
Journal of Ghana Science Association, Vol. 17, No. 2, December, 2017

DEVELOPMENT AND PERFORMANCE EVALUATION OF A MECHANIZED TWO PLY PALM NUT CRACKED
MIXTURE ROTARY SIEVE

1*Amoah, J. Y., 2Aggey, M., 1Addo, D. and 1Abdulai I.
1CSIR-Institute of Industrial Research, Engineering Design and Prototyping Division; P. O. Box LG 576 Legon Accra

2CSIR-Institute of Industrial Research, Industrial Processes Research Division
*Corresponding author: joeamoah@yahoo.com; jyamoah@csir-iir.org

Abstract
A major by-product of the palm oil production process is the palm nut; which contains an oil-bearing kernel
from which palm kernel oil is produced. The main challenge is the separation of kernels from unacceptable
materials in the cracked mixture which include un-cracked nuts, pieces of stones, debris and other materials
which are abrasive and constitute dirt if not removed results in the wearing out and breaking down of grinding
mills, expellers and other equipment in processing equipment. A mechanized two-ply rotary sieve for the cleaning
and grading of palm nut cracked mixture into two categories for effective separation of kernels from the mixture
has been designed fabricated and evaluated. Dirt content was reduced from 71.33% to 45% on the average for
inner sieve. Cleaning efficiency was 36.9% compared to an average of 26% recorded for existing winnowing
sieves used for the same purpose. Capacity of the two-ply sieve ranged between 560.42 kg/hr and 735.04 kg/hr
with an average of 673.04 kg/hr. Results indicate an improvement on existing small scale winnowing equipment
and allows for the production of two grades of cleaned cracked mixture to facilitate separation into clean kernels
and shells.

Introduction

It is estimated that small-scale indigenous women proces-
sors, using traditional techniques, process close to 70% of
available palm nuts in Ghana into palm kernel oil annually.
The production of palm kernel oil involves cracking palm
nuts to obtain palm nut cracked mixture from which the ker-
nels are retrieved through separation operations. Palm nut
cracked-mixture separation operation involves the removal of
all materials except kernels from the cracked mixture. Unac-
ceptable materials include un-cracked nuts, pieces of shell,
stones, debris and other extraneous material. These materials
are abrasive and constitute dirt, which if not separated may
result in increased rates of wear, tear and breakage in grinding
mills, expellers and other milling equipment used in the palm
kernel oil production process. Separating kernels from palm
nut cracked-mixture begins with winnowing which involves
fetching about 10 to 20 kilogram batches of cracked-mixture
in a basin which is carried on the head. The mixture is then
poured out gradually onto a pile on the floor as the wind blows
away the debris. An average of 9 hours could be expended in
winnowing cracked-mixture from 256 kg of palm nuts (Aggey,
1990).
After winnowing, two methods of separation referred to as the
wet methods and dry methods are employed. Wet methods
require water which is mixed with clay, salt or some other
materials to produce suspensions or solutions that can be used
to exploit the difference in the specific gravity characteris-
tics of the various components of the cracked mixture. Dry
methods do not require the use of water or other liquid suspen-
sions. The clay bath separation operation is the commonest

