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Abstract

This paper looked at the power performance of wave with nonlinear characteristics

in shallow water using wave theory of Stokes. The result showed that wave power was

proportional to wave period for Stoke’s theory, both for wave height and wave depth

varied.

Keywords: Renewable energy, Wave energy, Nonlinear wave

1. Introduction

During the 1970s, it became clear
that the world’s known nonrenewable
energy resources are decreasing rapidly and
may be exhausted within the foreseeable
future. In response to this disturbing
prospect, the focus on building the renewable
resources has begun. Ocean wave energy is
one of those renewable energies that have

been studied and researched.

The most conspicuous form of
ocean energy is the surface wave. Waves
are simply energy in transition, that is energy
being carries away from its origin. One of
the sources of wave energy is the “wind
waves”. Wind waves are actually a form of
solar energy since the primary source of
wind energy is the sun. Solar radiation is

then collected by water.



It is most important to note that the
distinction between deep and shallow
water waves has little to do with absolute
water depth but is determined by the ratio
of water depth to wave length. In shallow
water that ratio is less than or equal to
0.02.

In shallow water, wave becomes
sharp crested with a broad trough; that is,
the wave profile is nonlinear.

This purpose of this paper is intended
to provide the theoretical analysis of wave
in shallow water when nonlinear theo-
ries have to be applied, especially look into
the power that wave can provide using the
theory of Stokes.

2. Properties of Nonlinear wave

It should be noted that there is no
mathematical theory that exactly describes
the behaviour of water waves. The various
wave theories simply approximate, to some
degree, the actual phenomena.

Nonlinear waves have been found
to occur in various physical disciplines and
life science, manifesting phenomena that
have been regarded, by and large, as being
remarkable and often very challenging.

One failing of the linear wave theory
is that it always predicts a sinusoidal profile.
A deep water swell having a low value of
will be well approximated by this profile;
however, as the wave begin to shoal, that
is, to be affected by the seafloor, the wave
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profile will begin to change to one with a
narrow crest and broad trough. This profile
is said to be nonlinear.

Still Water Level (SWL) and Mean
Water Level (MWL) coincide for the linear
wave, however, the SWL will be below the
MWL for the nonlinear wave since the MWL
is defined as being half the distance from
trough to crest. Since the position of the
MWL is defined by the wave height , this is
the most logical level on which to place
the origin of our coordinate system. [1]

2.1 Power of Nonlinear waves

In this section, we look at the
nonlinear wave theorie, stokes’s second
order theory, concentrating on power, in a
shallow water condition.

Stokes (1847, 1880) introduces an
irrotational water wave theory that utilizes
series representations of wave properties.
The accuracy of the theory depends on the
number of terms contained in the series.
For example, Stokes’ first order theory is
identical with the linear theory. Stokes’
second order theory improves the accuracy
in determining the wave profile and, in
addition, the mass transport convection
velocity and the breaking condition of the
wave. Stokes’ third and higher order theories
successively add to the accuracy of
the wave profile prediction. (2) For our

purposes, the second order theory is

satisfactory. [1]
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Without derivation, the shallow
water wave profile predicted by stokes’
second order theory is obtained from

2

n:%cox(kx—ax)wti COS[Z(kr—aJt)]

16 k°h°
(1)
Where k is the wave number of equation (2)

_2z 2)
A

k

and @ is the circular frequency 27f .

H (an Zm‘) (3)

= —CO0S§
g AT

2

By comparing equation (3) and (1), it
can be seen that the first term on the
right-hand side of equation (1) is the expression
for the linear profile; thus the second term
is simply a correction to the first order
(linear) theory. The expression for the
wavelength 4 and the phase velocity or
the celerity are the same as those predicted
by the linear theory, that is, expressions

found in equations (4) and (5), respectively.

gT*? 27h
ST

c= A = ﬁtanh(kh)

The expression for the horizontal
water particle velocity in shallow water

according to the linear theory is

u= % cos(kx —a)t) (6)

Whereas that according to Stokes’s

second order theory is

2
u= ﬁcos(kx—a)t)~l—10)3—}{4
2kh 16 k°h

(7)

Surface particle velocity actually in-
creases as the depth decreases and wave’s
phase velocity decreases with decreasing
depth, then at some point the maximum
horizontal velocity of the surface particles

will equal the phase velocity, that is

umax

=Hy = (8)

A wave is said to break when the
particle velocity at a crest and the phase

velocity are equal; that is

At a crest, one can assume that
cos(kx — ax) = cos[2(kx— ax )] =1

For shallow water, phase velocity is

c=gh (9)

Thus if the results of equations (9)
and (6) are used, the breaking condition
in shallow water according to the linear
theory is

G)Hbz\/gfh

2kh

cos[Z(kx - a)t)]



or, incorporating the results of the
equation (10), (wavelength in shallow

water)
A=.ghT (10)

the breaking height is
H, =2h (11)

Combing equation (9), (8), and (7)
results in the breaking condition according
to Stokes’ second order theory. The result is

C()Hb|:1+3 Hb i|=\/g_h

2kh | 8 kK3

or, using the result of equation (10),

the breaking height is

21.2 2
g, =7 38 )
3gT> 4r?

Thus of equation (12) depends on
both the period and the depth in shallow
water, whereas the breaking height of equation

(11) is independent of wave period.

The expressions for the total wave
energy and the wave power in shallow wa-
ter obtained using Stokes’ second order
theory are, respectively,

2 2
po ], 9 ] )
8 64 k°h
and
2 [ o 2 2,4
P= M 1+ iw (14)
8 64 (271') h°
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or  p_peH\ghbl 9 H’(gh)'T*
8 64 (2z)'h°

where b is the crest width and the
group velocity ¢, is equal to the phase
velocity in shallow water, from equation
(15).

A
In shallow water (hs AO) , the
waves remain stationary with respect to

group boundaries; thus

c, =¢ (15)

The total energy for linear wave

theory is obtained from

2
E=E +E _pPeHAb (g4
P k 8

The transfer of wave energy from
point to point in the direction of wave travel
is characterized by the energy flux or, more

common Ly, wave power:

p_peteb (17)

8
By comparing equation (13) with
equation (16) of linear theory, and equation
(14) with equation (17) of linear theory, it
can be seen that Stokes’ second order

theory simply adds a correction factor

9

aHZ“h" to the energy and power

expression of the linear theory.
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3. Numerical results
3.1 Relationship between Wave power and Wave period when Wave height varied.
A. Result

Wawe Power & Wawe Period

20" 14 T 14 T 14 14 14 14 14 -
Wawe height= 0.25m
18 |- Wawve height=0.5m rr
Wawve height=1m
16 |- L
14 |- -
s 12| il
=
% 10 |- -4
o
g s
= - -t
=
6 |- -1
4. -
2\ -+
0 = - - - - - - - - =
o 1 2 3 4 5 6 7 8 <] 10

Wave Period (S)

Figure 1 Graph Wave Power & Wave Period when Wave height varied for Stokes’
Second order theory

3.2 Relationship between Wave power and Wave period when Wave depth varied.
A. Result

Wawve Power & Wawve Period

120 [ 13 13 13 13 13 E 13 E 13 .
Wawe depth= 1.5m
Wave depth=2m
100 |- 1 ! Wawve depth=2.5m
80 |-

Wave Power(kW)
3

20 |-

(o 1 38 4 E r E 4 I r r -
o] 1 2 3 4 5 =] 7 8 9 10
Wawve Period (S)

Figure 2 Graph Wave Power & Wave Period when Wave depth varied for Stokes’
Second order theory



4. Concluding Remarks

4.1 The Stokes’ second order theory
that analyzed in this paper were considered
only in a shallow water, that is ratio of wave
depth to wavelength is less than or equal
0.02.

4.2 The graph is plotted between
wave power and wave period when wave
height varied for Stokes’ second order
theory. The graph is shown in Figure 1. It
can be seen that when wave period’s
increased, it made wave power increased.
At the same wave period, if wave height’s

increased, it is increased the wave power.

4.3 Figure 2 showed graph of wave

References
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power and wave period when wave depth
varied for Stokes’ second order theory. It
can be seen that when wave period’s
increased, it made wave power increased.
At the same wave period, if wave depth’s

increased, it is increased the wave power.

4.4 Figure 1 and 2 yielded the power
function graphs of roughly equation of
y=X " +1, when n=4. The reason they did
not yield the proper power function graph
because some constants involved which

we can see from equation (14).

