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Efforts to reduce carbon dioxide(CO») emissions are being carried out due to climate environmental problems, Eco—friendly ships
are also being developed, and various energy saving measures have been developed and applied, In ships, researches have
been conducted in various fields such as electric propulsion system and energy saving devices, In addition, the development of
ships using various renewable energy, such as kite using wind power and wind power generation, has been carried out, This
paper proposes a plan to use renewable energy for ships by applying wave generators to small ships, In 2016, 130 small
domestic ships drifted by sea due to discharge of starting storage batteries, and discharge cases accounted for the largest
portion of the causes of domestic ship accidents, This is due to the excessive use of storage batteries for starting the main
engine by departing in a weak storage battery state for small ships, Accordingly, two type wave power generators — opened flow
wave power generator and enclosed vibrator type wave power generator — are developed for charging a starting storage battery
when the ships are stationary at sea or port, Opened flow wave power generator utilizes the flow of fluid in the ship by using
wave induced ship motion, Enclosed vibrator type wave power generator utilizes the pendulum Kinetic energy located in a ship
due to wave induced ship motion,

Keywords : Renewable energy(XHAHOILAX]), Small boat(ASA), Wave power generation(It2 25), Opened flow type wave power generator
(Ofe} 223 m 8847). Enclosed vibrator type wave power generator(LHAH XI=8 mf2d ghx7))
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Table 1 Distribution by factors of fishing boat accidents in
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Korea Maritime Safety Tribunal (2016) chFig. 2)
Damage item no. | Ratio (%)
Discharge of starting battery 130 24 Thrust or Moti
rust or otion
Cooling pump and component 104 20 1 t
Starting motor 73 14 Magnetic Field
Pipe system 56 11 E‘ -
etc. 168 31 1 Current /
sum 531 100
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Fig. 1 Registered fishing vessel statistics (Ministry of Oceans
and Fisheries, 2017)
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Fig. 2 Fleming's right hand rule.
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Table 2 Types of wave power generation method

Type Concept Characteristics
o o - Buoys use the rise and fall of
Oscillating O, o L
bod waves to generate electricity in
y various ways including directly
converter .
via linear generators.
With an air chamber integrated
Oscillating into the device, swells com—
Water ~\ press air in the chambers forc—
Column " ing air through an air turbine
/ .

to create electricity.

Long structures that use wave
; velocity to fill a reservoir to a
AN greater water level than the
surrounding ocean.

The potential energy in the re—
servoir height is then captured
with low—head turbines.

Wave /
Overtopping
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Table 3 Types of wave power generation Installation

Type Characteristics

— Electricity can be produced by movement
of buoy.

— Buoys can be installed at fixed structures
or floating structures.

Floating type

— Electricity can be produced by wave
inside of cylindrical structures.
- The water column that goes up and

Fixed t . )
xed type down sends a force to the air turbine
and puts air into and out of the top of
the cylinder.
— Waves collect into a channel which tapers
Wave into a large reservoir.
. -As the wave width decreases, the
transmission . ) )
amplitude increases, enabling the wave
concentrated .
type travel up a ramp and pour into the

reservoir.
— Tapered channel system.

Table 40l 2= v} Zo| =L
H|Z0| 7k =of, ChAF Mute| 37|= 3E= X
Ch I 2FM|ef Met ) Ax| IXl= 712 (opened type) 2t
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Table 4 Status of domestic ship registration by size (Ministry
of Oceans and Fisheries, 2017)

size

Sum ~1 1~5 | 5~10 | 10~50 |50~200| 200~
(ton)

units | 66,736 |15,002|39,932| 8,178 | 2,327 | 985 | 312

ratio | 100% |22.5% [59.8% | 12.3% | 3.5% | 1.5% |0.5%

Table 5 Comparison by installation location on ship

Opened Enclosed

e | ocated on the upper deck | elLocated under the upper
with equipment. deck

o Flexibility of production o Related process with hull
process construction

o Flexibility of power e Fixed power generation
generation

e Reduced upper deck space | ®Maintain upper deck space
utilization utilization

o Restricted frexibility of e |Increased flexibility of
installation installation

e Reduced stability by
increased center of
buoyancy

o | ess effect on stability
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Monitoring & Internet

Power board | — Server

Wave generator

«1—| Wi-Fi board

Starting Battery

LTE Router Smart Phone

Fig. 3 The flow chart of the monitoring system
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System Configuration

@ pa—

Server

Data Transfer

Voltage
Measurement

N = ¢

Monitored battery
12V

Fig. 4 The diagram of the monitoring system

for user for administrator
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Table 6 The reference table of battery

Voltage [V] Charging rate [%]
11.66 20
11.96 40
12.24 60
12.50 80
12.73 100

Generator Sector

Power generator

Manifolder | __ | Turbine
(Upper)
Moving water | | Propeller
sector
!
Manifolder | .
(Lower) Outlet pipe

Fig. 5 The diagram of the wave power generator
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Fig. 6 View of the generator group
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SOAH BATTERY

Voltage (V)
I

/ Voltage|(V)

