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ABSTRACT

This study aims to develop and test the performance of a screw-blade-type dehusking machine for dry
areca nuts. This machine was developed using a screw-blade as a rotator and a concave as a stator, which
remove the husk from dried areca nuts. The experimental machine performance was evaluated based on
the machine capacity and percentage of fully husked areca nuts. The machine was tested with dried areca
nuts having average major diameters of 59.21+3.35 mm and seeds of 26.08+2.27 mm. The optimal
rotational speed was found to be 1100 rpm, achieving a maximum capacity of 41.65+2.16 kg/h, with 80% of
the nuts fully husked. Future work should focus on optimizing the machine for higher efficiency and
broader applicability, exploring different materials and designs for the screw-blade, and integrating
sensors for real-time adjustments to improve the dehusking efficiency and reduce the percentage of
unhusked nuts. Additionally, a cost-benefit analysis is recommended to assess the economic viability of the
machine for both small-scale farmers and large-scale operations.

Keywords-case study; appropriate technology; agricultural engineering; areca nuts; farm machinery; machine
design

I.  INTRODUCTION

solutions to replace manual dehusking methods [1-3]. Previous

Areca nut, also known as betel nut, is a significant
agricultural product in many tropical and subtropical regions,
particularly in South and Southeast Asia. Traditional dehusking
methods are labor-intensive, time-consuming, and often result
in low efficiency and inconsistent quality of the final product.
As the demand for areca nuts continues to rise, there is an
increasing need for more efficient and reliable mechanical

studies have focused on developing various types of dehusking
machines. However, achieving optimal and satisfactory
machine performance remains an area of ongoing research.
Addressing these challenges requires innovative approaches
and technological advancements to enhance machine
efficiency, reliability, and the quality of the dehusked nuts.
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The development of dehusking machines for areca nuts has
evolved significantly, driven by the need to improve efficiency,
productivity, and consistency in the post-harvest processing of
areca nuts [4-7]. Traditionally, the dehusking process was
performed manually, but early attempts at mechanization
involved the use of simple, manually operated devices that
offered limited improvements over traditional methods.
Although these initial machines were innovative, they often
faced challenges, such as frequent mechanical failures,
difficulty in handling varying sizes and conditions of areca
nuts, and suboptimal dehusking quality. Consequently,
researchers and engineers continue to explore new designs and
technologies to overcome these limitations.

Agricultural machinery advancements have led to the
development of sophisticated and efficient dehusking machines
for dry areca nuts. Modern machines incorporate advanced
mechanical components and automation technologies to
enhance their performance and reliability [8-12]. For instance,
some of the latest designs utilize rotary mechanisms, adjustable
blades, and automated feeding systems to ensure uniform
pressure and motion during dehusking. These improvements
have resulted in higher dehusking efficiency, reduced labor
requirements, and improved nut quality. Additionally, the
integration of sensors and control systems has enabled the real-
time monitoring and adjustment of machine parameters, further
optimizing the dehusking process [13-16]. However, further
research is still essential to address the remaining challenges,
such as energy consumption, machine durability, and
adaptability to different varieties of areca nuts.

This study investigates the development and performance
of a screw-blade-type dehusking machine for dry areca nuts.
Unlike traditional machines, this new design incorporates a
screw blade as a rotator and a concave as a stator to effectively
remove the husk from dried areca nuts. The screw-blade
mechanism promises to deliver a more consistent and efficient
dehusking process by maintaining uniform pressure and motion
throughout the operation. This innovation addresses some
critical limitations of earlier models, such as uneven dehusking
and mechanical bottlenecks that hinder continuous operation.

This research aims to develop, test and optimize the
performance of a screw-blade type dehusking machine
specifically designed for dry areca nuts, thereby providing a
viable alternative and contributing to the advancement of
agricultural  mechanization. =~ Moreover, the machine
performance parameters were evaluated. Hence, this study
contributes a novel mechanical solution and comprehensive
performance dataset to the field, offering replicable insights for
researchers and manufacturers.

II. MATERIALS AND METHODS

A. Sample Collection and Machine Performance Tests

The dry areca nut samples were divided into those used to
measure the physical properties of the dry areca nuts and those
used for machine testing. The physical properties of the nuts
were considered when designing the distance between the
screw blade (rotator) and the concave (stator). Subsequently,
another sample was used to evaluate the performance of the
designed machine. The dimensions of 30 dried areca fruits and

seeds were measured. The performance of the dehusking
machine was evaluated using dried areca nuts. For each test,
1.0 kg samples were prepared.

