development, Ondo State University, Ado-Ekiti, pp: 

17.                    

[4] Adewumi, B.A. (2000) Design and testing of a 

manually operated cashew decorticator Nigerian J. 

Tree Crop Res., 4(2): 10-17. 

[5] Adewumi, B.A. and A.B. Fatusin, (2006). Design, 

Fabrication and testing of an impact-type hand 

operated Cocoa Pod breaker. Agr. Eng. Int. CIGR E 

journal Manuscript PM 06 022, Vol. 8 

[6] Adzimah S.K; Asiam E.K (2010). Design of a Cocoa 

Pod Splitting Machine. Research Journal of Applied 
Sciences, Engineering and Technology 2(7): 622-634 

[7] Are, L. A and Gwynne Jonnes, D.P.G.( 1974). Cocoa 

in West African. Oxford University Press London. pg 
102 – 103. 

[8] Audu, I, A. O. Oloso and B. Umar. (2004). 

Development of a concentric cylinder locust dehuller. 

CIGR-Ejournal PM 04 003 Vol. VI, August, 2004.  

[9] Bamgboye, A. I. (2003). Effect of some physical 

properties of cocoa bean on post harvest    delay on 

its compressive and impact rupture. Discovery and 

Innovations 15(3): 137-141. 

[10] Faborode, M.O. and Oladosun, G. A. (1991). 

Development of a cocoa pod processing http://rirde .in 

foservices.com.au/items/16072. 

[11] Jabagun, J.A. (1965). A mechanised cocoa pod 
sheller. The Nigeria Aquaculture Journal 2(1):4445.  

The Nigerian Engineers. 26(4): 26-31. 

[12] Opeke L.I. (2004) A cocoa pod sheller. Journal of 

Engineering Trends 2(1): 44-45 

[13] Pinhalense.(2017). Retrieved from http://www.pi nh a 

lense.com.br Thresher soyabean. CIGR-Ejournal vol 

vi, July,   

[14] Verter, N, Bečvářová, V.(2014). Analysis of Some 

Drivers of Cocoa Export in Nigeria in the Era of 

Trade Liberalization. Agric on- line Papers in 

Economics & Informatics. 6 (4): 208–218. 
[15] Wood G, Lass R. 1990 Cocoa 4th edition. Longman, 

London.610.  

 

 


