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ABSTRACT 

 
The existing IAR maize dehusker sheller uses a peg type cylinder, which works against a stationary concave 
screen. Dehusking and shelling are achieved by a combination of impact and rubbing action occurring when 

fast moving pegs strike the ear cob and force it to flow over the concave. Separation is achieved by the action 
of gravity and centrifugal force. The sheller was evaluated for its performance. All performance tests were 

conducted at 9 % moisture content, wet basis. A combination of five levels of speed and three feed rates was 

used in a completely randomized block experiment to assess the performance parameters. The best 
performance combination was found to be at the cylinder speed of 950 rpm and a feed rate of 60 kg/min. This 

gave an output of 869.27 kg/h, a shelling efficiency of 99.52 %, a cleaning efficiency of 97.96 %, a scatter loss 
of 11.94 %and a grain damage of 2.78 %. 

 

SIGNIFICANCE:  The work provides 

specifications to intended buyers, current users, 

seed processors and researchers to facilitate sound 

decisions on purchase, hire operations and 

subsequent modifications and/or improvements. 

 

KEYWORDS: Cylinder speed, feed rate, 

shelling efficiency, concave clearance, grain 

damage. 

 

1. INTRODUCTION 
 

Nigeria is one of the countries that produce 

different varieties of grains across different 

ecological zones of the country (Ahaneku et al., 

2003).With introduction of high yielding crop 

varieties, fertilizers, improved equipments and 

better farm practices, growing of two or more 

crops in a season is also becoming popular in 

developing countries (Joshi and Singh, 1980). 

Threshing is a necessary operation before 

processing of grains into flour for domestic or 

industrial use. In addition, annual yield evaluations 

by farmers are only possible after threshing 

operations. The by-products of threshing such as 

chopped straws and chaff could be accumulated in 

stacks and saved for future use as animal feed 

(Ghaly, 1985). 

Over the years, different mechanical means of 

shelling have been introduced into Nigeria. Power 

threshers of various makes and models such as 

Noguera, Lion, Midget, Alvan Blanch, to mention 
a few, were imported in moderate numbers. Some 

combines such as Donia D500, Laverda 8850, MF 

8640, John Deere 855 were available in Nigerian 

market (Ali, 1999). However various tests 

conducted at the Institute for Agricultural Research 

(IAR) of Ahmadu Bello University, Zaria revealed 

that these machines are characterized by various 

defects. Depending on the machine type, seed 

damage (> 5 %) and cleaning efficiencies were 

unsatisfactory. On the other hand, prices for 

combines are exorbitant and hence unaffordable to 

most farmers (Ali, 1999). In order to solve these 

problems, an engine operated stationary maize 

dehusker sheller was developed at the IAR. Efforts 

have been made on various modifications in order 

to improve on the original prototype. Hence an 

updated evaluation is needed to ascertain the 

current sheller performance. The objective of this 

paper is to present the investigations conducted on 

the performance of this sheller in terms of shelling 

efficiency, output (capacity), cleaning efficiency, 

grain damage and grain loss. 
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2. MATERIALS AND METHOD 
 

The existing IAR-developed maize dehusker 

sheller uses a peg type cylinder, which works 

against a stationary concave screen. The drum is 

mounted on a 28 mm diameter shaft. The pegs are 

arranged in four rows with each row having five 

pegs. The cylindrical pegs have a uniform height 

of 48.5 mm above the drum. The prime mover is a 

5 hp diesel engine. The machine does not 

incorporate a reciprocating sieve assembly. The 

concave clearance is 40 mm. Sieve hole openings 

15 mm diameter, 50 mm centre to centre. The 

curvature radius, which is the sum of the concave 

radius, cylinder drum radius, peg height above 

drum and concave clearance, was estimated at 131 

mm. 

Maize (Zea mays L.) of TZPB variety, a popular 

and widely used variety, was selected for the 

performance evaluation. The procedure used for 

moisture content determination was as stipulated 

by the American Society of Agricultural Engineers 

(ASAE) (now American Society for Agricultural 

and Biological Engineers (ASABE)) standard: 

ASAE S 352.1: Moisture content of grains and 

seeds.  

