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All research articles submitted to Logic should be original in nature, never previously
published in any journal or presented in a conference or undergoing such process
across the world. All the submissions will be peer-reviewed by the panel of experts
associated with particular field. Submitted papers should meet the internationally
accepted criteria and manuscripts should follow the style of the journal for the purpose
of both reviewing and editing.

Logic is a journal covering articles in the field of civil and mechanical engineering,
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CHARACTERISTICS OF PEAT WATER AND
COCONUT WATER MOLECULES IN THE
ELECTROLYSIS PROCESS TO PRODUCE

HYDROGEN GAS

1)Heavy Equipment
Department Technology. Imron Musthofa”, Reza Taufiqi Ivana ”, Hajar Isworo", Adhiela Noer

Politeknik Negeri Tanah Syaief U, Rusuminto Syahyuniar?, Muhammad Rezki Fitri Putra?
Laut, Kalimantan Selatan

2) Automotive Technology
Department. Politeknik
Negeri Tanah Laut, Abstract. Hydrogen energy is one of the alternative energy sources that will
Kalimantan Selatan help overcome the scarcity of fossil fuels. One of the steps to produce hydrogen

energy is by the electrolysis method. In this study, the electrolysis process was

carried out with a combination of peat water and coconut water. Given that there
are extensive areas of peat land and also many coconut trees in South

Kalimantan, a combination of peat and coconut water is used for the electrolysis

to promote a sustainable process. In addition, the presence of metallic

compounds containing Na, Mg, Al, Fe, Ca, K, and others in peat water may also
be beneficial in the electrolysis process. These mineral compounds help in
accelerating the formation of hydrogen gas by indirectly producing electrolyte
properties and acting as a catalyst. From the results of the research conducted,

as much as 155 ml of hydrogen was produced. Hydrogen gas production, 0.6 A

of electric current, and 7.3 Watts of electric power in the 30-minute electrolysis

process were found in sample F (1.5 L of pure coconut water). In the electrolysis
process, peat water and coconut water, the voltage used during the electrolysis
process was 12 V, which flowed through the cathode and anode.

Corresponding email D :
imron@politala.ac.id

Keywords: Coconut Water, Electrolysis, Hydrogen, Mineral, Peat Water

1. INTRODUCTION
The electrolysis process is a technique for separating water (H20) into hydrogen gas (H-) and oxygen (O2) using
an electric current through electrodes in an electrolyte liquid medium [1]. This technology is being increasingly
developed as an environmentally friendly method for hydrogen production, supporting the transition to renewable
energy [2]. Recent studies have shown that the choice of electrolyte fluid greatly affects the efficiency and success
of the electrolysis process [3]. Conventional electrolytes such as acid solutions (H2SO4) [4], bases (KOH), or s:
(NaCl) have high conductivity but hurt the environment [5]. As an alternative, researchers have begun to de
natural electrolyte fluids such as coconut water and peat water [6]. Coconut water has a high mineral conte
as potassium, sodium, and magnesium, which can increase electrical conductivity and support the for
hydrogen gas bubbles on the cathode [7]. Meanwhile, peat water contains complex organic compo
humic and fulvic acids, which can act as current-conducting ions although their efficiency is lo
additional processing, such as filtration or the addition of external electrolytes, peat water still has
be used as a cheap and abundant local electrolyte in tropical regions. Therefore, the use of cocon
water as electrolysis fluids is part of a green technology innovation to produce clean hydrogen su

Energy has become an essential component of all activities and plays a vital role in
development of any country. The demand for energy in all sectors is continuously increasing du
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consumption, population growth, changing lifestyles, and technological advancements [10]. Almost every industry
relies on energy, most of which comes from fossil fuels. Renewable energy plays a vital role in addressing all these
issues. For this reason, the world and governments are developing new policies, especially in major industrialized
countries, seeking to reduce their dependence on fossil fuels [11]. In an effort to boost the share of energy generated
from renewable sources, researchers and scientists have proposed “hydrogen” for its advantageous properties.
Hydrogen's density is lower than that of air. The gravimetric density of hydrogen is roughly double that of fossil
fuels [12]. Hydrogen serves as a fuel that can act as an alternative to conventional fossil fuels like natural gas.
Hydrogen is an encouraging energy carrier as it has the ability to store and provide energy in a usable format [13].
The energy density of hydrogen varies from 120 MJ/kg (LHV) to 142 MJ/kg (HHV) [14]. Depending on the
method of production, hydrogen exhibits a fairly high power density and low carbon emissions throughout its life
cycle. Hydrogen can additionally be mixed with natural gas to satisfy the fuel requirements of different energy
systems [15]. However, hydrogen production must be environmentally and economically competitive, which has
triggered significant research and development efforts. As an important part of the energy system, fossil fuels not
only meet human demand but also cause ecological damage and pollution [16].

The development and use of alternative fuels are becoming increasingly important in global efforts to
reduce greenhouse gas emissions [18], improve energy security, and promote environmental sustainability [19].
Although there are still challenges in terms of cost, infrastructure, and technology, progress continues to expand
the use of alternative fuels in various economic sectors.

To produce hydrogen gas as a need for self-sufficiency in new renewable energy, a method is needed to
produce hydrogen gas in the long term [20], and an electrolyte solution that is environmentally friendly and easy
to obtain is needed. Of the many electrolyte fluids that use chemical additives, in the research that we developed,
the use of natural electrolyte fluids that are easy to obtain in tropical areas, namely, coconut water, as a substitute
for the electrolyte fluid used to produce hydrogen gas. There are several studies in producing hydrogen gas that
still use chemical additives, namely research on the productivity of hydrogen gas with a catalyst in the form of
KOH, then with a baking soda catalyst, NaCl, and so on.

a
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Figure 1. a. Coconut water, b. electrolyte properties of coconut water [21]

Pure coconut water without additional chemicals contains mineral compounds. These mineral compounds consist
of Mg, Na, Cl, Al, K, Ca, and so on. These mineral compounds found in coconut water have electrolyte properties;
in the world of health, this electrolyte fluid functions to replace sweat fluid after exercise. However, the electrolyte
fluid contained in coconut water can function as a conductor of electric current. In addition to coconut water, which
is used as an electrolyte medium, in this study, coconut water is also combined with peat water as a combination
of electrolyte fluid because peat water found in swamp land has electrolyte properties. In research on swamp water
in the laboratory, peat water also has a mineral composition including Mg, K, Na, Ca, Al, Fe, and fulvic aci
Fulvic acid found in peat water has a magnetic field found in the aromatic ring. Aromatic rings that are ma,
can interfere with hydrogen bonds in water, so that they can facilitate the reduction of H-O bonds.
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Figure 2. a. Peat fulvic acid structure, b Peat water, c. Peat mineral compounds structure

Thus, the combination of electrolyte fluid from coconut water and electrolyte fluid from peat water can provide a
positive impact to obtain maximum results through hydrogen gas production by the electrolysis method.
Electrolysis of hydrogen gas requires electrolyte fluid to carry out the separation reaction between hydrogen gas
at the cathode and oxygen at the anode through water media that has electrolyte properties. Water that has
electrolyte properties can easily reduce H-O to produce hydrogen gas.

2. METHODS
2.1. Research Variables

Thus, this research process uses an experimental method to obtain hydrogen gas from coconut water and peat
water. There are 6 sets of samples listed in Table 2.1. The results of the analysis of the content of peat water with
a coconut water catalyst and pure coconut water were obtained by testing at the Balitra Banjarbaru Laboratory,
South Kalimantan and are shown in Table 2.2.

Table 2.1 Formulation of Electrolyte Mixture in Experiments
Water Mixture Formulation

Variable Peat Water (mL) Coconut Water (mL)
Sample A 1300 200
Sample B 1200 300
Sample C 1100 400
Sample D 1000 500
Sample E 900 600
Sample F 0 1500
Table 2.2 Results of Peat Water + Coconut Water Composition Analysis
Variable
Number Paramet Unit Sample  Sample  Sample Sample Sample  Sample
ers A B C D E F
Code 1 2 3 4 5 6
1 K m.e L' 3,49 4,86 5,66 7,17 8,58 24,41
2 Na m.e L' 0,94 0,87 0,95 1,11 1,22 421
3 Ca m.e L' 2,53 2,34 2,50 3,37 3,82 12,93
4 Mg m.e L' 2,64 2,01 2,53 3,21 3,50 6,91
5 Fe m.eL! 0,06 0,06 0,07 0,04 0,09 0,02
6 Al m.e L' 0,06 0,08 0,07 0,04 0,06 0,06

The results of laboratory tests on the sample solution between peat water and coconut water show
higher the concentration of coconut water, the higher the overall mineral content produced at
concentration, such as K, Na, Ca, and Mg found in sample F compared to other sample concentrati
the values of Fe and Al are still relatively the same, and the smallest value is in Fe. Overall, fro
laboratory tests, sample F can be categorized as the best electrolyte for the electrolysis process and
the most to producing hydrogen gas through the electrolysis process.

Table 2.1 shows the composition of the peat water and coconut water mixture used as th
variable in the electrolysis process for hydrogen gas production. In each sample, the total vol
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electrolyte fluid was maintained at 1,500 mL, but with different mixture proportions between peat water and
coconut water. By increasing the proportion of coconut water, it is expected to increase the conductivity of the
solution and the efficiency of hydrogen production. Sample F (100% coconut water) likely demonstrated the
highest performance in terms of gas productivity and energy efficiency.

2.2. Research Mechanism

In the research process using water electrolysis, the main thing to do is to determine the concentration of mineral
content in coconut water and peat samples. This is done in order to find out the variables used to collect data
accurately. After knowing the concentration of mineral content, then one by one the samples are electrolyzed by
flowing 12 V DC electric current through the cathode and anode electrodes. From the electrolysis process,
hydrogen and oxygen gases are obtained, which are collected in the tube. The method for measuring the volume
of hydrogen gas is by observing the decrease in the water level in the tube, which has previously been marked with
a measuring instrument in the form of milliliters. The decrease in water pressure is caused by the pressure of the
hydrogen gas produced. The amount of water reduction is interpreted as the amount of hydrogen gas produced in
mL units. In addition to measuring hydrogen gas productivity, this study also measured the pH of the solution
before and after the electrolysis process and changes in current and power during the electrolysis process.

1. Socket

2. Power supply
3. Wiring

4. Multimeter
5. Electrode

6. Reactor

3

Figure 3. Research installations

3. RESULTS AND DISCUSSION
3.1. Hydrogen Production
The results of hydrogen gas production tests from six different samples, tested at different times, are as follows:

HYDROGEN PRODUCT

—&— Sample A —l— Sample B == Sample C

== Sample D ==k=Sample E —@—Sample F
180
160
140
120
100
80
60
40
20

ML

5! 10 15’ 20" 25" 30
MIN

Figure 4. Hydrogen gas production results
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Figure 4 shows the highest hydrogen gas production results in sample F with 155 ml of hydrogen gas production
in a 30-minute electrolysis process, compared to sample A, which produces 20 ml of hydrogen gas; sample B,
which produces 24 ml of hydrogen gas; sample C, which produces 30 ml of hydrogen gas; sample D, which
produces 39 ml of hydrogen gas; and sample E, which produces 50 ml of hydrogen gas using peat water with the
addition of a coconut water catalyst. The difference in the ability of pure coconut water with peat water with the
addition of a coconut water catalyst to produce hydrogen gas is influenced by the electrolyte content in it, thus
affecting the productivity of hydrogen gas. Pure coconut water naturally contains potassium, sodium, chloride,
magnesium, and so on, while peat water, with the addition of a catalyst, contains lower electrolytes compared to
pure coconut water. When coconut water is electrolyzed, the dissolved ions increase the electrical conductivity,
allowing electric current to flow more easily [22]. This results in a more efficient electrolysis process where
more ions can react and produce more hydrogen and oxygen gas. In contrast, samples A, B, C, D, and E,
containing peat water with the addition of a coconut water catalyst, have lower electrolyte content than sample
F, which is only pure coconut water, so the electrical conductivity is lower and the electrolysis process is less
efficient, resulting in less hydrogen gas. Therefore, pure coconut water tends to produce more hydrogen gas
because of its ability to carry an electric current better due to its higher electrolyte content [23].

3.2. Electric Current

The flowing current varies in each sample. In sample A, the flowing current is 0.11 A after electrolysis for 30
minutes; in sample B, the flowing current is 0.14 A after electrolysis for 30 minutes; in sample C, the flowing
current is 0.21 A after electrolysis for 30 minutes; in sample D, the flowing current is 0.23 A after electrolysis
for 30 minutes; in sample E, the flowing current is 0.25 A after electrolysis for 30 minutes; and in sample F, the
flowing current is 0.60 A after electrolysis for 30 minutes. This difference is due to the content of electrolyte
concentration in it. Sample F only uses pure coconut water without any mixture, while the other samples use a
mixture of peat water and coconut water. It can be seen in the graph above that the more coconut water is mixed,
the higher the current flows. This is due to the high concentration of natural electrolytes in coconut water, such
as potassium, sodium, and chloride [24]. These electrolytes can increase the conductivity of the solution,
allowing electric current to flow more easily through the solution. This makes coconut water usable as a natural
catalyst or directly electrolyzable to produce hydrogen gas. During electrolysis, the current flowing for 5 minutes,
10 minutes, 15 minutes, 20 minutes, 25 minutes, and 30 minutes varies due to the influence of the solution
reaction.

CURRENT
0,70
0,60 .___.___.__—.———._.
—&—Sample A
0,50
0,40 ——Sample B
= 0,30 —&— Sample C
0,20 E E K Sample D
0.10 % S 3 ¥  —SamplcE
0,00 =®—Sample F
5 10' 15" 20' 25" 30"
MIN

Figure 5. Comparison of electrolysis currents

3.2. Power
Figure 4.2 It can be seen that the power produced varies in each sample. In sample A, the power prod
watts after electrolysis for 30 minutes; in sample B, the power produced is 1.7 watts after electro
minutes; in sample C, the power produced is 2.5 watts after electrolysis for 30 minutes; in sample J
produced is 2.8 watts after electrolysis for 30 minutes; in sample E, the power produced is
electrolysis for 30 minutes; and in sample F, the power produced is 7.3 watts after electrolysis for
difference is due to the content of electrolyte concentration in it. Sample F only uses pure cocon
any mixture, while the other samples use a mixture of peat water and coconut water. It can be se
above that the more coconut water is mixed, the higher the power produced. This is due to the high
of natural electrolytes in coconut water, such as potassium, sodium, and chloride. These electrolytes
the conductivity of the solution, allowing electric current to flow more easily through the solution [25

Journal of Engineering Design and Technology 82



LOGIC
Jurnal Rancang Bangun dan Teknologi Vol. 25 No. 2 July 2025

coconut water usable as a natural catalyst or directly electrolyzable to produce hydrogen gas. During electrolysis,
the power generated from 5 minutes, 10 minutes, 15 minutes, 20 minutes, 25 minutes, and 30 minutes varies due
to the influence of the solution reaction.

POWER

8,00

7,00 > o—@ ®

6,00 —&— Sample A

5,00 == Sample B
£ 4% —a— Sample C
g 3,00 s S ¥ X ample

2,00 /ﬁ A A X == Sample D

1,00 & = 5 5 3l —%—Sample E

0,00 —@— Sample F

5' 10" 15' 20' 25' 30’
MINUTES

Figure 6. Comparison of electrolysis process power

4. CONCLUSION

Although the electrolysis results showed that coconut water performed better in terms of current, voltage, and gas
productivity, the use of peat water still produced measurable electrolysis results. This evidence indicates that peat
water has limited electrolyte potential. The organic and mineral content of peat water allows for electrochemical
reactions, but not as efficiently as coconut water. Therefore, peat water has the potential to be used as an alternative,
inexpensive, and abundant local electrolyte solution. However, further optimization, such as the addition of
external electrolytes or pretreatment, is needed to increase its efficiency in the electrolysis process. Therefore,
coconut water plays a significant role as an electrolyte supplement to produce hydrogen gas in the electrolysis
process when combined with peat water.
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THE EFFECT OF VOLUME FRACTION VARIATION
ON THE MECHANICAL PROPERTIES OF EPOXY-
BASED SUGARCANE FIBER COMPOSITES

1)Department of Materials Anisa Fitri V", Ahmad Andryan Prakoso", Bayu Prasetya’, Mhd. Yasin
Engineering, Faculty of Siregar”, Wahyu Solafide Sipahutar?
Industrial Technology,

Institut Teknologi Sumatera

Abstract. The use of natural fibers as reinforcement in composite materials
offers an environmentally friendly alternative to synthetic fibers. Among them,
sugarcane fiber (bagasse), an agro-industrial byproduct rich in cellulose,
hemicellulose, and lignin, holds considerable potential but remains
underutilized. This study aims to evaluate the effect of varying sugarcane fiber
volume fractions (50%, 60%, and 70%) on the mechanical properties of epoxy
resin-based composites. The composites were fabricated using the hand lay-up
method, followed by mechanical testing including tensile tests (ASTM D3039)
and bending tests (ASTM D790). The results showed that the highest tensile
strength of 26.43 MPa was achieved by the E70 sample, while the ES0 sample
exhibited the highest bending strength at 142.53 MPa. Fractographic analysis
revealed that structural defects such as voids, fiber pull-out, and debonding
significantly influenced the mechanical performance of the composites. While
fiber volume fraction has a notable impact on tensile and bending strengths, the
relationship is not strictly linear due to variations in fiber-resin distribution and
interfacial bonding quality. These findings suggest that sugarcane fiber-based
epoxy composites, particularly with a 50% volume fraction, have strong
potential for application in lightweight structural components, furniture panels,
or automotive interior parts. Future research may focus on improving interfacial
bonding through chemical treatments or hybridization with other natural fibers
to further enhance performance
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1. INTRODUCTION
The advancement of material technology in recent decades has increasingly driven the search for materials that
not only exhibit high mechanical performance but are also environmentally friendly and sustainable. One
promising innovation is the development of natural fiber-reinforced composites, which are considered an ideal
alternative to synthetic fibers that are difficult to decompose and potentially harmful to the environment. Previ
studies by Liu et al. [1] and Ismail et al. [2],[3] demonstrated that sugarcane fiber composites with epoxy m
exhibit promising mechanical properties, but optimal fiber content and distribution remain a challenge.
research on the influence of high-volume fractions (above 50%) is still limited, particularly rega
behavior under combined tensile and bending loads. This study aims to fill this gap by systematical
the effect of 50%, 60%, and 70% fiber volume fractions on the mechanical response of the composi
natural fibers in composites not only reduces reliance on synthetic materials but also promotes t
organic waste from the agricultural and industrial sectors [4], [5].

