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Abstract 

To improve the quality of  threshed cowpea (Vigna unguiculata L.), produced by rural farmers in Ghana, and 

determine the best machine-crop parameters combination for optimum performance, a cowpea thresher was 

developed and evaluated at different moisture contents. The cowpea after harvesting was divided into five units and 

dried to 20.7, 18.4, 15.5, 13.5 and 12.6 % seed moisture contents. The effect of  seed moisture contents on threshing 

quality was assessed at 735 rpm rotor speed using the white with black eye cowpea. The performance test showed 

that 12.6 % had the highest throughput of  77.56 kg/h with the lowest of  66.28 kg/h from the 20.7%. The seed 

damage ranged from 1.64 to 9.46 % and threshing efficiency from 93.11 to 99.40 %.  Analyses done at 5% level of 

significance indicated no significant difference in the throughput and threshing efficiencies. However, seed damage 

had significant difference. Subsequently, analysis performed on the data for seed loss of 12.6 and 13.5 % which were 

the best performing moisture contents showed no significant differences. Therefore, seed moisture contents less 

than 13.5 % and rotor speeds less than 735 rpm are the crop- machine parameters combination for optimum 

thresher performance.  
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1. Introduction 

 

Cowpea (Vignaunguiculata L.Walp) is an annual 

legume crop (Yalcın, 2007) and originated from Africa. 

Nowadays, it is a legume widely adapted and grown 

throughout the world (Gomez, 2004). The grain 

contains as high as 24.8 % protein and improves soil 

properties especially in sandy and light soils (Morad et 

al. 2007). It has high economic value which makes it 

the most important legume in Africa (Murdock and 

Baoua, 2014; Langyintuo et al. 2003) and in many 

parts of  the world (Langyintuo et al. 2003). Once the 

crop has been harvested, the seeds must be dislodged 

from the panicle, and the process is called threshing. 

The difficulty in the threshing process has existed at 

the early stages when man started using cowpea seeds 

as food (Irtwange 2009). Meanwhile, it is the most 

important practice in the grain production chain. 

Threshing loss, grain damage, and cleaning efficiency 

are the most qualitative key parameters for evaluating 

thresher operation performance (Salari et al. 2013). 

The threshing can be done either mechanically or 

manually (Adekanye and Olaoye, 2013). Both methods 

of  threshing cause a lot of  breakages to the seeds. 

Manual threshing is done using pestle and mortar or 

by spreading the dried crop on the floor where it is 

beaten with a stick (Maunde, 2011). It is characterized 

with time wasting, threshing losses, and high drudgery 

(Olaoye, 2011). To reduce the incidence of stone, a 

tarpaulin or similar materials are spread before 

threshing. The seeds are then separated by winnowing 

(Fulani et al, 2013).  Mechanical threshing is the use of 

either engine or electric motor to drive the machine 

for the threshing of crops. In axial flow threshers, the 

crop moves spirally between the threshing drum and 

concave for several complete turns. The crop is thus 

threshed by repeated impact of the threshing pegs. 

The process produces high quality product, eliminates 

drudgery associated with local threshing system and 

reduces threshing losses (Manes et al., 2015; Olaoye, 

2011). 

The efficiency of threshing operation is affected 

by feeding method, cylinder speed, concave-to-

cylinder clearance and moisture content (Kepner et al., 

1978). A study on the threshing of  cowpea was 

carried out by Sharma and Devnani (1980), and 
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reported an increase in the threshing efficiency with 

the increase of  cylinder speed. The results however, 

reported a decrease in the threshing efficiency with 

the increase of  feed rate and concave clearance. The 

authors further reported 5 % visible grain damage at 

higher speeds with low germination percentage. In 

another study Herbek and Bitzer (2004) reported that 

cylinder speeds ranging from 400 to 800 rpm were 

generally sufficient and that greater seed damages are 

caused by higher cylinder speeds ranging from 700 to 

800 rpm. The authors therefore suggested that it may 

be necessary to use cylinder speeds lower than 500 

rpm under the condition of  excessive seed damage. 