% 1 gl 4 { |

Table 70ll= T2 @M7| Mx|M Fesel 7|2
0 =1 YoM Table 8ol 7| =HE 2o F11

Table 7 The characteristics of moving water tank

ni
(mm) Breadth |Length| Depth depth tank tank
400 |1,200| 450 225 2,000 4,800

Table 8 The initial condition

~{__Current|((A)
——

Rolling | Pitching | Period |Pipe diameter|Section Area
(deg) | (deg) (%) (mm) (m?)
5 3.5 2 60 0.003

! 3 4 § b
Charging Time (HR)

Fig. 11 Charging characteristics (Hankook & Company Co.,
Ltd., 2022)

Battery no-load voltage/current measurement

y

Measure battery voltage/current before starting the engine

y

Measuring battery voltage/current when starting the engine

!

Measuring battery voltage/current while engine is running

v

Engine stop and battery voltage/current measurement
- Discharge the battery for at least 30 minutes

y

Wave generator and battery voltage/current measurement
-Measurement of voltage change per hour of the battery
-Measuring production current per generator hour

Y

Wave Generator Performance Evaluation

-Minimum required power generation when the battery is fully no
charged

-Minimum required power generation when the battery is

discharged
Vooves

Write 3 measurement report

Fig. 12 The generator performance test measurement
procedure
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Table 9 Comparison of two power generation types

Opened flow type Enclosed vibrator type

e Power is generated by the
change of magnetic flux
inside generator sector due
to the motion of the ship
caused by the wave

e Power is generated by the
turbine rotation induced the
water flow between sector.

e Required minimum water | ® Required minimum distance
head in tanks for oscillation of pendulum

Fig. 13 GT 3.7 General arrangement of AL diving boat
(Enclosed type)
[ ]: Enclosed vibrator type wave generator

TYPICAL WEB SECTION

£

BASE LINE |

£

Fig. 14 GT 3.7 Typical web section of AL diving boat
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Table 10 The designed values for enclosed vibrator type

r 6 L T f w
[m] [rad] [m] [s]
0.6 0.17 0.1 2 0.5 3.14
N B a S @ e
AWG 38,
D=0.101rmm (T/mf] | [m] (7] [T] [Vl
990 0.35 0.05 |0.00785]0.00275| 8.5

elelollM 712k HX|2| == "e EfollM ool o EF
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JSNAK, Vol. 59, No. 6, December 2022 445



ﬁ
o
gal

o MefollM Fmlol| M2 2T,

w=2rf=3.14 (4)
Cle chiz {erle Ak 2, 3eg 22 Fx(N), 2o
HioRHE,

S=ra’ = 0.00785[m?] (5)
& = BS=0.00275[7] (6)

a; Y HKA

Al (2252 Table 109] AT FSH TiWH
BSHEW) REITEE FUE <+ 9loo) Fio, 11
NEE %WEI st

172E() oldel &
=]

X|5l0] STAIE = Qe F

6. 4 &

—

M MAM2Z Tdol|AXol thet Aot st T2
g3 AN, SHUXT| F of2} nf LMol thek 2
CH=| o = ==2oiMe MU ZHER ui2d 2 A|RES
24510] CofH BEE oY LF0|E XMl XE3t0{ i

a AI*E"OI finis *%ér‘ﬁl, o2 Bistoz A5 u
{ UL S TRALRT|0] A

2 oM o

O] =22 201954 E Fchefulo| X2 Hhot alE o7
2(C-D-2019-1545).

References

Choi, H.S., 2017, Ship with electric power generation device
using wave force,
10~1774442, 2017.08.

Hankook & Company Co., Ltd(2022), ATLASBX Catalog,
Available at : https://www.hankook—atlasbx.com/

Kim, B.C. and Lee, M.Y., 2013, Wave activated generator for
ship, Korea Patent Registration No. 10— 1255728, 2013. 04.

Korea Maritime Safety Tribunal, 2016, Distribution by factors
of fishing boat accidents in 2076, Available at
https://www.kmst.go.kr/

Ministry of Oceans and Fisheries, 2017, Registered fishing
vessel statistics, Available at : https://www.mof.go.kr

Ministry of Oceans and Fisheries, 2017, Status of domestic
ship registration by size, Available at : https://www.mof.
go.kr

Ryu, K.S., Jeong, S.G., Choi, BK., Nam, S.J., Lee, D.H.,
Kang, S.J., Kim, J.S., Lee, Y.W., Jang, H., Song, |.C. and
Ahn, H.J., 2021, The opened wave power generator on
small ship, 2021 Annual Auturmn Conference of The Society
of Naval Architects of Korea, Gunsan, Korea, 2021. 11

Ryu, K.S. and Yu, B.S., 2022, The wave power generator of
modulated vibration type on small ship, 2022 Joint
Conference of The Korean Association of Ocean Science
and Techriology Societies, Jeju, Koera, May 2022.

Korea FPatent Registration  No.

446

chetzMetsl =28 ® 59 A ® 6 & 202214 128



