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ABSTRACT

Conventional diesel engines, also known as mechanical direct injection systems, represent a traditional
approach to fuel delivery in engines. In contrast, solar panels convert sunlight into electrical energy using
the photovoltaic effect. This research aims to conduct a technical comparative study on the planning of a
waste collection vessel propulsion system using both conventional diesel engines and solar panels. The
vessel system design requires 3.78 hp. The battery capacity calculated for this system is 84.24 Ah, with an
operational duration of 6.4 hours for the diesel engine. The waste capacity is 0.371 m?/ton, with a power
requirement of 3.75 hp, and the chosen engine for this setup is the Yamaha 5CHMS. For the solar panel
system, the potential calculation is 5.47 hours of sunlight, with a similar vessel system design of 3.78 hp. The
battery usage duration is 6 hours, with the same waste capacity and power requirement. The selected solar
panel is the Hangkai DNYSJYS]. Based on technical calculations, it can be concluded that a waste collection
vessel with a conventional diesel engine is more efficient due to its consistent technical performance
requirements.

Keywords: Diesel, propulsion, solar panels, technical comparative analysis, waste collection vessel.

Introduction on their propulsion systems. This study aims to
_ . _ ) compare the technical aspects of two propulsion
Environmental issues have become increasingly systems: conventional engines and solar panels [5].
critical in recent years, with aquatic pollution being Conventional engines, known for their
one of the major concerns [1]. Rivers and oceans mechanical direct injection systems, have been the
worldwide are plagued with floating debris and traditional choice for marine propulsion [6]. They
waste, severely impacting marine ecosystems and are renowned for their reliability and performance.
human health. Tackling this problem requires However, the environmental impact of diesel
innovative and effective solutions to maintain clean engines, including greenhouse gas emissions and
waterways and preserve aquatic life [2]. fuel consumption, has raised concerns about their
One straightforward yet impactful approach to long-term viability [7]. As a result, there is a
mitigate water pollution is the deployment of waste growing interest in exploring alternative, more
collection vessels [3]. These vessels play a vital role sustainable propulsion methods [8].
in cleaning up floating debris, thereby reducing Solar panels, which convert sunlight into
pollutlo.n levels and preventing the' 'spread of electrical energy through the photovoltaic effect,
contaminants [4]. However, the efficiency and offer a promising alternative [9]. Solar-powered

sustainability of these vessels depend significantly vessels produce zero emissions during operation,
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Figure 1. Vessel Hull Shape

making them an environmentally friendly option
[10]. The ability to harness renewable energy from
the sun presents an opportunity to reduce the
carbon footprint of marine operations significantly
[11]. However, the practicality and efficiency of
solar panels in marine applications require
thorough investigation.

This research will conduct a technical
comparative analysis of waste collection vessel
propulsion systems powered by conventional
engines and solar panels. By evaluating key
performance indicators such as power output,
operational duration, energy efficiency, and
environmental impact, this study aims to provide
valuable insights into which system offers a more
viable solution for future applications. The findings
will help guide the design and implementation of
more sustainable marine vessels, contributing to
cleaner waterways and a healthier planet.

In conclusion, this study not only addresses the
pressing issue of aquatic pollution but also explores
innovative solutions to enhance the sustainability
of waste collection vessels. By comparing diesel and
solar-powered systems, we seek to identify the
most effective propulsion method, paving the way
for cleaner and more efficient marine operations.
The results of this research will be instrumental in
shaping the future of marine environmental
conservation efforts.

Methodology
a. Vessel Specification

The first step in the methodology involves
specifying the waste collection vessel used in this

study. The chosen vessel is a small 4-meter waste
collection boat, as shown in Figure 1. This boat is
designed for efficiency in navigating narrow
waterways and collecting floating debris, making it
an ideal candidate for waste collection in various
aquatic environments [12]. The vessel’'s main
dimensions, weight, and waste capacity are detailed
in Table 1, providing a clear overview of its
specifications.

This particular vessel model was selected based
on its proven performance in previous research and
practical applications. Its compact size allows it to
operate effectively in confined spaces, such as
canals and rivers, where larger vessels would
struggle. Additionally, the design and construction
of the vessel have been optimized for stability and
maneuverability, ensuring it can handle the
demands of waste collection without compromising
safety or efficiency.

The specifications outlined in Table 1 include
key parameters such as the vessel's length, width,
depth, weight, and maximum waste capacity. These
parameters are critical for understanding the
operational limits and capabilities of the vessel,
which in turn influence the propulsion system
requirements. By providing a detailed specification,
this study ensures that all subsequent analyses and
comparisons between the conventional diesel
engine and solar panel systems are grounded in a
realistic and practical context.

Furthermore, the vessel's waste capacity is a
crucial factor in this study. The capacity determines
how much debris the vessel can collect before
needing to return for unloading, directly impacting
the efficiency and effectiveness of the waste
collection process. By selecting a vessel with a
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known and tested waste capacity, this study builds
on a foundation of reliable data, enhancing the
validity of the comparative analysis.

Table 1. Vessel Specification

Specification Value

Length of Overall (LOA) 4,000 m
Length of Waterline (LWL) 3,858 m
Breath (B) 1,200 m
Height (H) 0,600 m
Draft (T) 0,300 m
Volume Displacement 0,36 m3

In summary, the specification of the waste
collection vessel is a foundational step in this
methodology. It establishes the baseline
parameters for the vessel’s performance and
ensures that the study is rooted in practical, real-
world conditions. This careful selection and
detailed  documentation of the vessel's
specifications enable a robust comparison of the
propulsion systems under consideration, providing
valuable insights into their respective efficiencies
and operational characteristics.

b. Vessel Power Selection

The power selection process is critical for
ensuring the vessel’s operational efficiency. For this
study, two power systems are compared: a
conventional diesel engine and a solar panel
system. The conventional diesel engine, specifically
the Yamaha 5CHMS, was chosen for its proven
reliability and compact design, making it suitable
for small vessels. This engine is known for its robust
performance, ease of maintenance, and availability,
making it a practical choice for waste collection
operations.

In contrast, the solar panel system was selected
for its capability to provide a sustainable and
environmentally friendly power source. The chosen
solar panel, the Hangkai DNYS]YS], is designed to
harness solar energy efficiently and convert it into
electrical power. This system offers the advantage
of reducing fuel consumption and emissions,
aligning with modern environmental standards and
sustainability goals [13].

The vessel's power requirements were
meticulously calculated to ensure both systems can
meet the operational demands. These calculations
consider factors such as the vessel's speed,

operational duration, and the power needed to
drive the propulsion system and auxiliary
equipment. By ensuring that both power systems
can deliver the required performance, this study
provides a fair basis for comparing their efficiency
and suitability for waste collection applications.

c. Engine Performance Calculation

A series of performance calculations were
conducted to evaluate the diesel engine’s suitability
[14]. These include determining the effective
horsepower (EHP), shaft horsepower (SHP), brake
horsepower (BHP), and delivered horsepower
(DHP). The calculations are based on standard
engineering principles, taking into account factors
such as fuel efficiency, mechanical losses, and
engine load conditions. These performance metrics
are essential for understanding the engine’s
operational efficiency and reliability.

- Effective Horsepower (EHP): This metric
measures the actual power delivered to the
propeller, considering the losses in the
drivetrain.

- Shaft Horsepower (SHP): This represents
the power available at the engine shaft
before any losses due to the propeller or
other mechanical components.

- Brake Horsepower (BHP): This measures
the engine's power output before losses due
to friction and other mechanical
inefficiencies.

- Delivered Horsepower (DHP): This final
metric represents the power that effectively
reaches the water to propel the vessel.

These calculations are based on standard
engineering principles and take into account factors
such as fuel efficiency, mechanical losses, and
engine load conditions. By evaluating these
performance metrics, the study provides a
comprehensive understanding of the diesel
engine’s operational efficiency and reliability.

d. Solar Panel System Calculation

The solar panel system'’s feasibility was assessed
by calculating its energy production capabilities
and storage requirements [15]. This involves
evaluating the potential sunlight exposure, typically
measured in peak sunlight hours per day, and
determining the solar panel’s ability to generate the
necessary power. The solar panels’ placement and
orientation on the vessel were optimized to
maximize energy capture, ensuring that the system
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can operate effectively even in varying sunlight
conditions.

Additionally, the battery storage capacity was
calculated to ensure the vessel can operate
continuously, even during periods of low sunlight.
This includes considerations for battery type,
storage efficiency, and overall system integration to
meet the operational power requirements. The
chosen battery type, capacity, and expected
performance metrics are detailed to provide a clear
understanding of the solar power system's
capabilities and limitations.

By conducting these detailed calculations, the
study ensures that the solar panel system is not
only theoretically viable but also practical for real-
world application. The combination of optimized
solar energy capture and adequate battery storage
ensures that the vessel can maintain its operational
efficiency and reliability, making the solar panel
system a viable alternative to the conventional
diesel engine.

Result and Discussion

a. Technical Calculation of Ship Powering Using
Conventional Engine

In the calculation of the main engine power for
this vessel, Break Horse Power (BHP) was
considered. The initial calculation involved
determining the service speed used. To calculate the
service speed, the formula used was Vp plus 1,
multiplied by 0.5144. The result of this calculation
was 4.629 knots.

Vp=(Vd+1) x0.5144
= (18 +1) x 0.5144
=4.629 knots

In addition, the vessel's resistance was
calculated based on the ship's speed. The resistance
calculation had already been performed, yielding a
result of 28.056 N. This hull resistance value was
then used to calculate the Effective Horsepower
(EHP). To calculate EHP, the ship's resistance (Wo)
was multiplied by the service speed (Vp) and then
divided by 75, resulting in 1.731 hp.

WoxVP _ 28.056 x 4.629
75 75

EHP =

=1.73 hp

Wake Friction is assessed by comparing the
ship's speed with the propeller's rotational speed.
To calculate W, 0.5 was multiplied by Cb, which was

0.8, and then 0.05 was subtracted. Hence, the
calculated result for wake friction was 0.35.

W = (0.5 x 0.8) - 0.05 = (0.5 x 0.228) - 0.05 = 0.35

The Thrust Deduction Factor, which signifies the
loss of thrust in the propulsion system, was
calculated. It was determined by multiplying 0.6 by
W. Consequently, the thrust deduction factor was
found to be 0.21.

t=0.6xW
t=0.6x0.35=0.21

From the calculations of wake friction and thrust
deduction factor, the hull efficiency was
determined. To calculate the hull efficiency (nh), the
thrust deduction factor (t) was subtracted from 1
and then divided by 1 minus the wake fraction (w).
The result of this calculation was 1.21.

From these calculations, the coefficient of
propulsion (Pc) can be determined to find the
Delivered Horse Power (DHP). Pc is calculated by
multiplying the propulsion efficiency np by the hull
efficiency nh and then by the relative rotational
efficiency nrr. Here, the propulsion efficiency is
taken as 0.419, and the relative rotational efficiency
as 1.03. Thus, the coefficient of propulsion Pc is
determined to be 0.523.

Pc=mpx nphx mrr
=0.419x1.21x1.03=0.523

Following this, the propeller shaft power is
calculated based on the ratio of Effective
Horsepower (EHP) to the coefficient of propulsion
(Pc). From this calculation, the Delivered
Horsepower (DHP) is determined to be 3,309 hp.

DHP =22 =273 _ 3309 hp
Pc 0.523

Following that, the Thrust Horsepower (THP)
was calculated, which represents the power
delivered by the driving engine (shaft power). THP
was calculated by dividing DHP by 0.98, resulting in
3.376 hp.

THP =222 =339 _ 3 376 hp
0.98 0.98
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Table 2. Comparison of Conventional Engine Options

Specification Option 1 Option 2 Option 3
Engine Maritime 10D0O1 Yamaha 5CMHS Outboard MOB-803G
Fuel Diesel Gasoline Gasoline
Engine Type Inline 1 1 Cylinder - 2 Stroke 2 - Stroke
Power (hp) 10 5 3
Engine Speed (rpm) | 3600 - 4000 4500 - 5500 6500
Displacement (cc) 406 cc 103 cc 52 cc
Transmission Forward - Neutral - Backward Forward - Neutral - Backward | Forward
Weight (kg) 60 21 10

-
Physical Figure

To calculate Shaft Horse Power (SHP), DHP
increased by 3% and is multiplied by DHP. The
result is 3.408 hp.

SHP = DHP + (3% x DHP)

=3.309 + (3% x 3,309) = 3.408 hp

In this system, the vessel does not use a
reduction transmission system, so the calculated
BHP;, is equal to SHP, which is 3.408 hp.

BHP,, = SHP = 3.408 hp

BHP,,. is the output power of the propulsion
motor sought for the main engine of the ship. To
calculate BHP,., BHP_scr is divided by 0.85,
resulting in a value of 4.26 hp.

BHP,cr = BHP,;/0.85 = 4.26 hp

From the results obtained, it is known that the
power required for the conventional engine to be
used on this ship is 4.26 hp. This power is
categorized as relatively small compared to larger

vessels. After researching several engines within
this power range, three engines were found that fit
this requirement for the ship. Table 2 presents a
comparison of several conventional engines found
within this power range.

It was found that the Yamaha 5CMHS engine
closely matches the required power. This gasoline-
powered engine has a maximum power output of 5
hp. The other two engines, Maritime 10DO1 and
Outboard MOB-803G, are still significantly outside
the required power range. Several other options are
displayed in Table 2.

Engines that are too large or too small can be
disadvantageous for their use on the ship, affecting
both capital expenditure and operational costs.
Additionally, oversized engines increase the weight
of the ship, potentially reducing payload capacity
[16]. Engines with insufficient power cannot
effectively meet the operational needs of the ship,
aligning with the intended purpose of the vessel
construction [17].
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b. Technical Calculation of Ship Powering Using
Solar Panel Battery Selection

Battery Selection

Batteries store electrical energy received from
solar panels and distribute it to loads. They also
provide power to loads when there is no sunlight.
There are specific specifications to evaluate solar
battery options, such as how long the solar battery
will last and how much power it can supply [18].
For this study, the [Drive2 magnetic motor battery
has been chosen, as shown in Figure 2 with detailed
specifications in Table 3.

The data provided outlines the specifications for
a battery system intended for use in the waste
collection vessel's solar panel power setup. The
battery dimensions are 522 mm in length, 239 mm
in width, and 221 mm in height, making it compact
enough to fit within the vessel's designated space
for energy storage components. This compact size
ensures that the battery can be easily integrated
without compromising the vessel's design or
functionality. With a weight of 25 kg, the battery is
also relatively lightweight, minimizing the impact
on the vessel's overall weight and stability.

Figure 2. Visual Construction of IDrive2 Battery

The battery operates with a nominal voltage of
24V and a nominal capacity of 100 Ah. This capacity
indicates that the battery can store a substantial
amount of energy, essential for ensuring the vessel
can operate for extended periods, even during
cloudy days or when sunlight is limited. The charge
voltage is specified at 57.6 V, with a standard charge
current of 15 A, providing a clear guideline for the
charging infrastructure required to maintain
optimal battery performance. These specifications
are critical for designing the solar panel system and

ensuring that the energy storage is efficient and
reliable.

Moreover, the battery's depth of discharge
(DoD) is 80%, which means that 80% of the
battery's total capacity can be wused before
recharging is necessary. This higher DoD allows for
more efficient use of the stored energy, ensuring
that the vessel can make the most out of each
charging cycle. The balance between nominal
capacity and DoD is crucial for maintaining battery
health and longevity, making this battery a robust
choice for the vessel's energy needs. These
specifications collectively contribute to the
effectiveness and sustainability of the solar-
powered propulsion system.

Vessel Power Requirement

To calculate the solar panel requirements, data
on power needs and the potential solar energy
output specific to the location where the ship will
operate, in Surabaya, Indonesia, are necessary.
Table 4 presents the required data for this
calculation.

Table 3. Battery Specification

Specification Value
Dimension (mm) 522x239x221
weight (kg) 25

Charge Voltage (V) 57,6

Charge Current Standard (A) | 15

Nominal Voltage (V) 24

Nominal Capacity (Ah) 100 Ah

Depth of Discharge (%) 80

Table 4. The Primary Data for Calculating Solar
Panel Requirements

Basic Consideration | Value Unit

Pload 1850 Watt

PSI 1000 Watt/m?

Gav 5473 Wh/m2 per day
AT 7 oC

PSH 5.473 Hour

With this data, the efficiency of solar panels at
each capacity can be determined by calculating npv.
In this study, selections were made for several solar
panel capacities: 200 Wp, 300 Wp, and 450 Wp,
using the following method. The calculated npv for
a 200 Wp solar panel is 15.27%, for a 300 Wp solar
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panel is 18.45%, and for a 450 Wp solar panel is
21.65%. From these results, it was found that the
450 Wp solar panel exhibits the highest efficiency.

npv = (Pmax)/(PSIx A)(100%)

Pmax =200wp

PSI  =1000 watt/m?

A =1,309 m?

npv (1000 1, 309)X100%
=1527 %

Pmax =300wp

PSI  =1000 watt/m?

A =1,626 m?

HpV (1000 x1, 626)X100%
=18,45 %

Pmax =450wp

PSI  =1000 watt/m?
A = 2,078 m?
NPv = (1000x2078)X100%

=21,65%

After obtaining the efficiency values for each
solar panel capacity, the power generated by each
capacity can be determined to identify which solar
panel can meet the power requirements of the
electric conveyor motor. The power required (Pwp)
is calculated as the product of peak solar irradiation
(PSI), which is 1000 Watt/m? multiplied by the
effective solar energy absorption time (PSH), the
area of the solar panel (A), and the solar panel
efficiency. The PSH value is derived from the global
horizontal irradiance (GHI), which is 5478, divided
by 1000, resulting in an energy absorption time of
5.478 hours.

Pwp = PSI x A xnpv x PSH

PSH = (22

PSI
PSH =

5478
1000
PSH = 5,478 hour

From the calculation of PSH, the power
generated by each solar panel can be determined.

The solar panel with a capacity of 200 Wp generates
a power output of 1094 Wp, while the 300 Wp solar
panel generates 1643 Wp, and the 450 Wp solar
panel generates 2464 Wp.

Pwp solar panel 200 wp

PSI = 1000 watt/m?

A = 1,309 m?

Npv =15,27 %

PSH = 5,478 jam

Pwp 200wp =1000x1,309x(15,27%)x 5,478
=1094 wp

Pwp solar panel 300 wp

PSI = 1000 watt/m?

A =1,626 m?

