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SUMMARY
(FEoFE)

In Korea, offshore is typically defined of at least in 35 m depth. It is well known
that the conventional floating cage(e.g. raft) will not survive offshore conditions,
especially those related to typhoon events. The fish cage system analyzed as part
of this project has a more robust design and can be submerged to better survive the
rigors of the offshore environment. As in Korea, the development of submersible fish
cage systems in other parts of the world is becoming more important.

Similar to the traditional Korean surface cages, that allow harvesting, stock
inventory and inspection without the need of divers, a new system was developed to
save operational costs. The cage design includes a buoyancy system that controls
the wvertical motion of the cage with variable ballast tanks. It is operated by an air
control program that detects surface environmental conditions such as wave height,
wind speed and other parameters. The air control system adjusts the weight of the
cage and the buoyancy forces to freely move the cage vertically within the water
column. While the development of offshore submersible fish cages is ongoing, few
design details are available in the literature, especially with respect to air control
systems.

Building upon this body of work, the primary objective of this study is to develop
an automatic submersible fish cage system using compressed air control. The goal is
to develop the algorithm required to control the cage system and to verify the ability
of the automatic submersion mechanism to function in a still water tank and a large
wave tank.

The submersible fish cage system designed as part of this study can move
vertically within the water column by adjusting the weight and buoyancy of the cage
with an automatic control system. The automatic control system monitors
environmental parameters such as wave height and wind speed so the cage can be
submerged In extreme sea states and then surfaced after the weather has passed.
Being able to remotely remove fish cages from the sea surface during extreme
storm events will help to prevent damage.

The fish cage was designed to consist of 12—angled rigid frame components, with
both a containment and cover net, 12 variable ballast tanks, mooring ropes, anchors,
a upper station(15 3—way motor valves, PCB board, cushion air chamber, etc.), a

lower station(a seawater pump, a 3—way, motor valve, water leak sensor, etc.), 12



chambers(a main control chamber, two air compressor chambers, four battery
chambers, a reserve air tank chamber), four high pressure tanks, a surface float(an
emergency lamp, an antenna, main and remote control system, a wind gauge),
various fittings including nipples, air hoses and ball valves, waterproof connectors (for
10A and 30A) to electric wires and water pressure gauge. The buoyancy of the
variable ballast tanks is remotely and automatically adjustable with main and the
remote control system.

A surface control system operates a switch that enables compressed air or
seawater to enter the tanks to either submerge or surface the fish cage. The main
control system can regulate both the inflow and outflow of air or seawater to and
from the wvariable ballast tanks by responding to the surface environment conditions.
The main control system incorporates wind speed sensors, with a water pressure
gauge and controller (six PCB boards, data acquisition components). If the sea state
1s considered to be safe, the fish cage 1s then surfaced. To do this, the compressed
air is used to displace the seawater in the variable ballast tanks.

In this study, a set of model experiments were conducted to investigate the
automatic submerging and surfacing characteristics of a submersible fish cage system
by air control in a still water tank and wave tank. It was shown that the fish cage
could submerge under the water surface automatically when it sensed wave
conditions at the surface to be higher than a critical value. It would then resurface
automatically when the values of environmental conditions returned to normal. The
algorithm and program required to control the submersible fish cage system were
developed, and model experiments were performed to validate the techniques. In
addition, the performance results obtained from testing of the model cage in a still
water tank, compared well with the results from the numerical model. The surfacing
and submerging characteristics of the model cage calculated with the numerical
technique were relatively similar to the measurements obtained from the model tests
by air control. The result of the model experiments under waves, whose heights
were larger than the critical value and incident to the model cage, showed that the
cage was automatically submerged to the target water level and surfaced to the
original location after a certain time duration at the submerged target level. The
usefulness of algorithm and controller developed in this study was confirmed for the
auto submerging and surfacing of the fish cage system according to wave height.

A submersible fish cage operated remotely with a tethered surface control system

was designed to protect contained fish from high waves and strong currents, etc.



The design included variable ballast tanks attached to the fish cage that are used
with a compressed air source to change buoyancy characteristics allowing it to be
placed either at the surface or submerged. In either position, the cage can be moved
vertically within the water column by adjusting the weight and buoyancy by filling or
emptying the variable ballast tanks with the control system. While the functional
parts of the control system are also located on the cage structure, it is remotely
controlled from the surface through a tethered connection. The dimensions of the
cage were 5.18 and 2.86 m in diameter and depth, respectively. Each variable ballast
tank was designed with a piston—valve, so that when it was flooded with water, the
cage descended.

In the development process, in—situ tests were conducted to assess the
performance of the submersion mechanism and the reliability of the control system.
The first set of tests was performed to assess just the variable ballast tank
components with focus on the piston valve operation with and without biofouling.
These second experiment was conducted with the fish cage, variable ballast and
control system assembly. In both tests, the vertical position in the water column was
measured and the data presented. The successful performance of the piston valves
while covered with biofouling and the effective vertical movements of the fish cage
during the tests, shows promise that such a system could be used to avoid extreme
winds and waves and other types of surface contamination where a worker can
remotely operate the fish cage from a surface vessel

Finally, small—scale automatic submersible fish cage system was manufactured and
then in—situ tests were conducted to assess the performance of the submersion
mechanism and the reliability of the cage system. The successful performance of the
cage system and the effective vertical movements of the fish cage during the tests,
shows promise that such a system could be used to avoid extreme winds and waves
and other types of surface contamination by automatic operation or remotely control
system.

