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As one of the world's largest archipelagic nations, Indonesia is tasked with the crucial
responsibility of supervising and protecting its territorial waters from threats such as
illegal fishing and damage to coral reefs. The effective and efficient execution of this
task relies heavily on the use of fast patrol boats. Consequently, the need to investigate
the hydrodynamic characteristics of these boats’ hulls is paramount. This study is
primarily focused on the analysis and design of fast patrol boat hull prototypes. Our
objective is to ascertain a practical design methodology that yields the optimal shape
and size of the boat's hull. The adopted research methodology involved the design and
analysis of eleven hull prototypes, evaluated based on resistance, stability, and
seakeeping criteria. Five models were adapted from the reference ship, with a
deadweight tonnage (DWT) variation of 2-3.5 tons. Three models employed the
regression method with a block coefficient (CB) variation of 0.45-0.46, while the
remaining three models utilized the scaling method, derived from the reference ship
with the lowest resistance. The models in both the regression and scaling methods
applied the primary size derived from the linear regression results of the five reference
vessels. From the analysis, it was found that models developed using the regression
method demonstrated superior hydrodynamic characteristics, denoted by consistently
higher total values. This research provides valuable insights for the development of
efficient fast patrol boats, which is crucial for the effective management of Indonesia's
expansive maritime territory.

1. INTRODUCTION

Indonesia, are equipped to build corvettes, LPDs, and
submarines [5]. Patrol boats form an essential part of the fleet,

As the world's largest archipelagic nation, Indonesia is
composed of 17,508 islands, including Sumatra, Java,
Kalimantan, Sulawesi, Maluku, and Papua [1]. Historically, as
an archipelagic country, Indonesia has been a significant
producer of essential commodities for the global community,
making its territory a focal point of international interest [2].
Threats to its maritime sector, such as illegal fishing and coral
reef damage, pose serious risks to the aquatic ecosystem. In
addition to overseeing its vast water areas, ports play a
strategic role in facilitating the transport system that connects
regions and countries [3]. Economically, ports serve as
distribution channels for production, and socially, they
function as interaction points for users [4]. Consequently, it is
incumbent upon Indonesia to supervise and safeguard its water
areas and ports, with a robust fleet serving as the primary
means of addressing threats within the territory of the Unitary
State of the Republic of Indonesia.

Indonesia is home to local shipyards that construct various
fast patrol boats, and specific shipyards, such as PT. PAL
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designed to supervise and guard the coast and waters. These
boats are engineered to attain high speed and maintain good
stability. Planing vessels, which are superficial in design and
easier to assess performance-wise than multihulls, hydrofoil
crafts, and hovercrafts, are commonly used for patrol, coast
guard, and minor naval operations [6, 7]. The design of a
planing patrol boat necessitates hydrodynamic analysis and
prototype creation.

The hull prototype is scaled from the actual ship, making
accuracy a paramount concern. Any error would be magnified
when the prototype object is scaled to its actual size [8]. Hence,
detailed planing for modeling is essential. The conversion of
the primary size of the ship to a smaller size must consider
multiple views, including the Plan View (from above),
Elevation View (from the side), Section View (interior),
Perspective View (perspective object), and Exploded View
(order of assembly). To verify the analysis results without
incurring high costs, a prototype ship is created based on the
actual-size ship. A hydrodynamic analysis conducted on the
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ship prototype should be comparable to that of the actual-size
ship, enabling the detection of design errors. Previous research
on the hull prototype focused on the impact of hull
modification on resistance values [9]. Investigations of the hull,
based on resistance criteria, utilized the Holtrop regression
method and the Savitsky mathematical model [10]. The design
characteristics of a monohull, serving as a medical and
logistical vessel for COVID-19, were also analyzed [11].

The application of hull prototypes can serve as a valuable
aid in facilitating human tasks. Prior research has centered on
the finite element analysis (FEA) of autonomous Unmanned
Surface Vehicles (USV) for fish-feeding vessels [12]. Ship
prototypes are also employed for scientific competitions,
fostering research development related to hull design.
Investigations involving ship prototypes aim to develop an
efficient hull design model anchored on hydrodynamic
characteristics, thereby envisaging the prototype's
transformation into a real boat through meticulous planing.

The preliminary phase in the fundamental design of a ship
entails the formulation of a design concept and initial
configuration. The design concept is ascertained by
understanding the primary dimensions of the boat. These
dimensions, which include overall length, beam, draft, power,
and speed, can be estimated using a regression method, with
each dimension regressed to deadweight [13]. After
determining the primary size of the ship from the regression
results, it is then scaled to the prototype size. Existing research
has explored the comparison of hydrodynamic characteristics
in regression and scaling methods without explicitly
comparing these two methods. Hence, this study undertakes
multiple variations of the primary ship size, such as the
regression method and the scaling method, and conducts a
comparative analysis with the reference ship.

This research concentrates on the alterations in
hydrodynamic characteristics (resistance, stability, and
seakeeping) in patrol boat design methods derived from
reference ships, regression, and scaling methods. These are
compared based on Multi-Attribute Decision Making. This
study incorporates the analysis of the KN value in stability
analysis, which typically utilizes Large Angle Stability in
contemporary research. The objective of this research is to
evaluate various design variations in accordance with the
selected design method. Design variations are scrutinized
based on hydrodynamic characteristics, with the aim to yield
the optimal design. This could potentially serve as a reference
in planing the realization of an actual ship, tailored to the needs
of fast patrol boats. Hydrodynamic analysis employing
Maxsurf software simulation encompasses resistance with the
Savitsky planing method, stability in the form of KN value and
large angle stability analysis, and seakeeping.

2. LITERATURE REVIEW

The design of the ship prototype is based on a reference ship
that has been created by experts. This is because the ship
design takes a long time to find a feasible design [14, 15]. So,
it is enough to have a general concept based on the selected
reference ship. In the early stages, hull and compartment
modeling with parameters of overall length, beam, depth, and
all the locations of the bulkheads that make up the
compartment [ 16]. Determining the main size of the ship is the
basis for designing a ship. The main size of the ship will also
affect the shape and results of the hydrodynamic analysis.
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Mathematical models with regression analysis can determine
the main size of the new ship based on several reference
vessels [17]. The scaling method is used to convert the main
dimensions of the actual ship to the size of the prototype.

2.1 Regression method

Regression analysis aims to analyze the correlation between
several independent variables or predictors [18, 19]. There is
a variable as a cause, for example, variable X and a variable as
a result, for example variable Y. The ship design process can
use regression analysis with one of the parameters as a fixed
variable. So, length overall (LOA), beam (B), depth (D) has
been regressed against deadweight tonnage (DWT). So that
there is a straight line which is a relationship between several
coordinates or variables is called linear regression. The
straight line in this linear regression is like a gradient line that
follows Eq. (1) [20].

F(x)=ax+b (1

where, F(x) as y. x and y are variables and a and b are constants.
2.2 Prototype scale

Ship size is the basic concept of ship scale [21]. The scale
method can be used to make prototype on ship without
changing the shape of the ship. So that the comparison
between the actual size of the ship is comparable to the size of
the ship prototype. The comparison includes length overall
with beam (L/B), length overall with depth (L/D), and beam
with depth (B/D). Prototype scale can be used as analysis,
simulation, and evaluation directly and can be adapted to
various algorithms for modelling [22]. Research on model
prototypes can also hone the final design with modeling
assumptions and simplification [23]. In previous research the
ship model was also scaled into two ship models that have
different main size ratio [24]. In addition, a prototype scale can
also be carried out to analyze propeller based on actual size of
ship’s propeller [25].

2.3 Ship resistance

Ship resistance is a force that is opposite to the direction of
the ship's motion [26]. Ship drag is influenced by several
factors including keel condition, submerged hull form at the
bow and stern, wetted surface area, and length of waterline
(LWL) [27]. Ship resistance must be predicted because drag is
very important in ship hydrodynamics [28, 29]. Therefore, in
the ship design stage, it is necessary to plan for ship resistance.
The patrol boat hull must produce low ship resistance in order
to have a high ship speed. Total resistance consists of frictional
resistance, viscous pressure resistance, and wave resistance.
The total resistance has the equation shown in Eq. (2) [30].

