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Abstract

Traditional grain cleaning methods are labor-intensive, time-consuming, and yet very inefficient. The use of available
mechanical seed cleaners is widely limited since they are expensive to own, operate, and maintain. A Pedal Operated
Seed Cleaner (PoS-Cleaner) was developed and its performance evaluated. Appropriate engineering principles and
methodologies were used in the sizing and construction of the machine. The cleaner consists of a bicycle-like pedaling
system, hopper, a centrifugal fan, and three cleaning sieves which include two inside interlocking sieves (one sieve fixed
and the other adjustable); whose meshes can be adjusted to be larger than the size of the unclean seeds by longitudinally
translating the second sieve to achieve the appropriate seed size. This allows trapping of impurities larger than the seeds.
Cleaning rates of 576.5 kg/h, 375.8 kg/h, and 377.4 kg/h for maize, beans, and groundnuts were obtained respectively.
Maize, beans, and groundnuts had their highest cleaning efficiencies of 95.09%, 87.61%, and 81.67% at inner sieve sizes
of 13 mm, 16 mm and 10 mm respectively, pedaling speed of 60 rpm. The PoS-Cleaner presents a more viable cleaning
option for smallholder farmers in rural and remote areas with no access to the national grid, therefore producing high-
quality seeds. This will eventually facilitate agricultural value addition and increase individual family incomes in Uganda.

Article highlights

e A pedal operated multi-seed cleaner was developed. e Attained higher separation efficiencies of seed and
o Achieved 5 times higher seed cleaning rates compared externalities compared to traditional technologies.
to traditional cleaning technologies.
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1 Introduction

Grains constitute the greatest portion of daily diets
for many populations worldwide [1]. They are a major
source of carbohydrates, but also provide proteins, fiber,
as well as micronutrients such as vitamins and minerals
[2, 3]. Uganda produces both cereal and legume grains.
By acreage, the latest agricultural census conducted in
2008/2009 revealed that cereals cover the largest area of
cultivated land in Uganda with over 1.7 million ha while
pulses cover close to 980 thousand ha of land [4, 5]. How-
ever, post-harvest losses continue to be a major chal-
lenge in Uganda. According to FAO, WFP and IFAD [6],
critical losses at the household level, an average of 67 kg
of beans and 590 kg for maize are lost per year leading to
an annual financial loss of US$ 14.5 and US$110 respec-
tively. The Ministry of Agriculture, Animal Industry, and
Fisheries (MAAIF) also partially attributes food insecurity
in Uganda to poor post-harvesting handling [7]. Post-
harvest losses due to quality losses remains one of the
most neglected paths through which grains are lost. The
ultimate quality of the finished product, storage stability,
organoleptic properties, safety from health hazards, and
consumer acceptance depends on the cleaning process.

Cleaning is one of the important post-harvest steps
that aids storage, processing, quality control, and pest
management. However, grain cleaning is mainly done
using rudimentary manual methods. For instance, major-
ity farmers in Uganda have continued to use their con-
ventional cleaning techniques such as winnowing trays
and screens for cleaning maize even with huge maize
yields. Not only do these methods contribute to poor
post-harvest handling, but they are also tedious, labor-
intensive, time-consuming [8]. Manual cleaning methods
are also characterized by low capacity, high inconsisten-
cies, and low cleaning efficiency since they depend on
human perception [9]. Therefore, cleaning operations
could best be improved with the use of mechanical
cleaning equipment. However, the available imported
cleaners are energy demanding, complex to repair, and
expensive in terms of ownership, operation, and main-
tenance. Also, the locally-manufactured grain cleaners,
though relatively cheap, are often designed for cleaning
a single type of seeds. For instance, the Pedal Operated
Maize cleaner (PoM-Cleaner) which was developed in
2018 had an efficiency of 83.1% with Longe 1 H maize
variety [8]. This, therefore, excludes other maize varieties
as well as other grains that need to be cleaned before
selling them.