The next step would be to design a commercial size system and perform an
engineering to investigate if a system like this could be incorporated effectively in

the marine aquaculture industry.
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Ades FAAS S Adedor gstdr H2A s Ag i
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F,=CpA,, Luwe? (3.11)

2

A7IM Cp= 747e] 289 39 AlF, 4,,m*)E 7Hre 259 FY 94, puarer (ke/m?)

G FARe A Wstel] o)ste] T I He o] Xo|rp dbAsit 1 A, JHEe] Aol ¢
qAow 45 9 O £EL o oz ole £F WAAL Tl 2o Aow EAd
o (A3 <F, 2007)
d ma,,erUQ
tomld_/l; - Mtotal e +pwater - Ve Gx CD : Anet : % (312)

AN My (kg)2 7FHFE]S] AA A, G (m/s?) & T8 7H45EE dehdth I &

= o F A3 FYS WFS meEstel MY Aol s Aol F(H)9 W,
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& 45 A9 A5 el 8 F sG] o A BEY A TS

MR <CIY 3-2>1 BN JbRE A Fsh 9 Rk A Azt mE s 9 s 2
15 veldl Aoz o]FeoA Byl FX3A (F o, 2007)9 Axe Ay AR (H T,
1999)7F A9l A YEhd A& & 4= T (Kim et al., 2010a).

0.0

0.0~ Simulation (b)
—-4@—- Experiment
02
: £
2 £
- 0.4 %
BV -
g 5
s a
2
(=]
-0.6
Simulation
—-4@—- Experiment
0.8 : L 1 L 0.8 L 1 1
0 2 4 G 8 2 4 G 8
Time (s)
<a¥ 3-2> 2y F3A bFgAde F4 0.62 m7bA Hsk(a) 2 2T FA D)
29 Az

_32_



Air flow rate (m’/s)

Velocity (m/s)

08

06

0.4

0.2

0.0

o010

o.ooe

0.008

0.004

0.002

(a)

(c)

=]

o
334

1400

1200

1000

o
=
=]

600

Air pressure (kN/m?)

400

200

0.12

0.o8

0.08

Water flow rate {(m'/s)

AR AR A SR ), 7] b,

_33_

(b)

4 6
(d)
] 1 ]
2 4 3
Time (s)

ol



1.0
(a)
08
= 06
E |
% 04
K=]
@ -
=
021
00
L . ] . ] . ] .
0 2 4 [ a
0.010
(c)
0.008
@ |
"E 0006
: |
=
2 nonaf
-
g n
0.002 =
0.000
1 1 1
0 4 g
Time (s)
< 3-4> FAEA] @ mY ¥
Tl 2 & FFWdD
E
=
-1
Q
°
B
g
£
5
o
-TOF Simulation
| —--@—- Experiment
80 ] . ] ] ]
0 20 40 60 80 100
<19 3-5> A& F3HA JHFEAA Y
29 Az

1400

1200 -

1000

o
=
=]

600

Air pressure (kN/m?)

400

200

(b)

0.12

0.10

[=] [=]
=] o
=] =)

Water flow rate {(m'/s)
g

0.02

0.0o

(d)

E]
Time (s)

A bR AR R SR, 37 %Eb),

okl
|

_34_

00fF
| Simulation (b)
4ol —--@—- Experiment
E
=
B
[}
©
B
2
[=3
=)
70
L 1 L 1 L L 1 L
.95 20 40 60 80 100
Time (s)
T4 6.2 m7bA Hsk(a) H 25 FA4 (D)



—_
o
-
1 L 3 .|1‘<\|\__L ]
(=] (=1 (=] o (=] o o [=]
(=1 [=] o o [=] o o
= o™~ (=] o w -+ o
(2wyNY) einssaud oy
—_
L]
—
1 1 L 1
(=3 wy (=] Wy (=]
™ - - < <
(=] (=] f=] L=}

(syw) Aysojap

100

&0

60

40

20

100

a0

B0

40

20

80

40

20

100

G0

=
5
=
] ] _A, L1
@ © T, ™ 1
o o o o
(s/ ) ajes moy Isjem ea s
.
©
=2
] ] L.l_\Jk_
(Y] =T [an] o~ — —
(s ] [um ] [um ] = ] (s ]

(s/,w1) oye1 mop 1y

Time (s)

Time (s)

25}

g2

14 7bRe) A

3
=

=]
5

Aol ok A=

9]

<18 3-6> 3
FHGE 2L E FZF0@).

_35_



0.20
(a)
w
E
:E, .
H
o
=
1 .
80 100
05
(¢)
04
7 L
£
2
hd
2
°
=
<
I I 1
40 g0 80 100
Time (s)
<2¥ 3-7> FAN JdF g A
TF@) 8= FF D

0.0
(a)
__-20F
E
E -
5
e -4.0
§ _
o
60}
1078.74 kPa
- 1274.86 kPa
— — —. 1470.99kPa
80 ' zlo ' 4I0 slo alo o0
<1¥ 3-8> FAHA % A% $HA
2 FHok(a) 2 F4 M)Al A8 AR

1400

(b)

1200 -

1000

o
=
=]

600

400

Air pressure (kN/m?)