Ry = Rp + Ryp + Ry )
where, Ry is the total resistance, Rr is the frictional resistance,
Ryp is the viscous pressure resistance, and Ry is the wave
resistance.

Frictional resistance is a function of the Reynolds number
(Rn) and the residual resistance is a function of the Froude
number (Fr) [31]. Frictional resistance is influenced by
Reynolds number, water density, velocity, and wetted surface



area. The equation for the Reynolds number and the coefficient
of frictional resistance are shown in Egs. (3) to (5) [31].

V. X LWL
= X LWL 3)
v
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where, R, is the Reynolds number; V' is speed (m/s); v is the
viscosity of water (m?/s); LWL is the length of the waterline
(m); Cr is the coefficient of frictional resistance; Ry is
frictional resistance (N); p is the density of water (kg/m?); Aws
is wet hull surface (m?).

Viscous pressure resistance can affect the trim angle of the
ship [32]. Viscous pressure resistance is included in the
residual resistance on the ship. Equation of the coefficient of
viscous drag and viscous resistance is shown in Eqgs. (6) and

(7) [33].
Cy

F

(6)
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where, /+k is the ITTC57 correlation line depending on the
Reynolds number [33].

Froude number is a dimensionless number that occurs in the
flow around the ship's hull which functions to determine ship
type criteria [34]. Froude number equation is shown in Eq. (8)
[35].

®)

where, v is the speed of the ship (m/s), g is the constant of
gravity (9.8 m/s?), and L is the length of the ship (m).
Hydrodynamic characteristics of ships can be determined
through numerical calculations including wetted surface, drag
and resistance [36, 37]. Savitsky method was applied to the
planing hull [38, 39]. Daniel Savitsky conducted research on
ship hydrodynamics by estimating ship resistance and trim
angle [40]. Daniel Savitsky's equation is shown in Eq. (9) [41].

0.5pV2Ab2Cs
COST

Ry = Atant + )

where, 7 is the trim angle, and Cr is the coefficient of frictional
resistance.

2.4 Ship stability

Stability Regulations of the International Maritime
Organization (IMO) aim to improve ship safety based on safe
ship stability [42]. Ship stability regulations have been
determined for each of the different type of ship. In addition,
IMO also discusses failures in stability including loss of
stability, parametric roll, surf riding or broaching, dead ship
conditions, and excessive acceleration [43]. This proves that
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the stability of the ship is one of the factors in the safety of the
ship in sailing. There are important points in ship stability,
namely the metacentric point (M), the buoyancy point (B), the
gravity point (G), and the keel point (K). The location of the
stability points is shown in Figure 1.

Buoyancy

M

DWL

=

K

Weight

Figure 1. Stability points of ship

KN value or also called the cross curved of stability is the
relationship between the righting arm and the displacement of
a certain heel angle [44]. The value of KN depends on the
geometry of the submerged volume and does not depend on
the center of gravity. During each ship's journey, the condition
of the cargo and the amount of ballast always change. So, the
center of gravity (G) of the ship is not always fixed. KN value
equation is shown in Egs. (10) and (11) [44].

KN = KN (a, 4) (10)

KN =GZ + KG sinsina (11

GZ value is the perpendicular distance between the lines of
action [45]. The higher the GZ value, the ship can be said to
have good stability. This is because the ship has the maximum
moment force to return to the upright position of the ship.
International Maritime Organization issues ship stability
regulations based on GZ values. This regulation is stated in
Code A.749 (18) Chapter 3, Design Criteria Applicacle to All
Ships [46].

2.5 Ship seakeeping

Ship seakeeping has an impact on the eligibility of ship
passengers, the use of ships, the safety of ships, both merchant
ships and naval vessels [47]. Seakeeping is the motion of the
ship caused by the aquatic environment such as ocean waves.
Ship movement behavior is very important to predict
accurately at the ship design stage [48]. The complex marine
environment is the main thing that needs to be considered in
ship design. Seakeeping is a popular topic in ship architecture
but has not been able to obtain maximum results due to the
complexity of the fluid structure, amplitude of motion, and
ship speed [49]. The ship experiences movement due to wave
treatment, namely displacement movements (swaying,
heaving, surging) and angular movements (pitching, rolling,

yawing).
2.6 Multi-attribute decision making

Multi Attribute Decision Making is a method of making
conclusions or in the form of decisions based on attributes or
criteria used as boundaries [50]. This method uses a simple
weighting called Simple Additive Weighting (SAW) which is



usually used by practitioners [51]. The SAW method has a
basic concept by adding up the weights based on performance
ratings. This method requires data normalization so that it can
be compared to all existing alternatives. The normalization
equation is shown in Egs. (12) and (13).

Xij

7= i, 12
n

Vi = Z Wity (13)
j=1

where, V is the preference value, w is the criterion weight, and
7 is the alternative normalized value.

3. METHODOLOGY

The research method consists of several stages: data
collection, data processing, simulation design, and data
analysis. The reference vessel was selected based on the actual
vessel size in the data collection stage. The selection of
reference ships is five patrol boats. Furthermore, the five
reference ships did 3D modeling using the Maxsurf Modeler
software. The five reference ship designs are scaled as a
prototype with an overall length of 1 m. Then the design of the
reference ship prototype carried out data processing with the
regression approach method. This stage produces one primary
ship size data from the regression results.

The next stage is to model three variations of the new hull
according to the design needs. The modeling is done by using
Maxsurf Modeler software. The primary size of the ship is the
regression data from the five reference ship prototype designs.
So, the three variations of the hull produce the same primary
dimension of the boat with different hull shapes.

Next, three ship models were selected from the five
reference ships for scale-down. It also requires Maxsurf
Modeler software in the modeling. These three ship models
use the primary size data from the regression results so that
eleven models were made, including five reference ship
prototype designs, three new ship prototype designs with
regression results, and three ship prototype designs from five
reference ship designs with regression results.

All ship prototype designs were simulated using the
Maxsurf Resistance, Maxsurf Stability, and Maxsurf Motion
software. The simulation results were analyzed based on the
hydrodynamic characteristics consisting of the ship's total
resistance, the boat's stability, and the seakeeping of the vessel.
This research can evaluate the hull design method based on
hydrodynamic characteristics.

3.1 Reference ship

The selected reference ship uses a patrol boat type. The
main size of the ship must be determined before 3D modeling
of the hull is carried out [52-55]. According to the patrol boat,
the selected reference vessel is the type of hull that uses a v-
hull. They have a large Deadweight Tonnage (DWT) ranging
from 2-3.5 tons to be a reference in carrying out regression to
make the regression results more accurate. Then have a
comparison between Length Overall with Beam (LOA/B),
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Length Overall with Depth (LOA/D), and Beam with Depth
(B/D), which are not too far from one hull to another, to
produce a linear regression graph. The selection of a reference
vessel also considers the lines plan a company has shown so
that 3D hull modeling can be carried out. Five reference ships
were selected with the main ship size specifications shown in
Table 1.

Table 1. Specification of the main size of the reference ships

Type of Hull

High Light Aresa

Parameters  Speed SMIT Weight Fast 1300

Patrol Police
Rescue Boat Rescue Boat S

Craft Craft RHIB

DWT (t) 3.20 2.30 3.00 2.50 2.10
LOA (m) 11.70 13.20 13.70 1495 13.20
Beam (m) 4.20 4.10 4.20 4.10 3.60
Depth (m) 1.60 1.60 1.60 1.94 1.82
Draft (m) 0.70 0.70 0.70 0.85 0.80
LWL (m) 11.29 11.49 12.84 13.70 11.92
Cs(-) 0.435 0.530 0.435 0.421 0.454
Disp. (t) 10.91 17.27 13.01 1893 1456

In general, several parameters in the ship's main dimensions
are used as the basis for ship architecture. These parameters
are as follows:

1. Deadweight Tonnage (DWT) is the amount of weight that
can be accommodated by the ship to make the ship
immersed to the permissible limit.

Length Overall (LOA) is the total length of the ship
measured from bow to stern.

Beam (B) is the overall width of the ship as measured from
the widest point.

Depth (D) is the depth of the hull measured from the deck
to the keel.

Draft (T) in height measured from the LWL line to the keel.
Length of Waterline (LWL) is the length of the ship's
waterline measured from bow to stern.