Sudajan et al. (2002) applied different threshing units 

for sunflower seeds and reported that visible grain 

damage improved with increasing drum speed and 

feed rate. Ajav and Adejumo (2005) evaluated an okra 

thresher with variable parameters. The results showed 

that germination of  threshed seeds was significantly 

influenced by moisture content, cylinder speed, and 

concave clearance. In order to determine machine-

crop parameters, Vejasit and Salokhe (2004) evaluated 

the effectiveness of  an axial flow thresher on soybean. 

The results indicated that moisture content, feed rate, 

and rotor speed significantly affected the throughput 

capacity, threshing efficiency, and grain damage.   

A review of  the literature has revealed that there 

is limited information on the effects of  machine-crop 

parameter combination on the performance of  

cowpea threshers. The appropriate rotor speeds for 

optimal machine performance is considerably related 

to the seed moisture content (SMC). The sum of  seed 

damage and unthreshed seed as influenced by SMC is 

also a necessary information in the selection of  drum 

speeds so as to meet the acceptable seed damage level 

of  1.1 % (Ukatu, 2006). Majority of  farmers in the 

rural areas do not have access to mechanical threshers 

and consequently, resort to manual threshing. The 

required seed moisture content (SMC) for effective 

threshing can also not be determined by majority of  

rural farmers and thresher operators due to lack of  

moisture meters. Meanwhile, it is an important 

parameter in determining the qualitative and 

quantitative loss of  the threshed grains (Altuntas and 

Yıldız, 2007; Al-Mahasneh and Rababah 2007). 

Therefore, the objectives of  this paper seek to: Design 

a portable cowpea threshing machine for use by rural 

farmers in Ghana; Evaluate the effectiveness on the 

bases of  threshing efficiency, grain damage and 

throughput at different moisture contents; Provide the 

best machine-crop parameters combination for 

optimum machine performance in order to maintain 

the final product at high quality.  

2. Methodology  

 

2.1 Design procedure 

 

The application of  basic design principles including 

drawing and simulations were employed to design the 

thresher. It was developed through fabrication 

processes of  machining, cutting and welding at the 

Mechanical Engineering workshop of  the Koforidua 

Technical University. The rotor peg was loaded with a 

calculated maximum stress that it will undergo during 

operation and simulated using ANSYS Workbench 

16.2. This was to determine the stress distribution in 

the peg to ensure that it can withstand the load based 

on the geometrical size (Fig. 2).  

 

2.2 Design of the main and cleaner Shafts 

 

The rotor and cleaner shafts are the transmission 

elements of the threshing and cleaning operations 

respectively. The rotor shaft carries the threshing 

drum with a bigger pulley fixed at one end to take 

power from the prime mover. The shafts were 

selected based on calculations and the properties of 

materials so as to withstand stress and strain from the 

imposed loads (Eq. 1). The shafts are made of steel 

material because of the load that would be imposed 

on them. Steel is desired because it has high strength, 

resistance to shock and can withstand repeated 

loading (Olaoye 2011). Selection of a material for a 

machine part or structural member is one of the most 

important decisions in design. Consequently, the 

selection was based on the strength and stiffness 

(Khurmi and Gupta 2005). The diameters of the 

shafts were obtained by the equation: 

3
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Where T[Nm] is the torque;  is allowable torsional 

shearing stress. For mild steel material the allowable 

torsional shearing stress is: dt = 28 N/mm2. 

 

The torque is given by: 
360 30 10 .

2 2

P P P x P
T Nmm

n n n   
   

   Eq. 2 

 

Where P (kW) is the power; n (rev/min) is rotational 

speed. 
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Based on calculations, the minimum diameters for the 

main and cleaner shafts should not be less than 21 and 

16 mm respectively. Therefore, 25 mm and 18 mm 

were chosen as the diameters of the main and cleaner 

shafts respectively. 

  
    (a) (b) 

Fig. 1: (a) Isometric view of the final design and (b) 

Pictorial view of the developed thresher in operation.  

