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1. Driving device ; 2. Steering device ;

5. Collecting tracks; 6. Bracket; 7. Block.
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Fig.1 Overall view of the aquatic plants collecting boat

3. Flat hull ; 4. Rack;
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Tab.1 Basic parameters of the aquatic plants
collecting boat

i H Item BUE Numeric value

3 600 mmx1 600 mmX

F AR SF Body dimensions

800 mm
iR B Propulsion speed/(m/s) 1.2
FTHE5 IR JE Collecting width/mm 1200
YENV R EE Working depth/mm 0~600
FTH5HE Collecting speed/(m/s) 0.8
KWMLK 55728 Driving power/kW 1.1
PR R 7 7K Maximum draft depth/mm 150
FIF Cutting width/mm 1200
HLE P2 Plants collecting power/kW 0.5
3 600 mm
1 600 mm
200 mm f || /4\45"

B2 HEARES
Fig. 2 Aquatic plant collecting boat hull model
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fd F CFD {5 B0 5800 ) FH I8 4% 11 3304 78 %) At
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2K R AR JE A WD OGRR S, P
LAY Ry WL A AR o A T SR I O
I AR R, N T IE N A 2 AN [ LR B
FEF R B B TR 0.4~1.2 m/s, i1
K148 650 kg, MR 2s 2 KR E 0.03 m, 2f 48012
IR EE 0.09 m, i # M2 K TR BE 0.15 mo TEATE A
0.4~1.2 m/s BH it 7 22 BH ) I F B iE SR R i A
RPN Z R R BN 2 R . BT R
JUBE DA Sk SIE A 1A% A S, 15 1 5 4 A 1435 s
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Fig. 3 Calculation domain and boundary conditions
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Fig.4 Profile of computational domain meshes

2.3 MHE TR MELEIE

FE M DX ) 43 Fe iy b B AT A% JE M IRAIE
TEMLEE 1.2 m/s JEAL_ L S UL B P % B
5 FE A 3R A ROT #EA T BUE T340 B A% R
R A B AR s A T 3 BEL D AT B S 1 5
e, S5 SR AR 2 R o TR GE A58 22 Bl I A% 45
BB /)N , v PRAK 5 A DA B BEAE T T A 22 2
1.7% , iR 2280/ AR T () AR 22 80K, DRt J 8
TR A% RS e b A%

F2 MIRIEIE
Tab.2 Mesh validation
) LT 6y ISJEU.J BfE
Type of meshes Number of Resistance
P meshes calculation results/N

{25 2 M 4% Coarse mesh 250 373 27.933 68

T8 B R Mid mesh 570 842 27.646 71

T AR Fine mesh 1082772 27.188 24

2.4 PREKFEIESHT

I b SR B UE 25 S 43 BT AL A N
0.03,0.09 A1 0.15 m, A 3 &% &} 04,06,
0.8.1.0.1.2 m/s 5 &L FREAEANE 5 BT o Ak

B 4 i 2 2R B R BHL T 27.64 N, 1] LAY
JENZ7K 0.09 m By e K 0.8 m/s, 27K 0.15 m fY
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Fig.5 Result of resistance simulation
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Fig. 6 Fan model
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Fig. 7 Fans calculation domain and boundary
conditions
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Fig. 9 Speed flow field diagram of fan simulation
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Fig. 10 7 different blade root angles fan blades thrust

at different speed
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Fig. 11 Comparison between simulation and
testing values
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g
D=(Z+7Z,)2 (5)
KD e Z, M Z, AR EE 5 5 M
AL
PEFEBECH 1.5 m, 58505 5110 19 129 4
s i, ML shih e e B i 13 iR . ik
FHEE S BE o 270° ,7E 24 V TAEHLE R4 N
180 kg/em BIREHL , Lt — G UG e A% 15 21 5 KR
LB 88.81° 41 F AT RE , [ R LA 7 B e
NG FE AT R T L 0T S S B I PN P A

g

LSO s 2. 3008 3.t Bk A s 4 AL 5 5. HENL;
6. Bk i o

1. Frame base; 2. Frame; 3. Transmission gear; 4. Steering motor
platform; 5. Steering motor; 6. Waterproof back cover.
E12 EHREERFRETEE
Fig. 12 Driving and steering mechanism
installation diagram

