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Tab.1 Basic parameters of 300000 ton aquaculture vessel

PN N
- K W wE ek wkR o TR
o= Total Molded Molded Designed Full load Jonstudma enter of gravity
Hull parameters . position of center of height from
length/m breadth/m depth/m draft/m displacement/t . .
gravity/m baseline/m
#0{8 Numerical value 340 66 28 16.2 300 000 170 14.5

(a) panelt®Z! panel model

(b) FREMER quality model

E1 FREIAREER

Fig. 1 Model of aquaculture vessel

F2 FEIMELHM

Tab.2 Anchorage for aquaculture vessel operation

it Anchorage

5A A 44y Mooring month

il A Anchorage A 7.8.9H4
545 B Anchorage B 6.10 A
i3t C Anchorage C 45111
4 D Anchorage D 1.2.3.12H

IS FE AR 2R A FRARFR = 4k 42 50 ) g
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Tab.3 Calculation results of return period of wind speed at four anchorages
I Return period/year
i Anchorage FZ Element P s
1 5 10 20 25 50
A Wind speed/(m/s) 14.95 22.96 25 26.82 27.37 29
HiH A Anchorage A -
‘i XUA] Direction of prevailing wind ZRALNE
M Wind speed/(m/s) 15.53 22.38 24.56 26.6 27.23 29.14
s B Anchorage B
“# RUA] Direction of prevailing wind ZRACFI AL NE and NNE
Kk Wind speed/(m/s) 16.17 20.49 21.08 21.57 21.71 22.11
F L C Anchorage C
& JAU] Direction of prevailing wind ZRALALFN AL NNE and NE
K Wind speed/(m/s) 17.22 23.87 27.11 30.46 31.56 35.02
At D Anchorage D -
H XA Direction of prevailing wind #ALNE

T KU 10 230 29 KA AR

Notes: wind speed is maximum average wind speed in 10 minutes.

*4 BREZEUH

Tab.4 Return period of wave elements

A Anchorage HZE Element

I Return period/a
1 5 10 20 25 50

H R Significant wave height/m

i A Anchorage A )
BRI Cross zero cyclels

2.36 3.79 4.27 4.69 4.82 5.2
5.97 7.50 7.93 8.29 8.40 8.71

AR
BRI Cross zero cyclels

Significant wave height/m

i B Anchorage B

2.63 4.03 4.62 5.20 5.38 5.93
5.93 7.45 7.9 8.27 8.38 8.7

B = Significant wave height/m

4 C Anchorage C
B5Z A Cross zero cycle/s

2.71 3.61 4.01 4.40 4.52 4.90
6.67 7.54 7.88 8.19 8.29 8.57

HRLU% S Significant wave height/m

i D Anchorage D
B Cross zero cyclels

3.70 4.16 4.27 4.36 4.39 4.46
7.04 7.35 7.43 7.49 7.51 7.56

TR 2R o Xt Kot 2 AT 98 Ao A, 42
R AU U S5 AR T ﬁéj\.%&ﬂ RIE 5T
S5 AT B T U N 22 4 — B A T L, B

TN BN A S5 AR (A
FEACR FH Weibull J7 VA T RE VR BRAL 1 45 1) AN
R FE BRI R ot . HER S R LR S TR o

RS BEBEEREZENH

Tab.5 Return period of current elements in each sea area

T Return period/year

At Anchorage 32 Element
1 5 10 20 25 50
W Flow velocity/(m/s) 1.02 1.29 1.48 1.70 1.77 2.01
FHHL A Anchorage A - -
H 1] Constant flow direction ZRALZR FIPU R PY ENE and WSW
s

fe‘a+

Flow velocity/(m/s)

=4

L

F s B Anchorage B

1.74 1.94 2.02 2.1 2.12 2.20

L[] Constant flow direction

;e
Eb-

l

R AP E AL SSE and NNW

=
f$ﬂ+

I Flow velocity/(m/s)

