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Abstract 

Common beans (Phaseolus vulgaris L.) are an essential staple crop widely grown across many developing nations. Recognizing 

the significant value and potential of this crop has led to the push for creating a mechanized bean shelling system as part of modern 

agricultural planning. This study focused on design and realisation of beans shelling machine. The machine was designed and 

realisation was achieved using appropriate engineering materials selected for various parts of the machine. This machine 

incorporated an air chamber system which was used in air production for waste disposal. Peeled beans was collected via a collecting 

vessel. Pulleys were used as speed reducers to transmit power and movement in order to enhance efficiency of the machine and 

the preservation of the good quality product. The machine performed well when it is motorised with a 2HP motor 1400rpm and a 

turning speed of 950rpm and average torque of 4.944Nm. Pulley groove selected at 206mm. we obtained for 92.7% beans peeling 

efficiency with a 630.32 kg/h of beans shelled. 
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1. Introduction 

Common beans (Phaseolus vulgaris L.) are a major food 

and income source in many developing regions. Their high 

nutritional value—consisting of proteins, minerals, vitamins, 

and dietary fibre—makes them a key component of diets in 

sub-Saharan Africa. In Cameroon, bean cultivation has ex-

panded considerably, positioning the country as the seventh-

largest producer in the region. National production rose from 

approximately 365,295 metric tons in 2017 to 373,624 metric 

tons in 2021, driven largely by population growth and increa-

sing urban demand. However, this rise in production has not 

translated into lower market prices, largely due to persistent 

constraints in the production and post-harvest chain. These 

challenges include limited access to improved seed varieties, 

outdated farming tools, declining soil fertility, inadequate pest 

control, and substantial post-harvest losses. Manual shelling 

remains one of the most labor-intensive bottlenecks, contribu-

ting significantly to inefficiencies in the value chain. 

The introduction of agricultural machinery has been widely 

recognized as a means to improve efficiency and product qua-

lity. Olaoye [1] highlighted that although mechanical shelling 

technologies may involve high initial investment, they reduce 

labor intensity, maintain kernel quality, and minimize losses 

compared with traditional methods. This has encouraged se-

veral research efforts aimed at developing cost-effective shel-

ling machines, particularly using locally available materials. 

Unuigbe et al. [2] designed and constructed a bean sheller 
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using local materials, supported by detailed component design 

and fabrication drawings. Their machine achieved a shelling 

efficiency of 81.3% with a processing capacity of 100 kg/h, 

demonstrating the feasibility of low-cost mechanical solutions. 

Ilori et al. [3] investigated ergonomic factors in hand-operated 

shellers, identifying that operator characteristics such as age, 

weight, and arm length significantly influence shelling effi-

ciency, an important consideration for manually powered de-

vices. 

Other studies have focused on optimizing machine design 

for higher performance. Ashwin and Shaik [4] developed a 

hand-operated cylinder–concave sheller that reached a shel-

ling efficiency of 99.56% at 12% moisture content and 130 

kg/h feed rate, with minimal unshelled grains and acceptable 

grain damage. Engineers at the USDA [5] designed an expe-

rimental gentle-handling sheller, which performed well at 15% 

moisture content but suffered from issues related to belt du-

rability, low throughput, and reduced efficiency at higher 

moisture levels. Fox [6] proposed a rubber-roller sheller ba-

sed on rolling and squeezing principles; however, it faced 

feeding limitations and did not perform satisfactorily on 

unhusked pods. Research on similar post-harvest processes 

provides useful insight into efficiency gains from mechani-

zation. Karthickumar et al. [7] developed a continuous tama-

rind deseeding machine with a throughput of 75 kg/h and a 

maximum efficiency of 89.15%, reducing both cost and pro-

cessing time relative to manual methods. Similarly, Hiregou-

dar and Udhayakumar [8] found that mechanical deseeding 

significantly increases output compared with traditional 

techniques, although at the cost of higher mechanical da-

mage. 

Additional studies by Aluko [9], Babatunde et al. [10], and 

Uadia and Ogbu [11] focused on the design, fabrication, and 

evaluation of bean shelling machines with the aim of impro-

ving shelling efficiency, reducing processing time, and mini-

mizing losses. These works collectively emphasize methodo-

logies for machine design and the potential benefits of me-

chanization in bean processing. A review of the literature 

shows that while many prototypes have been developed, seve-

ral challenges persist: Low shelling efficiency in early designs, 

Limited processing capacity, restricting commercial use, High 

levels of grain damage, often linked to bean size variability, 

Mechanical limitations, such as poor feeding systems or fra-

gile components, Lack of standardization, with many ma-

chines remaining at prototype stage. 

