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Abstract— Sorghum is a major source of food for most families and as raw material to many industries in Nigeria. Cleaning is among the 

most important post-harvest operation after threshing. However, manual cleaning of crop is quite tedious, time and labour intensive. A 
prototype thresher has already been developed at Institute of Agricultural Research (IAR) but yet it has been associated with many 
difficulties during operation. Among the problems of IAR prototype sorghum thresher are low operating performance such as higher scatter 
loss and low cleaning efficiency thus the need for modification to improve the above mentioned parameters. This study was undertaken to 
modify the cleaning system of the IAR sorghum thresher with the aim of minimizing the drudgery involved in its operation and to improve its 
performance. The major modifications were on shaking mechanism and sieves. The number of sieves was increased from one to three 
while the connecting rode for shaking mechanism was changed from horizontal to vertical orientation. The sizes of the pulleys were also 
changed. Randomized Complete Block Design (RCBD) experimental design was used for determining the effect of moisture content, speed 
and feed rate on the cleaning performance of the machine. The maximum performance achieved were 99.95 %, 5.45 %, and 250 kg/h for 
cleaning efficiency, scatter loss and throughput capacity respectively 
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1 INTRODUCTION 
orghum is a major source of food to most families 
and raw material to many agro-based industries and 
is grown in the Sudan, northern and southern guinea 

savanna zones in Nigeria (Reoney, 2003). Rohrbach 
(2004) reported that there has been an increasing 
demand for its usage in the production of food, feed 
products, alcoholic and non-alcoholic beverage both 
locally and internationally. Cleaning is an important 
operation undertaken to remove foreign and undesirable 
materials from threshed crops (seeds/grains). Grain 
cleaning is a material separation process in which 
foreign material and undesired produce are separated 
leaving the produce cleaned for storage or further 
processing (Rohrbarch, 2004).  According to Wimberly 
(1983), grains are cleaned to reduce drying and storage 
cost and minimize deterioration during storage which 
can reduce market value. In addition, cleaning remove 
materials that could damage processing machines (such 
as conveyor and milling machine). Rohrbarch (2004) 
reported that clean grains have great potential both on 
the domestic and international markets due to their 
increased demand for the production of food /feed 
products and alcoholic/non-alcoholic (beverage).  

Traditional methods of threshing and subsequent 
cleaning of grains are physically demanding and energy 
consuming (Ali, 1986). Manual cleaning of crops is an 
arduous, time and labor consuming operation. Although 
several efforts have been made to improve threshing and 
cleaning of sorghum using motorize thresher, efficient 
and affordable prototype sorghum threshers of dual 
operations (threshing and cleaning) have not been 
readily available in Nigeria. The major challenges of 
existing prototype sorghum threshers are unsatisfactory 
cleaning efficiency and higher grains losses. Therefore, 
they are not widely adopted by local farmers. 

*Corresponding Author 

There is an urgent need to develop a machine that would 
be capable of threshing and cleaning grains so as to 
reduce human labor in post-harvest operations and to 
add more market value to the grains. Therefore, the 
objective of this study was to improve the cleaning 
efficiency and minimize scatter losses of the grains 
within acceptable level (less than 5 %). This would 
enhance production and reduce the risk of losses at post-
harvest.  

2 MATERIALS AND METHODS 
2.1 DESIGN CONSIDERATION 
The speed of prime mover of 1200 rpm was used based 
on the recommendation by Jain and Grace (2003). The 
pulley diameter of 104 mm was considered. The machine 
consists of three set of sieves. The first sieve (straw 
sieved) has hole diameter of 6 mm while the second 
(chaff sieved) and third (cleaned sieved) have diameter 
of 4.5 mm and 4 mm respectively. 
 