Coefficient Block (CB) is the ratio of the volume due to
the ship to the volume of the block submerged in the water.
Displacement (Disp.) is the weight of the ship and all cargo.

The process of modeling the hull 3D using the Maxsurf

Modeler software. The dimensions of the five reference hulls

are scaled to the prototype's size, which has an Overall Length

of 1 m. The shape of the hull is designed based on the lines
plan that has been made. The 3D design of the ship's hull is

shown in Figure 2.

7.

8.

w‘
(a) High Speed Rescue Craft (b) SMIT Patrol Boat
(c) Light Weight Rescue
Craft

=

(e) Aresa 1300 Sentinel RHIB

(d) Fast Police Boat

Figure 2. 3D hull design on reference ships



3.2 Regression method

The primary size of the ship can be determined by the
regression method of the selected reference ship. The size is a
variable relationship, namely DWT, which produces variables
due to Overall Length, Beam, and Draft [16]. The regression

method is a straight line formed due to several causal variables.

The graph of the regression results of the five reference ships
is shown in Figure 3. Five reference ships were obtained due
to limited data in the form of a lines plan which is the secret of
the patrol ship company. So, generating numbers is needed to
produce strong regression results. Generate a number using the
rand between functions with an upper and lower limit, namely
the selected reference ship. This function is performed by
taking random data, as much as 70 data, according to the
primary size of the reference ship.

Figure 3 shows a graph of the linear regression results of the
five reference ships. The regression uses a DWT target of 2.6
tons. So that the equation of each effect variable is obtained,
which consists of Overall Length, Beam, Depth, and Draft, this
equation is used to determine a new dimension specification
for the hull shown in Table 2.

Table 2. The new main dimensions on patrol boat

Parameters - Value -
Real Ship Prototype Ship
Length Overall (m) 13.37022 1.00
Beam (m) 4.03166 0.30
Depth (m) 1.71562 0.13
Draft (m) 0.75174 0.06
16
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Figure 4. 3D hull design from regression results

The ship's main size specifications were used in the 3D
modeling the new hull. The hull was made of three boats with
the same primary size but different shapes. The primary
dimension of the ship from the regression is done by scaling
in the form of a prototype ship with an Overall Length of 1 m.
The three hulls are Regression A, Regression B, and
Regression C. The design of the three hulls is shown in Figure
4.

3.3 Scaling method

The design scale method was used for three hull prototypes
selected from the reference ship based on the minor total ship
resistance. The three hull prototypes used the regression
results from the five reference ships shown in Table 2. The
selected reference ship was simulated for resistance using
Maxsurf Resistance software. The purpose of obstacle
simulations is to choose the three best reference ships used for
the scaling method in 3D modeling. Thus, three models will
be taken from the five reference ships based on the smallest
resistance value. It is necessary to properly compare with other
design methods. The basic principle of the Savitsky method is
a mathematical model that considers several possibilities that
affect the ship's resistance. According to Savitsky, the aspect
that most influence the value of drag is when the boat has a
planing speed (Fr>1.5), which causes lift on the ship's bow,
also called the trim angle or angle of attack in hydrodynamic
theory. Therefore, at the trim angle, there is a frictional
resistance related to the fluid viscosity force (Reynolds
number).

The Savitsky total resistance formula is shown in Eq. (14).

1/,pv2ab%cp
costcosf3

R = Atant + (14)
where, Rr is total resistance, 4 is the average value of the ratio
between length and width in the wet area of the ship, p is water
density, 7 is the trim angle, b is the maximum chine beam, Cr
is friction coefficient, and § is deadrise angle. The results of



the ship resistance simulation are the data shown in Table 3
and the graph in Figure 5.

Table 3. Resistance simulation results on reference ships

Resistance (N)

High SMIT Light Fast Aresa
Fr. sssecefe Patrol \é\fs'gz‘g Police  1300S
Craft Boat Craft Boat RHIB
0 0 0 0 0 0
0.5 0 0 0 0 0
1 10.99 12.61 8.61 9.89 11.75
15 15.23 14.31 11.39 12.56 14.15
2 20.97 18.36 15.67 16.86 18.02
25 29.10 24.87 21.83 23.20 24.02
3 39.49 33.46 29.72 31.38 31.92

Based on the results of the resistance simulation, the three
reference ship hulls have minor total resistance, namely Aresa
1300 Sentinel RHIB, Fast Police Boat, and Light Weight
Rescue Craft. The total resistance of the ship at Froude number
1.5, respectively, is 14.15N, 12.56 N, and 11.39 N. Meanwhile,
the power required by the boat is 74.22 W, 66.36 W, and 60.91
Ww.

The three hulls are modeled using 3D modeling. The
primary size of the ship regression results in the prototype's
size. The hull designs were named Scale A (Aresa 1300
Sentinel RHIB), Scale B (Fast Police Boat), and Scale C (Light
Weight Rescue Craft). The new design of the three reference
vessels with regression outcome measures is shown in Figure

6.
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Figure 5. Reference ship resistance simulation results graph
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Figure 6. 3D hull design from scaling results

3.4 Ship simulation

The hull prototype design process resulted in eleven models.
The full design consists of five reference hull prototypes, three
hull prototypes resulting from the regression method with
different hull shapes, and three scaling hull prototypes selected
from the five reference vessels based on the minor total drag.
The linear regression method produces one primary ship size
based on the five reference ships. The main dimensions
measure three new hull prototypes and three scaled hull
prototypes. Then eleven models were simulated, including
resistance, stability, and seakeeping, using Maxsurf software
[56-59].

Ship resistance simulation using the Savitsky method at
planing speed. The controlled variable used is the Froude
number between zero and three with an interval of 0.5. This
simulation produces a graph of the relationship between the
Froude number and the required resistance and power. The
goal is to determine the resistance and power needed against
the Froude number. Therefore, the ship model with the minor
total resistance with a small power can be selected.

Table 4. The similarities and differences between the KN
value and Large Angle Stability analysis

Criteria KN Value Large Angle Stability
Calculgtlon KioN GioZ
location
Heel angle, Draft
Influenced Amidship, Heel angle increase,
Displacement Maximum Displacement
increase
?:E;E;g:f;enlt(ﬂ Determir}e the GZ value
Purpose increase in ata gertam displacement
displacement at a . with regpect to the
certain heel angle increase in heel angle
To determine the To find out the level of
level of stability stability based on the
based on heel angle so that one
Utility displacement so that can estimate if the ship
it can estimate the has a certain
permissible displacement, the heel
displacement angle must be considered
]?grf}fél}égrgg lour :gﬁzl Directly proportional to
Connection in the direction of thg KN value'and.
KG sin a (Heel opposm? in the direction
Angle) of KG sin o (Heel Angle)

Ship stability simulation using KN Value (Cross Curve
Stability) and Large Angle Stability analysis. Both analyses
used a heel angle of 0° to 180° with an interval of 10°. In the
KN Value analysis, input the displacement and draft amidships
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values according to the hydrostatic calculations in the Maxsurf
Modeler software. This analysis produces a graph of the
relationship between displacement and the importance of KN
at a certain heel angle. At the same time, the study of Large
Angle Stability has a graph of the relationship between the
heel angle and the GZ value. The second purpose of this
analysis is to determine the stability of the ship based on the
standards of the International Maritime Organization (IMO).
The similarities and differences between the KN value and
Large Angle Stability analysis are shown in Table 4 and Figure
7.

b= buoyancy

b= buoyancy

Figure 7. Ship stability point

The following simulation analyzes ship seakeeping or ship
motion using the strip theory method. The speed of the ship
used is 10 knots, 20 knots, and 30 knots with variations in the
angle of arrival of the waves, namely 90° (beam sea), 135°
(bow quartering), and 180° (head sea). This simulation uses
the wave spectrum of the Joint North Sea Wave Project
(JONSWAP). Based on the simulation, the Response
Amplitude Operator (RAO) graph includes heaving, rolling,
and pitching. This analysis aims to determine the response of
the ship's motion due to the influence of certain water wave
conditions.

The statistical calculation process is carried out by
comparing the three hull prototype design methods. The
design method consists of a reference ship prototype, a new
hull prototype design with the dimensions of the regression
results, and the scaling method with the dimensions of the
regression results. This calculation aims to analyze the use of
the best design method based on the hydrodynamic
characteristics of the ship, which include resistance, stability,
and seakeeping.

