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ABSTRACT 

 A cowpea machine was developed using locally available materials to reduce drudgery attached to traditional dehulling of the 

seeds. The machine consisted of the dehulling chamber made from 1.5 mm thick galvanized metal sheet, the dehulling mechanism 

obtains its drive from a 3 phase15 kW electric motor with a speed of 750 rpm. The principle of operation of the machine is by 

feeding the soaked cowpea through the hopper into the dehulling chamber which invariably brought about dehulling of the 

cowpea and the dehulled cowpea is collected through the outlet into the collector. The machine was evaluated based on soaking 

time and dehulling time. The results showed that the dehulling rate increases with increase in time of soaking. The optimum level 

of 98 % efficiency was observed at 6 minutes and 15 minutes time of soaking and time of dehulling respectively. 
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__________________________________________________________________________________________ 

1.       INTRODUCTION 

The cowpea (vigna unguiculata) is an annual herbaceous legume from the genus vigna.  Vigna unguiculata is a member of the 

vigna (peas and beans) genus. Unguiculata is Latin for “with a small claw”, which reflects the small stakes on the flower petals 

[1]. Some well-known common names for cultivated cowpeas include black eye pea, southern pea, Yardlongbean, Catjangand 

Crowder pea. [2]. Cowpea like most common legumes, are consumed in different forms and used for the preparation of various 

diets in Nigeria. One very form of consumption of cowpea is a steamed milled cowpea after dehulling either manually or 

mechanically. A large number of cowpea species are cultivated worldwide as ornamentals (in gardens, as shade trees), used as 

living fences and firebreaks, as soil binders, green manure, fodder for livestock, forage for honey bees, food for humans, in 

agroforestry and reforestation (nitrogen fixation), as pulp for paper production, fuel woods, timber and as sources of chemical 

(e.g. dyes, tannins), oil (industrial, food, aromatherapy), and medicines [3 – 4]. Cowpea like most common legumes, are 

consumed in different forms and used for the preparation of various diets in Nigeria. One very form of consumption of cowpea 

is a steamed milled cowpea after dehulling either manually or mechanically. [5 – 6] defined dehullng as the removal of the seed 

coat (hull) which results in the separation of cotyledon. Dehulling not only improves the cooking quality and reduces the anti-

nutritional factors, but also improves protein quality, palatability and digestibility of pulses [7]. While Dehulling may be 

necessary in some legumes for preparation of “moin-moin”, it may not be important in some varieties of some legumes [8]. 

Dehulling is a process employed to get rid of the outer pericarp and taste (hull) of most cereal grains, grain legumes, nuts and 

oil seeds using mechanical means. For small processing of cowpea dehuling is usually achieved manually while mechanical 

dehulling will be more ideal for commercial or large scale production especially for legumes with hard to cook phenomenon 

which makes manual dehulling rigorous, cumbersome and time consuming [9]. According to [10], cowpeas are not only a good 

source of protein but they are also important source of fiber, and they are naturally low in fat and cholesterol.  

In Nigeria, the dehulling of cowpea are processed by women at home, and at village level working independently or organized 

into a formal group. These women hence developed an empirical knowledge of the physical and chemical characteristics and 
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the functional properties of cowpea. The traditional processing methods are laborious; harvesting, drying, threshing, cleaning, 

soaking, dehulling (with the used of mortar and pestle), size reduction and storage are typical of the processes used in 

traditional methods of processing cowpea. Also, the mechanized method of dehulling cowpea including harvesting, drying, 

threshing, cleaning, soaking, dehulling, size reduction, primary storage, and storage using improved machineries. Dehulled 

cowpea production level in Nigeria is low because of the limitation of the widely employed traditional method of dehulling. 

Therefore, there is need for the ever increasing future demand for dehulled cowpea. This paper presents the report of the 

development and evaluation of a cowpea dehulling machine using available local materialswith the aim of increasing dehulled 

cowpea production on small – scale basis. 

2.   MATERIALS AND METHODS 

2.1  Design Considerations 

The factors considered in the designing and fabrication of the cowpea dehulling machine include: availability of materials, 

durability, rigidity, construction technique and cost of the materials. 