Given these limitations, there is a clear need for a more ef-

ficient, robust, and commercially viable bean shelling ma-

chine adapted to local conditions. The current study responds 

to this need by designing and developing a locally fabricated 

sheller capable of improving throughput, reducing mechanical 

damage, and supporting wider adoption of mechanized post-

harvest technologies. 

 

 

2. Materials and Method 

2.1. Design Consideration 

The design and development of a bean shelling machine 

must consider several important factors, including product 

quality, material selection, and process efficiency. Product 

quality is evaluated based on the preservation of the beans’ 

physical and chemical properties. The construction materials 

should be resistant to corrosion, wear, and tear, while also be-

ing strong, readily available, and affordable. Other key con-

siderations include the machine’s structural stability, ensuring 

it remains rigid during operation, and its ability to sort, mean-

ing the separation of shelled beans into uniform aggregates 

within the shelling chamber. Affordability is also crucial, en-

abling farmers to compare the machine’s investment and 

maintenance costs with those of imported alternatives. 

2.2. Conceptual Design 

AutoCAD software was used to design components and to 

assembly them for the geometrical model of the machine. It 

was also used to simulate the rigidity of the frame in other to 

choose the suitable materials that could withstand the loads 

and preserve the stability. Figures 1 and 2 show respectively 

the exploded and isomeric views of the machine designed. 

 
Figure 1. Exploded view of beans shelling machine. 

 
Figure 2. Isometric view of motorized beans Sheller. 
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2.3. Design Analysis and Calculations 

The design of various component parts of shelling machine 

is governed by physical, mechanical and engineering proper-

ties of beans. Others are the mechanism of rotating shaft over 

the concave at a specific clearance for the downward move-

ment of the shelled grains. We are going to present the design 

analysis and calculations for major component parts. 

2.3.1. Frame 

The two primary factors considered in selecting the frame 

material were weight and strength, as the frame would be sub-

jected to compressive forces and torque. In this study, a hol-

low square steel tube (S235JR, 16 mm × 5 mm) was used to 

provide the necessary rigidity. The frame components were 

fabricated through cutting with an angle grinder, and the as-

sembly was completed using the MIG/MAG welding process. 

2.3.2. Hopper 

The hopper is designed to be fed in a horizontal position 

only. The material used for the construction is carbon steel 

S235 JR 2000x 1000 sheet metal, which is readily available in 

the market and relatively affordable. 

2.3.3. Beans Inlet Vessel 

It was done by carbon steel S235 JR 2000x 1000 Cutting 

via a shearing machine and Bending via an angle bending ma-

chine with the dimensions of 470mm x 285.69mm. 

2.3.4. Sieve Chamber Connected to Mechanism 

It has the dimensions of 850mm x 360mm realized with car-

bon steel by cutting using the shearing machine. 

2.3.5. Blower 

It is the composition of the fan system with fan blades of 

500mm x100mm enclosed in the shaft realized by Cut-

ting/Cleaning and the Air chamber of 767mm x 200mm, Ra-

dius 80mm realized with cutting, Rolling and Welding process. 

2.3.6. Design of Shaft 

It is a cylindrical solid rod for transmitting motion through 

a set of load carried on it. The design is based on fluctuating 

torque, bending moment and shearing force. 

Determination of Maximum Bending Moment 𝑀𝑏 

The maximum bending moment is given by equation (1) 

𝑀𝑏 = √(MBV)2 − (MBH)2              (1) 

Where 𝑀𝐵𝑉 is the vertical bending moment (Nm).and 

𝑀𝐵𝐻 the horizontal bending moment (Nm). Figure 3 bellow 

presents the different loads acting on the shaft. W represents 

the centrifugal force of the pulley, q is the uniformly distrib-

uted loads in housing chamber due to weight of beans and RA, 

RB are reactions of the bearings. Figure 4 presents forces act-

ing on the shaft to be calculated. 

 
Figure 3. Representation of loads acting on the shaft. 

 
Figure 4. Representation of forces to be calculated. 