All the parameters were determined as follows: 

 𝐶 = 𝑄𝑇 𝑡                                 …          (1) 

 

Where, C = Output (capacity), kg/h; QT = Weight 

of whole grain collected per unit time, kg; t = 

shelling time, hours. 

𝜂𝑇 = 100 −  𝐴 𝑇𝐺   x 100   …        (2) 

Where: 𝜂𝑇    = Shelling efficiency, %; (A / TG)= 

fraction of unshelled grain; A = weight of 

Unthreshed grain per unit time, kg; TG = total grain 

input per unit time by weight, kg. 

𝜂𝐶 =  𝐵 𝐷   𝑥 100      …        (3) 

Where: 𝜂𝐶  = Cleaning efficiency, %; B = weight 

of whole clean grain per unit time at grain main 

outlet, kg; D = weight of whole material collected 

per unit time at the grain main outlet, kg 

 

𝐿𝑆 =  𝐸 𝑇𝐺   𝑥 100    …        (4) 

 

Where, 𝐿𝑆 = Scatter loss, %; E = weight of 

scattered grain collected per unit time, kg; TG = 

total grain input per unit time by weight, kg. 

 

𝑑𝑔 = (𝐺 100) 𝑥 100     …        (5) 

 

Where, 𝑑𝑔  = damaged grain, %; G = weight of 

visually damaged grain isolated in 100 grams of 

shelled sample, g. 

 

Drum speeds were measured on the drum shaft 

using a mechanical tachometer (TZ 5000 model). 

Based on past trials (IAR, 1994; Ali, 1999), five 

levels of drum speeds selected were: 750, 800, 

850, 900 and 950 rpm. Feed rate could be 

estimated either by keeping the feeding time 

constant and varying the weight of the material to 

be shelled, or by keeping the weight constant and 

varying the feeding time. The latter method was 

used in this study. In addition, a single experienced 

operator of the sheller was employed in feeding the 

crop. Based on available literature (IAR, 1987, 

1994; Behera et al., 1990; Enaburekhan, 1994; 

Ndirika, 1997;), feed rates of 30, 45 and 60 kg/min 

were selected for the trials. The experimental 

design was based on a 3x5x3 factorial experiment 

in a completely randomized block. Three 

replications were considered. Statistical analysis of 

the evaluated data was carried out at the Data 

Processing Unit of IAR. 

 

3. RESULTS AND DISCUSSION 

 
Tables 1 and 2 show the mean values and the 

summary of the performance parameters 

investigated respectively. Tables 3 and 4 show the 

analysis of variance results for the maize sheller 

output and shelling efficiency, respectively. The 

minimum values of 431.66 kg/h, 98.87 % and 

85.95 % for output, shelling and cleaning 

efficiency, respectively, were obtained at the 

combination of a feed rate of 30 kg/min and a 

speed of 750 rpm.  The maximum values of 869.27 

kg/h, 99.52 % and 97.96 % for output, shelling and 

cleaning efficiency, respectively, were obtained at 

the combination of a feed rate of 60 kg/min and a 

speed of 950 rpm.  
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Table1: Mean values of performance parameters of the machine for maize at 9 % moisture content (wet basis) 

Speed 

rpm 

Feed rate 

Kg/min 

Output 

Kg/h 

Shelling 

efficiency, % 

Cleaning 

efficiency, % 

Grain 

damage, % 

Scatter 

losses, % 

750 

30 493.75 98.87 85.95 4.79 19.28 

45 671.25 98.96 97.68 3.86 19.76 

60 688.23 99.26 97.91 2.65 16.68 

800 

30 525.42 98.99 88.25 5.12 18.35 

45 685.45 98.99 97.41 6.48 16.33 

60 800.97 99.30 97.95 3.67 13.26 

850 

30 561.97 98.76 90.30 5.87 17.38 

45 696.29 99.08 86.79 6.80 15.68 

60 789.85 99.41 97.79 3.61 12.73 

900 

30 603.97 98.79 95.66 6.79 15.79 

45 750.75 99.21 89.92 4.37 16.49 

60 835.01 99.50 97.88 2.78 12.47 

950 

30 720.00 98.93 97.60 7.15 20.83 

45 846.85 99.24 94.42 6.15 13.28 

60 869.27 99.52 97.96 2.78 11.94 

 