The reason we used Stokes’ second
order theory because its accuracy abilities

to predict wave behavior in shallow water.
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Coastal Unmanned Surface Vehicle (USV)
Conceptual Hull Design Study
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Abstract

The Applications of the Unmanned Surface Vehicle (USV) are widely used as can be

seen in both commercial and military purposes. As the main design aspect of the hull is to

endure the harsh sea condition where is not the human friendly environment, the hull

performance in waves is the main area which needs a special investigation. This paper

presents the study of the hull performance for three different hull geometries. These hulls
are Deep Vee (DV), high-slenderness hull (NPL 5b) and the Royal Thai Naval Dockyard

designed patrol boat (T991). Required propulsive power and hull performance in waves are

investigated. The results show that the DV model seems to have advantage over other hull

geometries.

1. Introduction

In the past few decades, Unmanned
Surface Vehicle (USV) has been developed
and widely investigated. The applications
of USV are recently used in various fields
such as oceanography, oceanic archeology,
military and commercial. As the USV is

normally operated at high sea condition

where human abilities are limited due to
safety consideration and sea sickness, the
performance in the harsh sea conditions is
the focus for the early stage design. Those
performances for the initial hull design are
including resistance and required propulsive

powering, and initial seakeeping.

10



This paper presents the conceptual
hull design for the USV which can be used
for the Royal Thai Navy to fulfil the
missions which are considered as the high
risk for the personnel. To demonstrate hull
performances for different type of vessels
three monohull configurations are evaluated
to represent planning hull, high-slenderness
hull and displacement hull respectively.
The catamaran configuration for the
high-slendermness hull is taken into account
to compare the differences between those

two configurations.

The resistance and required propul-
sive powering indicate the hull characteris-
tics in term of the power consumption
which is the basis for the early stage design.
As the USV is normally operated at a
high-speed regime, the range of speed
evaluated is up to 40 knots. Four different
resistance methods are used which are
discussed in section 3. The initial seakeeping
is another aspect that needs to be assessed.
To represent to vessel behaviors in waves
the Response Amplitude Operation (RAO)

for heave, roll and pitch are investigated.

2. Hull Forms

Three different hull forms are assessed
as the beginning point to compare hull
characteristics and performance. These

three hull forms include Deep-Vee shape

11
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hull (DV) and Displacement Hulls. The DV
hull was proved that it has a better motion
resistance compared with other low deadrise
angle planning hull (Kim et. al, 2013). Two
high-speed displacement hulls are also
investigated here since they are the high-
speed design for coastal operation. The first
of displacement hulls is The NPL 5b which
has been thoroughly investigated since
originated and proved that its high
slendemess and very streamline configuration
is most suit for high-speed craft design.
Moreover, this hull is designed for the
catamaran application. Another hull
focused here is the Royal Thai Naval Dockyard
designed patrol boat, T991, the hull is
originally designed for the coastal patrol
boat project which requires very high
performance in term of resistance reducing
and motion resistance aspects.

Figures 1, 2 and 3 show the different
views for hull forms; fisure 1 shows the
sheer plan, figure 2 shows top view and
fisure 3 shows body plan. The hulls are
required to have the same length over all
(LOL) of 10 m as the goal of this stage to
compare characteristics and performance.

From figure 1, for the same length
NPL 5b and T991 seem to have similar hull
depth while the DV has higher depth. In
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term of maximum breadth, the DV is higher
than both NPL 5b and T991, see figure 2.
The smallest beam is found for the NPL
5b which reflects its slenderness. To this
point, these models have different charac-
teristics but designed for the same purpose

to operate at the high-speed regime. The

hull particulars are shown in table 1. The
constraints for the design are the hull must
be approximately 10 m long, weighs about
4 — 5 tones for monohull and slightly higher for
catamaran. The catamaran configuration for
the NPL 5b is taken into the consideration as

it was originally designed for this application.

i

Lok
=
==

AT
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Figure 2: Top view of a) DV, b) NPL 5b and ¢) T991

a) b) )

Figure 3: Body plan of a) DV, b) NPL 5b and c¢) T991

Table 1: Comparison of hull particulars for different hull forms

DV NPL 5b T991 NPL 5b Cat
LOL, m 10.000 10.000 10.000 10.000
Displacement, te 4.491 4.354 4.421 5.220
DWL, m 0.850 0.800 0.550 0.600
WL Length, m 9.392 9.720 9.140 9.720
Beam max., m 1.800 1.250 1.800 5.500
Beam max extents on WL, m 1.550 1.150 1.571 5.300
Wetted Area, m2 18.422 17.531 15.894 35.062
Waterplane Area, m2 14.391 8.902 11.382 17.883
Prismatic coefficient (Cp) 0.644 0.717 0.685 0.717
Block coefficient (Cb) 0.307 0.475 0.546 0.475
Max Sect. area coefficient (Cm) 0.521 0.731 0.802 0.731
Waterplane area coefficient (Cwp)  0.827 0.796 0.792 0.798

13
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3. Resistance and Powering

To assess the resistance and required
propulsive power for different hull forms,
the design tool, Maxsurf, is used. Four
different approaches are used and
compared the results. The hull and propulsion
efficiency are set as 45% (45 — 50% normal
in practical use for propeller propulsor)
margin while the fouling due to severe
weather is not considered at this stage.
The statistical method for determining a
required propulsive power at the initial
design stage using the regression analysis of
random model experiment and full-scale
data call Holtrop approach (Holtrop and
Mennen, 1984). Slender body approach is
also used as the hull models investigated
have high slenderness. Another two

approaches that are used call Savitsky

pre-planning and planning (Savitsky (1964)
and Savitsky and Brown (1976)). These two
are used as the DV model is considered as
the planning hull. The pre-planning model
used to determine the required power
when the DV model is running at a low
speed regime where the hull acts like the
displacement hull. The later model,
Savitsky planning model is then used to
determine required power at the high-speed
range where the hull rises and shows the

planning characteristics.

Figure 4 shows the results for the DV
model using the four different mathematical
models mentioned above. The Holtrop
model provides the highest required power
so at early design stage this model will be
used as it gives the highest required
propulsive power.

——Holtrop

1400 | — Slender Body
Savitsky Pre-planning
Savitsky Planning

1200
1000
800
600
400
200

Required Power (kW)

0
0 10

20 Speed (kt) 30

40 50

Figure 4: The comparison of required of DV model determined using different models

14



The results for all models are shown
in fisure 5. Total required power for the
T991 model is highest and slightly higher
than the DV model while the NPL - 5b
model requires smallest propulsive power.

For the low speed regime (< 10kts) the
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required power is almost similar for all
models. At the intermediate speed (10 < U
< 20 kts) the DV and NPL 5b seem to require
nearly the same amount of power while

the T991 requires significantly higher power.

ri '

1400.0 Powering Comparison

£ 12000 DV

= 1000.0 ~———NPL_5b

3] T991

2 800.0

=™

< 600.0

% 400.0

& 200.0

0.0 -
0 10 20 30 40

Speed (kt)

Figure 5: The required propulsive power for different models

4. Initial Seakeeping

Hull performance in rough sea is
another aspect which requires the careful
investigation. Due to the operation area of
the USV close to the shore line hence it is
inevitable to face the a very rough sea or
high sea state and effects of the sea floor.
Three motions including heave, roll and
pitch are most concerned. Heave motion

might be able to harm the human and

15

equipment onboard the vessel as it can
increase or decrease the acceleration
rapidly. Pitch motion can cause even more
severe damage to the vessel as the slamming
can directly damage the hull structure
hence reduce hull strength. Apart from that
it can cause the engine to stop or damage
due to the exceeded angle of operation.
Roll motion also cause problem in term of

cause keeping and sea sickness. This motion
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is concerned as the USV is designed to
operate remotely as it is comparatively
small; hence the small roll motion can
cause a large degree of error in course
keeping and results in increasing fuel

consumption.

The wave encounter angle (3)
orientation is shown in figure 6. The first
angle of encounter starts from the head wave
at 180° (head wave) and decreasing through
the side of the ship until reaching 0° (following
wave). At his stage the investigation is to
demonstrate the effects of (B) at different
angles of 180° to 0° with the interval of 45°.

beam

wave and ship motions to the fixed frame
of reference hence the RAO depends mostly
on hull form and angle of encounter (f3)

not on speed or wave.

4.1 Heading (f3) = 180°

Only heave and pitch RAO can be
measured for the head wave because
waves come and hit purely at the bow of
the vessel hence roll motion can be
neglected. Figures 7 and 8 show the heave
and pitch RAO. The DV model shows a
slightly high heave RAO at low frequency of

encounter () and decreasing when frequency

fi=60" f=120°
quatering bow
[i=30° p=150°
followin head
el S

Figure 6: Angle of encounter () of wave

The response amplitude operator
(RAO) are measured to demonstrate the
performance in waves for all hull forms.
These RAOs include heave, roll and pitch.
The RAO reflects the relationships between

of encounter decreases and shows the
lowest RAO compared with other models.
Other models seem to show the same
trend of decreasing RAO but slightly higher
than DV model.

