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1. Control box; 2. Monitoring device; 3. Hull float; 4. Connection

frame; 5. Counterweight mechanism; 6. Propulsion device.
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Fig. 1 Combined unmanned monitoring vessel
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1. Bow float; 2. Increased floating float; 3. Stern float; 4.

Propulsion device; 5. Bottom connecting keel; 6. Flash

enhancement box; 7. Bolted connection assembly; 8. Hull

connecting frame ;9. Connecting bridge frame; 10. Mooring horn.
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Fig. 2 Schematic diagram of a combined unmanned ship
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Fig. 3 Frame assembly detail
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1. Slide rail support rod; 2. Support base; 3. Motor; 4. Support
rod; 5. Extension rod; 6. Idler; 7. Sensor connection frame;
8. Monitoring equipment.
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Fig.4 Lifting mechanism
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4. Unmanned ship connection bridge; 5. Pin.
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Fig.5 Rotating mechanism
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1. Limit connection frame; 2. Butterfly nut assembly; 3. End
connection; 4. Ballast lead block; 5.
crossbar; 6. Ring nut assembly.
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Fig. 6 Counterweight mechanism
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Fig. 8 Profile of computational damain meshes
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Tab.2 Meshes independence verification
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Fig. 9 Resistance convergence chart
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Fig. 10 Bottom resistance post—processing
pressure cloud diagram
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Fig. 12 Diagram of the bending moment
stress of the frame
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Fig. 13 Diagram of bending moment
stress of bolts conditions
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Fig. 14 Torque deformation diagram of unmanned ships
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Tab.3 Connection bridge frame strength analysis table

RN Wi i HEZLLY T3 BRFR 1 T AT R S
Working conditions Wave height/m Load/(kN+m)  Frame stress/MPa  Bolt stress/MPa  Total deformation/mm ~ Outcome
2 1.26 64.34 291.35 13.72 Gk
25 1.59 80.59 363.20 17.32 %
: e s A
Lot . 3 1.92 99.64 456.80 21.64 fa
Transverse bending moment
35 2.24 112.06 515.89 24.52 Yo
4 2.55 12731 590.71 28.11 At
Q |52
it il 2.5 4.75 68.96 190.49 8.90 S

Seribble torque
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Fig. 15 Combined unmanned monitoring vessel
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N T BUEAR R 5 RO A T AR PR RE , Xt G S

FEG1 3R 0~280 kg, 2 7 B F G B AT T, 32
BRI G 3RT , MAA B 2 7K 2 5 A e, A AR A
BREME K N HEERS L R S D R AR AT T
R, ML AR 4 iR o MM A #t, K
T HEEERIZ KRR 28 D AR, A R
1.93 m/s, A TH I IAAT B 5l ; 712k 80 kg i, #E
HESRIZIK SO A RS E £E 2.5~2.6 m/s;
R F) 160 kg B, HEVEES DR EAE 1 600 W
7128280 kg W), AR W2 7K 422 300 U 110 202 7K 28
i VE 28 T RAK SR BASE AR 1 600 W, 1A 33 4 45
TE2.5m/s LU o

Ay HTIRG 25 AT % AR T HEE AR B
F1iE BN BT AR AE , B A 2] 2.5 m/s, B UE T i 4
S URBE 7 AT 4 DR 2 R A T AT PE . MnE kR
FET 1 E Wz /K 28 0.25 m BF A5 38  2.53 m/s,
D5 B EAUE R 2.5 m/s IR ZEFRN 1.2%. HizZK
QAL VI R K ZR 0.25 m, i HRET 2.5 mis
it 350 B 7 A 335.6 N, 475 FLFH 1 4 306 N, % 2%
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FE10% LAF 5 B A5 Rl {5