5 LR S50

XHZIR B R G T PERE IR (K] 14) , Mok 1EHL
PAPHAR 3R S RS X e — AT S35, 7E oK
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B KO (R T 35 B 25 7K T <3 em) 1 D0 T 27K
TRPE 0.03 F10.15 m T 932 1738 B2 AN LA 4 Jo 0
S IR  AR  DAAE % 80 1 R G LA
B ) P S K B A T R A T SR AR B AR 45 5
& 3] AT, FE TG K R X s A7 AR O T 28 2k RN R
P23 50 R 1.14 F110.43 m/s 5 7555 BE 7K 55 (7K B T5
Vi B K >3 em H.<8 em) XA T30 0 T 25 3%
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Fig. 13 The center distance between
steering motor and fan
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K KBTI PR B K T <3 em) XIS4T 5 0T
25 BTG 230 e KA 53 104 0.63 F10.44 mi/s , 5%
AR 1.2 m, fH ] 48 V/24 Ah HL M RE 3% 4L 15§
1.5 he bR EE R R R 8 ) R Gl i as
PR TR AR 0.4~ 1.2 m/s BB 1563, e AE K B2
A DX T, 3 I Y A A 1 PR

x3 AREKEFRLTAE
Tab.3 Boat speed under different aquatic plants

KB 23 B AR T
Aquatic plants No—load Half-load Full-load

situation speed/(m/s)  speed/(m/s) speed/(m/s)
JG None 1.14 0.85 0.43
FREE Mild 1.06 0.69 0.47
#4E Dense 0.63 0.57 0.44

i FHIZ IR 3 R G RN, X 3 R AN T
N REE ] DL R BRI A5 AT Gt XS b A5 2
B /NN T MBI K B 483 kg WM % X1 3R 3h
(AR AR R AT 12 RSO 7K R A s i) LA R R
RHATG I, 45 BB 1 B /N B i H K
938.5 kg, BIVEALA B [H] PN 5 N T 7K 3 34 o 6 AH
FEHE R 94.3% (R 4 F13R 5) .

6 sk

SN

e Yo 15 8 ) 3K Bl R 2 T ) S o A
WEHEAT T #5EE 0.4~1.2 m/s, W2 KR EE 0.03~0.15 m
HEAT B 133000 B, 45 B S0 T o e K 1o
61.89 N J5 , X —Ff = 0 XL H 25°~31°7 I MR 42 4%
FAXTHE ST 06 R AT B A B I A AR e A
BT T L T 1R A 2 0 3R sl 1) R e 2B 48
TR SR A TS i AR DL TR 458

(1) 38 3 X A B A A AR BEL T A 05 408, 45 5]
THEHTH0.4~1.2 m/s, WZ KIS 0.03~0.15 m I BH 7
ik, s AAs B AR R T foe M T K T 61.89 N,
AR R TAER R TR,



53 BHPAS , 45 BRI W IR 8 R G BT 1K 929

A
(a) F#IEM No-load condition

(b) UL Half-load condition

s

(c) WU Full-load condition

14 HEAMRNEI T
Fig. 14 Site of the comb—collect boat speed measurement

x4 VWAERAREMBYERLER

Tab. 4 Collecting efficiency of two—person
manipulating boat

R WeEISEm ] PRSI e ES
Number Time/min  Weight/kg  Efficiency/(kg/h)
1 232 820 2114.6
2 18.7 567 1816.0
3 21.5 532 14823
4 7.7 296 2296.5
5 17.1 590 2070.1
6 14.2 371 1567.6
7 31.6 786 1492.4
8 1.7 71.2 2565.0
9 3.8 105 1643.4
10 2.9 95.3 1961.4
11 2.5 84.4 2026.8
12 19.4 484.6 1496.3
YA Average 19.4 400.2 1877.3