Therefore, there is a need for a single-multipurpose
grain cleaning system to alleviate the bottlenecks for
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grain cleaning among smallholder farmers. This study
aimed to develop a novel Pedal-Operated Seed (PoS-
Cleaner) cleaning technology that will facilitate cleaning
a variety of seeds, increasing efficiency of seed cleaning,
and consequently reducing post-harvest losses. With this
technology, farmers will use the saved time to attend to
other economic activities. The PoS-Cleaner will enable
farmers in rural and remote areas that have no access to
the national grid to equally produce high-quality seeds,
therefore facilitating agricultural value addition. This
may also increase the individual family incomes. The use
of PoS-Cleaner may provide a viable cleaning option for
smallholder farmers, who contribute over 80% of the
country’s farming population [10]. This may eventually
increase their productivity to match the medium and
large-scale farmers.

The structure of this article is as follows: Sect. 1 is the
introduction explaining the need and the rationale of
the study. Materials and methods for the design, devel-
opment and performance evaluation as well as the strat-
egy for upscaling and adoption are presented in Sect. 2.
Section 3 presents the results and discussion in relation
to the existing literature while Sect. 4 is on conclusions.

2 Materials and methods
2.1 Machine description

The PoS-Cleaner (Fig. 1) is an adapted and upgraded
design of the pedal-operated maize grain cleaner [8];
developed to clean not only maize but also all other
seeds of size diameter 6.6-18 mm. The PoS-Cleaner is
tailored to significantly remove foreign materials such
as chaff, stones, dust, and other crops from the desired
seeds. The cleaner consists of a bicycle-like pedaling sys-
tem, hopper, a centrifugal fan, and three cleaning sieves.
The three sieves consist of the outer fixed sieve and
the two inside interlocking sieves that can be adjusted
depending on the size of grains to be cleaned.

During operation, the unclean seeds are fed into the
hopper which then flows down gravitationally. At this
stage, light foreign materials are blown off by the cen-
trifugal fan. This first separation stage utilizes the dif-
ference in aerodynamic property of the materials being
separated. After, the seeds are channeled to the rotary
sieves for further separation. The fan and sieve rotary
motion derived from pedaling supports seed continu-
ous movement through the sieves due to gravity and
centrifugal forces. Clean seeds are then collected in one
receptacle through the seed outlet.
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Fig. 1 Assembly of the Pedal Operated Seed Cleaner

2.2 Design of the pedal-operated seed cleaner
components

2.2.1 Hopper

The hopper shape is of a square-base pyramid frustum.
The volume of the hopper was determined using Eq. (1)
Hopper capacity for the different grains was determined
using Eq. (2) [8].

V="2(A, +A, + /(A XA,) (1)

M=pxV 2)

where V is the volume of a hopper (m3), h is the height of
the hopper (m), A, is the area of the top part of a hopper
(m?), A, is the area of the bottom part of the hopper (m?)
and p is the density of the grain.

2.2.2 Trommels (Rotating sieves)

Figure 2 shows the three sieves that rotate in tandem
whereby two inner sieves are meshed together and can
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Big chaff
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Fig.2 Sieves rotating in tandem

be adjusted longitudinally to vary the mesh hole size. This
flexibility of adjusting the mesh hole sizes allows grains of
varying sizes to be cleaned. To ensure higher cleaning effi-
ciency from the trommels (rotary sieves) length, diameter,
speed, and angle of inclination were the major parame-
ters considered [11, 12]. The desired operating speed of
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trommels was computed relative to the critical speed, the
speed at which a centripetal acceleration of 9.8 m/s? at
the screen surface is achieved [13]. According to Mayanja,
Kigozi, Kawongolo and Brumm [8], the best operating
speed of the rotating sieve ranges from 33 to 45% of the
critical speed. Critical speed (N,) was determined from the
sieve radius using the relationship in Eq. (3) [13].

_30 /_g
Nc_zr Rsin® 3)

where N_is the critical angular speed of the sieve (rpm); R
is the radius of the sieve (m); g is the acceleration due to
gravity (m/s?); 8 is the maximum angle of lifting approxi-
mated to be the angle of friction (degrees).

