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A study on the performance evaluation and technical development of an eco-environmental

photovoltaic solar leisure boat with applied sail control device
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Abstract: As a new technical approach, the achievement of an eco-environmental leisure boat with a photovoltaic system is at-
tempted by simultaneously actuating nine photovoltaic solar panels, in association with an applied sail control system by use of
wind. In this approach, the photovoltaic system consists of a solar module, an inverter, a battery, and relevant components,
while the sail control device is equipped with a sail up/down and mast-turning instrument. Furthermore, this research conducts a
performance evaluation of the manufactured prototype and acquires the purposed quantity value and the development purpose
items. The significant items-sail up/down speed (seconds) and mast turning angle (degrees)-are evaluated during the performance
test. In the process of the performance evaluation, a wind direction sensitivity of 90% and a maximum instant charging power
of 900 W were also obtained. In addition, the maximum sail time is evaluated in order to acquire the optimum quantity.

Keywords: Photovoltaic generating system, Sail controlling device, Performance evaluation, Maximum instant charging power
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Figure 1: Actual view of an eco-environmental sailboat with
sail and mast itself (a), (b)

(b)
Figure 2: Schematic diagram showing a photovoltaic hybrid

generating system (wind + solar energy)(a), eco-environ-
mental leisure boat with same system(b)

2~

717Nl M= B1g A F3l dojxl
S o] g3kl An] $9]o A% M7 EEQEAE TF
A7 AHA] =38 (driving force) S FLEE X - H

ES ek o] IAolA Sail & AoEAE o]t

B

R

=13

o
2 HlCo )

— =

5_}

IulA Aol F s #x] 4407 A3E(2016.3)

874 BFF UARLES 457t

<]

Aol o]-gslHAl A7|eZE AR
2 G o] AANUAE o83}
A= 1878 AAANIA] §3FA 2= H]
IS =s

ob&e] & el M= HE HARE ¥ Sail =
Zzksle] aUAE o] &3 HAREE A% & A5H
9 REAS Frste] Agstetaal itk o7 F
Sail =2 RETFES B8lo] A5 9 Pl 7hed 2=

A Hold sl Eow AL BEE AP 4

Ao

A3

Hu

=
=

of
i)

Ho

8 ol e

< E7|AK st F8 S]] aal]Es g
St g dA HE AH|EE JUAS drtels B
F slojBe|= WA 2ES A, o8 S RAY
I AFEH AlEY ol AS AA S HUksE &, Ao I
zkslo] Aute] AR M7 g} uiE oA T, sl
71998 = Qe AAREE /sl & r)jsde] 1

HiZdol ATH3][4].

B 7)1 o] Bl Mubd o] 8w ek A
28l W F8 Gail = Ao AnE o] 83l X3 A

HEQ] ¢ Sail £ AOVIAE o] &3 HFF tAHE A
AFEE AE R el ko] glow, o] IpAJeA A
2k A AEl dig AsE7HE Faste] AN Wb
T2 2 g H3RXE gRstazt e vk
Sail Up/Down 2 Mast Turning System} ¥+
T 2 TE5S AL F e = Ao

kel Alset HEE si9lon,

o) et S AA A= (%),

ol
ot
N
)
O
4
of¥

3L

5

Lo
of
o

d

o
o

)
0y

S
1

~~
>

i,
Nl
oot
N
ko

=

BeoEy N
ook

£

o
) % 1
4 o
Jgﬁ{
g

L o o
ol

(
=

il

2. ARES]
7ikel] 4 2E
AR =
3 HARES ZHA|
A Aol 1] o] MFE Hlofu),
BAGAZ A 5= B3

Agetan FE + HPEE Al o

= X

o O

2| &

e go (E

al
s

'
2
of
R
w2
=3
i
2
2
o
E
Ll
o

Fol
7z

A

Td gzt AALH S Fegstdlen 27) /g
ol A AA HdEH
3191tk Figure 30] B 7]2/putel A 2R sh= A
Aszoll ek A EHE e X13E A RE
o} #, AAIEHS] SHE(), dHED) 2 HHE()
sk AAEH o] Bty AAAS F, #2234 g

s
&

SFaA};

(Structural stability)S 53F7] 98l AAH o2 FxAA S
Fsielon, HE Ay Solalk2 uehbA skt
(Figure 4 #=).