Table 2: Summary of performance result of the IAR maize dehusker sheller 

Variable Minimum Maximum Mean 

Output, kg/h 491.40 879.00 699.28 

Shelling efficiency, % 94.49 99.85 98.97 

Cleaning efficiency, % 85.00 98.93 93.45 

Grain damage, % 2.54 7.20 4.86 

Scatter losses, % 11.93 20.85 15.68 

 

The minimum values of 2.78 % and 2.74 % for 

grain damage and scatter losses, respectively, were 

obtained at the combination of feed rate of 60 

kg/min and speed of 950 rpm. The maximum grain 

damage value of 6.80 % was obtained at the 

combination of a feed rate of 45 kg/min and a 

speed of 850 rpm. Maximum value of 20.83 % for 

the scatter losses was obtained at the combination 

of a feed rate of 30 kg/min and a speed of 950 rpm. 

It could be noted that at a particular feed rate, the 

values of output increase with the increase in 

cylinder speed up to the maximum values (Fig. 1). 

The values for shelling and cleaning efficiency 

also increase with the increase in cylinder speed up 

to the maximum values quoted above. This agrees 

with research findings (Behera et al., 1990; 

Enaburekhan, 1994; Ndirika, 1997, Ahaneku, 

2003). End users or consumers could therefore 

operate the machine at higher speeds for maximum 

output within a specific time frame due to some 
constraints like accumulation of costs due to 

prolonged time for machine hire. The grain 

damage was minimal at higher feed rates. This 

could be attributed to the “cushioning effect” 

provided due to higher feed rates in the crop 

stream during shelling. Hence, for minimum grain 

damage, which is needed by seed processors and 

commodity dealers, the machine could be operated 

at a combination of a speed of 900 rpm and feed 

rate of 60 kg/h. Though there could be a slight 

reduction in machine output at this combination, it 

suits the seed processors, dealers and even retailers 

because of the obvious advantage to them.  

 

Scatter losses are higher at lower feed rates. This 

also agrees with research findings (Behera et al., 

1990; Ahaneku et al., 2003), who attributed it to 

lack of enough crop stream material to provide the 

necessary cushioning effect. The provision of the 

cob thrower outlet contributes to the high values of 

the scatter losses. Hence it is always advisable to 

operate the machine at higher feed rates to reduce 

the scatter losses. In contrast to the Analysis of 
variance table (Table 3) for the mean values of 

machine output, the analysis of variance table for 

the mean shelling efficiency values of maize at 9 
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% moisture content (wet basis) (Table 4), has 

shown that there were no significant differences in 

and between all the sources of variation. This 

implies that even at lower speeds, which would 

reduce engine fuel consumption, shelling of the 

maize cobs could be achieved. This is 

advantageous to some consumer communities who 

need shelling only, other factors being immaterial 

to them. 

 

Table 3: Analysis of variance for the output of maize 

Source Degree of freedom Sum of squares Mean square F value 

Replication 2 1301.99 650.955 2.39 ns 

Speed, S 4 203612.005 50903.001 186.71 ** 

Feed rate, F 2 358569.577 170284.789 657.62 ** 

S*F 8 26105.353 3263.170 11.97 ** 

Error 28 7633.503 272.625  

Total 44 597222.348   

Key: ns: not significant; **: Significant at 1 % probability level  
 

Table 4: Analysis of variance for the shelling efficiency of maize 

Source Degree of freedom Sum of squares Mean square F value 

Replication 2 0.5398176 0.2699091 0.43 ns 

Speed, S 4 2.0313244 0.5078311 0.82 ns 

Feed rate, F 2 1.040711 0.5245356 0.84 ns 

S*F 8 4.6865289 0.5858162 0.94 ns 

Error 28 17.3820491 0.6207875  

Total 44 25.6887912   

Key: ns: not significant 

 

 
 

 

Fig. 1: Effect of speed on output for maize at different feed rates
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4. CONCLUSION 

Based on the statistical analysis and ranking, it 

could be concluded that the machine performs best 

at the combination of a feed rate of 60 kg/min and 

a cylinder speed of 950 rpm. This gave an output 

of 869.27 kg/h, a shelling efficiency of 99.52%, a 

cleaning efficiency of 97.96%, a scatter loss of 

11.94% and grain damage of 2.78%. 
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