16



The DV model shows a lowest pitch
RAO compared with other models while
the NPL 5b shows the highest RAO and
the T991 and NPL 5b catamaran show the
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similar characteristics which fall in between.
This shows that model with the deeper
bow part seems to have better pitch

motion resistance.

Heave RAO P =180 deg

1.5
1.0 — X —T99]
o NPL_Sb
3 NPL 5b_CAT
0.5
0.0 —
4 2.4 4.4 4 4
0 o (rad) 6 ]
Figure 7: Heave RAO at B = 180°
1.5 Pitch RAO B =180 deg
—DV
- —T991
10 === NPL $b
e NPL_5b_CAT
Q _Sb_
o
0.5
0.0
4 24 4.4 4 4
0 o (rad) 6 8

Figure 8: Pitch RAO at B = 180°

4.2 Heading (3) = 135°

Figures 9, 10 and 11 show the results
for 3 = 135°. At this angle of encounter, the
catamaran configuration (NPL 5b catamaran)

show the best performance compared with

other models, the DV and T991 show similar
results while the NPL 5b shows the worst
results. However, focusing merely on the highest

RAQO values for all motion, the results are
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not much different except for the roll motion which the NPL catamaran shows the best

performance.
12 Heave RAO_fi =135 deg
—DV

10 ——T99]

08 ~———NPL_5b
o NPL_5b_CAT
=< 0.6
P

0.4

02

0.0 - =

4 4 44 4 4 4
0 2 © (réad] 8 10.
Figure 9: Heave RAO at B = 135°
5.0 Roll RAO B=135deg
4.0 —DV
T991

o 30 ~——NPL_5b
é ’ ———NPL5b_CAT

2.0

1.0

0.0

0.4 1.4 24 3.4 44 5.4 6.4 74
e (rad)
Figure 10: Roll RAO at B = 135°
" Pitch RAO B = 135 deg
—DV

1.0 f—

. ~——NPL_5b
o= NPL 5b_CAT
é 0.6

0.4

0.2

0.0

0.4 24 44 64 8.4 10.4

Figure 11: Pitch RAO at B = 135°
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4.3 Heading (3) = 90° pitch motion resistance. This might be from
the fact that the underwater wedge-shape

The results for the 3 = 90° show in
design of the DV is very thin compared with

fisures 12, 13 and 14. The DV model shows i
other models. Again, the catamaran
the best performance for the heave motion configuration shows the best performance

resistance while shows the worst for the  for roll motion resistance.

Heave RAO =90 deg

1.6
14 ra —DV
P —T91
1.2 [ - | NPL_Sh
10 ' \ NPL_Sb_CAT
c
< 08
0.6
0.4
02
0.0 =
0.4 0.8 12 1.6 2.0 24 28 3.2 36 4.0
o (rad)
Figure 12: Heave RAO at B = 180°
Roll RAO _f =90 deg
B0
—DV
—T991
NPL_5h
H‘:.""———;_—_——-_ —
1.0 14 1.6 1.8 20

1.2
w (rad)
Figure 13: Roll RAO at B = 90°

Pitch RAO_p = 90 deg

L0
0.8 —_—Dv
——T991
——NPL_Sb
NPL _Sh CAT

20 24 28 32 36 40
o (rad)

Figure 14: Pitch RAO at B = 90°
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4.4 Heading (3) = 45°

The results for 3 = 45° are shown in
figures 15, 16 and 17. The results are quite
difficult to justify however the DV model
seems to show better heave motion

Heave RAO =45 deg

resistance while show quite worse roll
motion resistance which is like the T991
model. The NPL 5b model shows the worst
performance for pitch motion. The NPL 5b
catamaran model shows the superior
performance compared with other models.

1.0
—_— D\J A
——T99] ' 0.8
~——NPL_5b
) NPL_5h_CAT 0.6
=
= i 0.4
N /\
=, 02
w |
- = 4 i 0.0
-10.0 -8.0 6.0 -4.0 2.0 0.0 2.0
w (rad)
Figure 15: Heave RAO at B = 45°
Roll RAO p =45 deg
5.0
—DV
——T991 4.0
——NPL_5b
o NPL_5b_CAT 3.0
o
R 2.0
AL
< 00
-10.0 -8.0 6.0 mfrfd} 20 0.0 2.0
Figure 16: Roll RAO at B = 45°
Pitch RAO B =45 deg 50
—_—DV I-"|
_ml I| |I 4.0
——NPL_3b [ 1 3.0
2 NPL_5b_CAT [ :
2 f I'*. 2.0
.l'l \ \
- / \__ 1~ 1.0
—_— - —_ 0.0
-10.0 -8.0 6.0 ol -20 0.0 20

Figure 17: Pitch RAO at B = 45°
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4.5 Heading (3) = 0°

The following wave encounter
performance are shown in figures 18, 19
and 20. The DV and T991 show a high

amplitude for the heave motion at the
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same frequency of encounter compared
with the NPL 5b and the NPL 5b catamaran
models. The results for the pitch motion

are quite similar for all models.

Heave RAO_f=0deg

5.0
—DV
—Ta491 4.0
~——NPL 5b
NPL_5b_CAT 3.0
o .
=
&= 2.0
1.0
— ‘_,,_/"I 0.0
-10.0 -8.0 -6,0 4.0 -2.0 0.0 2.0
o (rad)
Figure 18: Heave RAO at B = 0°
Pitch RAO P =0 deg 2y
—DV
—TH1 |
“NPL_5b 20
NPL_Sb CAT
o H 1.5
|
§ e 1.0
0.5
ee— —_— 0.0
-£.0 6.0 4.0 -2.0 0.0
@ (rad)

Figure 19: Pitch RAO at B = 0°

4.6 First Spectral Moment of Motion (Mo)

The first response spectra show the
probability of the peak motion or the motion
to happen for the different angle of encounter
(B). Figures 20, 21 and 22 show the results

for all RAOs discussed previously. It can be

21

seen that all hulls show quite similar trend
except for the roll motion which the
catamaran configuration shows the best
result. The DV shows quite high value for
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pitch motion for the following wave. This might  is quite wide and shallow which is prone to

be from the fact that the aft part of the DV emerge when hit by the following waves.

Heave M,
0.064
0.062 —
= 0.060 —Dv
—To991
- ———NFL 5b
0.058 NPL_5b_Cat
0.056
0 45 90 135 180
B

Figure 20: comparison of heave MO for different models at various 8

Roll M,
0.006
—bpv
—T99]
MPL S5h
0.004 NPL 5b Cat
=
0.002
0.0
0 45 90 135 190

B )

Figure 21: comparison of roll MO for different models at various 8

Pitch M,
0.0008 —DV
——T99]
0.0006 ~———NPL_5b

NPL 5b_Cat
= 0.0004

0.0002

0.0000
0.0 50.0 100 150.0 200.0

BI")

Figure 22: comparison of pitch MO for different models at various
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5. Hull evaluation and Conclusion

5.1 Required Propulsive Power and Space

The required propulsive power
assessment shows that the high slenderness
NPL 5b seems to be beneficial for the USV
design compare with other model as it
required lowest power to operate through
the water. However, in term of space, the
DV model seems to have advantage over
other monohull configuration models as seen
in table 1. The maximum breadth of the DV
model is approximately 3.24 m compared
with 1.25 m and 1.80 m for the NPL 5b and
T991 models respectively. The maximum
breadth at the DWL shows that the DV models
has the maximum length compared with
other monohull models. Hence, the DV
model seems to be the better option for
the investigation as it provides larger space
compared with other monohull models.

Moreover, the NPL 5b Catamaran model
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provides the largest deck area as it has more
area between demihulls to carry more
equipment and payloads. However, the
construction complexity is the challenge as
the strength of the connected part between

demihulls are more concerned.

5.2 Seakeeping performance

The evaluation of hull performance
in waves is presented in table 2. The most
capable of handling heave motion is the DV
models. The best hull with the capability to
resist the roll motion is the NPL 5b catama-
ran configuration model. The best hull to
handle pitch motion is also the NPL 5b
catamaran while another two models that
show capability in handling pitch motion are
DV and T991 models. However, the DV model
seems to show slightly advantage over the
T991 model because it has ability to handle

both head and following waves.

