< = YN
PL#E A Robot

i ISSN 1002-0446,CN 21-1137/TP

ROBET

&

(BLERANDY MZE R

RH : BT 2 U ER AWM AUV B BT EEAE

(= RRL, F—F, XFFE, e, TR, R

DOl: 10.13973/j.cnki.robot.180683

WA A 2018-11-22

WM& E R HE:  2019-05-10

51 = RF, T8, XIFE, B8, TR, WRRE. ETZHEEREAM

1 AUV BRI E A E R [/OL]. Hlas A,
https://doi.org/10.13973/j.cnki.robot.180683

@NKitassn

www.cnki.net

WIS ER: EHmBE LIRS, ffk NSRRI 2 DR R HEBUE R BN g0 E R S5
B HEMBAR L E, HEdFRATITF B8 FE TR HEROE e 5 H e fa 4 )
FIRE RN (RIEM S 2R HERRE IR, WTEAE MARE. & BIRTTRS. BEHNC g e F 1
AR 2 HL DU Y CURfh E ) VIR i R P B e 1 o S P S8 Al I 2% 1 AR N 8 e AUAF 4 (il
R ERZEB) AN T AR BEAE Y A RAE s 2 ARWE TR A B . Bl RSBl 77 &g
BB TSCSR R, AR ARANGGAT 9 S AR BUT s R fF N 2 LA R 5 [ A R A5 T i
AR BOARDRE,  IEB OIS —HIVETE 5507 f759 . 807, A0, doE thE A ROt ERRESS
N ERF T ERRI A BRI, SR ERG— 25, AMRBSOLSCEH | 1E# . HUA AR R A,
FURTEE T g A HEAT > B0 IE

HREEIN : AU TR EE I S (R E2EARIIT] OsfioO) By aEHARAREL, £ (FE
FARWIH (MZRREO) ARG & LA 5 405 T N 7 — B R i, LR BRI RO 30, A2 BRI
AR BT HI AR SO AT E R . HERROE RS . BN RE R . B (o B AR (RIZRRO) A2 B 5l
R H L SR TR 28 3 4 0 ) (ISSN 2096-4188, CN 11-6037/Z), it AR 29 W T AT 285 i b X 4%
RSN IE 2 AR



2019-05-10 11:01:02
http://kns.cnki.net/kecms/detail/21.1137.TP.20190509.1102.001. html

#.# A ROBOT

DOI: 10.13973/j.cnki.robot.180683

1

ETZRHTRE S MIZH AUV B4R BERIL
RFg 2, L2, AFA?, HHE, T, YrEg!

. KEFFRFEMNSEE TR, L7 KE  116026;
2. PEBHERBEILE B ST T LA A E R B i s, 0T P 110016

W OE: T FRAZRSRREGMARIHT AUV CHEKTHIEEAD  BATIREE 1 2P 3 HE L 77 2.
XF AUV 77 fig AR BE K 0 4 PR BEAT 228, SR UDF (P g R B0 SEEHERE SR F1 AUV 2 J8] 1 73 A5 B A%
i, 455 6DOF (HHEZ) B35 RE AUV KISZh 24, RABEZTHESAT MM R, R4S AUV Mgk
SRR B AU SR EFUEESE . X MFR (227 24045 %, ANUEEIRZEN 2.6%, FHRDEBREN
3.7%, HESIRBRIZEN 6.8%. FALMIZMIEME S MHIEM L, 207 RIS, FIRF, BUE s
1 AUV E it R b sl B2 dh 2k, 0 FIRE AR e i 2k, A HERE R RIEAE Sy = 18, LARAHRL R B, 878
T EFERES R 2R REAR AR BN AENLER, Db AT B SRR (MBI RIS S R B B A0 T ik

KR HIARTHLEN: B Zhts; R, RYBEUE B

PESIES: TP24 SCRRFRIRAG: A

Physics-based Numerical Simulation of AUV Self-propulsion Using
Multi-block Hybrid Dynamic Mesh Method

