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ABSTRACT

The objective of the present investigation is to develop, manufacture and
evaluate a machine for threshing Cowpea and Kidney bean crops. The thresher was
evaluated and tested at El- Serw Agricultural Research Station, Domietta Govermorate
under different screen holes, drum speeds, number of spike tooths and concave
clearances at four different levels of grain moisture contents for Cowpea and Kidney
bean crops. The performance of the thresher machine was evaluated under the
following parameters :-

Three different number of splke tooths of 10,20 and 30 are distributed on the
drum through 2, 4 and 6 lines, four different drum speeds (5.5, 7.9, 10.6 and 14.4
m/s ), four different drum-concave clearances (9, 11, 14 and 16 mm ) and (16,18,20
and 22mm) for cowpea and kidney bean crops respectively and four levels of seed
moisture contents ( 10.09 , 13.48 , 15.22 and 18.94 % ) and (10.43, 12.90,15,21 and
17.85 %) (d.b.) for cowpea and kldney bean crops respectively. The optimum results
of total grain damage, unthreshed and losses percentages were obtained by using
thresher drum with 30 spike tooths arranged in six lines and drum speed 7.9 m/s for
cowpea and kidney bean crops. At the same time, the concave clearance of
threshing machine 11 and 18 mm at grain moisture content of 13.48 % and 15.21 %
for cowpea and kidney bean crops respectively gave the acceptable values of total
grain damage, unthreshed and losses. Also, the results indicated that the modified
threshing machine reduced the

operation cost of threshing cowpea and kidney bean crops per fed. by 63.01 and
62.08 % when compared with the use of traditionai manual system.

INTRODUCTION

The Egyptian Govermment is planning to increase the human food
productivity through pilanting newly reclaimed lands and using modern
technology in agricuiture . Leguminous crops such as cowpea and Kidney
bean are considered an important popular food and the most economical
crops . The successful production and good marketability of these crops
depend on both quantity and quality of seeds. Many scientists studied
physical , mechanical and chemical properties of the seeds. Zaalouk and
Ghanem (2003) reported that, the specific weight and rigidity force of cowpea
seeds were7-8.71 kN/m? and 80.82-91.38 N respectively . Friction angle less
than 24" was recommended for chutes conveying of the cowpea seed
varieties studied . For belt conveying an angle of less than 22° was
recommended for Kreeam-7 and Dokki-331 varieties and an angle of less
than 28° was also recommended for the Balady type respectively. The
terminal velocities of cowpea seeds were ranged between 6.8-8.9 cm/s . So,
a vertical air stream of 2.3 m/s is successfully sufficient to separate straw,
fine particles and dust from cowpea seeds for all varieties studied . Allen and
watts (1997) , reported that for cowpeas (var.Minice Beans ) vertical air
stream of 6m/s was sufficient to completely separate the threshed buds from
the beans. They also stated that this velocity was lower than terminal velocity



Lotfy, A. et al.

of beans, which was approximately 8m/s on average also threshing
effectiveness is significantly better with the crop at moisture levels below 13%
(w.b). Therefore , pre-drying the crop enhances threshing. Mosa et al (2003)
reported that, the effect of some parameters such as, drum peripheral speeds
46 ,63,7.1 and 7.9 m/s (350 , 400 , 450 and 500 r.p.m.) , concave
clearance (8 , 9 and 10 mm) and average moisture contents of pea plants
(11, 13 and 15 % dry basis ) on machine productivity ( output ) (kg/h ), and
energy requirements ( kW.h/Mg.) were studied. Also, the effect of machine
parameters on the seed losses: and seed quality ( mechanical damage )
during the threshing operation was considered .The results revealed that ,
optimum operations conditions were obtained at 8.3 m/s -drum peripheral
seed ; concave clearance of 10 mm and 13 % average moisture content At
this level the machine productivity of 0.266 (Mg./h), energy consumption
( 16.2 kW.h/Mg.), total seed losses ( 2.74 % ) and the total mechanical
damage of (2.38 % ) were obtained. Sharma and Devnani (1980) stated that
; cylinder tip speed and concave - clearance for soybean and cowpea
threshing were 413 r.p.m. at 12 mm and 496 r.p.m. at 8 mm clearance for
consumption purpose , and 330 r.p.m. at 12 mm and 288 r.p.m. at 8 mm
clearance for seed purpose, respectively. Dauda(2001) evaluated a manually
operated Cowpea thresher for small scale farmers in Northen Nigeria. The
threshing efficiency was from 1.8 to 2.3%. '
The main objectives are:
-Develop and manufacture a suitable small Cowpea and Kidney bean
thresher.
-Evaluate and determine the performance characteristics of threshing
efficiency.

