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Abstract:- Threshing as a post-harvest operation is as old as man. The evolution of mechanical threshers to
secure the ever growing consumption of cereal has been hindered by several factors which have lead to low
performance of several developed threshers. It has been discovered and observed by various researchers that
performance of cereal threshers is highly dependent on the value of its working parameters. This work gives an
insight into influence of crop, machine and operating parameters on performance of cereal threshers using a
computer aided software for simulation of these parameter values. The parameters were varied at six levels and
the simulations were performed by varying each parameter while the rest parameters were kept constant. It was
observed that threshing efficiency increased for all increasing values of cylinder speed and bulk density,
decreased for all increasing values of feed rate and concave clearance, and increased for increasing values of
moisture content up to 17% and decreased after wards. Also threshing loss was found to increase for all
increasing values of feed rate and concave clearance, decreased for all increasing values of cylinder speed and
bulk density, and decreased for all increasing values of moisture content up to 17% and then increased after
wards, similar effects on the efficiency and losses was observed in the capacity and unthreshed grain cases
respectively. Thresher capacity and rate of unthreshed grain also showed significant reactions as these
parameters were varied.
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l. INTRODUCTION

The quality and availability of cereals in the global market is highly dependent on the threshing process.
A wrong selection of threshing conditions which in this case are the machine and crop parameters leads to low
threshing performance and grain loss. Grain/threshing loss is measured in terms of grain damage while threshing
performance is measured in terms of threshing efficiency, thresher capacity and threshing loss. In Africa and
more especially Nigeria, the annual consumption of cereal is fast increasing. This rate has challenged the
indigenous farmers’ production volume and is gradually catching up on the global market production. The
scheme as shown in figure 1 below explains it all.
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Fig. 1: Scheme of cereal demand and supply system analysis model [1]

The only available option left with is to consider the augmentation of food supplies by bringing more
area under cereal cultivation or by reducing post harvest losses. According to a most conservative estimate,
about 10% of the cereals harvested in developing countries are lost annually [2]. This suggests that efforts
should be channelled towards minimizing losses in post-harvest of cereals.

The factors affecting thresher performance were classified into three groups [3].
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Crop factors

. Variety of crop

o Moisture content of crop
Machine factors

. Feeding chute angle

. Cylinder type and diameter

. Spike shape, size and number
. Concave size, shape and clearance
Operational factors

. Cylinder speed

. Feed rate, method of feeding
. Machine adjustment

Researchers have paid great attention to these factors and tried to obtain optimal parameter values by
varying these parameters at different levels. Maertens and Baerde Macker (2003) [11] investigated the effect of
different feed rates on grain separation. Kutsbach (2003) [12] exposed the separation parameters of separation
units. Wacker (2003) [13] showed that crop properties has a great influence on the separation of cereal crops.
Strivastava et al., (1990) [4] noted that the grain separation is very sensitive to variation in the physical
properties of grain, straw and chaff. EI-Behery et al., (2000) [5] performed threshing tests on EI-Shams rice
thresher. It was done using a range of drum speeds, feed crop rates and length of conveyor chain tension at four
different levels of capsule moisture content. Optimum performance was gotten at threshing drum speed, feed
rate and length of conveyor tension of 31.43 m/s, 20kg/min and 48mm respectively at 18.45% moisture content
of grain. The grain damage was quite minimal (1.78%). Chandrakanthappa et al., (2001) [6] also conducted test
using a asp bar type multi-crop thresher to thresh finger millet. Optimum performance as threshing efficiency of
79.61% and mechanical damage of 2.95% were obtained at 4mm concave clearance, 1000 rpm (1200m/min)
thresher drum speed and grain moisture content of 10% wet basis. Johnson (2003) [7] proposed that a thresher
should be operated at the lowest cylinder speed that will shed the most grain with acceptable levels of damage to
grain. Desta and Mishra [8] developed and conducted performance evaluation of a sorghum thresher. A
combination feed rate at three levels (6, 8, 10kg/min), cylinder concave clearance at two levels (7 and 11mm)
and cylinder speed at three levels (300r/min, 400r/min & 500r/min) were studied. Their results showed that
threshing efficiency increased with an increase in cylinder speed for all feed rate and cylinder concave
clearances. The threshing efficiency was found in the range of 98.3% to 99.9%. Sead et al., [9] evaluated a hold
paddy thresher. Cylinder speeds and crop feed rates were varied at three levels. The results obtained from the
study showed that at optimum condition of 550r/min cylinder speed, the grain damage was found to be 0.4%
while the threshing efficiency was 99.2%. Radwan et al., [10] performed study on the EI-Shams type tangential
axial flow cereal thresher as developed. It was found that increasing rotor speed tends to increase the threshing
efficiency. At air speed (4.8m/s) and moisture content (10.36%), increasing rotor speed from 500 to 700rpm
increased the threshing efficiency from 70.2 to 73.7%.