Machine testing was performed to determine the
appropriate rotational speed of the screw-blade. This test was
carried out at 1100, 1000, 900, and 700 rpm rotational speeds
of the screw-blade shaft in triplicate. A digital laser RPM
tachometer (Generic SE188) was used to measure and confirm
the speed of the screw-blade shaft. Furthermore, the machine
capacity was calculated as the ratio of the total weight of the
areca nuts fed to the time required for husking from feeding to
the last areca nut being husked in the machine. The dehusked
and unhusked samples were then separated and weighed. The
dehusked and unhusked areca nuts are reported as percentage
ratios.

ANOVA through the Least Significant Difference (LSD)
and Tukey Honest Significant Difference (HSD) post-test
techniques with p<0.05 were performed to evaluate the
machine capacity and the percentage of fully dehusked areca
nuts and those that were not dehusked [4, 17, 18]. The
ANOVA tests the null hypothesis that all rotational speeds
produce equal results. The assumptions of this study were
confirmed through the normality test (Shapiro-Wilk test,
p>0.1), homogeneity of variance (Levene’s test, p=0.32), and
independence of observations (through random testing order).

B. Mechanism of Dry Areca Nut Dehusking Machine

The nut dehusking machine works by placing dried areca
nuts through the hopper, and then they fall one by one towards
the cylinder and the spinning screw-blade. The function of the
screw blade is to dehusk the fiber of the dried areca nuts using
the principle of continuous pulling on the fiber of the areca nut
until it is completely dehusked. After that, the areca nut and
areca fiber/shells fall into the concave. Separation of the areca
nuts from the areca nut fiber occurs in the concave region. The
areca nut falls through the holes in the concave and exits
through the outlet below. Meanwhile, the areca nut fiber is
removed through the outlet above.

An analysis of the dehusking force required to dehusk one
dry areca nut was performed to estimate the power
requirements of the dry areca nut feeding machine.
Measurements were carried out on various types of dried areca
nuts using a spring force gauge [19, 20], as shown in Figure 1.
Thirty dry areca nuts were used to test the dehusking force
through this method.

Spring
force gauge

. ) Dry areca nut
Clamp vise

Fig. 1. Process for measuring the force requirements for dehusking dried

areca nuts.
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III. RESULTS AND DISCUSSION

A. Physical and Mechanical Properties of Dried Areca Nut

The physical properties of the dried areca fruits and nuts are
depicted in Figure 2. Their dimensions are influenced by the
various shapes and sizes of the areca nut fruits and nuts and the
thickness of the dried areca nut husks [21]. Dried areca nuts
with the largest dimensions do not necessarily have large nut
dimensions and vice versa. Dimensional measurement data for
the dried areca nuts and fruits were used to determine the main
components of the machine to be designed, such as the screw-
blade, the distance between the screw-blade and the holder, the
hopper, the concave, and other components.

The results showed that the largest major diameters of dried
areca fruits and nuts were 64.3 mm and 31 mm, respectively.
Their minor diameters reached 37.5 mm and 28.3 mm,
respectively. The smallest dimensions of the dried areca fruits
and nuts for the major diameter were 51.8 mm and 22.8 mm,
respectively. The smallest dimensions of dried areca fruits and
nuts for the minor diameters were 28.7 mm and 18.9 mm,
respectively. Their average major diameters were 59.21 mm
and 26.08 mm, respectively, while their average minor
diameters were 31.86 mm and 22.77 mm, respectively. These
results are similar to those reported in [22], where the major
and minor diameters of areca nuts were 53.40 and 31.95 mm,
respectively.

70
I 59.21%335 ® Major diameter
60 + ® Minor diameter
. 50 +
g L
E 40 + 31.86%2.16
8 A
17} 26.08%2:27
g 30 + 22.77+2.03
A

20 4

Fruits Nut

Condition arecanut

Fig. 2. Results of measuring the dimensions of dried areca fruits and nuts.

The dehusking force derived from 30 samples of dried
areca nuts was found to be 129.0£20.40 N and the maximum
force recorded was 160 N. The difference in dehusking force is
influenced by the dimensions and shape of the areca nut and
the thickness of the areca fiber [23].