AiHh C Anchorage C

1.30 1.61 1.76 1.90 1.95 2.07

H LI Constant flow direction KA FIVE RS 7 ESE and WSW

W Flow velocity/(m/s) 2.35 2.51 2.56 2.6 2.62 2.65
f#ith D Anchorage D —

‘H 1] Constant flow direction VARSI ZR bt SW and NNE

2.3 #iAAKX

30 5 tFRH TR A 2 6 7 =X, s
WA IRIE I SR T TR BT 2R
775, BT AR B R AR, R I R A O R
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E2 FEIMHBEHER

Fig.2 Mooring layout of aquaculture vessel
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PR 5 850 09 RS A 2 7 43 A 35 R SR A
h R IALEK T AN T DL A A A2 Sl
TR ) R K 048 T2 B A AR N B A
My BRI /N, BRI T T R IR A 5Kk ) R AT 2
S NG

xo6 B
Tab. 6 Anchor cable properties

A S IS HiZ

AR

KB 1y R L]

Anchor Cable Properties Cable length/m  Diameter/mm  Mass in air/(kg/m) Mass in water/ (kg/m)  Axial stiffness/N  Breaking force/kN

$0(8 Value 100~1500

122mm 32.6

28.3 1.5e9N 9990

BB e /NG 42 B B0S %5 AP RP 2SK ALy
MCCCS ¥ LR T 6B ALY ML 2R, R
TS Tk 1 0006 e — RE B L4 R BRI
WA s 5 e ATk T G U AR 2 4 R BU(SF)
RV« SF=1 Wi 28 Ao e K5k 77 o AT R 8]
W2 SR SR T S R R 4
J& TS IHE, IR A sh AT M IEH 7L T
i/ NEE A R BUR 1.6

3

3.1 MERAO

MAAREIA RS 5 30 1 73 AT 2 T Orcaflex 1
AR TR R B 4a Tak 129 10 o, Horpig 2k
RUEH JONSWAP 335 , I 25 & XU TR L I #1858 ) 25
AR AT RS RSN 1932 Sl BBl o b, 15 204
B0 32 T3 Ty M 42, de S 45 IR 3 h (] A R A AR A
AR 1% Fe K 1 AR B AT R

H 11 3 0] R, G\ A 7 X AR e TR ARG
e o A1 22 X [A] 7N T+ 0.6 rad/s F11.5 rad/s, H Ay
B TR T 0 X5 9\ 3 S 0 e R, BV [ B2 J L7
5, T A VIR T 10 % A 355 5 W) 5 K, 30 YR B YR 5
W JLF- %, 3538 g%t 1 90 B2 5 1] (% 1R A
I BB, LA R WA BRAE 0.52 rad /s BHE |
INFRAIEAT R 2 0.5 rad/s, RV IARREE  OAFE12 3)
JAIAE 10 s BT, LRSS H2: o 17 Mt {38 R T 04
VR [ X 58 170 2l 52 Wi 5, T 00 1) 8 TR X A
SRR o X T $5z 8l A0V ATBE TR 1] 52 W 4

ZIN T T i AR R i IR A %, IR R R X (1]
INT 1 rad/s , WE{E L ERAE 0.4 rad/s o

AR 34 iz 3 H B (RGO 0 M T
Vi ) R R I 1 53 - K T it iz 2l 34~ F R
(REHE AR B 48 ) 0% e i g 1 335, PR e vl i
TEMRAAR - 1fT 3z 2y 107 Ay B il 45428 o
3.2 #iAitE

TR IR S5 Al 1 3R PR 85 2 (R BB S 40
S5 IR A KUIRSFRAEHLEI . HBILZE S nT
L E I S AR Y i R IR R B 5 6 LA
R T H 3 T L 6 G AE Ry i A SR, EA TR A
RS A0 T , HAARTH AR e 7 s