4. RESULTS

The complete design of the hull prototype is compared
between one method and another. Each simulation of the
whole structure of the prototype hull of the ship is equalized.
So, the simulation data can be compared based on the value of
resistance, stability, and seakeeping. The analysis of the
simulation results consists of a reference ship compared with
the regression method, a reference ship compared with the
scaling method, and a regression method compared with the
scaling method.

The high ship speed influences the hull resistance value.
The higher the rate of the ship, the greater the resistance
generated. The method used in the simulation of resistance is
the Savitsky method with planing speed. Generally, vessels
that have high speed use this method. The parameter used is
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Froude number of zero to three with an interval of 0.5. In
addition, the efficiency used is 85%. The analysis compares
the three design methods based on the resistance value.

KN Value and Large Angle Stability analysis determine
ship stability through stability simulation. KN Value analysis
or cross curve stability is used to determine the ship's stability
with different ship displacement parameters at each heel angle
of the boat. While Large Angle Stability is used to determine
the righting lever (GZ Value) based on the ship's total mass at
each heel angle of the boat. The heel angle used is 0° to 180°.
Ship displacement is obtained from hydrostatic calculations in
Maxsurf Modeler software. Ship stability simulation using
seawater density of 1,025 kg/m?.

4.1 Reference ship vs. regression method

The purpose of this comparison is to determine the
effectiveness of the regression method that has been carried
out. This study selected as many as five reference ship hulls to
be compared by other design methods. Then from the five
hulls, linear regression was carried out, which resulted in one
primary size of the ship. Then, the main size of the regression
results is scaled to the prototype size with an Overall Length
of 1 m. The primary dimension of the ship is used in the
regression design method by making three different hull
prototype designs.
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Table 5. Simulation results of ship resistance on reference ships and regression method

Resistance (N)

FI' "HSRC SMIT LWRC FPB ASR Reg. A Reg.B  Reg.C
0 0 0 0 0 0 0 0 0
05 0 0 0 0 0 0 0 0
1 1099 1261 8.61 9.89 11.75 9.54 9.81 10.13
15 1523 1431 1139 1256 14.15 11.82 12.84 12.54
2 20.97 18.36 1567 16.86 18.02 1551 17.36 16.48
25 2910 2487 2183 2320 2402 21.09 23.98 22.43
3 3949 3346 2972 3138 31.92  28.36 32.51 30.18
Table 6. Simulation results of ship power on reference ships and regression method
Fr Power (W)
HSRC SMIT LWRC FPB Aresa Reg. A Reg.B Reg.C
0 0 0 0 0 0 0 0 0
05 0 0 0 0 0 0 0 0
1 39.79 4333 30.70 3483  41.06 33.24 34.29 35.92
15 8269 7372 6091 6636 7422 6179 6732 66.70
2 15184 12619 11174 11876 126.01 108.12 121.40 116.87
25 26336 21359 194.60 204.24 209.90 183.74 209.56 198.85
3 42888 344.89 317.89 33152 33473 296.52 340.97 321.17

Table 7. Simulation results of ship stability on reference ships and regression method

Stability
Angle of
Model Gz (cm) o (deg.) (cm.deg) Vanishing Point
9 (deg.)
High Speed Rescue Craft 5.49 40.9 311.2 92.006
SMIT Patrol Boat 5.66 36.4 324.7 89.935
Light Weight Rescue Craft 4,19 41.8 235.0 90.841
Fast Police Boat 3.61 42.7 211.2 90.971
Aresa 1300 Sentinel RHIB 3.06 345 171.7 88.641
Regression A 3.58 41.8 191.6 86.053
Regression B 4.49 40.9 256.3 90.324
Regression C 3.68 42.7 204.5 90.324

The simulation results of resistance and power in this
comparison are shown in Tables 5 and 6. The simulation
produces a graph of the relationship between Froude number
and resistance and power which is shown in Figure 8.

Based on the simulation of the ship's resistance, different
results were obtained from the two hull design methods.
Sequentially, the hull prototypes that have total resistance
from smallest to largest are Regression A, Light Rescue Boat,
Regression C, Fast Police Boat, Aresa 1300 Sentinel RHIB,
Regression B, SMIT Patrol Boat, and High-Speed Rescue
Boat. The Regression A model has a total resistance of 28.36
N, and the required power is 296.52 W at Froude number 3.
The Light Weight Rescue Craft model has a lower total
resistance and power than Regression B and Regression C.
The Light Weight Rescue Craft has a total resistance of 29.72
N, and the required power is 317.89 W at Froude number 3.
Meanwhile, the model that has the highest total resistance and
power is High-Speed Rescue Craft. The model is included in
the reference ship, which has a total ship resistance of 39.49 N
and a required power of 428.88 W. The data results show that
the design method using linear regression does not always
have a lower total resistance and power than the reference ship.
But in this study, the method that produces the minor total
resistance on the prototype hull is the regression design
method. This can be caused by the influence of the shape of
the hull on the primary size of the hull. In this comparison, the
regression method tends to be more effective than the

reference ship.

Furthermore, a comparison of the ship design method is
carried out based on the ship's stability. Based on the
simulation, a graph shows the GZ curve (righting lever). The
graph shows the relationship between the GZ value and the
ship's heel angle. The simulation results are shown in Table 7.
and the righting lever graph is shown in Figure 9.
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Figure 9. Graphics of simulation results of ship stability on
reference ships and regression method

Based on the stability simulation, the results varied between
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the reference ship and the regression method. The ship hull
prototype model that has the largest GZ value is the SMIT
Patrol Boat model. This model has a GZ value of 5.66 cm with
a maximum tilt angle of 36.4< So, the SMIT Patrol Boat
model has a maximum tilt limit of 36.4 °to return to the ship's
vertical position. The SMIT Patrol Boat Model is the ship
model with the largest curve area on the righting lever chart.
This model has a curve area of 324.7 cm.deg. Then the next
model that has the largest curve area is the High-Speed Rescue
Craft and Regression B models, each of which is 311.2 cm.deg
and 256.3 cm. deg. Meanwhile, the model with the smallest
curve area is the Aresa 1300 Sentinel RHIB. Based on these
data, it can be concluded that the regression method does not
always have good stability.

Simulation of KN value or cross curve stability is an
analysis to measure ship stability at a certain displacement
based on KN distance. The graph of the KN value simulation
results shows the relationship between the KN value and
displacement. The graph is shown in Figure 10.
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Seakeeping is a response to ship movements due to the
influence of certain water waves. The hull design is vital
because of the complexity of the water conditions. It affects
the direction of the ship. So, the seakeeping analysis is needed
to determine the response of the ship's motion to the waters.
This analysis uses the angle of incidence of the waves,
including 90< 135< and 180 < with variations in the speed of
10 knots, 20 knots, and 30 knots. Seakeeping simulation
produces RAO graphs, including heave, roll, and pitch
motions. The graph of RAO heave motion on the comparison
of the reference ship to the regression method at the angle of
incidence of the waves at 90 “with a speed of 30 knots is shown
in Figure 11.

Based on the RAO heave motion graph in Figure 11, it is
found that the ship model that has the lowest motion response
is Regression C. This model has a maximum RAO of 2.4 with
a frequency of 16.65 rad/s. Meanwhile, the ship model that has
the highest motion response is the SMIT Patrol Boat. This
model has a maximum RAO of 4.39 with a frequency of 16.61
rad/s. All models have charts with the same trend in the
heaving movement. Thus, the ship design method that has the
lowest heave motion response is the regression method. Waves
with an incident angle of 90 °have a maximum value different
from the wave frequency, so they don't experience
superposition. Ships are more stable because they do not
receive multiple waves simultaneously.

The graph of RAO roll motion on the comparison of the
reference ship to the regression method at the angle of
incidence of the waves at 90 “with a speed of 30 knots is shown
in Figure 12.

Roll movement is the movement of the ship to the right and
left from the direction of the ship's speed. Based on the RAO
roll motion graph, the model with the lowest RAO roll is
obtained, namely Light Weight Rescue Craft. This model has
a maximum RAO of 6.40 with a frequency of 7.47 rad/s. The
Light Weight Rescue Craft has a lower rolling RAO than the
Regression B model. The reference ship is superior to the

regression method based on the simulated roll motion results.
Waves do not experience superposition due to different peak
frequencies, so the boat is more stable.