Table 2: The evaluation of hull performance in waves

Heave Roll Pitch
NPL NPL NPL
Bl pv NSI;L T991  5b | DV ]\;ZL T991  5b | DV ?1]: T991  5b
Cat Cat Cat
180 | / /
135 / / /
9 | / / / /
45 |/ / / / / /
0 / / /
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5.3 Concluding remarks

5.3.1 Conclusions

Three monohull and one catamaran
configuration models are investigated
including Deep Vee (DV), NPL 5b, T991
and NPL 5b catamaran. Propulsive powering
and initial seakeeping are assessed. The
required propulsive power study shows that
the T991 model requires the largest amount
of power at the very high-speed regime
which is slightly higher than the DV model.
The high slenderness NPL 5b requires least
amount of power for the high-speed regime
compared with those two models. The
powering for catamaran configuration
model cannot be calculated using the ship
design tool, Maxsurf, hence at this stage it is
assumed to be doubling of the monohull
for the same draught. However, for the low
speed regime (< 10 kts) where the USV is
expected to operate, the required propulsive

power for all models are quite similar.

The initial seakeeping results show
that the DV model has the better heave
motion resistance performance while the
DC model shows the better performance in
handling roll and pitch motions. To this
point, the suitable models to be further
investigated is the DV and DC models.

5.3.2 Comments

From the conclusions made above,
the DV hull is recommended for the USV
project. Although it has less ability to
handling pitch motion, the further investigation
to study hull variants by varying deadrise
angle, the parallel horizontal keel design,
and length etc. The catamaran configuration
seems to have advantages over the monohull,
but it might bring the complexity to the
project through the construction process.
However, the catamaran model is still the

possible option for other investigations.

5.4 Future works

5.4.1 Numerical Investigation

The early design stage mostly relies
on the statistical model-based software
hence the data acquired can be used as the
starting point. The further numerical studies
are needed for example to determine
required propulsive power CFD software will
be used. The initial seakeeping is also
determined using the same package, so the
data again can be used as only for the
beginning point. In some cases, for more

accurate and reliable results, the experiment

will be considered.
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5.4.2 Structural Investigation

The structural analysis is needed for
the further investigation. As the USV will
mostly operate at the high sea condition
where the vessel will face the harsh force

and pressure form waves, the finite element
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Abstract

The earthquake off the west coast of Thailand on December 26, 2004 and the
subsequent tsunami disaster has focused research interests among scientists. The research
is not solely focused on the west coast of Thailand, but also the east coast. The reason for
the research is that the Thailand’s east coast is adjacent to China Sea, a part of the Pacific
Ocean where earthquakes and volcanic eruptions are frequent. In addition, coastal elevation
on the Thailand’s east coast is generally low, thus making it extremely vulnerable to wave
inundation with a height of a few meters. The Manila Trench is an excellent candidate to
assess the risk of tsunami impact to the east coast of Thailand due to its close proximity.
This study creates a hypothetical earthquake tsunami scenario caused by sudden movement
of seafloor at the Manila Trench. Tsunami travel time will be strictly observed because it is
the most critical information for tsunami warning. The time will be determined by
numerically solving the shallow - water equation. The study reveals that tsunami reaches
the southern part of Thailand 11.42 hours and reaches Bangkok 17.73 hours after an
earthquake. The probability of tsunami generated by the Manila Trench is unlikely to result
in loss of human life along Thailand’s east coast due to the long travel time of the tsunami
wave. The slower wave speed in the Gulf of Thailand allows time to evacuate people away

from the coastal zone.
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1. Introduction

The great Sumatra earthquake on
December 26, 2004 was the second largest
earthquake recorded during the last century.
It led to the worst tsunami disaster with
more than 200,000 lives lost and devastation
throughout the Indian Ocean. Thailand was
one of the countries impacted by the tsunami.
Many questions about the earthquake and
tsunami risk have arisen in Thailand. The
questions are not solely focused on the
west coast of Thailand, but also the east
coast. Thailand’s east coast stretches along
the Gulf of Thailand, where the location of
China Sea is linked to the Pacific Ocean
and proximal to the Manila trench. It is one
of the most active plate boundaries where
earthquakes and volcanic eruptions are
frequent - commonly referred to as the
Pacific Ring of Fire (USGS, 2016). In addition,
coastal elevation along the Gulf of Thailand
is generally low, thus making it extremely
vulnerable to inundation by waves with a
height of a few meters.

The Pacific Ocean is bordered by
active margin associated with plate
subduction, active mountain construction,
and earthquakes (Kennett, 1977). Liu et al.
(2007) argued that 90 percent of global
undersea earthquakes take place around
the Pacific Ring of Fire. Recently, the United
States Geological Survey (USGS) has
assessed the Manila Trench as a high risk
zone for tsunami sources (Wu et al., 2009).

27

NSaASuIMSIsVIBUULYISD
dudnermansuazinalulad
Ui 2 avuil 1 Banau 2562

Royal Thai Naval Academy
Journal of Science and Technology
Vol.2 Issue 1, August 2019

Implying that the east coast of Thailand
could be considered under the tsunami risk.

A tsunami is a water wave generated
by the disturbance caused by submarine
earthquakes, landslides, explosive volcanisms
and meteorite impacts with the ocean
(Chadha et al., 2006). Tsunamis around
the world occur from many causes, but
principally result from shallow earthquakes
in subduction zones (Liu et al., 2007).
Tsunami generated by earthquakes take
place most likely in trench regions with a
large tectonic movement during subduction
(Fukao, 1979; Liu et al., 2007). Studies on
seismic activities in the South East Asia
show that the Philippines are seismically
active with subduction earthquakes along
the Manila Trench (Zhu et al., 2000; Michel
et al., 2000; Kreemer et al,, 2000; Bautista
et al., 2001; Torregosa et al., 2001;
Ruangrassamee and Saelem, 2009). It is
also argued that there is potential tsunami
sources in this region due to the fault
rupture along the Manila Trench (Dao et al.,
2009). Even though the probability of a
great earthquake generated in the Manila
Trench is unlikely, it may happen sometimes
in the future (Megawati et al., 2009). This
paper will discuss the probability of tusanami
risk, generated from the Manila Trench, on
Thailand’s east coast. The trench is close
to the Gulf of Thailand, so it is the most
likely potential tsunamigenic source in this
region.
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The Hawaii Tsunami Education Curriculum:
Kai E ‘e program reported that there are
113 Tsunamis were recorded on earth from
2000 - 2010 of which 12 resulted in fatalities.
That means tsunamis caused the fatality of
humans in every year. It is thus important
to study the probability of the Tsunami
hazard for disaster preparedness.

2. Scenario Earthquakes for Numerical
Modelling

Tsunami modelling in this study is
concerned with two areas. The first area is the
South China Sea with the adjacent Philippine
Sea Plate bordered by the Manila Trench.
The second area is the Gulf of Thailand and
Thailand’s east coast. The South China Sea
is a complex system, bordered by the Manila
and Philippine Trenches (Fig. 1a). The South
China Sea is the largest marginal sea in the
Pacific Ocean. Depth in the South China
Sea is generally shallow (< 600 m) in the
northwestern and southwestern regions.
However, the depth is greater than 5,000 m

in the central and eastern basin (Fig. 1b)

Liu et al. (2007) studied tsunami hazards
from potential earthquakes in the South China
Sea area. The geological and geophysical
data in this region were analyzed. They
found that the crust in this region is under
tremendous tectonic stresses from many

directions due to the complex interactions

between tectonic plates - the Philippine
Sea Plate, Sunda Plate, and Eurasia Plate.
The Eurasia Plate moves toward the
northwest approximately 10 mm/yr., whereas
the Philippine Sea Plate moves from east
to west roughly 50 mm/yr. Lin (2000) also
proposed that the Manila Trench is where
the Eurasian Plate subducts under the
Philippine Sea Plate at a rate 70 mm/yr.
This information implies that this region is a

highly tectonically active.

The Gulf of Thailand is located
between latitudes 6° and 14° N and longi-
tudes 99° and 105° E. It is a shallow
semi-enclosed basin that is bounded to the
east of the South China Sea. Its greatest
width is approximately 300 miles. Survey
data from “Naga Expedition” undertaken
by Scripps Institution of Oceanography
shows bathymetry of the Gulf of Thailand
(Fig. 2). The Gulf of Thailand is relatively
shallow with a mean depth is 45 m, and the
maximum depth of only 80 m. The general
shape of the Gulf’s bottom bathymetry can
be considered as an elliptic paraboloid
(Wattayakorn, 2006).