200

(d)

Sea water flow rate (m’/s}

I I 1 I
20 40 &0 a0 100

Time (s)
R ALY A £5(a), 7] 9E D),

o

of

7]

0.0

/ /.
684.44 kPa /o (b)
= 882.60 kPa /g
——— 1o7874kPa [ J

Upward depth {m)

0 20 40 60 80 100

THRY AL 71 Fabe] Rl E = ]S WiEt

_36_



(b)

£ E
£ s
@ k-
-] [}
- -
= °
g =
5 2
-] =)
2 |

80}

L 1 L 1 L 1 L 1 L
-10.05 20 40 60 80
Time (s)

<I¥ 3-9> FAA A% A FHA TEFEAAE Y] ThE FARe] AA | Fujed
Aste] wE Hsk@ 2 FEMA e AR

Downward depth {m)
Upward depth {m)

20 40 60 80 100 o 20 40 60 80

<IH 3-10> FASA 3 A= F3A 7HFeAA e 7hd Bape] AAE Sz A
(

& Wslel W Hok(a) 9@ M)A L ARE

_37_



A2 A g e 2A o8 A

fefel 2

9|

A= A

% 9

ol 7hrel Al KA A

T

N

gt of

o]of o}

ofo] & 4 gt} mep B AT

s

—_
"o

ol
il

[ex]
<=

3

heh) st AFE B

S

=
a

3 & (A

=]
H

<I¥ 3-11> 9 <3-12>9 o] AxE A

M=

B

JERE LS

29 93

Ast 5% =

S|
=

s

=13
=

A A

i3
=

g F7hz 44

4 2

e

AL
0°
o

o

s F-3 bR Alde] Adgste] din

Aoy
l=han

oF

AAS <T™ 3-13>3 2

¥4

1% b

9]

M 9

—~
10

71¢] 3

N

Bl

3to} 304 4|

Qo

F HolHEHN 7HFE] AlEe 9E

)
=

3—1>, <3-2>

hya
ar

o AA w1 A AR <

ol
o3

3

o R

| Fal<tel

{|m
Ho

).

o
..__HO
o}

3r
3

ﬁo

i
Gl
17ro
o
N
dﬂ

o
il

=

S7] wZel A 7] 309 AA dhavE AA AR 8l Al

1

i

<3-3>3

kel #]

3

A ekt

_38_



<E 3-1> ARE A

127716 E

Somgzukgnt

=N N e

N m

<1¥ 3-11> ATE AME 3199(34.26° N, 127.173° E).

e A Ihar

S ) A F7] 10d | A F7] 204 | A F7] 30d | AH F7] 504

° Himax (m) Tnax (s) Hmax (m) Tinax (s) Himax (m) Thax (s) Himax (m) Thinax (s)
0.00 2.44 5.97 2.55 6.11 2.61 6.19 2.81 8.35
22.50 2.68 6.52 2.93 6.81 3.07 6.97 3.24 7.16
45.00 3.47 8.38 4.16 9.17 4.48 9.52 4.84 9.90
67.50 4.48 9.51 5.15 10.20 | 5.51 10.54 5.92 10.93
90.00 6.46 11.55 7.78 12.67 8.52 13.26 9.44 13.95
112.50 | 7.93 12.79 9.51 14.01 | 10.41 14.66 | 11.53 15.43
135.00 | 7.61 12.49 8.87 13.48 9.58 14.01 | 10.45 14.63
157.50 | 7.29 12.18 8.66 13.26 9.43 13.85 | 10.40 14.54
180.00 | 5.78 10.86 6.85 11.82 | 7.45 12.33 8.19 12.92
202.50 | 4.60 9.76 5.66 10.82 6.26 11.38 7.01 12.04
225.00 | 3.51 8.69 4.39 9.72 4.89 10.26 5.50 10.89
247.50 | 3.97 8.39 4.22 8.65 4.88 10.54 5.96 11.66
270.00 | 4.15 8.57 4.33 8.75 4.42 8.85 4.86 10.39
292.50 | 3.34 6.88 3.53 7.08 3.64 7.19 3.84 8.94
315.00 | 2.80 5.89 2.87 5.96 2.91 6.00 2.95 6.04
337.50 | 2.63 5.90 2.73 6.02 2.79 6.08 2.86 6.15
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<18 3-12> AT Ak 24 319 (34.12° N, 126.83° E).

<E 3-2> AF AAF TA s A wa

A" F7] 10d | A" F7] 20d | A”F F7] 30d | A F7] 509

HEC )
Hmax (m) Tmax (S) Hmax (m) Tmax (S) Hmax (m) Tmax (S) Hmax (m) Tmax (S)

0.00 2.21 7.64 2.40 7.95 2.92 8.22 3.09 9.11
22.50 2.86 7.52 3.29 8.07 3.56 8.39 3.91 8.79
45.00 4.70 9.20 5.00 9.49 5.16 9.64 5.35 9.82
67.50 6.05 11.01 7.61 12.34 8.51 13.05 9.64 13.89
90.00 8.03 12.30 9.64 13.48 | 10.55 14.10 | 11.67 14.83
112.50 8.48 12.51 | 10.12 13.67 | 11.06 14.28 | 12.22 15.01
135.00 8.30 12.41 9.83 13.50 | 10.71 14.09 | 11.81 14.80
157.50 7.65 11.98 9.03 13.02 9.80 13.56 | 10.76 14.21
180.00 7.09 11.61 38.48 12.70 9.27 13.28 | 10.25 13.96
202.50 5.79 10.67 7.00 11.74 7.68 12.29 8.50 12.94
225.00 4.59 9.79 5.21 10.47 5.68 10.94 6.24 11.46
247.50 4.41 9.47 4.86 9.94 5.12 10.20 5.44 10.51
270.00 4.22 9.52 4.51 9.85 4.67 10.02 4.86 10.22
292.50 2.29 7.67 2.96 8.10 2.71 8.34 2.90 8.63
315.00 2.07 7.73 2.25 8.06 2.35 8.24 2.48 8.46
337.50 2.25 8.23 2.52 8.72 2.67 2.67 2.87 9.30
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ACIIHA N
SK-Energy"

<% 3-13> 9 ¥ A7 319 (37.65° N, 128.50° E).