241



R R I ]

Sl

4l
Ii
IL

= L

il

By il

/

.
&{

(b) ©

Figure 3: Drawing image with respect to eco-environmental

leisure boat with a photovoltaic hybrid generating system ;
(a) elevation, (b) section and (c) plan

Figure 5: 3D-Modelling image as to the prototype with a

hybrid generating system (wind + solar energy)

-
/ Il Table 1: The specific dimensions of the eco-environmental
/a’ ' / leisure boat used for this study ‘
Prototype FRP Leisure Boat
Length(mm) 5800
Width(mm) 2300
Height(mm) 3000
Weight(kg) 700~800
Material FRP
Noise(db) 50~55
Main Engine 24V(DC) Motor * 2
Main Fuel Photovoltaic
Battery Capacity 24V(DC) * 150AH * 2
Maximum Crew 8
Battery Charging Hr 8.5

Figure 4: Several schematic modelling image for structural

analysis as to the prototype with a photovoltaic hybrid gen- H}j}éli Sejll joiil;i j:; i o] &3l Bk 74 EEoﬂfT
erating system A3} A, B SF 5] F(solar cell panel, module)®] 73-9-
Z 97lle] IS A18E1gl o Figure 69 i 71 7}
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(b)
Figure 6: Actual image to show the photovoltaic panels used

for photovoltaic generating system (a), its schematic as-
sembled modelling image (b)
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Table 2: Several performance evaluation items for this study

Perc. R&D
It it D ti
em Uni %) omestic| Purpose
1. Wlnd. .Dl.rectlon 9% 15 60 100
Sensitivity
2. Sail Up/Down Speed| sec 30 150 120
3. Mast Turning Angle |degree| 30 30 45
4. Maximum Instant W 15 600 1,000
Charge Power
5. Maximum Sail Time| hr 10 2 3
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Figure 7: Iage of individual components used for eco-envi-
ronmental leisure boat for this study ;

(a) charge controlling module (inverter)

(b) sail controlling module

(c) leisure boat monitoring system

(d) METS

(e) device (black box) for registering boat sailing

(f) device for ship’s location and identification
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Figure 8: Image to show the main components as to the

eco-environmental leisure boat ;
(a) propeller controller, (b) battery to charge
(c) winch for sail up/down, (d) propeller/side

(e) propeller/front, (f) assembled propeller
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(b)
Figure 9: Image of main frame of leisure boat hull(a),
Image of Internal components leisure boat hull in the proc-

ess of the fabrication (b)

N g

Figure 10: Image to show the manufactured prototype of

eco-environmental leisure boat with wind and solar energy
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Table 3: Results as to performance evaluation items

Perc. R&D
It Unit Result
em ni ) | Purpose esu
1. Wmd‘ Pl.rectlon 9% 15 100 90
Sensitivity
2. Sail Up/Down Speed| sec 30 120 100
3. Mast Turning Angle | degree | 30 45 45
4. Maxi Instant
aximum nsan W | 15 | 1,000 | 900
Charge Power
5. Maximum Sail Time hr 10 3 3

Figure 11: Image to show the manufactured prototype of

eco-environmental leisure boat under the performance
evaluation
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Figure 12: Image to show the test root of the manufactured
prototype under the performance evaluation
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Figure 13: The view of calibration instrument for measur-

ing wind direction and speed; (a) view of instrument, (b)
digital type of indicator for wind direction and speed
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Figure 16: The relationship between generating output power
(W) and generating efficiency (%)

3.3.2 Sail Up/Down Speed and Mast Turning Angle
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Figure 17: The view of winch motor and its specification
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(d)

Figure 20: The simulation view of mast turning operation;
(a) 0 degree, (b) 15 degree, (c) 30 degree, (d) 45 degree
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