Npv =18,45 %

PSH = 5,478 jam

Pwp300wp =1000x1,626x(18,45%)x5,478
=1643 wp

Pwp solar panel 450 wp

Pmax =450 watt

PSI = 1000 watt/m?

A = 2,078 m?

PSH = 5,478 jam

Npv =21,65%

Pwp300wp =1000x2,078x(21,65%)x5,478

=2464 wp

The calculations from the equation above show
the power generated by solar panels during their
effective operating time in Surabaya. According to
the Solar Global Atlas website, the effective solar
energy absorption time in Surabaya is
approximately 5.47 hours, occurring between
09:00 and 14:47, which is the optimal period for
energy absorption.

The power generated by solar panels is
influenced by the location's temperature

If the location where the solar panels are used
exceeds 25°C, the panels will experience a power
loss of 0.5%. In this study, the solar panels are
deployed in the sea near Surabaya, with daily
temperatures averaging 28.1°C according to the
data in the image. Thus, the difference between the
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standard panel temperature and the sea
temperature in Surabaya is 7°C.

To determine the total power (Pmpp) generated
by each solar panel capacity after accounting for the
temperature difference, it can be calculated as
follows: Pwp multiplied by (1 - 0.005) multiplied by
the temperature difference.

Pmpp = Pwp - (0.5% x Pwp x AT)
Pmpp solar panel 200 wp

Pwp =1000 wp
AT =3°C

Pmpp =1094-(0,5% x 1094 x 3)
=1055wp

Pmpp solar panel 300 wp

Pwp =1077 wp
AT =3°C

Pmpp =1643-(0,5% x 1643 x3)
=1618.4 wp

Pmpp solar panel 450 wp

Pwp =2250wp
AT =3°C

Pmpp =2464-(0,5% x2250x 3)
=2430.25 wp

After obtaining the total power generated, the
temperature correction factor (TCF) can be
calculated using the following equation.

TCF = —2PP_
Pwattpeak
TCF of 200 wp
TCF =22
1094
=0.96 %
TCF of 300 wp
TCF = 16184
1643
=0.98%
TCF of 450 wp
TCF = 24305
2464

=0.98%

From the calculations, it is found that the
temperature correction factors are similar, at 0.96%
and 0.98%. Next, based on several previous
calculation results, the number of solar panels
needed for the ship's power requirements is
determined based on the area of the solar panels
[19]. Based on the power to be generated (Wpeak)
with an assumed inverter efficiency of 0.9, the
required number of solar panels (Npv) can be
calculated as follows: Npv is equal to the total
required power divided by the total power
generated by a solar panel (EL).

EL = Pv area x GSI x npv x TCF x nout

The number of 200 Wp solar panels needed can
be calculated using the formula

EL =1.309m2x 5478 x (15.27%) x 0.96 x 0.9
EL = 946 wattpeak

1850
NpV = m

Npv  =1.95 pieces

Thus, the result of the calculation shows that 2
units of 200 Wp solar panels are needed.

The number of 300 Wp solar panels needed can
be calculated using the formula

EL =1.676 m2x 5478 x (18.45%) x 0.98 x 0.9
EL = 1494.03 wattpeak
1850
Npv = 1494,03
Npv  =1.2 pieces

Thus, the result of the calculation shows that 2
units of 300 Wp solar panels are needed.

The number of 450 Wp solar panels needed can
be calculated using the formula

EL =2.16 m2x 5478 x (18.45%) x 0.98 x 0.9
EL = 1925 wattpeak

1850
NpV = ﬁ

Npv  =0.96 pieces

Thus, the result of the calculation shows that 1
unit of 450 Wp solar panels is needed.

In this study, the available area for solar panels
on the waste collection vessel is 2.76 m?. Therefore,
itis determined that the solar panel suitable for use
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Table 5. Solar Panel Specification

Specification Value Unit
Maximum Power 450 wp
Maximum Power Voltage 41.40 Vv
Maximum Power Current 10.87 A
Operating Temperature -40 -85 °C
Dimension 2108 x 1048 x 35 mm
Weight 24,50 Kg
Open Circuit Voltage 50 \"
Short circuit current 11,36 A

on the waste collection vessel is a 450 Wp solar
panel. This is because a 450 Wp solar panel can
adequately cover the available area for solar panel
installation, which is sufficient for one solar panel.

Battery Capacity Requirement

To meet the electric motor's power
requirements using solar energy, the next step is to
determine the energy storage device, namely
batteries. The suitable battery type for the solar
photovoltaic system (PLTS) is a Deep Cycle Battery
VRLA, such as VRLA Absorbent Glass Mat (AGM) or
VRLA Gel, due to their long charge and discharge
cycles, leak-free, and maintenance-free
characteristics. To calculate the required battery
capacity based on the load to be supplied, the
following considerations are made: the autonomy
day is one day, with a battery voltage of 24 V and a
depth of discharge (DOD) of 0.9.

AH = ( (Pload x Autonomy day) )
(Vbattery x Depth of Discharge)

AH = 8850XD _ 9494 Ah
(24 x 0.9)

The calculated battery capacity required is 84.24
Ah.

It has been determined that to meet the load
requirements, a battery capacity of 84 Ah is
necessary. However, batteries commonly available
in the market are rated at capacities of 50 Ah, 100
Ah, and 150 Ah. Therefore, a 100 Ah battery
capacity is selected. The electric conveyor motor
operates at 230 V, hence 10 pieces of 100 Ah
batteries are connected in series. This series
configuration is chosen to increase the voltage
output while keeping the current constant.

Subsequently, calculations are performed using
the selected battery data from the previous

calculation to determine the duration the conveyor
power requirements can be met. This calculation
yields the following result.

Tbattery _ ((Ah battery x V battery x PSH) )

Pload

(100 x24x5)

Thattery = 550

= 6,4 (calculated as 6 hours)

Thus, the calculated battery runtime required is
6.4 hours (rounded to 6 hours).

In this study, a 450 Wp solar panel is used, as
shown in Figure 3. To determine the Voc (Open
Circuit Voltage) and Isc (Short Circuit Current)
values of the solar panel, refer to the panel's
specifications in Table 5.

Vmaxin > 1,25 x50=62,5V

Imaxin>1,25%x11,36=14,2 A

Figure 3. Solar Panel with 450 Wp
Monocrystalline (m.icasolar.com)
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Based on the above calculations, the electric
conveyor requires a minimum current of 14.2 A and
a minimum voltage of 62.5 V. In this study, an SCC
(Solar Charge Controller) with a maximum input
current of 20 A is used, as SCCs commonly available
in the market are sold in multiples of 10 A.

Apart from the conveyor, another electric motor
is required for driving purposes in this study, which
operates independently from the conveyor. Even if
used together, it does not require power exceeding
that of the conveyor, as specified in Table 6.

Table 6. Electric Motor Specification

Specification Value

Type Hangkai DNYSYS]
Material Aluminium
Operation Electric

Model DD-48V-1000W
Voltage 48V

Ampere 18A

Motor Speed 3000 rpm

¢. Comparison of Diesel Engine and Solar Panel

From the calculation above about the power
selection, it should be considered that for small
vessels, such as a 4-meter waste collection boat, the
comparison between conventional combustion
engines and solar power becomes distinctively
nuanced. Conventional small vessels powered by
combustion engines, typically running on gasoline
or diesel, offer reliable and powerful performance
crucial for consistent operation, especially in areas
with fluctuating waste collection needs. These
engines are compact and can be easily maintained,
but they require a supply of fuel, which adds to the
operational costs and environmental impact due to
emissions [20]. In contrast, small solar-powered
vessels harness solar panels' energy, providing an
environmentally friendly and sustainable power
source. However, the power output from solar
panels can be variable and dependent on sunlight
availability, which might not be sufficient for
consistent daily operations, especially in areas with
limited sunlight.

From an investment and operational cost
perspective, small conventional combustion engine
vessels are generally less expensive to purchase
initially due to the lower cost of small engines and
the minimal infrastructure required [21]. However,
the ongoing fuel and engine maintenance costs can
accumulate over time, making them potentially
more expensive in the long run. Solar-powered
vessels require a higher initial investment due to

the cost of solar panels and battery storage systems
[22]. Nonetheless, they benefit from minimal
operational costs as they do not require fuel and
have lower maintenance needs, primarily focused
on the upkeep of solar panels and battery systems.
The long-term cost savings from reduced fuel
expenses can be significant, especially for small
vessels with regular use.

Space utilization is also a critical consideration
for small vessels. Conventional engines require
space for the engine itself and fuel storage, which
can be substantial even on a small vessel, reducing
the available space for waste collection. Solar
panels, on the other hand, can be mounted on the
vessel's roof or deck without taking up significant
interior space, preserving more room for waste
collection. However, battery storage systems for
solar power can occupy space within the vessel,
although advancements in battery technology are
making these systems more compact and efficient
[23]. Overall, for a small 4-meter waste collection
vessel, solar power offers a promising alternative
with environmental benefits and potential long-
term cost savings, but it is limited by power
availability and storage capacity compared to
conventional combustion engines.

Conclusion

In conclusion, for small waste collection vessels,
there is a trade-off between the reliability of
conventional combustion engines and the
sustainability of solar power. Conventional engines,
such as the Yamaha 5CHMS, provide dependable
performance but incur higher long-term costs and
environmental impacts, requiring 3.78 hp and a
battery capacity of 84.24 Ah for 6.4 hours of
operation. Solar-powered vessels, using systems
like the Hangkai DNYS]YS], offer an environmentally
friendly and cost-effective alternative with better
space utilization, needing 3.78 hp and providing 6
hours of operation from solar energy. However,
their effectiveness depends on sunlight and
advancements in battery technology. This research
highlights the importance of continued innovation
in solar technology to improve its feasibility for
small marine vessels.
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ABSTRACT

One of the damages to the anchor and its chain is caused by being exposed to various environmental loads
from the sea every time the anchor is lowered or when the anchor is raised, so that it will gradually
experience fatigue due to dynamic loads that occur repeatedly in a long period of time. However, there has
notbeen an analysis that combines anchor chain maintenance of the corrosion rate with the painting method
and a comparison between before painting and after painting. Therefore, the researchers proposed a study,
"Analysis of Anchor Chain Maintenance of Corrosion Rates Using the Painting Method". This study aims to
carry out an analysis to reduce the corrosion factor on the anchor chain by using marine coatings or painting
processes so that the operability and capability of the system can be maintained. The research design is
based on an experimental method that seeks to posit and solve the problem of the condition of a ship's
anchor chain made of steel or metal. based on both visual data and literacy. The existing data is then analyzed
and interpreted, which is comparative. The interval for each coat of paint depends on the drying power.
What can you do with the next coat of paint if the previous paint layer is dry, it should not exceed the
specified paint allowance, because it will give poor adhesion. From the analysis of the anchor chain structure,
the resulting stress is 168.73 MPa. If it is estimated with a period of 3 years from the anchor chain structure,
the stress result is 192.75 MPa, and if it occurs at this time in 2022 with a period of 5 years, the stress result
is 213.95 MPa.

Keywords: Anchor chain, corrosion, marine coating, maintenance, analysis.

Introduction loads from the sea every time the anchor is lowered
or when the anchor is raised, so it will eventually
experience fatigue due to dynamic loads that occur
repeatedly over a long period of time. The risk of
breaking the anchor chain is due to wear on the
anchor chain material. Wear basically has several
mechanisms, namely abrasion, erosion, adhesive,
fatigue, and corrosion. Damage to the anchor and its
chain is caused by environmental loads from the sea
when the anchor is lowered or when it is raised, so
that over time it will cause deformation in the
anchor structure and its chain [4].

[3]. Based on previous research from Andarum

One of the damages to the anchor and its chain is Septianto, it has been stated that the absence of a
caused by being exposed to various environmental

An anchor is one component of ship equipment
that plays a very important role in the marine
transportation system. Ship anchors are used so
that the ship does not move due to gusts of wind,
currents, or waves. The anchor is designed in such
a way and connected with a chain made of cast iron
so that it can withstand the movement of the ship
[4]- The anchor chain is equipment that is useful for
connecting the ship's anchor to the ship so that it is
not released if the anchor is lowered from the ship
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good anchor chain maintenance role in its
implementation can have several impacts that can
become a problem on the ship, such as corrosion,
depletion of wildcat serrations, influence on the
anchor feeding process, the heavy up anchor
process is disrupted and from several impacts that
can occur resulting in hampering ship operations
[1].

In a study conducted by Mardawiah, it was
shown that the stress result was 168.73 MPa when
estimated with a period of 3 years from the
installation of the chain line installation, the stress
result was 192.75 MPa, and if it occurs at this time
in 2022 with a period of 5 years, the stress result is
213.95 MPa. The strength of the chain line structure
when receiving loads that work on safe criteria and
do not exceed the maximum Yeild Strength
according to the DNV OS E301 standard reference
of 265.5 MPa, as well as the deformation results of
0.35101 mm, when estimated with a time period of
3 years from the installation of the chain line
installation, the deformation results are 0.65605
mm. The results of the deformation value obtained
do not exceed the maximum limit of deformation
according to the DNV OS E301 standard reference
of 0.8 mm [2].

Based on research, it can be concluded that the
largest Von Mises stress value is found in the area
between joints, which is 242.71 MPa under
maximum loading conditions. The stress value is
still below the yield strength value of the material
used, which is 680 MPa, and the Ilargest
deformation value in the end shackle structure due
to environmental loads is 0.103 mm. Based on this,
it can be said that the end shackle structure used to
withstand loads from anchors and environmental
loads is in a safe condition for use and does not
exceed the allowable stress set by the Indonesian
Classification Bureau, which is 400 MPa [4].

Government and international organizations
have been spurred by this to make significant
pledges to decrease marine debris in many nations.
Plans for regional and national garbage
management have been created in numerous
nations [5]. This has encouraged the emergence of
various innovations and technologies for cleaning
marine debris, one of which is a catamaran-type
garbage collection ship and which uses conveyors
with several conveyor wing variations [6].

Various studies on garbage collection vessels
using catamaran vessels have been conducted.
Research on the numerical investigation of the
effect of conveyor wing type on marine garbage

collection behavior has been conducted. This study
discusses the effect of wing shape on garbage
collection in calm waters. The three wing shape
variations used in the numerical simulation are
solid wing shape, square hollow wing shape, and
circular hollow wing shape. As a result, from the
simulation results, the circular hollow wing is faster
in collecting marine debris, followed by the square
hollow wing and the solid wing. From the flow
pattern analysis, the circular hollow wing model is
easier to get the marine debris closer to the winged
conveyor than the square wing and solid wing
models [7].

Other research is an experiment on the hollow
wing technique to improve conveyor performance
in marine debris collection [8]. Debris collection
ratio than other models. A study on the effect of
placing a portable conveyor on a garbage collection
vessel on marine garbage collection behavior has
been conducted [9].

According to research conducted by Alfafa and
Zuan Syafa, the results of the calculation of the
corrosion rate with the obtained factors, causing
the diameter of the chain to decrease, namely
corrosion and maintenance factors. The result of
the reduction in the diameter of the anchor chain of
the right X container ship is 0.549 mm, the
corrosion rate is 0.198 mm/y, the left is 0.970 mm,
and the corrosion rate is 0.232 mm/y. The right Y
container ship is 0.054 mm, corrosion rate is 0.018
mm/y, the left is 1.392 mm, corrosion rate is 0.464
mm/y, and the right Z container ship is 1.088 mm,
corrosion rate is 0.363 mm/y, the left is 2.267 mm,
corrosion rate is 0.882 mm/y [10].

However, no analysis has been found that
combines the maintenance of the anchor chain
against the corrosion rate with the painting method
and the comparison between before being
subjected to painting and after painting. Therefore,
the researcher proposed the research "Analysis of
Anchor Chain Maintenance on Corrosion Rate by
Painting Method". This research aims to conduct an
analysis to reduce the corrosion factor of the anchor
chain with the use of marine coating or painting
processes, so that the operability and capability of
the system can be maintained.

Methodology
Corrosion

Corrosion is the deterioration of metals due to
electrochemical reactions with their environment.
NACE (National Association of Corrosion
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Engineers) defines corrosion as a decrease in the
quality of a material (usually steel) or its properties
caused by a reaction with its environment [11-12].
Meanwhile, Trethewey (1988) provides a definition
of corrosion as a decrease in the quality of steel due
to electrochemical reactions with the environment
[1]. Furthermore, the ASM Materials Engineering
Dictionary states corrosion as a chemical or
electrochemical reaction between the anode and
cathode of steel with an electrolyte environment
that results in a decrease in material quality and
chemical properties [13].

In many cases, corrosion attacks cannot be
avoided, but they can be controlled so that the steel
structure or component has a longer service life.
Every structure or component generally goes
through a  three-stage  process: design,
manufacture, and use. Corrosion control plays an
importantrole in each of these stages. Failure in any
of the corrosion control stages can lead to
premature failure of the component. In principle,
corrosion control can be done in various ways,
including: [14]

e Component design modification.
Environment modification.

Material selection.
Cathodic and anodic protection.
Application of protective coatings.

Protective or barrier coatings applied to steel
surfaces aim to separate the steel from its
environment or to control the microenvironment at
the steel surface. There are many coating methods
used for this purpose, including paints, organic
coatings, varnishes, steel coatings, and enamels.
However, by far, the most common and widely used
method is paint [15].

The research design is based on an
experimental method that tries to suggest and solve
problems from the condition of the ship's anchor
chain, made of steel or metal. based on data, both
visual and literary. The existing data is then
analyzed and interpreted, which is comparative in
nature. This study uses research materials,
including:

Research materials

The materials needed for research are as
follows:

1. Anchor chains

An anchor chain is a critical component in a
ship's mooring system that serves to connect the
anchor to the ship. It has several special

characteristics, such as high tensile strength,
corrosion resistance, and flexibility, which allow
the anchor to hold the vessel securely in place
despite ocean currents, wind, and waves. Anchor
chain materials are usually made of high-quality
steel coated with anti-corrosion materials to
increase  durability against harsh marine

environments. The anchor chain is shown in Figure

Figure 1. Anchor chain

2. Anti-corrosive (AC)

Anti-corrosion paint s a type of paint specifically
designed to protect metal surfaces from corrosion
or rust. These paints contain chemicals that create
a protective layer on the metal surface, preventing
reactions between the metal and corrosive
elements such as oxygen, water, salt, and other
chemicals. The use of anti-corrosion paints is very
common in the maritime industry, construction,
automotive, and other sectors where metal
protection from rust is essential. These include
epoxy paints and zinc-rich primers. The function of
epoxy is anti-corrosion protection, strong adhesion,
mechanical strength, and abrasion resistance. The
function of the zinc-rich primer is Cathodic
Protection, good adhesion, Barrier Protection, and
coating repair. The combination of epoxy, zinc-rich
primer is very influential because, by using zinc-
rich primer as the base coat and epoxy as the final
protective layer, this combination provides very
effective corrosion protection. Zinc-rich primer
provides cathodic protection while epoxy protects
against mechanical damage and corrosive
elements, ensuring the anchor chain remains in
optimal condition for a longer period of time. It is
then painted with a protective marine anti-
corrosion coating.