Among the various types of natural fibers, sugarcane bagasse, an agro-industrial bypro
processing, holds significant potential yet remains underutilized. This fiber contains cellulose, h
lignin, which are the primary constituents responsible for its inherent strength [6],[7]. Su!
lightweight, biodegradable, abundantly available, and cost-effective, making it a promising
reinforcement material in environmentally friendly composites.

In composite structures, the fiber acts as the reinforcement that contributes to mechanical s
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the resin matrix binds the fibers together and distributes the applied loads. In this study, epoxy resin was selected
as the matrix due to its excellent adhesion, high mechanical strength, and resistance to environmental and chemical
degradation. The combination of sugarcane fiber and epoxy resin is expected to yield composite materials with
competitive mechanical properties [8],[9].

However, one of the main challenges in fabricating natural fiber composites lies in determining the optimal
fiber volume fraction. A fiber ratio that is too low may result in insufficient mechanical strength, whereas an
excessively high fiber content can lead to structural defects such as voids, debonding, and fiber pull-out due to
inadequate resin impregnation[10]. These defects can significantly compromise the quality and durability of the
composite under tensile and bending loads.

To address these challenges, this study investigates the effects of varying sugarcane fiber volume fractions
(50%, 60%, and 70%) on the mechanical properties of epoxy-based composites. The research focuses on
evaluating tensile and bending strength and includes macroscopic analyses of fracture surfaces to better understand
the failure mechanisms involved.

2. METHODS

This study was conducted to fabricate a composite material using natural fibers derived from sugarcane bagasse,
with fiber volume fractions of 50%, 60%, and 70%. The process began with fiber preparation, where dry sugarcane
fibers were combed using a wire brush to remove any residual cork or surface impurities. The fibers were then
thoroughly washed and sun-dried until completely dry.

Subsequently, the fibers underwent an alkali treatment by soaking them in a 5% sodium hydroxide (NaOH)
solution for 2 hours [11]. This surface modification process aims to remove components such as hemicellulose,
lignin, and pectin, which are less effective in promoting interfacial bonding. Reducing these components increases
the cellulose content, thereby enhancing fiber stiffness and strength, while also improving surface roughness to
facilitate better wetting and adhesion with the resin. After soaking, the fibers were rinsed with water until a neutral
pH was achieved.

The composite fabrication employed the hand lay-up method, which is suitable for producing simple
components with smooth mold surfaces [12]. The mold was first coated with wax, and a layer of waxed Teflon
paper was placed at the base. A mixture of epoxy resin and hardener was then poured slowly into the mold to fill
it halfway. Sugarcane fibers were placed onto the resin layer, followed by another layer of resin to fully encapsulate
the fibers. The top was covered with another sheet of waxed Teflon paper, and pressure was applied to the mold
to eliminate air entrapment and ensure proper impregnation of the fibers.

resin

—_ fibers

- |0 - )

o S ——
Cleaned and dried fibers :llak(glijlzz":q‘;“ft:rszﬁ Hand lay up process Sugarcane fiber composite

Figure 1. Research procedure for producing sugarcane fiber composites using the hand lay-up method.

Tensile and bending tests were conducted following ASTM D3039 and ASTM D790 standards,
respectively [13]. The tensile test was performed to determine key mechanical properties of the composite,
including tensile strength, elongation, and modulus of elasticity. The test specimens measured 175 mm x 25
x 3 mm and were tested using a Universal Testing Machine (UTM) at a crosshead speed of 2 mm/min (
in/min). The testing was carried out in the Materials Engineering Laboratory at the Sumatra Institute of Tech
(ITERA).

The results included the calculated values of maximum tensile strength (o), strain (g), and
elasticity (E). In addition, a bending test is also carried out to measure the strength of the material d
and elasticity of the sample. The bending test was carried out using a Universal Testing Machine
7250, capacity 250 kN), this test uses a specimen measuring 127 mm x 12.7 mm x 3.5 mm, equipp
point bending fixture and operated at a crosshead speed of 1.4 mm/min, in accordance with AST
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_ 3-point bending test

Figure 2. Three-Point Bending

To find the bending stress (ob), bending strain (gb), and bending modulus of elasticity (Eb), use the following
equations:

, - 3FL (M
oY = 5ap?

Eb = L'm *
"~ 4pd3

£h = L3m 3)
"~ 4pd3

Description:

F = load applied at the midpoint (N)

L = span length (distance between two supports) (mm)

b = specimen width (mm)

d = specimen thickness (mm)

D = deflection (displacement) at the midpoint of the specimen (mm)
m = slope of the load-deflection curve in the linear section (N/mm)

3. RESULTS AND DISCUSSION

3.1 Composite Tensile Test Results

The strain versus stress graph of sugarcane fiber composites with fiber volume fractions of 50%, 60%, and 70% is
shown in Figure 3.

0,30 -

0.257 —— EB0

—E70

0,20

0,15

Stress (MPa

0,10 -

0,05

0,00 ; : ‘
0,00 0,05 0,10 0,15 0,20
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Figure 3. Stress—strain curves of sugarcane fiber-reinforced composites with varying fiber volum

Based on the graph above, the highest tensile stress is observed in sample E70 (with a 70% fiber v
reaching 26.43 MPa. This result is attributed to the higher fiber content in sample E70, which alll
load to be more evenly distributed. Since fibers generally possess higher tensile strength than
matrix, the increased fiber content enhances the overall tensile strength of the composite. As a res
exhibits greater tensile strength compared to the samples with 60% and 50% fiber content.

Journal of Engineering Design and Technology 87




LOGIC
Jurnal Rancang Bangun dan Teknologi Vol. 25 No. 2 July 2025

However, an increase in fiber volume fraction does not always lead to a linear improvement in tensile
strength. The effectiveness of load transfer is also influenced by the fabrication process and the uniformity of
fiber—resin distribution. In the E60 sample (60% fiber volume), an imbalance in fiber and resin distribution likely
created structural weak points, which served as initiation sites for failure under tensile loading. This is supported
by both macroscopic analyses of the fracture surface, which revealed significant voids and fiber pull-outs. These
defects, such as voids and debonding, reduce the interfacial bonding and compactness of the composite, preventing
effective stress transfer from the matrix to the fibers. Consequently, the E60 sample exhibited the lowest tensile
strength value of 17.79 MPa. The tensile test results for each sample are summarized in Table 1 below.

Table 1. Mechanical Properties Of Sugarcane Fiber Composite Samples From Tensile Testing.
UTS (Ultimate

. Yield Strength Young’s .
Sample Tenmli/[ S;;;:ngth) (MPa) Modulus (MPa) Strain
E50 2430+ 1.91 23.5+6.3 2.609 +68.51  0.12+0.04
E60 17.79 £2.34 17.5 +2.68 1.844+24.03  0.18 +£0.05
E70 26.43 £0.75 22.5+1.59 2.375+84.55 0.17+0.03

Based on the tensile test results, the highest Young's modulus was recorded in sample E50 at 2.609 = 68.51 MPa,
followed by sample E70 at 2.375 £ 84.55 MPa, and the lowest in sample E60 at 1.844 + 24.03 MPa. Theoretically,
an increase in fiber volume fraction should correlate positively with an increase in elastic modulus, since natural
fibers possess greater stiffness than the resin matrix[14]. However, the experimental findings revealed
discrepancies from this expectation, primarily due to the presence of different types and levels of defects in each
sample.

Sample E50, with a 50% fiber volume fraction, exhibited a relatively uniform distribution of fiber and resin.
Although minor defects such as voids and matrix-rich zones were present, they occurred in minimal amounts. This
favorable distribution allowed for effective elastic load transfer from the matrix to the fiber, resulting in the highest
elastic modulus among the samples.

In contrast, sample E60 exhibited the highest concentration of defects, including voids, fiber pull-out, and
debonding, indicating poor interfacial bonding between the fiber and matrix. These imperfections hindered
uniform stress transfer, leading to a significant reduction in the composite's stiffness. In sample E70, although the
fiber content was higher, defects such as voids and crack deflection were also observed. These defects were
primarily caused by suboptimal fiber arrangement and insufficient resin coverage, which impeded the fiber's ability
to effectively resist elastic deformation.

This behavior aligns with the chemical characteristics of the epoxy resin used. Epoxy is a thermosetting
polymer formed through the polymerization of epoxide groups (—C—O—C—), which are highly reactive and capable
of forming strong covalent bonds with the hydroxyl groups found in natural fibers such as cellulose[15][16]. These
chemical bonds enhance interfacial adhesion and reinforce the interaction between the matrix and the fiber. When
the resin is properly distributed, epoxy functions optimally as a binder, improving the mechanical integrity of the
composite[17].

3.2 Fracture Pattern Analysis of Composite Tensile Test Results
Fracture pattern analysis of the tensile-tested composites was carried out to examine how variations in fiber volume
fraction influence fracture mechanisms. Figure 4 illustrates the fracture patterns observed in samples with fiber
volume fractions of 50%, 60%, and 70%.

In Figure 4, the composite sample with a 50% fiber volume fraction (E50) exhibits a fracture located at the
center of the specimen, classified as an LGM (Lateral Gage Middle) fracture. A midsection fracture indicates that
the applied load was evenly distributed and that failure occurred at the region with the highest stress concentration.

In contrast, the E60 and E70 samples show fractures occurring near the top of the specimens, classifie
LGT (Lateral Gage Top) fractures. This pattern suggests irregularities in fiber and resin distribution or the pr
of localized defects, such as voids or debonding, near the top region. At higher fiber volume fractions,
may not sufficiently wet and bond with all fiber surfaces, leading to poor interfacial adhesion. As a re
distribution becomes uneven, and the specimen is more prone to early failure.
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Figure 5. Macroscopic image of tensile fracture surface in sample E50.

Figure 5 shows the fracture surface of the ES0 composite sample. The image reveals a failure mode characterized
by matrix-rich regions, where the composite is dominated by resin with little to no presence of reinforcing fibers.
This condition typically results from uneven fiber distribution during the fabrication process, leading to zones
composed primarily of the matrix without adequate fiber reinforcement. In addition, void defects were also
observed, which are attributed to air entrapment within the resin during molding. These trapped air pockets form
cavities as the resin cures. However, the voids in this sample appear to be minimal and randomly distributed, thus
having a negligible effect on the overall structural integrity and mechanical performance of the composite.

Fiber pull out

Figure 6. Macroscopic image of tensile fracture surface in sample E60.

Figure 6 displays the fracture surface of the E60 composite sample. The image reveals a LGT (L
fracture pattern, where the failure occurs near the upper section of the specimen. This indic
distribution of fiber and resin within the composite, resulting in non-uniform load transfer during ti

Compared to the E50 and E70 samples, the E60 sample exhibits a higher concentration o
which are likely caused by trapped air during the fabrication process. Additionally, the fracture s
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evidence of fiber pull-out, where fibers are detached from the resin matrix. This phenomenon is indicative of
debonding at the fiber—matrix interface, reflecting poor adhesion and contributing to the reduced mechanical
performance of the sample.

" Crack deflection

Figure 7. Macroscopic image of tensile fracture surface in sample E70.

Figure 7 shows that the failure type observed is also LGT (Lateral Gage Top), where the fracture initiates at the
upper region of the specimen. In this sample, a crack deflection defect is evident, which is caused by the misaligned
or tilted orientation of the fibers. When subjected to loading, the crack propagates along the path of the inclined
fibers rather than perpendicular to the applied stress. This condition is likely the result of improper fiber alignment
during the molding process, indicating a fabrication error that affects the structural integrity of the composite.

3.3 Composite Bending Test Results
The force—deformation curves resulting from the bending test of sugarcane fiber composites with varying fiber
volume fractions (50%, 60%, and 70%) are shown in Figure 8.

140 —Es0
p=——E80
e E T

Deformation

Figure 8. Force deformation graph of sugarcane fiber composite samples under bending test.

Table 2. Mechanical Properties Of Sugarcane Fiber Composites From Bending Tests

. Modulus of
Sample  Max Force (N) Benduﬁs trength strain (mm) Elasticity
(MPa) (MPa)
E50 134.45 142.53 £ 8.73 9.73 1.57+0.41
E60 133.75 119.15+13.83 11.73 1.09 £ 0.08
E70 109.79 89.53 +£10.38 11.70 2.10+0.70

Based on Figure 8 (force deformation graph) and Table 2, which present the results of the bending te
fiber-reinforced epoxy composites with fiber volume fractions of 50%, 60%, and 70%, the high
bending strength values were recorded in the ES0 sample, at 134.45 N and 142.53 MPa, respective’
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sample demonstrates an optimal ratio between fiber and resin, where the resin adequately coats the fibers, ensuring
strong interfacial adhesion and effective mechanical interlocking. This optimal bonding allows the composite to
withstand higher bending loads before failure occurs.

In contrast, the lowest force and bending strength values 109.79 N and 89.53 MPa were observed in the
E70 sample. The high fiber content in this sample resulted in insufficient resin to fully impregnate all fibers,
leading to poor fiber—matrix bonding. Additionally, the uneven resin distribution contributed to the formation of
voids and inconsistent load transfer during testing. Despite having the highest elastic modulus (2.10 MPa), which
indicates greater stiffness, the E70 sample exhibited low resistance to deformation and failed more quickly under
bending loads.

4. CONCLUSION

Based on the mechanical testing results, variations in sugarcane fiber volume fraction significantly affect the
tensile and flexural properties of the epoxy-based composites. The sample with a 70% fiber volume fraction (E70)
achieved the highest tensile strength of 26.43 MPa, while the sample with a 50% fiber volume fraction (E50)
exhibited the highest flexural strength of 142.53 MPa. However, increasing the fiber content does not always lead
to a proportional improvement in all mechanical properties. For applications requiring a balance between tensile
and flexural strength, a 50% fiber volume fraction is recommended as the optimal composition. At this level, the
fiber and resin distribution is more uniform, resulting in better interfacial bonding and minimal defects such as
voids and delamination. Therefore, the 50% fiber volume fraction offers well-balanced mechanical performance
and can serve as a practical guideline for material selection in future lightweight structural composite applications
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PERFORMANCE ANALYSIS OF THERMOELECTRIC
COOLER BOX WITH WATER COOLING BLOCK
(WCB) AND HEAT SINK FAN
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Abstract. Thermoelectric cooler boxes offer an environmentally friendly,

Corresponding email : energy-efficient, and portable cooling solution. However, the performance of

sutina@pnb.ac.id thermoelectric cooling systems is highly dependent on the effectiveness of heat
dissipation on the hot side of the Peltier module (TEC). This study aims to
experimentally investigate the impact of using a Water Cooling Block (WCB)
compared to a conventional heat sink fan on the cooling performance of a
thermoelectric-based cooler box. The experimental setup involved two
configurations for the hot side cooling system, where parameters such as hot-
side temperature, cabin temperature, and Coefficient of Performance (COP)
were measured and analyzed. The experimental results showed that the use of
WCB was able to significantly reduce the temperature on the hot side, with a
temperature reduction in the cabin reaching 20.35 °C and an average COP of
0.09687. Meanwhile, the TEC-fan temperature in the cabin cooler box was
lower at 21.45 °C, with an average COP value of 0.04718. Therefore, the Water
Cooling Block demonstrates superior efficiency and thermal management
compared to the heat sink fan, offering enhanced performance for
thermoelectric cooler box applications in various low-temperature storage
needs.