Most of these researchers performed their study on a spiked tooth drum thresher study whereas Sugjan
et al., (2002) [14] study on the effect of drum type, drum speed and feed rate states that the rasp bar drum type
showed more reduction in the proportions of material other the grain passing through the concave. Also the
frictional impact that occur on the rasp bar drum beaters which constitute threshing effect has been neglected
with more focus on impact alone. Addo et al., (2004) [15] reported that the rasp bar drum type provides more
surface area for frictional impact.

The aim of this work was to study the influence of these machine, crop and operational factors on the
thresher performance of the rasp bar drum type in-cooperating the frictional impact effect on the drum beaters.

. MATERIALS AND METHOD
To perform this study, it was necessary to identify the machine, crop and operational parameters: table
2&3 below. These parameters based on Mathematical sub-models as developed by Osueke (2011) [16] were
used because in his model development, frictional impact at the beater surface was considered. These sub-
models described the threshing loss, threshing efficiency, unthreshed grain and thresher capacity.

Threshing loss TNLy, = e
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Efficiency Efffm) =1 —e
— = —
_lq1 —[.i—l:-ﬂl.'i I.'|:
Unthreshed grain Qur=0Q|e o
Thresher Capacity (CAPTHgy) = Effpm =Q =71
Table I: Table of constants
Constants Values
—K:: Threshing Constant 120.6
¥:  Grain straw ratio 0.37
W Coefficient of friction 0.35
Table 2: Machine parameters
Parameter Dimension (m)
Cylinder diameter, D 0.33; 0.36; 0.39; 0.43; 0.46; 0.5
Cylinder width, w 0.15; 0.175; 0.190; 0.220; 0.250; 0.285
Concave length, L 0.7
Coordinate Point of impact on the
beater resolved along X-axis, @ 0.07
Coordinate point of impact on the
beater resolved along Y-axis, b 0.13
Center line distance between
adjacent concave bar &4 0.002
Table 3: Crop and operating parameters
Parameters Value/Level
Bulk density, 2 (kg/m®) 4.9,5.9,6.8,7.9;9.8,11.9
Moisture content, £ (%0 10;11;13;17;20;25
Kernel diameter, () 0.0038
Concave C|earance’ C‘Emj O01,0015,002,0025,003,0035
Cylinder speed, v(11/5) 9,11,15,18,20,24

In order to carry out the simulation process of the parameters, a computer aided software written with
visual basic programming language was developed based on the performance sub models [16]. The simulation
was done in such a way that the parameter whose effect is to be studied is varied at six different levels, while the
other parameters are kept constant. The values of the machine, crop and operating parameters are as shown in
table 1 & 2. The flow chart of the developed model is shown in figure 2 below.
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Fig. 2: Flow chart of the developed model

1. RESULT AND DISCUSSION
After performing the simulation, the best outputs for the various parameters are shown in table 4-8 below.
Table 4: Output for the effect of cylinder speed variation