2.2 MATERIAL SELECTION 
The materials used for the modification of cleaning 
mechanism were: metal sheet, bearing, belt, pulleys and 
iron rode. These materials were selected based on, 
strength, availability and costs. Belts were selected 
according to the standard size that fits the chosen 
pulleys (V-belts) while mild steel rods of 12 mm were 
used as connecting rod. The selection was based on the 
resistance to all possible stress which may be subjected 
to during operation. The metal sheets were selected by 
considering failure due to shearing and crushing. Tilt 
angle was selected according to Jain and Grace (2003). 
The sieve hole/shape was chosen based on the physical 
properties of the sorghum grain as quoted by Simonyan 
and Yiljep 2006. 
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2.3 DETERMINATION OF THE SIZE OF COMPONENT  
2.3.1 Shaker displacement 

 The displacement of the shaker was determined as: 
(Abdulsalam, 2011) 

r = 
     

             

     
            (1) 

r = length of shaker displacement (mm) 
L = length of connecting rod (mm) 
X = length of the crank arm (mm) 
  = Tilt angle 

2.3.2 Thickness of Metal sheet 

Shearing stress     
  

   
          (2) 

Where:  
Ps = Load on the metal sheet 
bt = Area of the metal sheet 

Failure due to crushing  
  

   
    (Hall et at, 1982) 

Where 
Ps = Load 
πdt = Area    

2.3.3 Determination of shaft diameter 

The determination of the shaft diameter was 

obtained from the ASME code (1948): 

d3 = 
  

   
       

        
       (3) 

Where: 
Mb = bending moment, (Nm) 
Mt = torsional moment, (Nm) 
Kb = combined shock and fatigue factor applied to 
bending moment = 1.5 
Kt =  combined shock and fatigue factor applied for 
torsional  moment = 1.0 
Ss = allowable shear stress for shaft with keyway = 
90.3 MN/m2 
d =   shaft diameter, m  

2.4 DETERMINATION OF PULLEY DIMENSION 
The dimension of the Pulley was determined on the 
speed ratio formula as recommended by Khurmi and 
Gupta (2007). 
N1D1 = N2D2             (4) 
Where:  

N1 = Speed of drive (prime mover) rpm 
D1 = diameter of drive pulley (mm) 
N2 = Speed of cylinder pulley (rpm) 
D2 = diameter of cylinder pulley (mm) 

2.5   EXPERIMENTAL PROCEDURE AND DESIGN 
The operation started by putting on the prime mover. A 
batch of a weighed sorghum heads were fed into the 
machine through the hopper. After each operation, 
samples were collected at the grain outlet and non-grain 
outlets. Grains and non-grain materials were separated 
for all the samples and weight separately in order to 
calculate the performance indices as state below. A 
randomized completely block design experiments 
(RCBD) was used. A layout of 5 levels of fan speed (700 
rpm, 800 rpm, 900 rpm 1000rpm and 1100 rpm) by 2 
levels of feed rates (3kg/h and 5kg/h) and five levels of 
moisture contents (11%, 12%, 13%, 14% and 15%) in 

three replications was used. Total of 50 treatments was 
used. The results obtained from the experiments were 
subjected to some statistical package using SAS software 
9.0 for the analysis of variance in respect to the various 
performance indices. 
 

2.6 PERFORMANCE EVALUATION  
After modification the machine was evaluated for the 
following parameters 

2.6.1 Cleaning efficiency Ce (%) 

Ce  
       

  
              (5) 

Where: 
Wt= Weight of total mixture of grain and chaff received 
at the grain outlet (kg) 
Wc= Weight of chaff at the main outlet of the thresher 
(kg) 
 
2.6.2 Scatter Loss, SL (%) 

During the operation some grains were lost due to 
scattering through the sieved. The percentage of such 
grains was determined as 

SL 
  

  
                  (6) 

Where:  
Ql= Quantity of grains scattered around the machine 
after operation (kg) 
Qt= Total quantity of grain in sample (kg) 

2.6.3 Grain throughput capacity, Te (kg/hr) 
The capacity of the machine in terms of the total 
quantity of cleaned sample per unit time was 
determine as:  

T  
  

 
c              (7) 

Where: 
Qs= Quantity of grain collected after cleaning operation 
(kg) 
T = Time taken for a complete cleaning operation (hr) 

2.6.4 Determination of moisture content 

The moisture content of the grain was determined using 
oven dry method in which the sample was dried at 130°C 
for 18 hours ASAE (1972). The moisture content was 
varied by drying the sorghum grain in batches using open 
sun drying. 
 