2.2.3 Belt and pulley design

The Pedal Operated Seed Cleaner has two pulleys with a
belt connection to transmit power from the chain drive to
the trommels (Fig. 3). The diameter of the pulley is given
by the relationship in Eq. (4) while the length of the belt
(L) depends on the diameter of the driven and driving pul-
leys and the center distance between the pulleys given
by the relationship in Eq. (5). Center distance (C) between
two adjacent pulleys (m) was determined by Eq. (6) [15].
Tension in the tight side of the belt (T}) is created on that

Pulley and Belt
drive

Driver sprocket

Fig.3 The drive mechanism
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section of the belt approaching the driver pulley. Tight
side tension is a function of both maximum tension and
centrifugal tension. Tight side tension is given by Eq. (7).
Slack side tension is created on the section of the belt
approaching the driven pulley. The slack side tension (T,)
of the belt is given by Eq. (8). The power required in trans-
mitting the belt (P,) was determined using Eq. (9). Equa-
tions to determine the other parameters defined in here
can always be found in Khurmi and Gupta [14].

2= (4)
L=2C+157(d, +d,) + @9 (5)
C= 2% 44, ©6)
T =Thax— Tc (7)
2.3log (%) = uffcscP (8)
Py = (T, —To)v ©

where d, is the diameter of the driver pulley (m), d, is the
diameter of the driven pulley (m), N, is the speed of the
driver pulley (rpm), N, is the speed of the driven pulley
(rpm) and C is the center distance between two adjacent
pulleys (m) T, .« is the maximum allowable tension in the
belt (N), T. is the centrifugal tension in the belt, 8 is the half
groove angle (degrees), @ is the angle of lap on the smaller
pulley (radians), u is the angle of friction between the belt

and the pulley (unitless),v is the speed of the belt (m/s).
2.2.4 Sprockets and chain drive design

The driver and driven sprockets are connected through a
chain as shown in Fig. 3. The driven sprocket (small) runs
at the same speed as the driver pulley in the belt-pulley
arrangement. The driver sprocket (Big) runs at a speed
determined by the relationship given by Eq. (10). The
length of the chain (L) was determined using Eq. (11) The
power transmitted by the chain (P,) based on breaking
load was determined using Eq. (12). Equations to deter-
mine the other parameters defined in here can always be
found in Khurmi and Gupta [14].

NsTs = NbTb (10)

Lc=Kp (1m)
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Pp=re (12)
where N, is the speed of rotation for the small sprocket
(rpm), Ny, is the speed of rotation for the big pulley (rpm),
T, is the number of teeth for the small sprocket, T, is the
number of teeth for the big sprocket, K is the number of
chain links, p is the pitch of the chain, C_is the center dis-
tance between the sprockets (mm), W,, is the breaking load
(N), n is the factor of safety, v. is the velocity of the chain,
and k; is the service factor.

2.2.5 Power required to operate the machine

The total power required to run the machine was calculated
by summing the power required in transmitting the belt and
the chain given by Eq. (13).

P=P, +P (13)

2.2.6 Design of Sieve shaft

The diameter of the shafts was ascertained mathematically
using Eq. (14). The angle of twist was used to establish if
the shaft was safe. The angle of twist was determined using
Eg. (15) according to Olusegun et al. [16]. Equations to deter-
mine the other parameters defined in here can always be
found in Mayanja et al. [8].

D* = 151 /(KsMg)? + (K¢ M)’ (14)
_ 58am,L
0= GD4T (15)

where D is the diameter of the shaft (m), K is the com-
bined shock and fatigue factor applied to bending
moment, K; is the combined shock and fatigue factor
applied to torsional moment, 7, is the allowable shear
stress for bending and torsion (N/m?), Mg is the maximum
bending moment (Nm), My is the torsional moment (Nm) 6
is the angle of twist (degrees), M is the torsional moment
(Nm), G is the torsional modulus of rigidity (N/m?), Lis the
length of the shaft (m).

2.2.7 Design of centrifugal blower

A blower is used to move the air constantly with a slight
increase in static pressure to allow for separation of the
grain-chaff mixture. The blower air discharge was estimated
using the expression of continuity as given by Eq. (16) [16].

Q=AN (16)

where Q is the air discharge (m3/s), A, is the area of the
blade (m?) and V is the velocity of air (m/s) produced form
the blower.

