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A Study on Transverse Stability Loss of Planing craft due to Lift Force caused by Super High Forward Speed

by Toru Katayama, Member
Yoshiho Ikeda, Member

Masashi Fujimoto, Student Member

Summary

In this study, one of mechanisms of transverse stability loss at super high forward speed is investigated. Towing tank test is
carried out to observe the characteristics of the instability and it is confirmed that the instability has strong relationship to the change
in running attitude and hydrodynamic roll moment due to high forward speed. And it has been also found that the dangerous
maneuvering motions may be caused by heeling due to the transverse stability loss. Based on some existing empirical formulas to
estimate the dynamic normal force (; lift) acting on planing hull, the estimation method of inception of the unstable phenomenon is
proposed and its validity is confirmed through comparing with measured results.

. # &
ITEHEERR OMERED M L L Fr>4.0 (Fn: 2K 70— N0
WCET DR /MR — b (2K 6~8m ) BEELT

Who ZO XD 7R E CTHUE ATRE /R T EMEIZ I T iR
DI EDIKE EICEHT 5 L 5 B EENERC ZE LT
BT D2 ENRHEEL R NS OE S HICEENRE
HERVMEBNWLRET IHARHL LV TnD,
LRI EME DR EBGIZ T 285061 & LTI, Luis
Codega and James Lewis" <> Edward M. Lewandowski?73 & % ,
W SIIRICHE Fr=1.7 BREOWEM A G L L, #i#H CiX
FERORFH 2TV, TORBRIEEZREL DY, —FHK#E
TIXERRIIRFT 21TV 2 O X7 2 F RN I £ - TH
AT HIRENCH D Z L 2R LY, L LR, AiF%E
TR LT HBEEECTOMARZERS E LT SHERZE
EHRRCE E D &9 REARALERR L WbNLD 2 —
I A7 Y 2RO NTNDR, 20O RZEBRGIZH
THRART —HIHFTE A LR EORAESERCRAEIRRIC

gbooboooooooboobon
gbooboooooooboboboooooboon
gbobooooisga3daro

DN TIEHFICIHER STy, 20 X 9 R REETS
DFEAENERE 2R 2 72 DITiT. IR ORI & AR BR R0 5
BB CHIT D L LB, TOETMEBMETHD | X

ST T OHEEIE AN D Z & IR EREO EENEREO
RENEHRRT I LETEETHIEEZLND,

AL Tl BEER CORETRARALZERRZDO—2>TH D
LEZ LNDANRDOREEHRROIRA DY) > H T3, Al H
FE DB - THMAZ XFRF T 2R o B8Ry & 72 %
BRI (B5) OERIC L 2BERE— A 2 hOEEIC
boHLEZ, BEEE (2.0<Fn<50) TOMRZEREL
KAEHRBRCHBLIT 5 L dkic, TORERETT LV EMHEEL,
FERRE R & R L R IC SV THRE T 5, &1, 2
DREARZE TEHLGE A R O AR AR I8 < B0 38 X OVEIFEE — #
Y REFHEIL, ERENLORAEFREMEICOWT, BT oM
AT T RERICOVWTHHET 5,

2. FREERBEHER

21 RBHE

B OMELS (. MY AL BB 2HME L
KRBT 3 73 0RE (R, B8], MEHE—A b)) 2L TH
ARG R HEIZIRY T, —EEE TR L, £ 0O &S Ok


RenPcA
テキストボックス
＊大阪府立大学大学院工学研究科
＊＊大阪府立大学大学院工学研究科博士前期課程原稿受理　平成18年3月17日


216 H A AR fAMEE T

OfAEES (F L&, MY LM, FRERA) 3 J ORI
< B GEHL. HEA, BIEHEE—A > ) OFMZEITo7, £
WRHEX 6 & OVEAE R % Fig.1 (2”7, Ak o F25k TR A
FEAE LTORRBIC R W TR, BERA 2 ENRRE () ICE
ELEFERLEML. ZDOLEOF EEBIO N AADF
WaAT o7,

Load Cell

Drag Force

Fx(+) @
i W10

Side Force — \/a, - —
‘| Fy(+) Y Trim Angle

> Side View

Load Cell

Roll Angle E(/:;

Load Cell  yay Moment
Posterior View Drag Force
Fx(+)
6]

Side Force
Fy(+):
Top View

Forward Speed

Fig.1 Schematic view of experiment and coordinate system.
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Fig.2 Body Plans of M2025 & TB45.
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Table 1 Principal particulars & experimental conditions.

