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Numerical computation of Fin Motion of Cuttlefish for its Propulsion and Posture control
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Control of posture and trajectories during aquatic locomotion is forefront in understanding locomotor mechanics in
nature. For example, cuttlefish which swim with undulating two long fin of side body is well known to have superior
characteristic for control of posture. However, simulation for cuttlefish is seldom seen and the mechanism is still
unexplained. In this study, to find out the optimum condition for posture control of fin motion, we perform simulation
swimming cuttlefish. Coupled simulation of fluid and motion dynamics enable to calculate motion of cuttlefish by flow
of undulating fin. The motion of six degree of freedom is calculated with Moving Computational Domain Method. In
this paper, circular motion by undulating fin different in right and left is simulated and compared with experience of
swimming squid-like robot. And it is shown that the computational method work is effective. Furthermore, by using

this method, fin motion going straight ahead is examined.

1. ##8

KD, BUEEOMZNENORE « K& SIThbE T
{bL, mEE kgl « b R SN B EORE IR
/NS, LU TEOEENINARE BHACEHR L, COWREF]
RN AT =R DTHE LTS Z LS NTVNS. £
D=0, Kz 12/KEAMDIEE B FESZ LT EEZ TS,
DL AEMOHFIZ, TREHIEO e Lo 530 Lo TilFkd
DAL ANHD. ZOEKFETEMEOFA~ORE DR,
I RBNE NARECTH D Z 0D, Lotz QD LS
DTS, LER-oT, Bl oz 2 fMaRy MIED
ANNBZ ET, WEINEED Z L7, EDIRE FX P
SUYKHFREEINSAREIC 72 0, F727 — D TOVEERIZ RO THElD
REBAORHNTE D EEZ BND.

&C, aUA BOFLKICHONTEH K LVHFZES TR, Kier
S5O Fa A D LIEED PRI OEME SISO D ST,
KT — RIZRBIT HADE LTERESND HOLIHIFLT S
D& 2 A LTV, k77, Rahman 5@z 1 ol
b LA LTZm Ry NOFEBITAITV, BELdD 2RIk ->T
HEE « BREAMTA D Z EARLTWA. L, FOREMEZ
OHLOIZEETDMTR T E A ERLNZR. EEADRIENN RTREIC
DI ET, WIFOIIRA CAHELOEENRL B TH A L—R
WS AT ) C LINTE 5. 2078, LB
T AEEOMITTERE L 725, FOMTREE L TrE Y M
FAWFEBRNEZ SNDN, T A MBI EEX RGO
DESTIIR. 2T, B A X anazhe 7z o
TLB. —hHT, ¥alb—yarOFELLT, aulhoiE
N IEITTAETNC L > T T B 7280, BIEE RO T <
ZEITEY, AL EBOMAEREE 2 DVENDHD. T
T, WARIIFELEE ORI 2 L— 3 VBT,

VLB AR I, HEERRE IR R TEEVA- i -
HfET 27200 LiES b5 L2 ERE LT, S
K L EB S FOMERR S I 2 L— g U EITH . AT,
OEFGERETIEORIEE LT, file VAR Ry Mok 238 E v
R = b—vg COEEE T A Z & CfeEEA R L. E£T,
a7 A HOFETINVEFNTE LIEEIOYS I 2 L— 3 2470,
EHEAAT 5 & LIEBIOME 21 To7

2. HEFH
2. 1 REOERARER
AWGEDRIG LT BFAUY, FEEF IR TH S, £
T, TR TEEg s =YRoTEHEHE Navier-Stokes /5
BThY, Rt L 512725,
du Jdv oJdw _
g O0E OF &G 1 (dE, OF, 0G,
a+a+@+5=ﬁﬁﬁ'a‘aﬁ @
ZZTQIHEFRERY MY, E, F, GILx, Y, z SFIAOREGTHR
7 ML, RelI LA S VAEEER L, U, v, Wi X, Y, z FIRIDEE,
PITENEFT. £77, By, Fu, G B DIRTX, Y, 2 15710085
ZFRLTND.

2. 2 HEEFE

B TECIY, FERE SR TATRAREEY 2 V5. BE)
P& TE E B FE ORI 1L 2 YHERER 725338l REPEEORH
I DSES IO & -, FEEREIE AR L LT
Fractional Step 7% FV >, 1st step OSEREECIE LU-SGS 15, 77
IR OMEEIZIL Bi-CGSTAB 14 V-,

2. 3 YHADEE)

WIADATEEB 24 5 702, 3 IRoTZERiizIslT S abkEs) &
[FHSEE) A 5 6O7= 6 H HEOEEFREAAE AW 5. WtEER =
=— b OERNERE, [EESEEN AL T —OES A
W5, FRENOEHTRERIFRAD L 12785,

dpg
P _ g 3
7 G ©)]
dL
E£+ameG=NG @

ZIT, po IR D0 DiEEN R, Fol3RIizonb44), Lg
IEO TS DFEE, welTAHE, Ng IIEHH1 5
rLV7THB.

FADFEIZIL, BHE LR L MCD 9% vz, —o
FETIE, fERERIIRET 5 2 &<, Wiko A BaEEhoR %
HEEE T 5.

Copyright © 2015 by JSFM



2. 4 ZTREIRTFOBH

BRI D213 F 2 BT ST MED D .

F OB DETR Y RSN F DAL T LUEZITFIER
e LT LUE D, AWIIE Tl SN 29 D B S i 2 i
VST, 3 WOTIEERSE TAZIWNTEDFRMWED D Bl
TWHRL D SR ORI L7 2T 5. £72, B

BTN OREA- DI ZFREFNT DT DIZ A L— o 7 ORLpR & i

3. EFYIaL—a VDt

R WEOBER S I 2 L— 3 VREOREFE LT, file L
BuRy ML 23EROL OWlAITH. il 2iEd#hE LT
FEADE VOREEOZET K25 FES S .

3. 1 FEETIL

HEET V% gl IoRd. 25 1.3m, kg 0.714m/Z & 0.1m,
b LEX 0874m, b L4E 0.075m, X 628kg, Ot LAIaR
v NOETEESZEIL, BRTESTEREAREFREIDL LLTE
T Uiz, BT 2,875,222 TH 5. 728, m%fw&wu
KeDEF L O TR 1L MEGG3DDO & ] L7-. sk
R &TFmN x i, TEFIANC y i, ZA S & FEE NS zmkb
XWE Y Za—L, yliE» 2y, ziE 23— 35,

/

Fig.1 model of squid-like robot
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Fig.2 velocity distribution in circular motion
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fig.4 time history of torque in circular motion
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Fig.5 trace of the center of gravity in circular motion
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fig.6 model of cuttlefish
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fig.7 trace of motion
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fig.8 time history of angular change
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fig.9 pressure distribution around fin at t=8.0
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fig.10 pressure distribution around fin at t=8.0

fig.11 pressure distribution around body at t=8.0
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Fig.12 Q value distribution at t=8.0

Fig.13 yz-plane cross cuttlefish
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Fig.14 pressure distribution and vector diagram in yz-plane
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