3. Salt Solution (NaCl)
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Salt solution (NaCl) is a solution formed when
table salt (sodium chloride) is dissolved in water as
shown in Figure 2. Table salt consists of sodium
ions (Na*) and chloride ions (Cl-), which dissociate
in water to form an electrolyte solution. Salt
solutions are very important in various fields due to
their distinctive electrolyte properties and their
ability to simulate corrosive environments. NaCl is
used to create environmental conditions that
accelerate the corrosion process of metals. NaCl
helps in checking how well protective coatings or
paints protect metals from corrosion. And
comparing the corrosion resistance of different
types of metals or coatings under controlled
conditions. NaCl is therefore very useful for
simulating corrosive environments, for example, to
test the corrosion resistance of materials and
coatings.

Figure 2. Salt solution

Test equipment

The equipment needed for research is as follows:

1. Spray gun

A spray gun is a device used to spray liquids,
such as paint, varnish, or other coatings, onto the
surface of an object, as shown in Figure 3. It works
by using air pressure to atomize the liquid into
small particles, which are then sprayed in the form
of a fine mist. Spray guns are essential tools in a
variety of painting and coating applications,
providing professional and efficient results.

Figure 2. Spray gun

2. Air compressor

An air compressor is a device used to increase air
pressure by compressing the air entering the
system, as shown in Figure 4. This pressurized air is
then stored in a tank and can be used for a variety
of industrial, repair, and maintenance applications,
including as a power source for pneumatic tools
such as spray guns, air drills, and lifting equipment.
The compressor was used to assist with the
painting process of the anchor chain.

o\

Figure 4. Air compressor

3. Sandblasting tools
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Sandblasting is the process of cleaning or
smoothing the surface of a material by firing
abrasive particles using high air pressure.
Sandblasting tools are devices used to apply this
technique. Sandblasting is usually used to clean
ship hulls and steel structures from rust and dirt.
The advantages of using sandblasting are high
efficiency because it can clean surfaces quickly and
effectively, accurate results because it provides
smooth and uniform cleaning results, and flexibility
because it can be used on various materials such as
metal, wood, glass, and concrete. Therefore, by
using sandblasting tools, the cleaning and surface
preparation process becomes faster and more
efficient, and provides a high-quality finish.

4. Micrometer for measuring paint thickness

A micrometer is a precision measuring device
used to measure thickness or small dimensions
with high accuracy. To measure the thickness of a
paint layer, a special micrometer known as a
coating thickness gauge is used. Micrometers are
also commonly used to control the thickness of
paint layers on various products to ensure quality
and durability. The advantages of micrometers are
high accuracy, ease of use, and flexibility. Therefore,
by using a special micrometer to measure paint
thickness, quality control becomes more efficient,
and production or maintenance results are more
reliable.

5. Corrosion rate measuring instrument

A corrosion rate meter is a device used to
measure the degree of degradation or damage
caused by corrosion to a particular material. It is
generally designed to provide information about
the speed of corrosion under various
environmental conditions. Corrosion rate meters
have the ability to control environmental
conditions (such as temperature, humidity, and
pH), make accurate and consistent measurements,
and the ability to record data and analyze it for
further evaluation. The use of corrosion rate meters
is important in various industries such as
manufacturing, construction, and metal treatment
industries to identify and reduce the impact of
corrosion on material reliability and service life.

6. Digital scales

Digital scales are measuring devices used to
determine the weight of material samples before
and after exposure to corrosive conditions. This
weight difference helps calculate the corrosion rate

or the rate of material loss due to corrosion. The
digital scales are shown in Figure 5. Digital scales
are measuring devices used to determine the
weight of material samples before and after
exposure to corrosive conditions. This weight
difference helps calculate the corrosion rate or the
rate of material loss due to corrosion. The digital
scales are shown in Figure 5.

Figure 5. Digital scales

Marine Coating Methods with Epoxy Paint is one
of the most popular marine coating options due to
its strength and resistance to corrosion and
abrasion. Epoxy can be applied to metal, concrete,
and wood surfaces and provides long-lasting
protection. Several studies have shown that epoxy
paints are very effective in protecting ship surfaces
from corrosion and the effects of the marine
environment [16].

Marine Coating Method with Fluorinated
Polymer is a marine coating material that is
resistant to corrosion and highly resistant to the
effects of harsh marine environments. It is often
used for the protection of tankers and marine
platforms due to its UV resistance and long-lasting
performance [17].

Polyurethane Marine Coating Method is a
marine coating material that is highly resistant to
the effects of the marine environment, including
corrosion and UV light. This material is resistant to
abrasion and is easily applied to ship surfaces.
Several studies have shown that polyurethane
provides excellent protection and can increase the
longevity of ships and marine structures [18].
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Research Procedure
a. Sample preparation

1. Site Identification and Initial Preparation

In the site identification and preliminary
preparation phase of corrosion testing, steps
include selecting a representative and relevant test
site, such as a maritime area with aggressive
seawater conditions or a corrosion-prone
industrial environment. In addition, the initial
preparation includes collecting anchor chain
samples from the site, as well as cleaning and
smoothing the surface of the samples to remove any
dirt, rust, or previous corrosion layers, to ensure
consistent initial conditions ready for further
treatment in the test. Proper site selection and
preparation are critical to obtaining accurate and
reliable test results.

2. Painting Method Selection

In the painting method selection stage of
corrosion testing, different types of paints and
coatings are considered based on the
environmental conditions and material properties
of the anchor chain. Considerations include paint
resistance to seawater, adhesion ability, and
durability under extreme operational conditions.
Application methods such as brushing, spraying, or
immersion were also evaluated to determine the
most effective technique for providing maximum
protection against corrosion. The selection of an
appropriate painting method aims to ensure an
optimal protective coating, so as to minimize the
corrosion rate and extend the service life of the
anchor chain.

3. Surface Preparation

The surface preparation stage in corrosion
testing involves cleaning and smoothing the surface
of the anchor chain to remove dirt, rust, and
remnants of previous corrosion. This process
includes the use of mechanical methods such as
sandblasting, as well as chemical cleaning to ensure
the surface is free of contaminants. Optimal surface
preparation is essential to ensure strong adhesion
of the paint protection layer, thereby increasing the
effectiveness of corrosion protection and providing
accurate and consistent test results.

4. Anchor Chain Painting
The process of painting the anchor chain in
corrosion testing involves first applying an anti-

corrosion primer coat, such as using an epoxy, zinc-
rich primer to provide basic protection and
improve the adhesion of the main paint. Thereafter,
the main marine paint coating is applied by the
chosen method, such as spraying or immersion, to
ensure uniform coverage and appropriate
thickness. Each coat of paint is given sufficient
drying time to achieve optimum hardness and
durability. Afterward, measure the thickness of the
paint layer using a micrometer to ensure uniform
thickness. Careful painting aims to form an effective
barrier against corrosive elements, thereby
reducing the corrosion rate and extending the
service life of the anchor chain in aggressive
environments.

5. Observation and Monitoring:

The observation and monitoring stage of
corrosion testing involves regular visual
inspections and detailed measurements of the
condition of the painted anchor chain. Observations
are made to detect surface changes, such as the
appearance of cracks, peeling paint, or early signs
of corrosion. In addition, paint thickness
measurements and microstructure analysis using
an electron microscope are conducted periodically
to obtain quantitative data on corrosion rates.
Careful and continuous monitoring is essential to
assess the effectiveness of the painting method in
protecting the anchor chain from corrosion, as well
as to identify areas that require further repair or
adjustment while recording visual changes and
corrosion rate-related measurements.

methodology can be divided into one or more
parts according to the research requirements.

b. Corrosion testing

Test Environment Setup:

1. Prepare a container containing a 3.5% NaCl
solution to simulate a marine environment.

2. Place the sample in the container and keep it
under controlled conditions (temperature and
humidity) for 30 days.

Corrosion Rate Measurement:

1. Take samples at regular intervals (e.g., every 7
days) to measure weight changes using a digital
balance.

2. Use a corrater to measure the corrosion rate
directly.

c. Data analysis

Data Processing:
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1. Calculate the corrosion rate based on the weight
change of the sample and the data from the
crater.

2. Compare the corrosion rate between painted
and unpainted samples.

Effectiveness Evaluation:

1. Analyze the effectiveness of the protective paint
in reducing the corrosion rate.

2. Use statistical analysis to determine the
significance of the difference between the
painted and unpainted samples.

d. Flow chart

The flowchart of the corrosion testing steps
illustrates the stages of the process systematically
from site identification and initial preparation,
selection of painting method, and surface
preparation, to painting application. Thereafter,
steps include periodic observation and monitoring
of the anchor chain condition, as well as analysis of
test data. This diagram helps visualize a structured
workflow, ensures each stage is properly executed,
and facilitates the identification of critical points
that affect the effectiveness of corrosion protection
of the anchor chain. The research steps are shown
in the flow chart of Figure 6.

Literature review

‘ Problem formulation ‘

‘ Anchor chain experiment ‘

h 4

Data collection and

processing

h 4

cotrosion rate analysis

of anchor chain

Y
Fimish

Figure 6. Research flow chart

The selection of ship equipment, such as
anchors, anchor chains, and other mooring tools,
depends on the equipment items regulated by
several classifications [19]. According to BKI 2014
Volume II Section 18 B.1

Z=D2 +2hB+ 4 (1)
3 10

Where:

Z =modulus (m3),

D =displacement (ton),

B = ship width (m),

h =sum of freeboard to superstructure height (m)
A =lateral plane area of the body and building (mz2).

Corrosion can be said to be a decrease in the
quality of metal. Corrosion can occur due to
electrochemical reactions between metals and the
environment. One of the environmental conditions
that often causes corrosion of iron is seawater.
Seawater contains a variety of salts, with the largest
percentage of salt being NaCl [20].

The corrosion rate can generally be measured
using two methods, namely: the weight loss method
or immersion test, and the electrochemical method.
The weight loss method is to calculate the weight
loss that occurs after some immersion time. In this
study, the weight loss method was used, where the
difference between the initial weight and the final
weight was calculated.

Unit of corrosion rate:

1. Weight reduction = g or mg

2. Weight/unit of metal surface area = mg/mm?

3. Weight expansion per time = mg/dm?2 day
(mdd), g/dm2. day, g/cm2hour, g/m?2 .h,
moles/cm2.h

4. In penetration per time: inch/year, inch/month,
mm/year, miles/year (mpy), 1 milli = 0,001 inch

The corrosion rate by immersion test is based on
weight loss. The weight loss method is carried out
by calculating the difference between the initial
weight and the final weight that occurs after some
immersion time [21].

CR=(87,6xW)/(DxAxT) (2)

Where:

CR =corrosion rate (mmpy)

W  =lost weight (gram)

D =density of corrosion test piece (gram/cm3)
A =surface area (in2)

T =time (hour).
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Corrosion rate according to Faraday's Law,
which relates the corrosion rate to the amount of
charge involved in the electrochemical reaction
[22].

['=(m) / (nFt) (3)

Where:

I = Corrosion rate (g/yr atau mm/yr)

m Mass of corroded metal (g)

n The number of electrons involved in an
electrochemical reaction

F  =Faraday Constant (96.485 C/mol)

t  =Time (s)

Result and Discussion
Results

1. Surface Preparation
¢ Sandblasting Process:

The surface of the anchor chain is cleaned of rust,
old paint, and other contaminants using
sandblasting. This process ensures a clean and
rough surface, which is essential for good paint
adhesion.

e Visual Inspection:

After sandblasting, the surface of the anchor
chain is visually inspected to ensure that no rust or
contaminants remain. This rough and clean surface
is ready for primer application.

2. Application of Zinc-Based Primer
e Primer Application:

A zinc-based primer is applied to the cleaned
anchor chain. This primer provides a sacrificial
coating that protects the steel from corrosion.

e Coating Consistency:

The thickness of the primer layer is checked
using a micrometer, ensuring consistent thickness
according to predetermined specifications.

3. Application of Epoxy Coating
e Epoxy Application:

An epoxy coating is applied over the zinc-based
primer. This coating provides additional protection
by offering excellent adhesion and chemical
resistance.

e Coating Inspection:

The thickness and consistency of the epoxy
coating are checked to ensure complete coverage
and optimal protection.

4. Final Coating Application
e Final Coating Application:

The finish coat is applied as additional
protection against environmental factors such as
UV radiation and mechanical abrasion.

e Final Result:

The finish coat is checked to ensure good
adhesion and a durable finish, providing long-term
protection against corrosion.

5. Testing and Measurements
e Thickness Measurement:

A micrometer is used to measure the total
thickness of the coating system (primer, epoxy, and
finish), ensuring that the thickness meets the set
standards.

e Corrosion Resistance Testing:

The coated anchor chain was tested under
simulated marine conditions to evaluate its
resistance to corrosion. Results showed that the
protective coating significantly reduced the
corrosion rate compared to the uncoated anchor
chain. From the experimental observations of the
addition of marine anti-corrosive coatings,
compared to before adding marine anti-corrosive
coatings to anchor chain materials in seawater
fluid, data and corrosion rates on anchor chains
with different conditioning.

Discussion

1. Effectiveness of Surface Preparation:

Thorough  surface  preparation through
sandblasting is critical to the success of the painting
method. Without adequate preparation, the paint
will not adhere well to the steel surface, reducing
the effectiveness of the coating.

2. Importance of Zinc-Based Primer:

Zinc-based primers provide initial protection
against corrosion by acting as a sacrificial layer.
This means that the zinc will corrode before the
steel, protecting the anchor chain from more severe
corrosion damage.

3. Benefits of Epoxy Coatings:

Epoxy coatings enhance protection by offering
excellent adhesion and chemical resistance. Epoxy
also acts as an additional barrier, extending the life
of the anchor chain.

4. Role of the Finish Coat:

The finish coat protects against environmental
factors such as UV radiation and mechanical
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abrasion. This ensures that the coating system
remains effective for a longer time, even in harsh
marine conditions.

5. Effect of Coating Thickness:

Consistent coating thickness is critical to the
effectiveness of the coating system. Precise
measurements ensure that each layer is of sufficient
thickness to provide the required protection
without compromising flexibility or adhesion.

6. Performance under Load Conditions:

Coated anchor chains exhibit improved
corrosion resistance during operational use. This
improvement translates into longer service
intervals and lower maintenance costs, ensuring
the anchor chain remains functional and reliable.

painting can prevent corrosion of the anchor
chain. The painting methods used include painting
with anti-corrosion paint. Painting can increase the
resistance of the anchor chain to wear and
mechanical damage.

Strength analysis of the anchor chain structure
using some of the data has different dimensions.
The strength analysis of the anchor chain structure
is carried out using a dimensional reduction due to
the corrosion rate of the anchor chain material.

The interval of each coat of paint depends on its
drying power. The next coat of paint can be applied
when the previous coat is dry, but it should not
exceed the specified allowance, as it will give poor
adhesion. The interval required by each painting is
different. Primer paints have a 10-hour allowance
and a maximum of 3 months. Anti-corrosive paints
allow 50 minutes at the earliest and 8 hours at the
latest, while anti-animal and marine plant paints
require 24 hours for the next painting.

Conclusion

A painting method consisting of thorough
surface preparation, the application of a zinc-based
primer, an epoxy coating, and a final coat proved
effective in controlling corrosion of the anchor
chain. Results show that this coating system
significantly increases the service life and reliability
of anchor chains, making it a valuable approach to
marine equipment  maintenance. Regular
inspections and strict quality control are essential
to ensure the continued effectiveness of the
protective coating.

Based on the research that has been done,
conclusions can be drawn such as, not

implementing the role of good anchor chain
maintenance in its implementation can have
several impacts that can become a problem on the
ship, such as corrosion, exhaustion of wildcat
serrations, influence on the anchor feeding process,
the process of the heavy up anchor is disrupted and
from several impacts that can occur resulting in
hampering ship operations.

Anchor chain painting is an effective method to
prevent corrosion and improve chain durability.
Various painting methods can be used, depending
on the type of metal and environmental conditions.
By using the right painting method, the anchor
chain can remain in good working order and ensure
the safety of the ship. The method of painting with
zinc-rich primer and epoxy coating proved effective
in reducing the corrosion rate of the anchor chain.
Regular maintenance and periodic repainting is
highly recommended to maintain the stability and
service life of the anchor chain under corrosive
marine environmental conditions.

It is hoped that research that can be developed
in future studies can be in the form of analyzing the
maintenance of anchor chains and windlasses
against corrosion rates, with other methods that
are more effective than the painting method used in
this study.
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ABSTRACT

The dwindling availability of petroleum fuels encourages the use of fuel from renewable and
environmentally friendly natural resources. This study focused on the iodine value in used biodiesel
methyl ester and its effect on the performance of the main components of a diesel motor, such as power,
torque, brake mean effective pressure (BMEP), and specific fuel oil consumption (SFOC). Numerical
research was carried out on the YANMAR TF85-MH engine model using computational fluid dynamics
(CFD). The variations used are biodiesel B20, 204, and 20B at three different engine rotation speeds: 1900
RPM, 2000 RPM, and 2100 RPM. The results show that the performance of biodiesel B20 is better
compared to others. It produces 4.01 kW of power, 19.79 N.m of torque, 82065.12 Pa of BMEP, and 270.43
g/kWh of SFOC. While the B20A produces 4.61 kW of power, 20.44 N.m of torque, 84067.31 Pa of BMEP,
and 288.76 g/kWh of SFOC. Then, the B20B produces 4.12 kW of power, 20.57 N.m of torque, 83244 Pa of
BMEP, and 316.57 g/kWh of SFOC. So, it can be seen that the mixture of biodiesel fuel with iodine slightly
affects the increase in diesel motor performance. In addition, the use of renewable energy fuels must be
encouraged because their availability is maintained.