2.3 Performance evaluation of the PoS Cleaner
machine

The performance of the machine was evaluated using
maize, beans, and groundnuts as they are the most com-
monly grown grains in Uganda. Mixtures of known weights
of maize, beans, and groundnuts and undesirable materi-
als (Table 1) were fed into the machine. During the opera-
tion of the machine, the clean grains were collected at the
clean seed outlet while undesired material was collected
at the chaff outlet. Parameters including Separation loss
(SL), separation efficiency (SE), cleaning loss (CL), cleaning
efficiency (CE), cleaning rate (CR), seed damage (SD), and
total cleaning efficiency (TCE) were used to establish the
performance of the PoS Cleaner.

The weight of the undesired material to be mixed with
grains was determined in triplicate using a well-calibrated
digital weighing scale. Samples for the three grains (maize,
beans, and groundnuts) were prepared in three replicates.
The three weighed grain samples were then thoroughly
mixed with known quantities of the undesired material.
A single batch of grain-undesired materials mixture was
then fed into the machine for cleaning. A stopwatch was
immediately started. At the end of the run, the stopwatch
was stopped and the time taken to clean the sample was
recorded. The material collected at the clean seed outlet
was sorted into the clean grain and the undesired mate-
rial. The weight of the clean grain and undesired material
collected at the clean seed outlet was then determined
using a digital weighing scale. The process was repeated
for all the prepared samples.

2.3.1 Separation loss (SL) and separation efficiency (SE)

The separation loss (SL) was determined as the proportion
of the total weight of material other than desired seeds
collected at the clean seed outlet to the total weight
of undesired material fed into the machine as given by
Eq. (17). Separation efficiency explains the extent to which
impurities are effectively removed from the mixture.

Table 1 Proportions of gain and undesired material used in perfor-
mance evaluation

Grain materials Maize Beans Groundnuts
Mass of grain (kg) 10 10 10
Mass of undesired 0.608 1.635 0.627
material (kg)
SN Applied Sciences
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Separation efficiency is defined as the ratio of the amount
of undesired material separated in the cleaning system to
the amount of undesired material to be separated fed into
the cleaning system. Separation efficiency (SE) is given by
Eq.(18) [17].

SL:(%)XWO (17)

_(W—w
SE = (%) x 100 (18)
where W, is the weight of undesired material mixed with
clean seed before cleaning (kg) and W, is the weight of
undesired material that is collected at the clean seed out-
let after cleaning (kg).

2.3.2 Cleaning loss (CL) and cleaning efficiency (CE)

Cleaning loss determined the amount of grain left behind
with the machine. Cleaning loss is the ratio of the weight
of grain lost during the process of cleaning to the weight
of grain fed into the machine as shown in Eq. (19). Cleaning
efficiency is the measure of the extent to which gains are
separated from the mixture. The cleaning efficiency was
determined using Eq. (20) [17].

L= (%)xmo (19)

3

W,
CE=<W—‘3‘>><100 (20)
where W; is the weight of clean seeds mixed with unde-
sired material before cleaning (kg) and W, is the weight of
clean seeds collected at the clean seed outlet after clean-
ing (kg).

2.3.3 Cleaning rate (CR)

Using a stopwatch, the time taken to clean 10 kg of the
grain was taken and recorded. The experiment was done in
three replications for each of the grain samples. The clean-
ing rate for the machine was determined using Eq. (21).
In addition, data was collected from farmers whom the
cleaners had been distributed to regarding quantities
of produce cleaned and time taken. This data was used
to plot a graph from which the actual cleaning rate was
approximate.

CR = (&;’Ws)xmo Q1

where T is the time taken to clean a sample (s).
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2.3.4 Seed damage (SD)

This determines the extent to which seeds are damaged
in the process of cleaning. A 1 kg sample of grain was
weighed and fed to the cleaning machine. The cleaning
was then done and the grain collected at the outlet was
sorted into whole and damaged seeds. The weight of dam-
aged seeds was taken using a digital weighing scale. The
experiment was done in three replications. Seed damage
(SD) was determined as the proportion of the weight of
damaged seeds after cleaning to the total seeds fed into
the machine as given by Eq. (22) [18].