The coasts of Thailand have evolved
due to both changing of sea level and
accretion (Wattayakorn, 2006). Accretion
has occurred in the inner Gulf of Thailand,
from approximately 70 km to the present
Chao Phraya delta (Siripong A., 2010). The

28



1% 0FE

Fo L]

Mignlis Trengh

i oo

Philippine ;

Sea Plate

0" 00N

L ]

3 v
(¥
T 17 0w

NSaASuIMSIsVIBUULYISD
aruIngrdraasuazinalulad
i 2 atiuil 1 Aames 2562

Royal Thai Naval Academy S ANY

Journal of Science and Technology

Vol.2 Issue 1, August 2019

IIIIII

Figure 1 (a) The South China Sea with Philippine Sea Plate bordered by the Manila Trench.
Available from: http.//drrcca.blogspot.com/ Viewed November 5, 2016. (b) Bathymetry of
the South China Sea generated by Global — Multi — Resolution (GRMT) on GeoMapApp.

east coast of Thailand stretches along the
Gulf of Thailand. Its total coastline length is
about 1,700 km. Cross section of coastal
elevation at observation points along the
Gulf of Thailand, including Prachuap Khiri
Khan, Nakhon Si Thammarat, and Pattani
provinces are illustrated in Fig. 3 illustrates
that the east coastal plain is wide and flat,
with heights of a few meters above mean
sea level (M.S.L.) with widths of about 30 to

80 km landward.
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3. Method

3.1 Determination of Epicenter

Earthquakes around the Manila Trench
and the Philippines from 1900 — 2012 were
compiled from the USGS database to
determine earthquake probability in this
study. A return period, which is an estimated
time for the likelihood of an event for each
magnitude, will be discovered to confirm
the probability of earthquakes generated in
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Figure 2 Bathymetry of the Gulf of Thailand
based on data from the Naga Expedition,
Cruise 511, Scripps Institution of Oceanography.
Available from: http://escholarship.org/
uc/item/4mf3d0b7#page-2 Viewed November
5, 2016.

this region. To further tsunami modeling, it
is important to define an epicenter which is
the point on the earth’s surface vertically
above the focus of an earthquake. In this
study, locations of hypothetical fault planes
will be sources for tsunami modelling
instead of utilizing an exact point of the
epicenter. The six hypothetical fault planes,
along the Manila Trench, used in this study

Figure 3 Coastal elevations above M.S.L
along the Gulf of Thailand including Prachuap
Khiri Khan, Nakhon Si Thammarat, and
Pattani provinces. The cross sections are
generated using GeoMapApp.

are suggested by the 2006 Tsunami Source
Workshop and then issued by USGS (Kirby
et al,, 2006; Wu et al., 2009). Water depths
along the fault planes are approximately
3,000 - 3,500 m, except fault planes 4 and
6 which have depths of 4,000 and 2,700 m,
respectively. The 2006 Tsunami Source
Workshop identified these faults based on
the trench azimuth and the fault seometry

30



Figure 4 Faults along the Manila Trench

assigned by the 2006 Tsunami Source
Workshop. Adapted from Modeling Tsuna-
mis Hazards from the Manila Trench to Tai-
wan by T.-R. Wu and H.-C. Huang, 2009,
Journal of Asian Earth Sciences, 36, p.23.

(Fig. 4 and Table 1). For this reason, Fault
characteristics, which determine whether
or not a tsunami will form, are not necessary
taken into consideration to determine the
probability of the earthquake at these
hypothetical locations.
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3.2 Tsunami Simulation

Numerical simulation using the Win-
ITDB model which uses shallow - water
equation. Tsunamis behave like shallow
water wave in the open ocean because of
their wavelengths longer than the ocean
depth. When tsunami waves move into
shallow water, the wavelength decreases
leading to a growth in height. The amount
of energy in the wave remains the same
even though tsunamis move to shallow
water. Hence, simulation of tsunami
propagation is related to ocean depth.
Shallow water begins when the depth of
water is less than 1/20 the wavelength (The
Open University, 1999). The velocity of
tsunami wave becomes a simple direct

proportion function of depth as follows:

C — (gd)05
Where,

C = wave speed (m s-1)
¢ = gravitational acceleration (9.81
m s-1)

d = Depth (m)

WinITDB is numerical modelling
software used for tsunami travel time
calculation. ITDB stands for Integrated
Tsunami DataBase. The software is operated
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Table 1 Hypothetical fault planes along the Manila Trench issued by USGS.

Fault Lon. | Lat. Length (km) Strike Dip Rake
1 120.5 | 20.2 160 10 10 90
2 119.8 | 18.7 180 35 20 90
3 119.3 | 17.0 240 359 28 90
4 119.2 | 15.1 170 3 20 90
5 119.6 | 13.7 140 320 22 90
6 120.5 | 12.9 100 293 26 90

Note: Adapted from Modeling Tsunamis Hazards from the Manila Trench to Taiwan by T.-R.
Wu and H.-C. Huang, 2009, Journal of Asian Earth Sciences, 36, p.23.

on a Windows operating system which
requires few computational resources. It has
been used by the Hydrographic Department
of the Royal Thai Navy since tsunami event
in 2004. This study will focus on tsunami
travel time that is defined as the duration
for the first wave hitting on the coast after
the initiation of the tsunami. Tsunami travel
time is the most critical information
required for tsunami warning. Hence, the
level of risk could be classified by travel

time as well.

Four locations on the east coast along
the Gulf of Thailand including Bangkok,
Prachuap Khiri Khan, Nakhon Si Thammarat,
and Pattani provinces will be nominated to
observe the tsunami travel time. The
locations of observations are illustrated in

Fig. 5 and also summarized in Table 2.

4. Results

Information provided by USGS illus-
trates that the Pacific Plate is subducting
beneath the Philippine Plate. It starts
from the south of Japan to the Mariana
Island arc, which extend more than 3,000
km along the eastern margin of the

Philippine Sea Plate. This subduction zone
is characterized by rapid plate convergence
and high-level seismicity extending to
depths of over 600 km. The plate interface
has been associated with a few great (Mw >
8.0) “megathrust” earthquakes. Fig. 6 shows
earthquake records in the past 100 years

which are mostly about 7.5 - 8.0 Mw.

The most recent tsunami in the South
China Sea was generated by an earthquake
magnitude of 7.6 Mw in 1986 (Wang and
Zhang, 2005). This earthquake magnitude
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Figure 5 The locations of
observations points on the
east coast along the Gulf
of Thailand. The locations

in longitude and latitude

for all observation points

are also provided in Table 2.

this region. The earthquake
return periods, which is an
estimated time for the like-
lihood of an earthquake in
the China Sea, is summa-
rized in Table 3 (Ruangras-
samee and Saelem, 2009).
In order to determine
tsunami travel time on the
east coast of Thailand, loca-
tions of the six hypotheti-
cal fault planes along the
Manila Trench, suggested

has a return period of about 19 years, which by the 2006 Tsunami Source Workshop, are
is a short period. It implies that the earth-  assigned as epicenters for WinITDB. Fig. 7
quake magnitude 7.5 Mw is likely occur in - presents simulations of tsunami waves

Table 2 Locations of observation points along the Gulf of Thailand

No. Name (Provinces) Lon. | Lat.
1 Bangkok 100.5 | 13.5
2 Prachuap Khiri Khan 99.8 | 11.8
3 Nakhon Si Thammarat = 100.2 | 8.5
4 Pattani 102.1 | 6.3
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Magnitude
@ 75-80

@ a0

Figure 6 Seismicity of the Philippine Sea Plate and vicinity during 1900 — 2012. Available
from http.//pubs.usgs.gov/of/2010/1083/m/pdf Viewed November 6, 2016.

generated from Fault 1 and 6, respectively.
The red dot presents the epicenter at the
Manila Fault that triggered tsunami event.
The spacing between each contour pres-
ents 600 seconds time interval. Thus, each
color, either red or green, represents a one
hour time interval. Arrival times of the first
wave peak at all observation points on the
east coast along the Gulf of Thailand are

summarized in Table 4.

The shortest time before a tsunami
wave reaches the southern part of Thailand
at the Pattani location is 11.42 hours, and
arriving in Bangkok 17.73 hours after an
earthquake. The waves travel very fast in
the South China Sea, but slowdown in the
Gulf of Thailand. This comes from observation
of contours presented in Fig. 7. The
contours are close together in the Gulf of
Thailand whereas more widely spaced in
the South China Sea. The details will be
described in the next section.
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Table 3 Return period for each magnitude

Magnitude (Mw) | Return Period (Years)
7.0 6
7.5 19
8.0 63
8.5 205
9.0 667

Note: Adapted from Effect of Tsunamis generated in the Manila Trench on the Gulf

of Thailand by Ruangrassamee A. and Saelem N., 2009, Journal of Asian Earth
Sciences 36, p.55-56.

Prachuap Nakhon Si
Fault Bangkok Khiri Khan Thammarat Pattani
1 19.03 16.65 15.01 12.53
2 18.21 16.28 14.18 11.96
3 18.05 15.85 14.01 11.75
A 17.80 15.65 13.76 11.53
5 17:73 15.38 13.72 11.42
6 18.32 15.98 14.47 12.23

Table 4 Arrival times (hour) of the first wave peak at observation points on the east
coast along the Gulf of Thailand.