M 2| 1% 3

<3 3-3> Y o A s A g

A F7] 104 | A" 7] 204 | A 571 30d | AE F7] 509

S )
Hmax (m) Tmax (S) Hmax (m) Tmax (S) Hmax (m) Tmax (S) Hmax (m) Tmax (S)

0.00 4.67 9.51 5.03 9.87 5.23 10.07 5.47 10.29
22.50 5.67 10.95 6.12 11.37 6.36 11.59 6.65 11.86
45.00 5.37 10.72 5.62 10.96 5.75 11.09 5.91 11.24
67.50 4.94 10.05 5.41 10.51 5.79 11.49 6.69 12.35
90.00 4.13 9.07 5.18 10.59 5.90 11.30 6.82 12.15
112.50 | 4.08 8.81 5.14 9.88 5.77 10.47 6.58 11.18
135.00 | 4.82 9.34 6.21 10.60 7.06 11.30 8.14 12.13
157.50 | 5.45 10.02 6.90 11.27 7.7 11.96 8.88 12.79
180.00 | 4.63 9.44 5.96 10.71 6.75 11.40 7.76 12.22
20250 | 2.64 7.36 3.27 8.19 3.63 8.62 4.07 9.13
225.00 | 2.00 5.94 2.30 5.94 2.77 7.40 3.50 8.32
24750 | 1.77 5.35 1.85 5.46 2.06 5.93 2.92 7.06
270.00 | 2.46 6.11 2.59 6.27 2.66 6.35 2.74 6.45
29250 | 2.75 6.34 2.82 6.42 2.85 6.46 2.89 6.51
315.00 | 3.48 7.40 3.62 7.55 3.69 7.63 3.79 7.73
337.50 | 3.78 8.11 3.96 8.30 4.05 8.40 4.16 4.16
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FBF: Fixed Buoyancy Float AR EHFloat 920kg.f 240kg| 1274
ABF: Absolute Buoyancy Float |8 % Float 0~450kg.f 350kg| 674
Float®] % |[CBF: Control Buoyancy Float |7V % #Float 100~600kg.f{|  250kg| 671
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#include "include.h'

#ifdef DOUBLE_SPEED
#ifdef CLOCK_ 11059200
Llash const word BaudTable[6] ={0x011F, 0x008F, 0x0047, 0x0023, 0x0017, 0x000B};
endif
#ifdef CLOCK 16000000
flash const word BaudTable[6] ={0x01A0, Ox00CF, O0x0067, 0x0033, 0x0022, 0x0010};
#endi f
#endi f

#ifndef DOUBLE_SPEED
#ifdef CLOCK 11059200
Llash const word BaudTable[6] ={0x008F, 0x0047, 0x0023, 0x0017, 0x000B, 0x0005};
endif
#ifdef CLOCK_ 16000000
Llash const word BaudTable[6] ={0x00CF, 0x0067, 0x0033, 0x0022, 0x0010, 0x0008};
endif
#endi f

¥oid UARTInit{byte select, unsigned long int UartBaud)

4

;? UCSRnB - USART Control and Status Register B
ﬁ? ! i ! 6 ! 5 ! 4 ! 3 ! 2 ! 1 ! 0
;? |RXCIEN| TXCIEN |UDRIEN| RXENn| TXENn|USCZn2| RXB8n| TXB8n|
// Bit 7 (RXCIEn): RX #=Al2tZ CIE|= H Enable

// Bit 6 (TXCIEn): TX =AI2t= CIEEE Enable

// Bit 5 (UDRIEn): OICIE 2l K2AH =% CIHEH Enable
// Bit 4 (RXENn) : ==4| J}= Enable

// Bit 3 (TXENn) : =4l Ji= Enable

// Bit 2 (USCZn2): Character Size

// Bit 1 (RXB8n) : Receive Data Bit 8

;; Bit 0 (TXB8n) : Transmit Data Bit 8

// enable RxD/TxD, receive complete int

if (select == 0

if (UartBaud != 0) {
UCSROA = 0x00;
UCSROB = 0x98;
UBRROL = LOBYTE(Uar tBaud);

UBRROH = HIBYTE(Uar tBaud) ;
UCSROC = 0x06,
;
else if (select = 1) {

if (UartBaud != 0) {
UCSR1A = 0x00;
UCSR1B = 0x98;
UBRRIL = LOBYTE(Uar tBaud);
UBRR1H = HIBYTE(Uar tBaud) ;
UCSR1C = 0x086;

I

// USARTO Receiver buffer
#define RX_BUFFER_SIZEQ 255
char rx_buffer0[RX_BUFFER_SIZEO] ;

#it BX_BUFFER_SIZED <= 256

unsigned char rx wr_index0,rx_rd_index0,rx _counter(;
felse

unsigned int rx_wr_index0, rx_rd_index0,rx_counterQ;
#endi f

/{ This flag is set on USARTO Receiver buffer overflow
bit rx_buffer_overflowO;