 

2.3 Expressions for some of  the variables used for 

the evaluation.  

 

The expressions used in the evaluation process of  the 

present study are stated below: 

(i) Throughput Tpc in kg/h, is given by 

     cp

pc

f

K
T

T
                                           Eq. 3 

 Where: Kcp is the quantity of  cowpea materials fed 

into the thresher in kg and Tf is the feeding period in 

hr. 

 

(ii) Output capacity Goc in kg/h is expressed as; 

     ( )f b

oc

f

K K
G

T


                                 Eq. 4  

 

 where: Kf is quantity of  whole grains, and Kb is the 

quantity of  broken seeds in kg.  

 

(iii) Seed damage Kd in %, is calculated as 

       
( )

b
d

f b

K
K

K K




                              Eq. 5 

(iv) Threshing efficiency, 
t  in %, is given by 

        100
( )

oc
t

oc ut

G
x

G K
 


                       Eq. 6 

where: Kut the unthreshed seeds quantity in kg. 

 

2.4 Experimental method 

 

The seed sample was obtained from Crops Research 

Institute, Ghana and cultivated at the Koforidua 

Technical University research farm from August 11, 

2013 to November 20, 2013 at 60 x 20 planting 

distance. The initial average moisture content of  the 

harvested crop is 21.26 %. The harvested cowpea was 

separated into five units and dried to, 20.7, 18.4, 15.3, 

13.5 and 12.6% moisture contents (MCdb). Machine 

feeding was carried out continuously in three 

replicates for 1 hour and the average taken using 735 

rpm rotor speed. The yield percentage recovery, grain 

damage, threshing efficiency, and unthreshed grain 

percent were then determined for each MCdb. This 

process was repeated for the other cowpea units. 

Analysis of  variance was performed on the data to 

determine if  there were any significant differences 

between the responses of  the treatments using IBM 

SPSS software version 20. The sum of seed damage 

and unthreshed seed for the various cowpea units 

were computed and plotted (Fig. 3). This was done to 

determine the MCdb at which the sum of seed damage 

and unthreshed seeds obtained is the lowest so as to 

provide the best MCdb for optimal machine 

performance. 

 

3. Results and Discussion 

 

3.1 Stress distribution in rotor peg due to 

maximum possible load from calculation 

 

The impact force simulation results obtained with 

ANSYS Workbench on the rotor peg is shown in 

figure 2. It shows that the geometrical size of the peg 

is enough to withstand the imposing load of the 

cowpea during threshing. This is because the stress 

distribution in the member is almost uniform along 

the entire length. However, the maximum stress 

(shown by the red colour) is highly concentrated close 

to the peg-rotor joint and reduces towards the tip. 

Furthermore, the small deflection in the peg is an 

indication of its resilience to a much smaller load that 

the cowpea can impose based on the feeding rate.  
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Fig. 2: Stress distribution in the rotor peg due to 

impact force imposed with ANSYS WorkBench.    

 

 

3.2 Effects of  MCdb on machine performance 

 

The machine performance data collected from the 

tests under the influence of  seed moisture content 

(MCdb) are presented in Table 1.  The performance 

test resulted in the lowest throughput of  66.28 kg/h 

for the 20.7% MCdb and the highest of  77.56 kg/h for 

12.6% which indicates that lower moisture contents 

are more effective than higher MCdb. The seed damage 

increased from 1.64 to 9.46% with increasing MCdb. 

The 12.6 and 13.5% MCdb proved to be better options 

for effective thresher performance. However, the 

values of  seed damage percent obtained from the 12.6 

and 13.5% MCdb were 32.9 and 36.3% respectively 

higher than the accepted level of  1.1 % (Ukatu, 2006). 

This may be due to the high rotor speed of  735 rpm 

used (Herbek and Bitzer, 2004) which seems to have 

higher influence on seed damage. Therefore, it is 

expected that lower speeds could bring the damage to 

the acceptable level. The 12.6% has proven to be the 

most reliable for optimum thresher performance. The 

full grain recovery increases with decreasing MCdb with 

the 12.6 and 13.5% achieving as high as 79.39 and 

78.73% of  the throughputs respectively. 

