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ABSTRACT 
 

Pulse sheller was designed with a view to shelling different varieties of leguminous crops such as groundnut, 

cowpea, among others. The size of the existing machine was modified resulting in the re-design of virtually all 
components for pulse shelling. The sieve was initially designed with round holes which were suitable for cowpea 

shelling but not groundnut and an oval shape was redesigned for its shelling. The clearance adjuster was also 
modified to facilitate shelling of different crops varieties. The performance was evaluated using a local groundnut 

variety - “Bahaushiya”. A combination of four cylinder speed levels; 130, 140, 150 and 160 rpm and three concave 

clearances; 19, 21 and 23 mm, were used for the performance evaluation of the modified pulse shelling machine. 
The effects of some selected machine factors; cylinder speed and concave clearance, were assessed statistically in a 

Randomized Complete Block Design (RCBD) and Least Significant Difference (LSD) was employed to assess the 
effects of parameter levels. The optimum performance of the modified machine using groundnut crop was found at 

a cylinder speed of 160 rpm and a 21 mm concave clearance. These gave an output capacity, shelling efficiency, 

cleaning efficiency, scatter loss and damaged grains of 232.85 kg/h, 94.45, 96.95, 5.82 and 17.44 % respectively. 
The cylinder speed was found to have positive linear trends with the all performance indices at various concave 

clearances except grains damage. The results revealed that cylinder speeds significantly affected all the 

performance indices except output capacity while concave clearances have no significant effect on output capacity 
and shelling efficiency. 
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1.0 INTRODUCTION 

 

Pulses are annual leguminous crops yielding grains or 

seeds used for food, feed and sowing purposes. Pulses 

are crops yielding from one to twelve seeds of 

variable size, shape, and colour within a pod (FAO, 

2011). Included in the pulses are groundnut and 

cowpea. Shelling of grain crop is a unit operation that 

requires attainment of sets of processing condition 

that must be attained for effective shelling action to 

be accomplished through manual or mechanical 

operation (Joshua et al., 2010). In a mechanical 

shelling process the effect of the inappropriate 

operating conditions does not only affect the effective 

recovery of the grains from other materials but it also 

leads to high grain loss. Proper adjustment of the 

operating conditions in a mechanical shelling has 

been determined as the most critical success factors in 

grain shelling (Olaoye, 2002, Olaoye, 2004). The key 

variables of interest are generally classified as the 

machine parameters, crop characteristics and 

influencing environmental or processing conditions 

(Olaoye, 2004). It had been concluded that cylinder 

peripheral speed, effective concave clearance, and fan 

speed are the major machine variables that can 

influence shelling performance while the extrinsic 

factors that are established on machine through the 

interactions of machine variables are the effect of the 

environment and crop characteristics (Olaoye, 1998).  

In developed countries groundnut processing is highly 

mechanized but in most developing countries, manual 

processing is still the norm despite the drudgery and 

time wastage involved (Maduako et al., 2006). 

Groundnut is one of the world’s most popular crops 
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cultivated throughout the tropical and sub-tropical 

areas where annual precipitation is between 1000 – 

1200 mm for optimum growth of the crop. Groundnut 

is the 13
th
 most important food crop of the world 

(John, 2010), it is the world’s 4
th

 most important 

source of edible oil and 3
rd

 most important source of 

vegetable protein (Taru et al., 2008). Nigeria ranks 

third among the major producers of groundnut 

(Abubakar and Abdulkadir, 2012). The processing of 

groundnut is both the source of income and 

employment to a large proportion of rural women in 

northern Nigeria (Ibrahim et al., 2010). IAR 

groundnut sheller was developed in 1985 and the 

design was based on the properties of the then 

groundnut variety known as Ex-Dakar. Genetically 

modified varieties were later developed whose 

acceptability in practice override that of Ex-Dakar, 

this stressed the need for its modification and 

subsequent evaluation. The machine size was 

modified resulting in the modification of all 

components for pulse shelling. This paper aimed at 

presenting the effects of the machine factors on the 

performance of the modified machine when evaluated 

with the groundnut crop. 

