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Abstract: This comprehensive study meticulously analyzes
the hydrodynamic performance of various patrol boat
designs to enhance maritime security in the Arafura Sea,
Indonesia. We evaluated three hull types — monohull, cata-
maran, and trimaran — based on resistance, stability, sea-
keeping, and passenger comfort. The study generated nine
hull variations using regression analysis. The multi-attribute
decision making method and sensitivity analysis were applied
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to determine the optimal design. The results, a testament to our
thorough approach, showed that Catamaran Hull C had the
best performance, with the lowest resistance, better stability,
and improved seakeeping characteristics. This design is recom-
mended for patrol operations in the Arafura Sea, supporting
maritime security and the achievement of the Sustainable
Development Goals.

Keywords: hydrodynamic performance, patrol boat design,
Arafura Sea, catamaran, monohull, trimaran

1 Introduction

The introduction provides a comprehensive background
and rationale for this research, outlining the importance
of maritime security in the Arafura Sea and the relevance of
patrol boat hull design. As an archipelagic country, Indonesia
possesses vast water territories which is rich with natural
resources. The Arafura Sea, located in the eastern part of
Indonesia, is one such region abundant in marine resources,
but it is frequently targeted by illegal activities such as illegal
fishing, drug smuggling, and various other security threats
[1,2]. According to a report by Indonesia’s National Narcotics
Agency (BNN), the majority of drug smuggling into Indonesia
is still carried out via maritime routes, accounting for up to
80% of the total cases [3]. This indicates that the Arafura Sea
has become one of the primary corridors for narcotics traf-
ficking into the country. The annual drug smuggling cases
recorded by BNN RI are shown in Figure 1 [4].
Additionally, illegal fishing poses a significant threat to
the Arafura Sea. This practice not only results in significant
economic losses for the country but also has detrimental
effects on the environment and the sustainability of marine
resources. The National Development Planning Agency
(Bappenas) has recorded economic losses due to illegal fishing
in the Arafura Sea, which amount to approximately 40 trillion
Rupiah annually. Moreover, illegal fishing threatens the sus-
tainability of marine resources, which are the primary

8 Open Access. © 2025 the author(s), published by De Gruyter. This work is licensed under the Creative Commons Attribution 4.0 International License.


https://doi.org/10.1515/cls-2025-0041
mailto:aditya@ft.uns.ac.id
mailto:rahimnav@unhas.ac.id
http://orcid.org/0000-0001-5217-5943
http://orcid.org/0000-0002-6495-479X
http://orcid.org/0000-0002-6495-479X
http://orcid.org/0000-0002-0314-2616
http://orcid.org/0000-0002-5572-5290
http://orcid.org/0000-0001-7673-1350
http://orcid.org/0000-0001-9228-8459
http://orcid.org/0000-0002-8850-8313
http://orcid.org/0000-0002-8850-8313
http://orcid.org/0000-0002-1086-7826

2 =—— Aria Pranata et al.

1200

DE GRUYTER

1000 +

800

600

Number of drug smuggling cases

150/
104

84 O

200
64
1. S
04 O

o—>0

] 38/
400 o

1039
990

/5\95 1
881 879
833
g
O
644

m

T T T T T T T T T
2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022

Figure 1: Number of drug smuggling cases per year.

livelihood for coastal communities [2]. To maintain national
sovereignty and protect the maritime wealth in this area,
patrol boats that can operate optimally under the challenging
hydrodynamic conditions of these waters are essential [5].
The Arafura Sea, the focus of this study, is one of Indonesia’s
strategic maritime areas.

In addition to safeguarding security and sovereignty,
patrol boats also play a crucial role in supporting the
achievement of the Sustainable Development Goals
(SDGs). Practical patrol boats can contribute to SDG 14,
Life Below Water, which aims to conserve and sustainably
use marine resources [6]. By monitoring and preventing
illegal activities, patrol boats help protect marine ecosys-
tems and ensure that marine resources are used sustain-
ably for future generations. Furthermore, by preventing
drug smuggling and other illegal activities, patrol boats
also support SDG 16, Peace, Justice, and Strong Institutions,
which aims to reduce crime and strengthen the rule of
law [7].

This study analyzes the hydrodynamic performance of
various patrol boat hull designs intended for operation in
the Arafura Sea. The research investigates the effects of
different hull sizes and types on the patrol boat’s hydro-
dynamic performance, including monohull, catamaran,
and trimaran designs. This includes resistance, stability,
motion sickness incidence (MSI), floodable length, and
other hydrodynamic factors. These variables are analyzed
through simulations to determine the most effective and
efficient patrol boat design for this region [8].

The results of this study are expected to provide
recommendations on the most suitable patrol boat design
for the Arafura Sea, taking into account various aspects of

Years

hydrodynamic performance [9]. The proposed patrol boat
design is anticipated to enhance security and operational
effectiveness and provide an optimal solution for pro-
tecting natural resources in the region, which aligns with
the SDGs.

2 Literature review

The literature review section examines relevant literature
on existing hull design studies, including geometric mod-
eling of curved hulls, regression, resistance simulation,
stability simulation, seakeeping simulations, floodable
length simulation, multi-attribute decision-making, and
sensitivity analysis.

2.1 Geometric modeling of curved hull
design

The geometric representation of an ellipse is convention-
ally expressed through the implicit Eq. (1) [10].
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where 2a and 2b denote the lengths of the major and minor
axes, respectively. In the illustrative example shown in
Figure 2, the parameters are defined as a = 3 and b = 2,
yielding an ellipse with a central axis of 6 units and a
minor axis of 4 units. While the implicit formulation is
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Major axis, 2a = 6, minor axis, 2b =4

Figure 2: The plot of an ellipse [10].

suitable for analytical purposes, it cannot be employed
directly for curve plotting in computational tools. There-
fore, the curve must be expressed in its explicit form as
shown in Eq. (2).

y = b1 - (x/a)?. ()

This transformation permits the numerical rendering
of the ellipse, such as in MATLAB, where the coordinates
can be computed and visualized efficiently.

The concept of curvature is central to understanding
the geometry of curves. It quantifies the extent to which a
curve bends at a particular point [11]. For a curve passing
through three successive points, A4, B, and C, the curvature
k at point A (refer to Figure 3) can be mathematically
defined as the derivative of the tangent angle a concerning
arc length s as shown in Egs. (3) and (4).
a da

k =lim—

. 3
s-0 S ds ®

This definition captures the localized angular devia-
tion of the curve per unit length. When an explicit function
defines a curve y = f(x), the curvature is given by

dxy

2

e
213/2 " 4)
]

This equation demonstrates that curvature increases
with the second derivative of the function, implying sharper
bending. For a circle, which has a constant radius r, the
curvature is constant and equals 1/r. The radius of curva-
ture, defined as 1/k, becomes an essential parameter in
many engineering applications [10]. One notable example
is in hull stability analysis, where the metacentric radius
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C

Figure 3: An illustration of curvature. The illustration is drawn based on
data in [10].

