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Fig.1 Fishery monitoring AUV fixed—point and moving operation mode

AUV 2R A6 SE IR TR T o
VB AR 25 7 AR A R I M s | 25 5 5 | K 7 B
VIR BN s AR K [RIET, AUV 5 3 By
(1 E G E AR RS TAERERE A, ME LA L
WIVEL TR o A T ARIEFE KRS 20 b e 0 A=
P A R RS PS5 1 W, 4 s s —
5 TR ALK A AR G5 R il W AUV, BF AUV
3 UBAARTE AR ARG 1 i TR 254, BV 1A
ERRARAT AN IR, N 2 TR . RS
(AR M T BRI 28 2 B 1 23 [l oK, S et
A TP i W) P e 4k 1 BE 5, 3 MR E IE
=M. SN, T T RIES AR L
S, S AR E TR S 5 Yl W

http://www.shhydxxb.com

AUV (1 3R AR R I A 25 /0 151

WOl W AUV Y AR 32267 5K Kb
AR LI | F ¥ S8R I R AR K T
{5 VRARB R WA WA B | R BHAS R F JR
PP PRI L R AR A R A . 5
AUV K Z R KT B 500 3 Ge ADoK {5 F
AT MUE ALFGE A, A & AR RN, I,
Al WE I AUV %3 T —FP N # 4G LoRa
GNSS K £k 1 Ik B A 7K 181 38 {5 V2 A A B, S 9t
AUV EN S R R se bl (E S e, AT
VDA T2 X Yl RIS 1 52 ) R AI BEAE , 77 )
R AR B 32 R 3 A 45 T A v v R Y HE
AR, SCETC 8 ) B LR s s, Ak,



6 1] Jita

i A5 = ARRERAL L I AUV S5 R AMENL 1431

7 PR AL A5 — A B T ELHEREA , 2
PETF IR A BT T3 LA v AR 7K TS

P A b EVIRLREE 87

e BRI RS 7 8 A T LR B R e, A
VI RE S DA

H PR

Video monitoring Bouyancy adjusting Ele-control

module

module \ '

HEHIRCH
Lighting /
module

AT AR
Lower hull Battery
module module

module

TS KRR
Surface communication
bouy module
AR
Upper hull stern
module

FIE e A IR

Stern thruster

module

B2 ElENAUV ZFERL &G
Fig. 2 Fishery monitoring AUV three—body modular structure
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Fig. 5 Fishery monitoring AUV prototype
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a,is the length of the bow section of the upper hull; b, is the length of the parallel center body of the upper compartment; ¢,is the length of the

upper hull for the transom; L is the distance between the upper and lower hull end faces; L, is the T-bracket length; & is the upper and lower hull

distance; a, is the length of the bow section of the lower hull; b, is the length of the parallel center body of the lower hull; ¢, is the lower hull

transom length;d, is the thickness of the bracket;a, is the half—ellipse length of the bracket.
6 AUVSMEREE
Fig. 6 AUY shape diagram
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Tab.1 Geometric size determined by the design of

®2 SN AUV TR TEEE
Tab. 2 Feasible region range of AUV design variables
for fishery monitoring

fishery monitoring AUV
SR04 R Parameter name ZHR SF Parameter size/mm
D 130
d, 20
b, 820
b, 620
w 520
h 450.33
L 100
L 540

t

[k 1T 6 AT, a, Rl e, AT 7R
a,=a, +1L, (5)
c,=c¢ +1L, (6)
i (D)~(6) MFE 1 35,155 AUV Y
FME 2 IEA R
A
y(x) = 6501~ (“ " T (0<x<a,)

1

y(x) =65, (a, <x <a, +820)

ya) =65 - (122 by, g0
C, C,
130 tan#),

+(

—)(x—a, - 820)°, (a, + 820 <

3
& ¢

x<a,+c +820)

(7)
TIE 2
y(x)=10[1 - (> a“' 21", (0 < x < 2a,) (8)
TR
x—a,—100 -
Y(%):65[1—(m) I,