MATERIAL AND METHODS

The experiments were conducted at El-Serw Agricultural Research
Station, Damietta Governorate for threshing Cowpea variety (Dokki-331) and
Kidney bean varity (Contender) crops by using a simple thresher machine .
Evaluation the developed machine concerning capacity , threshing efficiency,
grain losses and damage for both crops. The technical specifications of the
developed machine are shown in tabie (1) and Fig.(1).

Concave clearance is varied by a hand wheel. The spike tooths are
distributed on the drum with 2,4and 6 lines each having 5 spike tooths ( total
= 10,20 and 30 spike tooths respectively).

Experimental treatments:
Different levels of screen holes, grain moisture content, drum speed,
number of spike tooths and concave clearance were used in this investigation
and are as follows:
1-Two different screen holes of circle hoie (11 and 16 mm. diameter) and
rectangle holes [(11and 7mm.) and (16and 8mm.) for length and width
hole]

2-Four ievels of grain moisture contents of ( 10.09,13.48,15.22 and 18.94%)
and ( 10.43, 12.90, 15.21,and 17. 85%)(d b.) for Cowpea and Kidney bean
crops respectively.
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Distribution of the spike tooths on the threshing drum .

Fig. 1: A Schematic Diigram for the modifed threshing machine.
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3-Three number of spike tooths of 10,20 and 30.

4-Four drum speeds of 5.5, 7.9, 10.5 and 14.4 m/s.(320,460,610and 840
r.p.m.).

§-Four concave clearances 9,11,14and 16 mm. and 16,18,20 and 22 mm. for
threshing Cowpea and Kidney bean crops respectively.

Table(1): The technical specifications of the developed machine.

item Before modification After modification
Pal length, mm 2000 2000
otal height, (mm ' ~ 2100 2100
[Total width, ( mm) 1000 1000
Ac motor power,(kW). 3.7% 3.75
otor shaft speed (r.p.m.) 1400 : 1400
of the drum Spike tooth __Spike tooth
of the drum,  (mm). 500 500
iameter of the drum, (mm) 350 350
No. of the spike tooths . 20 10,20, 30
Length of drum spiders, ( mm) 5 9
lameter of the drum spiders, (mm 10 15
oncave type Perforated sheet metal of 3| Perforated sheet metal
mm thickness. of 3 mm thickness.
Hole diameter for screen: :
- Circle hole, mm 1 11 cowpea
: 18 kidney bean crop.
-Rectangie holes, mm (11 and 7) cowpea
( 16 and 8) kidney bean |.
crop.
Fcrnn Perforated sheet metal of 3| Perforated sheet metal
: mm thickness. of 5§ mm thickness.

Instruments and Measuring: _

Speedometer was used to measure the threshing drum speed of the
threshing machine. A stopwatch was used to measure the time required to
any operation.

Three principal dimension of grains Cowpea and kidney bean
(length, width and thickness) were measured by using the digital vemire
caliper (according to Pappas et.al. 1988) for limited screen holes diameter
were required to clean Cowpea and bean grains.

A germination test was carried out to determine the invisible damage
in Cowpea and Kidney bean grains. Ten replicates of 50 grains of Cowpea
and Kidney bean crops were germinated at Petri dishes on a paper filter
covered with water and incubated at 20°C for 8 days. The obtained data was
expressed as percentage of the original number of grains.