BM serves as the radius of curvature of the buoyancy curve,
providing insight into a vessel’s restoring moment [12].

Bézier curves are a class of parametric curves exten-
sively used in computer-aided geometric design (CAGD),
computer graphics, and hull form modeling due to their
intuitive control and smooth shape representation.
Introduced by Pierre Bézier in the 1960s for automobile
body design at Renault, these curves have since become a
foundational tool for modeling smooth and visually
appealing curves in both two and three dimensions [13].
The general form of a Bézier curve of degree n is shown
in Egs. (5)-(7).

P(t) = Y B, (),0<t <1, )]

i=0

where the blending function is

i e
mt(l o (6)

]n,i(t) =

and 0° = 1, 0! = 1. The blending functions of Bézier curves
are also known as Bernstein polynomials. Combining two
cubic Bézier splines is shown in Figure 4. More degrees of
freedom can be obtained by using rational Bézier curves
defined by

. . ™
2i=o Wi, (0)

P(¢) =
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Figure 4: Combining two cubic Bézier splines [10].

Surfaces in three-dimensional space are often
described wusing implicit equations of the form
f(x,y,z) = 0. While mathematically valid, such represen-
tations are generally unsuitable for direct visualization
using computer graphics [14]. A more practical alternative
is to use an explicit formulation, such as z = f(x, y), which
directly expresses one coordinate in terms of the others.

In computational graphics, however, the most effective
and widely adopted approach involves parametric surface
representations [15]. In this format, the coordinates x,y,
and z are all expressed as functions of two independent
parameters u and w as shown in Eqs. (8) and (9).

x = x(u, w)
y =y, w). (8)
z = z(u, w)

This parametric representation allows for the efficient
and flexible modeling of complex surfaces [16]. A wireframe
view of a surface is shown in Figure 5. For instance, the upper
half of an ellipsoid can be represented parametrically as

u
X = acos nE cos 2nw

u .
y = bcos TIE sin 2w . 9

zZ= csinn%,u =[0, 1],w=1[0, 1]

Mathematical modeling of hulls has long been integral
to naval architecture. Chapman pioneered early analytical
approaches using parabola-based expressions for water-
lines and sections [13]. His formulations are shown in
Egs. (10) and (11).

y=1-x", (10)
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Figure 5: The u and w nets on a parametric ellipsoidal surface [10].

and

y=1-27" 11

Further advancements were made by David Watson
Taylor in the early twentieth century, who employed fifth-
degree polynomials to improve the accuracy of hull shape
representation. These mathematical formulations allow naval
architects to model hull forms with high precision and repeat-
ability [14]. In modern applications, B-splines and Non-uni-
form rational B-splines are widely utilized due to their
flexibility and smoothness in modeling complex surfaces [13].

Fairing is refining the geometry of hull lines to ensure
smooth and continuous curves across the hull surface. The pri-
mary objective is to eliminate irregularities affecting hydrody-
namic performance or visual aesthetics. Historically, this process
was performed manually by skilled designers, but the advent of
digital computing has significantly enhanced its practicality and
efficiency [16]. Early computational methods used finite differ-
ences and plotting of first and second offsets to detect and
correct unfair segments [10]. More recently, software packages
such as FORAN, Maxsurf, and MultiSurf have enabled the inter-
active visualization and manipulation of hull curves using
advanced algorithms. These tools often incorporate mathema-
tical techniques such as B-spline curve smoothing and
parametric modeling to facilitate fairing [13]. Fairing ensures
structural and hydrodynamic integrity and manufacturing con-
sistency by preventing abrupt curvature changes, which are
crucial for accurate plate forming and welding processes.

2.2 Regression
In this study, the linear regression method was employed

to establish relationships between the primary dimensions
of the patrol boat, following a standard linear relationship.
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This linear regression analysis achieved 99.474% accuracy
in predicting the reference boat’s main dimensions and
proved to be more efficient than scaling and other refer-
ence methods, with a shorter processing time [17]. The
regression equation used is expressed in the form shown
in Egs. (12)-(16).

y= IOgIt(P) = Ln(P/(1 = P)) = by + bixy + byxy + bsx3

(12)
+ ...+ bpx, t €,
Yy =bix+ by + ¢, 13)
s
by =12, (14)
Sx
b() =y - bl)?, (15)
R=1- SSREs
SStor 1)
o g 20T
Zi()’i -y )?

where y is the dependent variable, x is the independent
variable, b; represents the slope of the line, b, is the
y-intercept, representing the value of y when x is 0, € is
the error term. R? is the dependent variable, ¥ is the pre-
dicted value, Y is the mean of Y.

This regression analysis generated three variations in
the size of the patrol boat. These size variations were com-
bined with three hull types: monohull, catamaran, and
trimaran, resulting in a total of nine hull variations.
Once the prototype modeling was completed, analyses of

resistance, wave pattern, stability, seakeeping, and
Table 1: Environmental parameter data for the Arafura Sea
Parameter Value
Water density 1,022 kg/m?
Wind speed 12.96 m/s
Wave height 1.28 m

|Cg

bi2(tang)|  br4(tanp)

Figure 6: Diagram of forces acting on a planing hull.
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floodable length were conducted to evaluate the hydrody-
namic performance of each model [18]. This analysis was
used to assess the hull’s motion response to sea conditions
and the passengers’ susceptibility to seasickness during
navigation [19]. The environmental parameter data for
the Arafura Sea, obtained from meteorology, climatology,
and geophysical agency (Badan Meteorologi, Klimatologi,
dan Geofisika-BMKG), is presented in Table 1 [20].

In this study, the effects of propulsion type and hull
construction were excluded from consideration, as the
focus was on analyzing the hydrodynamic characteristics
of the hull by examining the vessel’s movement in water
related to resistance and hull form.

2.3 Resistance simulation

The hull resistance analysis was conducted using the
Savitsky method, which is widely employed to calculate
the wetted surface, center of pressure, drag, and resistance
in planing hulls under steady-state conditions without
acceleration in any direction [13,14]. The resistance ana-
lysis was conducted over a speed range of 15-50 knots,
yielding graphs that illustrate the relationship between
speed, hull resistance, and required power. This analysis
aims to identify the design model with the lowest resis-
tance and power requirements. Forces acting on a planing
hull are shown in Figure 6. The Savitsky method equation
is shown in Egs. (17)-(20) [21,22].

D
D=Dy+——, 17
COST
D, = Atanr, (18)
VZAbZCf
= 19
t = S cosp? (19
_ 0.075 (20)
'™ (logR. - 2)¥’
Center of gravity
-~

T
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where D is the total resistance, 4 is the total displacement
force, 7 is the trim angle of planing hull, A is the average
value of the ratio of length and width in the wet area, b is
the mean chine beam of planing hull.