(0<x<a,+100)
y(x)=65, (a, + 100 <x <a, +720)
195 tan 0
y0ﬂ265_[un+1ooy_cl+1&)
130 tan 6,
e+ 1007 (e, + 100)
(a, +720<x<a, +¢, +820)

J(x—a, =720)" +

> (x—a, =720,

(9)

FR4E AUV 1yl 7 B4 =0(6)~(8) Btk it

ARG a, ey ny \0,ny.0, a0, ne TEZR 1 SEU) LA

L AUV B GRS AR L B T S S8 3%
e B R A TG, gk 2 .
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Design variable

Initialization value Value ranges

a, 97.5 mm (65 mm, 130 mm)
¢ 195 mm (130 mm,220 mm)
n, 2 (1,3)

0, 20° (10°,30%)

n, 2 (1,3)

0, 20° (10°,30%)

a 20 mm (10 mm,35 mm)

n 2 (1,3)

TF Solidworks i & it A& 4R EES
B, LAl i AUV SME T 207 R 0 SRS T RE 4
FERL A M FEr KRR, SE S BRI
T, B 42 Rt S B AR R AR A
3.2 BRI SRR

SR ARAIE T ARUASE Y F) 40050 B LA K i s 11 3R
RO B HEE BRI BT I vk . e Rk
BB R REAS R RS B by (B AR
Bt oK, TR R O R BUR A TR I )
% & & L P T 8 5r J7 % 11 (Optimal latin
hypercube design, OLHD ) A= i B FEAR 35 76 5125
(1] A ELAT S 4 1) A R S | BB 8 BT A
AR S 5 BT SR AR AT WS BN AR SR
OLHD A= i, 80 4 ik B B AR A f, THEE AR 1
m/s B 174 B RH 7 18 -

SN R T HLAe R R
Zo 1 X MmN [T L 7Y (Response surface model,
RSM ) #) 385 3T AR AR, — [ 22 T3 =X i 7 T A5 764 4
SRR R

i gi]»xix/( 10)

k k
y(x) =m, + zeixi + zfuxzz +
i=1 =1 1<i<j<k

K mge, g, RO — R IRIRIAE X
TAEE FRE G BB B s B R R K

A =B Z2 3502 B H B AR X OLHD 15 31114 80
L REAR SR O B ) AT e /N SR LA A5 B
Z IS G B, UG I R BN ER 3 s .

P A B B 2o 3 X 7 AR AR, o T 326 B
20 A S HE T IR 22 500, AR BB I B A OC R
RN 0.962 48, KT THEER 0.9, il LIH T
St
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Tab. 3 Fitting curve coefficient
LR CEY m,
Constant term coefficient 31.0740
—RIZR K ¢ ¢ €; ¢y ¢s C ¢ s
Monomial coefficient -0.048 6 -0.0626 -0.4599 -0.1261 -0.5377 -0.0793 -0.4757 -27083
TR ARKL S S S S Sss Sss Sar Sss
Quadratic coefficient 0.000 1 0.0001  0.0860 0.000 5 0.094 9 0.000 7 0.004 7 0.417 4
&1 &3 814 &5 &6 817 818
7.453 4 —-0.001 2 —-0.000 1 0.001 2 0.000 2 0.000 2 0.002 1
823 &2 &5 &2 & 82 &34
I 0.001 0 0.000 4 -0.000 6 -1.04717 7.3057 -0.001 1 0.000 7
Cross term coefficient s a6 g5 Jiom &4s P97 &4
-0.0153 0.006 3 -0.003 3 0.007 0 0.005 3 0.000 3 0.000 6
8ug &s6 &s7 &sg 861 Ees &7
0.0059 -0.003 2 -0.001 4 0.094 1 0.000 5 0.002 0 0.0179

3.3 fRiLSaH

F o ny AR LR kB8 1 (Adaptive security
algorithm,, ASA) HLA RUF iy 4 ¥ R (e 1, 115
RO E TN T TR A SR A
ASA XA B [ o R T ST AU Y AT 4 SRy AL
b, LUARASBE T d5e/NB) AUV SME |, H: B AR sRE0n]
eV

fla,c,n,0,n,60,a,n)=mn(F) (11)