WU Lihong 2, LI Yiping 2, LIU Kaizhou?, FENG Xisheng >, WANG Shiwen !, AI Xiaofeng !
(1. College of Ship Building and Ocean Engineering, Dalian Maritime University, Dalian 116026, China;
2. State Key Laboratory of Robotics, Shenyang Institute of Automation, Chinese Academy of Sciences, Shenyang 110016, China)

Abstract: A multi-block hybrid dynamic mesh method for physics-based numerical simulation of AUV (autonomous un-
derwater vehicle) self-propulsion motion is presented. The method models a fully appended AUV with rudders and propeller,
uses UDF (user defined function) to transmit force and velocity between AUV and its propeller, adopts 6DOF (degree of
freedom) motion equations to solve the motion parameters, and employs the dynamic layer method to update meshes. Fi-
nally, the numerical simulation of AUV self-propulsion motion is achieved which models the straight ahead run from the
static state to the uniform velocity. The differences of the self-propulsion velocity, the wake fraction and the thrust deduction
factor compared with MFR (multiple frames of reference) are 2.6%, 3.7%, and 6.8%, respectively. And the computation
convergence is speeded up compared with the unstructured dynamic mesh method and the dynamic overset mesh method. By
numerical simulation, the velocity curve, curves of thrust and resistance, contours of wake velocity and pressure, and related
animations during AUV self-propulsion are obtained. The physical reasons of interaction among the hull, the propeller and
the rudders are investigated, which provides a physics-based numerical simulation method for more complex maneuvering
motions of marine vehicles.

Keywords: AUV (autonomous underwater vehicle); self-propulsion; dynamic mesh; screw propeller; physics-based nu-

merical simulation
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4 HEWIE (Numerical validation)
DR 4T, AUV B LIZ 3 2R
FEECE AR 7L mT LUl LUR 3 For vk T8 0 5
WE P AT MUK G, SRS HEAT AUV
FH 774 BRE8, &% )5 K A MFR £ T 2 % B 0t
SEUEARL. B 4 KRS B TR RN BB AL
g, AT BB AR R B e 22K B 7 PR R AT L )
—E, UERA T RE AR A B UE T R MR . TR



4 I SN

XF AUV 7 fEAN 7 22 14 5 fH 77 ik5e DL 1.5 mis
W4T, HFHA AN 681N, HiRmhsh B—8 04, Mg
XN (AUV EANUSENH, WILREE N 0, 18E
I H 900 r/min), KAEHEE, KA MFR J7i%iEAT
SE W E TSR, W EL S SRS 5 A .

5 BEEMERS 54 (Numerical simula-

tion results and analysis)

A5 BB A, AR AR R 2K 1 e A
FAAN IS ] 25RO LR e 2 e e 10 BRI, ik A
IR KA 14000, B AMIEIA & NIEH 20 K, 35
L ECST 1074 AUV M 1E B 5738 (1 [ A
HEREZ IR0 7.7 s, 8 I ANIR) R

T o 3
Valocty Ul 8%

2 2 3 8
e & -
Talocity Wm £5T]

0.7

Mo
0.6 o

- 05} -
10KQ o experlment

— calculation

o
S
T

o KT

KT, 10KQ,
o
w
(u}

o °
=N

0 010203040506 07 0809 1
J

4 oKREE AR IRA5 R S5 HUH 45 RS LA
Fig.4 Comparison between experimental results and numerical
results in open-water tests

t=0.1s

t=1.6s

t=3.1s

t=46s

t=6.1s

t=7.7s

velocity V /(m/s)

5 AUV EFUEsiAENZI1 R (XOY i)
Fig.5 Wake in AUV self-propulsion at different times (XOY plane)



RML, & BT ZHHMERA MK AUV B FREEUE B

pressure /Pa

K6 AUV AfUEsIARNZIE =B (Xoy i)
Fig.6 Pressure contours of AUV self-propulsion at different times (XOY plane)
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