Keywords: Numerical investigation, biodiesel, motor performance, eco-friendly ship

Introduction replace petroleum [1]. Technological advances
such as the development of direct injection
systems and turbocharging have made light-duty
diesel-equipped motors even more enjoyable to
drive. However, drastic reductions in pollutant
emissions must be achieved to achieve future
emission standards. This can only be done by
optimizing the combustion process [2]. However,
the oil crisis and global warming have caused
research to be oriented toward finding suitable
alternative fuels for petroleum. Now biodiesel is
produced from vegetable oil, which cannot be
consumed because of the high price of edible
vegetable oil, becoming an alternative fuel to
replace diesel oil [3].

The fuel crisis for diesel motorbikes derived
from petroleum is the biggest issue that occurs
globally. To respond to this issue is to use
alternative fuels, one of which is biodiesel.
Biodiesel is an alternative fuel that is now
increasingly being developed and can reduce the
use of petroleum fuels. The development of
biodiesel, apart from solving the problem of
providing energy in the world, is also a hope for
the future because biodiesel is based on
agriculture, which will not run out as long as there
are still people growing the raw material. In recent
years, biodiesel has become a popular topic of
conversation as an alternative material that can
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Biodiesel is considered an effective replacement
fuel to be developed. It is considered a prominent
fuel because it is non-toxic, biodegradable, and
renewable. Apart from that, its environmentally
friendly nature is also the main reason, as well as
abundant natural resources and even the existence
of raw materials, which have spread globally. The
raw materials needed to produce biodiesel also
vary, namely soybean oil, palm oil, used cooking
oil, animal fat, and several other sources [4]. Air
pollution will, of course, have an impact on human
health, as well as on other living creatures such as
animals and plants. So that the diesel motor used
does not cause excessive air pollution, research
needs to be carried out [5].

Exhaust gas from the combustion process has
an impact on air and environmental pollution,
especially from diesel motorbikes. The diesel
motor was invented in 1892 by Rudolf Diesel. The
working principle of a diesel motor is to inject fuel
into a combustion chamber where the air inside
has been compressed. Lack of homogeneous
mixing of fuel with air and high combustion
temperatures cause the appearance of exhaust
gases in diesel motors, for example, PM [6].

Biodiesel is an alternative fuel that has different
characteristics from other fuels, therefore there is
a need for experiments on exhaust gases and
feasibility studies related to the greenhouse effect
when used as an alternative fuel to replace fossil
fuels in diesel motors, so, numerical modeling and
simulation of fluid flow through the intake valve
using CFD (Computational Fluid Dynamics) is the
right choice of method considering the constraints
mentioned previously. In this research process, it
is hoped that biodiesel and methyl ester waste
cooking can be used with added iodine and then
simulated using computational software fluid
dynamics because the addition of fuel has an effect
on a more optimal diesel motor combustion
process and lower exhaust gas [7].

In a diesel motor, only air is sent into the
combustion chamber during induction, namely,
channeling clean air into the combustion chamber
(cylinder). combustion chamber (cylinder). This
air is compressed during the compression stroke,
and towards the end of the compression stroke,
fuel is injected by the fuel injection system into the
cylinder just before the desired start of
combustion. Liquid fuel is injected at high speed
through a small hole or nozzle at the end of the
injector. The fuel is atomized into small droplets
and penetrates into the combustion chamber, then

evaporates and mixes with high-temperature and
high-pressure cylinder air [8]. On the other hand,
knowing the phenomena in the combustion
chamber when the chemical combustion process
occurs can help us in designing optimal
combustion chamber geometry or operating the
gas turbine system more efficiently. Two ways can
be used to determine phenomena in the
combustion chamber, namely the experimental
method and the simulation method. The
experimental method is a method where data
collection is carried out experimentally in the field
on test equipment, while the simulation method is
a method that does not require direct
experimentation, but is carried out by analyzing
and creating simulations using CFD
(Computational Fluid Dynamics) software [9] .

Recently, Computational Fluid Dynamics (CFD)
has gained reliability in predicting emissions and
combustion  characteristics using properly
calibrated and validated models. Then, CFD
modeling is a very attractive alternative compared
to experimental approaches, especially for diesel
motor hardware optimization due to its lower
requirements in terms of time and resources.
Therefore, it is necessary to develop an
optimization methodology based on CFD modeling
that is suitable not only to define the optimal
diesel motor hardware configuration/setup but
also to identify qualitatively and quantitatively the
most relevant effects of the variables to be
optimized [11].

Research on the effect of differences in injection
pressure on the amount of torque, power, and
BMEP in single-cylinder diesel motors with a
mixture of diesel fuel, used cooking methyl ester
(JME) from coconut oil, and candlenut oil was
confirmed by Francisco Pinto [12]. The results. The
higher the concentration of vegetable oil in the
mixture, the lower the performance of the diesel
motor. Coconut oil and candlenut oil can be used
as alternative ingredients to be mixed with diesel
in certain mixtures. Using a mixture of used
cooking oil (JME) and diesel in a ratio of 10:90
increases the effective power of a diesel motor
when compared to using pure diesel fuel at rpm
and load. certain. The increase also occurred in the
20:80 and 30:70 mixtures. Even with a JME fuel
composition of 100% at 2000 rpm, there is an
increase in the effective power of 30.34% when
compared to using diesel fuel. JME will be
promoted as a substitute for diesel fuel and will
then be widely used as a fuel in the future [13].
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However, research on exhaust gas analysis in
diesel motors using waste cooking biodiesel
methyl ester fuel containing iodine is still limited.
So this research will be carried out with the
variations used, namely biodiesel from waste
cooking methyl ester (used cooking oil) with
variations in iodine content with the composition
B20 (a mixture of 80% diesel, 20 percent biodiesel,
with no iodine) B20A (a mixture of 80% diesel, 20
percent biodiesel, 10 grams of iodine) B20B
(mixture of 80% diesel, 20 percent biodiesel, 20
grams of iodine). The diesel engine speed is 1800
rpm, 1900 rpm, 2000 rpm, 2000 rpm, and 2200
rpm.

Methodology

This study uses a method utilizing the Ansys
CFD program to carry out simulations. The main
objective of this research is to gain an in-depth
understanding of the effects of variations in engine
combustion chamber design and biodiesel fuel
selection on diesel engine performance. The main
focus is on the effect on engine power, torque,
braking mean effective pressure (BMEP), and
specific fuel consumption (SFOC). In this research,
the biodiesel fuel used was methyl ester (B20)
without iodine, and B20 with the addition of iodine
(B20A, B20B).

The data used in this research comes from
previous findings that used experimental
techniques to understand combustion
characteristics in engines. This method involves
collecting data from Ansys CFD simulation results
to support the analysis carried out.

Furthermore, after the data has been collected,
this research will involve using SolidWorks
software to design an engine combustion chamber
model and carry out simulations. By using
SolidWorks, researchers will be able to visualize
and analyze how different combustion chamber
designs affect overall diesel engine performance.

The engine used in this research is a Yanmar
TF85 MH diesel engine, which uses a Hopper water
cooling system and does not use a turbo system
(naturally aspirated). The components to be
evaluated include the intake valve, intake
manifold, exhaust valve, and cylinder of the
Yanmar TF85 MH engine. Images of this diesel
engine are shown in Figure 1 for analysis and
evaluation purposes.

This research will also consider the use of dual-
fuel diesel, by testing three different types of fuel:

conventional diesel, biodiesel made from methyl
ester, and biodiesel with the addition of iodine
(B20, B20A, B20B). This variation aims to evaluate
how the chemical composition of the fuel affects
combustion efficiency and overall engine
performance.

It is hoped that the results of this research will
not only provide deeper insight into combustion
optimization in diesel engines but also provide a
basis for the development of more efficient and
environmentally friendly technologies in the
future. In conclusion, this research has the
potential to make a significant contribution to the
understanding and development of better diesel
engine technology.

Figure 1. Yanmar TF85 MH. Diesel Engine

a. Modeling
Numerical research was carried out on the
YANMAR TF85-MH engine model using

computational fluid dynamics (CFD). SolidWorks
software is used for modeling; Figure 2 shows the
diesel motor combustion 3D model.

Figure 2. Diesel Motor Combustion 3D Model
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b. Model Simulation Using CFD

The computational fluid dynamics (CFD)
program is then used to simulate the internal
combustion model of the diesel engine that was
created in the previous stage. When different air
and fuel mixtures are incorporated into the model,
the objective is to establish the distribution of
mixing speed. In this step, the location of the air
inlet and outlet, as well as the intake and exhaust
valves, are chosen. The biodiesel B20, B20A, and
B20B geometries are listed below and can be seen
in Figure 3.

Figure 3. Biodiesel geometry stage

The meshing procedure will then be resumed.
Mesh creation is a crucial step in the CFD
simulation since it affects the caliber and outcome
of the modeling process [14-16]. Static meshing is
frequently employed in simulations for systems
that are solid or immovable [17-18]. The meshing
outcomes for the B20, B20A, and B20B biodiesel
models are illustrated in Figure 4.

Figure 4. Biodiesel Meshing Stage

The setup stage should then be completed. This
is the most crucial stage because it involves
processing nearly all research parameters,
including models, materials, cell zone conditions,
boundary conditions, mesh interfaces, dynamic
mesh, reference values, solution methods, solution

controls, solution initialization, calculation

activities, and calculation runs [19-21]. Figure 5
depicts the outcome of the model biodiesel B20,
B20A, and B20B

] 100 200 0 0 &0 0 M0 &0 @ 1000
iterations

Figure 5. Residual iterations

Result and Discussion

This section examines the findings of the
simulation process, data in the form of Power,
Torque, Brake Mean Effective Pressure (BMEP),
and Specific Fuel Oil Consumption (SFOC) per
rotation of RPM, which were simulated with CFD
software, particularly Ansys Fluent, at 1900, 2000,
and 2100 RPM. In the results stage, we can view
the outcomes of what is being examined by
showing visuals, photos, and animations after the
running or simulation process is complete [22].

a. B20 fuel

80% diesel and 20% biodiesel make up B20
fuel, which is variant 1 and was developed in
response to the CFD stage's findings. Figure 6
depicts the combustion chamber of a diesel engine
running at 1900 RPM; the pressure velocity color
contour is green, and the pressure speed is 2.62
N/m. 2. While there is a pressure of -3.45 N/m2 at
the inflow valve, there is a pressure of 6.01 N/m2
at the output valve. The diesel engine will
experience overheating more quickly, the higher
the pressure value in the combustion chamber.
The fluid velocity color contour ranges from blue
to red; the closer a color is to the top red, the
higher the pressure or increasing pressure is. After
going through the selection of several vessels, it is
further determined how much power will be used
on the vessel. The dimensions of the main sizes of
vessels can be seen in Table 1.
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Figure 6. B20 Biodiesel Setup Stage

b. B20A fuel

Following the findings of the CFD stage, B20A
fuel is variant 2, namely B20A (a blend of 80%
diesel, 20% biodiesel, and 10 grams of iodine).
Figure 7 depicts the combustion chamber of a
diesel engine with a 1900 RPM rotation variation.
The pressure speed is shown as a yellow contour
with a pressure speed of 1.49 N/m2. While there is
a pressure of -3.09 N/m2 at the inflow valve, there
is a pressure of 6.08 N/m2 at the output valve. The
combustion chamber of a diesel engine will
experience overheating more quickly the higher
the pressure is. The fluid velocity color contour
ranges from blue to red; the closer the color is to
red at the top, the higher the pressure.

Figure 7. B20A Biodiesel Setup Stage

c. B20B fuel

B20B fuel is variation 3, (a mixture of 80%
diesel, 20% biodiesel, 20 grams of iodine.

Figure 8. B20B Biodiesel Setup Stage

Diesel engine combustion chamber with a
rotation variation of 1900 Rpm, the color contour
of the pressure speed is yellow, the pressure speed
is 4.43 N/m2. While the pressure at the inlet valve
is 1.47 N/m 2, the pressure at the outlet valve of
6.45 N/m2. The greater the pressure value in the
diesel engine combustion chamber, the faster it
will experience overheating. The color contour of
the fluid velocity is blue to red; the closer the color
is to the top red, the higher the pressure.

d. Effect of Biodiesel B20, B20A, B20B on

Power

The findings of the simulation demonstrate that
the iodine number has an impact on the power
produced by the engine at each level of rotation
since the power produced by the engine at each
level of load and rotation is almost the same. The
biodiesels B20, B20A, and B20B are compared in
Table 1. The results of the simulation show that
the iodine value has no effect on engine power at
any level of load and that at every level of rotation,
the power generated increases along with an
increase in engine speed.

Table 1. Power Comparison B20, B20a And B20b

Fuel 1900 2000 2100
Rpm Rpm Rpm
Biodiesel B20 (kW) 4.01 4.37 5.10
Biodiesel B20A (kW) 4.17 4.61 5.19
Biediesel B20B (kW) 4.12 4.63 4.99
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e. Effect of Biodiesel B20, B20A, B20B on

Torque

A simulation study was carried out to identify
how the iodine number affects the torque
produced by the engine at various rotation levels.
Table 2 shows the torque produced by the engine
at the highest load at each engine speed with
various types of fuel. The results show that the
engine produces almost the same amount of
torque at the highest load at each engine speed,
regardless of the type of fuel used, because the
iodine number does not influence this torque.

Basically, the torque produced by the engine is
not greatly influenced by the chemical
characteristics of the fuel, such as the iodine
number. Torque is influenced more by the design
of the engine itself and other factors, such as load
and engine rotation speed.

The table also shows that as engine speed
increases, the torque produced tends to be
inversely proportional to the rotation variation.
This means that the higher the engine speed, the
torque produced tends to decrease. This is a
common phenomenon in engines, where the
engine torque characteristics can vary depending
on the engine rotation regime.

In this context, it is important to understand
that although the fuel iodine number has an
important role in combustion properties and its
possible impact on engine performance, such as
emissions or deposit formation, in the case of
specific torque at certain engine speeds, the
simulation results show that differences in the
iodine number are not significant.

Table 2. Torque Comparison B20, B20a And B20b

Fuel 1900 2000 2100

Rpm Rpm Rpm
Biodiesel B20 (Nm) 19.79 21.07 | 22.31
Biodiesel B20A (Nm) 20.48 | 21.18 | 22.83
Biediesel B20B (Nm) 20.57 | 2196 | 22.05

This research provides important insight that
when evaluating engine performance, especially in
terms of torque at a given engine speed, other
factors such as engine design and operational load
may have a greater influence than the type of fuel
used. Therefore, to optimize engine performance,
adjusting design and operational settings may be

more crucial than considering specific chemical
variations of the fuel.

f. Effect of Biodiesel B20, B20A, B20B on BMEP

The following Table 3 shows the effects of the
iodine number on the BMEP generated by the
engine at various rotation rates. It is well known
that BMEP is basically unaffected by iodine
number at each load and rotation level with
different iodine variants in each type of fuel. Table
3 displays the BMEP at maximum load for each
level of rotation. As can be observed, there are no
appreciable differences in the types of fuel utilized
at either low speed (1900 rpm) or maximum speed
(2100 rpm). Additionally, it can be seen that, aside
from the increase from low to high rotation, the
increase in BMEP is fairly steady as the rotation
increases.

Table 3. Comparison of BMEP B20, B20a And
B20b

Fuel 1900 2000 2100

Rpm Rpm Rpm
Biodiesel B20 (Pa) 19.79 21.07 22.31
Biodiesel B20A (Pa) 20.48 21.18 22.83
Biediesel B20B (Pa) 20.57 21.96 22.05

g. Effect of Biodiesel B20, B20A, B20B on SFOC

The simulation findings show that the SFOC is
relatively unaffected by the iodine value at each
degree of load and rotation with different iodine
variants in each type of fuel. There is no
discernible difference between the types of fuel
consumed at low speed (1900 rpm) and at
maximum speed (2100 rpm), as seen in Table 4's
SFOC at maximum load at each level of rotation.

Additionally, it is observed that, aside from the
increase from low rotation to high rotation, the
increase in SFOC is largely consistent with the
higher spin.

Based on the simulation results of speed
contours in the engine combustion chamber with
three fuel variations, B20 biodiesel was proven to
be the best choice because it showed better
performance compared to other variations, namely
B20A and B20B biodiesel. This simulation reveals
that variations B20A and B20B experience high-
pressure contours around the engine exhaust valve
area. This high pressure can accelerate the
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occurrence of “overhead” events in the diesel
engine combustion chamber, which has the
potential to damage engine components, especially
due to the interaction between Fe (iron) and Al
(aluminum) materials.

Table 4. Comparison Of BMEP B20, B20a And
B20b Sfoc

1900 2000 2100

Fuel Rpm Rpm Rpm
Biodiesel B20 (g/kWh) | 270.43 | 263.52 | 260.91
Biodiesel B20A

288.76 | 291.97 | 273,56
(g/kWh)
Biediesel B20B 316.57 | 274.12 | 253.33

(8/kWh)

The effect of the three types of fuel on engine
performance is measured through the parameters
power, torque, BMEP (Brake Mean Effective
Pressure), and SFOC (Specific Fuel Oil
Consumption). The results show significant
differences in characteristics between these three
types of fuel.

In terms of power, B20A biodiesel or fuel with a
mixture of iodine numbers shows a striking
difference compared to B20 biodiesel and other
conventional fuels at engine speeds of 1900, 2000,
and 2100 rpm. This suggests that the chemical
characteristics of the fuel can significantly
influence the engine's ability to produce power.

Meanwhile, in terms of torque, there is no
significant variation between the three versions of
B20 and B20A biodiesel. This shows that engine
torque is not greatly influenced by the type of fuel
used in this simulation.

In terms of BMEP parameters, the simulation
results show slight variations between the three
fuel variations at engine speeds of 1900 rpm, 2000
rpm, 2100 rpm, and 2200 rpm. This indicates that
the BMEP performance of the three types of fuel
does not show significant differences in the results.

Although B20 biodiesel was found to have
advantages in reducing the risk of high pressure
around the engine exhaust valve area, the
simulation results also highlight that fuel
characteristics can influence various aspects of
engine performance. This study provides
important insights for the development of greener
fuel technologies and more efficient engine designs
in the future by considering the effects of fuel

variations on diesel engine performance and
reliability.