The graph of the RAO pitch motion on the comparison of
the reference ship to the regression method at the angle of
incidence of the waves at 90 “with a speed of 30 knots is shown
in Figure 13.

Based on the seakeeping simulation, the RAO pitch motion
graph shows the same trend between the reference ships with
the regression method. The model that has the lowest RAO
pitch motion is Regression C. This model has an RAO pitch
motion of 0.09 with a frequency of 16.66 rad/s. Meanwhile,
the model with the following lowest RAO pitch mation is the
Light Weight Rescue Craft. The maximum value between
wave frequency and RAO pitch motion of all ships shows the
difference in frequency. So, the waves do not experience
superposition. The boat is more stable because it is not
simultaneously hit by more than one wave.

4.2 Reference ships vs. scaling method

The purpose of this comparison is to determine the
effectiveness of the scaling method on reference vessels. The
five reference hulls are to be compared by the scaling design
method. Three reference ships were selected based on the
required resistance and power values. The boat with the lowest
resistance and power is a scaling model. The scaling ship
models include the Aresa 1300 Sentinel RHIB, Fast Police
Boat, and Light Weight Rescue Craft. The ship scaling model
uses the primary size of the linear regression results from the
five reference ships. The reference ship and scaling ship have
dimensions in prototype size with an overall length of 1 m.

The simulation results of resistance and power in the
comparison between the reference ship and the scaling method
are shown in Tables 8 and 9. The simulation produces a graph
of the relationship between the Froude number and the
resistance and power shown in Figure 14.

Table 8. Simulation results of ship resistance on reference ships and scaling method

Resistance (N)

Fr HSRC SMIT LWRC FPB Aresa Scale A ScaleB ScaleC
0 0 0 0 0 0 0 0 0
0.5 0 0 0 0 0 0 4.01 5.14
1 1099 1261 8.61 9.89 11.75 9.54 8.65 9.53
15 1523 1431 11.39 1256 14.15 11.82 12.77 12.19
2 20.97 18.36 15.67 16.86 18.02 15.51 17.89 16.29
25 29.10 24.87 21.83 23.20 24.02 21.09 24.92 22.33
3 39.49 33.46 29.72 31.38 31.92 28.36 33.85 30.13

Table 9. Simulation results of ship power on reference ships and scaling method

Fr Power (W)
HSRC SMIT LWRC FPB Aresa Scale A ScaleB ScaleC
0 0 0 0 0 0 0 0 0
0.5 0 0 0 0 0 0 7.26 9.16
1 39.79  43.33 30.70 3483 41.06 9.54 31.31 33.99
15 8269 73.72 60.91 66.36 74.22 11.82 69.33 65.23
2 151.84 126.19 111.74 118.76 126.01 15.51 129.53 116.20
25 263.36 21359 194.60 204.24 209.90 21.09 22556  199.07
3 428.88 34489 317.89 33152 33473 28.36 367.59  322.42

The resistance simulation results show variations between
reference vessels using the scaling method. The model with
total resistance from the smallest to the largest sequentially is
Light Weight Rescue Craft, Scale C, Fast Police Boat, Aresa
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1300 Sentinel RHIB, Scale A, SMIT Patrol Boat, Scale B, and
High-Speed Rescue Craft. The Light Weight Rescue Craft
model has a lower total resistance than the Scale C model.
Scale C has a total resistance of 30.13 N, and the required



power is 322.42 W at Froude number 3. The Light Weight
Rescue Craft has a total resistance of 29.72 N, and the required
power is 317.89 W at Froude number 3. Meanwhile, the model
with the highest total resistance and power is High-Speed
Rescue Craft. The data results show that the scaling design
method does not always have a lower total resistance and
power than the reference vessel. This research method
produces a minor total resistance on the prototype ship's hull,
namely the reference ship. In this comparison, the reference
vessel tends to be superior to the scaling method.
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Figure 14. Graphics of simulation results of ship resistance
on reference ships and scaling method

Based on the ship stability simulation, a graph shows the
GZ (righting lever) curve. The graph shows the relationship
between the GZ value and the ship's heel angle. The simulation
results data are shown in Table 10. and the righting lever graph
shown in Figure 15.

Table 10. Simulation results of ship stability on reference ships and scaling method

Model Stability — -
Gz(cm) o (deg) A (cm.deg.) Angle of Vanishing Point (deg.)
High Speed Rescue Craft 5.49 40.9 311.2 92.006
SMIT Patrol Boat 5.66 36.4 324.7 89.935
Light Weight Rescue Craft 4.19 41.8 235.0 90.841
Fast Police Boat 3.61 42.7 211.2 90.971
Aresa 1300 Sentinel RHIB ~ 3.06 345 171.7 88.641
Scale A 401 32.7 226.6 88.771
Scale B 4.20 43.6 238.0 92.380
Scale C 3.67 43.6 204.6 91.100
g highest maximum slope angle of 43.6< The SMIT Patrol Boat
o High Speed Rescue Craf Model is the ship model with the largest curve area on the
6 Light Weight Rescue Craft righting lever chart. This model has a curve area of 324.7
4 e o 1100 et RHIB cm.deg. Then, the next model that has the largest curve area is
g ol the High-Speed Rescue Craft and Regression B models, each
< 2 —&—Scale C of which is 311.2 cm.deg. and 256.3 cm.deg. Meanwhile, the
Z0 : model with the smallest curve area is Aresa 1300 Sentinel
> 5 200 RHIB. Based on these data, it can be concluded that the scaling
S method does not always have good stability.
-4
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Figure 15. Graphics of simulation results of ship stability on 6 *r—r———0—0—0 v iii
reference ships and scaling method z 4 e jndee
; 2 M*. —0—120¢e§:
The comparison between the reference ship and the scaling 5 0 = O | T 0
o—r £
ship found that the SMIT Patrol Boat model has the highest 2 2 4 6 o
GZ value of 5.66 cm. The SMIT Patrol Boat model has a -4 e
maximum slope of 36.4°to return to the vertical position of -6 :
the ship. The next model with the highest GZ value is the -8
High-Speed Rescue Craft of 5.49 cm with an angle of 40.9< Displacement (kg)
Scale A and B are in the third and fourth positions based on (a) Scale A

the highest GZ value. However, Scale B and C have the
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Figure 16. Graphics of cross curve stability

Cross-curve stability aims to measure the ship’s stability at
a particular displacement based on the KN distance.
Displacement is taken from hydrostatic calculations on the
hull prototype. The KN value simulation results graph shows
the relationship between the KN value and displacement. The
graph of the KN value in this comparison is shown in Figure
16.

Water waves cause the ship to have a motion response
consisting of heaving, rolling, and pitching. Seakeeping
analysis is needed to determine the response of the ship's
motion to complex water waves. This analysis uses the angle
of incidence of the waves, including 90< 135< and 180 < with
variations in the speed of 10 knots, 20 knots, and 30 knots.
Seakeeping simulation produces RAQ graphs, including heave,
roll, and pitch motions. The graph of RAO heave motion on
the comparison of the reference ship to the scaling method at
an angle of 90°of wave incidence at a speed of 30 knots is
shown in Figure 17.
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and scaling method

Based on the RAO heave motion graph, it is found that the
ship model has the lowest motion response, namely Scale C.
This model has a maximum RAO heave motion of 2.24 with a
frequency of 16.81 rad/s. At the same time, the ship model that
has the highest motion response is Scale A. This model has a
maximum RAO heave motion of 4.85 with a frequency of
16.88 rad/s. All models have charts with the same trend in the
heaving movement. Thus, the ship design method with the
lowest heave motion response is the scaling method, but in this
comparison, the scaling method also has the highest heave
motion response. Waves with an incident angle of 90<have a
maximum value different from the wave frequency, so they
don't experience superposition. Ships are more stable because
they do not receive multiple waves simultaneously.

The graph of RAO roll motion on the comparison of the
reference ship to the scaling method at an angle of 90 <of wave
incidence with a speed of 30 knots is shown in Figure 18.