Keywords : Thermoelectric, Cooler box, Water cooling block, Heat sink fan, COP, Peltier module.

1. INTRODUCTION
Refrigeration machines have become an essential part of modern life. Refrigeration machines with vapor
compression systems are the most commonly used type of refrigeration machine in industries such as hospitality,
power generation, pharmaceuticals, and food storage industries, such as meat, fruit, and vegetables [1]. However,
the use of vapor compression refrigeration systems carries several risks that can cause environmental damage,
such as the use of chlorofluorocarbons (CFCs) and hydrochlorofluorocarbons (HCFCs) as refrigerants, which can
cause global warming and damage the ozone layer. For this reason, the use of these types of refrigerants has bee
widely banned around the world [2]. One system that can be used as an alternative to environmentally frie
cooling machines is the Thermoelectric (TEC) system. Cooling machines with thermoelectric systems hav
noise levels because they have fewer moving mechanical components and more accurate temperature co;
Thermoelectric cooler boxes are becoming a replacement for conventional refrigerators, with a co
lightweight design that makes them easy to place anywhere. These cooler boxes do not require a lot
and can be powered by DC current, so their energy consumption is relatively low and they are mo:
easier to move [4].

The Thermoelectric Module (TEC) is an integrated circuit with a solid form that w
thermodynamic principles known as the Seebeck, Peltier, and Thomson effects [5]. Peltier elem
as coolers or heaters depending on the direction of the current supplied. Peltier elements are comm
air conditioning systems [6] and water temperature control systems [7]. Peltier elements become
flow of electrons from P-type semiconductor components to higher electron levels in N-type semic
The effectiveness of thermoelectric cooling systems depends heavily on the ability to dissipate heat
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side of the module. One important component that supports this process is the heat sink, which serves to conduct
and dissipate heat to the environment [9]. The effectiveness and performance improvement of thermoelectric
modules are influenced by the heat transfer cross-sectional area on the heat sink [10]. The use of thermoelectric
modules as a 34-liter beverage cooler has been carried out with two or three TEC modules by Azridjal Aziz et al.
The results show that heat absorption in a cooler box with three TEC modules is more effective than with two TEC
modules [11]. Previous research has shown how the use of a water cooling block (WCB) system in TEG modules
can improve the performance of thermoelectric generators (TEG) [12]. Improvements in cooling performance with
thermoelectric modules still depend on the effectiveness of heat dissipation on the hot sink side.

Due to these issues, this study was conducted to experimentally examine the effect of using a water cooling
block on the heat sink on the cooling performance of a thermoelectric cooler box. By conducting direct testing,
this study is expected to provide important information regarding the optimization of the use of water cooling
block (WCB) heat sinks that support the overall efficiency of thermoelectric cooling systems.

2. METHODS

2.1 Research Design

This cooling system consists of a main component in the form of a thermal insulation box equipped with a
thermoelectric module. The cooling box is made of 40 mm thick polyurethane board. The internal dimensions of
the box are 240 mm x 240 mm X 270 mm. As the cooling element, a double-deck thermoelectric module of type
TEC2-25408 is used, measuring approximately 40 mm % 40 mm X 6 mm. This module operates at a current of 4.5
amperes and a voltage of 12 volts.

Table 1. Thermoelectric Specification
TEC specification

Type Double Deck Thermoelectric Cooler
Model TEC2-25408

Voltage 12V

Current Max. 8 A

Power Max. 70 watt

AT Max 80°C

Dimension 40mm x 40mm x 6mm

Cooling on the cold sink side is carried out using a finned aluminum heat sink equipped with a fan to increase heat
transfer from the cooling chamber. Conversely, the hot sink side is used as a heat extraction point through the
installation of an 80 mm x 80 mm water cooler block, which functions to transfer heat to the cooling water fluid.
The pump used has a power of 2.52 watts with a current of 0.21 A and a voltage of 12 volts. A condenser is used
to cool the water from the WCB with the help of a fan. This experimental configuration can be seen visually in
Figure 1.

Cooler Box

Flow Meter

Condenser Water Tank

Figure 1. WCB thermoelectric experimental scheme
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The initial step in the operation of the thermoelectric system with a heat sink-fan and water cooling block involves
the cold side, where the heat sink absorbs heat from the cooling chamber, assisted by a fan to accelerate heat
absorption. On the hot side, the TEC module is fitted with a water cooling block, where water from the reservoir
tank is pumped to the flow meter for checking the water flow rate, then the water flows to the water cooling block
to help dissipate heat from the TEC on the hot side. The water exiting the water cooling block flows to the radiator,
which functions to release the heat from the water generated by heat absorption on the hot side with the assistance
of a fan. The water then returns to the reservoir tank and the cycle continues.

The performance calculation of this cooler box was carried out by analyzing the data obtained and then
calculating the COP value using equation (1) as follows:

COP =0 (1)
Pt

Qc =0Qw +0Qq+Qu )

P,=P +P, €)

Where Q; (watts) is the total cooling load on the cooler box cabin, which can be calculated using equation (2),
consisting of heat transfer within the box cabin Qa and heat lost through the box walls Qw to the environment.
Meanwhile, Py (watts) is the total power used by the cooler box, as stated in equation (3), which can be found in
previous references and studies [13],[14],[15]. In this study, air is used as the load in the cooler box cabin, so the
cooling effect can be seen from the air temperature inside the cooler box cabin.

2.2 Experimental Procedure

Experimental testing was conducted using a data collection method for each type of heat sink on the hot side,
namely testing heat sinks with fan heat sinks and heat sink-water cooler blocks (WCB) with dimensions of 40 mm
x 80 mm and a thickness of 15 mm, using aluminium material. The DC current entering the thermoelectric device
uses the PZEM-017 with a 1% margin of error, connected to the data acquisition system (NI 9274). Type K
thermocouples were installed to measure all temperatures and connected to the data acquisition system (NI 9213).
The thermocouple positions are indicated in Figures 2 and 3 with yellow dots, where temperatures are recorded
using LabVIEW 2019 data acquisition software and stored on a desktop computer for each test. It is assumed that
the air mass inside the box is constant without any transfer from the environment. The cooling load inside the box
is water with a mass of 0.35 kg. The fan power in the cooling box is also calculated as a cooling load, assuming
that the heat transfer generated by the fan motor is equal to the fan power (2.88 watts). The external cabin
temperature is measured and serves as a free variable that can influence the heat loss through the box walls. The
experimental scheme is presented in Figures 2 and 3.

Cooler Box

Data Loger

¥

o

¥
Thermocouple
position for
ambient

~ Power
Supply DC

Thermocouple position DC Power Meter

for Box Cabin

Figure 2. Experimental heat sink-WCB scheme

Journal of Engineering Design and Technology 95




LOGIC

Jurnal Rancang Bangun dan Teknologi Vol. 25 No. 2 July 2025
Cooler Box
Them;cnuple TEC PC Dekstop
position for

ambient —  Air Flow
=~ Direction
—_—
—
—

Culd‘SinkF'm

4
F

DC Power Meter

Figure 3. Heat sink-fan diagram

Experimental data collection was carried out for + 180 minutes with a data collection interval of every 10 minutes.
At this stage, the experimental data collection process was carried out twice.

3. RESULTS AND DISCUSSION
3.1 Temperature Comparison on Heat Sink
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Figure 4. Temperature comparison on heat sink

The temperature difference between the hot side of the thermoelectric module is a key indicator in determinin
efficiency of heat transfer from the TEC module to the environment. Figure 4. shows a graph compari
thermoelectric AT against the test time between the hot side and the cold side for both types of TEC-fan
WCB tests. The blue lines and points indicate the test temperature of the TEC heat sink with WCB.
lines and points indicate the temperature changes for the TEC heat sink test with a fan.

Based on the test results, the system using a heat sink-WCB showed a higher temperature in
°C. Significant changes began to occur at the 10-minute mark and continued gradually until the
time. Meanwhile, the system using a heat sink-fan showed a stable temperature increase trend until
and then gradually increased until the 180-minute testing time with a final value of 20.7 °C.
consistent with those reported by Nugroho Tri Atmoko et al. [11], where the addition of WCB on
the TEC had a better effect. This is because heat transfer in the heat sink-fan system relies so
convection by air, which has a relatively low specific heat capacity compared to water. In contrast,
with WCB can transfer heat more quickly through conduction and forced convection of water, and util
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to dissipate heat more effectively into the environment.

This significant temperature difference shows that the WCB system has an advantage in keeping the hot
side temperature low and stable. A lower hot side temperature will increase the temperature difference (AT)
between the hot side and the cold side of the TEC module, thereby increasing the Peltier effect. This increase in
AT directly impacts the cooling capacity of the module, as the heat transfer process from the cold side becomes
more intensive. Additionally, the stability of the hot side temperature prevents overheating of the module, which
can extend the overall lifespan of the TEC.

3.2 Temperature Inside the Cooler Box Cabin
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Figure 5. Comparison of temperatures inside the cooler box cabin

Figure 5 shows a graph comparing the temperature inside the cabin cooler box for the TEC-WCB test (blue line
and dots) and the TEC-fan test (yellow line and dots). The experimental results show that the cooler box with the
WCB system was able to achieve a lower temperature reduction of 20.35 °C within the 180-minute testing period.
A significant temperature drop occurred in the first 60 minutes, indicating that the initial efficiency of the WCB
system is very high in absorbing heat from the cabin air. In the heat sink fan system, the temperature drop tends to
be slower and more stable. The cabin temperature began to drop at the 90-minute mark and gradually decreased
until the 180-minute test, with a cabin temperature of 21.45 °C. This phenomenon is caused by the heat dissipation
performance on the hot side of the TEC being influenced by the heat dissipation effect on the hot side of the TEC.
With better heat dissipation in the WCB system, the cold side of the TEC module can achieve a lower temperature,
and heat absorption from the load and cabin air becomes more effective and optimal, leading to thermal
equilibrium. With the ability to lower cabin temperature faster and to a lower level, the WCB cooling system is
highly suitable for applications requiring small-capacity cooling systems that need to achieve stable temperatures
quickly, such as food storage, beverage storage, pharmaceuticals, or other sensitive materials.

3.3 Performance Comparison (COP)
To assess the energy efficiency of the cooling system, the Coefficient of Performance (COP) parameter is used,
using equation (1), which is the ratio between the cooling load (Qtotal) and the total electrical power used (Ptotal).
To determine the total cooling load on the cooler box, equation (2) is used. The total electrical power used can
calculated using equation (3).

Figure 6 shows the COP graph for each heat sink. The trend shows that the COP in the WCB s
consistently higher than in the system with a heat sink fan. The COP value remains relatively constan
start of the test until the 180th minute, with an average COP value of 0.09687. Meanwhile, the COP v
heat sink-fan system tend to be stable with an average value of 0.04718. This indicates that the W
more efficient in converting electrical energy into cooling energy. This advantage arises becaus
cooling medium in the WCB, is able to maintain the temperature of the hot side at a low level, e
TEC performance remains optimal without excessive heat load [10]. Meanwhile, in fan systems, h
on the hot side causes the TEC to operate in suboptimal thermal conditions, requiring more elec
produce the same cooling effect. The increase in COP also indicates significant energy-saving
system is applied on a large scale or for long-term operations. Thus, the thermoelectric cooler bo
WCB is not only superior in terms of cooling performance but also in energy efficiency.
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Figure 6. Performance Comparison (COP)

3. CONCLUSION

Experimental research has been conducted on thermoelectric cooler boxes with WCB heat sink cooling and heat
sink fans, where water is used as the cooling medium on the hot side of the TEC-WCB and air is used as the
cooling medium on the TEC-fan. The cooling load applied is water with a mass of 0.35 kg. Experimental data
showed that the TEC AT value comparison for the heat sink with WCB reached a maximum of 36.7 °C at minute
180. The heat sink-fan had a TEC temperature comparison value was 20.7 °C at the 180th minute. The temperature
drop data for the thermoelectric cabin cooler box with WCB reached a minimum temperature of 20.35 °C. This
temperature achievement is better than the TEC-fan, which could only reach a cabin temperature of 21.45 °C
during the 180-minute testing period. The experimental COP value of the system was found to have an average
value of 0.09687 for TEC-WCB, while the TEC-fan had a value of 0.04718. From the three aspects observed,
namely heat sink temperature, cabin temperature, and COP value, it can be concluded that the use of Water Cooling
Block (WCB) provides a significant improvement in the performance of the thermoelectric cooling system. This
system is not only able to dissipate heat more efficiently, but also improves cabin cooling capabilities and overall
energy efficiency. These findings align with the research objective, which was to experimentally evaluate the
impact of the WCB on the performance of the thermoelectric cooler box.
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iwpadmayogi@pnb.ac.id Abstract. This study investigates the effect of citric acid surface treatment on
wood sawdust used as reinforcement in epoxy-based composites by evaluating
both bending strength and Brinell hardness. Wood sawdust was subjected to
surface modification using citric acid and sodium hydroxide (NaOH) under
equivalent molar concentrations. Bending strength tests showed that both citric
acid and NaOH treatments significantly improved mechanical performance
compared to untreated samples, with average strengths of 33.83 MPa and 32.82
MPa, respectively, versus 21.83 MPa for the untreated group. Statistical
analysis was conducted to compare the two treatments. After confirming
normal distribution but unequal variances, a Welch two-sample t-test was
performed, yielding a p-value of 0.742 showed no significant difference
between the two treatments. Brinell hardness measurements produced mean
values 0f 9.56 HB, 9.01 HB, and 9.77 HB for citric acid-treated, NaOH-treated,
and untreated composites, respectively. One-way ANOVA indicated no
significant variation in hardness among these groups. These results demonstrate
that citric acid treatment enhances flexural performance to the same extent as
NaOH without altering surface hardness.

Keywords : ANOVA, Bending strength, Citric Acid, Composite, Hardness, Wood Sawdust.

1. INTRODUCTION
The increasing demand for sustainable materials has driven the development of composite materials derived from
renewable natural resources. One such material with promising potential is wood sawdust waste, a byproduct
generated from wood processing industries [1], [2]. The use of wood sawdust as a composite constituent enabl
the production of materials that can be tailored to meet specific performance criteria. Moreover, wood-b,
composites offer an opportunity to enhance the utility of low-quality wood by converting it into highe
products [3].

However, one of the primary challenges in utilizing wood sawdust in polymer composites
inherent incompatibility between the hydrophobic epoxy resin and the hydrophilic nature of wood p
mismatch leads to poor interfacial adhesion, which negatively affects the mechanical perfo
composite. To address this issue, surface treatment of the wood sawdust is essential for improving t
and adhesion between the filler and the matrix [4].

Alkaline treatment using sodium hydroxide (NaOH) has been widely adopted to modi
lignocellulosic materials, aiming to enhance the adhesion between wood fibers and polymer ma
plastic composites [5], [6], [7]. During this treatment, hydrogen bonds within the lignocellulo
disrupted, increasing the proportion of amorphous cellulose and surface roughness. While effecti
NaOH poses significant environmental hazards, creating a need for more eco-friendly and cost-effe
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treatment alternatives [8].

Citric acid, a natural organic poly(carboxylic acid) with three carboxyl groups, has demonstrated potential
as a cross-linking agent through esterification with hydroxyl groups, forming stable cross-linked networks [9].
Beyond its applications in the food, beverage, and pharmaceutical industries, citric acid has shown strong cross-
linking capabilities with plant fibers, paper, wood, starch, and natural elastomers [8], [10], [11]. Although citric
acid offers notable advantages in improving fiber adhesion, research on its use for surface treatment of wood
sawdust in composite applications remains limited.

This study aims to investigate the effect of citric acid surface treatment on wood sawdust used in epoxy-
based composites. The influence of this treatment will be evaluated through mechanical characterization,
specifically flexural (bending) strength and Brinell hardness, and benchmarked against both untreated and NaOH-
treated counterparts. Emphasis is placed on assessing whether citric acid can serve as a viable and environmentally
friendly alternative to conventional alkali treatments.

2. METHODS

This research employed a laboratory-based experimental approach to evaluate the effect of citric acid surface
treatment on the mechanical performance of epoxy composites reinforced with wood sawdust. The primary focus
was to investigate bending strength using a three-point bending test and Brinell Hardness, as these properties are
essential for evaluating the rigidity and surface resistance of composite materials. The composite matrix was
composed of a commercially available clear epoxy resin and its corresponding hardener, mixed in a 2:1 weight
ratio, ensuring a consistent and reliable polymer crosslinking process.