2.4 Stability simulation

The hull stability assessment considered a heel angle range
of 0-180°. The large-angle stability method was used, with
the load case set to free trim [23]. The simulation results
produced righting lever (GZ) curves that indicate the hull’s
stability in a static condition [24]. This analysis was used to
determine the design model with the best stability.
According to International Maritime Organization (IMO)
standards, the hull’s maximum righting lever occurs at a
heel angle of at least 25°, as shown in Eq. (21). The righting
lever is calculated using Eqs. (22)—(25), which incorporate
the residual stability lever. Essential points in hull stability
are shown in Figure 7.

dGZ

—(0225°)=0 (VA
15 0225=0,

GZ = GM;sinf + M,S, (22)

w x s x length

= —_— 23

GM A x deflection’ @)
2

GM = [M] ’ ©4)

T

0.5

tanf = [ZGM , (25)

BoM

where 6 s the angle of heel, GZ is the righting lever, M,S is
the residual stability lever, GoM is the metacentric height, A
is the displacement.

Figure 7: Essential points in hull stability.
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2.5 Seakeeping simulations

Seakeeping simulations were performed to analyze the
hull’'s movement. The strip theory method was applied,
with variations in wave direction of 90° (beam sea), 135°
(bow quartering), and 180° (head sea). The wave spectrum
used was JONSWAP, which corresponds to the conditions of
the Arafura Sea. The simulation results included response
amplitude operator (RAO) graphs for heaving, rolling,
pitching, and MSI. Heave motion refers to the vertical move-
ment of a hull along the Z-axis due to the impact of waves,
which can pose risks to safety and operational efficiency.
This motion can be determined using Eq. (26). Six degrees of
freedom on the hull design are shown in Figure 8.

az + bz + cz = Fy coswt, (26)

where aZ is the inertial force, bz is the damping force, cz is
restoring force, Fy coswyt is the exciting force.

Roll motion, along the X-axis, is induced by waves hit-
ting the sides of the hull, which affects stability, passenger
comfort, and navigational safety. This is modeled by
Eq. (27).

d’ do

—_— —_— 27
TR

+ ¢ = M, coswyt,
where a%a is the inertial force, a(}i—? is the damping force,
¢ is restoring force, My coswpt is the exciting force.Pitch
motion, occurring along the Y-axis, results from waves and
the difference in elevation between the fore and aft of the
vessel. The associated equation for pitch motion is pre-
sented in Eq. (28).

d@ + e@ + h@ = My coswet, (28)

where d& is the inertial force, ed is the damping force, h&
is restoring force, and M, cosw,t is the exciting force.

Additionally, MSI quantifies the likelihood of passen-
gers experiencing seasickness due to wave reflections, cal-
culated via Eq. (29).

108,4(0.798 /T3 /) ~ Uys;

MSI = 100
0.4

, 29)

0.5+ erf[

where m, is the spectral moment of the hull, and g is the
gravity force,

2.6 Floodable length simulation

The floodable length simulation is a crucial tool used to
determine the maximum permissible length of a flooded
compartment to ensure vessel safety. The floodable length
can be calculated using linear interpolation, as shown in
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Heave

Yaw

Surge

Figure 8: Six degrees of freedom on the hull design.

Eq. (30). The calculation of the total involves adding the
floodable length from the aft section to the afterpeak and
from the forward section to the forepeak, following the
formulas provided in Egs. (31) and (32). The floodable
length illustration is shown in Figure 9.

Ve = W
I=I'+ ——=1"-1TI), 30)
c ~ %
Iy o endpoint = I+a, (3D
Lpio endpoint = I+, (32)

where I is the value of the floodable length, v, is the total
compartment volume, a is the distance between the stern
and the afterpeak, and f  is the distance between the how
and the forepeak.

2.7 Multi-attribute decision making (MADM)

Following the simulations, statistical analysis was con-
ducted to assess the impact of variations in hull dimen-
sions and hull types on the vessel’s hydrodynamic

Floodable Length
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performance. The appropriate method for evaluating alter-
native designs was MADM using the Simple Additive
Weighting (SAW) method and sensitivity analysis. This cal-
culation aimed to assess the influence of the hull’s main
dimensions on hull type variations and their effect on
hydrodynamic performance [25-27].

Each model was evaluated to determine the most
optimal patrol boat design using the MADM method.
MADM involves evaluating several attributes or alterna-
tive criteria. One of the most common MADM methods is
the SAW method, which is widely used due to its straight-
forward approach. In SAW, the total performance ratings
for each alternative are calculated by applying weighting
factors to various attributes. The decision matrix, which
contains the criteria values, is normalized to ensure that
comparisons across alternatives are valid. The normaliza-
tion process follows Egs. (33)-(37), and the preference
value of each alternative is subsequently determined using
Eq. (38).

m
Iope(r) = arg max XCHGH) 33)
j=1
L (34)
J Z,llnj’
| 35
v Maxixij’ (35)
Min;x;;
n=—-o2, (36)
Xij
6]
w= x 100%, 37)
qt .tg
n
Vi= ) wy, (38)
j=1

where V; is the preference value, w is the weight of the
criteria, r is the normalized alternative value.

AP FP
L
WL
BASELINE L2 L2
Bulkhead

Figure 9: Schematic diagram of the floodable length.



8 =—— Aria Pranataetal.

2.8 Sensitivity analysis

Following this, a sensitivity analysis was performed to
assess the impact of input variables on each tested varia-
tion [18,19]. The relationship between the independent
variables and the dependent variable is expressed through
the linear regression model in Eq. (4). The model’s fit is
evaluated using the R Squared value, which measures the
proportion of variance in the dependent variable
explained by the independent variables. The formula for
R? is provided in Eqgs. (39)-(43).

y= lOglt(P) = Ln(P/(1 = P)) = by + byxy + byxy + bsx3

(39)
+ ..t bpxy + €,
Yy =bix + by + €, (40)
S
by = r=2, (41)
Sx
b() = )7 - blx, (42)
Rz =1 SSRES
SStor 43)
oo 2O
Zi()’i -y )2

where y is the dependent variable, x is the independent
variable, b, represents the slope of the line, by is the y-inter-
cept, representing the value of y when x is 0, and ¢ is the
error term. R? is the dependent variable, ¥ is the predicted
value, and Y is the mean of Y.