P R X TR M AR A T 0 R
SN, DR AR 128 P A AM 3122 BUS 4R , T el
KRR, 18 DU BE 2 4 R BUR KT , 35
PR . T IR A PRI A5 R
7, WUR PR EE 7 17 248 HH7E NNE \NE FIENE,
PETHE R AR FH 180 BERREE AL, BUIS T 32 BR824k
i 1R BUA T B 2% APL RP 2SK AL M
SETHRL SANBEIRFP T T H AN B e 8 i

FH 2 O VT2 SR T, I 25 e 1 R o o
B I 7 A (R WU DN R R 1) 2 A RO K
SEOLRIT, YRR B R T 440 m B BB 4 R
BT 1.67, /T 385 m /N T 1.67 5 T 24 44k
KB /NT AT 385 m i), G L B B R 0, B A 7E
Z LU 8B B3, B2 A R B e Kk
FR BB A5 L Al 1 IR L 440 m R A3
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1.0 1.2 ¢
0.8 1.0
C 2 0.8
306 £
ES 0.6
3 0.4f &
0.4t
® 0.2 &
0.2}
of ol
0 0.5 1.0 1.5 2.0 25 3.0 3.5 0 0.5 1.0 1.5 2.0 2.5 3.0 3.5
B Frequence/ (rad/s) & Frequence/ (rad/s)
(a) 9\F Surge (b) % Sway
1.2 0.14 ¢
Lol o.12}
:i 0.8 E 0.10
s < 0.08f
2 0.6 >
8 = 0.06
= 0.4f =
w %€ 0.04f
L =
.21 0.02}
0r ot
0 0.5 1.0 1.5 2.0 25 3.0 3.5 0 0.5 1.0 1.5 2.0 2.5 3.0 3.5
B Frequence/ (rad/s) & Frequence/ (rad/s)
(c) FEY Heave (d) #3 Roll
0.012 0.004 O
0.003 5
0.010
0.003 O
£0.008 < 00025}
S 0. 006 S 0.002 Ot
30004_ S 0.0015F
% ' g!é 0.001 0}
0. 002 r 0.000 5}
ot or
T TG — ~0.000 5 TG ——
0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 0 0.5 1.0 1.5 2.0 2.5 3.0 3.5
B Frequence/ (rad/s) HiER Frequence/ (rad/s)
(e) 9\#® Pitch (f) fERR Yaw
B3 fREEzEEREE T (RAO)
Fig. 3 Response amplitude operator (RAO)
R7 HEREEGE
Tab.7 Calculate environmental conditions
g SEAT XL R T 1A 1 s .
S PHENE AR R ik K
nvironmental Average wind Sienificant heieh/ Spectral peak C . A/(mls) Water depth/
factor speed/(m/s) ignificant wave heigh/m periods urrent speed/(m/s ater depth/m
6 JF 20 45 9 2 70
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*8 HEIR

Tab.8 Calculated working condition

A4 K F Chain length/m 880 715

660 550 495 440 385 330

T.# Working condition LC1 LC2

LC3 LC4 LC5 LC6 LC7 LC8

x99 LHKNEKXE

Tab.9 Maximum tension of cable chain

FIHEE Mooring chain/kN

ok oo Mr2  FTs FiFe  FS o o
Seed 1 Seed 2 Seed 3 Seed 4 Seed 5 Mean value

LC1 4105 5245 4196 3107 4862 4303 2.32
LC2 4352 5465 4 664 3232 5206 4584 2.17

LC3 4390 5533 4965 3555 5275 4744 2.1

LC4 4537 5773 5120 3659 5460 4909 2

LCs 4605 5906 5212 3709 5630 5013 1.99
LC6 4 669 6 164 5460 3281 5895 5094 1.96

LC7 5101 6871 6 440 4573 7008 5998 1.665
LC8 6710 9 164 7710 4820 6312 6944 1.43

3.3 it

R P S 5 k), G A LB B LA C X R
VR JFS I B 2% 1 2 B2 LA R Oy 32 B b D VIS %1
DIETHIR G F . XN TAMP S R RS, Nk
FRINS B . S8 APLRP 2SK #LiE 7.4.1
WELR SR B S BT, RS s I B AN %
SFEE0.8, PR YE b TR R K Rl 5k )
46 164 kN, S ) e/ IME R 4 931 kN,