Wood sawdust, obtained as a byproduct from a local woodcraft production facility, served as the reinforcing
filler. The raw sawdust was used without prior chemical treatment unless otherwise specified for comparison.
Food-grade citric acid purchased from a local supermarket was used as the primary surface treatment agent without
further purification due to its known ability to modify lignocellulosic surfaces. Sodium hydroxide (NaOH), a
widely used alkaline modifier, was also used as a comparative treatment, prepared at the same molarity as the citric
acid solution to ensure consistency in treatment conditions. Before treatment, wood sawdust was manually sieved
using a 40-mesh screen to obtain uniform particle size distribution. The particles retained on the sieve were
subjected to surface modification. These sawdust particles were immersed in either NaOH or citric acid solution,
stirred continuously for 2 hours to enhance contact between the chemical agents and the sawdust surface, then
rinsed thoroughly with distilled water and oven-dried at 60 °C to remove residual moisture. After drying, the
treated sawdust was mixed into the epoxy resin at a weight ratio of 19%. The mixture was stirred manually until a
homogeneous blend was achieved and then poured into pre-fabricated molds. The molds were left at room
temperature for curing under ambient laboratory conditions. After curing, the composite plates were demolded and
cut into test specimens with standardized dimensions of 100 mm X 16 mm x 5 mm (length x width x thickness),
suitable for mechanical testing.

Three-point bending tests were conducted using a universal testing machine with an 80 mm support span
in accordance with ASTM D790 standards. This test provided data on flexural strength and modulus. Brinell
hardness was measured by applying a predetermined load to a 2.5 mm diameter steel ball indenter pressed into
each specimen’s surface. The resulting indentation was used to calculate hardness values based on ASTM E10
guidelines. The combination of these two tests enabled a comprehensive evaluation of the mechanical behavior of
the developed composites under different surface treatment conditions.

3. RESULTS AND DISCUSSION

3.1 Effect of Surface Treatment on Flexural Bending Strength
The epoxy composites reinforced with NaOH and citric acid-treated wood sawdust exhibited substantially higher
bending strength than the untreated control. Untreated specimens averaged is 21.83 MPa, whereas the NaOH-
treated group averaged 32.82 MPa and the citric-acid-treated group 33.83 MPa. These values correspond to
roughly 50-55% improvement over the untreated case as shown in Figure 1.
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Figure 1. Wood sawdust reinforced epoxy bending strength comparison from different treatment

This level of enhancement is consistent with prior studies showing that chemical surface treatments of
lignocellulosic fillers lead to stronger fiber—matrix bonding. For example, alkali (NaOH) treatment is known to
remove lignin and other amorphous constituents from wood fibers, exposing cellulose and roughening the surface;
this typically increases interfacial adhesion and flexural strength [12], [13]. Likewise, citric acid treatment
promotes esterification between its carboxyl groups and fiber hydroxyls, improving fiber hydrophobicity and
bonding with the polymer matrix [14]. In short, both treatments likely improved stress transfer across the interface,
which accounts for the marked rise in bending strength [12], [14].

Due to high difference between treated sample and untreated sample, the statistical analysis was conducted
only for the citric acid and NaOH treated group. First, the bending strength data for each group were assessed for
normality using hypotheses Ho: data are normally distributed and Hi: data are not normally distributed. The test
yielded p-values greater than the significance threshold for both citric acid and NaOH groups, indicating no
significant departure from normality and thus failing to reject Ho for either group as shown in Figure 2.
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Figure 2. Normality test result for (a) Citric acid treatment and (b) NaOH treatment

Afterward, equal variances were evaluated with hypotheses Ho: group variances are equal; Hi: there is difference
in variances. The equal variance test result in a statistically significant result which P value = 0.011 greater than
significance level o = 0.05 as shown in Figure 3, leading to rejection of Hy and indicating unequal variance.
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Figure 3. Test for equal variance of citric acid treatment and NaOH treatment

Due to the unequal variance, a Welch two-sample t-test is used to compare the group means. The hypotheses for
the t-test are Ho: the mean bending strength is the same for both treatments, and Hi: the means is different. The
result of the test is shown as Figure 4. The P value of 0.742 is greater than the significance level of a = 0.05 and
Hy is not rejected, this indicates there is no significant difference in mean bending strength.

Two-sample T for Citric Acid Treatment vs NaOH Treatment

N Mean StDev SE Mean

Citric Acid Treatment 3 33.827 0.525 0.30

NaOH Treatment 3 32.82 4.58 2.6
Difference = p (Citric Acid Treatment) - p (NaOH Treatment)
Estimate for difference: 1.01

95% CI for difference: (-10.44, 12.45)
T-Test of difference = 0 (vs #): T-Value = 0.38 P-Value = 0.742 DF = 2

Figure 4. Welch two-sample t-test result

3.2. Effect of Surface Treatment on Hardness

The hardness value also evaluated through Brinell’s hardness test with result shown as Figure 5. The mean
hardness value for the epoxy, untreated, citric acid-treated, and NaOH-treated composites are 8.70 HB, 9.77 HB,
9.56 HB, and 9.01 HB respectively. These result indicate that incorporation of wood sawdust increase the surface
hardness relative to epoxy.
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Figure 5. Brinell hardness

To determine wether these observed differences in hardness were statistically different, a one-way analysis of
variance (ANOVA) was performed. The hypotheses are Ho: the mean Brinell hardness is the same for epoxy and
all other treatments, and Hi: at least 1 mean is different resulting in a P value of 0.017 which is less than the
significance level of a = 0.05 and Hy is rejected, indicating there is at least 1 mean is different as shown Figure 6.

Analysis of Variance

Source DF Adj SS Adj MS F-Value P-Value
Treatment 3 2.1891 0.7297 6.33 0.017
Error 8 0.9221 0.1153

Total 11 3.1112

Figure 6. Analysis of variance of hardness value

To determine wether the difference between a pair of groups is statistically significant, the Tukey Pairwise
Comparison is deployed. As shown in Figure 7., the grouping from each treatment including epoxy resulting in
there is significant difference between epoxy and untreated wood sawdust composite’s Brinell Hardness. The range
of hardness value for each treatment and the confidence interval for the difference between the means of hardness
are shown in Figure 8.a and b respectively.

Tukey Pairwise Comparisons

Grouping Information Using the Tukey Method and 95% Confidence

Treatment N Mean Grouping
Untreated 3 9.773 A

Citric Acid 3 9.557 A B
NaOH 3 9.013 A B
Epoxy 3 8.697 B

Means that do not share a letter are significantly different.

Figure 7. Tukey pairwise comparisons result
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Figure 8. Interval plot of a) Hardness vs treatment; b) Difference of means for hardness

Figure 8.b show that the confidence interval for the difference between the means of untreated wood sawdust
composite and epoxy does not include zero, which indicates that the difference between these means is significant.
However, as shown in Figure 7. and 8.b, the hardness value for each composite of untreated wood sawdust, citric
acid treated, and NaOH treated do not show any significant difference of means for hardness. These results indicate
that both treatments enhanced fiber—matrix adhesion, leading to increased flexural strength without significantly
affecting hardness. This aligns with prior studies showing that higher wood content generally increases hardness
in wood—polymer composites [15]. However, since the wood sawdust content was constant across all specimens
in this study, hardness remained unchanged. The elevated hardness values compared to pure epoxy further confirm
the reinforcing effect of wood sawdust.

In summary, citric acid achieves the mechanical benefits of alkali treatment while being safer, renewable,
and easy to implement. This makes citric acid surface treatment a practical alternative for producing high-strength,
sustainable epoxy—wood composites, in line with trends in bio-composite research.

4. CONCLUSION

The citric acid surface treatment significantly enhanced the bending strength of the epoxy—sawdust composites
compared with untreated sawdust. Statistical analysis using Welch’s two-sample t-test showed no significant
difference (p=0.742) between the bending strengths of citric acid—treated and NaOH-treated composites,
indicating that the two treatments are equivalently effective. In contrast, Brinell hardness testing revealed that
wood sawdust reinforced composite achieved similar surface hardness regardless to the surface treatments, with
one-way ANOVA indicating no significant difference among treatments. These results demonstrate that citric acid
treatment enhances flexural performance to the same extent as NaOH without altering surface hardness. Due to its
environmentally friendly characteristics, citric acid offers a viable and sustainable alternative to traditional alkaline
treatments in natural fiber-reinforced composites.
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1. INTRODUCTION
Coffee is one of the most widely traded agricultural commodities in the world and plays a crucial role in the
economies of many developing countries [1-3]. In Indonesia, Arabica coffee is a prominent export product,
especially from highland regions, where its unique flavor and aroma characteristics are preserved [4], [5]. Post-
harvest processing is essential to maintain the quality of coffee beans, and among the various stages, drying is
particularly influential [6-9]. The drying process not only determines the moisture content but also affects the
physical appearance, biochemical composition, and storage stability of the beans[10—13].

Traditionally, coffee beans are dried using open sun drying methods [13], [14]. While this technique is costs
effective and accessible for smallholder farmers, it has several disadvantages: it is highly weather-depend
requires large drying areas, and often results in uneven drying and potential contamination from dust, pes
microbial activity [15], [16]. Under ideal conditions, sun drying may take 2 to 3 weeks to reduce the
content of coffee beans to the standard range of 11-12% wet basis, suitable for storage and export
However, in practice, fluctuating environmental conditions frequently compromise efficiency and pro
[19]

To improve drying efficiency and consistency, solar dryers have been developed and classi
indirect, and hybrid modes [20-23]. These systems aim to reduce drying time and enhance qu
controlled microclimates within drying chambers [24], [25]. Notably, the integration of solar coll forced
air convection systems has emerged as a promising alternative to traditional methods [26], [27]. Fo
can significantly improve heat and mass transfer by increasing the air velocity across the
accelerating moisture removal, and allowing for better control of drying parameters [26], [28].

Recent studies have demonstrated the importance of airflow variation in solar drying s
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investigated the effect of different air velocities (1-3 m/s) on the drying performance and quality of Arabica coffee
beans [29]. Their results showed that varying airflow had a significant impact on drying time and moisture content,
with lower velocities yielding better moisture control while higher velocities slightly reduced efficiency [29].
Meanwhile, Kebede et al., evaluated a diminutive solar dryer with an integrated reflector and blower system in the
Ethiopian highlands. Their study achieved a final moisture content of 10% in only two days, highlighting the
effectiveness of optimized collector design and airflow control in maintaining coffee quality [30].

Building on this foundation, the present study focuses on an experimental evaluation of Arabica coffee
drying using a solar drying chamber equipped with a collector system and operating at an air velocity of 9.2 m/s,
substantially higher than in many previous studies. The research explores how collector orientation, surface
material, and solar exposure time affect the internal temperature, humidity, and drying kinetics within the chamber.
A batch of 6000 g of Arabica coffee beans was dried over 42 hours, and key performance indicators such as
moisture content, drying rate, solar radiation, and chamber conditions were closely monitored. This study aims to
contribute to the ongoing optimization of sustainable, off-grid drying technologies that enhance quality and
efficiency in coffee processing, particularly in rural or electricity-scarce regions.

2. METHODS

2.1. Materials

The coffee beans used in this study were Arabica variety, sourced from Pangalengan, West Java. The cherries were
harvested at optimal ripeness and underwent standard post-harvest processing, including de-pulping, washing, and
an 8-hour fermentation period to remove mucilage. After fermentation, the beans were rinsed and prepared for
drying. The beans were spread in a thin layer (0.5-1 cm thickness) on drying trays to ensure uniform exposure to
hot air during the drying process.

2.2. Equipment

The drying system consisted of a single-unit solar coffee dryer, specifically designed to optimize heat transfer and
air circulation. The main components are illustrated in Figure 1. The drying chamber measured approximately 900
x 800 x 1200 mm. The outer casing was constructed from aluminum sheets and insulated with glass wool to
minimize heat loss. The interior walls were lined with aluminum foil to maintain cleanliness and prevent
contamination of the coffee beans.

Solar Collector __ Airinlet
>
~__ Ducting
Fan _
N —— AirOutlet
" Drying Chamber
Tray —

Figure 1. Coffee drying unit utilizing forced convection

The solar collector was built using a single layer of glass and a black-painted metal absorber plate designed
maximize solar energy capture. The collector was integrated into the drying system to ensure a continuous s
of heated air. An axial blower fan was installed to force hot air from the collector into the drying cham
velocity of 9.2 m/s. This setup was intended to enhance the convective drying process and ensure even
reduction across all trays. Temperature and relative humidity inside the drying chamber were moni
thermocouples connected to a data logger. Solar radiation intensity was measured using a solar pow
bean moisture content was assessed periodically using a moisture analyzer.
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Figure 2. Assembly design of the solar-powered coffee drying unit

2.3. Experimental Procedure

The drying experiments were conducted daily from 08:00 a.m. to 03:00 p.m. to take advantage of peak solar
irradiance with a temperature of 46.5°C. Each test involved drying 6000 grams of Arabica coffee beans in the
chamber until they reached a target moisture content of approximately 11.8% wet basis, suitable for safe storage
and quality preservation. The coffee beans were evenly distributed in a thin layer (0.5-1 cm) on the drying trays
to ensure uniform exposure to the heated air circulating inside the chamber.

Throughout the drying process, key environmental and operational parameters such as chamber
temperature, relative humidity, solar radiation intensity, and ambient conditions were recorded every 15 minutes
using thermocouples and a data logger system. The experiment focused on evaluating the system’s drying
efficiency by monitoring moisture reduction rate, drying time, and the stability of chamber conditions, aiming to
demonstrate the effectiveness of the solar dryer in producing high-quality coffee with improved energy efficiency.

3. RESULTS AND DISCUSSION

3.1 Thermal Performance of the Solar Drying System

The performance of the solar drying chamber was significantly influenced by daily solar radiation patterns. As
shown in Figure 3, solar radiation exhibited a bell-shaped curve across all five days, with peak intensities occurring
between 11:00 AM and 12:30 PM. Day 4 recorded the highest radiation intensity, peaking at 1122 W/m?2, while
Day 1 exhibited the lowest values. These variations directly impacted the thermal response of the dryer components
and ultimately affected the drying process efficiency.

Sclar Radiation (W/m?)
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Figure 3. Daily solar radiation of the mobile solar dryer
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Figure 4 presents the temperature distribution within the Phase Change Material (PCM) housing, which acts as a
thermal energy buffer. PCM housing temperatures steadily increased during daylight hours and remained relatively
stable in the afternoon, particularly on days 2 to 5. Peak PCM temperatures ranged from 60°C to 72.25°C,
demonstrating the effectiveness of the PCM in storing and gradually releasing heat energy. This buffering
capability helped mitigate temperature drops and extended the chamber’s thermal activity beyond peak solar hours.

Temp Housing PCM (°C)

Figure 4. PCM (phase change material) housing temperature - mobile solar dryer

In parallel, Figure 5 highlights the performance of the aluminum absorber plate, which is crucial for converting
solar radiation into heat. During Days 4 and 5, absorber plate temperatures consistently exceeded 72°C during
midday hours, indicating a high absorption efficiency. This high-temperature gradient between the absorber and
the drying air facilitated effective heat transfer into the chamber.

Temp Plate Absorber (°C)

8"
48 o
8

18

3

E

|~ g Day 1

Figure 5. Aluminum absorber plate temperature - mobile solar dryer

The internal drying chamber temperatures, as illustrated in Figure 6, ranged from 40°C to 46.5°C, wij
peak of around 46.5°C. This temperature range is considered optimal for drying Arabica coffee,
rapid moisture reduction and quality preservation. Notably, Days 3 through 5 maintained
consistent chamber temperatures compared to the first two days, correlating with higher radiatid
improved absorber/PCM response.
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Figure 6. Drying chamber temperature

3.2. Drying Behavior and Process Efficiency
The combination of solar collector design, PCM integration, and forced air convection at 9.2 m/s contributed to
efficient and uniform drying across all trays. The high air velocity improved heat and mass transfer inside the
chamber, ensuring consistent exposure of beans to hot air and preventing uneven moisture removal. The drying
chamber was equipped with 12 perforated trays, arranged vertically from Tray 1 (bottom) to Tray 12 (top). Tray
2, referred to in the results section, was positioned as the second-lowest tray. The vertical arrangement was used
to evaluate the effect of airflow and temperature distribution on drying performance at different heights. Among
all trays tested, tray 2 consistently produced beans with a final moisture content of 10%, aligning with storage
standards for green coffee.

While Days 1 and 2 experienced slightly lower solar input, the drying system still managed to sustain
chamber temperatures above 40°C, aided by the thermal insulation and latent heat release from the PCM. This
resilience suggests that the system remains functional under moderate environmental conditions, making it suitable
for variable tropical climates.

The experimental drying duration of 28 hours to reach 11.8% moisture content is notably shorter than
traditional sun drying methods, which can take several weeks under fluctuating weather. This reduction in drying
time not only enhances processing efficiency but also minimizes the risk of contamination and quality degradation
due to prolonged exposure. To prevent rehydration or moisture absorption during non-drying periods (evenings
and nights), the coffee beans were stored in a sealed, clean, and dry container each day after drying. The storage
area was kept at room temperature and protected from ambient humidity exposure, ensuring that the drying
progress remained stable across the entire process.