W,
SD = Wi X 100 (22)

where Wy, is the weight of grain damaged after cleaning
(kg), Wy is the weight of grains fed into the machine (kg).

2.3.5 Total cleaning efficiency (TCE)

The total cleaning efficiency is the product of the effi-
ciency of recovery of desired seeds and the efficiency of
separation of undesired material given by Eq. (23) [19].

_ SEXCE
TCE = "0 (23)

2.3.6 Optimization of the cleaning process

The geometric mean diameter was used to estimate the
grain size. A sample of 25 grains was picked from maize,
beans, and groundnut batches. Using a vernier caliper,
the grain dimensions (length, width, and thickness) were
measured and used to calculate the geometric mean
diameter for maize, beans, and groundnuts using Eq. (24)
[20].

Size = (ax bx c)% (24)

where a is the length (mm); b is the width (mm); cis the
thickness (mm) of the grain.

The inner sieve was then adjusted based on the size of
grains. Ten kilograms of maize were mixture with known
volumes of undesirable material. The inner sieve was
adjusted to 12 mm and the mixture was then fed into
the cleaning machine after which pedaling was done at
60 rpm. This is because lower cadences are known for
lower energy demands [21]. The weight of clean maize
collected at the clean seed outlet was determined using
a digital weighing scale. The experiment was done in
duplicate and an average was taken. The same procedure
was repeated when the inner sieve was set at 13, 14, and
15 mm respectively. The respective cleaning efficiencies
were determined using Eq. (20). The process was repeated
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for beans with inner sieve holes adjusted to 14, 15, 16, and
17 mm and for ground nuts with inner sieve holes adjusted
to0 8,10, 12, 14, 16 mm. The values of cleaning efficiency
were compared to establish the highest values. The sieve
hole size at which the cleaning machine recorded the
highest cleaning efficiency was taken to be the optimal
sieve hole size for the grain while pedaling at 60 rpm.

2.4 Strategy for upscaling and adoption

To ensure upscaling and adoption of the seed-Cleaner, the
project team was composed of a community-based NGO
that works with farmers, academia and a local manufactur-
ing company. This partnership has enabled continued pro-
duction of the machines by the manufacturing company
as the NGO continues to promote the machines among
the farmers.

3 Results and discussion
3.1 Design of PoS-Cleaner components

Considering a hopper of the base side of 0.1 m and a top
side of 0.4 m and a height of 0.31 m, the volume of the
hopper was determined using Eq. (1) as 0.0217 m3. With
the density of maize, beans, and groundnuts at 720 kg/m?
[8], 1145 kg/m? [22], and 752 kg/m? [23] respectively, the
hopper capacity was found using Eq. (2) as 15.6 kg, 24.8 kg,
and 16.3 kg for maize, beans, and groundnuts respectively.

Considering the coefficient of friction of 0.805 for maize,
1.407, beans (approximated to the coefficient of friction
for soybean) [24] and 0.76 for groundnuts [25], the high-
est value of 1.407 was used for calculation of the angle of
friction. The critical speed for the inners and outer sieves
was calculated using Eq. (3) and found to be 82.8 rpm and
69.8 rpm respectively.

Considering the operating speed of the rotating sieve
to be 33% of the critical speed for the inner sieves, the
rotary speed for the driver pulley was calculated using
Eqg. (4) as 138.5 rpm. Using Eq. (6) the center distance
between pulleys was calculated as 0.343 m. The length of
the belt was calculated using Eq. (5) as 1.63 m. Consider-
ing the use of Type A V-belt with a groove angle of 34°
since the system requires low power, the cross-sectional
area of the belt was calculated using Eq. (11) as 4.2 X 1074
m?. Using maximum permissible stress for the rubber of
2.5 MPa [14], the maximum allowable tension in the belt
was calculated using Eq. (8) as 1050 N. The speed of the
belt was calculated using Eq. (10) as 0.55 m/s. Centrifugal
tension in the belt was calculated using Eq. (9) as 0.145 N.
The tension on the tight side of the belt was calculated
using Eq. (7) as 1049.9 N. Using Eq. (13), the angle of lap on

the smaller pulley was calculated as 1.96 rad. Using a coef-
ficient of friction of 0.3 for rubber-cast iron surface [14], the
tension on the slack side of the belt was calculated using
Eg. (12) as 140.2 N. The power transmitted by the belt was
calculated using Eq. (14) as 500.3 W (0.67 hp).