// USARTO Receiver interrupt service routine
interrupt [USARTO_RXC] void usartO_rx_isr(void)
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Qe A5t 7457} QA stast g }—E Aeunt A4 Hw dee AAAA Ao
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Gonk F wg e 4% 23 /1% AW 9 s A8 A3

1Y 3-113> ol 483k G A5 FAA AT AR A% 2F 7% A
SR ALY A0 N BE TN i vkt ol FRAsh Aol ks
of mzage o BF AT AP AR FAoR A% FAE F 2 5N 2
7

ek veje] #YL RFEA 4451 Uk

XE
2

<I1d 3-113> A 5 29 73 7Frd A9 Abs Jek 914 Al A9,

<O 3-114>w o] 488 s A FelA 7hre] Ade e 73 A9 Ans
tebd Zlelrh. ol Aol Bl oA Aol 2 A Bl Ao} R Fle] o] K
FA 0.26m7HA RO A FetE F O FoelA BE bRt #Ee #gs e
o 2y 2 ThRerh F71AQ1 jESE Hols A R P8
PR Qa8 wHHEG oo AFo] faso] Gyl wirel, o
e dAdE S A ddd AR Qe A5
d 3-114>elx e g719] b= 2dshs E
e By F 6719 ASTE ke, Ao vt S5 ddE s i

Eis
e A7 g2 e ovdth

- 127 -



0.0 |-

-0.5 |
-1.0
15 L

(w) ydeg

-2.0 |-
25 L

-3.0

50 60

40

30

0
ime

2

10

(s)

T

T4 0.25 m).

H 3z
— a2

(

ZE!

% 29 JbEee A% 3 A3

<19 3-114> A

04 |

aAleA Addns o} jeubig

20 30 40 50 60
Time (s)

10

Aot A= k.

1715 =

(e}
R

<19 3-115> ¥719

- 128 -



<I¥® 3-116>2 B3 7Hrg AlA9 dAlgtez dAs sgrd & a7 (?JA} v}
20cm, 7] l.4s)o] BF 7Hrg Alde] A RS o %!
sapo]l #gshA ek E FWe W BE Jhrad Abs e W R4 S vkl Zlolth
olZolA B A Furtt & gt 28 spEee gatEW ®E bR B3 A7t
A AEor Hstd § 2 FFolA A AFERE FAEAGIE s o Fol
vurth A4 Hd DY JANA AEow BAHE S FAd £ vk T3 AAGRE
o 28 g (JAF dal 6em, F7] 1.4s) 9 S Fa(JAF FaL 10em, 7] 1 }
7hrE] Al ZHgehs Aol B3] HstEA da sl weh de 9 A
g 4= otk wEkA o] Aol A et we T UbRE A

s 3 s A dnEgsHd A FE8E I F AJTFKim et al, 2011).

<2¥ 3-117>& BE 7bre Al dAxtes A
20cm, 7] l.4ds)o] B3 7HrE] Alde] dAE= A9
A8 Aypolry, <I¥ 3-118>2 <1¥ 3-117>9149 ¥719 & xHse= Hé?l-ioﬂ A7}
HE Aol o9 s IS Flolth

<I¥ 3-119>% B3 7Hrg AlA9 dAlgtez AAst sgrd & 3= 9o
20cm, 7] 1.4s)ol & 7Hrg Al YdatEe A9 74 10 m7A Aoz HstE+=
A8 Aytolt}. <13 3-120>2 <I1¥ 3-119>0149 37|19 &S ZHEsE WHe| Q)
H= Aol 49 e dEAIsh Zloth

<19 3-121>% B8 7h5E AdY dAge® éé
20cm, 7] l.ds)e]l B3 7F5E] Al JAtE = 49 4 2.0m7H* X}%QE Aoty =
A8 Ayolth. <I¥ 3-122>F <9 3-121>949 &7]e
= Aol 49 ghs EAE ol

<I¥ 3-117>, <Z¥ 3-119> ¥ <23 3-121>94 Bw 23 7157t 7149 ukg
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<719 3-116> ¥kaL 20cm,

7] 1459 34 & 28 23 715 AL A% H3h 2

- 130 -



0.0 |-

-05 |

1.0 |
-1.5 |-

(w) ydeg

-2.0

-2.5

-3.0

70 80 90

60

50

40
ime

30

20

10

s)

(

T

<I¥ 3-117> 95 5 28 3 7158 A9 =

aAleA Alddns Joj jeufig

1.0 |=

20 30 40 50 60 70 80 90
Time (s)

10

= WHof QI7FE = Aol ™ Fk.

95

X!

- 131



0.0 |-

Depth (m)

30 f e B § e ¥ g f o F o f .
0 10 20 30 40 50 60 70

Time(s)

ol

<I1¥ 3-119> 37 5 By 53 7158 AlA9 AF HAsE A (Fx 540 1.5 m).