Conclusion

Get the following findings based on simulation
results utilizing variations in biodiesel fuel B20,
B20A, and B20B wusing computational fluid
dynamics: 1. Biodiesel outperforms B20A and
B20B biodiesel in performance. 2. The power,
torque, and BMEP of the engine are not
considerably impacted by the iodine value. 3. At a
specific rate of rotation, there is enough iodine to
alter the SFOC. The power produced by the engine
increases along with the rotational speed as the
rotation increases. 4. With increased load and
rotation, BMEP increases. 5. While there are
variations in SFOC, there are none in power,
torque, or BMEP at each level of rotation.
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ABSTRACT

Prigi Nusantara Fishing Port is a port located in the south of Java Island. The production of fishermen's
catches that can be landed at the Prigi Nusantara Fishing Port is 24,928,229 kg. It is necessary to have a
management plan and identification of cold chain system distribution costs to maximize the distribution of
catches, in this study, to the Tulungagung area. Cold storage also has an important role in the cold chain
system. Thus, this study plans to identify the management process, identify distribution costs, and assess the
role of cold storage. This research aims to identify the management process and distribution costs as well as
assess the role of cold storage. The results of this management mapping plan are from fishermen to cold
storage, cold storage processing, and transportation to markets and consumers. With a total cost of IDR
173,382,000/year, including operational costs of IDR 82,950,000/year and vehicle travel costs of IDR
90,43,000/year, using a Thermo King truck. Assessment of the role of government cold storage obtained a
score of 45.8% while private cold storage obtained 43.6%. The role of cold storage is still not optimal for
storing fish to stabilize prices.

Keywords: Fisheries, fishermen's catch, cold chain system, cold storage

Introduction

Indonesia is one of the largest maritime
countries in the world. Located on the Asian
continent, flanked by the Indian and Pacific Oceans,
Indonesia consists of 17,504 islands, with two-
thirds of the country's territory consisting of
oceans. Indonesia's ocean area is 6.4 million km2.
The land area is 1.9 million km?. The vast area of the
ocean shows that Indonesia is a very large Maritime
Country (Statistics Center, 2021). As a maritime
country, the marine natural resources produced are
certainly very abundant. Mining resources, marine
tourism energy, coral reefs, and capture fisheries
resources [1], [2].

Captured fish resources are one of the leading
resources produced by fishermen throughout

Indonesia. The Ministry of Maritime Affairs and
Fisheries (KKP) noted that Indonesia's marine
capture fisheries production has increased from
year to year [3]. The latest data in 2020, marine
capture fisheries production reached 7.1 million
tons (KKP, 2021). For East Java Province, the
production of captured fish in 2017 was 395,254.64
tons, in 2018 it was 467,959.99 tons, in 2019 as
much as 481,490.85 tons, and in 2020 as much as
395,254.64 tons [4]. Fish is one of Indonesia's
marine wealth as an archipelago [5]. Therefore,
most of the coastal residents are fishermen, ranging
from small fishermen who only fish with makeshift
equipment to fishermen who have many fishing
boats, even though they are still small. Fishermen
who have many fishing boats, even though they are

Page 31



https://doi.org/10.30649/ijmea.v1i1.368

Nor Sa’adah, Dian Sari Maisaroh, Raka Nur Sukma, Prasetyo Bayu Aji

still simple. Most of these vessels are made with
makeshift equipment and are not well structured
(6], [7], [8].

Marketing of fishery products from PPN Prigi is
in the form of fresh fish and processed fish
products. Distribution destinations include local
areas, namely Trenggalek, and inter-city
distribution, including Tulungagung, Surabaya,
Jombang, Malang, Nganjuk, and other cities. Fishery
production from PPN Prigi is distributed in the form
of fresh fish, frozen fish, and processed fish, which
include Pindang fish, salted fish, fish flour, smoked
fish, and other processed fish [9].

In addition to fish prices that tend to be
uncontrollable, Prigi Beach fishermen cannot get
maximum results. What can be known is that the
above areas have a standard price that already
meets the standard market price of the region; this
is unfortunate because the potential of capture
fisheries in the Prigi Coast region cannot be
maximized.

Therefore, there needs to be a solution to enable
fishermen's catches can be sold at maximum prices,
and help the economy of Prigi Beach fishermen and
the surrounding areas. This factor is very influential
and formulating an integrated cold chain
management or research from the time of capture
to the hands of consumers with distribution from
Prigi Beach to Tulungagung. As well as how the
management mapping process and identification of
distribution costs from the Prigi Beach area to
Tulungagung using a cold temperature Thermo
King truck, so that the quality of the fish can be
maintained.

Prigi Perikanan Nusantara Port (PPN) has four
cold storage units, consisting of three private and
one government-owned. However, until now, the
cold storage located at PPN Prigi has not functioned
optimally, where only part of the cold storage is
being used. This is because fishermen during the
fish season, and fishery entrepreneurs,
immediately sell the catch landed at PPN Prigi, even
though the price is low. Based on this information,
it is necessary to assess the role of cold storage in
PPN Prigi, adjusted to the catch of fishermen.

Methodology

Research methodology is the basic framework of
the stages of completing a thesis, which includes all
activities that will be carried out to solve problems
or carry out the process of analyzing research

problems. The methodology used in this research is
a case study and field research.

The data needed in this research process uses
primary data and secondary data. Primary data is
obtained from interviews based on questionnaires
directly by respondents who know the conditions
related to cold storage at PPN Prigi, and interviews
directly with those who know the process of the fish
distribution chain at PPN Prigi. Secondary data is
obtained from private and government cold storage
industry managers and reproduced with other
sources such as journals, books, and others.

a. Problem Identification and Formulation

The initial stage in working on this research is to
identify existing problems and also the formulation
problems that will be resolved during this research.
In addition, there are also problem boundaries
whose function is to make the topic of discussion
more detailed and not widespread, also this will
make it easier for the author to analyze the
problem.

b. Literature Study

A literature study is carried out by collecting
various references to support the writing of this
thesis. The necessary references can be found
through various media, including books (cold chain
fish, cold storage, fish cooling system), journal of
Cold Chain System Simulation on Fish Distribution
Chain to Measure Fish Quality Improvement in
Semarang City), Paper (Cold Chain Fish), Article
(Variation of iodine number with diesel fuel and
biodiesel), final project (Cold storage fisheries in
Indonesia), internet (cold chain fish, fresh and
frozen fish quality, fisheries cold storage).

c. Data Collection

Data collection or retrieval is done by directly
reviewing the research location to obtain the
required data. Data collection in this study used a
collection method in the form of purposive
sampling. Purposive sampling is a method of taking
respondents according to the characteristics
determined by the researcher [6], [7]. The selection
of respondents was carried out with the
consideration that the respondent has an important
position in the existing field at the relevant agency
and has more knowledge in the field that is the
object of research. Apart from the above data
collection methods in writing this final project, it is
carried out in 2 (two ways, namely:
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1. Direct data collection (Primary)
This direct data collection is done by methods:

a) Directinterview
Interviews were conducted with related
parties in this final project, namely the
manager of cold storage at PPN Prigi

b) Survey of field conditions. Survey of field
conditions at PPN Prigi.

2. Indirect data collection (Secondary data)
Secondary data collection is done by taking
data sourced from the Prigi VAT Statistical
Report, cold storage annual work report,
performance report, and 10 respondents.

3. Fish distribution data
Marketing of Prigi Beach fishery products in
the form of fresh fish products or processed
fish, including frozen fish. The distribution area
covers the local area of Trenggalek and the
surrounding cities.

4. Fishermen's catch

The following are the top 9 fish productions
landed at PPN Prigi are of pelagic fish species
such as Tongkol Lisong (Bullet Tuna), Layang
Deles (Shortfin Scad), Cakalang (Skipjack
Tuna), Tembang (Deepbody Sardinella), Layur
(Hairtails), Layang Anggur (Redtail Scad),
Tongkol Krai (Frigate tuna), Tuna Madidihang
(Yellowfin Tuna), and Tongkol Komo (Eastern
little tuna) [9]

5. Government and private cold storage data
After we know the number of fleets and how
much the catch of fishermen is, knowing the
capacity of government and private cold
storage, this determination aims to find out
how much the catch of fishermen can be
utilized by cold storage in PPN Prigi.

d. Data Collection

After getting the necessary data is complete, the
next step is data analysis and discussion, namely
comparing the data that has been obtained from the
most effective and efficient previous calculations.

1. Distribution chain
Tulungagung market.
This analysis discusses how the distribution
process chain from the Prigi VAT area to the
Tulungagung market. It identifies the stages
and mapping of distribution management, as

from VAT Prigi to

well as which parties are involved in the
distribution management process.

2. Cost analysis of fish distribution from Prigi

Beach to Tulungagung.

This analysis discusses how to identify the cost
of fish distribution from Prigi Beach to
Tulungagung. In this case, using truck
transportation (truck Thermo King).

3. Analysis of the role of government and private

cold storage

This analysis discusses how much the role of
cold storage in PPN Prigi both the government
and the private sector through questionnaires,
using the Likert scale method.

e. Data Collection

After analyzing the data, the next step is to
conclude the data analysis and discussion. It is
hoped that the conclusions can answer the
problems that are the objectives of this thesis. In
addition, suggestions are needed based on the
research results to improve this research so that it
is more perfect [10].

Result and Discussion

The success of a fishing operation cannot be
separated from the facilities and infrastructure of a
complex fishing unit. A fishing unit is a technical
unit consisting of a fishing fleet, fishing gear, and
fishermen.

The fish catch resources in PPN Prigi are
strongly supported by the success of its fishing fleet
structure (Figure 1). The fishing fleet operating in
PPN Prigi consists of vessels measuring less than 10
GT up to 30 GT, and is dominated by vessels under
<10 GT with 490 vessels (73.80%).

The use of fishing gear is usually adjusted to the
characteristics of the fishing area and the target
catch. The types of fishing gear used by fishermen
in PPN Prigi are hand line, purse seine, Tonda
fishing rod, gill net, and seine.

The fishing fleet in PPN Prigi (Figure 2) in 2021
is 664 units, consisting of 449 units of Fishing Rods
(67.20%), 2-boat Ring Trawlers 130 units
(18.95%), Trolling Lines 67 units (9.77%), Gill Net
7 units (2.48%), Payang 7 units (1.02%) and 1-ship
purse seine 4 units (0.58%). The highest number of
fishing gear operating in Prigi waters, namely in
2021, was 664 units. This year was recorded in the
period 2017 - 2021 as the year with the largest
number of fishing fleets in the Prigi PPN, while the
number of fishing gear operating was the highest.
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This occurred slightly in 2020, amounting to 608
units, because there were not many private fishing
industries that entered the Prigi PPN environment,
and the cause of the coronavirus outbreak that has
hit many fishermen, experiencing financial

disruption, as well as the cycle of changes to
normalization after the virus outbreak that hit the
Prigi Beach area in particular.

FISHERY FLEET STRUCTURE
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Figure 1. Fishing Fleet Structure
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Figure 2. Number of Fishing Gears in 2021

In 2020, the recorded volume of fisheries
production landed at PPN Prigi was 28,822,884 kg.
with a production value of Rp. 198.339.137.750.
while in 2021 it will be 24,928,229 Kg with a
production value of IDR. 219,419,964,000, so this
year there was a decrease in the volume of fisheries

production of 3,894,655 Kg or 13.51% due to a
significant decrease in the volume of the Deles Fly
species, namely 70%, while the production value
increased by Rp. 21.080.826.250 or 10.63%
because fish prices tend to be stable. In the period
between 2017 and 2021, 2019 was also the year
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with the highest production amount and
production value, namely Rp. 233,308,498,100 and
28,472,852 kg, while the lowest was in 2017,
namely the production amount was 4,165,068 kg
with a production value of Rp. 79,243,899,200
(Figure 3). Catch productivity has fluctuated from
year to year. The biggest decline occurred in 2017
which was quite drastic. Based on information
obtained from the management of PPN Prigi and
fishermen, this is thought to be because in that year
many fishing fleets did not go to sea. The number of
fishing fleets that do not go to sea is due to the issue
of tsunami waves that often occur in the southern
waters of Java, affecting the productivity of
fishermen.

Distribution and marketing of fishery products
from PPN Prigi consists of fresh fish products and
processed fish products (Figure 4). The distribution
destination area includes the local area, namely
Trenggalek, and also inter-city distribution,
including Tulungagung, Surabaya, Jombang, and
other cities. Fisheries production from PPN Prigi
which was distributed in the form of Fresh Fish
amounted to 10,807,487 kg (43.35%), Frozen Fish
2,359,669 kg (9.47%), and processed fish which
included Fish Pindang 9,227,443 kg (37.02%),
Salted Fish 1,937,857 kg (7.77%), Fish Meal 26,450
kg (0.11%), smoked fish 565,463 kg (2.27%) and
other processed products 3,860 kg (0.02%).

NUMBER OF PRODUCTION AND VALUE
PRODUCTION

233,308,498,100

250,000,000,000
200,000,000,000
150,000,000,000
100,000,000,000
50,000,000,000
0

2017 2018

TOTAL PRODUCTION

4,165,068 18,201,892 28,472,852

219,419,964,000

28,822,884 24,928,229

2019 2020 plopk!

w==== PRODUCTION VALUE

Figure 3. Production Amount and Production Value
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Figure 4. Distribution of Prigi VAT Fishery Products

The concept or pattern of distribution of fish
catches before entering cold storage (Figure 5).
There are several parties involved in the marketing
of caught fish at PPN Prigi, ranging from collectors,
dealers, large traders, small traders, and retailers to
consumers. Collectors are traders who collect or
buy caught fish from fishermen, while dealers are

collecting traders with larger capital and scale than
collectors. Besides being able to buy fish directly
from fishermen, dealers can also collect catches
from collectors. Wholesalers are also collector
traders, but are engaged in a larger and wider
business sector with legal entities and have been
organized such as supermarkets, supermarkets,
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and wholesale supermarkets. Retailers are stall
traders or kiosk owners, vegetable vendors,
restaurants, hotels, and caterers who can buy fish
from large traders. Consumers are final consumers
who buy fish caught for consumption and not for
resale.

Marketing of fish catches by fishermen in PPN
Prigi can be done directly or indirectly. Direct
marketing is carried out by fishermen to large
traders, while for consumption, fish marketing
channels are carried out by large traders, as well as
retailers, to end consumers (household
consumers). Indirect marketing is done through
intermediaries (collectors, dealers, wholesalers,
and retailers). Indirect distribution patterns vary,
using one to four intermediaries. So that each
intermediary can take advantage, the more
intermediaries result in the price of fish obtained by

the final consumer will be higher (Hermawan,
2018). Apart from the above concept, fishermen
also have the right to distribute their catches
directly to consumers without any intermediaries.

Fishery product production from PPN Prigi is in
the form of fresh fish products and processed fish
(Figure 5). The distribution destination area
includes the local area, namely Trenggalek, and
inter-city distribution, including Tulungagung,
Surabaya, Jombang, and other cities. Fisheries
production from PPN Prigi which was distributed in
the form of Fresh Fish amounted to 10,807,487 kg
(43.35%), Frozen Fish 2,359,669 kg (9.47%), and
processed fish including Pindang Fish 9,227,443 kg
(37.02 %), Salted fish 1,937,857 kg (7.77%), Fish
Flour 26,450 kg (0.11%), Smoked Fish 565,463 kg
(2.27%) and other processed products 3,860 kg
(0.02%).

PRODUCTION QUANTITY (KG)

26,450 565,463

1,937,857

FRESH FISH W FROZEN FISH

¥ FISH FLOUR m SMOKED FISH

3,860

10,807,48

2,359,66

B PINDANG FISH B FISH SALTY

OTHER PRODUCTS

Figure 5. PPN Prigi Processed Products

Next is a fish distribution chain mapping model.
This mapping consists of, among other things:
starting from the fishermen's catch, then
transportation to the cold storage place, then the
processing process in cold storage, then
transportation to the market, and finally into the
hands of consumers. This mapping model aims to
maintain the quality of fish during the distribution
process while the fish is frozen and the quality is
maintained [10].

The delivery process, in this process, consists of
two stages, namely from the fish auction place to
the cold storage place using private transportation
(pick up) and from the cold storage place to the

Tulungangunng market using government-owned
transportation (Thermo King truck). First, from the
fish auction place to the cold storage using a pick-
up vehicle with a capacity of 1500 kg at a distance
of 1 km. Where one trip takes 4.6 hours, including
loading and unloading. The total cost of a pick-up
vehicle, consisting of operating costs and annual
voyage costs, is IDR 55,529,920. Next is delivery
from the cold storage place to the Tulungagung
market using a Thermo King truck transportation
with a fish storage temperature during the
distribution of (-11) - (-12) °C with a capacity of
6000 kg over a distance of 60 Km. Where 1 trip
takes 5 hours, including processing, loading, and
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unloading. The total cost of a Thermo King truck
vehicle, consisting of operating costs of IDR
82,950,000 and voyage costs of IDR 90,432,000 per
year, is IDR 173,382,000.

The potential for capture fisheries in PPN Prigi
reaches 24,928,229 Kg. Of the total catch by
fishermen, no more than 9% can be used in cold
storage. So far, catches in the form of fish, shrimp,
and other biota are often sold directly by fishermen
without any technological touch, namely cold
storage, which functions for freezing and cooling, as
an effort to maintain the quality of fishery products.
The advantages of using cold storage are
guaranteeing supplies of materials for the
continuity of factory operations, extending the life
of stored products, contributing to reducing
unemployment through employment, training
facilities, internships, and development of science
and technology in the field of fishery product
processing to increase economic value, regional
income, and regulating distribution and stabilizing
prices.

The Nusantara Prigi Fishing Port has four units
of fish cooling and freezing facilities (cold storage),
consisting of one owned by the government and
three owned by the private sector. There are
currently only two active cold storage units

operating, each with an Air Blass Freezer (ABF) and
cold room. The cold storage owned by the
government has a capacity of 100 tons, consisting of
one ABF room unit with a load of 50 tons and a 100-
ton cold room. Meanwhile, privately owned cold
storage has a capacity of 300 tons, consisting of four
Air Blass Freezer (ABF) units with a capacity of 5
tons each and a 300-ton cold room.