£ Isight "R ASA, 358 W 0 1, Feo Kk
RRECH 10 000, 53548 5] 6 460 2 i) 15 2 i1k
R F,,=7.379 N, MR ETH AR T,
BH I FEAIE T 24.05%

N T SR A A R B AER I B A A R
(B s TR EA T CFD 05 B0 BT, B UE &5 SR 5k 4
JiR R FE LS RS CFD ) B 45 A 2%
0.75% , IR ZEH /N ARALLE R AT 4

®4 HEERH

Tab.4 Calculation and analysis

SRR

Pt aj/mm ¢ /mm n, 0,) n, 0,/) a/mm  n/mm FIN
W44 Initial 97.50 195.00 2.00 20 2.00 20.00 20 2.00 9.716
Atk Optimized 65.25 218.92 1.62 10 2.59 27.69 35 2.19 7.379
CFD 65.25 218.92 1.62 10 2.59 27.69 35 2.19 7.435

PeAk G, ol Wi AUV 89 BUE 4T B 45 R .
4 25

B 7Bz . i 7a ]k PEALHTE AUV 8 T1 50
A SRR B AL A, i R X B4 P A 1A Y
FOFS IS T S I 1 4 S )33 T 5 R X
AR R T AR A A P S ) 58 S Ak R 1 S A
TS5 F A I 5 Ak o A e D {E /N T
PRI, ELIE 4 SR T o 1 X 2 AT, AR IX
YA )E B9 3 A X 2] o il I8 7h wAL A AL RIS
AUV J& FBIR 3 53 A3 R A W S e (B A i
AR IR IS 132 42 S A VA T ) O Bl 1 AT I
A RO 73 B R BTN i AUV 3R
PHEAF A s . R, DAk Ak R R WAL
BT AUV BA 4K SRR

AR SCEE At 7 5 W I 4R Y B RN T 2K
PE IRV T — & = AR E 25 R B Tl
M AUV, AUV & A & 5 FHE 3 R AR A L,
IFi] Fsf R FHASE Bl Ak 485 4 182 310 15, BE3 T 45 1~ 2 g
FEH, oA I3 8 1 A HORN K T F TR AR R R
FEAR T RERE R AUAS o & FIHRE AR S ik,
SART T ARG R AR A R IR B AR B e T
FiE AR 6] 1 R 520 mam , 328 177 £ X il W50 AUV )
SARGE R A R T R TR S i it
LG = I S BT A M, T S 248 BT RH
JIAHLE T = A QAR T 26.28%, KW TIE
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After optimization

(a) J& /1= €] Pressure nephogram
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1.44
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Structural design and shape optimization of three—body modular fishery
monitoring AUV

SHI Xun, ZHOU Yue, WU Shihao, XING Bowen, CHEN Zhong
(College of Engineering Science and Technology, Shanghai Ocean University , Shanghai 201306, China)

Abstract: The current fishery aquaculture monitoring equipment is low in endurance, high in cost and
difficult to be widely used. An autonomous underwater vehicle AUV for fishery moving and fixed-point
monitoring is proposed and designed. The AUV adopts a three-body modular structure design, with three
Myring shaped cabins distributed in a balanced three-cabin shape to facilitate bottom stabilityand connected
by T-brackets to reduce resistance. Considering the resistance interference between the three cabins of the
three-body structure, the resistance calculation and design of different cabin spacing are carried out based on
the computational fluid dynamics method. With the optimization objective of minimizing the direct navigation
resistance, the parametric models of three cabins and the T-shaped bracket are established. The control of
the AUV shape is realized by changing the parameters of the bow and stern curve equations of the cabin and
the cross-section curve equation of the T-shaped bracket, which in turn leads to the shape optimization design
of the AUV. The results show that the T-shaped bracket reduces the direct navigation resistance value by
26.28% compared to the traditional triangular bracket, and the AUV shape optimization reduces the direct
navigation resistance value by 24. 05%, which improves the endurance. The results of the study provide a
new equipment in the field of fishery aquaculture monitoring, as well as a reference for the optimized design of
other three-body structure AUVs.

Key words: fishery monitoring AUV; three-body structure; modular; T-shaped bracket; direct navigation

resistance; shape optimization
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