0.0 |-

Signal for supply valve

- 132 -



0.0 |-

-05 |

1.0 |
-1.5 |-

(w) ydeg

-2.0

-2.5

-3.0

70

0

6

50

40

30

20

10

)

S

(

Time

<I¥ 3-121> 3% F 2y F3 7beE A AF

— O

0.2 |=
-04 -

anjeA Aiddns o} jeubis

1.0 |=

70

60

50

40

30

20

10

Time (s)

= Aol 49 gk

Fo wne <17}y

- 133 -



AT A gD 5 F A% Ade A HA

g 8l 55 T <I¥ 3-51>3 22 As B Ve A2 Ak s AlE el tiek o
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<% 3-124> A AA" A

1 %) mae] w7
2 ATl AR X mEle sbRel e Foeta B4

skxl B4 dlAS flsl 5¥s] AEE 3
L xZ g3l Aqua—FEZA], o] X213 AMF2 oju] 7]&

J=CV +C Vg + C3Vn +C4VRn (3.44)
o]al(Haritos and He, 1992), o714 Vi, 2t Vs 2H2F 73 240 ot
groleh, aglw Vo2 AA fA 45w 2R, Ve 72 220 B f4 &5 £
A

AEoln, AsHA FAH 2= Vectors$t MatricesS veERATH T3 (3.44) A 9] 7t

1
Cl ZEPWDCH VRn

o NEH wEA, pu B BT, G G 47 4 2 g4 345, G 235

b
a
3
1o
ol

5 YEhH, 7|4 FIrA A %

1998). &t#A, C, 3 C, = 247} 219591 Wi o

el wja) A go] AL FFo] A3 FrA A FAYL B8] AN 5 9
4

A A Stk w2 Aol M = (3.44) 4 9] dlols= (Re) & B Z &to] FEAFE AE
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_ 87 -2
C,= Rens(1_0'87s ) (0<Re, <1)
1.45+8.55Re, ™ (1<Re, <30) (3.45)
1.1+4Re, ™" (30<Re, <10°)

C, = zu(0.55Re, " +0.084Re, ")

9. =g A AHC] ]EEA W AE E4

o] AFAA ez 3 7hrel Al 2 M= <3 3-10>3 2ok add 7hE Al
Ao A2t Ay Toll U3t £x dAS 7] M 7T AT AR AlAEHS B
< 7lskstd "Wl Awe] 5ol Hasit o9 e 5 Ay WL, oE, 74 FAY 3
Gy Fo] EFETE o] AFox= <3E 3-11> 2 <3 3-12>0] AAE Aol o] 7}
T4 849 2dS HASIT o] AS £ RdS wEr] f3 75 Al " AR AlA
Ho] Azl 7etehd SN oty JhFE] Al Aldd S AFEEGITh B AR

O

L <9 3-125>9 <18 3-126>7 Zr}h <19 3-125>% 7b5E AlAde 288t wuher
1 Fo}, a8 <% 3-126>2 AA} gkel, AF2H 4A A, Hefo
A AF AAEY Fo ARES yehdth

_4

<E 3-10> AE 3 778 Al e A

Component Parameter Value
Material Steel
Upper Floats Diameter 560mm
101~130 Overall length 6240mm
Material Steel
Fixed Floats Diameter 560mm
131~160 Overall length 6240mm
Material Steel
Variable Floats Diameter 560mm
101~170 Overall length 6240mm
Frame Material Steel
101 ~330 Diameter 150mm
Inner Frame Material Steel
101 ~330 Diameter 150mm
Inner Ring Material Steel
251~252, 301 ~309 Overall diameter 150mm
Material Steel
Net Twine diameter 2.2mm
Bar length 60mm
Support Line Material Dyneema
Diameter 22mm
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¥ 311> AlF Ala" A 2l ARA

Component Parameter Value
Density 7860kg/m®
Anchor chain Modulus of elasticity 2.0X10'Pa

Mooring line

Grid line

Upper bridle

Lower bridle

Float

Cross sectional area

Density
Modulus of elasticity

Cross sectional area

Density
Modulus of elasticity

Cross sectional area

Density
Modulus of elasticity

Cross sectional area

Density
Modulus of elasticity

Cross sectional area

Density

Diameter

8.982x107"m?

1019kg/m®
1.11x10'"Pa
7.069%x10 *m?

1019kg/m®
1.11 x10'"Pa
8.042% 10 *m?

1019kg/m®
1.11X10'"Pa
4,524 x10 *m?

1019kg/m*
1.11x10''Pa
7.069 %10 "'m?

259.7kg/m?®
1.0m
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<GE 3-12> Abs A 7R 7 BE A

Component Parameter Value
Density 235.2kg/m>
Upper floats Modulus of elasticity 2.0x10''Pa
Cross sectional area 0.209m?
Density 1025kg/m?®
Fixed floats Modulus of elasticity 2.0x10''Pa
Cross sectional area 0.209m?
Density (surface cage) 1481kg/m®
Density (submerged 1579kg/m®
cage)
Variable floats Modulus of elasticity 2.0x10'"Pa
Cross sectional area 0.209m?
Density 1638kg/m?®
Frame Modulus of elasticity 2.0x10'"Pa
Cross sectional area 0.0202m?
Density 1534kg/m®
Inner frame Modulus of elasticity 2.0x10''Pa
Cross sectional area 0.0209m?
Density 2559kg/m®
Inner ring Modulus of elasticity 2.0x10'"Pa
Cross sectional area 0.012m?
Density 1019kg/m?®
Net Modulus of elasticity 1.0x10"Pa
Cross sectional area 3.801 %10 %m?
Density 1025kg/m?
Stiffener Modulus of elasticity 2.5X10'"Pa
Cross sectional area 5.00x10 %m?
Density 994kg/m®