    
      

  
              (8) 

Where: 
Mc = moisture contain (%) 
Wi = initial weight of sample (kg) 
Wd = dried weight of sample (kg) 
 

3 RESULTS AND DISCUSSION  
3.1 EFFECT OF MOISTURE CONTENT ON THE CLEANING 

EFFICIENCY AT DIFFERENT FEED RATE 
The cleaning efficiency increased with decrease in 
moisture content reaching maximum (99.91 %) at 
moisture level of 11% and feed rate of 3 kg/min (Fig. 1). 
Yavini (2002) and Timothy (2012) reported similar result 
indicating that the cleaning efficiency increased with 
decrease in moisture content and obtained a maximum 
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cleaning efficiency of 72.6%. However a minimum of 
84.87% cleaning efficiency was recorded at highest 
moisture content level of (15%) and feed rate of 5 kg/min. 
This could be due to the increased of coefficient of static 
friction between grains and other constituent material. 
The cleaning efficiency decreased with increased feed rate 
which may be due to fact that at higher feed rate the 
quantity of the threshed material waiting for cleaning 
increased thereby over burden the cleaning unit at a 
particular time, hence reduce the cleaning efficiency. The 
R2 values show a good linear relation between the 
moisture content and cleaning efficiency. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig 1: Effect of Moisture content on the cleaning efficiency at 
different feed rate 

3.2 EFFECT OF MOISTURE CONTENT ON SCATTER LOSS AT 

DIFFERENT FEED RATES 
The highest scatter loss of 5.25% was recorded at 11 %  
moisture content and 5 kg/min feed rate while the lowest 
value of 2.59% was obtained at 15 % moisture content and 
3 kg/min feed rate. Fig 2 indicates that the scatter grain 
increased with decreased in moisture content and 
increase in feed rate.  This may be link with the decreases 
in moisture content decrease the terminal velocity of the 
grains thus the fan can easily blow both grain and chaff. 
Similarly an increase in feed rate result of increase in 
scatter losses. This could be as the feed rate increases the 
quantity of the threshed material will also increases 
which lead to increase the tendency of more material to 
move and bounce over the sieve thereby increase the 
scatter losses Fig. 2 illustrate. The R2 values show strong 
linear relation between the moisture content and scatter 
losses. From the evaluation of the modified machine a 
decrease in scatter loses was recorded which could be due 
to the redesign of cleaning mechanism.  

 

 
Fig 2:  Effect of Moisture content on Scatter losses at different feed 

rate 

 
3.3 EFFECT OF MOISTURE CONTENT ON THROUGHPUT 

CAPACITY AT DIFFERENT FEED RATE 
Figure 3 shows the effect of moisture content and feed 
rate on throughput capacity. The throughput capacity 
increased with decrease in moisture content.  The 
maximum throughput capacity of 250 kg/hr was recorded 
at 11% moisture content levels and 5 kg/min feed rate 
while the lowest value of 148.95 kg/hr at 3kg/min and 
15% moisture content level. This show that the capacity 
increased with decreased in moisture content which 
could be due to the fact that at low moisture level 
sorghum ear head required less force for grain to detach. 
Timothy (2012) reported similar result and obtained the 
highest throughput capacity of 110 kg/hr at the lowest 
moisture content of (9 %) and the minimum throughput 
capacity of 43.kg/hr at the highest moisture content of (16 
%), however, this research observed an increased 
throughput capacity from 110 kg/h to 250 Kg/hr. Figure 
1.3 also illustrated that the throughput capacity increases 
with an increase feed rate and agreed with Abiodun 
(2000) the author stated that the throughput capacity 
decreased with decreased in feed rate and obtained the 
highest throughput capacity of 66 kg/h at the highest feed 
rate level (4kg/min). The R2 values indicate that a linear 
relation between the moisture content and throughput 
capacity exists. 