 

2.0 MATERIALS AND METHODS 
 

2.1 Materials Used 
Gauge 16 (A36 mild carbon steel) with a Minimum 

yield stress of 250 MPa and ultimate tensile strength 

of 400 – 550 MPa was used for the production of 

machine members such as cylinder, sides and top 

cover of cylinder housing while Gauge 18 plate was 

used for blower casing, fan blades, chaffs outlet 

frame, feed hopper, grain delivery chute among 

others. Medium carbon steel alloy rod (C1040) with 

yield stress of 568.7 MN/m
2
 and ultimate tensile 

strength of 668.8 MN/m
2
 was used for the shafts. The 

beaters were made from cast iron bars. The materials 

used for the performance evaluation of the machine 

were 600 kg of groundnut (Bahaushiya) for 

preparation of samples, tachometer for the 

measurement of cylinder speed, weighing balance for 

quantifying samples, and stop watch for recording the 

shelling time. 

A local variety known as Bahaushiya, used for this 

study, was procured locally from Dawanau market. 

The bulk of materials were prepared in to 108 

samples of 4, 5 and 6 kg as feed rates though the 

effects are minimized in this article, hence not 

reflected. 

 

2.2 Methodology 
2.2.1 Description of the Modified Machine: The pulse 

sheller used in this present study, is a modified form 

of IAR groundnut shelling machine (Plate I).  

 

 

Plate I: Pictorial View of the Modified Pulse 

Shelling Machine 

The machine shells and cleans. The two processes are 

achieved in one operation with the delivery of clean 

grains at the grains outlet. It consists of the prime 

mover, shelling unit and cleaning unit. The prime 
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mover is a diesel engine of 6 hp capacity. The 

components of the machine include: hopper, shelling 

cylinder, removable concave (Plate II), clearance 

adjuster, blower, chaffs outlet, grains delivery chute 

and frame. 

 

2.2.2 Operational Procedure: The crops were fed 

through the hopper to the shelling chamber where 

shelling is achieved by impact and rubbing action of 

the cylinder. The shelled materials were pushed 

through the concave to the cleaning chamber where a 

stream of air from the blower passed across the falling 

materials to blown off the chaffs to the chaffs outlet 

and allow grains to be delivered to the grains outlet. 

  

2.2.3 Machine Re-design Consideration: A 

preliminary evaluation of the existing machine 

established the best shelling cylinder speed of 140 

rpm (Dalha et al., 2014). Hence, this study adopted a 

cylinder speed range of 130 to 160 rpm so as to have 

values below and above that of the existing machine 

likewise remain within the recommended range 

(Helmy (2001), Kittichai (1984) and Abou El-Kheir 

and Shoukr (1993). A concave clearance of 19 to 23 

mm was adopted for this study based on the 

determined equivalent diameter of the groundnut 

variety used. 

  

2.3 Power Required for Shelling 

The power required for shelling was determined as 

reported by Abubakar and Abdulkadir (2012) using 

equation below; 

 

   …      (1) 

 

Where:  = Power (W);  = Crushing strength of 

groundnut, 133000, (N/m
2
); = Kick’s constant 

(1.2); = Average weight of groundnut to be 

shelled, 0.814, (kg); = Average length of 

groundnut to be shelled, 0.02912, (m); Average 

length of shelled groundnut, 0.0156, (m).  

The power was determined to be 346 W (0.47 hp). 

2.4  Components Modified 

2.4.1  Concave Grates (holes): The concave grates 

for the existing machine were round in shape but 

modified to oval shape based on the determined 

properties of the crops varieties. The grates were 

arranged in a staggered passion. It was designed to 

have a length of 40 mm which was determined based 

on the average length of the groundnut pods (29.12 

mm) with a tolerance of 25 % higher than the average 

length. The grates curved at both ends with 10 mm 

diameter each based on the average equivalent 

diameter of the groundnut varieties used (Plate II). 