Dyneema support line

Modulus of elasticity
Cross sectional area

1.02x10"Pa
3.801x10 *m?
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FA WM FHs] dAE B4 sks deulEzE Fesith WA JHRE AlE e
0& skl A geel /7 A e A FA A FRssith 9
42 2ol FHEHW A Bl g stF 982 &l 1.0m/sl 2F7F AgskAY &
E3HA ok AE A AT Bt R sk A s A= <R 3-13>F 7o
T 12709 A9 20 ARESElh 28 EarH 9k A JONSWAP AHER S ARE-5f
Rom, o] A 9 Fa(Hys) = 9.51mo = 14.01s°]t}

M
"
N
=

2753 Zol 7HFeE Aol AA

Load case Currents (m/s) }kﬂghtugyavé;eﬁod(s)
1 - 2.55 6.11
2 1.0 2.55 6.11
3 - 3.53 7.08
4 1.0 3.53 7.08
5 - 4.22 8.75
6 1.0 4.22 8.75
7 - 6.85 11.82
8 1.0 6.85 11.82
9 - 8.66 13.26
10 1.0 8.66 13.26
11 - 10.25 15.11
12 1.0 10.25 15.11

Surface

50m / \\
_/ .

Seafloor

Surface

O
/ 30‘Lm

Seafloor

<1¥ 3-127> 7HFE] A9 Ak g Hsk FA.
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(3.47)
(3.48)
(3.49)
(3.50)

Al RS Al A ok
H 2 o] (Bernoulli) =%

2}~ (Laplace)

3z
=

a}

%4
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P
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ow
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A7IM g 59 7}

0z

e}

=

ou
ox

_ a¢
ot +

(P)

w2}
o), 1A
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AE (JONSWAP) & AH&stglon, o] A ERE (3.57)2 3 o] AT
S(f)=aHS T, 'f"expl—=1.25 (T,f) "5, (3.57)
o] 7] A

Y — e (T,f- 12/20],

_ 0.0624
0.23 + 0.03367 — 0.185 (1.9 + )~ '’
o] 3L
o {aa f=f
o, f = fp ’
ot}

AN fis 2MEY 21T, A %—uﬂ#om. V9 o= 7
zAet7] 30 AL of AFNHE A B A5 wehule

Ji
rlr -lH
=
&
H
1o
i
o
1o
|
filo

<E 3-14> A af|A o] AE8E JONSWAP ~FEY welulg

Parameter Value
Hq(m) 9.51
T,(s) 14.01
g 3.3
Power off -5
o, 0.07
0, 0.09
o] AelA BiFAdt Fug QoA e od pdAY AwHow v 5
o A7) 2HEPS 9 stug 719 ) BAEC BARA BN Fetu: AE
H,, 258 F4x31 AAEHS] OHA R ERZFH A
m; = f‘jS(f)df 7|4 7=0 (3.58)
0
kol A E o] £ fddo]a wFo] Rayleigh & 33X (Ochi, 1998) wEtty shd,
H,= 0% Aozt dojrn
H,,= /4m, (3.59)

i= = ’ ’

olal, e §= RAOSEH FARSHAIRE 58 Fubsrofl wisf Alabe vt
=AY Ao A Y dedes A 2HEY 9 wa AdEY WS o] &
1 Fubae Gell ol 7] AlAElel 8 g
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G.(f)e 3 45 %9 AV 2HANEHmYHz), Gu(f)e 3 BAY A7 AH9EH
(rad?/Hz) o] t}.

stao] A7) A~HERE oA AWet Ry Fow, FFTE Xdsts A 7HE o] &3
A EHE AAD dolezFE AxtAct 3 g5 Fn 9 Ak 2] AFAEHL g
2 BAE ol &dA T 2] AFER O ZRE ALk
G (f)= G, (f) - [tanh (kd)]"* (3.60)

G (f) = Gm,(f) - (k) (3.61)

o714 WAk BA el wek k=k(f)e]

T3 3B, AKX W g X Qloja] 7] AHEY % P AFA AY SE U iy
B Ze Ay WS ol g AxEth 15 ®d Sy g Figel ol =

lls
>
)
oo
zfl
2
~N
[
14,
[
o
g,
~
T
NP

Gy (f)e 3B $9 A7) AFEYHm%/Hz), G (f
G,(fle 2 &9 A7) AANEY (rad’/Hz), Gy

(kN?/Hz) o] t}.
gy SE3 A7) AHEY VWS Bd A AY TFE AV A= gy E2 ALt

o] &g s}t

Je ARL FY SF A 2uEy

kh

Gl 3

i Gss (f) 5
H,(f) a0 (3.63)

_ G, (f) %
H,,(f)= _G% (3.64)
G.(f) 7 5.65)

A7IN Hy(f)= 318 AY 3¢ H, (f)= AA Ag 3=, H,,,,(f)% 9% Ag oy
H,(f)= A2 Ao Ag 4otk (3.62) 204 (3.65)4 4 18X kx| 9]

oI Atelel AY BAVE EATdHE THds & Aol

5. 7l &% & 91X

21 s FYstr] Al MY wE5S 5458 d% o $9 dHolHES 6
At 7HrEl AL F SR HolElZF Aol A A= <™ 3-128>3 ) 3B
RAO+= 2709 9 (rim) A Hit 74 522 A A RAOE 2719 | ZHH 9
B F8 SFo7 AAERon 9x RAOE 271 A% d Alolo] ZtE A AL E} 7}
el A s 54 9l Al AAEE] S SAE AAbsilh Ale AlAaglel| #g-ehe
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Node 1