3 Methodology

This section describes the methodology used in this study
to evaluate the hydrodynamic performance of various
patrol boat hull designs. The methodological framework
adopted in this study represents a significant integration
and advancement of prior approaches extensively utilized in
the design of high-speed vessels and patrol boats. While
Ghazali et al. provided a crucial foundation by delineating
the fundamental considerations for hull form selection
(monohull, catamaran, trimaran) concerning stability and
hydrodynamics, their work did not incorporate quantitative
decision-making methodologies; our research progresses
beyond this by employing the SAW method to integrate diverse
performance criteria and ascertain the optimal design objec-
tively [28]. Conversely, Tavakoli et al. offered an in-depth
exploration of planing hull hydrodynamics, primarily focusing
on simulation-based approaches for monohulls without incor-
porating geometric regression or multi-hull evaluations; our

DE GRUYTER

methodology expands this scope considerably by systemati-
cally assessing nine distinct hull geometric variations and
applying linear regression to key parameters (Length Overall
(LOA), Beam, Draft) to facilitate a data-driven design process
[29]. From a structural perspective, Han et al. elucidated I1SO
standards pertinent to composite material design, yet their
analysis did not extend to the operational efficiency of hull
forms; this study addresses that gap by synergistically com-
bining critical safety aspects, such as floodable length analysis,
with dynamic vessel performance, thus establishing a more
holistic evaluation framework [30]. Furthermore, the compara-
tive resistance calculation methodologies, as presented by
Bahatmaka et al. through the comparison of Holtrop and
Savitsky methods, served as a foundational inspiration for
the comparative approach within this study, which we have
subsequently broadened to encompass a broader spectrum of
performance parameters, including stability, seakeeping, and
MSI [31]. Finally, the investigation into flat-sided hull geome-
tries by Windyandari et al. acted as a catalyst for our explora-
tion of more complex, engineered-curved hull designs, while
rigorously maintaining a focus on achieving superior opera-
tional efficiency and reliability [32]. In summary, the metho-
dology employed herein not only synthesizes the strengths
derived from previous scholarly works but also pioneers a
more integrated and highly applicable approach tailored to
the demanding requirements of high-speed patrol boat design
in dynamic maritime regions.

The research methodology employed in this study encom-
passes data collection, processing, design, simulation, and ana-
lysis. A patrol boat was the primary reference during the data
collection phase. The critical parameters obtained include
Length Overall (LOA), beam (B), depth (D), draft, and displace-
ment [33]. Subsequently, regression analysis was conducted on
the reference data to determine the main dimensions of the
patrol boat, using the relationships between LOA, beam,
depth, and displacement [34]. The aim of this study is to opti-
mize the hull design based on hydrodynamic characteristics.
The flowchart of this research is shown in Figure 10.

3.1 Design references

This study used patrol boats with an LOA between 18 and
20m as references. The reference vessels utilized in this
research are presented in Table 2.

3.2 Regression variations

The main dimensions of the patrol boat were determined
using a linear regression approach based on five reference
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vessels. This study used displacement as the independent
variable, while LOA, beam, depth, and draft were consid-
ered as dependent variables. The relationship between
these variables is represented by a straight-line curve
that approximates the causal relationship [35-40]. The
regression graph from the five reference vessels is shown
in Figure 11. The linear equation was used to form the
dependent variables based on the linear regression ana-
lysis. The study utilized a target displacement value of 22.78
tons derived from the average displacement of the five

Start

Literature
Review

9

Mechanical design of engineered-curved patrol boat hull

reference vessels. Calculations were then performed to
obtain the Y value, using the target displacement as the X
value [9]. The regression results for the main dimensions
are presented in Table 3.

This study also evaluated the influence of hydrodynamic
characteristics on variations in dimension sizes and hull
types. Additional regression analysis was conducted to obtain
three variations in the main dimensions. These variations
were derived by locking one of the three dependent variables:
displacement with LOA, displacement with beam, and
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Table 2: Hull design references

DE GRUYTER

Hull references LOA (m) Beam (m) Depth (m) Draft (m) Displacement (ton)
X19 Combat Boat 19.40 4.25 1.96 0.85 17.50
Damen Stand Patrol 1905 FRP 19.30 4.80 2.10 1.10 33.80
Marsun M18-S Fast Assault Boat 18.30 4.40 1.94 0.80 16.69
Kewatec Fast Patrol 1850 18.50 4.20 2.49 0.92 16.92
KingTough 19.5m FPB 19.50 4.58 2.74 1.00 29.00

displacement with draft. One of these variables was kept
constant, while the others were regressed again. The regres-
sion results for the first variation, locking LOA with displace-
ment, are shown in Figure 12. The results for the second
variation, locking beam with displacement, are shown in
Figure 13. Finally, the results for the third variation, locking
depth with displacement, are shown in Figure 14. The sum-
marized dimensions for Variations A, B, and C are presented
in Table 4.

3.3 Simulation analysis

After the design process, simulations were conducted to eval-
uate the hydrodynamic characteristics of each model. There are
nine models, each with three size variations and three hull type

25
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variations. The simulations in this study include resistance, sta-
bility, and seakeeping for each model. Additionally, the authors
considered the environmental conditions of the Arafura Sea,
using data provided by BMKG as a parameter.

4 Results and discussion

This section comprehensively presents and discusses the
key findings obtained from the hydrodynamic analysis and
multi-criteria evaluation of the nine proposed patrol boat
hull design variations. Furthermore, this section also com-
pares the performance of different hull types and provides
an in-depth interpretation of the practical implications of
these results.
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Figure 11: Regression results: (a) LOA vs displacement; (b) beam vs displacement; (c) depth vs displacement; and (d) draft vs displacement.
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Table 3: Dimension of regression results

Parameter Value
LOA (m) 18.87
Beam (m) 4.48
Depth (m) 2.33
Draft (m) 0.94
Displacement (ton) 2278

Table 4: Recapitulation of the dimension using the regression method

Mechanical design of engineered-curved patrol boat hull 1"

4.1 Resistance simulations

The resistance analysis was conducted to determine the
resistance and power requirements for nine variations of
hull designs. The resistance and power analysis results
for the nine hull variations are presented in Tables 5
and 6, while the graphs depicting the relationship
between speed, resistance, and power are shown in
Figure 15.

The resistance simulations, as presented in Tables 4
and 5, reveal that variations in dimensions with the exact
hull type yield nearly identical resistance and power

Parameter Variation 1 Variation 2 Variation 3 values. The model with the lowest resistance was Monohull
LOA (m) 18.92 18.89 18.98 C, registering 34.300 kN at 30 knots. In contrast, the highest
Beam (m) 452 451 454 resistance was observed in Catamaran Hull C, with
Depth (m) 2.37 2.39 2.36 48.500 kN at the same speed. Furthermore, the power
Draft (m) 0.97 0.97 0.96 requirement results show that Monohull C had the lowest
Displacement (ton) 2278 2278 2278 power demand, 660.824 kW at 30 knots. At the same time,
a) y= 01351-'8%&;‘;3444 b) ¥= 0.&5»3:3;};72.925] c) F ()R()ZZ:)((Jxx;;)(:lﬂS(v
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Figure 12: Regression result for Variation A with the locking of the LOA with displacement: (a) Beam vs displacement; (b) depth vs displacement; and

(c) draft vs displacement.
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Figure 13: Regression result for Variation B with the locking of the beam with displacement: (a) LOA vs displacement; (b) depth vs displacement; and

(c) draft vs displacement.
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Figure 14: Regression result for Variation C with the locking of the depth with displacement: (a) LOA vs displacement; (b) beam vs displacement; and

(c) depth vs displacement.
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Table 5: Resistance results of nine variations of the hull design