method of separation among small scale processors and re-
quires large amounts of water and clay which contributes
to environmental degradation through clay winning activi-
ties. The kernels obtained are smeared with mud and must be
cleaned with more water and dried before any further process-
ing. In situations where winnowing is not undertaken or is
poorly done, the debris from the cracked mixture floats with
the kernels necessitating further cleaning. Winnowing has
therefore been identified as a necessary activity for successful
palm nut cracked mixture separation into kernels and shells.
A number of winnowing innovations have been introduced by
small-scale process equipment manufacturers and are being
used for the palm nut cracked-mixture separation operation. In
some cases, a mechanical blower is used to generate the draft
of wind in which the cracked-mixture is winnowed. Some
women use a rectangular screen nailed to the base of a wooden
frame to undertake winnowing. Another innovation is the use
of inclined rotating sieves which are either operated manu-
ally or coupled to an engine or electric motor to remove the
debris from the cracked mixture. These innovations, notwith-
standing, the challenges of effective and efficient separation
of kernels from shells in palm nut cracked mixture continue
to persist.
It is also known that besides winnowing, the efficiency of
separation is also increased if the cracked mixture can be
categorized into various categories based on size prior to sep-
aration. Variation in size occurs because the three known
varieties of oil palm (Elaeis guineensis) which are dura palms,
pisifera palms and tenera palms have different kernel and
shell sizes. Dura palms have kernels with a thick shell of 2
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mm to 8 mm; pisifera palms have kernels with no shell; and
tenera palms have kernels with a thin shell of 0.5 mm to 4
mm. According to Asiedu (1990), pisifera is mostly used in
breeding of commercial palm. Small scale palm kernel oil
producers procure their nuts from multiple sources including
homes where the nuts are discarded as waste generated from
the preparation of palm nut soup. Thus, the nuts that are even-
tually cracked for processing into palm kernel oil at the small
scale level are a mixture of dura and tenera varieties.
Even though the sieve is not an effective means of separating
kernels from shells as observed by Head (1988), it cleans the
cracked mixture, and concentrates all material components. It
is anticipated that cleaning the cracked mixture of all debris
and grading the cleaned mixture into categories based on size
would make the separation of kernels from shells more effec-
tive and efficient.
The objective of this study was to design, develop and evaluate
the performance of a mechanized two-ply rotary sieve for the
effective removal of debris and smaller pieces of shells from
the cracked mixture and also for grading the cleaned mixture
into two categories based on size for effective and efficient
palm nut cracked mixture into kernels and shells.

Materials and Methods
Primary data which was used in the design of a two-ply sieve
included some physical characteristics of palm nut cracked-
mixture which were collected by conducting standard sieve
analysis on samples of the cracked mixture obtained from
small scale palm kernel oil producers operating in the Kade,
Kusi and Takorase areas in the Eastern Region of Ghana. A
number of inferences based on established knowledge as well
as mathematical equations were employed in determining the
main parameters of design which included screen aperture,
rotational speed, diameter, length, and capacity.

Screen aperture
In order to be consistent with the screen geometry used in
laboratory equipment for primary field data analysis, square
screen apertures of 5 mm and 10 mm square were selected.
This allowed for two streams of cleaned palm nut cracked
mixture free of debris to be obtained.

Rotational Speed
The rotational speed of a cylindrical sieve is computed rel-
ative to the critical speed which is the angular velocity that
produces a centripetal acceleration of 9.8 m/s2 at the screen
surface. It is the speed above which the centrifugal force
would cause the material to adhere to the revolving screen
surface. Critical speed could be expressed in terms of the
diameter and angle of friction. Equations (1) and (2) were
applied in the determination of rotational speed of the sieve.
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1
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D
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π

√
g
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(2)

Where, Nc: critical angular velocity of the sieve (rpm); D:
diameter of the sieve (m); g: acceleration due to gravity
(m/sec2); θ : maximum angle of lifting approximated to be the
angle of friction (degrees); and R: radius of the sieve.
Ezeoha et al (2012) reports that the coefficient of friction for
kernels on galvanized steel for dura and tenera are 0.48 ±
0.1 and 0.56 ± 0.15 respectively. Though the material is a
mixture of dura and tenera kernels, it is predominantly tenera
and considering the coefficient for tenera kernels to be 0.56
± 0.15 a coefficient of 0.65 was selected as the average of the
upper limits for dura and tenera respectively. With coefficient
of friction, the corresponding angle of friction (θ ) would be
33◦ and from equation (2), the critical speed would be 71.0
rpm. However, for best results, rotational speed should be
less than the critical speed. Olasumboye and Koya (2014)
operated at 55 rpm and 60 rpm for their one-ply trammel and
obtained satisfactory results. A design rotational speed of 40
rpm and trammel diameter of 650 mm were chosen based on
trammels in use in the field.