V| GM| »p Q c p | TE(%) | TNL(%) | CAPTH(Kg/hr) | UT(Kg/s)
9 | 18 | 11.9|0.14 | 0.015| 0.35 | 40.71 59.29 75.92 0.083
11| 18 | 119 0.14 | 0.015 | 0.35 | 47.21 52.79 88.05 0.074
15| 18 | 11.9 | 0.14 | 0.015 | 0.35 | 58.16 41.84 108.45 0.059
18| 18 | 11.9 | 0.14 | 0.015 | 0.35 | 64.85 35.15 120.93 0.049
20| 18 | 119 0.14 | 0.015 | 0.35 | 68.7 31.3 128.12 0.044
24| 18 | 119 0.14 | 0.015 | 0.35 | 75.19 24.81 140.22 0.035
Table 5: Output for the effect of feed rate variation
Q p |GM | v | c| p | TE(%) | TNL(%) | CAPTH(Kg/hr) | UT(Kg/s)
012 | 68| 25 | 240 ] 04 | 9332 6.68 149.155 0.008
013 | 68| 25 | 240 ] 04 | 90.88 9.12 157.37 0.012
015 | 68| 25 |24 |0 | 04 | 85.73 14.27 171.3 0.021
017 | 68| 25 |24 |0 | 04 | 80.62 19.38 182.55 0.033
019 | 68| 25 | 24|10 ] 04 | 7577 24.23 191.77 0.046
023 |68 ] 25 | 24]10]04 ] 67.19 32.81 205.86 0.076
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Table 6: Output for the effect of concave clearance variation

C vV | p Q |GM| u TE(%) | TNL(%) | CAPTH(Kg/hr) )
001 |24 |12]0.08| 25 | 0.35| 99.99 0.01 306.36 4E-10
0.015| 24 |12 | 008 | 25 | 0.35| 93.18 6.82 290.23 8E-05
002 |24 |112]0.08 | 25 | 0.35| 85.26 14.74 270.11 0.0015
0.025| 24 |12 | 008 | 25 | 0.35 73.86 26.14 258.34 0.016
003 [ 24 | 12| 0.08 | 25 | 0.35 60.21 39.79 226.28 0.06
0035|224 |12 | 008 | 25 | 0.35| 4244 57.56 190.1 0.132
Table 7: Output for the effect of bulk density variation
P v Q | GM c p | TE(%) | TNL(%) | CAPTH(Kg/hr) | UT(Kg/s)
49 | 24 1023 | 20 | 0.015|0.35| 72.35 27.65 221.64 0.064
59 |24 | 023| 20 | 0.015|0.35 | 78.73 21.27 241.19 0.049
6.8 124 |023| 20 | 0.015|0.35| 83.2 16.8 254.89 0.039
79 |24 1023 | 20 | 0.015|0.35 | 87.41 12.59 282.93 0.029
9.8 | 24 1023 | 20 | 0.015 | 0.35 | 92.35 7.65 282.93 0.018
119 | 24 | 023 | 20 | 0.015 | 0.35 | 95.59 441 292.86 0.01
Table 8: Output for the effect of grain moisture content variation
GM | p | V]| Q c p | TE(%) | TNL(%) | CAPTH(Kg/hr) | UT(Kg/s)
10 | 49| 9 |0.08|0.015|0.35| 79.96 20.04 85.21 0.016
11 | 49| 9 |0.08|0.015|0.35| 83.24 16.76 88.7 0.013
13 |49] 9 |0.08]|0.015| 0.35 | 88.27 11.73 94.06 0.0094
17 | 49| 9 |0.08|0.015| 0.35 | 94.26 5.74 100.44 0.0046
20 |49 9 ]0.08|0.015]|0.35| 76.3 23.7 91.27 0.0082
25 [ 49| 9 |0.08|0.015|0.35 | 42.76 57.24 70.44 0.012

Also a plot of their effect on the performance as regards threshing efficiency, threshing loss and
thresher capacity are shown in figure 3-12 below.

Losses (36)

10

Velocity (m/s)

15

45 -
40 -
35
30 -
25 -
20 -
15 -
10 -

10 15

Velocity (m/s)

Fig. 3: Effect of cylinder speed on threshing efficiency and (b) losses

It was discovered that:
For cylinder speed, as the velocity increases, the threshing rate increases. Efficiency of separation was
improved by increasing the cylinder speed. This can probably be explained on the basis that at higher velocity
thinning of the crop material occurs and this gives greater opportunities for threshed materials to penetrate the
straw mat. The general level of losses decreased with increase in cylinder velocity. This could be explained
since level of losses is related to energy imparted to the crop during threshing,

20 25
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Fig. 3. The amount of grain threshed per unit time (Capacity) increased with velocity, and flow rate of the
unthreshed grain was found to be vice versa. Fig. 4