Model M2025 | TB-45
all over length: Ly, (m) 0.6 1.0
breadth: B (m) 0.20 0.22
depth: D (m) 0.106 0.102
draft at transom: d,, (m) 0.0403 | 0.0365
displacement: W (kgf) 2.8 3.1
initial trim angle (degree) -2.258 0

height of the center of gravity: KG (m) 0.097 0.140

deadrise angle (degree) 25 18
longitudinal towing position from

0.240 0.435
transom (m)
height . of towing position from 0.149 0.075
Base-Line (m)
towing speed (m/sec) 5-12 5-14
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Fig.3 Measured trim angle for M2025.
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Fig.5 Measured rolling heel angle for M2025.
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Fig.6 Water plane area for still water surface of M2025 at

running condition.
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Fig.7 Measured trim angle for TB-45.
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Fig.9 Measured heel angle for TB-45.
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Fig.10 Water plane area for still water surface of TB-45 at

running condition.
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Fig.11 Dynamic normal force on a cross section of planing

surface with heeling and its point of action.
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Fig.12 Symbols expressing geometric relations among the water
surface, a cross section of planing surface and dynamic normal

force on the cross section.
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Fig.14 Symbols expressing geometric relations between the

water surface and a cross section with small heel.
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Fig.15 Stable limit for M2025 shown on running attitude.
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Fig.16 Stable limit for TB-45 shown on running attitude.
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Fig.17 Calculated running roll restoring moment of TB-45 at 7 =

1.0 deg.
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Fig.18 Longitudinal distribution of calculated roll restoring
moment and wetted surface area including splash up effects for

TB-45 at d, = 0.023 m and 7= 1.0 deg.
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Fig.19 Longitudinal distribution of calculated roll restoring
moment and wetted surface area including splash up effects for

TB-45 atd,=0.011 m and = 1.0 deg.
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Fig.20 Longitudinal distribution of calculated roll restoring
moment and wetted surface area including splash up effects for

M2025 at = 3.0 deg on the stability limit line in Fig.15.

4. BIEMELEROBRIERICOLT

W52 ECRER L7 AR BRI 3\ L E TR E R s R
C72WES, MERICE < B F,. [IEEE— A2 b M Z5HAIL
oo 2B E S LT, 22 TIIMERNABEDFREMEIZ OV
THT ORI EATI,

Table 2 \ZH57) F,, [BI5HE— A > b M, OFHEZ =9 & 4
W2, FOEMAJ A% Fig2l 1o d, RKFAEMO TB-45 O
WA, WAL O FEETES 2 45 X 5 & 3 5 A = |
—FRIKA ORI T H D M2025 DAL, FhmfEk
DFEEIEB & 45D K 5 LT DB ABZMEH LTS Z &
D, — M @RV AN A E R EB) 24T 5 REIZIE, P
BeRDENRTHREND, DO LD, TB45 T, %
DFEFANAEROSEEEB~EBITT D EEZLND
23, —J M2025 TILIEmEE~EET 5 BRICHER 2, 4
TR & NERI A~ E 2T 5 Z R TPREND, T Oilh
T C SEMESh S B EER~ & A1k U AL BB SR03 %%
AU SR TR~ DA A O FEREB 23 E A D L5 2

ERTE 535

2006476 H

EMTHRIN, 2ROV A IV ERYIRTZ LT, REE
7RRRREIN & BIFEB N BAT D AR H D L E X DD,
Z DR BB L EE OFATICOVWTIE A% Ia b
—varITHERTAZ L ELIZ,

Table.2 Measured roll moment, side force and yaw moment.

M2025
Fn 3.710 4122 4.534
¢ : Roll (deg) -3.084 -3.959 -4.681
F, : Sway (kgf) -0.108 -0.121 -0.165
M. : Yaw (kgf m) 0.009 0.015 0.016
TB-45
Fn 2.235 2.235 3.193
¢ : Roll (deg) -5.685 18.180 17.321
F, : Sway (kgf) 0.171 -0.248 -0.197
M. : Yaw (kgf m) -0.052 0.121 0.146

N

©)

M2025

Fig.21 Direction of forces acting on hull with heel angle.
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