The equivalent diameter of the groundnut pods were 

determined using equation below;  

 

     …               (2)  

 

Where:  = Equivalent diameter (mm) and  = 

Grain volume (mm
3
). 

  

 
 

Plate II: Pictorial View of the Groundnut Sieve 

with Oval Grate 

2.4.2 Concave Radius: The radius of curvature of the 

concave was determined using the expression given 

by Dangora et al. (2006) as; 

 

    …             (3) 

 

Where:  = Concave radius (210 mm),  = Radius 

of cylinder drum (180 mm)  = Peg height above 

the drum (7 mm),  = Concave clearance (23 mm). 

 



ISSN: 2449 – 0539 
BAYERO JOURNAL OF ENGINEERING AND TECHNOLOGY (BJET) VOL.12 NO.1, FEBRUARY, 2017 

 

Also available online at www.bayerojet.com                38 
 

2.4.3 Concave Clearance Adjuster: The machine was 

designed to have a variable concave clearance to 

facilitate shelling of different pulse crops. Therefore, 

this research work considered a system of drum 

adjustment by incorporating a lever to carry the drum 

as a load. The lever was made adjustable with aid of 

bolt and nut. When loosening the nut, the drum could 

be lifted up or lowered down; hence, the required 

concave clearance could be achieved. 

 

The bolt diameter as expressed by Chakraborti (2010) 

is; 

 

  …       (5) 

 

Where:  Rod diameter (5 mm) But 10 mm 

diameter rod was selected for more rigidity; I = 

Moment of inertia of the rod, given by; 

 

   …               (4) 

 

Where:  = Moment of inertia (29.36 mm
4
),  = 

Loads on the shaft (1050.7 N),  = Modulus of 

elasticity for a steel material (2.1x10
5
 N/mm

2
),  = 

Rod length (340 mm) 

 

 

2.5 Machine Performance Evaluation 

The performance was evaluated using the following 

indicators as outlined by Abubakar and Abdulkadir 

(2012). 

i) Shelling efficiency, Se (%): 

 

        …               (6) 

 

ii) Cleaning efficiency, Ce (%): 

 

        …              (7) 

 

iii) Grains split, Gs (%): 

 

        …               (8) 

 

iv) Scattered loss, SL (%): 

        …                 (9) 

 

v) Output capacity, CP (kg/hr): 

 

         …              (10) 

 

Where:  = Quantity of damaged groundnut in 

sample (kg),  Total quantity of grains collected 

per unit time (kg),  = Quantity of cleaned grains 

(kg), = Quantity of scattered, damaged, and 

unshelled grains (kg),  = Total quantity of 

groundnut sample (kg),  = Quantity of unshelled 

groundnut (kg),  = total time of shelling (hr),  = 

Weight of whole materials collected at the outlet (kg), 

 = Weight of scattered groundnut (kg) 

 

2.7 Experimental Design and Analysis 

The experiment was based on Randomized Complete 

Block Design (RCBD). A moisture content of 8.89% 

was used during the experiment. Four levels of 

cylinder speeds; 130, 140, 150 and 160 rpm and three 

levels of concave clearances; 19, 21 and 23 mm with 

three replications were considered for the evaluation 

of modified machine. Analysis of Variance 

(ANOVA) and Least Significant Difference (LSD) 

were used to assess the effect of the variables, their 

interactions, their significant differences.  

 

 

3.0 RESULTS AND DISCUSSION 

 

3.1 Results 

3.1.1 Effects of Cylinder Speed on Shelling 

Efficiency at Various Concave Clearances: The 

shelling efficiency of the modified pulse sheller using 

groundnut ranges from 93.31 % to 95.22 %. The 

minimum efficiency was obtained at a speed of 130 

rpm and a concave clearance of 23 mm while the 

maximum was at a speed of 150 rpm and a concave 

clearance of 21 mm. The shelling efficiency shows no 

specific pattern with increase in concave clearance 

but the performance was relatively in closed range for 

all clearances at the lower speed levels and tends to 

be higher with 21 mm concave clearance as the speed 

level increased (Figure 1).  