5. Discussions

This paper answers the question
about tsunami risk on the east coast along
the Gulf of Thailand. The South China Sea
is under tremendous tectonic stresses
from many directions due to the complex
interactions among tectonic plates. Studies
on seismic activities in the South East Asia
reveal that there are seismically active with
subduction earthquakes along the Manila

35

Trench. The trench is close to the Gulf of
Thailand, so it is the most likely tsunamigenic
source making it an excellent candidate to
assess the risk of tsunami impact to the
east coast of Thailand. Information from
the USGS illustrates those earthquakes with
magnitude 7.5 Mw, which have a return
period of about 19 years, are likely to occur
in this region. The magnitude is great

enough to trigger a tsunami event. The
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Figure 7 Tsunami waves generated from Fault 1 (Upper) and Fault 6 (Lower) travels across
the South China Sea to the Gulf of Thailand. The red dot presents the epicenter at the
Manila Fault that triggered tsunami event. The spacing between each contour presents

600 seconds time interval. Each color, either red or green, represents a one hour time interval.

probability of earthquakes in this region is
therefore confirmed.

The tsunami numerical
software “WinlTDB”, based on the shallow

- water equations, allows determination of

modelling

tsunami travel times. Four observation

points are defined along the Gulf of
Thailand including Bangkok, Prachuap Khiri
Khan Nakhon Si Thammarat, and Pattani
provinces. The cross sections at these
observation points show that the coastal
elevation along the Gulf of Thailand is
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generally low with a height of a few meters,
thus making it extremely vulnerable to
wave inundation. Six locations, suggested
by the 2006 Tsunami Source Workshop, are
assigned as sources of earthquakes at the
Manila Trench for utilizing WinITDB. Tsunami
waves propagate from earthquake sources
whose water depth varies from 2,700 -
4,000 m depending on their locations. Travel
speed of tsunami waves depends on water
depth as a tsunami waves is considered as
a shallow wave that satisfies shallow water

equation.

This study reveals that tsunami can
reach the southern part of Thailand in 11.42
hours and reach Bangkok 17.73 hours after
an earthquake. Tsunami travel times to
observation points on the Thailand’s east
coast descend from Faults 1 - 5 whereas
the time generated from Fault 6 becomes
longer. The reason is that the travel time
depends on distance to the epicenter and
depth. The location of Fault 6 is further to
the east and depth is only 2,700 m which is
least among other faults. The probability of
tsunami generated by the Manila Trench is
unlikely to result in loss of human life along
Thailand’s east coast due to the long travel
time of the tsunami wave. The slower wave
speed in the Gulf of Thailand allows time
to evacuate people away from the coastal
zone. In addition, the slow wave speed in
the Gulf of Thailand implies that Thailand’s
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east coast would confront waves with a
height of a few centimeters due to strong
wave attenuation. The velocity of tsunami
wave is a simple direct proportion func-
tion of depth, so the attenuation is pre-
dominantly caused by shape of the Gulf’s
bottom bathymetry and shallow depth. As
stated, the general shape of the Gulf’s bot-
tom bathymetry is considered as an elliptic
paraboloid with a mean depth is 45 m, and

the maximum depth only 80 m.

6. Conclusions

The probability of the earthquakes
with magnitude greater than 7.5 Mw is oc-
curring in the vicinity of the Manila Trench
is high. Even though coastal elevation on
Thailand’s east coast is generally low, tsu-
namis generated by the Manila Trench is
unlikely to result in loss of human life along
Thailand’s east coast due to the long travel
time of the tsunami wave. The slowdown
of wave speed in the Gulf of Thailand will
allow time to evacuate people away from
the coastal zone. The slower wave speed
in the Gulf of Thailand also implies that
Thailand’s east coast would confront waves
with a height of a few centimeters due to
strong wave attenuation. The strong wave
attenuation is predominantly caused by
shape of the Gulf’s bottom bathymetry

and shallow water depth.
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Ship Vibration

U.B.HA. AU UaeNa9
NBIYNIAINTTULATDINAED HNefne 1s958uueEe
sualint 1neiiles Jmieaymsusinis 10270

unAnee

nsduaiouvesdeiinniiuly Wullymiidfy JeneliAnanudemesessuuduniou
anudemenelassainafe uagauidemedegunsaifieguuide fuulseiureanisduaziiiou
ligannilagviliAnanudevnesinan uwifdailiAedgmeanuliazmnauissonisufoRo
viewnendelude sufdenaliesounistemiigeszuusnevesFeifisnnnty

wn3esdnslvg edesdnsdie uarludng uussnsedundniviliiAensduasiioutude
fideanFsuaiiounuuuuUmeiiaestradudassisegneldusanatasne el uswatnon
irsesdnsluajuaziedosinstisazgnamuludsguuviueios 9asesdu wazdwioludinGe use
nafnaninanluinsasgnasiuuiananludnsludsde memuredudnviilianaudui
flainsfisounfnvesiaiFe minsuaussasSedeusmatnwadvhlnAnmsduaniousolaseaing
FauavaunInlsnge

Tuunanudl arliasdnifefunguiuasndnnisvesnisduasiteu uenanuiuisag
#inee AvliAansduazfiouiude uarisnmsuiluvioannisduasiiioureadefiauasaud

Abstract

Excessive ship vibration can be a serious problem and lead to damage to the
propulsion system, structural damage to the primary structure and damage to shipboard
equipment. Even if the vibration level is not high enough to result in major damages, it can
lead to crew discomfort and fatigue and increase the frequency of maintenance works for

ship systems.
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The Auxiliary and main engine and the propeller are the principal vibration exciting
sources. The hull structure responds as a both ends free beam when subjected to dynamic
loads. Dynamic forces from the main and auxiliary engines are directly transmitted to the
hull through their supports and foundations. Dynamic forces from the shafting system are
transmitted to the hull through shaft bearings. The propeller induces fluctuating pressures
on the surface of the hull. The response to this dynamic forces can cause the vibration of

the ship structures and equipment.

This article is not about the basic fundamental of vibration. It is focused on the

causes of vibration on board ships and the reduction of vibration on ships already built.
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TAnnisseds viiaditunismuwinsdlylussezensely

Abstract

PM 2.5 or Particulate Matters smaller than 2.5 micron that cause health problems
as we just have heard about nowadays actually exist and gradually accumulated from several
years ago up until now. This condition occurs every year but it seems to be very tough this
year. That’s because it happens sooner than usual, early January instead of mid-February.
The lengthier period the more trouble it causes. Those who have respiratory syndrome,
heart diseases or vascular diseases are at risk of getting worse thus should avoid the areas
where PM 2.5 level are over the standard. If it is necessary to enter the polluted areas,
proper mask must be worn. This article also points out meteorological factors that contribute
to this condition which will be beneficial for monitoring and may lead to finding sustainable

solutions in the future.
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Abstract

“Sound” is one of the of the ship identities. Even though sound is not physical
characteristic, it affects a lot in ship performances. Since sound can show an identity of the

ship and travel at long distance, any ship can be analyzed and distinguished at long
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distance if their sound can be detected. For modern ship such as tanker, merchant ship or

cruiser, sound factor is carefully considered since the process of ship design, material

(or machinery) selection and ship assembly to meet the sound characteristic they needed.

In modern military, especially navy, submarine, acoustic mine and acoustic torpedo are

considered important threats for the surface ships. Sound from surface or sub-surface ship

is a very crucial factor for the ship survival. This article will focus on Ship Acoustic (or Ship

Noise) which explains about the causes and effect of it. The article also mentions Ship

Acoustic (or Sound) Signature, the importance of ship acoustic and how to reduce the

acoustic level of the ship to give more understanding about ship acoustic to the reader.

1. UNUI

wndnwal (1) [1nng-] W. anwuzwvilou
[ A A [ . . 1 [ 6 @@ a
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TunsIuwunrsenIuTINYeIdmlansengy

= a a v A '

999NN ADU 9 lasunALaLilos1azna
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Y] ¢ A o & v A A A =
lNANYITDIETATUTIUNLAIAD FoiT0 13D
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[y | = [ ] <
anwUENITLNT AAUdy g Ll Lan W
Uszlaneng 9 (AIS ARULSAM ARWINgEeans
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Mdlun1sdunEeanis o s9nanTea1du

' wauiunsu aUusvludineanu w.A.2554
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2 Principle of Underwater Sound, Robert J. Urick, Page 332
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® Principle of Underwater Sound, Robert J. Urick, Fig. 10.4 Page 333
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* https://www.nakashima.co.jp/eng/product/fpp.html
® Principle of Underwater Sound, Robert J. Urick, Fig. 10.5 Page 335
" Principle of Underwater Sound, Robert J. Urick, Fig. 10.5 Page 336
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® https://www.sspa.se/shipping-and-underwater-radiated-noise
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’ Wikipedia, Acoustic Signature 15 5.0.2561

' Noise and Vibration: What’s Your Signature, www.ship-technology.com, 17 March 2011
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'* Understanding acoustic signatures, Gareth Evans
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" Detection and Identification of Acoustic Signatures, Glenn Pietila, Gabriella Cerrato, PhD and Robert E.