B. Characteristics of the Screw-blade Type Dehusking
Machine

The design of the screw-blade type dehusking machine is
presented in Figure 3. The machine frame was designed using 5
x 3 cm UNP iron in a rectangular shape with a length of 70 cm,
a height of 80 cm, a bottom width of 51 cm, a top width of 43
cm and a machine stand with a length of 25 cm and width of 56
cm. The machine frame was assembled using electric welding.

The designed hopper was made from an iron plate with a
thickness of 2 mm. The hopper was 31 cm long and 17 cm
wide, and the hopper hole diameter was 6 cm. The concave
design was made of an iron plate with a thickness of 2 mm.
The size or dimensions of the concave were 50 cm in length
and 33 cm in width, and there were 32 holes with a hole
diameter of 32 mm. The diameter of the hole in the concave
was taken from the largest dimensions of the areca nut, as
obtained by measuring the dimensions of the dried areca nuts
before the design process. The designed outer layer was made
of an iron plate with a thickness of 2 mm. This output channel
was divided into an output channel for nuts and an output
channel for fibers/shells. The seed outlet channel was 60 cm
long and 56 cm wide, whereas the coir discharge channel was
17 cm long and 14 cm wide.

7-Engine

6-Sprocket-chain transmission;

Fig. 3. Design of the screw-blade dehusking machine for dry areca nuts.

The engine used was a diesel motor with a maximum
rotational speed of 2200 rpm. The diesel engine was 68.2 cm in
length, 32.3 cm in width, 49.2 cm high, and weighed 67 kg.
The transmission system consisted of a pulley belt and a
sprocket chain. The utilized blade was screw-shaped; thus, it is
referred to as a screw blade. The screw blade was made of an
iron pipe with a diameter of 12 cm, length of 53 cm, and
several threads of eight pieces with a stripper eye on each
thread, and there was a retainer 47 cm in length. The shaft was
made of an iron pipe with a diameter of 1 inch and a length of
83 cm. The shaft had a husking cylinder, and bearings were
installed at both ends of the shaft. The bearings were connected
to the frame using 14 mm bolts. The type of bearing used was
FBJ P205.

Based on the force required to dehusk one areca nut, the
power requirements for the dry areca nut dehusking machine
were estimated (160 N) and used as the upper limit for the
power requirements. The diameter of the screw blade was 120
mm, and the torque arm (r) was 60 mm. From this, a torque
value of 9.6 N ¢ m on the screw blade shaft was estimated. By
applying the maximum rotational speed of the engine of 2200
rpm, the angular speed of the screw blade shaft () was 230.27
rad/s. Thus, the minimum power requirement for this machine
is 2210.56 W or 2.96 hp.
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C. Machine Capacity of Dehusking Machine

Figure 4 shows the ANOVA analysis with a post-hoc
Tukey HSD for the dehusking capacity of the dry areca nut
machine at several rotational speeds. It can be seen that the
capacity of the areca husking machine is directly proportional
to the increase in machine rotation speed except for the rotation
speed of 1000 rpm. At 700 rpm, the machine capacity was
22.25 kg/h and increases at speeds of 900 rpm and 1100 rpm
with values of 2699 kg/h and 41.65 kg/h, respectively.
Therefore, the highest machine capacity was achieved at a
rotational speed of 1100 rpm. This is related to the time or
speed of the husking process, where a higher rotational speed
results in a faster areca nut husking process, thereby increasing
the machine capacity. According to Figure 4, the machine
capacity increases significantly at 900 and 1100 rpm. However,
at 700 and 1000 rpm, there was no significant change in the
machine capacity. This is related to the amount of time spent
husking several areca nuts, which is also similar.
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Rotational speed of screw-blade (rpm)
Fig. 4. Performance from the machine capacity evaluator.

According to [6], when testing the performance of areca nut
dehusking machines, it is necessary to pay attention to the
interaction between the machine components to achieve the
best performance. The test results revealed that the dehusking
knife distance and rotational speed had the maximum effect on
the good performance of the areca nut dehusking machine.
According to [24], the machine capacity increases with the
rotation of the screw-blade cylinder. However, the
effectiveness of the machine decreased as the proportion of
broken nuts increased. This is in accordance with the present
study’s results, which show that the highest speed of 1100 rpm
had the highest machine capacity value but also had the highest
percentage of incompletely dehusked areca nuts. However,
according to [25], the current market demand for buying and
selling areca nuts includes whole areca nut seeds, split areca
nut seeds and sliced areca nuts, which not only depend on
whole round areca nuts, but also non-whole or split areca nuts.