Speed Resistance (kN)
(knots) . . .
Monohull A Monohull B Monohull C Catamaran Catamaran Catamaran Trimaran Trimaran Trimaran
Hull A Hull B Hull C Hull A Hull B Hull C

15 15.3 15.5 15.2 26.4 21 211 21.2 23.5 23.6
20 21.3 21.6 21.2 35.8 30.1 303 30.1 32.6 32.7
25 27.9 28.1 27.8 43.2 39.4 39.7 38.9 40.5 40.8
30 34.4 34.5 34.3 48.5 47.9 48.5 46.7 46.9 47.2
35 40.5 40.4 40.3 53.3 56 56.8 54 52.8 53.2
40 46.2 45.8 46 58.7 64.3 65.4 61.8 59.3 59.8
45 52 51.4 51.7 65.2 73.4 74.7 70.4 66.7 67.4
50 58.1 57.4 57.9 727 83.5 85.1 80 75.3 76.1

Catamaran Hull C exhibited the highest power demand, 4.2 Wave pattern analysis

935.970 kW at 30 knots. These findings demonstrate a clear

trend: resistance and power requirements also rise as the Following the resistance simulations, a wave pattern ana-
vessel’s speed increases. lysis was performed. When the hull encounters resistance,

Table 6: Power results of nine variations in the hull design

Speed Power (kW)
(knots) . . .
Monohull A Monohull B Monohull C Catamaran Catamaran Catamaran Trimaran Trimaran Trimaran
Hull A Hull B Hull C Hull A Hull B Hull C
15 147.284 149.839 146.401 254.3 202.522 203.122 204.76 227.148 227.807
20 273.847 277.218 272.459 460.494 387.024 389.519 387.184 418.773 420.514
25 448.312 451.692 446.132 695.132 633.052 638.857 624.876 651.831 655.147
30 664.184 665.493 660.824 934.933 924.796 935.970 900.099 904.145 909.846
35 911.610 908.178 906.848 1199.276 1260.194 1278.731 1215.474 1188.179 1197.248
40 1188.612 1179.116 1182.615 1511.022 1653.877 1681.547 1588.369 1524.978 1538.44
45 1503.411 1487.844 1496.57 1886.621 2123.224 2161.882 2035.984 1931.247 1950.181
50 1867.554 1846.237 1860.262 2338.26 2683.175 2734.88 2572.423 2419.846 2445.407
90 3000
—#—V Hull A
a) 04 —*V Hl B b) 28007 1‘3 33113
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Figure 15: Resistance simulations of of nine variations in the hull design: (a) speed vs resistance; and (b) speed vs power.
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wave patterns form as a response to the hull’s shape and
movement through the water. Larger waves generated by
the hull indicate a higher energy demand to sustain move-
ment, which in turn reduces the vessel’s operational effi-
ciency [41-46]. Understanding the impact of hull type on
wave formation and resistance is essential. More signifi-
cant fluctuations in wave patterns suggest that the hull
produces significant waves, thereby consuming more
energy. Conversely, minimal fluctuations imply low wave
resistance and more efficient energy usage. The wave pat-
tern graphs resulting from the resistance simulations are
depicted in Figure 16.

Based on the wave pattern simulation results, Monohull C
demonstrated the best performance, characterized by the most
minimal wave pattern, with an average wave height ranging
from 0.971 to 0.983, indicating minimal interaction with the
water and higher energy efficiency. In contrast, Trimaran
Hull C produced the largest wave pattern, with an average
wave height of 1.001 and fluctuations of up to 1.022, indicating
a more significant interaction with the water and a higher
energy demand to maintain speed. These results suggest that
the Monohull is the most efficient option for minimizing wave

a)

< —=— Monohull A
1.02 I —v— Catamaran Hull A
[ | “ —»— Trimaran Hull A

1.00 4

e

o

=2
I

Height of Wave (m)
£
|

0.94

T T T T T T
-30 -25 -20 -15 -10 -5 0 5 10 15

Longitudinal Coordinate (m)

Mechanical design of engineered-curved patrol boat hull = 13

resistance, while the Trimaran exhibits the highest resistance,
with the Catamaran positioned between the two.

4.3 Stability simulations

Stability analysis was conducted to evaluate the hull’s bal-
ance when subjected to wave forces. The results are pre-
sented as GZ righting lever curves, which illustrate the
relationship between the GZ value and the vessel’s heel
angle. The stability values for the nine model variations
are presented in Table 7, while a comparison of GZ values
across different heel angles is illustrated in Figure 17.

The stability simulation results indicate that cata-
marans provide the highest level of stability among the
three types of vessels, with the largest Maximum GZ arm,
notably seen in Catamaran Hull C, which reaches 1.083 m.
Despite having smaller heel angles, catamarans maintain
superior overall stability. In contrast, monohulls, while
capable of sustaining the largest heel angles of up to
52.7°, exhibit lower stability, with Maximum GZ arm values
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Figure 16: Wave pattern graphs: (a) Variation A; (b) variation B; and (c) variation C.
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Table 7: Stability results of nine variations in the hull design

DE GRUYTER

Model Maximum GZ arm (m) a (deg) Area (m deg) Angle of Vanishing Point (deg)
Monohull A 0.549 52.7 33.64 97.87
Monohull B 0.558 52.7 34.37 98.21
Monohull C 0.573 51.8 35.24 97.52
Catamaran Hull A 1.073 28.2 55.19 90.14
Catamaran Hull B 1.063 291 54.60 89.49
Catamaran Hull C 1.083 28.2 55.81 90.55
Trimaran Hull A 0.986 23.6 55.56 97.56
Trimaran Hull B 0.918 34.5 51.75 95.89
Trimaran Hull C 0.913 34.5 51.22 96.26

ranging from 0.549 to 0.573m. Trimarans offer moderate
stability, with GZ values ranging from 0.913 to 0.986 m, and
a broader variation in heel angles. In summary, cata-
marans show the best overall stability, while monohulls
can tolerate larger heel angles before losing stability.

4.4 Seakeeping simulations

Seakeeping analysis was conducted to assess the vessel’s
response to specific sea conditions, ensuring the comfort of
both the crew and passengers during navigation. In this
study, the wave directions were set at 90° (beam seas), 135°
(bow quarter seas), and 180° (head seas). The seakeeping
analysis of the nine vessel variations resulted in RAO
graphs covering heaving, rolling, and pitching motions.
Heaving refers to the vertical up-and-down movement of
the hull along its axis. The RAO graph for heaving under a
180° wave direction is presented in Figure 18.

Based on the heaving motion graph, all model varia-
tions exhibited similar trends in their heaving responses.
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Figure 17: Comparison of GZ values with the hull’s tilt angle of nine hull
variations.