For a set of bicycle chain system with a small sprocket
of 20 teeth, a big sprocket of 46 teeth, and chain pitch
of grade 08B (approximately 12.7 mm), the speed of rota-
tion for the big sprocket was calculated using Eq. (15)
as 60.2 rpm. The minimum center distance between the
small and big sprockets was taken to be 40 times the pitch
according to Khurmi and Gupta [14]. The value of mini-
mum center distance was reduced by 4 making the correct
center distance 504 mm. The number of chain links was
calculated using Eq. (17) as 113. The length of the chain
was determined using Eq. (16) as 1432.56 mm. The veloc-
ity of the chain was calculated using Eq. (19) as 0.58 m/s.
Using Eq. (20), the service factor was calculated as 1.875.
Using a breaking load of 17.8 kN and factor of safety of
22.2, the power transmitted by the chain was calculated
using Eq. (18) as 248.02 W (0.33 hp). The overall power
required to run the cleaning machine was determined
using Eq. (21) as 1 hp.

Using the bending moment of 25.58 N/m and torsional
moment of 207.7 N/m, shaft diameter was calculated
using Eq. (22) as 0.034 m. A standard shaft size of 25 mm
was selected for the purpose. With a torsional modulus of
rigidity of 84 GPa for steel [14], the angle of twist for the
shaft was calculated using Eq. (15) as 6.1 degrees. The air
discharge for the blower was calculated using Eq. (16) as
0.432 m%/s.

3.2 Construction of the machine

The construction of the PoS Cleaner was done at the pro-
duction workshop of Badaye Technologies Limited located
in Kawaala, Kampala City, Uganda using well-detailed pro-
duction drawings. The construction started with the pur-
chase of requisite materials upon a proper assessment of
the designs. The materials were purchased from the local
market. Operations such as marking out, cutting of metal
pieces, bending, welding, drilling, grinding, assembly, and
painting were done during construction.

The frame was fabricated using mild steel (MS) with
angle lines of 40 x40 x4 mm and square hollow sections
of 40 x40 x 3 mm. The hopper, fan, and fan housing were
fabricated using mild steel sheets (1.2 mm thick). Mild
steel was selected because of its high durability strength,
affordability and it is the most available metallic material
in the local market. Aluminum sheets (6.5 mm thick) were
used for the development of the two-inner sieves using
the Computer Numerical Control (CNC) machining tech-
nologies. The pedal system was adopted from the bicycle
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frame design (Roadmaster Bicycle Frame) with a saddle
and chainring which assured stability and comfortability.

3.3 Performance evaluation
3.3.1 Separation loss (SL) and separation efficiency (SE)

Generally, SL was relatively low for cereal grains compared
to legume grains. The SE was however higher for cereals
compared to the legume grains as shown in Table 2. The
SL for the PoS-Cleaner was found to be 4.55%, 11.44%,
and 16.91% for maize, beans, and groundnuts respectively.
The SE was found to be 95.45%, 88.56%, 83.09% for maize,
beans, and groundnuts respectively. This indicates that the
PoS-Cleaner separates undesired material more effectively
from the mixture with maize grains compared to the beans
and groundnuts. From Mayanja et al. [8] design, 8% sepa-
ration loss for maize was obtained indicating that this PoS-
Cleaner is better.

3.3.2 Cleaning loss (CL) and cleaning efficiency (CE)

The CL was low while CE was higher for all grains as
depicted in Table 2. The CL was found to be 0.383%,
1.087%, and 1.73% for maize, beans, and groundnuts
respectively. The CE was 99.62%, 98.92%, and 98.3% for
maize, beans, and groundnuts respectively. These efficien-
cies are much higher than the 87% registered by Mayanja
et al. [8]. This indicates that the machine has a higher abil-
ity to separate grains from the undesired material for both
cereal and legume grains.