 
Fig. 3 Effect of moisture content on Throughput capacity at different 

feed rate 
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3.4 EFFECT OF SPEED ON CLEANING EFFICIENCY AT 

DIFFERENT FEED RATE 
Figure 4 shows the effect of fan speed on cleaning 
efficiency at different feed rate. The maximum cleaning 
efficiency of 99.83 % was obtained at 1100 rpm fan speed 
and 3 kg/min feed rate while the lowest cleaning 
efficiency of 91.53 % was recorded at the lower speed 
level of 700 rpm and second feed rate 5kg/min. The 
results obtained is higher than that of Timothy (2012) the 
author obtained a maximum cleaning efficiency of 70.3 
% at 700 rpm and 9 % moisture content level and 1 
kg/min feed rate. This could be associated with the 
increase in the number of sieves from one sieve to three 
different sizes of sieves. However, this is similar to the 
Abiodun, (2000) results and obtained the maximum 
cleaning efficiency of 72.77 % at the highest speed level 
of 800 rpm. The R2 values show a strong linear relation 
between cleaning efficiency and fan speed. 

 

 
Fig 4 Effect of Fan speed on cleaning efficiency at different feed 

rate 

 
3.5 EFFECT OF FAN SPEED ON SCATTER LOSSES AT 

DIFFERENT FEED RATE 
Fig 5 shows the effect of fan speed on scatter losses at 
different feed rate. The highest scatter grain of 5.38% 
was recorded at 1100 rpm fan speed and 5 kg/min feed 
rate while the lower value of 2.02% was obtained at 700 
rpm fan speed and 3 kg/min feed rate. A decrease of 
scatter grain was record as compared with the Timothy 
(2012) result. The author recorded the maximum of 11.8 
% scatter losses at fan speed of 700 rpm. These decreased 
scatter grains may be due to redesigning shaking 
mechanism. Fig 5 shows that an increase of fan speed 
and feed rate results to an increase of scatter grain.  
These may be connected to the fact that at higher speed 
large percentage of the grains are carry away by the fan 
while some are waiting on the sieve and pile up thereby 
causing grain losses. R2 values show a close linear 
relation between the scatter grain and cylinder speed. 

 

 
 
Fig 5: Effect of fan Speed on Scatter losses at different feed rate 

 
3.6 EFFECT OF FAN SPEED ON THROUGHPUT CAPACITY AT 

DIFFERENT FEED RATE 
Fig 6 presented the effect of fan speed on throughput 
capacity. The maximum of 235.96 kg/hr was obtained at 
the fan speed 1100 rpm and feed rate of 5 kg/min while 
the minimum throughput capacity of 96.50 kg/hr was 
observed at the speed level of 700 rpm and feed rate of 
3kg/min. The results show an increase of throughput 
capacity from 110 kg/hr to 235.96 kg/hr when compared 
with the previous IAR sorghum thresher. The R2 values 
show a strong correlation between throughput capacity 
and fan speed. 

  

 
 
Fig 6: Effect of fan speed on throughput capacity at different feed  

 
4 CONCLUSION  
The modification and performance evaluation of the 
cleaning system of IAR sorghum thresher was conducted 
and cleaning efficiency was observed to increase with a 
decreasing feed rate and moisture content and increase in 
the fan speed. Scatter loss increased with an increase in 
cylinder speed and feed rate and lower moisture content. 
Throughput capacity also increased with an increase in 
cylinder speed and feed rate and lower moisture content. 
The performances achieved of the machine were 99.95%, 
5.45%, and 250 kg/h for cleaning efficiency, scatter loss 
and throughput capacity respectively. However, when 
the results were compared with that of Timothy (2012) a 
decrease in scatter losses from 11.6 % to 5.45 % was 
obtained. Similarly the throughput capacity increased 
from 110 kg/h to 250 kg/h. An increase of cleaning 
efficiency was achieved from 70.3 to 99.95 %. 
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