Based on the RAO roll motion graph, the model with the
lowest rolling RAO is Light Weight Rescue Craft. The model
has a maximum RAO of 6.40 with a frequency of 7.47 rad/s.
The Light Weight Rescue Craft has a lower rolling RAO than
the Scale B model. Meanwhile, the model with the highest roll
motion RAO is the High-Speed Rescue Craft of 6.67 with a
frequency of 6.81 rad/s. The scaling model is not necessarily
superior to the reference ship. The waves do not experience
superposition due to the different peak frequencies, so the boat
is more stable.

The graph of the RAO pitch motion on the comparison of
the reference ship to the scaling method at an angle of 90
waves at a speed of 30 knots is shown in Figure 19.
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Based on the seakeeping simulation, the model has the
lowest RAO pitch motion, Scale C. This model has an RAO
pitch motion of 0.08 with a frequency of 16.81 rad/s.
Meanwhile, the model with the following lowest RAO pitch
motion is the Light Weight Rescue Craft. The Scale B model
has nearly the same peak RAO pitch motion as the Light
Weight Rescue Craft. The peak wave frequency with the RAO
pitch motion of the entire ship shows the difference in
frequency. So that the waves do not experience superposition
which makes the boat more stable.

4.3 Regression method vs scaling method

These two methods were compared to determine the
effectiveness of the regression and scaling methods. All
models in these two methods have dimensional equations
using the primary size of the ship from the regression results
of the five selected reference ships. But the models in the
regression and scaling methods have differences regarding the
shape of the hull prototype. So, in this comparison, the best
hull shape can be determined based on hydrostatic
characteristics. The hull prototype of the regression method
consists of Regression A, Regression B, and Regression C.
The prototype of the hull of the scaling method consists of
Scale A, Scale B, and Scale C. The three models in the scaling
method are taken from the reference ship based on the
resistance and power values required at most low. Scale A is
born from the Aresa 1300 Sentinel RHIB model, Scale B from
the High-Speed Rescue Craft model, and Scale C from the
Light Weight Rescue Craft. The models in these two methods
have dimensions in the prototype with an overall length of 1
m.

The simulation results of resistance and power in the
comparison between the regression method and the scaling
method are shown in Tables 11 and 12. The simulation
produces a graph of the relationship between the Froude
number and the resistance and power shown in Figure 20.

Table 11. Simulation results of ship resistance on regression
method and scaling method

Resistance (N)

Fr Reg. Reg. Scale  Scale Scale
Reg A g C A B C
0 0 0 0 0 0 0
0.5 0 0 0 0 4.01 5.14
1 9.54 9.81 10.13 9.54 8.65 9.53
15 11.82 1284 1254 11.82 1277 1219
2 15.51 17.36 16.48 1551 17.89 16.29
2.5 21.09 2398 2243 21.09 2492 2233
3 28.36 3251 3018 2836 3385 3013

Table 12. Simulation results of ship power on regression

method and scaling method

Power (W)
Fr Reg. Reg. Scale  Scale  Scale
Reg. A B c A B c
0 0 0 0 0 0 0
0.5 0 0 0 0 7.26 9.16
1 33.24 3429 35.92 9.54 31.31 3399
15 61.79 67.32 66.70 1182 69.33 65.23
2 108.12 121.40 116.87 1551 129,53 116.20
25 183.74 20956 198.85 21.09 225,56 199.07
3 296.52 34097 321.17 2836 367.59 322.42
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The model that has the total resistance from the smallest to
the largest sequentially in this comparison is Regression A,
Scale C, Regression C, Regression B, Scale A, and Scale B.
Regression A has a lower total resistance than the Scale C
model. 30 knots, Regression C has a curve that coincides with
Scale C. But at the initial speed, Scale C has lower resistance
than Regression C. The model that has the lowest resistance
and power values is Regression A. The resistance of the
Regression A model is 28.36 N with a power of 296.52 W.
While the model with the highest resistance and power is Scale
B with a magnitude of 33.85 N and 367.59 W, respectively. In
this comparison, the regression method tends to be superior to
the scaling method.
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Figure 20. Graphics of simulation results of ship resistance
on regression method and scaling method

Based on the ship stability simulation, a graph shows the
GZ (righting lever) curve. The graph shows the relationship
between the GZ value and the ship's heel angle. The simulation
results in data are shown in Table 13. The righting lever graph
is in Figure 21.

In the comparison between the regression method and
scaling, the Regression B model had the highest GZ value of
4.49 cm. This model has a maximum tilt limit of 40.9 <to return
to the vertical position of the ship. The next model with the
highest GZ value is Scale B of 4.20 cm with an angle of 43.6<
But Scale B and C have the highest maximum tilt angle of
43.6< Regression B is the ship model with the largest curve
area on the righting lever chart. This model has a curve area of
256.3 cm.deg. Then the next model that has the largest curve
area is Scale B and Scale A, each of which is 238 cm.deg. and



226.6 cm. deg. Meanwhile, the model that has the smallest
curve area is Regression A. Based on these data, the scaling
method is superior to the regression method based on the area
under the curve and the maximum slope angle.

Table 13. Simulation results of ship stability regression
method and scaling method

Stability
A Angle of

Model Gz (cm) (dgg) (cm.d Vanishing

' eg.) Point (deg.)
Regression A 3.58 41.8 191.6 86.053
Regression B 4.49 40.9 256.3 90.324
Regression C 3.68 42.7 204.5 90.324
Scale A 4.01 32.7 226.6 88.771
Scale B 4.20 43.6 238.0 92.380
Scale C 3.67 43.6 204.6 91.100
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Figure 21. Graphics of simulation results of ship stability
regression method and scaling method

Furthermore, ship stability is measured based on certain
displacement conditions. This analysis is called Cross curve
stability or KN value. The research aims to measure the ship's
stability at a particular displacement based on the KN distance.
Displacement is taken from hydrostatic calculations on the
hull prototype. The KN value simulation results graph shows
the relationship between the KN value and displacement. The
graph of the KN value in this comparison is shown in Figure

22.
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Seakeeping analysis is needed to determine the response of
the ship's motion to complex water waves. This analysis uses
the angle of incidence of the waves, including 90< 135< and
180< with variations in the speed of 10 knots, 20 knots, and
30 knots. Seakeeping simulation produces RAQO graphs,
including heave, roll, and pitch motions. The graph of RAO
heave motion on the comparison of the regression method with
the scaling method at an incident angle of 90 °waves with a
speed of 30 knots is shown in Figure 23.
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Figure 23. RAO heave motion graph between regression
method and scaling method

Based on the RAO heave motion graph, values are obtained
from lowest to highest sequentially: Scale C, Regression C,
Scale B, Regression A, Regression B, and Scale A. The ship
model that has the lowest motion response is Scale C. This
model has a maximum RAO heave motion of 2.24 with a
frequency of 16.81 rad/s. Regression C has a higher RAO
heave motion than Scale C. Meanwhile, Scale A is the ship
model with the highest motion response. This model has a
maximum RAO heave motion of 4.85 with a frequency of
16.88 rad/s. The model in the scaling method has a higher
average RAO heave motion than the regression method. Thus,
the ship design method with the lowest heave motion response
is the scaling method, but in this comparison, the scaling
method also has the highest heave motion response. Waves
with an incident angle of 90 “have a maximum value different
from the wave frequency, so they don't experience
superposition. Ships are more stable because they do not
receive multiple waves simultaneously.

The RAO roll motion graph on the comparison of the



regression method with the scaling method at an angle of
incidence of waves of 90°with a speed of 30 knots is shown
in Figure 24.
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Figure 24. RAO roll motion graph between regression
method and scaling method

Based on the RAO roll motion graph, the model has the
lowest to highest RAO rolling sequentially: Scale B,
Regression B, Scale A, Scale C, Regression C, and Regression
A. Model Scale B has a maximum RAO of 6.50 with a
frequency of 6.97 rad/s. Regression B has a higher rolling
RAO than the Scale B model. Meanwhile, the model with the
highest RAO roll motion is Regression A of 6.68 with a
frequency of 7.57 rad/s. The model in the scaling method has
a lower average RAO heave motion than the regression
method. So the scaling method, in this case, is superior to the
regression method. The waves do not experience superposition
due to the different peak frequencies, making the ship more
stable. The RAO pitch motion graph for the comparison of the
regression method to the scaling method at an angle of 90<
waves at a speed of 30 knots is shown in Figure 25.
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Figure 25. RAO pitch motion graph between regression
method and scaling method

Based on the RAO pitch motion graph, values are obtained
from lowest to highest sequentially: Scale C, Regression C,
Scale B, Regression A, Regression B, and Scale A. The
comparison results obtained are the same as RAO heave
motion. The ship model that has the lowest motion response is
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Scale C. This model has a maximum RAO pitch motion of
0.08 with a frequency of 16.82 rad/s. Regression C has a
higher RAO heave motion than Scale C.