3.3.3 Cleaningrate (CR)

The CR rate for maize, beans, and groundnuts was found
to be 576.5 kg/h, 375.8 kg/h, and 377.4 kg/h respectively
(Table 2). The CR is slightly higher for maize compared
to beans and groundnuts. Beans and groundnuts have
almost similar CR. This could be attributed to grains shape
similarities that exist between bean and groundnuts. This
means that the same machine can effectively clean more
maize grains than beans and groundnuts for the same
cleaning period. In addition, data collected from farmers

Table 2 Results for the parameters for the different grains

whom the cleaners were distributed to, reveals a clean-
ing rate of 516 kg/h as shown in Fig. 4. This cleaning rate
is not far from that achieved under specified conditions.
These rates are 3-5 times higher than the rate reported
by MAAIF [26] for an individual when using the conven-
tional cleaning methods. However, when compared with
what Mayanja et al. [8] developed, the rate of cleaning falls
short by 146 kg. This probably is due to the three separat-
ing sieves in this cleaner causing seeds to take a longer
time before coming out compared to one sieve that is in
Mayanja et al. [8] cleaner.

3.3.4 Total cleaning efficiency (TCE)

From Table 2, the TCE was relatively higher for maize with
95.08% followed by beans and groundnuts at 87.61%
and 81.68% respectively. This is attributed to the higher
values of CE and SE for maize compared to beans and
groundnuts. The higher values for maize indicate that the
machine can effectively separate undesired materials from
the maize grain compared to bean and groundnuts.

3.3.5 Seed damage (SD)
Seed vigor and viability are critical characteristics for

the germination of any seed [27]. Vigor and viability are
greatly affected by seed damage. Mechanical cleaning
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Fig.4 Quantities of maize cleaned with respect to time taken by
different farmers

Grain SL (%) SE (%) CL (%) CE (%) CR (kg/h) TCE (%) SD (%)
Maize 4.55+0.191 95.45+0.191 0.383+0.047 99.62+0.047 576.5+41.92 95.08+0.146 0.33+0.058
Beans 11.44+0.582 88.56+0.582 1.087+0.045 98.92+0.045 375.8+21.5 87.61+0.592 0.00
Groundnut 16.91+1.416 83.09+1.146 1.73+£0.557 98.30+0.539 377.4+36.09 81.68+0.954 0.87+0.153

SL separation loss, SE separation efficiency, CL cleaning loss, CE cleaning efficiency, CR cleaning rate, TCE total cleaning efficiency, SD seed

damage
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leads to damage of seeds and reduces their quality. The
results indicate that SD for all grains is less than 1% for all
grains as compared to the 2% obtained by Mayanja et al.
[8] (Table 2). This substantiates that the machine can effec-
tively be used for cleaning planting material as it guaran-
tees seed quality in terms of vigor and viability.

3.3.6 Optimization of the cleaning process

Figure 5 shows the variation of cleaning efficiency with
sieve size. It is observed that the cleaning efficiency is ini-
tially low but increases with increasing sieve size for all
grains. The low CE at smaller sieve sizes is attributed to the
inability of the grains to fall through the sieve, therefore
ending up in the chaff. At a very large sieve size, the CE is
observed to reduce for all grains. This could be a result of
excessive infiltration of the undesired materials into the
grains, which is eventually collected at the clean grain out-
let. Upon optimizing the sieve size for the different grains,
results indicate that maize, beans, and groundnuts had
their highest CE of 95.09%, 87.61%, and 81.67% at the
inner sieve size of 13 mm, 16 mm, and 10 mm respectively.

4 Conclusions

A Pedal operated seed-Cleaner (PoS-Cleaner) with a
cleaning rate of 3-5 times higher than the conventional
seed cleaning methods was designed, developed and
the tested. This presents a better alternative compared
to the trays, baskets and sieves that were associated with
drudgery, dust exposure and postharvest losses as a result
of inefficiencies. Therefore, continued promotion of this
cleaner would result in to timely cleaning operations,

Sieve size (mm)

& Maize XBeans & Groundnuts

quality produce, dust free environment and in the long
run increase incomes.
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