The process of handling fish and storing fish in
cold storage is carried out by workers provided by
service users who will store the caught fish in cold
storage. The Prigi Archipelago Fisheries Port (PPN)
only provides officers who record the type of fish
and the weight of the fish that will be stored in cold
storage. Before entering cold storage, the caught
fish go through several handling processes,
including when the fish arrives, the fish must be
washed first after the fish is clean, then put in a
fiberglass box for temporary storage with ice cubes
given to it to maintain temperature. the fish
remains stable. Next, the fish are sorted according
to type and size and then placed in a van/pan with
a capacity of 1 pan containing 10 kg of fresh fish.
After sorting, the fish are put into the ABF room for
freezing. Freezing 1 ton of fish takes 4 to 4.5 hours.
Freezing fresh fish is usually done for 14 to 16
hours per day (until the fish is frozen) with a

Table 1. Government Cold Storage Performance

Production Cold storage
No. Year Quarterly Capacity Cold .
Storage (Ton) capacity (Tons)
1 2017 1 0 100
2 41 100
3 49 100
4 72 100
2 2018 1 0 100
2 7 100
3 5 100
4 29 100
3 2019 1 0 100
2 41 100
3 49 100
4 16 100
4 2020 1 0 100
2 57 100
3 10 100
4 0 100
5 2021 1 0 100
2 0 100
3 62 100
4 31 100

Description: 1 (January, February, March), 2 (April, May, June), 3 (July, August, September), 4
(October, November, December).
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temperature range of -25°C to -40°C. After the fish
is frozen, the fish is then put into a cold room with
a temperature range of (-17°C) to (-30°C) until the
desired storage time.

Assessment of the role of cold storage capacity
can be determined by production in the period
2017 - 2021 for government cold storage and 2020
- 2021 for private cold storage (Table 1 and Figure
6).

The performance results of the government's
cold storage capacity based on the weight of fish
stored during the period 2017 - 2021, from the first
to the fourth quarter, showed that none of them
reached the cold storage capacity of 100 tons. Most
storage was only in the fourth quarter of 2017, with

a total storage production of 72 tons. The
availability of fish in the first quarter of 2017-2021
is 0, which means that fish is not available in cold
storage.

The results of the performance of private cold
storage capacity based on the weight of fish stored
during the period 2020 - 2021, from quarters one to
four, show that none of them reached a cold storage
capacity of 100 tons. The largest storage was in
2020 in the fourth quarter with a capacity of 84
tons. In 2020, in quarters one to three, the
production capacity did not exceed 50% of the cold
storage capacity. This also occurred in the second to
fourth quarter of 2021, with fish availability not
reaching 50% of the cold storage capacity (Table 2).

GOVERNMENT COLD STORAGEPRODUCTION

2018 2019

QUARTERLY ™ PRODUCTION

B CAPACITY (100 TON)

Figure 6. Government Cold Storage Production

Table 2. Private Cold Storage Performance

Production Capaci Cold storage
No. Year Quarterly Cold Storage (I')I‘ont)y capacity (Togns)
1 2020 1 27 300
2 24 300
3 12 300
4 84 300
2 2021 1 50 300
2 34 300
3 7 300
4 9 300

Description: 1 (January, February, March), 2 (April, May, June), 3 (July, August, September), 4 (October,
November, December).

Cold storage role assessment calculation:

range

Length of interval class = -
many interval class

Description:

Range = Highest score - The lowest score
Highest score = total number x highest score

=15x5

=75
Lowest score = total number x lowest score
= 15 x 2 (government) 1
(private)
= 30 (government)
15 (private)

Based on the formula, the length of the interval class
is:
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75-30 75-15
Length of the interval class = =9and =12

5 5
Average score of the government's cold storage role =
(12x5)+(Bx4)+(27x3)+(28x2)+(0x1)

: =436
Average score of the role of private cold =
(12x5)+(Bx4)+(27x3)+(28x2)4+(0x1) 458
= },

5

Analysis of the role of cold storage capacity is
also carried out using a Likert scale based on the
parameters observed by looking at the secondary
data obtained. All parameters are arranged in the
form of a matrix with a score of 1 to 5. Each
parameter will be assessed according to the criteria
that have been compiled. The results of the
assessment of the role of cold storage can be seen in
the table below.

The results of the assessment of the role of
government cold storage obtained a calculation
score of 45,8, while private cold storage amounted
to 43,6 (Table 3). The score states that the role of
cold storage is still not maximized to store fish in
PPN Prigi.

Meanwhile, private cold storage shows the same
thing as cold storage owned by the government; no
production reaches a capacity of 300 tons or the
highest 100% storage value, namely 84 tons (Figure
7). Fish availability in quarters 1 to 3 in 2019 was
below 50%. This also happened in the 2nd quarter
to the 4th quarter of 2020, where fish availability
was below 50%.

The total comparison of cold storage production
with the total cold storage capacity at the Nusantara
Prigi Fishing Port from 2020 - 2021, government-
owned and privately owned, does not even reach
100% of the total cold storage capacity. The highest
production occurred in the 4th quarter of 2020,
namely 84 tons. This production still did not even
reach 50% of the total cold storage capacity. The

lowest production occurred in the 2020 - 2021
period, quarter 3, with a production capacity of 22
tons, with production not reaching 20% of cold
storage capacity.

The role of cold storage in PPN Prigi can be
increased by looking at the large fish production
and seasonal factors of superior fish species to
stabilize prices. There are 3 superior fish groups,
the first group is tuna and skipjack. The fishing
season only occurs during the eastern season and
can be released for the transitional season II, in the
same season the second group of superior fish
consisting of swallow, Lemuru, and Layur fish can
be stored in the transitional season II and released
during the western season, while for the third
group of superior fish consists of Slengseng fish,
Tembang fish and Selar fish, the fishing season
occurs throughout the year from the western
season to the eastern season, this third group of
superior fish can be released in every season.

Meanwhile, private cold storage shows the same
thing as cold storage owned by the government; no
production reaches a capacity of 300 tons or the
highest 100% storage value, namely 84 tons (Figure
7). Fish availability in quarters 1 to 3 in 2019 was
below 50%. This also happened in the 2nd quarter
to the 4th quarter of 2020, where fish availability
was below 50%.

The total comparison of cold storage production
with the total cold storage capacity at the Nusantara
Prigi Fishing Port from 2020 - 2021, government-
owned and privately owned, does not even reach
100% of the total cold storage capacity. The highest
production occurred in the 4th quarter of 2020,
namely 84 tons. This production still did not even
reach 50% of the total cold storage capacity. The
lowest production occurred in the 2020 - 2021
period, quarter 3, with a production capacity of 22
tons, with production not reaching 20% of cold
storage capacity.
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Table 2. Cold Storage Capacity Role Assessment

Assessment Score
No. Criteria
Cold storage Cold storage
government private
1 Fish production in cold storage increases every year 3 2,8
2 Every eastern season (fish season) the cold
. 2,4 2,4
storage is always full
3 Cold storage production reaches capacity every fish 29 24
season ’ ’
4 Cold storage production reaches capacity every fish 24 24
season ’ ’
5 Every month the cold storage sells/releases fish 2,4 3
6 In the western season, cold storage continues to 24 28
operate ’ ’
7 Fish availability remains during the lean season 2,4 1,3
8 Every year per quarter cold storage production
2,4 2
reaches 50%
9 Cold storage can slow down the spoilage of stored 5 48
products ’
10 | The fish stored are large pelagic fish. 4 2,4
11 | Cold storage industry business opportunities are getting 3 3
better
12 | The quality of fish stored in cold storage is fresh 2,6 4,6
13 The production that cold storage does is sufficient 2,4 2,4
14 Market demand for fish in cold storage is always met 2,4 2,2
15 | Fish prices increase during the lean season 4,8 4,6
Total 45,8 43,6

Private Cold Storage Production

300 ( 300 300

300

Figure 7. Private Cold Storage Production

300
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TOTAL COLD STORAGE

PRODUCTIONPRIVATE AND GOVERNMENT
WITH TOTAL COLD STORAGE CAPACITY

QUARTERLY B PRODUCTION

B TOTAL CAPACITY (400 TON)

Figure 8. Total Production with Cold Storage Capacity 2020 - 2021

Comparison of private cold storage production
with total cold storage capacity (Figure 9). It can be
seen from the graph above that the comparison of
private cold storage production with the total cold
storage capacity in the Prigi fishing port states that
no production has reached 50%. The highest
production occurred in 2017 in the 4th quarter with
a production of 72 tons. The lowest production
occurred at the end of 2020 and the beginning of
2021, with a production of 0. With this factor, it is
possible that fishermen stored their catch in the
cold storage government property. This can be seen
in Figure 6, where the government cold storage
produces fishery products.

The assessment of the role of government cold
storage obtained a calculation score of 45.8, while
for private cold storage, it is 43.6. This score states
that the role of cold storage is still not optimal in
terms of availability to support the capture fisheries
industry in PPN Prigi. This is because many local
fish entrepreneurs buy the fish they catch and
market it directly at that time. This social
phenomenon means that cold storage in PPN is not
optimally utilized according to its function. Efforts
to develop fisheries businesses by improving the
quality of products marketed at regional to
international levels certainly require the role of
cold storage in its operations.

COLD STORAGE PRODUCTIONPRIVATE WITH
TOTAL COLD STORAGE CAPACITY

QUARTERLY

B PRODUCTION

B CAPACITY (400 TON)

Figure 9. Comparison of Private Cold Storage Production with Cold Storage Capacity in 2017 - 2021
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Conclusion

From the research that has been done, the
following conclusions are obtained: Mapping the
supply chain management process of the
distribution system from the cold storage factory to
the Tulungagung market and surrounding areas
using a Thermo King truck with a capacity of 6
tonnes. Mapping of the supply chain management
process using land routes (Existing), starting from
the cold storage factory to the Tulungagung market,
for a frozen processed fish product. Mapping the
identification of distribution costs from the
PPNPrigi cold storage factory using truck Thermo
King transportation with a total cost of Rp
173,382,000 / year, including operational costs of
Rp 82,950,000 / year and vehicle travel costs of Rp
90,432,000 / year. Based on the production and
capacity of cold storage and assessment of the role
obtained, numbers 45.8 and 43.6 indicate that the
role of cold storage in PPN Prigi is not optimal.
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ABSTRACT

The determination of propeller and hull adjustment of both small and large fishing vessels is indeed very
important; in general, fishing vessels at the port of Lamongan only use hereditary techniques. many
weaknesses in the problem of synchronization between the hull, the main propulsion engine, and the
propeller. therefore, after analysis, it can be concluded that at the coastal port of Lamongan, an ljon-Ijon type
fishing boat, with a main size of 5-10 GT. In one ship using the Mitsubishi Fuso 120 ps 2 engine type, using 2
gearbox advance ratio 3.1 rated input speed 1000- 2500 r/min and rated trans capacity 0.039 kW/min with
a total resistance value of 17.599 kN, wake fraction value 0.235, value thrust deduction 0.197 and using a
propeller with type B-series B3-35 with a diameter of 1.54 with a KT value of 0.31, a value of 10KQ 0.37, a
value of ] 0.52 and an average efficiency value of 0.48. By changing the propeller diameter to 1.75 and
changing the gearbox ratio with the same engine, a comparison can be made between the efficiency of the
propeller previously and the efficiency after changing the propeller diameter, with a KT value of 0.30, a value
of 10KQ 0.345, a value of ] 0.55, and an average efficiency value of 0.565.

Keywords: Fishing boat, hull shape, propulsive coefficient

engine, gearbox, and propeller type that is
appropriate and optimal, and by the obstacles of
traditional fishing boats. Based on observations
made in the field, there are fishing boats that have

Introduction

Determining the propeller and adjusting the hull
of both small and large fishing boats is very

important; in general, fishing boats in Lamongan
harbor only use techniques passed down from
generation to generation. This traditional
shipbuilding is far from modern technology and has
many weaknesses that must get more attention,
especially the synchronization problem between
the hull, main engine, and propeller [1]. Therefore,
after analysis, it can be concluded that Kranji
Village, Lamongan Regency, is one of the fish-
producing areas in East Java. The characteristics of
the Kranji Village area are coastal areas with
fisheries activities as the dominant activity in areas
located along the coast.

However, the research will raise several
problems, including analyzing the type of ship

three main engines. The fishermen there get
engines for ships from trucks or buses whose
engines are no longer in use. In ships that exist in
this modern era, there is a fairly sophisticated drive
system. Some components of the drive system on
the ship are the main drive engine, gearbox, and
propeller shaft, which will later be analyzed for
characteristics to find the efficiency of performance
of the propeller [2].

While in general the optimal characteristics of
fishing boat propellers are with Ae/Ao =0.550; P/D
=1.3;] =0.5, the reason for using several propellers
is so that fishing boats can operate at high speeds
for the fishing process, based on the main size ratio
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of standard fishing boats, namely the value of the
L/B ratio 0of4.30 - 4.50; L/D 10.00 - 11.00; B/D 2.10
- 2.15. If the B/D value is getting bigger, the ship's
stability and ship's motion are getting better, and
the relationship between the B/D ratio value and
the engine power and net size of the fishing boat
means that the weak or low thrust of the ship can
be supported by large engine power. stated that the
driving force used by fishing boats must be
calculated properly and correctly [3].

Based on these conditions, it can be concluded
that in planning the propulsion system of fishing
boats on the Lamonga coastline, using the right
calculations and studies to determine the use of
engines and propulsion systems on ships can
produce optimal ship performance according to
existing standards [4].

Methodology

a. Location and Time of Research

This research was conducted on the coast of
Lamongan for the collection of ship data to be
tested, as well as photographic images of ships that
will be examined. This will strengthen the
objectives of this study for the time of the data to be
taken after obtaining the requirements of the
supervisor.

b. Fishing Boat Data

On this page, we will explain the data of the
fishing boat to be examined, along with the type of
engine and gearbox on the fishing boat. This data
collection is based on the results of a survey of the
Lamongan shipport located in East Java. The ship
data used is the main Nabila fishing boat data.

Table 1. Principal dimensions

Principal Dimensions
Ship Type [jon ijon
Ship Name Nabila Utama
The overall length of
the vessel (LOA) 12.70m
Waterline length
(LWL) 12 m
Ship width (B) 5.00m
Ship height (D) 2.80m
Ship draft (T) 1.30 m
Displacement 62,34256 Ton
Cb 0,779769
Ship speed 7 knots
CB wl 0,758
CM 0,8557

CP wl
Cwp
Fishing gear
Owner ship
Phone number

0,6520
0,837
Fishing rod
Warsujud
081212342548

Table 2. Main engine

Main Engine

Mitsubishi Fuso, Engine 4D34-2AT8 Fuso

Number of machines 2
Machine type 4 water-cooled cycle
Maximum power 228 kW /2900 rpm
Maximum torque 33 kg.m /2800 rpm
Emissions Non-emissions
Bore x stroke 104 x 115 mm
Displacement 11.945
Length 1473 mm
Width 881 mm
Height 1209 mm
Dry weight 1000 kg
Cylinder 4 cylinder
Cylinder diameter 104 mm
Cylinder length 115 mm
Table 3. Gearbox data
Gearbox Data
Brand Advance
Model 16A-1
Input speed 1000-2000r/min

Reduction ratio

3.83
Trans capacity 0.012kw/r/min
Control method Manually
LxWxH 422 x 325 x 563 mm
Thrust value 3,5 kn
Net weight 84 kg

2.07,2.48, 2.95, 3.35,

Table 4. Propeller data

Propeller Data
Propeller type B3-35
Dy(m) 0,54 m
(P/Dy) 0,745
1 propeller 0,480
RPM propeller 228 rpm
Control method Manually
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c. Simulation

Simulation, or what is commonly called the
process of knowing with this engineering form, is
calculated using the Holtrop mathematical system
and simulated with the KT-KQ-] method and using
the ANOVA method, where this method can find
ship efficiency, ship thrust, and drive motor power.

The conclusions received after using the ANOVA
method can be filtered again to find the maximum
results in an analysis.

The simulation I made was a model that fits the
real size that was scaled, and then I added other
model variations that changed the radius of the
propeller as a comparison to get a thrust value, and
used AUTOCAD software to make a more optimal
propeller model.

Result and Discussion

a. Holtrop Mathematical Resistance

In Holtrop's mathematical calculations, by
entering the main data on the ship, the calculation
of the total resistance of the ship is obtained.
Rtotal =RF (1+k1) + RApp + RW + RTR + RB + R
RF = frictional resistance according to the

ITTC-1957 formula

1 +k1 =form factor of the hull
RAPP =appendage resistance

RW = wave resistance

RB = additional pressure resistance of the
bulbous bow near the water surface

RTR = additional pressure resistance due to
transom immersion

RA = model-ship correlation resistance

Rtotal = RF(1+k1) + RApp + RW + RTR + RB + RA
= 1,621 kN + 1,390 kN + 0,010 kN +
14,9488822 kN + 0 kN + 0 kN + 0,388 kN
=17,599 Newton

Therefore, the wake fraction

w =C9xC20xCvxL/T (0.050776 + 0.93405 x
C11 x CV/1 - Cp1)) + 0.27951 x C20 V
((B/(L(1-CP1))) + C19.C20
= 12.561 x 0.988 x 0.000559624 x (11/1,3)
x (0.050776 + 093405 x 1538 x
0.000559624/ (1 - 0,652) + 0.27951 x
0.988+/(5/ (11 (1- 0.652)) + (0.072 x 0.988)

=0,235
b. Calculating Trust Deduction Factor (t)
t =0,25014 (B/L) 0.2896 (V((B.T)/D) 0.2646 /
(1- CP + 0,225LCB) 0.01762 +  0.0015
CSTERN

= 0.25014 (5/11) 0.2896 (V(5x1,3)/0,8)
0.2646 / (10. 652 + 0.0225 x 0.068) 01762 +
0.0015 x (-8)

=0,197

c. Hull-Propeller Interaction
FIGURE 18. WAGENINGEN B-SERIES PROPELLERS
FOR 3 BLROES RAE/AD= 0.350
F/0=0.50 TO 140

6

60 108"
MCE COEFFLD

Figure 2. Wagening diagram of B3-35

Propeller-hull  interaction describes the
correlation between ship resistance and propeller
performance characteristics. Ship resistance is
transformed into the form of a propeller loading
curve, and propeller performance characteristics
are shown by the results of propeller testing called
the propeller open water test. The characteristics of
the open-water test propeller are approximated by
the B-series propeller type through the B-series
propeller polynomial equation.