D. Percentage of Husked Dry Areca Nut

The results of a husked areca nut using dehusking dry areca
nut machines, followed by ANOVA, and a post-test by Tukey
HSD at four levels of rotational speed are presented in Figure
5. Among the four screw-blade rotational speed variations, the
highest percentage of whole husked areca nuts was 80% at a
speed of 1100 rpm, followed by a speed of 900 rpm at 77%.

This is because at a rotational speed of 900 rpm the husking
screw-blade tends to rotate more stably with a sufficient level
of tightness compared to speeds of 700 rpm and 100 rpm,
where the screw-blade rotates more slowly, which results in
many nuts still being stuck in the skin and areca nuts not being
husked at all.

1.0

0.8

0.6

0.4

Percentage husked (kg)

0.2

0.0

1100 1000 900 700
Rotational speed of screw-blade (rpm)

Fig. 5. Performance from percentage husked dry areca nut evaluator.

The lowest percentage of husked areca nuts was at a speed
of 1000 rpm, and the percentage of husked areca nuts was not
much different from that at 700 rpm, namely 53%. This is
because more areca nuts are unhusked, so the husked
percentage is low. According to [26], setting the rotational
speed significantly influences the performance of the machine
in carrying out the production process and production results.
The speed at which the machine works more effectively must
be determined through performance tests as a reference. In
addition, the two main components that determine whether
husking results are categorized as good are the rotational speed
and number of husking cylinders, in addition to the dimensions
and dryness level of the commodity.

E. Percentage of Unhusked Dry Areca Nut

Figure 6 illustrates the percentage of unhusked nuts
produced by the proposed screw-blade machine across the
tested rotational speeds, with the lowest unhusked yield (20%)
achieved at 1100 rpm. The findings were analyzed using
ANOVA and further examined using a Tukey HSD post-test at
some rotational speeds on the shaft of the screw-blade as a
rotator. The rotational speed that produced the highest
percentage of unhusked areca nuts was 700 rpm, which was
47%. The difference is very important when compared with the
speeds of 900 rpm and 1100 rpm, which are not significantly
different with values of 23% and 20%, respectively. Based on
the test results, the smallest unhusked areca nut was obtained at
1100 rpm rotational speed. This is because during the testing
process, the husking screw blade rotates very fast and causes
the engine to vibrate strongly, so that the husking machine also
vibrates and exerts a pull accompanied by a hit on the areca
nuts. According to [25], increasing the rotational speed affects
the husking results and time efficiency. The higher the
rotational speed is, the greater are the savings or speed of the
husking process. However, this is inversely proportional to the
husking yield percentage, where the higher the rotational speed
of the machine is, the lower is the yield of the areca nut husked
in the form of whole nuts.
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Fig. 6. Percentage of unhusked dry areca nuts at varying rotational speeds
(700-1100 rpm) for the screw-blade dehusking machine.

IV. CONCLUSIONS

The development and testing of the performance of a
screw-blade-type dehusking machine specifically for dry areca
nuts were successfully carried out. The machine can work with
dried areca fruits having average major and minor diameters of
59.214£3.35 mm and 31.86+2.16 mm, respectively and nuts
with average major and minor diameters of 26.08+2.27 mm
and 22.7742.03 mm, respectively. Under these sample
conditions, the results of this study suggest that the optimal
rotational speed of the shaft of the screw blade as a rotator is
1100 rpm. The maximum capacity was 41.65+2.16 kg/h, with
husked dry areca nuts at 80% and unhusked at about 20%.

Future work should focus on optimizing the screw-blade
dehusking machine for higher efficiency and broader
applicability. This could involve exploring different materials
and designs of screw blades to enhance their durability and
performance. Additionally, testing the machine with varying
moisture contents and sizes of areca nuts from other regions
could provide more comprehensive insights. Integrating
sensors and automation for real-time adjustments to the
rotational speed and blade position can improve the dehusking
efficiency and reduce the percentage of unhusked nuts. Finally,
conducting a cost-benefit analysis to assess the economic
viability of machines for small-scale farmers and large-scale
operations would be valuable for their commercial adoption.
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