Sieve Dimensions and Capacity
The key dimensions of the sieve are diameter and length and
these relate directly to screening efficiency and capacity. Equa-
tions (3), (4) and (5) are expressions for their determination.

D =

[
1.36×Qm

db f Kv tan(α)
√

g

]0.4

(3)

L = 0.113T Kv tan(α)
√

Dg (4)

Qm = 0.088db f KvD2g0.5 tan(α) (5)

Where, D: diameter of sieve (m) Qm: mass throughput (Kg/sec)
db: bulk density of material (Kg/m3) f : fill fraction Kv: veloc-
ity correction factor g: acceleration due to gravity (m/sec2) α :
drum slope (radians) L: length of sieve (m) T: residence time
in sieve (sec).
Amoah et al. (2007) reported that the minimum, maximum and
average cracked mixture sieving throughput rates are 298.6
kg/h, 1932.1 kg/h and 932.2 kg/h, respectively. Since over
70% of the processors are small scale, a throughput rate of
500 kg/h (0.15 kg/s) was selected as the design capacity. The
actual capacity of the sieve was determined as the screened
material output per unit time in kilograms per hour.

Fill Fraction
Palm nut cracked-mixture contains a lot of debris with a poten-
tial to blind the sieve holes if the feeding rate of the material
is high. For effective separation, a very low fill fraction of 5%
was selected for the design.
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Bulk Density
Bulk density of the palm nuts cracked mixture was determined
based on procedure recommended by ASABE (2003).

Performance tests and parameters of evaluation
Tests were conducted to evaluate the performance of the sieve
in terms of, dirt content, and cleaning efficiency. Five batches
of weighed samples of cracked mixture were fed into the rotat-
ing sieves through a hopper installed with a metering device
to regulate flow into the sieves and the cleaning operation was
carefully timed. Various fractions were collected and weighed
after which sorting was done to obtain clean whole kernels,
un-cracked nuts, partially cracked nuts, shells, kernel pieces,
and debris.

Dirt Content (Dc)
Dirt content for the cracked mixture and the cleaned kernel
streams as a percentage was computed from the relationship:

Dcm =
(Swmn +Scnm +Slm)×100

Wcm
(6)

Where, Dcm: dirt content in the cracked mixture; Swnm: weight
of shells from whole nuts in the cracked mixture sample; Scnm:
weight of shells from partially cracked nuts in the cracked
mixture sample; Slm: weight of loose shells in the cracked
mixture sample; and Wcm: weight of sample from cracked
mixture.

And

Dck =
(Swnk +Scnk +Slk)×100

Wck
(7)

Where, Dck: dirt content in the cleaned kernel stream or over-
size; Swnk: weight of shells from whole nuts in the sample
from cleaned kernel stream; Scnk: weight of shells from par-
tially cracked nuts in the sample from cleaned kernel stream;
Slk: weight of loose shells in the sample from cleaned ker-
nel stream, and Wks: weight of sample from cleaned kernel
stream.

Cleaning Efficiency (Cef)
Cleaning efficiency is considered as the reduction in dirt con-
tent between cracked mixture and oversize streams. It is
therefore the same as the difference between the dirt content
in the cracked mixture and that of the cleaned mixture. When
expressed as a percentage, cleaning efficiency is computed as:

Ce f =
(Dcm−Dck)×100

Dcm
(8)

Results and Discussions
Description of the sieve
Figure 1 is a drawing of the designed sieve which is a two-
ply, cylindrical, concentric and truncated tapered sieve with

aperture sizes of 10 mm and 5 mm respectively. The inner
sieve with 10 mm perforations restrains mostly un-cracked
nuts and large sized kernels and shells with sizes larger than
10 mm. All other materials less than 10 mm in size but larger
than 5 mm are restrained on the outer sieve allowing for
two grades of materials based on size being obtained after
every screening operation. Materials less than 5 mm in size
constitute the debris with no kernels in it and are discarded.
The inner drum is equipped with auger flights to convey, as
well as restrain rapid sliding to increase residence time of the
cracked- mixture through the drum at a constant rate. The
rotary sieve is driven by a 3-hp geared motor with a belt and
pulley transmission system. Other parameters of the sieve are

Figure 1. Two ply tapered sieve

shown in Table 1.