2.2   Design Analysis 

2.2.1 Design of the dehulling unit 

The capacity of dehulling unit was designed by making close fitness with the auger conveyor and to avoid over feeding the 

machine by using eqn. 1 

                                    Vdc = πr
2
l                                                                                                      (1) 

Where; Vdc = volume of the dehulling cylinder r = radius of dehulling chamber, l = length of dehulling chamber  

                                    Vdc = 3.142 x 0.061
2
 x 0.6 = 0.007m

3
 

Volume of roller in dehulling chamber (vr)  

The volume of roller in the dehulling chamber is given in eqn. 2 

                                   Vr = πrr
2
lr                                                                                                   (2) 

Where; rr = radius of roller, lr = length of roller  

                                   Vr = 3.142 x 0.048
2
 x 0.56 = 0.0041m

3
 

Volume of cowpeas in dehulling chamber (Vc)  

The volume of cowpeas (vc) in the dehulling chamber is obtained by subtracting the volume of roller (vr) in the dehulling 

chamber from the volume of the dehulling chamber (vdc) 

                                     Vc = vdc – vr 

                                    Vc = 0.007 – 0.0041 = 0.003m
3s

 

Weight of cowpeas in dehulling chamber  

Weight of cowpea (wc ) = mg                                                                                                         (3) 
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Where; m = mass of cowpeas, g = acceleration due to gravity  

Also,  

                  m = ῤvc                                                                                                                                                                                       (4) 

Where; ῤ = bulk density of cowpea = 721 kg/m
3
, vc = volume of cowpea m

3
 

                      m = 721 x 0.003 = 2.2kg  

                          . 
.
 . wc = 21.6 kg 

2.2.2 Hopper Design  

 

Fig.1: Hopper 

Where, 

                  h is the height of frustum = 144 mm, y is the high of the small pyramid = 7.2 mm,   

c is the length of one side of the square base of the big pyramid = 200 mm, k is the length of one side of the square base of the 

small pyramid = 86 mm 

The volume of frustum is calculated using the equation according given by [11] as: 

Volume of frustum =  
1/

3(c
2
 (h+y) – k

2
y)                                                                                               (5) 

                                     = 
1/

3(0.20
2 
(0.144 + 0.72) – 0.086

2 
× 0.72) 

                                     = 
1/

3 (0.04 (0.864) – (0.005325) 
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                                      = 0.029m
3 

2.2.3  Shaft Design 

This is calculated using the equation according to [12] 

d
3 
= 

   

   
 √                                                                                                      (6) 

Where, 

d is the diameter of the shaft in mm, Ss is the allowable shear stress of metal = 55 × 10
6 
N/m

2
, CBM is bending moment,  CTM 

is the torsional moment = 3.2 N/m, n is factor of safety = 2, kb = 2.0 & kt = 1.5 are combine shock and fatigue factor applied 

to bending and torsional moments respectively  

d was computed as 30mm. Thus, a shaft of 32 mm was selected  

3.  RESULTS AND DISCUSSION  

3.1   Dehulling efficiency 

Figure 2 Shows the relationship between the efficiency and the time of soaking, it was observed that at 6 minutes of soaking 

the dehulling rate was at optimum level of 98% efficiency. This shows that this is the best period of soaking for dehulling of 

cowpea. 

 

Fig. 2: Efficiency against Soaking time  

3.2 Effect of Duration of Dehulling on Dehulling Efficiency 
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Figure 3 Shows that the machine performs optimally after running period of 15 minutes with 98% efficiency, after increasing 

the running period to 20 minutes it was discovered that the efficiency dropped to 93% which means longer period of running 

might cause the cowpeas to break, thus reducing the dehulling efficiency.  

 

 

Fig. 3: Dehulling efficiency against Dehulling Time   

 

4.0 CONCLUSION AND RECOMMENDATION 

4.1 Conclusion  

 A Cowpea dehulling machine with an auger and rubber roller cylinder was designed, fabricated, tested and had 

satisfactory performance. The optimum efficiency of 98% was observed at 6 minutes and 15 minutes of soaking and dehulling 

time respectively. Maximum soaking time of 6 mins was appropriate for minimal percentage of broken seeds of the machine 

under study. 

4.2 Recommendation  

From the study, stainless steel should be used for fabrication of the shaft and dehulling chamber. The adopted dehulling tools 

design system can be optimized to improve the machine to dehull different types of legumes and its performance evaluation 

should also carried out. The machine is recommended for small and medium scale farmers to dehull cowpea on wet basis.  
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