  

3.1.2 Effects of Cylinder Speed on Cleaning 

Efficiency at Various Concave Clearances: The 
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cleaning efficiency of groundnut ranges from 91.74 

% to 96.95 % at a speed of 130 rpm and 160 rpm 

respectively. Both minimum and maximum 

efficiencies were obtained at a concave clearance of 

23 mm. Figure 2 shows that the cleaning efficiency is 

directly proportional to cylinder speed at various 

concave clearances. The increased in cleaning 

efficiency decreased with the increase in concave 

clearance. This could be attributed to the fact that 

with the increase in clearance at the lower speed level 

there would be more materials to crush at a time. This 

could results in chocking which is power demanding 

and could reduce the speed of the machine hence, 

reducing the cleaning efficiency. The trend at a 23 

mm concave clearance is more proportionate than 

others, having the highest coefficient of 

determination (R
2
 = 0.987) though all the clearance 

levels yielded closed values (Figure 2).  

 
3.1.3 Effect of Cylinder Speed on Grain Damage at 

Various Concave Clearances: A range of 13.76 % to 

22.11 % groundnut grain damage was obtained at the 

cylinder speed 140 rpm and 150 rpm respectively. 

Both minimum and maximum were obtained at a 

concave clearance of 19 mm. The change in grain 

damage for groundnut with increase in concave 

clearance at all speed levels does not indicate a 

definite pattern (Figure 3). These could be attributed 

to the non uniformity of the damage levels across the 

treatments.  

 

3.1.4  Effect of Cylinder Speed on Scatter Loss at 

Various Concave Clearances: For groundnut, a 

maximum scattered loss of 6.54 % was obtained at a 

speed of 160 rpm with a concave clearance of 19 mm 

while a minimum of 0.76 % was obtained at a speed 

of 130 rpm and concave clearance of 23 mm. The 

scatter loss of the machine decreased with the 

increasing concave clearance at lower speed levels 

but the pattern changes at the higher speed levels 

(Figure 4). It could also be seen that the losses were 

more with concave clearance level of 19 mm. These 

could be attributed to fact that the tendency of the 

materials to be crushed was more with clearance of 

19 mm than 21 and 23 mm. This could render the 

grains liable to split and blown off, thereby increasing 

the percentage losses.  

 

3.1.5 Effect of Cylinder Speed on Output Capacity at 

Various Concave Clearances: For groundnut, a 

maximum output capacity of 232.85 kg/h was 

obtained at a speed of 160 rpm and a concave 

clearance of 23 mm while a minimum of 222.01 kg/hr 

was obtained at a speed of 130 rpm with a concave 

clearance of 23 mm. The output shows an increased 

with increase in concave clearance. This could be 

related to the actual crop requirement that the 23 mm 

clearance may best fit the size of the crop variety 

used.  
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Figure 1: Variation of Groundnut Shelling Efficiency with the Cylinder Speeds at Various Concave 

Clearances 
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Figure 2: Variation of Groundnut Cleaning Efficiency with the Cylinder Speeds at Various Concave 

Clearances 
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Figure 3: Variation of Groundnut Grains Damage with the Cylinder Speeds at Various Concave Clearances 
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Figure 4: Variation of Groundnut Grains Scatter Loss with the Cylinder Speeds at Various Concave 

Clearances 
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Figure 5: Variation of Groundnut Output Capacity with the Cylinder Speeds at Various Concave 

Clearances 

 

3.2 Discussion of Results 

The trend at a concave clearance of 19 mm is more 

proportionate, having the higher coefficient of 

determination (R
2
 = 0.906) but the degree of increased 

in shelling efficiency with the increase in cylinder 

speed is more pronounced with the 21 mm concave 

clearance, having the higher gradient (a = 3.272). The 

result of the analysis of variance shows that the effect 

of cylinder speed was highly significant on shelling 

efficiency at 1% level of confidence while that of 

concave clearance was not significant at 5% level of 

confidence while the effects of its interactions with 

the cylinder speed were highly significant on shelling 

efficiency at 1% level. A further analysis to assess of 

the effects of these variables using LSD indicated that 

the mean values for 150 and 160 rpm cylinder speeds 

were rank the best hence either of the speed levels 

could be considered for better performance.  