Smith

' Noise and Vibration: What’s Your Signature, www.ship-technology.com, 17 March 2011

' Wikipedia, Acoustic quieting, 15 3.A.62
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Evaluation of SONAR Performance to Support
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Abstract

In submarine warfare, SONAR is a device that propagates sound waves to detect
targets, such as submarines, mines, but the precision of target detection depends on many
factors affecting the SONAR performance. Those factors are, for example, the sea
environment, the SONAR’s features and also the target’s reflection. In order to be successful,
there must be planning before the actual operation. The computer software has been used
to evaluate the SONAR’s performance. Hydrographic Department has procured WADER
for learning and experimentation in analysis to make decisions on successful naval

operations plans.
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sula Publishing.
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dont-audible-screw-noises-make-submarines-easier-to-find,  https://en.wikipedia.org/
wiki/Snell%27s law, https://www.semanticscholar.org/paper/Underwater-Acoustic-Wire-
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Methods to Minimize Effects on Propulsion

Installation for the Erection of Stern Blocks
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Abstract

An error in dimension and shape of the stern block can affect to a propulsion instal-

lation. It may result of less propulsion efficiency which can cause of unable in propelling at

the maximum speed or unexpected fail of the system. There are 4 practical concepts that

can be applied during the stern block erection; installing propulsion outfitting with care of

hull deformation, referring propulsion ground marking during an erection of the stern block,

preparing machining margin for propulsion outfitting and considering to apply a compen-

sate disc for the propulsion system. In order to minimize a dimension and shape error in

the stern block, both hull production team and propulsion installation team must fully

understand those concepts and be able to apply them into their work processes.

1. UM

TudagUunssuisnisnaisounvuidu
vdan (Modular Construction Method) Dot
unsvaelugnanunssusode otinsertils
mssedeiinusingity nsdedeludnuae
Hnfugedinsiamsssuununs q Aiertes
ThAnAuduRus ieliunedeaiuisa
suunslapdnsioliies nuindissuLiundou
ALdudrunilefidesdanisliduiusfudunoy

(% (% s

Y99N1590159  Lnsudandlsendanudunus
HONITAARITEUUTULAADUARDUADAYINEISD
(Stern Block) @Faudanvingisearaiuvden

yuralvgiilesudentfginieUsenaun e

pangudentls iltuegfunisesnuutias
UselnyUee5e (The Society of Naval Architects
of Japan: Vol 3, 1995) 3U71 1 uanafneg1a
YadduUTENUMIS oA aUNTVRITEUUTY
\ReuTiAndaluUsnaugenTnede Mmuniwes
drulsznaudisenaraunsnlvedssuuty
\ndeufiRniseglutinaudenredorsing
Aunadannuduiusifiolissuuduindeud
UsrAndnIngegn é’qﬁ?usummngﬂmwaa
vdean1e3ededinudfysonsinnules
szuutulAdeu AnuAaIMnAeuUSanieiSe
danalimumisnsindedinusznousideuas
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$U 1 dree19msinansruvdundouluusnaudoniieise
(lona15UsenaunIsiseuive Accuracy: DSME, 2016)

F
()

(4)

1. Main Strut 2. Inter Strut 3. Stern Tube Boss 4. Bearing 5. Diesel Engine 6. Gear Box
7. Gas Turbine 8. Diesel Generator 9. Diesel Generator

gunsalvesszuutuindeuliinssmuuuy lag
ovlilssansainvesszuutuindouanas
WU yumaludnsieannyiseteunimeeusu
fannnisesnuuy

211 (IACS No.27, 013) laAinunan
ANAAIALAABUNEaUSULP A1nSUN1SA eS8
LA8ATaUAGUNITINIIUAILA SEAUTUE YU
(Unit) ufion (Block) wagdaiie (Hull) U7l 2

[=4 1 dl' d' [ v Ly
Juaianueaanfounseusulavessunsei
A o A v A A

SOAIULSOLATINLISaN +30 Ui, bay +20 Ul
AUAIRU  NIANTUNANAINUAANLARDUTIEBUTU

TAUSIUNIYED ATWUIIALAUIVDILUINAT
a AuvsdiuysenaufiisauTnNeaneia

¥
a =

HsrerguiuriTo N LWINAR8NIUY 20 U,
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Cocking-up of fore body

+30mm

Cocking-up of aft-body
]

4

+20 mm =

JU7 2 manunaIandeuvesgunsidasengeusulalunisaeiie (IACS: NO.47, 2013)

2.1 ﬂ']iﬂ')‘Uﬂiu%uqﬂuaggﬂﬂﬁﬂﬁ%']ﬂ
UsganSaw (Lack of Accuracy Control)

N13AUANTUIAKAE JUNTSIUURBLTE
Aersanlaandanudiaguin lagdedings
AIUANYUINLALFUNTIUNNTURDUYDIUAD
o O ) o ' < o
BaILANITARLENULAantUaUdIN15USENBU
I3 v A d‘ -al' |
UAaAFIEe ANUAATMLAAIUTIANAdLA lLAaY
JUNDULDUANNITOANANUAAIALAZDUTLAATU
AUAIBOIUANBUENITALAUAILA TUADULS

= gj ¥ 4 % U d‘l v
udstuneugavneld  Jadendnivnelvinig
AIUANTIALAE JUNSITANgNFRINAD AL
WA USSRV UR DULAENNTNTIDTA LU
nuas1ase anulalusssuvifvesany
d‘ d’j o o Idl [<] v
Wouduitugrudrdgfivinliauisaniuay
YAKkAEFUNTIIS LA lnudasdauduiug
YDINTYINUFIATLAUNITODNLUY  (Design)
unaulunISKEs (Production) Tuszauvas
ANS9ONLUU WU HBIRAISUINAVBINITNR

FL1e991n151@0u (Erection Shrinkage)
ANNSUNITAINUAVUIALN ULAANLAZLUEAN
TASIASNS A19197 1 BEASAINISUAGILLBI1N
= | A A ')
A5 AUYDILKNULUABDNS WAL IASIAS 19U
817 (Longitudinal) 7lda1ulugise Daewoo
Shipbuilding and Marine Engineering (DSME)
TudruveIn15Nds Wy n1stasulasIas g
11A5717 (Strong Back) tialdainiin1singa
(Distortion) 119991NN 5B UFADUADARISD
o1 19555UY 1RV I UL BUAINSUINUAD
= v 1 2 & %3 ¥ ¥ = =
Sowarnalunidunisasiadalinisasiasedl
VUALAL FUNTIFITONTINULUY

<

mim’;ﬁﬁmumLLazgﬂwNaﬁﬂLﬂu@fm
Afiunislunnduneuvesusiasesilie
PPN a a A A
TiinAuAaIAPdaudsal tAsealaNldluy
n1sAUANIUIALaEIUNTItuIIUs BT ef
Usgnausioiasesiioseauiiugiulunisin
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#1519 1 A1 Standard Erection Shrinkage Aluniseenuuuyes Daewoo Shipbuilding and

Marine Engineering, DSME (tona1s UsenounTsiseunIve Accuracy Control Procedure: DSME, 2016)

SHIP VLCC, COT CONTAINER B/C RO/RO
Structure Plate Longi. Plate Longi. Plate Longi. Plate Longi.
M.DECK - 2E 2E 2E 2E 4E 3E 4E
S.SHELL 2E 4E 2E 4E 4E 6E 41E 6E
S.L.BHD 2B - 2E 4E - - - -

C.L.BHD 4E 6E - - - -
D.BTM 6E 8E 6E 8E 6E 8E 6E 8E

-. Longi. Member is 2mm Longer than Plate. Because of Welding Sequence.

