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Abstract

A motorized cowpea threshing machine was developed and evaluated to meet the need of small - scale farmers in the
developing countries especially Nigeria. A power rating of 0.75 kW, fan speed of 826 rpm, beater speed of 418 rpm were
used for the design. The driver and driven pulleys of 59 mm and 198 mm were used respectively. Two varieties of
cowpea were used to evaluate the performance of the machine. The evaluation results showed that average threshing
efficiency, cleaning efficiency, percentage of grain damage and throughput capacity were determined to be 83.6, 71.1,
4.4%, and 74.5 kg/hr respectively for Ife brown variety and 84.9, 68.5, 4.7%, and 73.0 kg/hr respectively for IAR 48
variety. The investigation was conducted at three levels of moisture content of 13.5, 14.5 and 15.5% wet basis. Based
on the performance of the machine, effective threshing of different varieties of cowpea with minimum grain loss,
improved threshing capacity cleaning and efficiency were achieved and yet good quality products was achieved.
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1. Introduction

Cowpea (vigna unguiculata (L.) Walp) is one of the most popular grain legumes in Africa as well as in some regions of
America and Asia. Cowpea is often called ‘black - eyed pea’ due to its black or brown - ringed hylum. Cowpea is called
the ‘hungry - season crop’ because it is the first crop to be harvested before the cereal crops [1]. Its fresh or dried seeds,
pods and leaves are commonly used as human food. Since they are highly valuable as food, cowpeas are only occasionally
used to feed livestock but the hay and silage can be an important fodder. Cowpea has great flexibility in use: farmers
can choose to harvest them for grains or to harvest forage for their livestock, depending on economical or climatological
constraints. A large number of cowpea species are cultivated worldwide as ornamentals (in garden, as shade trees),
used as living fences and firebreaks, as soil binders, green manure, forage for honey bees, in agroforestry and
reforestation, as pulp for paper production and medicine [2]. Cowpea seed is a nutritious component in the human diet,
as well as a nutritious livestock feed. The protein in cowpea seed is rich in the amino acids, lysine and tryptophan
compared to cereal grains. Cowpea can also be used at all stages of growth as a vegetable crop. The tender green leaves
are an important food source in Africa and are prepared as a pot herb like spinach, immature snapped pods are used in
the same way as snap beans, often being mixed with other foods. Green cowpea seeds are boiled as a fresh vegetable, or
may be canned or frozen, the dry mature seeds are also suitable for boiling and canning [3].

Cowpea is one of the staple crops in Nigeria that provide much needed protein requirement in the dietary table [4,5]. It
could be prepared in several ways for consumption such as boiling, grinding and processing into ‘Akara ball’, ‘moin-
moin’ and so on [6].
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Traditional (manual) or mechanical method is used to thresh cowpea. Manual threshing is achieved using cocoa bags or
spreading large clean cloth or tarpaulin on the floor, laying a bundle of cowpea on the cloth and beating with heavy
sticks [7] or using pestle and mortar for the threshing operation [8,9]. Mechanical threshing involves high technology
which is very expensive, and hence beyond the reach of Nigerian small - scale farmers though it helps to maintain the
quality of the final products with minimum drudgery [5,10]. Some imported cowpea threshers have been found
unsuitable for threshing the local varieties [10,11,12].

The development of agriculture in developing countries of the world depend on the part played by modern agricultural
machinery and equipment. Many local cowpea threshers have been developed but reliable information and
performance data on them are limited. There is need therefore to design, fabricate and evaluate the performance of a
local cowpea thresher that provide lower cost and yet achieving good quality products. The objectives of this study are
to:

study some properties that enhance machine design parameters of most popular cowpea
varieties which are grown in Nigeria

design and fabricate a cowpea threshing machine suitable for indigenous varieties in Nigeria
carry out performance evaluation of the machine

2. Material and methods

2.1. Description and operating principles of the machine

Component parts and the fabricated cowpea threshing machine are shown in Figures 1 and 2 respectively. The major
components of the cowpea threshing machine are: the feeding unit, threshing unit, cleaning unit and frame. The feeding
unit consists of the hopper which provides an inlet through which the cowpea is introduced into the machine for
threshing. The hopper is made up of a 2 mm stainless steel metal plate thickness and located above the threshing drum
to facilitate easy feeding and has an opening into the threshing unit. The threshing unit consists of the threshing drum,
shaft and star - shaped beater. The drum is made up of a 2 mm stainless steel metal plate thickness. The drum is 570
mm long and 300 mm diameter. The beater were spaced 40 mm apart. The cleaning unit consists of a chaff outlet, a
screen and a fan. The chaff outlet is located at the side of the threshing unit, it is closed when threshing and opened
when required to discharge the chaff from the machine. The fan is centrifugal type and has four straight blades, (200
mm x 95 mm) arranged at 90° to each other around the shaft. The threshed grains fall through the screen and collected
through the outlet that was inclined to facilitate effective sliding of the cowpea grains while the lighter particles were
blown off from the fan assembly. The entire threshing components were mounted on a frame network made of angle
iron 40 x 40 mm. The overall dimension of the machine was 1370 mm height and (390 x 501) mm?2 base area. The frame
network gives support to all the units of the machine.

