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Synopsis

In the various investigations of the port area and the construction management of the port
facilities, it is very important to observe underwater states, to monitor operations, and to confirm an
execution by viewing. These work are carried out mainly by divers and partly by ROVs at present.

On the project of the improvement of Tokyo Bay Waterway, it is needed to observe and take a
picture to confirm the effect of the artificial fish reeves constructed by the blocks of the ruined
Third Fort of Tokyo Bay and to maintain the function of the waterway in the port area.

However, in this sea area, the current is fast and the water depth is too deep for diver’s work.
Therefore, it is needed to research and develop a new underwater observation system in order to
carry out viewing work safely and efficiently.

We studied the system suitable for this mission in the first step. Consequently, we proposed a new
underwater observation system using “Autonomous Towed Vehicle” and decided the functions and
specifications of the total system to perform the given mission. This system can be used as a towed
mode, an autonomous mode, and a kite mode according to the current speed,

We investigated the stability of the vehicle by the basic motion simulation in the next step.
As a result, it is clear that an additional weight and an enlargement of forewing’s area are
required. Moreover, the feedback control of heaving and pitching by parallel-motion of forewings
and feedback control of rolling by differential-motion of forewings are needed, too.

Key Words: underwater observation system, fast water current, autonomous towed vehicle,
maintenance
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(4) BIRL A o — O
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B L 7 4 o FOidh, RSOEFROTZHDAA 1
— KR 3 46ENHD.

(5) HBRFHEIZDOWT

E-12i079 & 5 R EE TR b BT 2 35K
BIUHRTLZ L EETS.

F-5 fh LR
BEEBT | %E ~HiE Bl
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g QBB — bty o .k 4kg
@ER, — Y ay Rk dkg
OF T E 40cm x 25cm x 60cm 30kg
@-OFR 7 A 15cm x 10cm x 20cm Skg
O EiB{EEE 40cm x 15em x 30em 10kg
®DGPS {54 20cm x 8cm x 4cm 0.5kg
@DGPS = {5 15¢m x Sem x 20cm 0.5kg
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@F v —o (s 30cm x 20cm x 30cm 10kg
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R LAN (BHA) 10cm x Scm x 2cm 0.2kg
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B |[@Oyvavr—ar7o7F ¢ 600 BRI AL—F T T F 10kg
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@ b5 AT B EH R 40kg
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LHDTHY, E05H, HCERVAT LAOKUTHD
BEE— FlEB T 2R BRIC L AREEMET 5 &N
HETHA.

3.1 ERBORRFIR
EBRBORBRR-13TT L3, BFo kS hFIE
TIf ke L,

) BRIz b—a

Y, BiEOBET R YT oW TREESFAVW TS
alb—irg wEERL, BRSO R 2Ry
BLERLSTERVATABEELTHITTA L & &5
w5,

(2) ARRNEARIRER
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SEETHEIC B DR R R T AT
(18 A7 AOERMK L EMWERH L 2 L—a )

£, BMBEOEBIBKTT 7 Fv R (Lumped
Mass Method), #EEEFE L L TldRunge Kutta Gillis
BECTHFEEFE (Predictor Corrector Method) % B
WS, EHIC, B ERESE LTeE—F a2
BTN, BIOBECET 5 ERRT— & AR
BT —T AT 4 o FD Iz b—g VR
L, AERHE, EERERICLE DPitching, Rolling, Yawing
OHENETRERALOTHS. 2R, -~ O CRL
BREE-4cHRTE &b, ERSER0ENLFES
fHRIZ AT 5.

:Global Coordinates
Local Cocrdinates

N - on Vehicle
X s —E % ¥z Melocity

¢ é N g) L, M, N :Moment
4, & o, &, ¢ Angle

z "’ 03, 5, (ﬁ :Angular Rate

E-14  pEER

3.3 EFMTANEGEOBRE

HAM T — F R AT LIBETE AUV O
FHERR PRV, & AT, —RIT AUV Tl Roli,
Surge \ZBET B AELBIED THRN-D, BETE AUV O
TSR CIITRH Roll, 5% Surge OBERD T TR
VLoD L, REVETIIEMBLLSANBRENWD
IROICETAT—FRSHELRY, Bl1ERYIaL—
Toa CHERHEE YT o T

BFicM#EZos —4& 2579,

- BATAE B 21

- BRI A 0.00020 (s)

- BEIRERRS 2.5, 5.0X19, 2.5(m)
- BB EEKPER 0.0028  (kgfm)

c BARERERE 0.000745  (kgfs¥md)

* R IT IR VL BGR Y 1.0
- HERUF AN E B AR 0.0

- RS R RE 2.1

« R T HUARE 0.01

- RATREE 0.0024 {m)
- B AR BT A 0.452E-05 (m%)

s 0.800E+09  (kgffm®)
- BALRPIER SR 20 (%)

3.4 BeRERORE

BAEIIARERNOTH B 720, BRI
EMSE308R2H5. ¥, SiBCL--TTFTRXDE
AEREESEIFHEIZOWTHRI L. B, &£oasF
LOERAEMEP D, BEREFERMNZEER % 100m, BLATE
EE1SmsERELE. B, BRICL > Ckpimk
DEHEFET S, EEROEAMNSRERTHI1S
BELTHEGH—BROTHY, EEMNICITO2EE
LTLONREYECHD. BiRFEE-S L LEBAOD
THUERE-ISIZRT. 2L, MEERRT AR ES
/It

B 0.60m (il & 0 BTH)
R 0.15m (Pl kv k)

Z o, BATEREIL38m (HE{EPitchf 1-0.78685%) ¢
b, BELZITRAE CRoRBRERESE LR
Vi, L Ladt, SilREER 2 ERESHETS
TETHEERZXRETHILE, EBRELLCIEY
Tz, FRMBELZETAFELEI LB,
BB ES RN DR BRI DT AV v 2%
V. oD, MINERICL o TKPEREZECTLF
B OWTHRE L2, AT CIRYIEL 2% E LR
Bit&20kg (KHP) KRELEBEREZBEUE15 TR
9. Bbh, BATEEMZIFEOm (I OBEOEE#EPichA
(£0.0048988) L7 Y, FHMERC L - CHLERREENE
LD EMNEERENE. EL, BRMERMARIE

EEAE 0.66m (Pl d: 0 ETH)

ZHE 0.15m (Pr k0 EJ5)
WHBELTWA, BEdS, DSBOME e, Adftn
E#0kg, BIRERI00mETAZ AL L.
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in case of an additional weight is 20kg

------ in case of an angle of forewing is —8°
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H H EE | EkuiksC Br i
Length L m 3.000
Width D m 0.525

1
Mass mas mas = m '5 plid 0.1220E-+00
Displacement dsp | dsp=vol Lrg 0.1130E+00
Volume 2 )
Center of buoyancy
X-component xb xb/L 0.2900E-01
Z-component zb zb/L -0.3000E-02
Center of gravity
X-component xg xg/L 0.5500E-01
Z-component zg Zg/L 0.5000E-02
Cable towing point
X-component xt X/ 0.2200E+00
Z-component zt Zt/L -0.5000E-01
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- RABRPIN A -8 IIRRET B
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