 

The extent to which the cleaning efficiency increased 

with the increase in cylinder speed at various 

clearances reflected more with a clearance of 23 mm 

which has the highest gradient (a = 8.53). The result 

of the analysis of variance presented in appendix B 

shows that, the effect of cylinder speed, concave 

clearance and their interactions were highly 

significant on cleaning efficiency at 1% level. A 

further analysis to assess the effects of these variables 

using LSD indicated that the mean value for 160 rpm 

was ranked the best meanwhile the mean value for 19 

mm concave clearance was the best. Therefore, these 

variable levels could be chosen for best cleaning 

performance.  

 

The effects of cylinder speed, concave clearance and 

their interactions on grain damages were highly 

significant at 1% level. When these effects were 

further analyzed using LSD, a cylinder speed of 150 

rpm was found to have the highest mean value while 

130 rpm has the least. This implies that 150 rpm 

cylinder speed resulted in higher mechanical grain 

damage, hence, 130 rpm could be considered for less 

grain damage. 23 mm concave clearance was found to 

have the least mean value, hence ranked the least in 

terms of minimum grain damage.  

The analysis of variance shows that the effects of 

cylinder speed and concave clearance levels were 

highly significant at 1% level on the scattered losses 

but their interactions were not significant at 5% level. 

Further analysis using SLD shows that the mean value 

for 130 rpm cylinder speed was ranked least in terms 

of scatter loss; hence 130 rpm has the effects while a 

clearance level of 23 mm was found to have the least 

effects. However, it implies that 130 rpm cylinder 

speed and 23 mm clearance could possibly yield 

minimum scatter loss.  

The trend of cylinder speed and output capacity at 

various concave clearances shows a positive linear 

relationship (Figure 5). This implies that the output 

capacity increased with increase in cylinder speed at 

different concave clearance. The trend at a concave 

clearance of 23 mm is symmetrically better than 

others, having the higher coefficient of determination 

(R
2
 = 0.803) with highest gradient (a = 17.46) which 

is indicating the highest degree of increased in output 

capacity with the increase in cylinder speed. The trend 

at a concave clearance of 20 mm is symmetrically 

poor having least and very low coefficient of 

determination (R
2
 = 0.218) which also has the least 

gradient (a = 4.631), indicating the least degree of 

increased in output capacity with the increase in 

cylinder speed. The effects of cylinder speed, concave 

clearance and their interactions were not significant at 

5 % level of confidence. Therefore, any of the 
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cylinder speed level, clearance level or their 

interactions could yield an impressive output. 
 

 

4.0 CONCLUSION 
 

 The developed pulse sheller was improved for 

effective groundnut shelling and the performance of 

the modified shelling machine was evaluated. The 

cylinder speed was found to have positive linear 

trends with the performance indices used at various 

concave clearances except grain damages. The 

effects of the selected variables on the performance 

indices were assessed for the modified machine 

which revealed that the effects of cylinder speeds 

were highly significant on all indices except output 

capacity while that of concave clearances were not 

significant on output capacity and shelling efficiency. 

The best performance of the modified machine using 

groundnut was found at a speed of 160 rpm and 23 

mm concave clearance. These gave an output 

capacity, shelling efficiency, cleaning efficiency, 

scattered loss and damaged grains of 232.85 kg/h, 

94.45, 96.95, 5.82 and 17.44 % respectively.  
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