Theodolite 1Jusiu uazrsasiioTaluszuy 3D

Coordinate Wu Total Station FwnAnAIY

UNNIBIVBIHIN1TIALED N1TAIUANIUIA

LazgUNIIisemeseuy 3D Coordinate el

AUNABILaziinITUURuNTIAEING
4 a4 o &

\Aesleiniiugu

X o <

2.2 U208u20d auNnnldunNuuaonniLse
SENINNNTZUIUNITADISD

Wi13198IN13AIUANVUINLAL FUNTIVDS
vaeafiSolrmssuwuuld nstudsawan
:’/ I~ U A @y al A o Yo A
JusnUsenaulumiseandadilanianvinlysmise
fuuiauaz3unsafinuAaIALARaUIINLUY
g X A 1Y) ¥ a v
91099107938 kIna 8 ULN YT B9 U

1 = @ U = = a ¥
NsrUINNNSHalTe vdeamisesialinisingUls

Y o X v < g A
ndadedne 9 Ml nsvudgudenaNiudn
nislugadniiunnils (Transport) U Nuas1s
vaealUSIuAWuE n1swanudea (Turn Over)

nsdnavdennlulasiumia (Storage with
Miss-Arrangement) wenanillunisreuden
v A v o Y a a Y]
fisendioravilviinnsingureagunsesn
= ¥ a (v 1 1 [~3

el anuvguesnsiagudinanindunse
dN3NaveINITWausavanAfise Uniinveg
vdaadsenimuduluusiianaledl nsie
JUVBIUARARILEDLBLAZNTANFUTDIAUAD
13991NNSTUUINUNVD IR0 UIT8wINA 0N
o Ay v a ° Yo A o a

anuaflanaddiilidiseiniiaguly
(The Society of Naval Architects of Japan:
Vol 5, 1995)
nsiaguandadesing q Tudresulaiguiu

I3 1 A a a
UaaﬂVHEJLiaﬂiJIamaVIﬁ]zLﬂm

3. 35aANANITNUVBIAIUAAIALARBUTY
vdoaingSanan1sAnAIsEUUTULARDU

Wudeimelunisaivauaiiuaain
LADUVBINITHBISaMIENITUTENBUVADARIS
(Modular Construction Method) WS¢4l
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Jadonagogudiiilivuiauazgunsanain
waeulunnuuuiasazBendildnanudaly
e uidiiornnusandlunsdeSedaEudu
Foafin1saviisnsiianansadidnainunain
\ndeueinisUsenevudendiFelviogluand
pausuld lnslanizegnedeudonine3eds
Aerdestuszuuduinden anupaiaadou
91nn1sUsznevUdenvineieazieseglusiy
suduitanunsadasassuutuadeulsd a1n
Uszaunisalnisvinuvesileuludends
(Production) ¥84NTUENNITTE kA¥IINNITN
aUsUNSUHURMUAIUNISHBISD (On the Job
Training) Vi@u'ﬁiaﬁa Daewoo Shipbuilding and
Marine Engineering (DSME) 8 @151564334n914
ildilenalasausiudayaannnssuiunis
MTULAZTOUNNIDIAN ) AnTu Tngannse
SUTIITaANANTENUINANAINARIALAT DY
P83n136aUeATINE 3R BUNNTANRITEUL

[
Y v A

JuLPaaUle Fail

3.1 n1sAIanTsalnen1sasunlasnaisaly
sEri19n1sUsENaUUABARLISD

PBINSIZHUININTABLSBWUU Modular
Construction Method ﬁé}’aqmsmwmmﬁ’a
Tunsdede  3sostinisinssdiulsynous
3o (Outfitting) Tshnnlaaeuslutumeunes
nsadstudIuges (Unit Assembly) uaz
nMsasnsudendaise (Block Assembly) iy
Wndavia (Pipe Support) §IuwvinveIgUnsel

(Foundation) vieluszuusng 9 Tudiuveg

svuutupdeuiinisindedutssnausiie
wargUnsailuduneunisadrsvdenidy
Aoty widitelinnsndsludiuvessyuudu
waeulylaSunansznuannsdsunlassa
Solusgninanisusenauuden nsaudunis

¥
a o =

Ansaeaniunisly 2 dnweus

3.1.1 nmsAeRskuvanysadlutunaung
as9udansiise f1eg19vesdIulsEnNaufIEe
PRy a o & v ' o
N5ANALUUHUIZNOUAIY FIULYILLATEN
FIUWIWAYS Fruwviukussuinaluize n1s
AnasludnuazileguuiiugIureinsaIanIsel
1 Qll £ A 3
1115 UATULUAIUDIA IS B L UTUNDUNTS
Usznouudondisednaseduniwesgunsal
(v 1 = I3 4 5 Qn‘/ [ d'
fananiesantoy alseaurasnMsasuual
fseazluiiuAINIsialunIsRnfIsEUUTU
WFOU FIBEN STAUVRIFIULYILLATOY §1U
WLLAESHAZTIUWILLUSITUIEGT FUrUaT09
gunsalvessruuduindouaiutsausulign
ADINNULUUAIYTEUUNTHASUBRUUSUTEAU
(Solid Chock) @slugnaminssusieiseilly 2
Usgnn ﬁaﬂﬁjuiam Cast-lron Foundation
Chock wag Steel Foundation Chock Wagngs
Epoxy Resin Chock Liner §U#1 3 1ufivaeing
ANLLAUINITANGINUUSUTEAU (Solid Chock)
VB9LAT039N 1YY (Rowen, 1992)

3.1.2 NSANAILUUTIATIIIUIUNDUNIT
as19udeniise nsUsEnavduUTENOURIGEe
KUUTIATMNIUTURDUNITAS1UADAGIS DT UA
o [~4 % = ) 1 Y &
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A3999NTIngy

ANLUIRAnGY Solid Chock

/
da”

524 526

1235 | 1235

I A s )
gmwumsmﬂﬂ'ﬂwm

Iy

1100

36

36

36

SU 3 #0eN52UY Liner iloUsuseduiies (Rowen, 1992)

NMsoRNLUULAENSUSYNBULUUTIAT T LA
Fowdusufisanedmsunisenuazindeudig
uiorluduneusis 9 79819V DIEIUUTENDY
FrvesszuuTuLAdeuiinsnssuuUEaAT12
iy lodld sunsgagudnansvasiadsiueg
FunIsAuALLANA TR A A UNTIA NS
MndifinsUsenevuiensaBeudaiaie iy
mminsiasileslduuuauysaludunounis
aseuden  wavesmsWAsulasesudeniing
BeluduneureinisusznouudonsiBeiiuin
9 +20 wy. dadinaludedu aravialarly
g10150MrUALUNaN TR US AURILAUS
Audnansvadleddld Fafunsfndiledeuun
Frns13eilinisuszneuudeariioiioniny
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3U1 4 1156AR3 Main Strut 4uu¥IAT?

3.2 n15UsENauvaaAiigsalaen1sa1999
AINTTUUIULARDY

N19M3I90URILNY 7 INA19709N 1T
Usznauudeniiisaariliniso19dasunganns
Usenauudendisaannidu Center Line Ground
Marking (ufisnansaidedildmune5fiiuves
AMuFBIse) wadmSunsUsEnauLdenTNYiSe
FafgrdestudrulsznoudiFouazgunsnl
Y035 UUTULA AU A B9TN1TRL BRI g
Sighting and Ground Marking tiagaelunis

ASIHRUFLMLIYDINTUSENBULABATNEISD

\fiuanidu Center Line Ground Marking N9
WBANUS Sighting and Ground Marking
Usenausedayaniuniavesdiulsenausn
Bouazgunsnivesszuuduindon Wy fums
91984 (Datum Point) Tun1sivuaLwIwaily
93 (Shaft Line) fiuvnianssuanansm M
lodlg sumanuludng duvdsaudnansves
nszuenvade dvduusznauiiFeuargunsal
Y9353 VUTULAR O UAZE 1959119 NAIWNU
91999kUnN1sAMUALUANAT (Datum Point)
FodunsUszneuugeaieiiesiuianisinde
druusynaufiSevesssuuiundousienis
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JU# 5 Rudder Ground Marking uas 01595990 Us unisguenanssvannuge

Yl INIsUSENDUUADAYIEISD

§198sansuni sl uluanusum aile
g lianu Sighting and Ground Marking A
eilTEENADIINNITINBIANANU VDS
Datum Point #138NABIRNNNITEDNLUY Seee
szt uman Anugweaies
srerinvedludnsiunense yumaituins
wazsuvaade Wudu nsunesiumg
Sighting and Ground Marking 39vil¥a1u158
ATIVHRUAIUNUIYBIAIUUTENBUFAILT DD
szuviuiedouludunouresnisusznavuden
neselagnaes wu vildaiunsansiaaey
AWNUIYBINTEUBNAYA (fiinsfnsauuy
anysafluduneunisatraudon) shlanuns
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o £ % o .
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FUM 6 uansdieenmsiivuanuionIsiugunaeinsesdenaiiidunsyvenie

(lonasUsenaunITiseuiave Accuracy: DSME, 2016)

AldFunansgnuanANunaIaLAAeuYeUdDN
Jhede Valmaruemandeudinandoston
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