The model with the smallest motion response was
Trimaran Hull B, with an RAO value of 0.993 at an
encounter frequency of 0.04 rad/s. Conversely, the highest
motion response was observed in Catamaran Hull B, with
an RAO value of 1.007 at the same encounter frequency.
The catamaran hull showed less favorable motion
response, experiencing significant heaving when encoun-
tering large waves head-on. Regarding the heave motion
response, the order from smallest to largest is Trimaran,
Monohull, and Catamaran. The RAO results indicate that
none of the nine models experienced superposition, as the
maximum encounter wave frequency did not coincide
with the overall pitching frequency of the models, pre-
venting multiple wave superpositions and contributing to
vessel stability.

Following the analysis of the heaving motion, a rolling
motion analysis was conducted. Rolling refers to the side-
to-side tilting of the hull during navigation [47-52].
Through this study, the authors analyzed a rolling motion
with waves approaching 90° (beam seas). The RAO rolling
graphs for the nine models are presented in Figure 19.

Based on the results, the highest motion response was
observed in Monohull C, with an RAO value of 6.665 at an
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Figure 18: Heaving patterns of nine hull variations.
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Figure 19: Rolling patterns of nine hull variations.

encounter frequency of 0.431rad/s. In contrast, the lowest
motion response was recorded for Trimaran Hull C, with
an RAO value of 2475 at an encounter frequency of
0.493rad/s. The Monohull type exhibited the poorest
motion response compared to the other models, making
it more susceptible to rolling when struck by large waves
from the side. The RAO results indicate that none of the
nine design variations experienced wave superposition,
preventing multiple wave superpositions and contributing
to the vessel’s stability. Following the analysis of heaving
and rolling motions, the next step was to analyze pitching
motion. Pitching refers to the rotational movement of the
vessel around its y-axis, causing changes in the trim of the
bow and stern. In this study, the authors analyzed pitching
with waves approaching from a 180° direction (head seas).
The RAO pitching graphs for the nine models are presented
in Figure 20.
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Figure 20: Pitching patterns of nine hull variations.
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Table 8: Recapitulation of the seakeeping results

Model Seakeeping result
Heaving Rolling Pitching
(m/m) (rad/rad) (rad/rad)
Monohull A 0.998 6.647 1.000
Monohull B 0.998 6.522 1.000
Monohull C 0.998 6.665 1.000
Catamaran 1.007 2.516 1.017
Hull A
Catamaran 1.007 2.517 1.017
Hull B
Catamaran 1.006 2.514 1.017
Hull C
Trimaran Hull A 0.996 2.514 1.005
Trimaran Hull B 0.993 3.565 0.988
Trimaran Hull C 0.997 1.573 0.999

Based on the pitching motion graph, each model var-
iation exhibited a similar trend in pitching behavior. The
model with the smallest pitching response was Trimaran
Hull B, with an RAO value of 0.988 at an encounter fre-
quency of 0.504 rad/s, outperforming other hull types. In
contrast, the highest pitching response was observed in the
Catamaran hull, with an RAO value of 1.017 at an encounter
frequency of 0.486 rad/s. The Catamaran hull is more prone
to pitching when subjected to large waves from the front.
The RAO results indicate that none of the nine wave varia-
tions experienced superposition, as the maximum wave
encounter frequency differed from the overall pitching
frequency of the models, preventing multiple simultaneous
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Figure 21: MSI graphic of nine hull designs.
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Table 9: MSI results of nine hull designs

DE GRUYTER

Table 10: Recapitulation of the floodable length results

Model MSI (m/s?) Model Floodable length (m)
Monohull A 0.089 Monohull A 13.25
Monohull B 0.095 Monohull B 13.02
Monohull C 0.095 Monohull C 13.34
Catamaran Hull A 0.102 Catamaran Hull A 13.28
Catamaran Hull B 0.102 Catamaran Hull B 13.27
Catamaran Hull C 0.102 Catamaran Hull C 13.32
Trimaran Hull A 0.094 Trimaran Hull A 12.06
Trimaran Hull B 0.091 Trimaran Hull B 12.09
Trimaran Hull C 0.095 Trimaran Hull C 12.07

wave impacts and ensuring vessel stability. The summary
of the seakeeping analysis results is presented in Table 8.

As a patrol boat is designed for maritime patrols, pas-
senger comfort is a critical aspect of its design. The incidence
of seasickness measures passenger comfort. Seakeeping ana-
lysis allows the evaluation of comfort levels using the MSI
[53-57]. In this study, MSI analysis was conducted with waves
approaching from a 135° direction. The MSI graphs for the
nine model variations are presented in Figure 21. The MSI
table for the nine model variations is presented in Table 9.

Based on the above graph, the design model with the
highest level of comfort is Monohull A, as it has the lowest
acceleration value of 0.089 m/s%, which is within the com-
fort limits as per International Standards (ISO 2631). In
contrast, the Catamaran hull variation exhibits lower com-
fort than the other models, as it has the highest MSI value.
However, this value remains within the acceptable comfort
limits.

4.5 Floodable length simulations

The floodable length simulation accounts for preventing
the hull from sinking in the event of hull damage. The
graph illustrates the maximum allowable compartment
height and floodable length for the vessel [24]. Designs
where the compartment triangle does not cross the
boundary line are associated with a higher survival rate
and are deemed safer. The results of the floodable length
simulation are presented in Figure 22. The results of the
recapitulation of the floodable length are presented in
Table 10.

The floodable length simulation results indicate that
none of the compartments exceed the allowable flood
limits. Among the design models, Monohull C demon-
strated the best performance, with the highest average
peak value of 13.34 m. In contrast, Trimaran Hull A exhib-
ited the shortest floodable length, measuring 12.06 m.
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Figure 22: Floodable length graph of nine hull designs.
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Table 11: MADM of value and importance

Mechanical design of engineered-curved patrol boat hull == 17

Table 12: Weight for each hydrodynamics parameter

Criteria Value Parameter Criteria Value Score (%)
Very important 5 Resistance a Very important 5 17.241
Quite important 4 Stability 2 Quite important 4 13.793
Important 3 Heaving (o5} Important 3 10.345
Not important 2 Rolling c4 Important 3 10.345
Very unimportant 1 Pitching c5 Important 3 10.345
MSI C6 Quite important 4 13.793
Floodable length c7 Quite important 4 13.793
Wave pattern c8 Important 3 10.345

4.6 MADM

This study employed the MADM method to determine the
optimal patrol boat design by evaluating various hull types
and dimensions based on hydrodynamic characteristics. The
SAW method was used for the analysis. Data processing was
conducted based on the weight values and importance levels
of each hydrodynamic criterion, aligning with the operational
requirements of patrol boats in the Arafura Sea. The design
with the highest total score from this calculation was selected
as the best model for potential application. The scores and
importance levels in the MADM calculations are presented in
Table 11, while the summary of scores for each criterion is
provided in Table 12.