Table 1  

Performance of the thresher at various moisture contents tested 

Moisture 

Content, 

(% db) 

Throughput , 

Tpc (kg/hr) 

Grain 

output,  

Goc (kg/h) 

Full grain, 

Sfg (kg) 

Seed 

damaged, 

kg 

Seed 

damaged 

(%) 

unthreshed 

seeds, kg 

Threshing 

Efficiency% 

20.7 66.28 43.8 39.66 4.14 9.46 3.02 93.11 

18.4 67.80 44.5 41.03 3.47 7.81 2.47 94.44 

15.3 75.22 58.7 56.10 2.06 4.43 2.07 96.47 

13.5 77.02 61.7 60.64 1.06 2.67 1.08 98.25 

12.6 77.56 62.6 61.57 1.03 1.64 0.38 99.40 

 

 

The seed loss (sum of seed damage and unthreshed), 

seed damage and unthreshed obtained from the 

assessment have been plotted against the moisture 

content (Fig. 3). Threshing efficiency largely depends 

on the unthreshed than the damage seeds. The smaller 

the unthreshed seeds, the higher the efficiency. The 

12.6% MCdb had a very small quantity of unthreshed 

seeds (0.38kg) resulting into the highest efficiency of 

99.40%. As the seed damage trend almost plateaus, 

the unthreshed seeds also increases and both 

converged at 13.5% MCdb after which seed damage 

increased sharply and higher than the unthreshed. 

This point can be described as equilibrium moisture 

content. The seed loss trend is low at 12.6% and 

increased steadily to 13.5% where it increased sharply. 

The graph once again confirms that the best moisture 

regimes for optimal thresher performance should be 

below the equilibrium (13.5%). The other MCdb 

performed poorly with unacceptable seed loss values. 

Therefore, any MCdb from 13.5% and above is not 

recommended for effective threshing.  

3.3 Statistical analysis  

The seed damage data in Table 1 were analysed at 5% 

significant level to test whether the performances of 

the moisture regimes are the same or otherwise.  

(i) Throughput capacity: Analysis of variance 

performed on the data in Table1 showed that, at 5% 

level of significance the throughput capacities of the 

moisture content provided a p-value of 0.991229 

indicating that they are the same.  

(ii) Seed Loss: The analysis resulted in a p-value of 

0.007997 which indicates that the seed loss is not the 

same. However, analysing the data for the 12.6 and 
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13.5% MCdb which are the best moisture regimes 

resulted in a p-value of 0.177294 which indicates that 

there is no significant difference between them. 

Therefore, both MCdb can be relied on for optimal 

machine performance under lower speeds conditions. 

(iii) Threshing Efficiency: This indicates that at 5% 

level of significance the threshing efficiencies of all the 

MCdb tested are the same in performance (p = 

0.978878). 

 

Fig. 3: Moisture content effect on seed loss (sum of 

seed damage and Unthreshed) 

4. Conclusion and Recommendations 

An Electric or Engine powered portable cowpea 

thresher which can be utilised by rural and small scale 

farmers in Ghana has been developed. The thresher 

was found to meet the design objectives. The 

moisture content (MCdb) was considered because of its 

versatility. The areas of modification were the rotor 

pegs and the clearances between the peg and the 

stationary pod splitter.  

Moisture contents (MCdb) less than 13.5% has 

proven to be the best for optimum thresher 

performance. Analyses done at 5% level of 

significance indicated no significant difference in the 

throughput and threshing efficiencies. However, seed 

damage had significant difference. Subsequently, 

analysis performed on the seed loss data for the 12.6 

and 13.5% which were the best performing moisture 

contents showed no significant differences. Therefore, 

MCdb less than 13.5% and rotor speeds less than 735 

rpm are the crop- machine parameter combination for 

optimum thresher performance.  
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