The mathematical formulation of the open-

water test propeller performance is as follows:
Va

nD
Kt= .
p.N2.D*
Q
Kq=—7——=
q p.N2D5
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7T0 =
Where:

ﬁ_

Curve diagram of forward coefficient J

HP .49 Y
1.20
1.00 /
0.80 /
0.60 /

0,40 /
0,20

0,00 T T

0.6 0.8 1 1.2

—— KT trial

Figure 3. Diagram of forward coefficient

TVa _ Kt
2.tn.Q - 2.m.Kq

= Propeller forward coefficient,
= Forward speed (m/s),

= Propeller diameter (m),

= Propeller rotation (rpm),

= Propeller thrust coefficient,

= Propeller thrust force (N),

= Propeller torque coefficient,
= Torque propeller (N.m),

= Open water efficiency,

The mathematical description of ship resistance
characteristics converted to a propeller loading

curve is:
R=cV?

ra-o=e s

c
Kt.p.n?.D* =

aA=0.a-wz’®

K= d—o.a-weD?

c [Va
n.D

Propeller operating point curve diagram

J

==K T propeller
HP 1.400 props
1,200 / === 10KQ propeller
1,000
- / e=fll==1) propeller
o
g < 0.800 7
L= e K T trial
S & 0,600
SRy
0,400 perpotongan KT
ship dgn KT prop
0,200 e il eff
0,000 ; X
0.2 0.4 0.6 0.8 1 1,2
Forward coefficient M/S

Figure 4. Propeller operating point diagram
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Curve diagram of forward coefficient J
HP 1.20 Y
1,00 /
0,80
/ s [T

0.60 /
0,40 /
" /
0.,00 T T T T T 1 X

0 0,2 0,4 0,6 0,8 1 1,2

M/S
Figure 5. Diagram of forward coefficient
Kt = Constant.]? c |4

Where:
w
t
Kt
C

p

= Wake fraction coefficient,

= Thrust deduction coefficient,
= Propeller thrust coefficient,
= Constant,

= Density of seawater (kg/m3).

d. Calculating the coefficient

R =c.V?

17,599 x 3,601= 1357,35 In the unfilled
position

Calculating the coefficient

Kt

a
- p.(1—t)(1 —w)2D? [n_D]
=1.19

e. Create an open water test diagram

After calculating the value of the constant
coefficient, the next fishing boat will be able to
create an open water test curve as follows: with the
open water test curve that has been made from a
speed of 7 knots and plotted to the open water test
image, you can also create a thrust coefficient (KT)
diagram when the ship is in an empty hull position
and get the propeller operating point of 0.54 m
propeller diameter.

N Propeller operating point curve diagram KT propeller
HP 1,200
1,000 / === 10KQ propeller
45 | 0.800 === propeller
ao
& % 0,600
Sg KT trial
0,400
0200 / / = KT ship dgn
KT prop
0,000 = X L
' ===nilai eff
0 0,2 0.4 0,6 0.8 1 1.2
Forward coefficient M/S
J

Figure 6. Propeller operating point diagram
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Furthermore, from the results of these
calculations, the KT design can be made at a speed
of 7 knots and plotted against the open water test
image to get the value of the intersection point of
the curve. After looking for the KT trial value, it can
then make a curve diagram of the table value
accordingly and accurately.

From the results of Figure 4 above, we can
determine the X-axis value of the forward
coefficient (J), as well as the Y-axis value of the
propeller thrust coefficient (KT propeller) and the
propeller torque coefficient (10KQ) at the
intersection of the KT design. At a speed plot of 7
knots, the resulting forward coefficient (J) value is
0.52 m/s, the propeller coefficient (KT) value is
0.31 HP, and the propeller torque coefficient
(10KQ) value is 0.37 HP by determining the
efficiency on the ship of 0.48%.

f. Changing the propeller diameter

To find out the optimal propeller performance, it
is necessary to change the diameter of the propeller
to find a more efficient propeller.

This propeller data comes from a type
Propeller type = B3-35

Db(m) =0.75m
(P/Db) =0.745
1 propeller =0.565

Propeller rpm =228 rpm

Calculating the coefficient o
R =c.V?
=17,599 x 3,601 = 1357,35

Calculating the coefficient
c Va
Kt

= =D —w)2D2 D
=0,82

]

Diagram of an open water test after calculating
the constant coefficient value on the next fishing
boat, it will be able to create an open water test
curve as follows: with the open water test curve
that has been made from a speed of 7 knots and
plotted to the open water test image, it can also
create a thrust coefficient (KT) diagram when the
ship is in an empty hull position and when the hull
is fully loaded.Getting the propeller operating point
of 0.74 m propeller diameter from the results of
Figure 4.7. Above, we can determine the X-axis
value of the forward coefficient (]) from the highest
point to the lowest point value of the forward
coefficient (]), following the explanation in Table 5.

From the results of Figure 6 above, we can
determine the X-axis value of the forward
coefficient (J), as well as the Y-axis value of the
thrust coefficient (KT) and the torque coefficient
(10KQ) at the intersection of the design KT. At a
speed plot of 7 knots, the forward coefficient (])
value of 0.55 m/s is obtained, the value of the
intersection of the thrust coefficient (KT) with the
KTtrial is 0.30 Hp, and the value of the intersection
of the torque coefficient (10KQ) with the KTtrial is
obtained by 0.345 Hp by determining the efficiency
of the ship by 0.565%.

Table 4. Comparison of old and new propellers

0Old propeller New propeller

Tipe B3-35 Tipe B3-35

D 0,54 m D 0,74 m

(P/D) 0,745 (P/D) 0,745

J 052m/s J] 055m/s

KT 0,31 Hp KT 0,30 Hp

KQ 0,37 Hp KQ 0,345 Hp

n 048% n 0,565 %
Conclusion

The ship uses a propeller type B-series B3-35
with a diameter of 0.54 m and an average efficiency
value of 0.48% based on the initial efficiency value
of 0.48%. At a speed plot of 7 knots, the resulting
forward coefficient (J) value is 0.55 m/s, with the
value of the intersection of the thrust coefficient
(KT) of 0.30 HP and the value of the intersection of
the torque coefficient (10KQ) of 0.345 HP by
determining the efficiency on the ship of 0.565%. By
increasing the diameter and also changing the angle
of the propeller, the best propeller data results are
a 0.74 m diameter propeller with an angle change of
20% for the B3-35 propeller type.

The results of this study are the calculation of
engine estimation with a propeller to find efficiency
on the fishing boat under study. We need to make a
3-dimensional image of the best propeller
calculation results to be able to easily study them.
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ABSTRACT

The gas turbine, which is one of the main engines of KRI X, is not used anymore because of the amount of
damaged material. In 2017, it was decided to replace its main engine. Ships that previously used gas turbines
and two diesels as the main engines are replaced with four MTU diesel engines with 4000 HP power and
2100 rpm rotation per engine. With a fixed propeller and a power change on the main engine, the matching
point of the main engine also changes. Referring to the problem, this study conducted an assessment of
engine propeller matching obtained after repowering the main engine, by calculating the pricing of the ship
and calculating the power required by the ship. The calculation of ship resistance is done in two ways: with
the help of running software Maxsurf with the Holtrop method, and by using an empirical formula. Having
known the price of the ship's resistance and power required, then calculated the speed of the ship with the
new main engine and the variation of the pitch propeller. The result of this research obtained the operating
point (matching point), which resulted in optimum speed obtained at the main rotation condition of 1974
rpm, propeller rotation 452,666 rpm, with 85% power loading that is 6152,426 kW, ship speed reached
17,855 Knot, and in this condition is deemed to be by the operation of the continuous service rating.

Keywords: Engine propeller matching, repowering, pitch propeller

Introduction replaced with four MTU brand diesels and used the
CODAD (Combined Diesel and Diesel) system.

KRI X previously used a CODOG (Combined With a fixed propeller and a change in the power

Diesel or Gas) model thruster system. But in 2009, of the main engine, the matching point of the main

the gas turbine, which is one of the main engines of engine also changes. Referring to these problems,
this ship, was no longer used because of the many

damaged materials. Due to the age of this ship, in
2017, it was decided that a complete overhaul of
KRI X would be carried out due to material fatigue
on the plates, buildings, and engines.

Due to the difficulty of obtaining spare parts,
expensive maintenance costs, and wasteful fuel, the
relevant parties finally decided to repower the main of ship speed with the new main engine and
engine. The ship, which previously used one gas variations in the magnitude of the propeller pitch
turbine and two diesels as main engines, was are carried out. The object that will be used in this

research is KRI X.

this study examines the engine propeller matching
obtained after repowering the main engine by
calculating the price of ship resistance in two ways,
namely with the help of running Maxsurf software
with the Holtrop method and calculations using
empirical formulas. After knowing the price of ship
resistance and the required power, the calculation
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Methodology

a. Controllable Pitch Propeller

A controllable Pitch Propeller is a propeller
whose pitch can be adjusted. Pitch is the axial
distance traveled or taken by the propeller at one
full rotation (3600). In general, the CPP system
consists of several components:

1. A propeller hub with a blade whose pitch can
be moved from full ahead to full astern.

2. Propeller shaft with oil distribution box.

3. Hydraulic system.

4. Remote control system

Its operation can be done with two systems,

namely the pull-push rod system and the hub piston
system. In the pull-push rod system, a long rod is
used, which is connected from the ship's shaft to the
propeller hub. In the hub piston system, the piston
rod is placed on the propeller hub. The advantages
of using a controllable pitch propeller, namely:

1. Itcan be used to accelerate, stop, and process
ship movements properly.

2. The thrust force can be kept constant under
changing load conditions.

3. Itis economical for ships working at different
speeds and load conditions.

The disadvantages of using a controllable pitch

propeller namely:

1. CPP construction is quite complicated.

2. The price is relatively high.

3. Requires more attention in terms of
maintenance than a regular propeller. This is
due to the complexity of the hub construction
and the hydraulic system.

b. Ship Resistance

According to Harvard (1992) [1], Ship resistance
is the fluid force acting on the ship in such a way
that it opposes the ship's motion. The total
resistance itself is broken down into several
different components that result from a variety of
causes and interact with each other in a truly
complex way.

The faster the movement of the ship, the greater
the resistance it receives. So, to keep moving at its
speed, the ship must be able to overcome these
obstacles with the thrust generated by the
performance of the propeller. Which thrust comes
from the brake force (PB), which is the power
released by the propulsion motor and is channeled
to the ship's propeller and then converted into
thrust (PT).

By using the Holtrop method, the total resistance
of the ship can be obtained with the equation as
follows:

Ry

1
RT = Exp X V%X S0 X (Cr(1+K)Cy) + W

c. Drive Motor Power

In general, a ship that moves in the water
medium at a certain speed will experience a drag
(resistance) that is opposite to the direction of
motion of the ship. The amount of drag that occurs
must be able to be overcome by the thrust of the
ship (thrust) resulting from the work of the ship's
propulsion device (propulsor). The power supplied
(PD) to the ship's propulsion is derived from the
shaft power (PS), while the shaft power itself comes
from the brake power (PB), which is the output
power of the ship's propulsion motor. Several
notions of power are often used in estimating the
power requirements of ship propulsion systems,
among others:
e  Effective Horse Power (EHP)

Is the amount of power needed to overcome
the drag force of the hull so that the ship can
move from one place to another with a service
speed of VS. This effective power is a function
of the total drag and ship speed. To get the
effective power of the ship, the following
equation can be used:

EHP = Ry x Vs

e  Thrust Horse Power (THP)

Is the amount of power generated by the
work of the ship's propulsion device
(propulsor) to push the ship's body. Thrustis a
function of the thrust force and fluid flow rate
that occur when the ship's propulsion device
works. The equation. Thrust can be written as
follows:

EHP
THP = THULL
e Delivery Horse Power (DHP)

Is the power absorbed by the ship's
propeller to produce thrust of PT, or, in other
words, PD, the power supplied by the
propulsion motor to the propeller, which is
then converted into the ship's thrust (PT).

The variables that affect this power are the
torque delivered and the propeller turn, so the
equation for calculating PD is as follows:

PD =2nx QD x nP
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Shaft Power (Ps)

The power is measured up to the area in
front of the stern tube bearing of the ship's
propulsion system. For ships powered by gas
turbines, in general, the power used is PS.
Meanwhile, the term brake power (PB) refers
to the power generated by the main engine
motor with a type of PS. motor (main engine)
in marine diesel engines.

Efficiency in ship propulsion systems

Ship propulsion systems have several
definitions of transmitted power, ranging from
the power released by the propulsion motor to
the power delivered by the ship's propulsion to
the surrounding fluid. The ratio of these
powers is often expressed by the term
efficiency, although in some cases it is not a
direct power conversion value. In assessing
propulsion efficiency, other technical factors
are taken into account due to the operation of
the propeller and the shape of the ship, so that
propulsion efficiency can be viewed from
several aspects, namely:

% Hull Efficiency (nHULL)

It is the ratio between effective
power (PE) and thrust (PT). Hull
efficiency is a measure of the suitability
of the hull design (stern) to the
propulsor arrangement, so this
efficiency is not a form of actual power
conversion. So even though this Hull
Efficiency value can be more than one,
generally a number around 1.05 is
taken.

Calculations that are often used in
obtaining hull efficiency are as follows:

(1—tt)

nHULL =
1-w)

% Propeller Efficiency (nPROP)

It is the ratio between the thrust
(PT) and the power supplied (PD). This
efficiency is power conversion, and the
difference in value that occurs is
located where the propeller torque
measurement is carried out.
Specifically, whether in open water
conditions (Q0) or conditions behind
the ship (QD), the following equation
shows both conditions of propeller
efficiency, as follows:

Efficiency propeller of open water

T.X'VA

T]0:2x7TxQOxn

The efficiency propeller behind the
ship
PT . T x VA

T]B=PD_2x7thOxn

Because there are two conditions,
an efficiency ratio appears, known as
Relative-Rotative Efficiency, nnRR,
which is a comparison between the
Propeller Efficiency in conditions
behind the ship with the Propeller
Efficiency in conditions in open water,
as follows:

Therefore, nRR is not a property of
the actual efficiency (not a power
conversion). This efficiency is only a
comparison of different efficiency
values. So, the magnitude of relative
rotative efficiency can also be greater
than one, but generally, the value is
taken to be around one.

% Shaft Transmission Efficiency (nS)

Shaft Transmission Efficiency, 1S,
can generally be defined mechanically
with more than one type of efficiency,
which is highly dependent on the
configuration of the stern
arrangement. This efficiency is the
product of the overall efficiency of each
component installed. Efficiency can be
expressed as an equation, as follows:

_Pp

s = b,

* Overall Efficiency (nP)

Also known as propulsive efficiency,
or propulsive coefficient, is the result of
the overall efficiency of each power
phase that occurs in the ship's
propulsion system. The overall
efficiency can be obtained with the
equation as follows:

Py Pr

Pp
=—x—x— =1nHULLxnp x
Np Py Py P n Mg X Ns

=NHULL x ny x ngg X ng

Installed Motor Power
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According to S. W. Adji (2005) [2], the ship
propulsion motor power (PB) in question is
brake power, or power received by the
transmission shaft of the ship propulsion
system (PS), which is then operated
continuously to move the ship at its service
speed (VS). If the amount of mechanical
efficiency in the gearbox arrangement, which
serves to reduce and reverse the rotation of the
drive motor, is 98 percent, Then the driving
motor power ship can be calculated, as shown
in the equation below:

Ps

Pg — CSR = 0.98

The power on the PB-MCR can then be used
as a reference in carrying out the drive motor
selection process (Engine Selection Process).
Hull and Propeller Characteristics

According to S. W. Adji (2005) [2], one of the
most influential stages in carrying out the
engine-propeller matching analysis process is
the modeling stage of the characteristics of the
designed or observed ship body. This is
because the characteristics of the ship's body
have a direct effect on the characteristics of the
propeller.

% Characteristics of Ship Propellers

In general, the characteristics of
ship propellers under open water test
conditions are as represented in
Diagrams KT- KQ - J. Each type of ship
propeller has different performance
curve characteristics. So, the study of
the characteristics of ship propellers
cannot be generalized for the entire
shape or type of propeller. The
equation model for propeller

characteristics is as follows:

Tyrop

Kr= ————
T~ pxn?2xD*
K. — Qpro;o

7 pxn?x DS
Va
nxD

J=

_ ]XKT
n zﬂ'xl{o

Mo

% Hull-Propeller Interaction
Hull and Propeller Interaction is an
on-paper approach to efforts to obtain
the performance characteristics of the

propeller when operating in behind-
the-ship conditions. The method is to
process the equation as follows:
Tor = a V2
SHIP = T (1 —w)?

T

prop = Krxpxn?xD*

TShip = TProp
a VZ

T -0 -w)ZpnZD*
e (2.84)

Kr

B=%(1- 91 - wyzppz
Then it becomes,

Vi
n?D?
So that the equational relationship is
obtained as follows:

Kr = Bx]J?

The next step is to make a
"tabulation’. The "]" price is taken from
the open water test diagram of the
propeller that will be used on the ship,
which is from the lowest number,
moving gradually to the highest
number. Then, the tabulated results are
plotted on the open-water test diagram
of the propeller, as illustrated in the
figures below. illustrated in the
following figures below.

KT: BX

B= Y- - wyzpp?

Then it becomes,

Va

n?D?
So that the equation relationship is
obtained as follows:

Kr = BxJ?

KT= BX

Propeller Load Characteristics
In developing the 'trend' propeller
load characteristics, the variables
involved are propeller torque and
propeller speed. For propeller torque is
the result of graphically processed
from the hull & propeller interaction,
namely KQ and KQ-SM, which are then
developed as the equation below:
QPrap:KQX px nixpS?

Orop=Kosu*xpxn?xD?3
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From the two equations above, the
characteristic trend of propeller power
(oo Propeller Load) can be obtained as
follows:

[Power] = [Torque] * [Speed]

The next step is to tabulate the trend
of propeller power characteristics with
the inputs of "propeller speed,” which
is obtained from "engine speed" after
being reduced by mechanical gears
(note the gear ratio). The figure below
illustrates the tabulation and trend of
the propeller power developed.

Drive Motor Characteristics Ship

The method of combustion and atomizing of
fuel in diesel motors is not the same as in
gasoline motors. In gasoline motors, a mixture
of fuel and air through the carburetor is put
into the cylinder and burned by an electric
flame from the spark plug. In diesel motors,
which are sucked by the piston and put into the
combustion chamber, only air is compressed
until it reaches a high temperature and
pressure. A few moments before the piston
reaches the top dead point (TMA), diesel fuel is
injected into the combustion chamber. With a
high enough temperature and air pressure in
the cylinder, the fuel particles will ignite by
themselves to form a combustion process. For
the diesel fuel to burn itself, it must have a
compression ratio of 15-22 and an air
temperature of approximately 600°C.
Combination of Engine and Propeller
Characteristics

Matching Point According to S. W. Adji

(2005) [2], the operating point of the ship's
propulsion motor rotation (engine speed) is
such that it matches the character of the
propeller load, namely the operating point of
the motor rotation, where the power absorbed
by the propeller is equal to the power
produced by the engine and produces a ship
speed that is close to (the same) as the planned
ship service speed. Propeller characteristics
are as shown in Figure 2.6, while engine
characteristics are represented in Figure 2.9.
To be able to equate the two trendlines into the
same plotting means, first, the price of the two
trendlines is expressed in a percentage (%). At
engine speed, n is the operating point of the
propulsion motor rotation that corresponds to
the propeller load condition, because the

power generated by the propulsion motor is
equal to the power absorbed by the propeller.
This will certainly provide optimal
consequences for the use of fuel consumption
by the propulsion motor of the ship against the
desired service speed of the ship.