Overall, the results confirm that integrating solar energy with thermal storage and forced convection
provides a reliable and energy-efficient solution for post-harvest coffee processing. For future development,
additional studies may explore optimizing PCM volume, airflow direction, or collector surface treatment to further
enhance system performance and potentially enable nighttime drying cycles.

3.3. Thermal Performance of the Solar Drying System
The performance of the solar dryer was strongly influenced by the daily pattern and intensity of solar radj
During the four days of testing, solar radiation peaked between 11:00 AM and 1:30 PM, reaching a maxij
1122 W/m? on day 4. Day 1 showed the most irregular radiation pattern, with abrupt drops likely
transient cloud cover, which impacted the heat gain of the system.
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Figure 8. Graph of drying chamber temperature, tray temperature, and solar radiation (day 1)

The absorber plate responded quickly to changes in radiation, with maximum temperatures exceeding 75°C on
Days 2 and 4. This confirms the effectiveness of the black-painted metal surface in absorbing solar energy and
transferring it to the airflow. Meanwhile, the PCM housing exhibited a delayed yet stable rise in temperature,
peaking at 72.25°C on day 3. This delayed thermal response highlights the role of PCM as a thermal buffer that
stabilizes the drying environment during periods of fluctuating solar input.
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Figure 10. Graph of drying chamber temperature, tray temperature, and solar radiation (day 2)

Temperature differences between the collector inlet and outlet remained consistent at 30-55°C during peak
radiation hours, indicating efficient heat transfer. Additionally, the drying chamber maintained average internal
temperatures ranging from 40°C to 46.5°C, optimal for drying Arabica coffee while preserving quality.
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Figure 11. Graph of glass temperature, collector, absorber plate, pcm housing, and solar radiation (day 3)
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Figure 12. Graph of drying chamber temperature, tray temperature, and solar radiation
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Day 4 demonstrated the most stable thermal performance across all components, with minimal fluctuation in
absorber plate and PCM temperatures. The combination of strong solar input, thermal insulation, and PCM heat
storage contributed to this consistency, making the system reliable under varying climatic conditions.
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Figure 13. Graph of glass temperature, collector, absorber plate, pcm housing, and solar radiation (day 4)
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Figure 14. Graph of drying chamber temperature, tray temperature, and solar radiation (day 4)

3.4. Drying Behavior, Efficiency, and Implications
Temperature measurements at various trays inside the drying chamber (T-10 to T-15) showed a fairly uniform
distribution, generally ranging between 40°C and 45°C. Slight variations in trays T-12 and T-14, which exhibited
earlier temperature peaks, suggest minor positional effects related to airflow distribution. Nevertheless, the overall
thermal uniformity ensured even drying across all trays.

These results indicate a vertical moisture gradient, where lower trays (Tray 1-4) generally achieved better
drying performance compared to upper trays (Tray 9—12). This gradient can be attributed to the vertical upwg
flow of heated air inside the chamber, which loses temperature and velocity as it rises. Notably, tray 2 prog
the lowest final moisture content (10.0%), representing the optimal tray position under the curren
configuration. This superior result to the main heat source and air inlet, resulting in high and
temperatures.

In contrast, tray 1, although closest to the heat source, showed slightly higher moisture cog
possibly due to limited air circulation right at the chamber floor or heat being lost to the base. Tra
part (Tray 10—12) performed less effectively due to reduced temperature and airflow intensity as
heat dissipates. These findings underline the importance of tray position optimization in vertical df
the need for improved airflow balancing or chamber redesign to reduce positional drying variation
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The correlation between radiation and temperature in system components was evident, particularly in absorber and
collector outlet temperatures, which closely mirrored solar intensity patterns. However, the PCM helped mitigate
abrupt temperature drops in the drying chamber such as those observed around noon on Day 1 and Day 4 by
gradually releasing stored heat.

The 9.2 m/s forced air velocity played a key role in sustaining even temperature distribution. This high
airflow rate enhanced convective heat and mass transfer, preventing hotspots or cold zones in the chamber. As a
result, the drying process was efficient and consistent throughout the 28 hours total duration. Compared to
traditional open-sun drying, which may take up to two weeks depending on the weather, the experimental dryer
significantly reduced drying time while improving hygiene and quality control. The final moisture content of
11.8% especially consistent in Tray 2 meets the standard for green coffee storage and ensures better shelf life.
These findings validate the integration of solar thermal collectors, PCM storage, and forced convection as an
effective post-harvest drying solution. This design is particularly relevant for off-grid rural communities, providing
a clean, low-cost, and scalable alternative for sustainable coffee processing.

Despite its promising performance, the current system relies heavily on consistent daytime solar radiation,
which can be limiting during extended cloudy or rainy periods. The absence of nighttime drying capability also
restricts throughput. Additionally, the system has not yet been tested with different crop types or under extreme
humidity conditions, which could affect its generalizability. Future work should focus on developing hybrid energy
inputs (e.g., integrating biomass or electric heaters), automated drying control systems, and exploring multi-layer
PCM designs to improve energy retention. Field trials in diverse climatic zones are also recommended to validate
scalability and robustness of the system.

4. CONCLUSION

This experimental study demonstrates the effectiveness of a solar drying chamber equipped with a collector
system, phase change material (PCM), and high-velocity forced convection in reducing the moisture content of
Arabica coffee beans to the desired level. The system successfully dried 6000 grams of coffee beans to a final
moisture content of 11.8% within 28 hours, a significant improvement compared to traditional open-sun drying
methods that may take several days. The use of a 9.2 m/s axial blower fan enhanced convective heat and mass
transfer, ensuring uniform drying across trays and reducing the risk of quality degradation due to uneven moisture
distribution.

The integration of thermal insulation, PCM heat storage, and solar radiation collection provided consistent
thermal performance even under fluctuating environmental conditions. Tray 2 consistently yielded the highest
quality beans, confirming the chamber's uniformity and design reliability. These findings support the adoption of
solar-powered, energy-efficient drying systems for post-harvest coffee processing, especially in rural or off-grid
areas. Future research may focus on optimizing PCM mass, improving airflow design, and extending system
functionality to enable nighttime drying, further enhancing its sustainability and scalability.
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ANALYSIS OF THE IMPACT TEST STRENGTH OF
SQUID FIBRE-REINFORCED COMPOSITES

1) Mechanical Engineering

Fiky Firmansyah ", Moh. Hartono
Departement, State

Polytechnic of Malang,
J1 Soekarno-Hatta 9,
Malang, Indonesia Abstract. This study aims to determine the effect of volume fraction, fibre angle
direction, and fibre length on the impact strength of squid fibre-reinforced
Correponding email " : composites. Squid fibre is a natural animal fibre that has excellent potential in
moh.hartono@polinema.ac.id the development of composite materials. The use of squid fibre as a composite

reinforcement can be an alternative to reduce organic waste from marine
products and produce new composite materials in sustainable manufacturing
applications. The research method was conducted with quantitative
experiments to determine the effect of fibre volume fraction with variations of
25%, 50%, and 75%; fibre angle direction with variations of 45° and 90°; and
fibre length with variations of 20 mm, 30 mm, and 40 mm. This study used the
Factorial DOE statistical data analysis method. The results showed that volume
fraction and fibre length significantly affected the impact strength of the
composite. The higher the volume fraction and fibre length, the higher the
impact strength value of the composite. Meanwhile, the direction of fibre did
not show a significant effect. The 75% volume fraction produced the highest
impact strength of 0,0738 J/mm?, and the 25% volume fraction produced the
lowest value of 0,066 J/mm? The 45° fibre direction produced an impact
strength value of 0,07098 J/mm?, and the 90° fibre direction produced a value
0f0,07097 J/mm?. The 40 mm fibre length produced the highest impact strength
value of 0,078 J/mm?, and the 90° fibre direction produced a value of 0,07097
J/mm?.

Keywords : Composite, Epoxy, Squid Fibre, Impact Test.

1. INTRODUCTION
Technological developments in the materials industry are proliferating, especially in composite materials.
Composites have many advantages, including corrosion resistance, structural strength, environmental friendliness,
and lightweight, so their utilisation must be maximized. Composites are materials formed by combining two or
more separate components to achieve physical and mechanical qualities superior to those of the individual
constituent components [1]. In composites, natural fibers are starting to be used as reinforcing materials. Natural
fibers are fibers obtained from nature, both plants and animals. Plant-derived fibers are banana leaf, jute, pineappl
and bagasse fiber. Animal-derived fibers are fleece, leather, and squid fiber. Natural fibers have several advant
over synthetic fibers, such as being recyclable, renewable, safe for the environment and human health,
superior mechanical qualities, not causing tool abrasion, cheaper, and lower density [2].

Many natural resources in the sea can be processed to be useful. One of the abundant natural r
squid, which has a part in the form of squid fiber or squid cranial bone. However, few people know th;
contains fiber in its squid, which is usually discarded when squid meat is processed [3]. Squid fi
waste, so it needs to be utilized to explore the use of organic waste as reinforcement material
According to data from the Ministry of Maritime Affairs and Fisheries of the Republic of Indo,
squid fiber is utilized in Indonesian waters [4]. Using squid fiber as a composite material can incre
of underutilized squid fiber, thus helping to reduce organic waste.

This study employs organic waste readily available in Indonesia, specifically squid fibre.
restrictions, squid fibre is still infrequently used as a reinforcing material in composites. Squid fibr
extensively studied in materials engineering. Thus, its application is less common than natural fi
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coconut, hemp, or glass fibre. Furthermore, squid fibre's thin, transparent, and flexible nature needs particular
treatment to work ideally as reinforcement in composite structures. Processing problems, such as alkalisation
treatment, also limit its broad use. Squid fiber is often a waste problem if not utilized properly, so it is processed
in a certain way to be used as a basis for composite material engineering. The central concept is converting
worthless materials into high-value ones [5]. Several studies have been conducted related to research on
composites using animal natural fibers. Fuady et al. [6] researched composites reinforced with rice field snail
powder for drone frame applications. The results stated that the highest impact strength value was found in the
75% : 25% ratio of 2,0722 kj/m>. Asmeati et al. [7] researched free-range chicken eggshell waste. The results
explained the highest impact strength value in the 30% fraction of 19,163 kj/m?2. Nayiroh et al. [8] examined the
effect of the volume fraction of green mussel shell particle filler on mechanical properties. The results of this study
resulted in impact strength ranging from 0,190 to 0,317 J/mm?, with the highest impact price at 10% filler volume
fraction and the lowest at 40% filler volume fraction. Previous research has examined using organic waste such as
rice field snail shells, native chicken eggshells, and green mussel shells as reinforcement for composite materials.
The research focused on the variation of particle volume fraction and its effect on impact strength. Most studies
used powder form as reinforcement material and did not use fibre form; fibre has mechanical characteristics
different from particles. Thus, there is still a research gap in using fibres as reinforcement, especially natural fibres
that have not been widely studied, such as squid fibres. As has been demonstrated in previous natural fibre-based
composites, using squid fibre as a composite reinforcement is expected to boost the material's impact strength
while also enhancing volume fraction, fibre length, and appropriate fibre orientation direction.

Research on composites is growing due to their sustainability, low environmental impact, and various
possible uses. A common strategy is to use natural fibers, especially animal fibers, as fillers in composite materials.
Natural fibers are the right choice to create lightweight, strong, environmentally friendly, cost-effective composite
materials [9]. Composite materials from natural fibers are as strong as metal composites [10]. Using animal fibers
as composite reinforcement is expected to produce composite materials that have good mechanical performance
and help reduce the amount of waste produced. In this study, the authors used a method to test the mechanical
properties of composites, namely the impact test. This impact test measures the energy a material absorbs until the
material breaks, where the load comes suddenly and does not occur gradually. This energy absorption process
produces material responses such as plastic deformation, inertial effects, friction, and hysteresis [11].

Based on these problems, a solution is needed to produce a strong material with good mechanical properties.
Through impact testing, this research aims to analyse squid fibre-reinforced composite materials with variations
in fibre volume fraction composition, fibre angle direction, and fibre length in an epoxy resin matrix. In
quantitative research, it is necessary to formulate a hypothesis that aims to provide a clear direction from the
beginning of the study. Hypotheses are formulated based on temporary conjectures to answer the problems raised.
In this study, the hypothesis was formulated to examine the effect of squid fibre on composite strength, especially
in impact strength testing.

2. METHODS

2.1 Research Methods

This research is experimental, namely, by making specimens and conducting tests with a type of quantitative
research methodology, analysing the impact strength of the specimens using statistical software.

2.2 Research Concept Framework
The following is a conceptual research framework using an input-output diagram, as shown in Figure 1.

Independent variables:
1. Fibre volume fraction 25%, 50%, 75% |
2. Direction of fibre angle 45° and 90°

3. Fibre lengths of 20 mm, 30 mm, and 40 mm

Composite Related variables:
Making Impact strength results of squid
fibre-reinforced composites

Controlled variable:

1. Matrix consists of epoxy resin and hardener (ratio 2:1)
2. Manufacturing composites is done in a mold.

3. Specimens were made by hand layup method

Figure 1. Research concept framework

The conceptual framework of this research describes the relationship between variables. It aims t
effect of fibre volume fraction, fibre angle direction, and fibre length on the impact strength!
reinforced composites as the dependent variable. In this study, the composite manufacturing proc
intermediary, while the controlled variables to ensure the validity of the results are the matrix use
2:1 between resin and hardener, manufacturing in composite manufacturing, and making specimens
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method.

2.3 Specimen Making

Squid fiber used as composite reinforcement needs an alkali process. In this process, a 3 N NaOH solution was
added to 100 g of squid fiber in a ratio of 1:10, stirred for one hour at 90°C, and then washed with distilled water
[12]. Then, specimen molding was carried out; at this stage, the fibers were calculated and weighed according to
the variables, and epoxy resin and hardener were mixed in a ratio of 2:1 for each fiber variable. Brush the mold
with mirror glaze. The mold used Teflon material with dimensions of 60 mm long by 50 mm wide and 10 mm
thick. The method used in making specimens is hand lay-up. Fibre embedding is done to arrange the fiber in the
mold. After that, pour the mixture of epoxy resin and hardener into the surface of the mold until it is evenly
distributed, as shown in Figure 2. The specimen is dried until it becomes hard. The next step is to remove the
specimen from the mold, cut the specimen, and make notches according to ASTM E23 impact testing standards.
The ASTM E23 impact testing standard has a specimen dimension of 55 mm long, 10 mm wide, and 10 mm high,
a notch 2 mm deep, and a notch angle of 45°.

Figure 2. Specimen making

Impact testing is based on the absorption of potential energy from a pendulum load that swings from a certain
height and strikes the test object, causing the test load to deform [13]. It is considered strong when a material can
withstand high shock loads without being easily broken or distorted [14]. This study used the Charpy impact test
method to determine the energy absorbed in testing specimens. This Charpy impact test method produces more
accurate test values [15].

AL

e

T -

Figure 3. Impact testing machine

Figure 3 is a Charpy impact testing machine with specifications. It has a maximum capacity of 200 Joules of
impact energy, a pendulum weighing 8,3 kg, and an arm length of 0,62 metres. The test is performed by starting
the pendulum swing from an angle of 130°, which then strikes the specimen to measure the energy absorbed at
fracture. It can be used to test various types of materials, including composites and metals. The impact energy
be calculated in equation 1, while the impact price can be calculated by equation 2 [16].

Energy impact = m.g.R (cos f — cos a)

. Energy impact
Impact price = %

Eimpact = Energy absorbed (Joules)

= Radius of the center to the center of gravity of the pendulum (m)
= Pendulum mass (kg)

= Gravity (m/s?)

= Angle of swing breaking the test piece (°)

= Angle of swing without test piece (°)

™R 3w
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Impact price = Impact toughness (J/mm?)
A = Cross-sectional area (mm?)

3. RESULTS AND DISCUSSION

3.1 Research Results

Data collection in this study used Charpy impact test equipment at the Malang State Polytechnic Mechanical
Engineering Material Testing Laboratory. The results of the research on the effect of volume fraction, angular
direction, and fibre length on the impact strength of squid fibre-reinforced composites are as follows:

Table 1. Impact test results

No. Volume Fiber Fiber Result (J/mm?) Average Impact
Fraction  Direction Length 1 7 3 Strength (J/mm?)