LRI TAREL S0 00 i ka8
AT, T3 80 kg, e 17K 280 kg, AT
AAE , NI 70Ul UE AR AE 2.5~2.6 m/s, iy
BB IR TE A B T 2K

x4 AREEREIRIGE R
Tab.4 Hull performance test

gk WKk

Load/  Waterline/ ML R ek KLy

Voltage/V. Power/W  Speed/m/s Drag/N

kg cm
0 13.25 50.12 913.0 1.93 241.3
80 15.75 49.40 12532 2.56 249.6
120 17.65 48.95 1397.2 2.52 282.7
160 19.75 48.43 1 636.2 2.61 319.7
200 21.10 47.65 1 654.8 2.54 332.2
240 23.20 47.34 1 687.8 2.56 336.2
280 24.50 47.24 1 665.2 2.53 335.6

4.2 MR IS
TERE AR $E 2R CHIRP 3 MM A A T 7 FH
AEIRIE . 1T 16 Al il o A h 4SR5 i o T

*®5 KR

] AR P I A 5 B W A £ g PRI A5, T4
AT Kl AR BE I KBRS K R B

N

16  CHIRP 7= R S A 15
Fig. 16 CHIRP Sonar detector imaging
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Tab.5 Water quality monitoring data

W £ Monitoring points RBE Depth/m it Temperature/C PH DO/(mg/L) ECp.s/cm TDS/(mg/L)
Wiih 0.5 26.5 7.45 6.99 1191 773
Lakeside 1.0 26.5 7.41 6.87 1192 776
L 1.0 26.3 7.44 6.70 1198 779
Under the bridge 1.5 26.2 7.40 6.33 1195 778
WL 1.5 26.4 7.30 6.79 1191 773
Centre of the lake 2.0 26.3 7.30 6.18 1199 780
5 Wip SR AR AR pHL RS A A R S

EE RO B M T2 0 T AT 4R
GYHLA AT R 2 2 W 5 (0 4 A 2 T8 A W
o FET IR 250 B AR B PR e kA T
TE BT AR T2 SR e K T g
R X TC N S5 A 32 BITR S  , 617 T
TR A BRITAHT , S BTl R AR B AT 5 4 58
JERENS ATV PR A0 TAEIR B, HL o mr RE SR 4
GOl . MR APEREIIR R AR ER BT,
eI 0728, 80 kg, B 17128280 kg, Ak Fa e 7E 2.5~
2.6 m/sc WETMHLAA R IR 2 B VAR UL 855
Fase , WD AL 25K 1 Tk B i, 453881 G A
{55 T8, iSRRI KR il IR KRR
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Design and test of marine ranching combination-type unmanned monitoring
vessel

LI Jun', LI Huaijin', WANG Zhenhua®, LIN Jun®*, ZHANG Jinfei'
(1. College of Engineering Science and Technology, Shanghai Ocean University, Shanghai 201306, China; 2. College of
Marine Ecology and Environment, Shanghai Ocean University, Shanghai 201306, China)

Abstract: With the in-depth development of marine ranching construction, dynamic monitoring and
assessment of marine ecological environment and fishery resources have become particularly important, and
mobile autonomous monitoring is one of the feasible solutions. Aiming at the problems of low efficiency, poor
flexibility, high cost and difficult transportation and delivery of existing monitoring methods, a combined
unmanned monitoring ship equipped with multiple types of monitoring equipment was proposed. The hull
structure design and monitoring instrument installation mechanism design were carried out, and the
counterweight mechanism design was carried out considering the hull draft load and stability. Based on the
computational fluid dynamics method, the hull resistance performance was simulated and calculated, and the
underwater thruster selection was completed, and the static strength finite element analysis was carried out on
the unmanned ship connecting bridge structure in high waves, and the strength of the hull structure could
resist the 4th level wave. The test results show that the unmanned monitoring vessel has stable operation
without interference, the design draft is 0. 25 m, the speed is 2.5 m/s, and it can be competent for marine
ranching work sea conditions. The monitoring equipment works stably after being installed, and can monitor
underwater fishery resources, explore underwater terrain, monitor water pH, temperature and dissolved
oxygen in real time. This study provides technical support for ocean dynamic, real-time monitoring and
digitalization, and provides a low-cost and reliable implementation scheme for the design and research of
marine ranching combined unmanned monitoring vessels.

Key words: combination type; unmanned ships; water environment monitoring; frame structure; design

experiments
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