. When feed rate increases, threshing efficiency decreases. The reasons being that for a high feed rate,
the threshing rate is less and the kernels, would take longer time to travel through the mat. Furthermore the
concept of energy balance employed by Bittner et al, (1968) [17] is expressed by
Eimpact = Eabsorbed by cushion + Eabsorbed by specimen + Erebound

Using the above equation to explain fig 5, it can be deduced that at low feed rate, the energy available
at the threshing drum are absorbed by the grains for the removal of the kernel heads from the stalks, then as feed
rate increases, more grains cluster within the threshing drum which reduces the individual energy absorbed by
the grains, while increasing the cushioning effect thereby reducing efficiency. At a feed rate of 0.01Kg/s the
energy absorbed by cushioning, Energy absorbed by the grains and energy of rebound of grains are at a state of
equilibrium. This leads to a biphasic graph depicting a phase of high reduction in threshing energy and the other
a phase of high cushioning. An increase in the feed rate resulted in an increase in threshing losses (Fig. 5b.).
This might be due to the fact that the level of losses is related to cushioning effect by the crop during threshing.
At higher feed rate crop stream between cylinder and concave becomes denser. Also upon critical observation it
was discovered that a mirror effect of fig. 5 is produced, since Eff = 1 — losses and Losses = 1 — Eff. So it
implies that as efficiency reduces, losses increases which explains its biphasic nature depicting a high reduction
in threshing energy while increasing cushioning effect. The capacity of the system was found to increase while
the feed rate increases. This is because an increased flow of panicle into the system automatically demands an
increased yield of grain. The flow of unthreshed grain was found to increase with increase in feed rate which
could be explained by the losses phenomena. This means that a grain will thresh more perfectly if it has more
grain to grain allowance within the threshing cylinder. The statistical analyses are shown below.
. Increasing the bulk density increases the threshing efficiency (Fig. 7). This might be due to the crop
stream between the cylinder and the concave becoming denser, thus providing less cushioning for the grains,
since volume flow rate is expressed as feed rate divided by material density. The losses decreased as bulk
density increased thus revealing a true image of the efficiency picture (fig. 7b). The thresher capacity increased
as bulk density increased (fig. 8). Also the flow of unthreshed grain was found to decrease as the bulk density
increased(fig 8b).
) Decreasing the concave clearance resulted in increased threshing efficiency and thresher capacity (Fig.
9&10), while an increase in concave clearance led to an increase in threshing losses and flow of unthreshed
grain (Fig 9b&10b). Decreasing concave clearance may have increased the chance of a grain being struck by the
bar or spike and increased the chance of multiple impacts to the grain before it passed from the threshing zone.
. Since the best threshing operation is obtained at a moisture content of 17%. It was found that
increasing the moisture content resulted in increased threshing efficiency to 17% level and then subsequent
reduction (Fig. 11) The losses were found to decrease until the 17% level thereafter started increasing (Fig. 11b).
A similar effect on the efficiency and losses was observed in the capacity and unthreshed grain cases
respectively (Fig. 12&12b).

V. CONCLUSIONS
Machine, crop and operating parameters have been a key factor in the performance of cereal threshers
as shown in this work. The following premises were drawn from this study:
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. As the cylinder speed increases, the threshing efficiency increased, the threshing loss reduced, the
thresher capacity increased while the unthreshed grain rate reduced. minimum grain loss of 4.41% was observed
at a cylinder speed of 24m/s

. Increase in feed rate had a negative effect on the thresher model. Feed rate of 0.23kg/s showed to be
most suitable with performance characteristic of 95.59%, 4.41% losses, 292.86kg/hr capacity and unthreshed
grain rate of 0.01kg/s.

o A concave clearance of 0.01m was found most ideal for the threshing system given a yield of 99.99%
threshing loss, 306.36kg/hr thresher capacity.

. The most acceptable bulk density of cereal for threshing operation as suggested by this study is 11.9%.
This had an impressing result on the thresher performance.

. For efficient threshing operation, a moisture content of 20%(wb) is advised. This value of moisture
content showed a realizable threshing performance in agreement with Osueke (2011) [16] experimental model.
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