Each hydrodynamic criterion carries its value and
level of importance. Resistance is assigned a value of 5
(Very important) because patrol boats require high speed
during operation, making resistance a crucial factor in
selecting the best model. Stability, MSI, and floodable
length are assigned a value of 4 (Quite important), as
they are essential for ensuring the vessel’s safety and com-
fort during navigation. Meanwhile, heaving, pitching,
rolling, and wave patterns are rated at 3 (Important) due
to their significant impact on passenger comfort during
sailing. Therefore, designing a vessel with optimal resis-
tance, high stability, good response to specific sea condi-
tions, and a low probability of seasickness is necessary.

For this calculation, resistance data were taken at an
operating speed of 30 knots, and stability data were based

Table 13: Parameter values of the nine model variations

on the maximum GZ arm. Seakeeping data, which include
heaving, rolling, and pitching motions, were collected
using the highest RAO values for each motion. MSI was
evaluated with waves approaching from a 135° angle. The
floodable length was measured by the highest peak value
for each model, and wave pattern data were derived from
the average wave height generated by the vessel at 30
knots. The parameter values for the nine model variations
are presented in Table 13.

The next step is to normalize the data to minimize devia-
tions during the calculation process. For the criteria of resis-
tance (C1), heaving (C3), rolling (C4), pitching (C5), MSI (C6),
and wave pattern (C8), the smallest values are selected, as
lower values indicate a better hull design. However, for the
criteria of stability (C2) and floodable length (C7), the best
data are the ones with the highest values. The normalized
data for all hull variations are presented in Table 14.

After data normalization, calculations are performed
using the weight values assigned to each criterion. The
design model with the highest weighted score is considered
the optimal design. The total weighted values for each
hydrodynamic criterion are presented in Table 15.

The optimal patrol boat design model can be deter-
mined based on the total weighted values in Table 14.
Therefore, the total weighted score data for each model
are ranked. The ranking of the total weighted values is
presented in Table 16.

Model (o} c2 c C4 5 Cé6 c7 c8

Monohull A 34.400 0.549 0.998 6.647 1.000 0.089 13.25 0.983
Monohull B 34.500 0.558 0.998 6.522 1.000 0.095 13.02 0.982
Monohull C 34.300 0.573 0.998 6.665 1.000 0.095 13.34 0.97
Catamaran Hull A 48.100 1.073 1.006 2.513 1.017 0.102 13.28 0.978
Catamaran Hull B 47.900 1.063 1.007 2.517 1.017 0.102 13.27 0.979
Catamaran Hull C 48.500 1.08 1.006 2.514 1.017 0.102 13.32 0.978
Trimaran Hull A 46.700 0.986 0.99 2.514 1.005 0.094 12.06 0.979
Trimaran Hull B 46.900 0.918 0.993 3.565 0.988 0.091 12.09 0.979
Trimaran Hull C 47.200 0.913 0.997 2.475 0.999 0.095 12.07 0.975
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Table 14: Recapitulation of normalized data

Model c1 Cc2 c3 c4 c5 c6 c7 c8
Monohull A 0.997 0.508 0.995 0.372 0.988 1.000 0.993 0.988
Monohull B 0.994 0.517 0.995 0.379 0.988 0.937 0.976 0.989
Monohull C 1.000 0.531 0.995 0.371 0.988 0.937 1.000 1.000
Catamaran Hull A 0.713 0.994 0.987 0.985 0.971 0.873 0.996 0.993
Catamaran Hull B 0.716 0.984 0.986 0.983 0.97 0.873 0.995 0.992
Catamaran Hull C 0.707 1.000 0.987 0.984 0.971 0.873 0.999 0.993
Trimaran Hull A 0.734 0.913 0.997 0.984 0.983 0.947 0.904 0.992
Trimaran Hull B 0.731 0.850 1.000 0.694 1.000 0.978 0.906 0.993
Trimaran Hull C 0.727 0.845 0.996 1.000 0.989 0.937 0.905 0.996
Table 15: Total weight for each hydrodynamic criterium

Model (o] c2 c3 c4 c5 cé c7 c8 Total weight
Monohull A 17.191 7.01 10.293 3.852 10.221 13.793 13.700 10.225 86.286
Monohull B 17.141 7.126 10.293 3.926 10.221 12.922 13.462 10.232 85.323
Monohull C 17.241 7.318 10.293 3.841 10.221 12.922 13.793 10.345 85.974
Catamaran Hull A 12.295 13.704 10.21 10.188 10.050 12.035 13.731 10.276 92.490
Catamaran Hull B 12.346 13.576 10.201 10.172 10.050 12.035 13.721 10.266 92.367
Catamaran Hull C 12.193 13.793 10.21 10.184 10.050 12.035 13.772 10.270 92.510
Trimaran Hull A 12.663 12.593 10.314 10.184 10.170 13.059 12.470 10.262 91.715
Trimaran Hull B 12.609 11.724 10.345 7.182 10.345 13.490 12.501 10.268 88.463
Trimaran Hull C 12.529 11.660 10.303 10.345 10.231 12.922 12.480 10.308 90.779

Based on the MADM calculation results, the best patrol
boat hull model is Catamaran Hull C, as determined by the
critical criteria. This model, derived from a regression
approach with displacement and depth as the key vari-
ables, achieved a total score of 92.510. In contrast, the
model with the lowest score is Monohull B, with a total
score of 85.323, resulting from a regression analysis that
identified displacement and beam as the key variables.

4.7 Sensitivity analysis

In this study, a sensitivity analysis was conducted to eval-
uate the effect of variations in hull type and dimensions on

Table 16: Total values of the assessed hull designs

Rank Model Total weight
1 Catamaran Hull C 92.510
2 Catamaran Hull A 92.490
3 Catamaran Hull B 92.367
4 Trimaran Hull A 91.715
5 Trimaran Hull C 90.779
6 Trimaran Hull B 88.463
7 Monohull A 86.286
8 Monohull C 85.974
9 Monohull B 85.323

hydrodynamic performance. The calculations considered
factors such as resistance, stability, seakeeping, MSI, flood-
able length, and wave pattern behavior. For hull type var-
iations, the block coefficient (Ch) was used as the input
variable, while displacement volume represented dimen-
sion variations. The analysis generated key results,
including coefficient values, standard errors, p-values, R-
squared values, and F-statistic significance. A higher R
indicates a more substantial influence of the independent
variable on the hydrodynamic characteristics. The coeffi-
cient measures the effect of each unit change in the inde-
pendent variable x on the dependent variable y, with
larger coefficients corresponding to smaller overall
impacts. The standard error reflects the variability
between the observed and predicted values, where a larger

Table 17: Results of the sensitivity analysis: Resistance

Indicator Variable

Hull dimension Hull type
Coefficients -1489.47 53.58138
R Squared 0.196759 0.020114
p-value 0.243804 0.093092
Standard error 6.323396 6.984177
Significance F 0.231717 0.715879
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Figure 23: Sensitivity analysis of resistance: (a) Dimension; and (b) hull type.