Meanwhile, Scale A is the ship model with the highest
motion response. This model has a maximum RAO heave
motion of 0.18 with a frequency of 16.88 rad/s. The model in
the scaling method has a higher average RAO pitch motion
than the regression method. Thus, the ship design method with
the lowest pitch motion response is the scaling method, but in
this comparison, the scaling method also has the highest pitch
motion response. Waves with an incident angle of 90<have a
maximum value different from the wave frequency, so they
don't experience superposition. Ships are more stable because
they do not receive multiple waves simultaneously.

5. OVERALL DISCUSSION

All hull prototype models have been compared between one
method and another. The method consists of a reference ship,
regression, and scaling method with eleven hull prototype
models. The simulation results compare the reference vessel
with the regression method, the reference vessel with the
scaling method, and the regression method with the scaling
method based on hydrostatic characteristics. These
characteristics include resistance, stability, and seakeeping,
simulated using Maxsurf software. Then, the data from the
simulation results are recapitulated as a whole. The best design
method and hull prototype model are determined based on
Multi-Attribute Decision Making (MADM). MADM can be
concluded as a method to find alternatives from many
alternatives with specific criteria. MADM aims to determine
the weight value for each attribute, followed by the ranking
process. This MADM also uses Fuzzy Attributes (FMADM)
principles, which generally go through the following five
algorithms.

1.  Give the value of each alternative (Ai) on each criterion
(G).

2. Gives a weight value (W) on each criterion (C;).

3. Normalize the matrix by calculating the normalized
performance rating value (r;;) of the alternative A;on the
attribute.

4. Carry out the ranking process by multiplying the
normalized matrix (R) with the weight value (W).

5. Determine the preference value for each alternative (V;)

by adding up the product of the normalized matrix (R)
with the weight value (W). A larger V; value indicates that
alternative A; is more selected.

5.1 Ship resistance analysis recapitulation

The resistance simulation aims to determine the total
resistance generated by the hull prototype model and the
required power. The simulation results present a relationship
graph between the Froude number, resistance, and power. All
models produce varying total resistance and power. So that
one method with another can be compared to determine the
effectiveness of the design method and the best ship hull. The
recapitulation of the results of the resistance analysis for all
models at a Froude number of 3 is presented in Table 14.



Table 14. Recapitulation of resistance analysis

Resistance (Fr=3)

Method Model Resistance (N) Power (W)
High Speed Rescue Craft 39.49 428.88
SMIT Patrol Boat 33.46 344.89
Reference ship Light Weight Rescue Craft 29.72 317.89
Fast Police Boat 31.38 331.52
Aresa 1300 Sentinel RHIB 31.92 334.73
Regression A 28.36 296.52
Regression Regression B 32,51 340.97
Regression C 30.18 321.17
Scale A 33.11 347.09
Scaling Scale B 33.85 367.59
Scale C 30.13 322.42

5.2 Ship stability analysis recapitulation

Ship stability simulation aims to determine the level of
stability in all models based on certain displacement
conditions. This simulation uses analysis of large angle
stability and KN value. Large angle stability analysis produces
a righting lever graph in the relationship between the heel
angle and the GZ value at a certain displacement. Meanwhile,

the KN value makes a cross-curve stability graph in the
relationship between several displacements and the KN value
at a certain heel angle. Displacement and draft are determined
based on hydrostatic calculations. The heel angle used is 0°to
180< The recapitulation of the large angle stability analysis is
presented in Table 15. The KN value analysis at the maximum
displacement of each model is shown in Table 16.

Table 15. Recapitulation of large angle stability analysis

Stability
Method Model GZ (cm) a(deg) Area(cm.deg.) Angle of Vanishing Point (deg)
High Speed Rescue Craft 5.49 40.9 311.2 92.006
SMIT Patrol Boat 5.66 36.4 324.7 89.935
Reference ships  Light Weight Rescue Craft 4.19 41.8 235.0 90.841
Fast Police Boat 3.61 42.7 211.2 90.971
Aresa 1300 Sentinel RHIB 3.06 345 171.7 88.641
Regression A 3.58 41.8 191.6 86.053
Regression Regression B 4.49 40.9 256.3 90.324
Regression C 3.68 42.7 204.5 90.324
Scale A 4.01 32.7 226.6 88.771
Scaling Scale B 4.20 43.6 238.0 92.380
Scale C 3.67 43.6 204.6 91.100

Table 16. Recapitulation of KN value analysis

KN Value (cm)

Model Disp. (k0) 55 deg 60deg 90deg 120deg 150deg 180 deg
High Speed Rescue Craft 6.80 9.42 12.09 9.15 3.47 2.48 0.00
SMIT Patrol Boat 7.50 9.29 10.74 7.60 2.27 2.95 0.00
Light Weight Rescue Craft 5.00 7.61 10.13 7.85 3.21 1.65 0.00
Fast Police Boat 5.70 7.29 10.20 8.39 3.94 0.90 0.00
Aresa 1300 Sentinel RHIB 6.20 6.76 8.65 7.39 3.90 0.11 0.00
Regression A 5.49 7.65 10.75 8.63 3.84 1.29 0.00
Regression B 6.10 8.24 10.86 8.43 3.48 1.63 0.00
Regression C 5.90 7.34 10.25 8.36 3.93 0.81 0.00
Scale A 6.30 7.47 8.78 6.86 2.92 1.28 0.00
Scale B 5.30 7.71 10.73 8.56 3.77 142 0.00
Scale C 5.50 7.26 10.42 8.57 4.06 0.84 0.00
Table 17. Recapitulation of seakeeping analysis
Seakeeping
Method Model Heaving (m/m) Rolling (rad/rad) Pitching (rad/rad)
High Speed Rescue Craft 3.712 6.659 0.145
SMIT Patrol Boat 4.378 6.623 0.164
Reference ship  Light Weight Rescue Craft 2.863 6.389 0.112
Fast Police Boat 4.207 6.668 0.151
Aresa 1300 Sentinel RHIB 4.005 6.576 0.153
Regression A 3.442 6.670 0.124
Regression Regression B 3.559 6.505 0.127
Regression C 2.376 6.636 0.116
Scale A 4.819 6.608 0.177
Scaling Scale B 2917 6.648 0.119
Scale C 2.237 6.607 0.118
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5.3 Ship seakeeping analysis recapitulation

Seakeeping simulation aims to determine the ship's motion
response due to the influence of water waves. This simulation
uses strip theory with the Joint North Sea Wave Project
(JONSWAP) wave spectrum. So, the seakeeping simulation
produces a Response Amplitude Operator (RAQO) graph,
which includes heaving, rolling, and pitching. All models were
compared with the same seakeeping criteria, namely at a speed
of 30 knots with a wave angle of 90< The recapitulation of
seakeeping analysis results for all models is shown in Table
17.

5.4 The best design method based on Multi-Attribute
Decision Making

Multi-Attribute Decision Making (MADM) calculation
aims to determine the best design method based on assessing
hydrodynamic characteristics. This method uses Simple
Additive Weighting (SAW). Hydrostatic characteristics have
a certain weight to suit the needs of the hull design. All models
have a total value which is then processed by data. The most
significant total value becomes the best design method.

The weight value of the hydrodynamic characteristics must
be determined based on the needs of the hull design. X1 is
resistance weight, X2 is stability weight, and X3 is seakeeping
weight. These weights are presented in Table 18.

Table 18. The weight of the primary criteria

Criteria Description Weight
X1 Resistance 50%
X2 Stability 30%
X3 Seakeeping 20%

Resistance weighs 50% because this type of patrol boat is
included in fast ships with a low resistance to get high speeds.
Therefore, resistance is given the greatest weight because it is
vital in designing patrol boats. Stability weighs 30% because
patrol boats also need good stability and maneuverability
when the ship is at high speed. Stability has a greater weight
than seakeeping. Due to considerations on the actual ship, a
patrol boat requires a relatively small number of crew
members. So, seakeeping does not have a significant influence
on patrol boats. But seakeeping remains a consideration in
selecting the best ship hull.

