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Abstract
A maize threshing and shelling machine was modified and constructed using locally
available materials. The new machine consists of cob thresher positioned directly below the
hopper. The rippers are made up of two parts, one part is fixed to the inner frame of the
machine and the other half attached to the driving shaft. Also spirally fixed on the driving
shaft are 20 pieces of 12mm diameter mild steel beaters. The grain screen is located just
below the beaters while the electric blower is placed under the screen before the grain
chute. Separate exit channels were created for the chaff and cobs to ensure adequate
cleaning. The performance evaluation results of the machine shows that the machine
performed optimally at a machine speed of 480-550 rpm and 12% moisture content (wet
basis) of the maize. The throughput capacity and mechanical efficiency of the machine was
found to be 650kg/hr and 91.05% respectively with a grain cleaning efficiency of 97.21%.
The percentage of shelled grains was found to be 92% while percentage unshelled was
1.3% with 4% of broken grains.
Keywords: Modification, threshing, Shelling, Maize, Mechanical efficiency, Cleaning.
1. Introduction
Maize (Zea mays subsp. Mays) also known as corn and Okar in Igbo, is a large grain plant
first domesticated by indigenous peoples in southern Mexico about 10,000 years ago
(Piperno, 2011). Maize has become a staple food for the ever growing human population in
many parts of the world, with total production surpassing that of wheat or rice (Ranum, et al,
2014) Besides the food values for man and farm animals, maize also serve as basic raw
materials for the production of corn ethanol, corn starch, corn syrup, beverages, food
sweeteners and more recently, biodiesel fuel (Okaka,1997; Linda, 2013). The domestic and
industrial values of maize have generated a lot of interest globally that the need for further
studies on its processing cannot be over emphasized. The major steps involved in the
processing of maize after harvesting include: drying, de-husking, shelling, storing, and
milling. Processing of agricultural products like maize into quality forms not only prolongs
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the useful shelve life of these products but ensures the availability of the product all year
round. In Nigeria, maize and its by-products do not only constitute a staple food for the ever
increasing population but, it constitutes about 60% by weight of most of livestock feed
formulations (Oni, & Ali 1986).
One of the major post-harvest challenges in maize is shelling. Harvested maize are
traditionally shelled by hand or by beating sacks stuffed with maize cobs with wooden flails
(Ogunwede, 2003). These traditional methods of shelling maize are time wasting,
hazardous and associated with lots of drudgery. Nwakaire, et al, (2011) reported that a
worker can hand shell only 21.1kg/hr. There have been concerted efforts in the past to
develop machines for maize threshing and shelling as reported by (Abdulkarim and Kalkat,
1987; Adegbule, 2003). These machines have their challenges ranging from non adoptability
to the species and maize variety in Nigeria to the high cost of the machines given Nigeria’s
economic situation.
The main objective of this study is to modify Maize threshing and shelling machine using
locally available materials such that it can handle multiple varieties of maize without presorting. This modified machine consist mainly of the hopper, the stationary and rotating
threshing disks (rippers), series of spirally fixed shelling spikes on the rotating shaft, the
grain screen and an electric blower. The machine also has separate outlets for the cleaned
grain, the husk particles and the cobs.
2.

Materials and Methods

2.1.
Materials
Some key factors considered in the selection of materials for this work include; availability of
materials in the local markets, mechanical properties of each machine part, workability of the
material, cost effectiveness and safety of the materials. Mild steel materials were selected as
it meets all the criteria considered.
2.2.
Method
The areas modified in the existing machine included; the thresher which was redesigned
from a single disc ripper to double overlapping ripper discs with a stationary and mobile
components. The existing machine had a mechanically operated cleaning fan, this was
converted to an electrically powered blower with manual air flow adjuster. The grain screen
was also redesigned to handle multiple varieties of maize without first sorting them according
to sizes. Three common maize varieties (the yellow open-pollinated varieties (ZM421A), the
white open-pollinated varieties (C-501) and the yellow hybrid variety) grain sizes were
considered in the course of this work. Due to the reported high grain breakage percentage
in the existing machine, the modified machine driving speed was reduced from about 623823rpm to 550rpm to achieve higher unbroken grains shelling efficiency. The numbers of
shelling spikes were increased from 15 in most existing machines to 20 pieces to
compensate for the reduction in speed in the modified machine. The ripper is made up of
two discs, a stationary disc and the rotating disc mounted on the machine shaft. The two
discs were positioned directly below the hopper with the ripping spikes on both circular discs
overlapping each other. The rippers were made-up of 8 numbers mild steel spikes of 14mm
diameter rods and 50mm lengths arranged in a circular formation on each disk to facilitate
overlapping movement with the rotating spikes. Twenty number shelling beaters of 12mm
diameter and 60mm lengths were arranged in spiral form on the shaft immediately after the
rippers. The spiral formation of the beaters is to facilitate the forward movement of materials
212