ploded View Drawing of the Cowpea Threshing Machine

ZP

Figure 1 Component parts of the cowpea threshing machine
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Figure 2 The fabricated cowpea threshing machine

2.2. Design considerations

The following factors were considered in designing the machine: power requirement, physical parameters of the
materials to be threshed, simplicity, stability, feed rate, peripheral speed of the threshing drum, rigidity, number of
beaters, durability and so on. The design focused on reduction of power and peripheral speed of the threshing. A beater
- screen clearance suitable for threshing was considered. The beaters have provision for adjustments to suit variety of
crops (grain sizes) to be threshed.

2.3. Design analysis

2.3.1. Power requirement

Determination of the power transmitted to drive the threshing drum is suggested by [7] as:

3
Pa=F.0 =" s (1)

Where P4 = power required to drive the threshing drum (kW), F = mv2/R = centrifugal force, m = total mass of the
threshing drum, R = radius of shaft, V = velocity and g = acceleration due to gravity. The power required to drive the
threshing drum is 0.25 kW. Thus, a motor of 0.75 kW was selected for the design.

2.3.2. Belt design
The determination of length of belt is given by [13]as:

_ 2
L=2C+2D,+D)+ E20 (@)

Where L = Pitch length of belt (1104.5 mm), D1 = Diameter of driver (motor pulley) (59 mm), Dz = Diameter of driven
(threshing head pulley) (198 mm), C = Centre distance between drum and motor shaft (325 mm), ™ = 3.142.

The determination of belt contact angle is given by [14] as:
6 =180° £ 2sin" 1 L (3)

Where 6 = Contact angle for smaller and bigger pulleys. The contact angle (6 = 3.1067 rad) of smaller pulley governs the
design for accurate purpose, a = 40° (groove angle), R1 = Radius of smaller pulley (29.5 mm), Rz = Radius of larger pulley
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(99 mm), C = center distance between R1 and Rz (325 mm). The conventional negative and positive signs indicate the
contact in the driver (smaller) and driven (bigger) pulleys respectively.

The determination of belt tension is given by [15] as:

LW o eub/GSines/2) | (4)
T,-W

Where T1 = The Tension in the Tight Side of the Belt (217.4 N), Tz = The Tension in the Slack Side of the Belt, (24.6 N),
W = MVZ, (M = Mass per unit Length of Belt, 0.157 Kg, V = Linear Velocity of Belt, 5.354ms"1, u = coefficient of friction
(friction factor, 0.3) for rubber belt. Belt pull factor for V - belt is between 0.7 and 0.9 (above that, the belt will be
unstable and wears at a faster rate. The belt pull factor calculated is 0.72.

2.3.3. Air discharge design

The determination of air discharge through the blower was determined using the expression established by [16] as:

Q=V XD XW e ceivei e e e e e (5)

Where Q = Air discharge (1.648 m3/s), V = Velocity of air required for cleaning (v = 27""/60 =8.34m/s), D = Depth of
air stream over the sieve (0.075 m), W = Width of fan blade (0.095 m)

2.3.4. Shaft design

Shaft design consist primarily of the determination of the actual shaft diameter to ensure satisfactory strength and
rigidity when the shaft is transmitting power through the various operation and loading conditions (vertical loading
and horizontal loading).

Loads resulted due to weight of pulley acting downward, torque or radial force, weight of drum and reactions at the
supports (bearing) is vertical loading while loads resulted due to tangential force, reactions at the support due to
tangential force is horizontal loading.

The determination of drum shaft diameter and fan shaft diameter was determined using the expression given by [17]
as:

16
a3 = — NICHTS N CATN e ()

where; Ky = shock and fatigue factor applied to bending moment, Kt = shock and fatigue factor to torsional moment, Mt
= maximum torsional moment, My = maximum bending moment, os = Allowable design shear stress, d = shaft diameter
(0.017 m). If a safety factor of 1.4 is assumed for the design the shaft diameter is 23. 8 mm. Hence for reliability and
safety a standard 25 mm diameter shaft was used for the drum.

Also, equation (6) was used to determine the fan shaft diameter: d = 0.0165 m. If a safety factor of 1.4 is assumed for the
design the shaft diameter is 23. 1 mm. Hence for reliability and safety a standard 25 mm diameter shaft was used for
the fan.