Table 1. Sieve Parameters

Two Ply Sieve
Parameters Inner Sieve Outer Sieve
Major diameter (mm) 650 700
Minor diameter (mm) 300 400
Length (mm) 990 800
Screen aperture (mm) 10 5

Characteristics of the cracked mixture
From Table 2, the average percentage of un-cracked nuts in the
cracked mixture was 2.36%; twenty seven percent constitutes
kernels while 50.28% was shells. This result agrees with
results of standard sieve analysis conducted at the beginning of
the design process. It is also in conformity with earlier studies
(Aggey et al., 2007), which showed that kernels constitute
about 30% of the nut. The high percentage of debris (20.34%)
in Table 2 explains the need for some form of winnowing to
remove this debris prior to separation of kernels from shells
even in situations where clay-bath technology is employed.

Characteristics of cleaned mixture
Comparing the characteristics of the cleaned mixture (Tables
3, and 4) with that of the cracked mixture (Table 2), it was
observed that a higher percentage of un-cracked nuts 4.9% on
the average were retained on the inner sieve (10 mm), with
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Table 2. Analysis of cracked mixture

Replica-
tion

Sample
Size (kg)

Kernel
Mass (kg)

Shells
(gk)

Uncracked
nuts (kg)

Debris
(kg)

Debris
(%)

Uncracked
Nuts (%)

Shells
(%)

Kernels
(%)

Dirt content
(%)

1 1.5 0.38 0.78 0.02 0.32 21.3 1.6 51.8 25.3 73.6
2 1.2 0.34 0.6 0.03 0.23 19.5 2.8 49.6 28.1 69.9
3 1.1 0.28 0.57 0.03 0.22 19.8 3.1 51.9 25.2 72.6
4 1.3 0.38 0.62 0.03 0.26 20.3 2.5 48 29.2 69.1
5 1.4 0.38 0.7 0.03 0.29 20.8 1.8 50.1 27.3 71.4
Average (%) 20.34 2.36 50.28 27.02 71.33

Table 3. Analysis of 10 mm Sieve oversize (Retained on the inner sieve)

Replica
tion

Sample
Size (kg)

Kernel
Mass (kg)

Shells
(kg)

Uncracked
nuts (kg)

Debris
(kg)

Debris
(%)

Uncracked
Nuts (%)

Shells
(%)

Kernels
(%)

Dirt content
(%)

1 4.5 2.16 1.97 0.36 0 0 8.1 43.8 48.1 49.5
2 4.3 2.38 1.77 0.15 0 0 3.5 41.2 55.3 43.7
3 4.1 2.28 1.66 0.17 0 0 4.1 40.4 55.5 43.3
4 4.3 2.35 1.72 0.23 0 0 5.3 40.1 54.6 43.8
5 4.2 2.27 1.78 0.15 0 0 3.6 42.3 54.1 44.8
Average (%) 0 4.9 41.6 53.5 45

Table 4. Analysis of 5 mm Sieve oversize (Retained on the outer sieve)

Replica
tion

Sample
Size (kg)

Kernel
Mass (kg)

Shells
(kg)

Uncracked
nuts (kg)

Debris
(kg)

Debris
(%)

Uncracked
Nuts (%)

Shells
(%)

Kernels
(%)

Dirt content
(%)

1 4.5 2.49 1.81 0.1 0.1 2.2 2.2 40.2 55.4 43.9
2 4.3 1.88 1.72 0.01 0.68 11.4 0.2 40.1 43.8 51.6
3 4.1 1.7 1.65 0.05 0.7 10 1.2 40.3 41.5 51.1
4 4.3 1.81 1.77 0.03 0.69 16 0.7 41.2 42.1 57.7
5 4.2 1.78 1.69 0.05 0.68 11.9 1.2 40.3 42.3 53
Average (%) 10.3 1.1 40.42 45.02 51.46