x5 BAANIBIERE
Tab.5 Efficiency of cutting by single person

F5 WeRISEmETH FRESS The VS
Number Time/min Weight/kg  Efficiency/(kg/h)
1 27.0 211.5 470.1
2 27.9 247.3 532.0
3 39.6 295.5 4472
SEE Average 31.5 251.5 483.1

(2) XoF = Bty gt XU st Pt (7 I AR 22 2 o B
TP A, 15 20 5 b ) N 28° KRB, A
6.45%, Z )5 . TR AR KT, 4581
X AR A B T AN . Gl T A 1S 2 5
FLAE A 22 13.29%, AT {5 FE v o

(3) 32055 22 B, 7 FH 3200 5 s 1 ok B e K
114 m/s RN B0 AE 7K R AR X Gk
0.38 m/s, 55725 2458 1.2 m, 7670 B8 FR FE 3 K i B
BT AT REPERE , 6T H BN T SCH K R 4

7+94.3%.,

it B AE L T CFD B i BE AT 5 T g8
SRy A 1 UL AR 7 L AR Ak XA A 1 3
TR A —E m iz HA A, SR i ek sh %
] Z 40 AT LA 2 T BE SR A R I Al o 1 Bl ik
FIWARAT N TR 3l
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Design and test of aquatic plants comb—collect boat driving system

HU Qingsong', HUANG Kecheng', WU Gang’, GAO Jiabao’, ZHANG Zheng'

(1. College of Engineering Science & Technology, Shanghai Ocean University, Shanghai 201306, China; 2. Changzhou Huaxi
Fishery Co. , Lid. , Changzhou 213300, Jiangsu , China; 3. Bright Food Group Shanghai Chongming Farm Co. , Lid. ,
Shanghai 202179, China)

Abstract: Aquatic weed management is an important part of crab aquaculture. In order to reduce the labor
intensity of aquatic weed collection equipment control and decrease the use of personnel, the fan driving
system of the aquatic plants comb-collect boat has been developed. The driving system is mainly composed of
fan blades, protective devices, brackets, motors, reduction drives and waterproof sealing covers. Through
CFD fluid simulation to calculate and verify the resistance of the practical boat, the fan was selected, the
rated power is 1 100 W, the working voltage was 48 V, the maximum width of the blade was 100 mm, the
inclination angle of the blade root was 28, and the steering system with self-locking function was designed.
The tests of using the drive system in the crab breeding pond showed that the continuous working time was
1. 5 hours under the 48 V/24 Ah power battery, and the unloaded and fully loaded boat speeds were 1. 14 and
0. 43 m/s respectively in the absence of anhydrous weeds. The maximum speed of unloaded and fully loaded
boats was 1. 06 and 0. 26 m/s respectively under the condition of mild aquatic weeds (the top of aquatic plants
was >3 c¢m and <8 cm from the water surface). The maximum boat speeds of unloaded and fully loaded boats
under severe aquatic plants (the top of aquatic plants was <3 ¢cm from the water surface) were 0. 71 and 0. 12
m/s, respectively, and they could maintain a forward posture and continue to collect aquatic plants. The
average turning radius was 1.2 meters. The on-site application showed that the driving system meets the
dynamical requirements of the combing boat in the actual aquatic weed environment of the crab pond, and the
weight of the aquatic weed increased by 94.3% per unit time compared with the manual cleaning of the
aquatic weed, laying the foundation for the realization of automatic aquatic weed management.

Key words: crab pond; aquatic plants; comb-collect boat; fan driving; leaf root inclination angle
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