Resistance is taken from the simulation data on Froude
number of 3 and stability is taken from the area under the
righting lever curve. Meanwhile, seakeeping is taken from the
average between heave motion, roll motion, and pitch motion.

Data from each model are presented in Table 19.

Table 19. Data criteria for each design model simulation

results
Criteria

Model X1 X2 X3

High Speed
Rescue Craft 39.49 311.20 351
SMIT Patrol Boat 33.46 324.70 3.72

Light Weight

Rescue Craft 29.72 235.00 3.12
Fast Police Boat 31.38 211.20 3.68

Aresa 1300
Sentinel RHIB 31.92 171.70 3.58
Regression A 28.36 191.60 341
Regression B 32,51 256.30 3.40
Regression C 30.18 204.50 3.04
Scale A 33.11 226.60 3.87
Scale B 33.85 238.00 3.23
Scale C 30.13 204.60 2.99

The next stage is to normalize the data to avoid anomalies.
Criteria X1 and X2 are resistance and seakeeping criteria that
must select the minor data. Meanwhile, X3 is a stability
criterion that must choose the most significant data. It is
because a good ship design has low resistance, seakeeping, and
stability. Normalized data for all models based on the weight
of the hydrodynamic characteristics are presented in Table 20.

Table 20. Normalized data

X2

Model X1 (Min.) (Max.) X3 (Min.)
High Speed
Rescue Craft 0.718 0.958 0.852
SMIT Patrol Boat 0.848 1.000 0.804
Light Weight
Rescue Craft 0.954 0.724 0.958
Fast Police Boat 0.904 0.650 0.813
Aresa 1300
Sentinel RHIB 0.888 0.529 0.835
Regression A 1.000 0.590 0.877
Regression B 0.872 0.789 0.879
Regression C 0.940 0.630 0.984
Scale A 0.857 0.698 0.773
Scale B 0.838 0.733 0.926
Scale C 0.941 0.630 1.000

Based on the normalized data, the total value of each model
can be determined. The total value is used to determine the
best design method. The total scores for all models are
presented in Table 21.

Table 21. Weighted data

Model X1 X2 X3 Total weight
High Speed Rescue Craft 0.359 0.288 0.170 0.817
SMIT Patrol Boat 0.424 0.300 0.161 0.885
Light Weight Rescue Craft 0.477 0.217 0.192 0.886
Fast Police Boat 0.452 0.195 0.163 0.810
Aresa 1300 Sentinel RHIB 0.444 0.159 0.167 0.770
Regression A 0.500 0.177 0.175 0.852
Regression B 0.436 0.237 0.176 0.849
Regression C 0.470 0.189 0.197 0.856
Scale A 0.428 0.209 0.155 0.792
Scale B 0.419 0.220 0.185 0.824
Scale C 0.471 0.189 0.200 0.860
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The largest total value can be determined based on the data
on the full value of all ships. The best design method is
determined by averaging the total value of each method. The
reference ship is five models, the regression method is three
models, and the scaling method is three models. The total
value of all models in each method is summed and divided by
the number of models. The results of the design method
ranking data are based on the three main hull hydrodynamic
criteria, as presented in Table 22. Based on ranking data, it
shows that the best design method is the regression method,
with an average total value of all models of 0.852.

Meanwhile, the second rank in the design method is the
reference ship, with an average total value of 0.833. The last
rank in choosing the design method is the scaling method. It
shows that regression is the most effective method for
designing a hull for actual ship planing.

Table 22. Ranking results of design method

Average
Method Model V-\I/—gitarln Total Ranking
g Weight
High Speed
Rescue Craft 0.817
SMIT Patrol
Boat 0.885
Reference  Light Weight
Ships Rescue Craft 0.886 0.833 2
Fast Police
Boat 0.810
Aresa 1300
Sentinel RHIB 0.770
Regression A 0.852
Regression  Regression B 0.849 0.852 1
Regression C 0.856
Scale A 0.792
Scaling Scale B 0.824 0.825 3
Scale C 0.860

Table 23. Best hull data based on total weight

Model Total Weight  Ranking
Light Weight Rescue Craft 0.886 1
SMIT Patrol Boat 0.885 2
Scale C 0.860 3
Regression C 0.856 4
Regression A 0.852 5
Regression B 0.849 6
Scale B 0.824 7
High Speed Rescue Craft 0.817 8
Fast Police Boat 0.810 9
Scale A 0.792 10
Aresa 1300 Sentinel RHIB 0.770 11

5.5 The best hull based on Multi-Attribute Decision
Making

The ranking data presented in Table 21 can determine the
best hull based on the total value obtained. The model with the
most significant absolute value is the best ship hull based on
its hydrodynamic characteristics. The total value acquisition
data for all models is presented in Table 23.

The best hull data shows that the Light Weight Rescue Craft
model is the best based on predetermined main criteria. The
model has a total value of 0.886. However, the model with the
lowest weight is the Aresa 1300 Sentinel RHIB model, a
reference ship with a total score of 0.770. So, it can be
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concluded that the reference ship has a less consistent value.
Whereas for the three gastric models, the regression results
(Regression A, Regression B, Regression C) were ranked 4, 5,
and 6, with a total weight of 0.856, 0.852, and 0.849,
respectively. All three hull regression models had higher
ratings than all hull scaling models. The hulls of the scaling
method (Scale A, Scale B, Scale C) rank 10, 7, and 3 with a
total weight of 0.792, 0.824, and 0.860.

6. CONCLUSIONS

Based on the analysis of the three ship hull design methods,
namely the regression and scaling methods with actual ship
reference. The analysis criteria include resistance, stability,
and seakeeping regardless of the influence of the type of
propulsion and hull construction. So, it can be concluded that:

(1) The best design method for actual ship realization
planing is based on Multi-Attribute Decision Making
(MADM), namely the regression method. All models in the
regression method have an average total value of 0.852.
Reference vessels are ranked second with an average total
value of 0.833. Meanwhile, the scaling method is ranked last
with an average total value of 0.825. The best design method
can be seen as a whole that the model in the regression method
(Regression A, Regression B, Regression C) has a consistent
total value.

(2) The best ship hull is based on Multi-Attribute Decision
Making (MADM), namely the Light Weight Rescue Craft
model, with a total value of 0.886. Meanwhile, the model in
last place is the Aresa 1300 Sentinel RHIB, with a total score
of 0.770. Whereas for the three hull models, the regression
results (Regression A, Regression B, Regression C) rank 4, 5,
and 6, with a total weight of 0.856, 0.852, and 0.849,
respectively. All three hull regression models had higher
ratings than all hull scaling models. The hulls of the scaling
method (Scale A, Scale B, Scale C) rank 10, 7, and 3 with a
total weight of 0.792, 0.824, and 0.860.
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NOMENCLATURE

Aws Wet hull surface, m?

ay, by, c; Added mass

Buisc Damping matrix for viscous effect

B(®) Potential hydrodynamic damping matrix
C Stiffness matrix in ship hull

Cr Coefficient of frictional resistance

Cv Viscous pressure coefficient
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e

Fe
F(ow,dir)
G

9

Gz

Iss

Ko
KG
KN

L
LCB
LCG
LWL

Distance of load, m

Buoyancy Force, N

Potential hydrodynamic force vector, N
Total weight, kg

Gravity, m. s

Distance from point G to Z, m
The moment of inertia about the horizontal axis of
the ship

Wave number

Distance from point K to G, m
Distance from point K to N, m
Ship length, m

Longitudinal center of buoyancy, m
Longitudinal center of gravity, m
Waterline length, m

Ship mass matrix

Ship mass, kg

Load, m3

Friction resistance, N

Reynolds number

Total resistance, N

Viscous pressure resistance, N
Wave resistance, N

Draft, m

Transverse center of buoyancy, m
Transverse center of gravity, m
Volume displacement, m?

Ship speed, m. st

Displacement, kg

Rolling amplitude, rad. rad
Water viscosity, N. s. m

Water density, kg. m-

Trim angle, deg.

Heeling angle, deg.

Rolling frequency, Hz