Calculations: 

Weight of pulley W= 1kg = 1kg x 10 = 10N 

Weight of beans M= 𝜌𝑉 = 𝜋𝐷2𝐿𝜌 =3.14 x 0.32 𝑥 1 𝑥 24= 

6.7kg = 6.7kg x 10 = 67N 

Taking moment about RA: -10N x 0.25m -RB x 1m + 67N x 

0.5m = 0 -2.5- RB+ 33.5=0 

RB= 31N 

RA=46N 

Figure 5 presents the vertical loading diagram 

 
Figure 5. Vertical loading diagram. 

At C, MBV =0 

At A, when x = 0.25 m MBV = 10 x 0.25 = 2.5Nm 

At D, when x = 0.75 m MBV = (10 x 0.75) – (46 x 0.5) 

MBV = - 15.5Nm 

Figure 6 presents vertical bending moment diagram. 
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Figure 6. Vertical bending moment diagram. 

Calculations of horizontal bending moment 

Figure 7 presents the Horizontal loading. 

 
Figure 7. Horizontal loading. 

From Figure 7, taking moment about RB: 

0 = 10N x 0.25m + RC x 1m; 0 = 2.5 + RC RC=− 2.5N 

RB + RC = 10N, RB = 12.5 N 

Figures 8 and 9 present horizontal loading force diagram 

and horizontal bending moment diagram respectively. 

 
Figure 8. Horizontal loading force diagram. 

At A, MBH =0 

At B, when x = 0.23 m MBH = 10 x 0.25 = 2.5 Nm 

At C, when x = 1.25 m MBH = (10 x 1.25) – (12.5 x 1) 

MBH = 0 Nm 

 
Figure 9. Horizontal bending moment diagram. 

Therefore the maximum bending moment is: 

M𝑏=√(15.5)2 − (2.5)2 =15.70 Nm 

Determination of Torsional Moment, Mt 

The torsional moment, Mt is given by 

Mt=FD x r 

where r is the length of the sprike tooth linked on the shaft by 

welding process and constitute shelling mechanism. The dia-

gram is presented on Figure 10 bellow. 

 
Figure 10. Shelling mechanism. 

Mt=6.7 x 0.2= 1,34 N.m 

Determination of shaft diameter 

For proper designing there is need to determine the shaft 

diameter, equation (2) was adopted: 

𝑑3 =
16

𝜋𝛿𝑠
[(𝐾𝑏𝑀𝑏)2 + (𝐾𝑡𝑀𝑡)2]

1

2         (2) 

where d is diameter of shaft (mm), Kb are bending moment 

fatigue and shock, Kt are fatigue and combined factor for tor-

sional moment, Mb are resultant bending moment (Nm), Mt 

are resultant torsional moment (Nm), δsy are allowable bend-

ing stress (MN m-2). 

Assumptions: 

δs = 47 x 106 N/m Kt=Kb=1.5 

𝑑3 =
16

47 x 106 𝜋
[(1.5x15.7 )2 + ( 1.5x1.34)2]

1

2  

d=0.01644m 

We should choice a diameter of 20mm. 

2.3.7. Materials Selection 

Power requirement of motorized beans Shelling. The Power 

P (W) requirement was calculated based on the motor and belt 

efficiency of 70% and 75% respectively using equation (3). 
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P= 
P′

motor efficiency x belt efficiency 
x safety factor  (3) 

Where P’ is the theorical power (W) 

P’= F × V 

Where F is force of shelling (N), V are velocity (m/s). 

V = 𝜋DN 

According to [10], the shelling speed that will give very low 

mechanical damage, but high threshing output is within the 

range of 950 revolutions per minute. 

Let’s us take N=950 rpm and safety factor equal to 2 

P’= 15.5 × 3.14 x 0.4 x 950/60 =368W 

P= 
368

70% x 75%
 × 2 

P= 1400W 

Then the motor power should be around 2HP since 

1HP=737W 

Determination of the diameter of the driven pulley 

To calculate the diameter D of the driven pulley we use the 

Figure 11 representing the pulleys-belt system. The equation 

(5) presents the relationship between the diameters and rpm of 

the two pulleys. 

 
Figure 11. pulleys-belt system. 