20 mm 0.0352 0.0692 0.0626 0.0556

45° 30 mm 0.0725 0.0714 0.0604 0.0681

L 550 40 mm 0.0659 0.0714 0.0746 0.0706
20 mm 0.0506 0.0495 0.0439 0.0479

90° 30 mm 0.0735 0.0659 0.0823 0.0739

40 mm 0.0746 0.0823 0.0779 0.0783

20 mm 0.0549 0.0517 0.0648 0.0571

45° 30 mm 0.0658 0.0866 0.0757 0.076

5 0% 40 mm 0.0997 0.0714 0.0812 0.084
20 mm 0.0637 0.0692 0.0735 0.0688

90° 30 mm 0.0823 0.0659 0.0866 0.0783

40 mm 0.0703 0.0768 0.0823 0.0764

20 mm 0.0659 0.0899 0.0856 0.0804

45° 30 mm 0.0921 0.0703 0.0549 0.0724

3 250 40 mm 0.0658 0.0757 0.0823 0.0746
20 mm 0.0692 0.0571 0.0615 0.0626

90° 30 mm 0.0626 0.0669 0.0681 0.0659

40 mm 0.0964 0.0909 0.0724 0.0866

Based on the research results in, Table 1 shows that the composite with a variable volume fraction of 75% in the
direction of 90° fibre angle and 40 mm length produces the highest impact strength of 0,0866 J/mm?. Meanwhile,
the 25% fraction with a fibre angle of 90° and a fibre length of 20 mm produced the lowest impact strength of
0,0479 J/mm>.
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Figure 4. Graphic normal probability plot

Figure 4 normal probability plot graph shows the distribution of data based on the standard line drawn from the
data on the replication of each variable. The graph results, which are close to the standard line, indicate the normal
distribution of data. Figure 4 shows that the points on the graph are close to the diagonal line, so it can be stated
that this data is usually distributed and fulfills the requirements for normal data distribution.

Table 2. Analysis of variance (ANOVA)

Analysis of Variance

Source DF  Adj 55 Adj MS F-Value P-Value
Madel 17 0.003263 0.000310 308 0002
Linear 5 0.003196 0.000639 635  0.000
Volume Fraction 2 0.000740 0.000370 368 0035
Fiber Direction 1 0.000000 0.000000 0.00 0986
Fiber Length 2 0.002455 0.001228 1220 0.000
2-Way Interactions 8 0.001067 0.000133 133 0262
Volume Fraction™Fiber Direction 2 0.000114 0.000057 057 0473
Volume Fraction*Fiber Length 4 0.000785 0.000195 195 0323
Fiber Direction™Fiber Length 2 0.000169 0.000084 084 044
3-Way Interactions 4 Q.001007 0.000250 249 0061
Vaolume Fraction*Fiber Direction*Fiber Length 4 0.001001 0.000250 249 0.061

36 0.003823 0.000107
53 0.005886

Error
Total

To assess whether the research hypothesis is acceptable, the P-value analysis of the Analysis of Variance test is
used. This study set a significance level (a) of 0,05 or 5%, which is the maximum acceptable error limit for an
alternative hypothesis to be declared significant. Based on the results presented in Table 2, the fiber volume
fraction variable has a P-value of 0,035, so it can be stated that the fiber volume fraction variable has a significant
effect on impact strength. The fiber direction variable has a P-value of 0,986, so it can be noted that the fiber
direction variable has no significant effect on impact strength. The fiber length variable has a P-value of 0,000, so
it can be stated that the fiber length variable has a significant effect on impact strength. The interaction variable
volume fraction and fiber direction has a P-value of 0,573, so it can be stated that the interaction variable of v
fraction and fiber direction has no significant effect on impact strength. The interaction variable of volume
and fiber length has a P-value of 0,123, so it can be stated that the interaction variable of volume fractio
length has no significant effect on impact strength. The interaction variable of fiber direction and fibe
a P-value of 0,441, so it can be stated that the interaction variable of fiber direction and fiber 1
significant effect on impact strength. The interaction variable of volume fraction, fiber direction, a
has a P-value of 0,061, so it can be stated that the interaction variable of volume fraction, fiber dir
length has no significant effect on impact strength.
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Table 3. Model summary

Model Summary

5 R-sq R-sqladj) R-sgipred)
0.0100316 59.23%  39.08% 8.27%

Based on Table 3 shows that the coefficient of determination (R-sq) has a scale of 100%, if the coefficient of
determination is closer to 100%, the more significant the influence between the independent variables on the
dependent variable. In the results of data analysis obtained, the coefficient of determination R-sq has a value of
59,23%, which means that the independent variable affects the dependent variable or the strength of the impact is
influenced and the rest is influenced by other factors.
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Figure 5. Main effects plot for impact strength

The graph has two main lines, horizontal and vertical; the horizontal line is the independent variable, and the
vertical line is the dependent variable. Figure 5 shows that the variation of fibre volume fraction affects the impact
strength linearly, and the impact strength increases as the fibre volume fraction increases. In the variation of fibre
direction, the average value of impact strength is the same for both levels, so fibre direction does not significantly
affect impact strength. The fiber length variation affects the impact strength linearly, and the impact strength
increases as the fiber length increases.

Interaction Plot for Impact Strength
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Figure 6. Interaction effect plot for impact strength

Based on Figure 6, it is known that the interaction graph of volume fraction and fibre angle di
highest impact strength value found in the 75% volume fraction and 45° fibre angle direction
J/mm?, at 25% volume fraction and 45° fibre angle direction has a low impact strength value of 0,08
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the interaction between volume fraction and fibre length, the highest impact strength is found in the 75% volume
fraction and 40 mm fibre length of 0,0806 J/mm?, and the lowest impact strength in the interaction of volume
fraction and fibre length is found in the 25% volume fraction and 20 mm length of 0,0517 J/mm?. In the interaction
between fibre direction and fibre length, the highest impact strength is found in the 90° fibre direction and 40 mm
fibre length of 0,0804 J/mm?. In comparison, the 90° fibre direction and 20 mm length have the lowest impact
strength value of 0,0643 J/mm?.

3.2. Discussion

Effect of fibre volume fraction on impact strength

Based on the results of data processing, the volume fraction variable has a significant effect on the dependent
variable, namely impact strength. The results of the volume fraction variation show that the 75% fiber volume
fraction with the composition (75% fiber and 25% resin) shows the highest impact strength. An increase in the
volume fraction of squid fiber can increase the strength of the composite due to the increased bond between the
fiber and the matrix; this occurs because a higher squid fiber composition produces more fiber bonds, thus
increasing the strength of the composite when withstanding shock loads. While the composition of less fiber than
the matrix makes the function of fiber as reinforcement in the composite less than optimal, if the larger matrix
composition shows the rigid but brittle nature of the matrix obtained at 25% fiber volume fraction with a
composition (25% fiber and 75% resin) shows a low impact strength value so that it does not require significant
energy to break the composite. The relationship between increasing fiber volume fraction and impact strength is
not always linear. Several factors, such as uneven fiber distribution and poor interaction between fiber and matrix,
can cause this. The volume fraction of squid fibre in the composite increases along with the rise in the number of
volume fractions, as supported by research conducted by Asmeati et al. (2024) [7] with the title “Analysis of
Impact Test and Microstructure of Polyester Resin Matrix Composites Filled with Hometown Chicken Egg Shells”
said that the more the volume fraction increases, the more the strength of the specimen increases, so that variations
in the volume fraction of squid fibre affect the mechanical properties of the specimen.

Effect of fibre direction on impact strength
Based on data processing, the results show that the variable fiber angle direction does not have a significant
influence on the dependent variable, namely impact strength. The variation of fiber angle direction shows that the
90° fiber angle direction shows the highest impact strength. This is because fibers arranged perpendicular to the
direction of impact make a greater contribution to reducing energy. After all, the impact force directly hits the
surface and fiber structure in parallel to absorb more energy before damage occurs. Meanwhile, the 45° angle
direction, which has a fiber arrangement crossing or not parallel to the direction of impact loading, makes the fiber
detached from the matrix and makes the load distribution less efficient because when given an impact load, it tends
to experience interfacial shear failure. However, the 90° fiber angle direction variation showed the lowest impact
strength results. So, it can be concluded that the variable fiber angle direction does not affect the impact strength
because only the 90° angle direction affects the impact strength.

Squid fibres tend to have an amorphous structure that is not regularly arranged compared to synthetic fibres,
such as carbon fibres, which are highly anisotropic. Anisotropic has different material properties in all directions
at a point in the object [17]. Thus, when tested from various directions, anisotropic fibres show different
mechanical properties (impact strength, tensile strength). The opposite of anisotropic isotropic is where isotropic
has the same material properties in each direction. Based on the research results, the angular direction of squid
fibre does not significantly affect the impact strength. Squid fibre does not show strong anisotropic in its
mechanical properties, so the change in fibre angular direction does not produce significant differences in response
to impact strength. So, it can be identified that the squid fibre is isotropic, where the properties of the fibre are the
same in all directions. If the squid fibres are isotropic, then changing the fibre angle direction in the composite will
not significantly change impact strength.

Effect of fibre length on impact strength
The results of the data analysis show that the composite fiber length variable significantly influences the dep
variable, impact strength. According to the impact test results, the 40 mm fiber length variation shows th
impact strength, an average of 0,0784 J/mm?. Fibers can absorb and distribute impact energy more effecti
short fibers. Long fibers allow for greater deformation before fracture so that impact energy can be
absorbed and does not immediately cause the composite to fracture. The increase in the length of s
increase the strength of the composite so that the impact force can be distributed evenly alon
composites, cracks tend to propagate through the matrix, so longer fibers inhibit crack pro
composite. Longer fibers require greater energy to be uprooted, thus absorbing more impact ener
greater structural stability to the composite. Meanwhile, On average, the 20 mm fiber length sho
strength value of 0,062 J/mm?. Short fibers tend to detach faster from the matrix when exposed to
energy is not spread evenly; the short fibers cause imperfect interface bonding, thus reducing
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withstand impact loads. Short fibers do not have sufficient length to develop a strong and stable bond around the
matrix, so when the composite receives an impact load, the stress from the matrix cannot be efficiently transferred
to the fibers. Most of the load is borne by the matrix, which causes the matrix to become brittle. Shorter fibers are
also less effective in inhibiting crack propagation, so cracks can easily pass through or cut through the fibers,
causing failure. The variation of squid fibre length in the composite increases with increasing fibre length, as
supported by research conducted by Maryanti et al. (2019) [15] with the title “Impact Strength Characteristics of
Coconut Fiber Composites with Fiber Length Variations” said that fibre strength is significantly influenced by the
matrix used when making composites, so that the longer the fibre, the higher the impact price. This is consistent
with the research findings, which show that the impact price achieved increases along with the length of the fibre.

4. CONCLUSION

Based on the data analysis and discussion on the effect of volume fraction, fiber angle direction, and fiber length

on the impact strength of squid fiber composites, it can be concluded that:

1. The volume fraction of squid fibre significantly influences the impact strength of the composite, where the
75% volume fraction produces the highest impact strength. In comparison, the 25% volume fraction produces
the lowest impact strength. There is an increase in the bond between the fibre and the matrix as the fibre volume
fraction increases, which contributes to the strength of the composite when withstanding shock loads. However,
the relationship between fibre volume fraction and impact strength is not always linear, influenced by factors
such as uneven fibre distribution and potential porosity due to imperfect composite manufacturing methods.

2. The angular direction of the fibres has no significant effect on the impact strength of the composite. Although
the 90° angular direction shows the highest impact strength because fibres perpendicular to the direction of
impact are more effective in reducing energy, the results show that changes in fibre angular direction do not
produce significant differences in response to impact strength. This is due to the isotropic nature of squid fibres,
where the mechanical properties are not significantly different in various directions, in contrast to synthetic
fibres, which are anisotropic. Thus, it can be concluded that the squid fibre's angular direction does not
significantly impact impact strength.

3. The fibre length significantly influences impact strength, where 40 mm fibre length produces the highest impact
strength, and 20 mm fibre length produces the lowest impact strength. This is due to the ability of long fibres
to absorb and distribute impact energy more effectively, as well as inhibiting crack propagation in the
composite. This shows that the longer the fibre length, the higher the impact value. Thus, increasing fibre
length can improve the structural stability and resistance of the composite to impact loads.

The application of squid fibre composites in this research is used as a drone frame, which has been reviewed in

previous research. Using squid fibre composites as reinforcement produces higher mechanical properties than

composites reinforced with rice snail powder used as drone frames. With the environmentally friendly nature of
squid fibre, this material also supports sustainability in the manufacturing process.

5. ACKNOWLEDGEMENT
The author would like to thank Dr. Ir. Drs. Moh. Hartono, M.T., for their guidance in completing the journal, as
well as both parents, siblings, and colleagues who have provided support to the author.

6. REFERENCES

[1] I. Kurniawan and V. A. Setyowati, “Effect of composite manufacturing method and artificial fibre variation
on impact and tensile strengths,” J. Ilm., pp. 301-306, 2021.

[2] Y. Fu and X. Yao, “A review on manufacturing defects and their detection of fiber reinforced resin matrix
composites,” Compos. Part C Open Access, vol. 8, no. 2, pp. 2—7, 2022, doi: 10.1016/j.jcomc.2022.100276.

[3] Yulianis, M. Sanuddin, and N. Annisaq, “Making chitosan from chitin from bone waste in squid,” J. Healthc.
Technol. Med., vol. 6, no. 1, pp. 62—69, 2020.

[4] Kementerian Kelautan dan Perikanan Republik Indonesia, “Estimation of potential, allowable catch, and
utilisation rate of fish resources in the MPA WPPNRL” 2025. [Online]. Availa
https://portaldata.kkp.go.id/portals/data-statistik/jtb-potensi-sdi/tbl-dinamis

[5] 1. Mawardi, A. Azwar, and A. Rizal, “Assessment of coir fiber treatment on mechanical properties of ¢
epoxy composites,” J. Polimesin, vol. 15, no. 1, p. 22,2017, doi: 10.30811/jpl.v15i11.369.

[6] S. H. A. 1. Fuady and H. Saputra, “Impact test study on composites made from a mixture of rice s
for drone frames,” in Proc. Semin. Nas. Apl. Sains Teknol., no. 23, pp. 210-219, 2024.

[7] R. Asmeati, M. Y. Ali, and M. Syahrir, “Impact test analysis and microstructure of polyest
composites filled with chicken eggshells,” J. Sos. Teknol. Terap. AMATA, vol. 3, no. 2, pp.

[8] N. Nayiroh and K. Kusairi, “Study of the effect of filler volume fraction variation on the mech
of polymer matrix composites (PMC) reinforced with green clam shells (Perna viridis L.),
vol. 6, no. 1, pp. 48-58, 2021, doi: 10.17509/wafi.v6i1.33564.

[9] H. Sunardi, A. Zainuri, and A. D. Catur, “Effect of punching process stages and fibre direction

Journal of Engineering Design and Technology 125



https://portaldata.kkp.go.id/portals/data-statistik/jtb-potensi-sdi/tbl-dinamis

LOGIC
Jurnal Rancang Bangun dan Teknologi Vol. 25 No. 2 July 2025

strength of polyester—Pandan Wangi composite material,” Din. Tek. Mesin, vol. 3, no. 1, pp. 1-9, 2013, doi:
10.29303/d.v3i1.82.

[10] A. Supriyatna and Y. Solihin, “Development of pineapple fibre reinforced epoxy composites for car interior
applications,” Teknobiz J. Iim., vol. 8, no. 2, pp. 88-93, 2018, doi: 10.35814/teknobiz.v8i2.900.

[11] F. Akbar, S. Sulardjaka, and N. Iskandar, “Effect of glycerol plasticiser and corn starch addition to
gondorukem matrix on the impact strength of jute fibre reinforced composites,” J. Tek. Mesin, vol. 11, no. 3,
pp- 482487, 2023. [Online].

[12] L. M. H. Nadia et al., “Antibacterial activity of chitosan from squid cartilage (Loligo sp.) against
Staphylococcus aureus and Escherichia coli bacteria,” J. FishtecH, vol. 10, no. 2, pp. 95-101, 2022, doi:
10.36706/fishtech.v10i2.14386.

[13] Safrijal, S. Ali, and H. Susanto, “Testing of composite boards reinforced with empty palm oil bunch fibre
(TKKS) using Charpy impact test equipment,” J. Mekanova, vol. 3, no. 5, pp. 1-10, 2017.

[14] B. Maryanti et al., “Impact strength characteristics of coconut fibre composites with varying fibre lengths,”
in Proc. SENIATI, vol. 5, no. 4, pp. 339-343,2019.

[15] A. S. Wibowo, A. Wulansari, and R. Is, “Effect of variation in fibre direction and number of layers on tensile
and impact tests of carbon fibre composites,” J. Teknol. Penerbangan, vol. 7, no. 1, pp. 1-6, 2023.

[16] H. Wona, K. Boimau, and E. U. K. Maliwemu, “Effect of fiber volume fraction variation on bending and
impact strength of Agave Cantula fibre reinforced polyester composites,” J. Tek. Mesin Lontar, vol. 2, no. 1,
pp- 39-50, 2015.

[17] R. M. Jones, Mechanics of Composite Materials. Philadelphia, PA, USA: Taylor & Francis, 1999, pp. 994—
1006.

