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A Dynamic Instability of Small Planing Craft at High Speed Turning
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A small planing craft that has V-shape hull and hard-chine is good for running in a little rough sea at
high speed. But it has been known to have various motion instabilities. From these, we may choose
so-called corkscrew motion, which was supposed to include roll oscillations (chine walking) mainly
and heave oscillations (porpoising) partly at high speed turning, as one of the most difficult problems
to predict its occurrence at design stage and one of the most serious problems for safety. If it happens,
the driver is hard to maintain his position due to large lateral acceleration and may lose craft control.
This report shows that this turning instability at high speed comes from vertical dynamic instability
at heeled attitude at turning, and proposes some criteria that are useful to design a new boat that has
enough turning stability. These criteria are obtained from the turning motion simulation program
that is newly developed as a design tool, which can judge the degree of turning stability at early
design stage. Adding extra keel to hull bottom is a very effective measure for turning stability.
Though its effect has been known from experience but it has been confirmed quantitatively by this

simulation for the first time.
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%1 Turning stability
Model | Us(Kts) [ FN. [Weight(Kg)[ Cal [Exp.
23 Pleasure Bh | 448 T
31 Pleasure 29108 e 3985 o o
oS 2.74 3220 X | X
| 17 Pleasure 21.6 R T X
S 2.67 R
| 27Pleaswe | 329 . | 180 T FREIX | X
32 Pleasure 35.0 1.89 4460 S

X QL FE I D LIS DWW TR L 720l %
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(X3 e—nEBEN) 2FRLTOVAVWEZDLLER
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L % O EREMIE & AN 1 78 0 By 2 8 L
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Turning stability chart
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0.0800 |- - +— o —
0.0700 —2 N -
| 0.0800 : N \\ — i
lew X,, - + ——
 0.0500 ¥ x :
0.0400 | - s
0.0300 - X B
0.0200 ——— \{,_u
0.0100 — \ﬂ
0.0000 sl e |
25 30 35 40 45 50 55 60 65 7.0
Volume F.N.
X9 Turning stability
R1013277 4 — MEARE THEMIZA - 725

ABOEEEIT & 0 FENIEO R LEME A R L TS,
Rl c g 4 & v e —ufg (Kb @ FAD |, Biih
fii (PSAIOB) btV 4ff (TAU) , fiE# (US,VS)
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48

ZIICE ORI A D IR B FEH L T < Bk 2
s, (ZOME)AVDHW® B corkscrew motion

FHEEL TV EREDIhS,.) RI13EE 2%
L CHEMEDOL @b EX > 7=BTdh 5. HWEH
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1021 52K E L TENNER > 2=WTH 5.
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| 27 Pleasure Type (30Kts-10°)

| 25 8 Unstable

29 it S VUBR —e— ANGRD

15 6

10 —a— US |
| 5 —a— VS
| 4 —#— PSAIOB

o L . ) ‘
| 5 —e— FAI |

W B e 3t B e —— TAU |
-10 —— |
|-15 0
{ Tau

10 Example Of Unstable turning

bl g 2. A s g Sy
27 Pleasure Type (23Kts-10°) Speed down ‘
25 10  Stable [
20 —e— ANGRD
15 8 Us |
10 e \
—— VS |
2 6 ;
i A i 1 —%— PSAIOB ‘
- e i
il N A AR —— a0
|-15 2 i
1 Tau ‘
J
X11 Stabilization by Speed down

27 Pleasure Type (30Kts-2°) Small rudder angle
25 g Stable

—e— ANGRD
—a— US
—a— VS
—m— PSAIOB
—o— FAI
—+— TAU

X|12 Stabilization by Reducing rudder angle
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F 27 Pleasure Type (30Kts-10") Small rudder angle speed
\

25 g Unstable

20 —e— ANGRD
- T i s
j‘ 10 —a— VS
15 4 |-—w—psaioB
I =0 L L —e— FAI
| -5 ¢ 5 A0
|-10 |
| -15 0

Tau

X113 Stabilization by Reducing rudder angle speed
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Beat4 5. E1413§E 0o iy 2 fiEiZ X T
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ML7HTH 5. R15IZZDHELE S DPE
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DR—-—FKRAP TR TIREHIIHL, 20K
Rigm e B/onhsZ Licks, L2rLahd
5, FOOBENT KN LGt AE A2 D ‘5%?
BLEFROMEE LTIIHMLWEE X 5. BFIE
Trim-flap X° Transom-wedge & CETLABO I v
PR-AEFIZEERS, 2O LD ARE TH
MY OLEAE LB Z 12K LD ) & [
Fl ‘filﬁll'l’/";i;"f’lié?'}% il B de 1o, &
NEMEIZIT D EHED Sk UI%411737_&::
2.0 i D, FONE A A X472 Trim down
XE-IRETHAEY S L, WEHNICK A D
EH 2T K DT TIER L, EOREHEA K
DhtlLiEg BT 0L 5 e T
5. Trim-flap iZ & O #91.5 Trim down L 723k
RETHEA U % & TR EMEn Kb Yaw i 2 78 1L
LeGl =,

17 Pleasure Type (19Kts-10°)
Unstable

—e— ANGRD
—a—Us
—a— VS
—»— PSAIOB
——FAl
[=t=TAU

-8

Co=NMwHsHOON®

Higed
o

X114 Example of Unstable turning (2)

PMEBERORERCFOBNFREE

17 Pleasure Type (19Kts-10°) C.G.Down
15 8 Stable
{7 [-~—ANGRD
10 4 4 co R
5 1 5 —a— VS
L “ 4 —%— PSAIOB
g —e—FAl
5 10 3
59 } {5 7 ——TAU
-10 1 ]
D et I e s | ()
Tau

X115 Stabilization by C.G.shift to downward

17 Pleasure Type (19Kts-10°) C.G.shift fore
15 - Stable
10 6 —e— ANGRD
5 —a—UsS
5 7 —a—VS
0 B 3 —»— PSAIOB
5 10 15 2 Sy
=2 Xg..... 1 ==TAU. ]
-10 0
-15 -1
Tau

[X]16 Stabilization by C.G.shift to forward

17 Pleasure Type (19Kts-10") Trim down
15 Unstable
10 —e— ANGRD
o~ —a—Us

50 —a— VS

0 . —%— PSAIOB
i 4 8 8 1 * :_:‘U
-10 \., o
-15

[X17 Unstability due to excessive trim down
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1912 Z O MIF — b (4m X0.2m) # HLD D F 7=
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[X[18 Added keel

17 Pleasure Type (30Kts-10") Added keel :
Stable
—e— ANGRD |
—a—Us |
——VS
—%— PSAIOB |
—e—FAl |
——TAU
i

-25 0

sec Tau

[X[19 Stabilization by Added
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