2.3.5. Experimental design

The developed machine was evaluated using the following parameters and indicators. Moisture content and feed rate
are the crop parameters used for evaluation of the machine.

Moisture content - this was determined using oven dry method. The pods of the cowpea to be threshed were initially
weighed and placed in the oven. The cowpea samples were removed from the oven and allowed to cool before
reweighing and moisture content was determined according to procedure stated by [5].

wi— W,

Mc (100 %) = X 100 e e et e e e (7)

1

where M. = moisture content, W1 = initial weight, W = final weight.
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Feed rate - this is the ratio of the total mass of cowpea pod including grain, straw and chaff introduced into the threshing
unit in batches to the time taken for the first and last grain crop to be discharged.

Threshing efficiency (Te), cleaning efficiency (Ce), cleaning loss (Ci), grain damage (Gad), grain threshed and undamaged
(Gtu) and throughput capacity (T¢) are the indicators used for evaluating the machine. These indicators were determined
using the following equations as suggested by [10,18].

To(%) = = e 1 (8)
Pa(%) = 257 e (9)
Peu(%) = =27¢ ..(10)
Co(%) = % e e (11)
C%) =2 o (12)

Where W = total weight of the grain (g), Wa = threshed clean grains (g), Ws = threshed and damaged clean grains (g),
We = threshed and undamaged clean grains (g), Wp = contaminants (chaff) in the grains (g) and W = grains in the chaff
outlet (g).

3. Results and discussion

The picture of the fabricated cowpea threshing machine is shown in figure 2. The parameters of the machine is shown
in Table 1 while the process and performance studies carried out on the machine using Ife brown and IAR 48 varieties
at three different levels of moisture content (13.5, 14.5 and 15.5%) is presented in Table 2.

Table 1 Parameters of the cowpea threshing machine

SIN | Type Symbols Value
1 Hopper volume V 0.0461 m®
2 Overall height H 1.370m
3 Threshing bar weight Wr 2.84 Kg
4 Angular velocity Q 88.7 rad/s
5 Power calculated Pc 0.25 kW
6 Electric motor P 1 hp
7 Diameter of motor pulley Dm 0.059 m
8 Diameter of beater pulley Do 0.198 m
9 Diameter of fan pulley %] 0.1m
Table 2 The process and performance studies on the cowpea threshing machine
Performance indicators Ife brown IAR 48 moisture
moisture content content (%o)
(%)
135 | 145 | 155 | 135 | 145 | 155
Threshing efficiency (%) 91.2 [{89.0 |70.6 | 93,5 |895 |71.9
Cleaning efficiency (%) 79.1 | 704 |63.7 | 754 |68.8 |614
Cleaning losses (%) 28 |27 |24 |37 |25 |20
Grain damaged (%) 51 |43 |39 |50 [49 |41
Grain threshed & undamaged (%) | 94.1 |92.4 |90.2 | 96.8 [ 93.6 | 92.0
Throughput capacity (kg/hr) 849 | 724 |66.2 | 817 |73.2 |64.1
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The results obtained as contained in table 2 showed the performance indicators test carried on the fabricated machine.
The threshing efficiency at three different moisture content levels of 13.5, 14.5 and 15.5% at two different cowpea
varieties (Ife brown and IAR 48) varies from 70.6 to 93.5%. The threshing efficiency increased with decrease in moisture
content and vice versa. It showed that moisture content had a significant effect on the threshing efficiency. Also, it was
observed that IAR 48 cowpea variety is easier to thresh since the two varieties were at the same conditions. Cleaning
efficiency was found in the range from 61.4 to 79.1%. Optimum cleaning efficiency of 79.1% was achieved for Ife brown
variety. Also, the results indicate that cleaning efficiency of the cowpea threshing machine increased as the moisture
content decreases. It was observed that moisture content had significant effect on cleaning efficiency of the machine.
The throughput capacity ranged from 64.1 to 84.9 kg/hr. The highest throughput capacity of 84.9 kg/hr with Ife brown
variety was recorded. Also, the throughput capacity of the cowpea threshing machine increased as the moisture content
decreases. It showed that moisture content had significant effect on the throughput capacity of the machine. The results
of the grains damage increased slightly with an increase in moisture content. The performance evaluation results of the
machine were in agreement with findings of earlier researchers such as [5,7,10,19].

4., Conclusion

Having carried out this research work, it can be concluded that; the cowpea threshing machine was designed and locally
fabricated to meet the needs of Nigerian small - scale farmers. The machine is highly efficient, economical, dynamically
stable and able to withstand vibration. The optimum threshing efficiency, cleaning efficiency and throughput capacity
are 93.5%, 79.1% and 84.9 kg/hr respectively. The performance indicators studied; increased with decrease in moisture
content and vice - versa. The moisture content had significant effect on the performance indicators.
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