Journal of Engineering Design and Technology 126




LOGIC

Journal of Engineering Design and Technology

p-ISSN : 1412-114X
e-ISSN : 2580-5649
http://ojs2.pnb.ac.id/index.php/LOGIC

Vol. 25 No.2 July 2025; p. 126-131

RECOMMENDATIONS FOR WORK SYSTEM
ASSESSMENT OF SNI 9001: 2008
IMPLEMENTATION BASED
ON MACRO ERGONOMICS AT PT SPU

1456 Industrial Engineering
Study Program, Musi Charitas
Catholic University, JI. Bangau
No. 60 Palembang, South
Sumatera, Indonesia

2 Mechanical Engineering,
Politeknik Negeri Bali, Badung,
Indonesia

3 Management Study Program,
Musi Charitas Catholic
University, J1. Bangau No. 60
Palembang, South Sumatera,
Indonesia

Corresponding email:
heri setiawan@ukmc.ac.id

Heri Setiawan V*, M. Yusuf?, Micheline Rinamuti ¥, Dominikus
Budiarto ¥, Yohanes Dicka Pratama 5, Achmad Alfian ¢

Abstract. The increasingly intense competition, the number of customer choice
options and the more selective customers in choosing medical equipment
products require PT SPU as one of the Indonesian National Medical Device
(Alkes) industry engaged in the production process of medical devices and
rehabilitation to always improve a better work system. To improve product
quality PT SPU has implemented the SNI ISO 9001: 2008 Quality Management
System which contains standard requirements used to measure the
organization's ability to meet customer requirements and appropriate
regulations. The purpose of this research is to identify and assess how much
influence each component of the work system has on the satisfaction of
customers, employees and leaders. The method used is Macro Ergonomics and
data were collected through questionnaires and analyzed using regression
analysis. The magnitude of the contribution of the work assessment process of
SNI ISO 9001: 2008 implementation to the influence of significant macro
ergonomic aspects on organizational conditions (52.45%), physical
environment (37.37%), production processes (12.53%), infrastructure (9.69%),
production process services (5.90%), and R&D activities (2.82%).(3) Proposed
recommendations for improving organizational conditions by confirming the
roles and responsibilities of each person so that there are no undisciplined
employees between sections, improving communication. Physical work
environment by rearranging the place and rejuvenating production process
support tools that are not ergonomic and have been damaged, redesigning a
conducive and comfortable work environment. Production process
improvements including employees actively communicating with each other
and development of standard operating procedures (SOPs) with legac
competencies through knowledge transfer. Improvements to Facilities
Infrastructure by adding air conditioning, such as blower/exhaust venti
and sufficient room ventilation. Improvements to R&D: by facj
employee exchanges for R&D activities, training, technical guid.
experience exchange; increasing access to cooperation with gove
private organizations.

Keywords: Work system assesment, Macro Ergonomics, SNI 9001:2008, Medical device i

1. INTRODUCTION

PT SPU Palembang, one of Indonesia's national medical device manufacturers, must continue to i
work system as a result of increasingly fierce competition and increasingly selective customers. On
important components in the progress of the organization is a good work system, which is the key t
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increasing productivity and efficiency of the company and reduce the risk of work [1]-[3]. The work system
consists of a series of different work systems that are combined to produce goods or services that generate value
for the customer or profit for the company or organization [4][5].

It is essential that the worker, the work process, and the work environment fit together. This method is
called the ergonomics approach. Ergonomics is the field that combines science, technology, and artistry to align
tools, work methods, and surroundings with human strengths, capabilities, and restrictions. The goal is to develop
workplaces and environments that are healthy, secure, pleasant, and productive [4][6][7]. Each component of the
work system is increasingly complex due to advances in science and technology. Factors such as organization,
technology, procedures and tasks, organization, physical, social, cultural, and behavioral environments, and
regulation are some examples. Thus, micro ergonomics methods on the production floor are no longer relevant. In
addition, researchers can assess such work systems by using a macro ergonomics approach, which is a top-down
sociotechnical approach that aims to optimize the design of work systems and ensure that they function properly
[8]-[11]. As a medical equipment manufacturing industry with many competitors, the main problem of PT SPU
Palembang is whether the services provided are in accordance with customer expectations, because these
customers are potential market consumers who will repeatedly purchase PT SPU medical equipment products
repeatedly. Therefore, PT SPU Palembang should always provide good service by improving the performance of
its employees for the satisfaction of its customers and make more potential consumers. This is what is called
customer orientation. Organizations should have a good quality management system to improve the quality of their
goods and services.

SNI ISO 9001:2008 is a globally recognized and internationally acclaimed quality management system
standard. SNI ISO 9001:2008 has been adopted by BSN to become SNI for various business fields and improve
the ability to compete. SNI ISO certification has many advantages, such as a better reputation, awareness of the
importance of maintaining quality, procedures, and responsibilities become clearer and better documented,
eliminate unnecessary work, audits become easier and easier to track, better service potential markets, increased
customer and employee satisfaction, and continuous improvement. With the implementation of the SNI ISO
9001:2008 quality management system, services are better than ever. Every action is done systematically,
recorded, and can be routinely analyzed. PT SPU will face many problems to fulfil their expectations and desires
and increase customer satisfaction due to the demands, responsibilities, and elements of the work system itself
[12]-[14]. Nonetheless, whether PT SPU has fulfilled the expectations and desires of customers by providing
services in accordance with the service quality standards of SNIISO 9001: 2008, and whether customer satisfaction
has been met. Therefore, the influence of macro ergonomic elements on work system components on the level of
customer satisfaction must be identified and evaluated. Organizational conditions, production processes, physical
environment, business process services, research and development activities, adaptation facilities and
infrastructure for the advancement of manufacturing technology and human resource development are macro
ergonomic aspects of the work system in question. From the results of this assessment, the most important
influence of macro ergonomic aspects on the work system will be identified and the work system components will
be further analyzed.Unlike previous studies that focus on micro-level ergonomic interventions, this study adopts a
macro ergonomics framework to assess organizational-level factors impacting ISO implementation. Although the
SNI ISO 9001:2008 has been widely adopted in various industries, few studies have assessed its implementation
through a macro ergonomics lens in the Indonesian medical device sector. Therefore, this study aims to identify
which macro ergonomic components most influence work system effectiveness and stakeholder satisfaction at PT
SPU.

2. METHODS
The object of the research is PT SPU Palembang customers who feel directly the results of the service
implementation of work assessment based on macro ergonomics related to the implementation of SNI I
2008. There are 2 variables, namely the dependent variable is the level of customer satisfaction and the i
variable is the macro ergonomic elements of each component of the work system including or;
conditions, production processes, physical environment, business process services, R&D activiti
facilities and infrastructure adaptation for the advancement of manufacturing technology and hi
development [15]-[17].

The essential information is gathered from both primary and secondary sources, specific
data collected through firsthand observation and assessment of the research subject in the actu
which is: (a) preliminary observation by conducting direct observation of the real conditions in th
related to customer satisfaction as the object of research and conducting interviews with PT
employees, and customers. (b) Macro ergonomic Organizational Questionnaire Survey (MOQS
questionnaire about the condition of the observed work system. The MOQS procedure includes; conce
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namely determining the variables or components of the work system to be assessed, operationalization, namely
determining the dimensions of the concept being assessed, and making a questionnaire consisting of: an open
questionnaire to obtain indicators of macro ergonomic aspects to be studied, a preliminary closed questionnaire
(tryout). The lattice that has been obtained is then compiled and developed into question items in a closed
questionnaire, and a closed questionnaire (research). If the preliminary questionnaire data is declared valid and
reliable, the questionnaire is suitable for use as an instrument for collecting actual research data, (2) secondary
data, including: Data on the history, scope, structure, and management of the organization are included in the
category of secondary data in this study, (3) data processing, analysis methods and discussion. The research flow
chart is sequentially as follows; start-preliminary study & literature study-problem formulation and initial
hypothesis-compiling & distributing open questionnaires-determining indicators and preparing grids-compiling &
distributing closed questionnaires (tryout) SNI ISO 9001: 2008-tabulation of questionnaire data (tryout)-testing
the validity and reliability of the instrument-results valid & reliable?, if not will be repeated back to the previous
stage and if yes continue to the next stage-distribution of closed questionnaires-tabulation of questionnaire data-
correlation and regression analysis-discussion analysis (proposed improvements based on macro ergonomics)-
finished.

3. RESULTS AND DISCUSSION

Each indicator of the research variable was collected from the open-ended questionnaire. The question grid in the
closed questionnaire can be determined by looking at the tabulation of the open questionnaire. The lattice was
developed into question items with 5 answer options and an ordinal scale using a Likert scale of 1-5. These items
are indicators of macro ergonomic elements of the work system that affect the level of employee satisfaction. The
lattice of macro ergonomics aspects is presented in Table 1.

Table 1. Macro Ergonomics Aspect Grid

Variable Indicators Item Number
Organizational Conditions Type of leadership 1,2
Communication issues 3
Rules and regulations 4,5
Production Process Production process methods 7,8,12
Extra production process activities 10, 11
Workmanship of the production process 9
Production Services Production service problems 14,15,16,17, 18
Physical Environment Conditions of physical environmental factors 20, 22
Arrangement of production floor stations 21
Research Activities Access to cooperation with outside parties 24,25
Facilities and Infrastructure Equipment condition 27,28, 31, 33,35
Optimization of facilities and infrastructure 29, 30, 32, 34
Employee Satisfaction Labor satisfaction level 6, 13,19, 23, 26, 36

The alternative answers used are as follows:
SS (Strongly Agree): scored 5; S (Agree): scored 4; N (Neutral): scored 3; TS (Disagree): scored 2 STS (Strongly
Disagree): scored 1.

The causal relationship of the research variables between macro ergonomics aspects of the conditions of
components of the work system at PT SPU Palembang to the level of satisfaction of customers, employe
leaders can be interpreted as follows: very strong relationship between (a) organizational conditions with p,
at production floor stations, physical environment, (b) services with physical work environment, R&D,
(c) physical environment with R&D, and (d) production processes with infrastructure facilities. The sj
contribution correlation shows the relationship or relationship between the conditions of all asp
ergonomics on the components of the work system to customer satisfaction, employees and
correlation is very strong [2][4][5].

The influence of macro ergonomics aspects on the components of the work system on custo
employees and leaders of PT SPU has a significant effect, namely; organizational conditions (52
environment (37.37%), production processes (12.53%), infrastructure (9.69%), production p
(5.90%), and R&D activities (2.82%). (a) The organizational condition of the indicator is the form
communication between leaders, employees and customers. Communication that is less harmonio
between the leadership, in this case the General Manager and the owner. General Manager and owner
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law with in-laws not in line so that employees become confused about which one to follow and have an impact on
the execution of the production process and service to customers [5][10]. (b) The physical work environment is an
indicator that the layout of the production floor is not conducive, the room temperature still exceeds the threshold
value by 35%, and exposure to dust and chemicals has not been eliminated with PPE that meets the requirements
[9][11]. (c) Production process indicators are the lack of products returned by customers due to quality that has
not been consistently maintained. (d) Infrastructure facilities indicators are still many tools and machinery that
need to be upgraded to be more modern and more efficient. (¢) Production process services are indicators that
service access is slower and less friendly, does not provide a family atmosphere and is sometimes still based on
individualism. And (f) R&D activities, the indicator is the absence of periodic training for employees to improve
skills that follow the development of the production process and are more efficient [9][14].

Recommendations for improvement of organizational conditions are to improve communication
harmonization, reinforce the role of the job description of each employee and leader, engage in thorough back-
and-forth discussions focused on realizing the goals of the organization by setting aside personal pride. The second
principle of quality management, which relates to leadership, emphasizes that leaders create and foster a cohesive
direction and mission for the organization [12][16][17]. Consider the needs of all interested parties, including
customers. Set challenging and socialized goals and targets and create and support values of togetherness, honesty
and ethical task models at all levels of the organization. Physical environment with more ergonomic/comfortable
production floor layouts and stations, improved air circulation. To meet the stipulations of ISO SNI 9001:2008
clause, it is essential to evaluate the workplace surroundings, which include physical elements, environmental
conditions, and additional influences such as sound levels, temperature, moisture, illumination, and atmospheric
conditions. Production process through a process orientation approach (principle 4), namely a desired result will
be achieved efficiently, if the related activities and resources are managed as a process. Integration of sequential
processes of people, materials, methods, machines, and equipment in an environment to produce value-added
output for customers. Clause 6.1 of ISO SNI 9001:2008 on resource provision, where the organization must
determine and provide the necessary resources [18]-[20].

The six recommendations related to the influence of the work system on customer satisfaction, employees
and leaders of PT SPU, as mentioned earlier, exemplifies the application of quality management principles,
specifically the concept of ongoing enhancement. The relentless pursuit of improving the organization's overall
performance must be a constant objective of the entity. Ongoing enhancement entails methodical and cumulative
actions that address the changing requirements and anticipations of customers, staff, and management, which will
guarantee a vibrant development of the quality management framework, rooted in an ergonomic scientific
methodology. Consistently implement the organization's approach through macro, micro, and total ergonomics for
continuous performance improvement, provide and send employees for training/internships on continuous
improvement methods and tools, implement continuous improvement on product, process and system objectives,
and set goals and objectives as guidelines, and measure achievements for continuous improvement and reward and
recognize improvements.

Theoretical Implications are this study contributes to the growing body of literature on macro ergonomics
by demonstrating how a systems-based ergonomic approach can enhance the implementation of quality
management standards such as SNI ISO 9001:2008. It reinforces the relevance of viewing work systems as
sociotechnical structures in which organizational, physical, and process-level elements interact to affect employee
and customer satisfaction [21]. The findings also validate the use of the Macro-ergonomic Organizational
Questionnaire Survey (MOQS) as a diagnostic tool for evaluating ergonomic conditions in quality-focused
manufacturing environments [22].

Practical implications; from a practical standpoint, the results provide actionable insights for managers and
practitioners in the medical device industry, particularly those operating in developing economies. T
identification of key ergonomic factors—especially organizational conditions and the physical
environment—offers a clear roadmap for targeted interventions. Companies can apply these findings to ¢
internal communication, optimize workplace layout, and align standard operating procedures (S
ergonomic best practices. Moreover, the study supports integrating macro ergonomics with ISO-b
improvement efforts to increase productivity, reduce errors, and improve employee well-being
satisfaction.

This study is limited to a single case study and self-reported data; future research could appl
multi-site approach using mixed methods.

4. CONCLUSION
Based on the results of data processing and analysis that has been done, several things can be con
others: (1) macro ergonomic aspects and indicators of customer, employee and leader satisfact
organizational conditions, communication issues, applicable regulations, and leadership aspects.
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work environment is indicated by the condition of physical environmental factors and the layout of the workspace.
The production process is indicated by the SOP method, additional activities outside the SOP, regeneration and
competency transfer. Production process services are indicated by service problems at each work station.
Infrastructure and facilities with indicators of equipment condition, optimization of facilities and infrastructure.
R&D with metrics of access to cooperation with outside parties, training, technical guidance. (2) The influence of
macro ergonomic aspects on the components of the work system on the satisfaction of customers, employees and
leaders of PT SPU has a significant effect, on organizational conditions (52.45%), physical environment (37.37%),
production processes (12.53%), infrastructure (9.69%), production process services (5.90%), and R&D activities
(2.82%). (3) Proposed recommendations for improving Organizational Conditions are as follows: Affirm the roles
and responsibilities of each person so that there is no undisciplined inter-section labor; improve communication.
Recommendations for intensive two-way communication between company, factory, and section/department
leaders and their employees. Reorganize the premises and rejuvenate the tools supporting the production process,
especially for kits and equipment that are not ergonomic and have been damaged, to improve a conducive and
comfortable working environment. Improvements to the production process included the workforce actively
communicating with each other and the development of standard operating procedures (SOPs) with legacy
competencies through knowledge transfer. Improvements to Facilities and Infrastructure are as follows: The
presence of air conditioners, such as blower/exhaust ventilators, and sufficient ventilation, will make the
workstation space less comfortable for the workforce. Recommendations for Improving Production Process
Services: Labor is more friendly to customers and labor; Labor is more responsive to needs among labor and
customers. Recommendations for R&D improvement: Facilitate labor exchange for research and development
activities and experience exchange; increase access to cooperation with government and private organizations.
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through a pipeline, typically by increasing fluid pressure using electrical power.
This increase in pressure helps overcome various types of flow resistance, such
as pressure differences, elevation changes, or frictional losses. Transporting
fluids from lowland to highland areas is not a simple task, particularly in remote
regions where access to electricity is limited. This research was conducted at
Pura Beji, Tanah Lot, Beraban Village, Tabanan Regency—an area that has
abundant clean water resources in the lowlands compared to the highlands. The
study focuses on the process of transferring clean water using water wheels as
mechanical drivers in a system known as PATA Technology (Pompa Air
Tenaga Air). Therefore, the objective of this research is to analyze the
mechanical power generated by the water wheels and the resulting pumping
performance of the water pump. This study investigates the effectiveness of
waterwheels as mechanical drivers for water pumps in rural areas with limited
electricity access, using the PATA (Pompa Air Tenaga Air) system. According
to the research result, it was found that for mass flowrate of water wheel 75.5
kg/s then for the mass flowrate of water pump 14.7 kg/s. The efficiency for the
waterwheels against the water pump obtained >40%. The water wheels act as
the main drive of the water pump through rotation axle gear mechanism which
is transmitted to the housing pump with average power water wheel 650
kg.m/s2.