Chilakpu et al., Modification and Performance …

FUTOJNLS 2018 VOLUME- 4, ISSUE- 1. PP- 211 - 221

while de-seeding the cobs. The shaft is mounted on two pillow bearings at each end of the
machine. The shaft is designed with mild steel of 30mm diameter; the length of the shaft was
selected to be 1102mm, given the designed length of the machine.
2.1.1. Angular Velocity of the Shaft
The angular velocity of the shaft, force and torque requirement was determined using
Equations (1 - 3).
The angular velocity of the driving shaft (ω) is given by:

where;
N = speed of the shaft in rpm
= Pi
2.1.2. Threshing/Shelling Force Requirement
The centripetal force (F) required to thresh / shell maize within the chamber was determined
using equation 2 .

where;
F = centripetal force, (N)
m = mass of threshing spike, (kg)
= angular velocity, (rads/sec)
r = radius of the arm of the threshing spike, (m)
2.1.3. Threshing Torque Requirement
The threshing torque (T) was also determined using Equation 3.

where;
F = Force available along the threshing spike, (N)
r = threshing radius, (m)
2.1.4. Power Required for Threshing/Shelling
Using Equations (1) and (3), the power requirement (P) for threshing/shelling is determined
using Equation (4) as;
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where,
N = speed of motor in rpm
T = torque
2.1.5. Bearings Selection
The bearings were selected based on its load carrying capacity, life expectancy and
reliability (PSG Tech., 1989). Depending upon the nature of contact and size of the driving
shaft, the antifriction bearing with number code P206 was selected. The static equivalent
load (SL) of the bearing was estimated using Equation (5);

where,
SL = static equivalent load, (N)
F = Applied load, (N)
L = Load factor
2.1.6. The Sieve
The sieve was made of 920mm by 764mm mild steel sheet of 1.2 mm thickness. The holes
size drilled on the sieve were determined using venire caliper to take direct measurements of
the major, minor and intermediate diameters of each selected grain size. A total of 30
randomly selected maize grains from each of the three maize varieties were considered
giving a total of 90 grain samples. A common mean major diameter of the three selected
maize variety plus a tolerance of 0.5mm was used to drill the sieve holes. This will allow
shelled maize grains to drop freely into collection tray while the particles bigger than the
mean grains size moves-on to the material exit. The mean major diameters of the maize
grains considered were found to be 9.79mm, 10.08mm and 9.70mm for the yellow openpollinated varieties, the white open-pollinated varieties and the yellow hybrid variety
respectively. Screen holes diameter of 10.36mm was used allowing a tolerance of 0.5mm
for free fall of grains through the sieve.
An electrical blower with adjustable air flow device was used to ensure delivery of air volume
that will pneumatically separate the husk particles without carrying the grains along. Figure 1
and 2a shows the orthographic view and part diagram of the machine respectively while
plate 1 presents the constructed modified machine as shown in Figure 2b.
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Figure 1: Orthographic view of machine.

Figure 2a: Part diagram of machine.
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Figure 2b: Plate 1 Picture of the constructed machine.
3.
3.1.

Machine Performance Evaluation
Experimental Procedure

Three varieties of maize at a moisture content of 12% (wet basis) were purchased from an
open market in Owerri, Imo state. The modified machine was run at no load for 10minutes to
ensure satisfactory performance of all the parts. Four levels of machine speeds (450, 500,
550, and 600rpm) were randomly selected; also 4 different quantities of maize were
considered (20, 30, 42, and 54kg). Three trial runs were conducted on each quantity size
and this was repeated using the 4 different speed levels giving a total of 48 test runs.
Measured quantity of maize (Wt) was introduced into the machine and the time to complete
each shelling operation recorded as (Tt). The volume of air delivered by the blower was
manually adjusted below the terminal velocity of maize. From literatures the terminal velocity
of maize was found to be about 13.85ms-1 (Ghafori, et al, 2011), thus, the air velocity was
adjusted to 10.5 ms-1. The machine was turned off when no further material discharge from
the exits was noticed, thus, indicating complete action on a given test run. The averages of
the results at the various test stages were recorded. The shelled clean grains in the
collection tray were reweighed and the weight recorded as (MT) while the unshelled grains
on the cobs were manually detached and weighed (Mun).
Some basic machine parameters were evaluated to ascertain the performance of the new
machine when compared with the existing ones. The machine throughput capacity,
mechanical efficiency, shelling speed was determined using Equations (6), (7) and (8)
respectively.
3.1.1. Throughput Capacity
The throughput capacity (Tp) was calculated using Equation (6).
⁄
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where,
Wt =total weight of material handled (which includes threshed and un-threshed)
Tt = the total time taken in handling the materials.
3.1.2. Mechanical Efficiency (η)
Equation (7) was applied to determine the mechanical efficiency (η) of the machine as
follows;
η
where,
Wa = total weight of grain actually handled (output) in (kg).
Wt = total weight of grain to be handled (input) in (kg).
The shelling speed of the machine, percentage of cobs shelled and unshelled were
determined using Equations (8), (9) and (10) respectively.
3.1.3. The Shelling Speed (N2)
Shigley (1986) gave the relationship between the driven pulley speed and the speed of the
prime mover as:

where,
N1 = speed of the driver pulley,
N2 = speed of the driven pulley,
D1 = the diameter of the driver pulley,
D2 = the diameter of the driven pulley
3.1.4. The Percentage Shelled (S)
The percentage Shelled (S) was calculated from the relation as shown on Equation (9):

where,
S = Percentage Shelled (%).
Mun = Mass of unshelled grains, (kg).
MT = Mass of total grains in the sample, (kg).
3.1.5. Percentage Unshelled
After the machine shelling operation, the unshelled grains on the cobs were detached
manually and weighed the unshelled grains percentage was calculated as follows:
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where;
Mun= mass of unshelled grains, (kg).
MT = mass of total grains in the sample, (kg).
4.
Result and Discussion
4.1.
Result
The experimental results were analyzed and presented in the form of bar chart and graph for
a clearer understanding as shown in Figures 3 and 4. Figure 3 shows the shelling efficiency,
percentage unshelled and broken grains at various machine speeds. The highest shelling
efficiency of 92 % was obtained at a machine speed of 550 rpm with 1.3 % unshelled and
4% broken maize grains. At high machine speed of 600rpm, the shelling efficiency
decreased to 90 % with 1.1 % unshelled grains and 12 % broken grains. The lowest shelling
efficiency of 79 % with 4.5 % unshelled grains and 2.4 % broken maize grains was noted at
machine speed of 450 rpm.
Figure 4 presents the throughput capacity of the machine at the various considered machine
speeds. The experimental results show that the machine throughput capacity increased
steadily from 476.19 kg/hr at 450 rpm to 650 kg/hr at 550 rpm after which there was
insignificant increase in throughput capacity at a higher speed level.
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Figure 3: Chart of Shelling Efficiency, Unshelled and Broken Grain Percentages
against Machine Speed.

218

Chilakpu et al., Modification and Performance …

Throughput Capacity (kg/hr.)

FUTOJNLS 2018 VOLUME- 4, ISSUE- 1. PP- 211 - 221

800
700
y = 482.2x0.2509
R² = 0.9771

600
500

Throughput
(kg/hr)

400
300

Power
(Throughput
(kg/hr))

200
100
0
450

500

550

600

Machine Speed (rpm)

Figure 4: Throughput Capacity against Machine Speed
4.2.
Discussion
Performance evaluation of the modified machine was carried out and the obtained results
were analyzed using relevant mathematical equations, bar charts and graphs. Optimal
performance evaluation result of the machine show that at a machine speed of 550 rpm and
12% moisture content (wet basis) of the maize, the throughput capacity and mechanical
efficiency of the machine were found to be 650kg/hr and 91.05% respectively. The
percentage of shelled grains was found to be 92% while percentage unshelled was 1.3%
with 4% of broken grains.
Figure 3 presented a fairly increasing trend in grain shelling efficiency for most of the speed
levels, with the highest value of 92% at the 550rpm speed. It was noted that the percentage
of unshelled grains (1.3%) was at its lowest recorded level at this speed which also recorded
the lowest level of broken maize grain of 4%. At the speed of 600rpm, the shelling efficiency
dropped to 90% with 1.1% unshelled grains and 12% broken grains. These results favored
the choice of 550rpm machine speed as the optimal speed for the modified machine.
Similarly, Figure 4 compared throughput capacity at the various speed of the machine, the
trend of the graph show a steady increase in throughput capacity with increase in speed
level up to the speed of 550rpm. After this speed level, it was noticed that the increment in
value of the throughput capacity was almost insignificant. This gave a technical indication of
the a optimal throughput capacity of the machine. A power regression of the trend line gave
an R2 of 97.7% and a regression equation for the trend was developed as stated in
Equation. 11.
y = 482.2x0.250

(11)

where; Y = throughput capacity of the machine .
X = the speed of the machine in revolution per minutes
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The results of this work compared favorably with result of the work of Aremu, et.al (2015)
which recorded throughput capacity and shelling efficiency of 623.99kg/hr and 87.08%
respectively and cleaning efficiency of 97.89% when maize at 13% moisture content wet
bases was used at a shelling speed of 623-823 rpm. The improved performance of the
modified machine among other factors could be as a result of the reduced shelling speed,
lower maize moisture content which enhanced the detachment of the grains from the cobs
and the two separate stages used in the threshing and shelling operation. The electric
blower with adjustable air flow device enabled proper selection of cleaning air velocity of
10.5m/s to achieve clean shelled maize grains.
5.
Conclusion
A maize threshing and shelling machine was modified and constructed using locally
available materials. Three locally available varieties of maize; the yellow open-pollinated
varieties (ZM421A), the white open-pollinated varieties and the yellow hybrid variety (C-501)
were used for the machine performance evaluation experiment. Further evaluation of this
machine could be done using other maize varieties. Some parameters like threshing speed
and sieve size could be slightly adjusted to handle threshing and shelling of other agricultural
grains. The machine evaluation gave improved results when compared to similar works done
in this area in the past, the modified machine will enable maize farmer thresh and shell their
produce with less difficulties.
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