Machine performance: _ ‘
Machine performance was estimated accordingto ( Singh and Joshi
1980) as follow: 4
- - Unthreshed graifs= (M,/M,) *100, %
Where: M,=mass of unthreshed grains, Mg/mZ.
M, = total mass of grains, Mg/m?
Grain damage = (Mz/M,) *100, %
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Where: M, = mass of undamaged grains, Mg/m’.
Grain losses = (M,/ M) *100, %

Where:: M, =mass of losses, Mg/m?.
Threshing efficiency = (My/ M, )*100,%.

Where: My, = mass of threshing grains( grain out put), Mg/m

Quality of grains = (100 — visible damage) * 100, %.

Machine capacity = ( M,/ T) *100, Mg/ h.

Where : T =the time consumed during threshing operation, h.

'RESULTS AND DISCUSSION

A laboratory experimental was carried out on winnowing the Cowpea
and Kidney bean grains to select the suitable holes for sieves . The rectangle
holes[(11and 7 mm.) and (16and 8 mm.)for length and width ] for the Cowpea
and Kidney bean crops respectively were the preferable more than the circle
holes.

The rectangular holes of concave ( 11 and 7 mm) and (16 and 8 mm)
for cowpea and kidney bean crops were more effective on cleaning efficiency
resulting values of 92.5, 94 % where under the circular holes ( 11 and 16
mm) for the two studied crops the cleaning efficiency not exceed than
80.2,85.6 %.

Influence of threshing parameters on the modified thresher
performance:

The effect of drum speed, number of splke tooth and concave
clearances on the total grain damage percentage (y;)and unthreshed
percentage (y:) for the Cowpea and Kidney bean crops by using threshing
machine are shown in Figs. 2 and 3.

It is clear that increasing drum speed and the number of spike tooth
increase the total grain damage percentage (y;) and decrease unthreshed
grain percentage (y;) under different concave clearances for Cowpea and .
Kidney bean crops.

The resultes indicated that the percentage of the total grain damage
(Y1) decreased from 5.2 to 3.8 % and 4.1 to 2.3 % as the concave clearance
increased from 9 to 16 mm and from 16 to 22 mm for cowpea and kidney
bean crops respectively, at the drum speed 14.4 m/s and the number of spike
tooths 30. However, unthresed grain percentages (Y2) increased from 1.91 to
5.24 % and from 2.21 to 4.94 %, as previous concave clearance increased
for cowpea and kidney bean crops respectively, at the drum speed 5.5 m/s
and the number of spike tooths 10.

At the same time, increasing drum speed from 5.5 to 14.4 m/s,
increasd the total grain damage percentages of Cowpea crop by 28.85,
4545, 47.62 and 50 % for concave clearances of 9,11,14and 16 mm,
respectively, at the number of spike tooth 30, and increased the total grain
damge percentages of Kidney bean crop by 26.83,36.84,46.88 and 60.87 %
for concave clearances 16, 18,20 and 22 mm. respectively, at the -same
number of spike tooth 30.This may be attributed to high and more impact
force applied to the pods on the stalks.
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Fig:2: Effect of drum speed ,concave clearance and the number of spike teeth on the grain
' damage (Y1) and unthreshed grain (Y2) of Cowpea crop
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On the other hand, the number of spike tooths 30 gave the lowest
values of the unthreshed grains (y,) than that given by the other numbers of
spike tooths. This tends to increase of impact forces imparted to the Cowpea
and Kidney bean pods by the spike tooths of drum during threshing process.

Fig.4 shows the effects of drum speed and grain moisture content on
the total grain damage (y,) and grain losses percentage (y) for Cowpea and
Kidney bean crops. The resuits indicated that increasing drum speed tends to
increase the total grain damage percentage (y,),whilst decrease the total
grain losses percentage (y.) for all grain moisture contents for Cowpea and
Kidney bean crops.