Table 18: Results of the sensitivity analysis: Stability

Indicator Variable

Hull dimension Hull type
Coefficients —-45.645 0.781582
R Squared 0.147733 0.00086
p-value 0.315428 0.449095
Standard error 0.228073 0.246945
Significance F 0.30709 0.940292

standard error indicates a more negligible influence on the
results. The p-value reveals the probability of the coeffi-
cient’s significance, with lower p-values indicating greater
impact. The F significance indicates the overall effect of the
independent variables, where a lower F significance value
indicates a stronger relationship. Results for hydrody-
namic resistance are detailed in Table 17, with a graphical
representation in Figure 23.

Dimensional variations were found to exert a greater
influence on resistance values compared to variations in
hull type, as reflected by the higher R* value of 0.196759 vs
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Figure 24: Sensitivity analysis of stability: (a) Dimension; and (b) hull type.

0.020114. Furthermore, the higher significance values, coef-
ficients, standard errors, and p-values imply that changes
in hull form had a less pronounced effect on the outcomes.
The results of the sensitivity analysis related to stability
criteria are presented in Table 18 and Figure 24.

The analysis indicated that dimensional variations had
a more substantial impact on stability values than hull-type
changes, as demonstrated by the higher R* value of
0.147733 compared to 0.00086. In addition, the larger sig-
nificance values, coefficients, standard errors, and p-values
imply that dimensional variations exerted a negligible

Table 19: Results of the sensitivity analysis: Heaving

Indicator Variable
Hull dimension Hull type
Coefficients 0.539646 0.95177
R squared 0.029884 0.723193
p-value 0.603017 8.71x 1072
Standard error 0.005355 0.00286
Significance F 0.656483 0.003671
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Figure 25: Sensitivity analysis of heaving: (a) Dimension; and (b) hull type.

Table 20: Results of the sensitivity analysis: Rolling

Indicator Variable

Hull dimension Hull type
Coefficients 402.5257 0.708031
R squared 0.145736 0.021913
p-value 0.3062 0.934592
Standard error 1.9703 2.108264
Significance F 0.310663 0.703888
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analysis for rolling motion criteria is provided in Table 20
and Figure 26.

Variations in hull type were determined to have a
minor impact on rolling motion than dimensional changes,
as evidenced by the R* values of 0.021913 for hull type and
0.145736 for dimensions. Additionally, the higher signifi-
cance values, coefficients, standard errors, and p-values sug-
gest that dimensional variations contributed less to the final
result. The sensitivity analysis findings for pitching motion
criteria are displayed in Table 21 and Figure 27.

influence on the final results. Table 19 and Figure 25 pre-
sent the findings of the sensitivity analysis for the heaving
motion criteria.

The findings revealed that dimensional variations had
a lesser effect on heaving motion compared to hull-type
variations, as shown by the R* values of 0.029884 for
dimensions and 0.723193 for hull types. Furthermore, the
increased significance values, coefficients, standard errors,
and p-values suggest that the impact of hull shape varia-
tions on the final result was relatively minor. Sensitivity
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Figure 26: Sensitivity analysis of rolling: (a) Dimension; and (b) hull type.

Table 21: Results of the sensitivity analysis: Pitching

Indicator Variable
Hull dimension Hull type
Coefficients 0.574773 0.921672
R squared 0.00649 0.536694
p-value 0.783277 8.46 x 107°
Standard error 0.010864 0.007419
Significance F 0.836765 0.024773
7
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Figure 27: Sensitivity analysis of pitching: (a) Dimension; and (b) hull type.

Table 22: Results of the sensitivity analysis: MSI

Indicator Variable

Hull dimension Hull type
Coefficients 0.092011 0.061871
R squared 26x107° 0.401076
p-value 0.926445 0.005912
Standard error 0.005195 0.00402
Significance F 0.996717 0.067101
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0.401076 for hull types and 2.6 x 107 for dimensional
changes. Additionally, the greater significance values, coef-
ficients, standard errors, and p-values suggest a limited
effect of dimensional variations on the overall results.
The sensitivity analysis concerning floodable length cri-
teria is presented in Table 23 and Figure 29.

Hull type variations were found to have a greater influ-
ence on Floodable Length values compared to dimensional
variations, with an R? value of 0.933709 for hull types and
0.003077 for dimensions. Additionally, larger significance

Dimensional variations were found to have a less pro-
nounced impact on pitching values than hull type varia-
tions, as indicated by the R values of 0.00649 for dimensions
and 0.536694 for hull types. Moreover, higher significance
values, coefficients, standard errors, and p-values imply that
hull shape variations had a minimal effect on the outcome.
The sensitivity analysis results for MSI motion criteria are
illustrated in Table 22 and Figure 28.

Results indicate that the influence of hull type varia-
tions on MSI values was more substantial than that of
dimensional variations, evidenced by an R? value of
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Figure 28: Sensitivity analysis of MSI: (a) Dimension; and (b) hull type.

Table 23: Results of the sensitivity analysis: Floodable length

Indicator Variable
Hull dimension Hull type
Coefficients 30.10186 6.470984
R squared 0.003077 0.933709
p-value 0.804886 21x107°
Standard error 0.633848 0.163449
Significance F 0.887277 224 %107
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Figure 29: Sensitivity analysis of floodable length: (a) Dimension; and (b) hull type.

Table 24: Results of the sensitivity analysis: Wave pattern

Indicator Variable

Hull dimension Hull type
Coefficients 0.568974 0.973968
R squared 0.050885 0.012047
p-value 0.42253 434 x 107"
Standard error 0.003609 0.003682
Significance F 0.5595 0.778638

values, coefficients, standard errors, and p-values indicate
that dimensional variations played a negligible role in the
outcome. Sensitivity analysis results for wave pattern cri-
teria are presented in Table 24 and Figure 30.

The analysis revealed that hull type variations had a
lesser impact on wave pattern values than dimensional
variations, as evidenced by the R? value of 0.012047 for
hull types and 0.050885 for dimensions. Additionally,
larger significance values, coefficients, standard errors,
and p-values suggest that dimensional variations exerted
a negligible influence on the outcome.
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5 Conclusion

Based on the study, a hydrodynamic analysis was con-
ducted, encompassing resistance, stability, and seakeeping,
utilizing two parameters: hull type variation and dimen-
sions derived from regression analysis. The study con-
cludes the following: From the MADM calculations, the
best model was determined to be Catamaran Hull C, with
a total score of 92510, derived from the regression
approach of displacement and depth. In order of perfor-
mance, the ranking of hull types for patrol boat designs is
Catamaran, Trimaran, and Monohull. Therefore,
Catamaran Hull C is recommended as the optimal design
for patrol boat hulls in the Arafura Sea region, contributing
to the achievement of the SDGs. Sensitivity analysis
revealed that hull type variation has a significant impact
on stability, rolling motion, and MSI, while hull dimension
variation affects resistance, heaving, and pitching motion.
These sensitivity analysis findings influence the hydrody-
namic performance of each variation, providing essential
considerations for patrol boat design based on the specific
hydrodynamic characteristics of each criterion.
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Figure 30: Sensitivity analysis of wave pattern: (a) Dimension; and (b) hull type.
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