Keywords : PATA, Fluid, Water pump, Water wheel.

1. INTRODUCTION
Water is a fundamental natural resource that sustains all forms of life and supports a wide array of human
activities[1], including drinking, bathing, cooking, sanitation, agriculture, and industry. Access to clean and
sufficient water is not only essential for daily survival but also for economic development and public health.
many parts of the world, especially in developing countries, the challenge of water accessibility is exacerba
population growth, climate change, pollution, and unequal infrastructure distribution [2]. These is
particularly pronounced in rural and remote areas where centralized water systems and electricity
limited or even non-existent[3]. To fulfill daily water needs, people commonly rely on water pumps
water from sources such as rivers, wells, or reservoirs to locations of use [4]. A water pump is a mec
that functions by increasing fluid pressure to move water through pipes [5],[6],[7] enabling it to ov
forms of resistance, including elevation and frictional losses [8].

Most modern pumps are electrically powered, and while this is effective in urban envi
stable electricity grid, it becomes problematic in areas where electricity is inaccessible or unrelia
installation and dependence on electrical infrastructure presents significant barriers to rural wat
leaving communities without practical solutions for basic water supply [9]. In response to this prob
growing interest in exploring alternative, renewable energy-based water pumping systems that a
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environmentally friendly, and independent of the electrical grid. One such solution is the use of water wheels, a
time-tested technology that harnesses the kinetic or potential energy of flowing or falling water to perform
mechanical work. Historically, water wheels have played an important role in traditional industries such as milling,
sawing, and even early electricity generation [10]. Today, their utility can be reimagined to meet modern
sustainability needs, particularly for water pumping in off-grid locations. Building upon this concept, the
development of PATA Technology (Pompa Air Tenaga Air) represents a significant step toward sustainable water
access[11][12]. PATA utilizes a water wheel to drive a mechanical pump, transferring water from lower to higher
elevations without relying on electrical energy [12]. This system is especially advantageous in regions where
natural water flow is abundant but limited technological infrastructure. By converting the natural motion of water
into rotational energy, the water wheel becomes a clean and renewable power source that can meet the daily water
needs of remote communities.

Water access in remote, off-grid regions remains a major development challenge, particularly where
electricity is limited or unreliable. Although water-wheel-driven pumps present a promising off-grid alternative,
earlier studies show significant limitations in efficiency and flow rate. For example, Gunarto et al. (2023) reported
an undershot water wheel system with only 16.5% efficiency and a flow rate of 0.32 L/min, insufficient for
community needs [13]. Taweewithyakarn and Setthapun (2018) developed a hybrid water pumping system that
reached 10—14 L/min flow with 13—14 m head[14]. Poudel et al. (2021) introduced a hydro-powered turbine pump
for irrigation, demonstrating better scalability and sustainability [15]. These studies suggest significant untapped
potential in water-wheel systems for rural development. The current study addresses this gap through the
development of PATA Technology (Pompa Air Tenaga Air), a water-wheel-powered mechanical pump. Designed
for areas with abundant natural water flow but lacking electricity, PATA prioritizes simplicity, low cost, and ease
of maintenance using local materials.

The implementation of PATA Technology is planned at Pura Beji, located in the Tanah Lot area of Beraban
Village, Tabanan Regency, Bali. This sacred temple site is characterized by its abundant water resources in the
lowlands and the need to deliver water to higher ground for ritual and communal purposes. This area's natural
topography and water availability make it an ideal location for testing and applying a sustainable water-lifting
system powered entirely by the environment. Furthermore, by leveraging local resources and simple mechanical
principles, this solution promotes community self-sufficiency and resilience in the face of energy-related
challenges contrast, the PATA system is designed to be low-cost, mechanically simple, and operable with minimal
training. This research study aims to evaluate the mechanical performance and efficiency of the waterwheel-
powered pumping system (PATA) installed in Pura Beji. The successful implementation of PATA Technology at
Pura Beji could serve as a model for other villages across Indonesia and beyond, especially those situated in hilly
or mountainous terrain with access to flowing water. As water scarcity, energy poverty, and climate resilience
become increasingly pressing global concerns, locally adapted systems like PATA can offer scalable, replicable,
and impactful pathways toward sustainable development.

2. METHODS

This research provides a comprehensive analysis of the effectiveness of water wheels as mechanical drivers for
water pumps by thoroughly evaluating the operational performance of a water wheel-powered pumping system.
The study focuses on critical technical parameters such as energy transfer efficiency, hydraulic power output,
rotational power input, and overall system responsiveness under real-world conditions. A key aspect of this
research is to measure and compare the input energy derived from flowing water with the actual volume and
pressure of water delivered by the pump, in order to assess the energy efficiency and mechanical viability of the
PATA system. Understanding these performance metrics is essential, especially for rural communities where
reliable and sustainable access to clean water is vital for daily life. Efficiency in this context does not only refer to
mechanical performance but also to the system's ability to function consistently with minimal maintenance and
without reliance on electricity. Thus, the findings are expected to inform future implementations of
environmentally friendly, off-grid water supply systems in other locations with similar geographical and
infrastructural challenges.

The research was conducted at Pura Beji Kangin, located in Banjar Pakedungan, Beraban Village,
District, Tabanan Regency, Bali. This site was selected due to its abundance of natural flowing wate
lowlands and the cultural importance of water in temple rituals and community activities. The res
conducted using quantitative data from various testing phase involved a systematic collection of oper.
including wheel rotation speed, water discharge rate, and head height, among others then analyzed
analysis to show as table and figure. These parameters were carefully measured under varying flo
simulate different environmental scenarios. Additionally, the study incorporates both theoretica,
empirical validation to ensure that the outcomes are technically sound and applicable beyon
location. By integrating design principles with field experimentation, the research aims to bridge
conceptual engineering and community-level implementation. The interaction between the whe
energy and the pump’s hydraulic function is at the core of this investigation, as it determines th
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PATA as a practical solution for decentralized water pumping. Ultimately, this research not only highlights the
performance of the system but also contributes to the growing body of knowledge surrounding appropriate
technologies for rural water infrastructure. The study’s outcomes may serve as a reference for engineers,
development planners, and policymakers seeking sustainable, replicable, and low-impact technologies for rural
development. A schematic representation of the PATA technology installation is illustrated in Figure 1, providing
a visual overview of the system configuration and layout used during field testing.
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Figure 1. Schematic of water wheels installation against water pump (PATA)

From Figure 1, it can be observed that the water wheel-driven pump system is designed to utilize gravitational
water flow as a renewable source of mechanical energy. The system begins with the entry of water through a 3-
inch galvanized iron pipe (A), which functions as the intake conduit. This pipe collects water from a source located
at a height of approximately 3 meters, enabling a consistent flow with sufficient pressure head to drive the
mechanical system. The water exits the pipe with enough velocity to strike the paddles or blades of the water wheel
(B), initiating rotational motion. The wheel is directly connected to the water pump via a flange coupling (D),
allowing rotational torque to be transferred efficiently to the pump’s drive mechanism. As the wheel spins under
the force of the falling water, it provides continuous mechanical input to the pump, which begins to draw water
from the source and push it through the system. This conversion of gravitational potential energy into mechanical
energy forms the core principle behind the PATA (Pompa Air Tenaga Air) system. To maintain structural integrity,
the system is firmly supported by a foundation bracket (C), which anchors the pipe and wheel assembly to a fixed
base. The bracket is positioned precisely between the two flange fittings (D) to ensure stability and prevent
misalignment or vibration during operation. This structural component is crucial for maintaining the correct axis
of rotation and minimizing energy loss due to mechanical friction or imbalance. Once the pump is activated, it
delivers water through a half-inch PVC pipe (E), which serves as the distribution line. This pipe directs the pumped
water to a height of 1.2 meters, supplying it to a nearby fountain or water reservoir.

Despite the relatively modest size of the system, it successfully lifts water against gravity using only the
kinetic energy of a naturally flowing stream, without relying on electricity or fossil fuels. This system exemplifies
a sustainable water pumping solution for remote or rural areas where conventional energy sources are scarce or
unreliable. By leveraging the natural topography and local water availability, it eliminates the need for electric
motors and reduces both environmental impact and long-term operational costs. Furthermore, the simplicity of its
design makes it easy to install, maintain, and replicate in various settings, from agricultural irrigation to community
water supply.

The complete system configuration, including water intake, transmission components, structural suppo
and water outlet, is illustrated in Figure 2. This diagram provides a clear overview of the mechanical interactj
and spatial layout of the PATA technology. The figure also emphasizes the modularity of the system, s
how each part can be adapted or scaled according to site-specific requirements, such as flow rate, lift
terrain conditions. In summary, this setup not only demonstrates the practical use of water wheel tec
modern rural engineering applications but also serves as a model for integrating renewable mechanica,
small-scale infrastructure. It contributes to ongoing efforts in sustainable development, particularly,
access to clean water through locally appropriate and energy-independent solutions.
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Figure 2. Design configuration devices

From Figure 2, the working principle of the water-powered pumping system can be described as a continuous and
integrated mechanical process that begins when water enters through an inlet pipe and is directed toward the inlet
nozzle (C), where the flow is concentrated and channeled under gravity and pressure to strike the blades of the
water wheel (B). This flow generates torque that causes the wheel to rotate, with the resulting mechanical energy
transmitted through a horizontal shaft (E) connected directly to the central hub of the wheel. The rear cover (D)
not only serves as a mechanical enclosure protecting internal components from environmental factors and
splashing water, but also functions as a bearing support that ensures alignment and reduces friction along the shaft
during continuous operation. At the same time, the front cover (A) provides structural support and acts as a water
guide, focusing the jet stream efficiently onto the blades to optimize rotation.

The rotational energy generated by the water wheel is then transmitted to a secondary drivetrain in the form
of a 2016 Honda Beat axle gear (F), a repurposed motorcycle component that acts as a mechanical gear reducer
and speed increaser. This gear assembly plays a crucial role in adjusting the rotational output from the relatively
low RPM of the water wheel to a higher RPM more suitable for driving the pump system efficiently. The gear
system then drives the Shimizu PC-260 Bit Jet Pump (G), a domestic centrifugal jet pump capable of lifting and
pressurizing water for household or agricultural use. Clean water sourced from the Beji spring is drawn into the
pump through its suction inlet (I), where it is pulled into the impeller chamber due to the rotational motion
generated by the gear system. Once inside, the water is pressurized and discharged through the outlet pipe (H),
allowing for vertical or horizontal distribution as needed.

This self-contained, gravity-driven system demonstrates the ability to convert the kinetic energy of naturally
flowing water into usable mechanical energy for water pumping applications without requiring external electricity
or fuel, making it an ideal solution for remote or off-grid rural environments. The entire setup exemplifies not only
the creative integration of locally available components—such as repurposed vehicle parts and standard household
pumps—but also the potential for community-scale implementation of sustainable, renewable technology.
Furthermore, due to its simple construction and modularity, the system is easy to maintain, repair, and adapt to
various flow rates or terrain conditions, offering practical value for rural water management, agricultural irrigation,
or community water supply. Its design reflects both functional efficiency and innovative thinking, promoting a
model of appropriate technology that bridges traditional mechanical engineering with local resource utilizatio
achieve energy independence and environmental sustainability.

3. RESULTS AND DISCUSSION
According to research results, the required data has been obtained through experiments and calcu
carried out to obtain the power of the water wheel and pump and the efficiency of the PATA imple
the test of waterwheel pump, the pump uses a waterwheel with an overshoot concept, water enters
blades with an input section with a pipe head height of 3 meters and using 42° inclination angle.
shown in the Table 1.
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Table 1. Data results of waterwheel input flow rate and water pump output flow rate during running test

Flow rate Rotation Flow rate
No Date waterwheels, Waterpump, Remarks
Pin (m¥/s) (rpm) Pout (m?/s)
1 Saturday, 26-03-2022 0.0025 456 0.0005 Stable rivers flow
2 Sunday, 27-03-2022 0.0025 442 0.0005 Stable rivers flow
3 Monday,28-03-2022 0.0025 467 0.0005 Stable rivers flow
4 Thursday,14-04-2022 0.0025 451 0.0005 Stable rivers flow
5  Friday, 15-04-2022 0.0028 512 0.0007 Fast rivers flow
6  Friday, 15-04-2022 0.0026 519 0.0007 Fast rivers flow
7  Sunday, 01-05-2022 0.0025 486 0.0005 Stable rivers flow
8  Sunday, 01-05-2022 0.0025 471 0.0005 Stable rivers flow
9  Sunday, 01-05-2022 0.0025 452 0.0005 Stable rivers flow
10 Monday, 02-05-2022 0.0025 493 0.0005 Stable rivers flow

Measurement conducted from morning to afternoon, while keeping remarks on the river's flow condition. Based
on the data produced with stable river flow conditions, the results of the discharge on the waterwheels and
discharge out on the water pump, as well as rpm, are optimal enough to supply water, especially with fast river
flow conditions, causing the discharge and rpm to increase proportionally. Based on the data in Table 1 above, the
discharge from the waterwheel and water pump can be compared based on their RPM, which is illustrated in Figure
3.
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Figure 3. Comparison of the discharge of waterwheels and water pumps

From Figure 3, it can be explained that if the discharge from the water wheels is greater, then the water discharge
produced by the pump will also be greater[16],[17]. This is because the water supply to the waterwheel increas,
its rotational speed[18][19], which in turn affects the suction and discharge power of the pump[20][21], res
in a higher output[22]. Conversely, a lower water supply leads to a reduced output
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Comparasion of wheel power with Pump
power Based On Efficiency
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Figure 4. Comparison of power waterwheels and water pumps based on PATA efficiency

The power generated by the water wheel will increase if the height of the pipe inlet is raised above the current
height of 3 meters. A higher inlet height will result in greater wheel power, which in turn will increase the water
flow produced by the pump[23],[16], [24]. The overall efficiency of the system can also be improved by using
materials that are waterproof, temperature-resistant, rustproof, and corrosion-resistant to protect against water
leakage, which leads to a reduction in the generated energy[25]. Efficiency is a key aspect of the system, and
ensures maximum conversion of running energy from water flow into energy to drive the water pump. Research
from Koondhaar (2024) related to waterwheel design obtained an efficiency of 55-69% [12]. From Figure 2, it can
be explained that the average efficiency value produced is 40%. Based on the available data results,
implementation of PATA technology could be implemented, although the efficiency is less than optimal, which
fluctuates based on flow rate and rpm of the waterwheels and pumps. Optimization of efficiency is possible by
modifying the number and width of the blades in the water wheel [26]. In addition, if you want to increase
efficiency can be done by modifying the nozzle line and waterway canal [26].

3.2. Equations
In processing the data obtained during the research, several equations were applied to analyze hydraulic
performance and derive results aligned with the research objectives. The power of the pump was calculated using
Equation (1) [24]:
P=gxpxQxH (1

Where: P = pump power (W),

g = gravitational acceleration (9.8 m/s?),

p = water density (kg/m?),

Q = volumetric flow rate (m%/s),

H = head or height (m).

The flow velocity was determined using Equation (2) [24]:

v==¢
A

where: 1V = flow velocity (m/s),
Q = flow rate (m?/s),
A = cross-sectional area of flow (m?).

To estimate the hydraulic power delivered by the flow, Equation (3) [27] was used:
Pa = %va?,
where: Pa = available water power (kg/m),
p = water density (kg/m?),
Q = flow rate (m?/s),
V = flow velocity (m/s).
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For waterwheel torque calculations, the power input from water flow was applied to Equation (4):
T = Pin.r? 4)
where: T = torque (N-m),
Pin = input power to the waterwheel (kg/s),
r = radius of the waterwheel (m).

4. CONCLUSION

The water wheel, in this configuration, serves as the main driving element, converting the linear kinetic energy of
water flow into rotational energy through a mechanical linkage. The average power generated by the system
through this mechanism is approximately 650 kg-m/s?, indicating a significant energy transfer from the water
source to the pump. Based on performance analysis, the mass flow rate at the water wheel reaches 75.5 kg/s, while
the water pump achieves a discharge mass flow rate of 14.7 kg/s, resulting in an overall system efficiency of 40%.
This level of efficiency demonstrates the potential of the system for small-scale water lifting applications,
particularly in rural or off-grid environments where access to electricity is limited. The combination of locally
available components, simple mechanical design, and respectable performance metrics positions this system as a
viable solution for sustainable and low-maintenance water pumping, promoting renewable energy utilization and
supporting water resource management in remote areas. In conclusion, the water wheel-powered pump system not
only offers a functional and environmentally friendly alternative to conventional electrically powered pumps, but
also highlights the practical benefits of adapting mechanical engineering principles with repurposed components
for community-scale renewable solutions. Its ease of construction, minimal operational cost, and independence
from the electrical grid make it an ideal technology for supporting local water access and advancing energy
resilience in developing regions.
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