<1 3-128> FAHAYCZRE 5 SH 54 A57F oA =

upper_float
frame
fixed.float
variable_float
spectra_line
stiffener
net_ends
net_side
inner_rings
Frane_inner
grid_line_1
lower_bridle
upper_bridle
mooring. 1ine
chain

sur_float

upper_float

| frame

I fixed_float

spectra_line
stiffener
net_ends
net_side
inner_rings
frame_inner
grid_line_1
lower_bridle
upper_bridle
mooring_line
whain

sur_float

variable_float

<138 3-129> 7}58 £X
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<ZE 3-15> 7t 8= 7oA AArE ko] AR

L ¢ 0
Load case A (m) () k (rad/m) (m) (rad)
1, 2 1.2750 58.2870 0.1078 1.2751 0.0845
3, 4 1.7650 78.2198 0.0803 1.7661 0.0455
5, 6 2.1100 118.3716 0.0531 2.1310 0.0252
7, 8 3.4250 200.0661 0.0314 3.7347 0.0092
9, 10 4.3300 237.9838 0.0264 4.9954 0.0061
11, 12 5.1250 285.4565 0.0220 6.4007 0.0043
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<GE 3-16> dEnt Q= A 7HrE Al s 54 A2 &4 RAO)
Load case Heave RAO Surge RAO Pitch RAO
(m/m) (m/m) (rad/rad)
1
Surface 0.1831 0.0663 0.2416
Submerged 0.0256 0.0246 0.0275
3
Surface 0.2458 0.1363 0.5499
Submerged 0.0491 0.0124 0.1030
5
Surface 0.3241 0.2418 0.8669
Submerged 0.1055 0.0705 0.2274
7
Surface 0.3825 0.3452 2.2109
Submerged 0.0980 0.0816 0.8994
9
Surface 0.3849 0.3683 3.4571
Submerged 0.1740 0.2585 0.8953
11
Surface 0.3893 0.3879 5.4865
Submerged 0.1820 0.3071 2.2606
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<E 3-17> B3 257k Qe B sbRel A4 AR sk Ao R (@9 N)

Load case Position Mooring #1 Mooring #2 Grid #1 L. Bridle #1

Static Surf 493 474 516 37
Sub 4762 4732 1172 4762
1-2.55 Surf 9645 11490 6855 833
Sub 12884 11523 4791 15161
2—2.55 Surf 69231 8656 15737 64002
Sub 69488 6518 14215 60910
3—3.53 Surf 19733 9890 12219 13954
Sub 13980 11914 6060 17773
4-3.53 Surf 87089 8076 14589 76048
Sub 72035 8078 14056 62606
5—4.22 Surf 12663 9573 7400 5386
Sub 13819 12082 5762 11197
6—4.22 Surf 108850 9450 16057 95795
Sub 79116 6861 11467 66918
7—6.85 Surf 9955 12388 5813 10158
Sub 11139 13358 5879 11502
8—6.85 Surf 183990 8127 13613 169770
Sub 105370 8105 13224 90989
9—-8.66 Surf 13430 9081 6807 11096
Sub 8263 13902 3721 9047
10-8.66 Surf 238380 6932 17393 222420
Sub 188050 7888 19706 171630
11-10.25 Surf 14553 8609 6527 16826
Sub 7490 11987 3390 8711
12-10.25 Surf 289850 7270 24132 271130
Sub 263570 7700 26362 242060
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Random Waves, No Current
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Randorm Waves, Mo Current
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2 W5 A0l ool BITAS F bR AN $F 54T 2 ATl g
o
=

AAsdom, 1 AT <E 3-18> W <E 3-10>8 prh Tk BAnsl 28s

L A% £3F % 20m £39) HFY AAY AR A8E A FHS <E 3-2003

o
ZH(Kim, 2011; Kim and Hwang, 2011).

<E 3-18> 277F fls AEelA SR T el A 8 54

Configuration Heave (m) Surge (m) Pitch (rad)
Surface 3.4670 3.8686 0.0707
Submerged 1.5512 2.6817 0.0192

<E 3-19> 257h i AHelA 2FA% F bRe Ade AT 3 @8l kN)

Configuration Mooring #1 Mooring #2 Grid #1 L. Bridle #1
Surface 11.4235 7.2385 6.3996 5.7412
Submerged 7.7753 7.2041 2.8621 6.6191

CE 3-20> BiFAT F AT AR Afatel dgatt A 49 (=9 N)

Load Case Position Mooring #1 Mooring #2 Grid #1 L. Bridle #1

Random Surf. 19779 10586 10629 15020

No current Sub. 14599 14227 8017 13634
Random Surf. 286450 8297 21110 267230
1.0m/s Sub. 258640 11509 23343 237640
current
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o AE F31 Ale] FA(PCB B.5)
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Variable Ballast Tank Control Test Kit
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SmartEye Surveillance Camera
provides control over unwanted
visitors, predators, feed spread or
simply added safety when working
alone at the farm.

Operation Center/Feed
Barge or Work Boat

sors monitor and log
Water | , oxygen and tidal
currents. This ensures optimum conditions
for the fish. The data can be transmitted
via 2 CSU or an hardwired EAP.

SmartController provides fast and

Remote Video AkvaControl
accurate camera and winch controls.
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Power cable w. optical fiber
@ ¢ o o ¢ Wijreless connection
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CSU/CvU/SmartBox

Temperature Current Oxygen
Sensor Sensor Sensor
Camera
Systems

Feed Selector Valve:
Ensures gentle
feed handling.
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