The optimum drum speed was fall around 7.9 m/s at the best results of
total grain damage (Y1) of (3.75 and 6.23 %) and losses percentage (Y2) of
(2.45 and 4.58 %) for threshing cowpea and kidney bean crops respectively.

On the other hand, increasing drum speed from 5.5 to 14.4 m/s for
grain moisture contents of 13.48 and 12.9% increased the total grain damage
percentage (y,)by 40.91 and 48.39% for threshing Cowpea and Kidney bean
crops respectively and decreased the total grain losses percentage (y) by
26.32 and 27.27 %at the two above mentioned crops respectively.

The optimum grain moisture content was fall around 13.48 % and
15.21 % at the best results of the total grain damage (Y1) of (3.3 and 2.58 %)
and losses percentage (Y2) of (4.78 and 4.38 %) for cowpea and kidney
bean crops respectively.

The observations reported in Fig. 5 show the effect of drum speed and
concave clearance on the machine capacity for threshing Cowpea and
Kidney bean crops. The data revealed that increasing drum speed and
concave clearance tends to increase the machine capacity for all treatments.

On the other words, the results indicated that increasing drum speeds
from 5.5 to 14.4 m/s cause a corresponding increase in the machine capacity
by 17.21, 16.09, 15.24 and 14.59 % at concave clearance of 9, 11, 14 and 16
mm respectively for Cowpea crop and by 23.29, 24.1, 20.54 and 23.83 % at
- concave clearance of 16,18,20 and 22 mm respectively for Kidney bean crop.

The highest threshing efficiency was 98.82 and 96.39 % at drum speed
of 7.9 m/s and the number of spike tooths 30 for cowpea and kidney bean
crops respectively. At the same time, the results indicated that the highest
values of grain losses from straw outlet (0.47 and 0.39 %) was obtained at a
drum peripheral speed of 5.5 m/s and (18.94 and 17.85 %)average moisture
content for cowpea and kidney bean crops respectively.

At the same time, the data showed that increasing concave clearance
form 9 to 16 mm cause a corresponding increase in the machine capacity by
15.83, 13.9, 12.88 and 13.17 % at the drum speed of 5.5, 7.9, 10.6 and 14.4
m/s respectively for Cowpea crop and by 20.32, 20.93, 15.86 and 20.88 % at
the four above mentioned the threshing drum speeds respectlvely for Kidney
bean crop.
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Threshing cost :-

The cost of threshing Cowpea and Kidny bean grains calculated
according to declining - balance deprecation method ( Metwalli,1984 ). At the
best resuits by using 30 spike- tooths and 7.9 m/s drum speed at 13.48 and
129 % grain moisture content for Cowpea and Kidney bean crops

respectively are presented ( Table 2).

Tabie (2) : The cost of cowpea and kidney bean threshing.

Cowpea Kidney bean

crop crop

chine capacity Mg.h 0.246 0.320
[Total yield Mg./ffed. 1.5 2.0
Machine + labor cost LE./A. 9.1 9.1

chine th cost .E./Mg. 36.99 28.44

ine threshing cost L.E.ffed. 55.49 56.88
Nooflabornee&dformreshm; 15 .15
Labor cost {.E./fed. 10 10
Total manual threshing 150 150

cost 1.E./fed.
CONCULTION

The main results can be summarized as follows:-

* Using the rectangle holes of sieve [( 11 and 7 mm) and ( 16 and 8 mm) for
length and width] respectively gave the best results of cleaning efficiency
compared with the circle holes ( 11and 16 mm) for cowpea and kidney bean
crops respectively.

- Drum speed of threshing machine 7.9m/s and the number of spike tooths 30
gave the best results of total grain damage, unthreshed and losses
percentages.

- The concave clearance 11 and 18 mm for cowpea and kidney bean crops
respectively gave the best values of total grain damage, unthreshed and
losses.

- Grain moisture content range of 10.09 to 13.48 % and 12.9 to 15.21 % for
cowpea and kidney bean crops respectively gave the best results of total
grain damage, unthreshed and losses.
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