Z:7% API RP 2SK #3 (B 5% D i B A % it
B, fr e il (B8 ) s B9 o R 2 nr g,
T2 B % A E ST (Stevpris ) e 4, HAB A
HEKRK. L EIFAEEIT /MR 4 931 kN, 24
503 t, fEE e /N R 22.7 1, 2922 700 kg

4 4L

ARSCIF B 78 30 J7 e RV IR E TR R
STt KAk, 8 45 i A BT 2 far B AL, A
Orcaflex A4 8 7 F2 58 T - 5510 R G 43 Hr A
R JF T R SR 5 TR v R A8 T 0 A R R
B0y Mt , 454 APL RP 28K FITE 20 05 2RI %% B
A5 i Y, R A 1A R B R AL 3R
1S U S, THR RS

(L) 8 X e 5 e K Bl A 5K ) A R
M), A58 B R K Al e 2 4 RBIGHR P  de R
ST R BT 440 m I i EE 4
FHCH 1.96, P b B 1 B KT 0, Y005 /2 2K,
VEIZ ARSI 7 S e LA B K B ol 440 m

(A e FH 22.7 ¢ 52 3% K A 3w i, 4
PNI13 /2 APT RP 2SK 56 F 8% o0 °F- & sh A 2 ff 7
B R B2 2 2 BT 0.8 IEK .
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Design and theoretical calculation of single point mooring system for
300 000DWT aquaculture vessel based on ocean wave simulation

ZHANG Chuntao"?, WANG Liang', WANG Qiao’

(1. Fishery Machinery and Instrument Research Institute of Chinese Academy of Fishery Sciences, Shanghai 200092, China ;
2. Qingdao Marine Science and Technology Center, Qingdao 266237, Shandong, China; 3. CONSON CSSC(Qingdao) Ocean
Technology Co. , Lid. , Qingdao 266061, Shandong, China)

Abstract: Ultra-large aquaculture vessel is a new direction for the development of deep-sea aquaculture
industry. With a new anchoring system, it can be used to reduce environmental pollution, improve the quality
of aquatic products, avoid the attack of natural disasters such as typhoons, and solve the problem of
unsustainable development of traditional aquaculture industry. The mooring system of aquaculture vessel is
not only different from the temporary mooring system of transport ship, but also different from the positioning
mooring system of ocean engineering, and is closely related to the operation safety and cost control of
aquaculture vessel. Therefore, the design and optimization analysis of the mooring system of ultra-large
aquaculture vessel is very necessary and important. Based on the project of 300 000 t large aquaculture
vessel, the design and optimization of single point anchoring system were carried out. WRF model and
3DVAR system were used to simulate the wind field, and the wind field models were used to simulate the
annual maximum wind speed of the anchorage area in a 30-year series. Wind speed extremes in different
recurrence periods were calculated based on Weibull type distribution, and wind field models were used to
forecast waves for 30 years. FVCOM model was used to analyze the current. The time-domain analysis of hull
and mooring system was carried out with the help of Orcaflex software, and the mooring system analysis of
aquaculture vessel was carried out with the input of wave simulation results. The appropriate anchor chain
parameters were obtained by theoretical calculation. The results show that: For the 300 000 t aquaculture
vessel, the grade-3 anchor chains with 122 mm diameter and 440 m length meet requirements of mooring
under level 6 sea conditions, and the safety factor of anchor chain tension is greater than 1. 67, which is safe
and feasible. It provides a reference for the design of the single mooring system of ultra-large aquaculture
vessel.

Key words: ultra-large aquaculture vessel; ocean wave simulation; mooring optimization; theoretical

calculation
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