Table 5. Analysis of 5 mm Sieve undersize (Debris)

Replica
tion

Sample
Size (kg)

Kernel
Mass (kg)

Shells
(kg)

Uncracked
nuts (kg)

Debris
(kg)

Debris
(%)

Uncracked
Nuts (%)

Shells
(%)

Kernels
(%)

Dirt content
(%)

1 3.1 0.02 0.03 0 3.05 98.32 0 1.12 0.56 99.4
2 3.3 0.01 0.06 0 3.23 97.75 0 1.83 0.42 99.6
3 3.2 0.02 0.04 0 3.14 98.1 0 1.28 0.62 99.4
4 3.1 0.02 0.04 0 3.04 98.15 0 1.18 0.67 99.3
5 3.3 0.01 0.04 0 3.24 98.22 0 1.35 0.43 99.6
Average (%) 98.11 0 1.35 0.54 99.5

1.1% on the average retained on the outer sieve (5 mm). This
was expected since most nuts are bigger in size than the 10
mm aperture of the inner sieve. There were no un-cracked
nuts in the undersize (5 mm) material (Table 5). It may be
deduced that instead of using the two-ply sieve which is a
combination of the 5 mm and 10 mm sieves, either of the
sieves (5 mm or 10 mm) could be used separately to obtain
similar results. However, using the 10 mm sieve alone would
result in a negligible 1.1% loss of un-cracked nuts to the debris.
No material less than 5 mm in size (debris) was retained on the
10 mm sieve but as much as 10.3% debris was retained on the

5 mm sieve which is probably due to some level of blinding
of the sieve apertures during the operation. These findings
could form a basis for the design of an improved version of a
mechanized winnower compared to the trammel currently in
use by processors. The proportion of shells retained on both
the inner and outer sieves were 41.6% and 40.42% respectively
and for kernels 53.5% and 45.02%.

Dirt Content
The dirt content of the cracked mixture (Table 2) ranged from
69.1% to 73.6% with an average of 71.33%. After cleaning
with the two ply rotary sieve, the dirt content for the cleaned
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material retained on the inner sieve (Table 3) was between
43.3 and 49.5% averaging 45.0%. For the outer sieve (Table
4) the dirt content of the cleaned mixture was between 43.9%
and 57.7% averaging 51.46%. From Tables 2, 3, and 4, it is
deduced that the average reduction in dirt content for both the
inner and outer sieves of the two ply sieve was 26.33% and
19.87%respectively.

Cleaning Efficiency
Applying equations (6), (7), and (8), average cleaning effi-
ciency for the inner and outer sieves were computed as 36.9%
and 27.9% respectively. This shows a marked improvement to
a cleaning efficiency of 26% and 18% for the trammels of the
same sieve sizes being used in the field as reported by Amoah
et al. (2007).

Capacity
From Table 6, capacity of the two-ply sieve ranged from
560.42 kg/hr to 735.04 kg/hr with an average of 673.04 kg/hr.
This was higher than the design capacity of 500 kg/hr.

Table 6. Capacity of the rotary sieve

Sample Sample Size (kg) Time (s) Capacity (kg/hr)

1 4.5 23.48 689.95
2 4.3 21.06 735.04
3 4.1 22.71 649.93
4 4.3 21.21 729.84
5 4.2 26.98 560.42

Conclusion and Recommendation
A two-ply rotary sieve has been successfully designed and fab-
ricated. Evaluation of its performance indicates an improve-
ment on existing small scale winnowing equipment. Cleaned
material retained on the 10 mm sieve gave better results in
terms of both dirt reduction and cleaning efficiency; however,
the 5 mm sieve captured some quantities of kernels which
would have been lost using the 10 mm sieve alone. It is

now possible to have two grades of cleaned palm nut cracked
mixture based on size with an increased efficiency of dirt re-
duction. Further research is recommended for the design and
fabrication of a mechanized compact machine for separating
kernels from shells of which the two-ply rotary sieve may be
one of the units.
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