Result and Discussion

a. Calculating Ship Resistance
Of the two methods used to get the value of the

tota

1.

1 resistance of the ship, the results obtained are:
Determining the value of ship resistance
with help from Maxsurf software, 64-bit
resistance resulted in a total resistance of
265.1 kN.

Calculation of the ship resistance value with
an empirical formula resulted in a total
resistance value of 286.375 kN.

b. Calculation of KT, KQ, ]

The next step after calculating the value of ship
resistance is to get the values of KT, KQ, and ]J.

Where KT is the thrust coefficient, KQ is the torque

coefficient, and ] is the advance coefficient. The first
step is to use interpolation taken from the open-

water test propeller diagram. The second, by

calculating the value of the thrust coefficient during

trial conditions (KT-trial) and the thrust coefficient

during service conditions (KT-SM). when service
conditions (KT-SM).

e Open water test propeller KT - KQ - J value

It can be seen that the pitch ratio (P/D)
value on the controllable pitch propeller
can change, but it is still one type of
propeller (B.5-75). By looking at the
Wageningen B-Screw series propeller open-
water test diagram, a table is made showing
the KT-KQ-J value interpolated from the
open-water test propeller diagram with a
pitch ratio value variation from 0.6 to 1.21
with an increase of 0.1 per level of variation,
as shown in tables 4.3 to 4.9, respectively.
After obtaining the KT - KQ - ] value, a graph
is made showing the value of the open
water test propeller diagram tabulation,
which is shown in Figures 4.10 to 4.16,
respectively.
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Figure 1. Graph of Openwater Test Propeller at
P/D 0.6
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Figure 2. Graph of Openwater Test Propeller at
P/D 0.7
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Figure 3. Graph of Openwater Test Propeller at
P/D 0.8
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Figure 4. Graph of Openwater Test Propeller at
P/D 0.9
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Figure 5. Graph of Openwater Test Propeller at
P/D 1.0
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Figure 6. Graph of Openwater Test Propeller at
P/D1.1
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Figure 7. Graph of Openwater Test Propeller at

P/D 1.2

Calculation of KT-trial and KT-SM Values

The calculation of the thrust coefficient
value is carried out under trial conditions
(KT-trial) and service margin conditions
(KT-SM). By using equations 2.86 and 2.87,
the KT and KT-SM values are obtained:

KT =B xJ?
a

x J?

- (1-(1 —w)2xpxD?
= 1274 %2

Kr_sm=120%x g x J2
=120% x 1,274 x |2

The next step is to calculate the value of
KT and KT-SM by varying the advanced
coefficient (J). The ] value is taken from the
open-water test propeller diagram, which
moves from the lowest number to the
highest number. Then the results of the
tabulation of the KT and KT-SM values are
plotted in a graph that shows the trendline
of the thrust trial condition coefficient (KT)
and the thrust service margin coefficient
(KT-SM), as shown in Figure 8.

28
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24
2.2

15
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,
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— T ET-5m

Figure 8. Graph KT-trial and KT-SM

From the graph above, the trendlines of
the trial condition thrust coefficient (KT)
and service margin thrust coefficient (KT-
SM) can be seen. The greater the value of the
advanced coefficient (J), the higher the
value of KT and KT-SM.

Relationship graph of KT, KQ, ], and no

To determine the relationship between
KT, KQ, J, and no, obtained from the
intersection of the KT and KT-SM graphs
and the open-water test propeller graph
with variations in pitch ratio (P/D), the next
step is to determine the intersection point
between the KT open-water test propeller
curve and the KT-SM curve. After obtaining
the intersection point, a vertical line is
drawn until it intersects the KQ curve. After
that, a horizontal line is drawn from the KQ
curve, and the value of the torque
coefficient (KQ) is obtained. The same steps
are also carried out on the KT curve of the
open-water test propeller, and the KT curve
in the trial conditions is shown in Figures 9
to 15, respectively.
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Figure 15. Openwater Test Propeller at P/D 1.2
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From the intersection of the KT and KT-
SM graphs with the open-water test
propeller graph shown in Figures 9 to 15,
the obtained torque coefficient (KQ) data on
trial and service conditions are presented in
Table 1.

c. Engine Power Calculation

By knowing the values of ] and KQ above, it can
be calculated the amount of torque (Q), power
(DHP), and BHP produced by the propeller using
the equation that has been mentioned. The next
step is to tabulate the results of the equation with
variations in engine rpm, as shown in Tables 4.12
and 4.13. Then, the tabulated results are made into
a graph showing the relationship between power
(BHP) and engine RPM, as shown in Figure 16.

4000
S 2000
=7 | I I

0 1000 2000 3000

(RPM)

Trial

Service

Figure 16. Graph of Power Relationship with
Engine RPM

From the graph of the relationship between
power and engine rpm above, it can be seen that the
greater the engine speed, the higher the power. In
other words, engine speed is proportional to the
value of the power produced.

d. Matching Point

Because of the difference between engine speed
and propeller speed, the matching process assumes
that the magnitude of engine speed is equal to
propeller speed, or that 100% engine speed is equal
to 100% propeller speed. To plot the propeller load
curve in the working area of the main engine, the
curve is the amount of engine speed and propeller
rotation expressed on the abscissa axis of the curve,
expressed in percentage scale (%) [3]. The results
of depicting the propeller curve into the main
engine characteristics are shown in Figure 17, and
after the matching points are found, each of these
points is analyzed to find out: Motor power, engine

speed, propeller speed, and propeller load. Ship
speed achieved from the graph above, several
matching points are obtained between the old
propeller and the new main engine after
repowering, as follows:

Titik | Kondisi z?g;e o) R;“m D:: [ paaawy | v
A Service CSE 1974 452 666 o4 g3 076,213 17 855
B Trial CSK 1911 438 666 o1 g3 3076213 17 461
C Service MCR 2100 466,666 100 Q8 3025158 20,582
D Trial NMICR 2100 466 666 100 a2 I684 B43 20,12

Figure 17. Matching point result

From the matching points that have been
obtained, which are analyzed only under service
conditions and are expressed as follows:

1. Point A is the propeller load point at 3076.213
kW, or 85% (service rating), with a propeller
rotation of 452.666 rpm. Produces a speed of
8.927 knots, which corresponds to the speed in
free-running conditions. In this condition, the
matching point is in the engine envelope
working area. So, this condition is considered
safe for continuous service rating (CSR)
operations.

2. Point C is the propeller load point at 3925.158
kW, or 85% (service rating), with a propeller
rotation of 466.666 rpm. Resulting in a speed
0f 10.291 knots. In this condition, the matching
point is in the maximum working area of the
engine envelope. Therefore, this condition is
only permitted during sea trials.

Conclusion

Based on the analysis and discussion, The
matching point obtained after repowering the main
engine between the old propeller and the new main
engine on KRI X which produces the optimum speed
of two engines and one propeller is obtained under
the condition that the main engine rotation is 1974
rpm, the propeller rotation is 452.666 rpm reaching
94% of its maximum rotation, with a power loading
of 85% which is 6152.426 kW, the ship's speed
reaches 17.855 Knots, in this condition it is
considered by the continuous service rating
operation and by the desired speed. This thesis can
be developed by conducting further studies on the
re-planning of the engine mount construction due
to changes in the main engine dimensions.
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ABSTRACT

Corrosion is a process of decreasing the quality of a material because it reacts with the environment. The
corrosion process takes place spontaneously and is a natural event that cannot be avoided. This research
was carried out to determine the relationship between the fluid flow rate of seawater flowing in the channels
of API 5L grade B standard galvanized pipe and seamless pipe specimens on the corrosion rate using flow
modeling for 4 months. The research variations used were variations in flow rate, namely 50%, 75%, and
100%. Corroded pipe specimens were cleaned, weighed, and photomicrography. From this research, it was
found that the higher the flow rate, the higher the corrosion rate that occurs, and the corrosion that occurs

is abrasion corrosion and pitting corrosion.

Keywords: Abrasion corrosion, corrosion rate, erosion corrosion, galvanized and seamless pipe

Introduction

Corrosion is an event that reduces the quality of
metal materials due to interaction with the
environment [1]. The operation of a large ship is
always equipped with a cooling system and a ship
balancing system with fluid using seawater, so a
piping system is needed to circulate the cooling
fluid [2]. The flow rate of a corrosive fluid can
initially increase the corrosion rate by bringing a lot
of oxygen to the surface of the material. At high
speeds, only a few oxygen ions can reach the surface
of the material, resulting in a slowdown in the
corrosion rate. If this happens, the corrosion rate
will decrease after the initial increase. On the other
hand, high flow rates can also increase the rate of
corrosion by damaging the protective layer or
causing mechanical damage [3].

Since there is no discussion regarding the
relationship between the rate of seawater fluid
flowing in steel pipes and the rate of corrosion in

steel pipes transmitting seawater, for this reason,

the author examines this relationship.

Corrosion comes from the Latin word
"Corrodere,” which means metal destruction or rust
due to the environment [4]. Corrosion is a process
of  degradation/deterioration/destruction  of
materials caused by chemical, physical, and
biological environmental influences [5]. The
corrosion mechanism cannot be separated from
electrochemical reactions, which involve the
transfer of electrons as a result of reduction-
oxidation (redox) reactions. The main elements of
corrosion are anode, cathode, electrolyte, and
conducting medium [6].

Factors that influence corrosion:

1. Material factors, including material purity,
material structure, crystal form, material trace
elements, and material mixing techniques.

2. Environmental factors, including the level of air
pollution, temperature, humidity, and the
presence of corrosive substances.

Page 60



https://doi.org/10.30649/ijmea.v1i1.370

Kriyo Sambodho, Kurnia Kusherminto Priyo Pratomo

3. Electrical factors that influence metal elements c. Fluid Flow Calculations
in chemical processes that will produce
corrosion. Flow rate:
Erosive corrosion or abrasion is a combination 0

of corrosive fluids and high flow speeds. Erosive V:g

corrosion occurs because erosion and corrosion where:

support each other [7]. Erosive corrosion can also V: flow rate (m2/sec)
be caused by impingement corrosion as a result of Q: flow rate (m3/sec)
very fast fluid speeds and eroding the protective
layer on the metal. Damage to pipes in systems that
use seawater caused by corrosion can cause various
bigger problems, both in construction, such as ship

A: surface area (m?)

Reynolds number:

hulls or other marine construction, and in systems VD

. . . . Re = ——
on ships, including engines that use seawater v
cooling, which is very dependent on pipe resistance where:
to corrosion [8]. V: flow speed (m2/sec)

D: pipe diameter (mm)
Methodo]ogy v: viscosity of water
- Re <2300, laminar flow
This study used flow rate variations of 0%, 50%, -2300 < Re < 4000 transition flow

75%, and 100% for 4 months. Each treatment is -Re > 4000. turbulent flow
marked with the type of pipe, valve opening size,
and test duration. For example: PG.075.04, which Valves Flowmeters

means PG for galvanized pipe and PN for seamless
pipe, 075 is the size of the valve opening, and 04 is
the length of the month of testing.

a. Specimen

The specimens used are galvanized pipe and o
seamless pipe standard API 5L grade B, NPS 34 inch, e
SCH 40.

to the tank
—

b. Test equipment

Flowmeters

\ Specimens
Valves L . . .
Figure 2. The top view of the scheme of corrosion
test equipment
Pumps

d. Corrosion Rate Calculation

The corrosion rate in this study is defined as the
increase in the amount (weight) of corrosion that
occurs as a function of time. Measurement of the
weight of corrosion that occurs is carried out by
cleaning the corroded specimen until it is clean,

Sea water tank then weighing it. The weighing results are used to
reduce the initial weight of the specimen before the
experiment.

Figure 1. The side view of the scheme of corrosion
test equipment Corrosion weight = initial weight - final weight
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% corrosion _ corrosion weight «100% [1]
intitial weight

e. Metallography

Metallographic observations are carried out to
determine the microstructure of the test specimen;
in this case, micrographic observations are carried
out.

f. Micrographic Photo Observation Process

Figure 3. Specimen section for micro photos

Figure 4. Fiber printing process

Figure 7. Micrography process
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Result and Discussion

a. Corrosion Rate

Using the method described previously, the
necessary data and calculations are carried out to
obtain the corrosion rate, both on galvanized and
non-galvanized pipes, with variations in seawater
fluid flow rates, which are regulated by valve
openings. The research results are presented and
explained in the following tables, figures, and
descriptions

Table 1. Data on dissolved content in the seawater
fluid used Data on dissolved content in the
seawater fluid used

No. Type of analysis Content

1. Salinity 29,45 %o

2. Chlorinity 16,3 %o

3. pH 7,6

4, Dissolved 03 1,76 mlOz/1t

Table 2. Data from the testing results of pipe
material composition
Content (%)

Type of
No. | -YP€®

Pipes Fe Mn |Ni |Si |zZn

1. | Galvanized | 93.85 | 0.19 | 0.01 | 0.03 | 4.96

Non-
2. . 99.80 | 0.16 | - 0.01 | -
Galvanized

Table 3. Data on the percentage of galvanized pipe

corrosion
Flow rate (valve opening)
50% 75% 100%
1 0.02% 0.03% | 0.05%
month
Corrosion 2 0.07% 0.09% | 0.15%
months
Rate 3
after: 0.14% 0.22% | 0.24%
months
4 0.23% | 0.57% | 0.85%
months

Galvanized pipe corrosion rate
with variations in flow rate
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Log. (aliran 100 %)

Figure 8. Comparison of corrosion rate with
variations in fluid flow rate in the galvanized pipes

Figure 8 shows a comparison between the
corrosion rates that occur between each flow rate,
where the corrosion rate of galvanized pipe at a
flow rate of 100% occupies the highest position,
followed by a flow rate of 75% and a flow rate of
50%, or in other words the more The higher the
flow rate through the galvanized pipe, the greater
the rate of corrosion that occurs in the pipe.

Table 3. Data on the percentage of non-galvanized
pipe corrosion

Flow rate (valve opening)
50% 75% 100%
1 0.47% 0.49% | 0.52%
month
Corrosion 2 1.39% 1.36% | 1.50%
months
Rate 3
after: 2.63% 2.84% | 3.18%
months
4 4.52% 5.02% | 5.11%
months
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Non-galvanized pipe corrosion rate
with variations in flow rate
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Figure 9. Comparison of corrosion rate with
variations in fluid flow rate in the non-galvanized

pipes

Figure 9 shows a comparison between the
corrosion rates that occur between each flow rate,
where the corrosion rate of non-galvanized pipe at
a flow rate of 100% occupies the highest position,
followed by a flow rate of 75% and a flow rate of
50%, or in other words the more The higher the
flow rate through the galvanized pipe, the greater
the rate of corrosion that occurs in the pipe.

Galvanized pipes and non-galvanized pipes
corrosion rate with variations in flow rate
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[
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Corrosion Percentage (%)
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Figure 10. Comparison of corrosion rate with
variations in fluid flow rate for galvanized and
non-galvanized pipes

From 10, it can be seen that, for both galvanized
and non-galvanized pipes, the fluid flow rate
influences the pipe corrosion rate. The higher the
fluid flow rate in the pipe, the higher the rate of
corrosion in the pipe. The corrosion rate due to

fluid flow in non-galvanized pipes is higher than the
corrosion rate in galvanized pipes for the same fluid
flow rate.

b. Microstructure Observations

Observation of the microstructure of pipes, both
galvanized pipes and non-galvanized pipes, is
carried out by carrying out micrographic
observations, which is one of the metallographic
observation methods.

Observations were made on each variation of the
specimen after being subjected to corrosion testing.
The aim is to find out whether corrosion also occurs
on the inside of the pipe or only in the part exposed
to the fluid flow of seawater. This will help in
determining the type of corrosion that occurred on
the specimen. The final goal is to determine the
protection or protection against corrosion that will
occur in pipes in systems that use seawater.

(b)

Figure 11. Photo of the microstructure of the
galvanized pipe specimen before the corrosion
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test, (a) 100x magnification, (b) 500x
magnification
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(b)
Figure 12. Photo of the microstructure of the

galvanized pipe specimen, with a fluid flow rate of
0%, (a) 50x magnification, (b) 200x magnification

Figure 13. Photo of the microstructure of the
galvanized pipe specimen, with a fluid flow rate of
50%, (a) 50x magnification, (b) 200x magnification

-5

(b)

Figure 14. Photo of the microstructure of the
galvanized pipe specimen, with a fluid flow rate of
75%, (a) 50x magnification, (b) 200x magnification
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(b)

Figure 16. Photo of the microstructure of the non-
galvanized pipe specimen before the corrosion
test, (a) 100x magnification, (b) 500x
magnification

(b)

Figure 15. Photo of the microstructure of the
galvanized pipe specimen, with a fluid flow rate of
100%, (a) 50x magnification, (b) 200x
magnification

(b)

(a) Figure 17. Photo of the microstructure of the non-
galvanized pipe specimen, with a fluid flow rate of
0%, (a) 50x magnification, (b) 200x magnification
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(b)

Figure 19. Photo of the microstructure of the non-
galvanized pipe specimen, with a fluid flow rate of
75%, (a) 50x magnification, (b) 200x magnification

Figure 18. Photo of the microstructure of the non-
galvanized pipe specimen, with a fluid flow rate of
50%, (a) 50x magnification, (b) 200x magnification

Figure 20. Photo of the microstructure of the non-
galvanized pipe specimen, with a fluid flow rate of
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100%, (a) 50x magnification, (b) 200x
magnification

From metallographic observations, there is no
visible intergranular corrosion or corrosion at the
grain boundaries of the microstructure. Meanwhile,
on visual observation, some specimens showed
pitting and abrasion marks on the pipe surface,
both galvanized and non-galvanized pipes. From
this observation, we can conclude that the
corrosion that occurs is abrasion and pitting
corrosion.

Conclusion

From the tests and observations that have been
carried out, it can be concluded that:

1. The relationship between seawater fluid flow
rate and corrosion rate in this experiment is that
the higher the flow rate, the higher the corrosion
rate that occurs.

2. The corrosion that occurs is abrasion corrosion
and pitting corrosion.
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