N1 d = N2 D                 (5) 

N1 speed of driver=1400rpm and N2 speed of driven 

D diameter of 𝑑riven and d diameter of driver=140mm 

𝐷 =
𝑁1𝑑

𝑁2
 = 

1400X140

850
 = 206 

D= 206 mm 

2.3.8. V-belt Selection 

Length of belt 

For a motor rating of 0.7W, the suitable choice is class A 

with a pitch length of 1.06mm according to IS: 2494 – 1974 

standard. Top width of 13mm. we choice a standard length of 

925 mm. 

Centre Distance of Belt 

The length of the belt is given by the equation (6); 

L = 2x + (π/2)(D + d) + (D – d)2/(4x)         (6) 

Where; L = length of belt, D and d are the diameter of the 

driven and driving pulleys respectively, 

x = centre-to-centre distance between the driving and driven 

pulleys. 

925 = 2x + (π/2)(206 + 130) + (206–130)2/(4x) 

x = 200mm 

The power transmitted by belt is given by equation (7) 

P = (T1 – T2)V                   (7) 

V = (πDN)/60. Also, 

T1/T2 = exp(μθ cosec β), 

where: 

β= groove semi-angle 2β = 34; 

θ= angle of lap; 

α= angle of contact at the smaller pulley; 

μ= coefficient of friction. 

The coefficient of friction for rubber belt on cast iron or 

steel operating on dry surface is μ = 0.3. The angle of lap for 

open V-belt drive is given as: 

x = distance between pulleys; 

d = diameter of smaller pulley; 

D = diameter of bigger pulley. 

θ = (180 – 18.4) x π/180=2.81rad 

P = πDN (T1 – T2)/60 T1 – T2= 
60X1400

3.14X0.130x1500
= 137 

T1/T2 = exp(0.3x2.81x cosec17) =2.2 

 𝑇2+137 

𝑇2
 =2.2 

T2=114N 

T1=250N 

3. Results and Discussions 

Figure 12 is the beans shelling machine realised. 
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Figure 12. Beans shelling machine realised. 

3.1. Working Principle of the Beans Shelling 

Machine 

Untreated beans is fed into the hopper then channels the 

beans to the hopper top cover through the shield box. The 

shield box prevents beans from pouring and therefore chan-

nels the beans to the rotor mechanism. The mechanism is 

made up of a shaft with square tubes welded on the surface of 

the shaft. This is the main part of the machine because this 

causes the force used in beating the beans. It is enclosed to the 

bottom hopper and a sieve vessel. The sieve vessel contains 

holes drilled at 10mm which serves as channel for the peeled 

beans to pass through. The bottom hopper contains an outlet 

where the peeled beans pass through. The peeled beans then 

fall on the sieve plate. The sieve plate is connected to the hop-

per bottom cover via connecting rod. The connecting rod is 

linked to the hopper bottom cover and the sieve plate via 

drilled holes of 10mm screwed properly to ensure stability. 

The stability of the plate is reinforced by sieve carrier below 

the sieve plate. As the peeled beans falls on the sieve plate, air 

issupplied by the air chamber caused by rotation of fan blades. 

Air produced blows off dirt particles found in the sieve plate 

and dust particles found the beans collector vessel. Fine beans 

are then channelled to the receiving vessel. 

3.2. Performance Test 

The shelling machine was subjected to test and it was dis-

covered to shelling beans very effectively having negligible 

losses and breakages. The estimated capacity of the machine 

is about was 630.32 kg/h. The efficiency of the machine was 

calculated from the equation (8) below to be equal to 92.7%. 

Efficiency= ((𝑊1 − 𝑊2)/𝑊1)100         (8) 

Where 𝑊1 is the weight of unshelling beans 

W2 is the weight of beans shelling beans. 

4. Conclusions 

The beans shelling machine fabricated shall peel harvested 

beans from our farms rapidly without any effect to the economy. 

This machine uses both man power and electricity power supply 

of 220volts at its standards. Skilled personnel are not needed in 

operating this machine because its parts are made easy to be 

operated upon by all farmers. Equally, its parts are made easy 

Such that when damaged or wear, it can be maintain. Moreover, 

it is cost efficient and its value is absolutely enjoyable. No radi-

oactive gas emission or associated to its functionality. Uses the 

beating system which can easily be understood by all farmers 

since it is an improvement from hand beating. 

Abbreviations 

HP Horse Power 

MIG/MAG Metal Inert Gaz/ Metal Active Gaz 

𝑀𝐵𝑉 Vertical Bending Moment 

𝑀𝐵H  Horizontal Bending Moment 
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