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A Consideration on the Mechanism of .Occurrence of the Broaching-to Phenomenon

by Seizo Motora, Mewmber Masataka Fujino, Member
Masashiro Koyanagi, Member Shigesuke Ishida, Member
Kazuhiko Shimada, Member Takehiko Maki, Member

Summary

When a ship is travelling in a following sea, of which the wave length is almost twice
the ship’s length, with an advance speed nearly equal to the wave celerity, the ship is
violently turned against the helm of rudder. This phenomenon is called the broaching-to,
and feared by the seamen for a long time. There exist some different notions as regards the
immediate cause of occurrence of this phenomenon. The widely supported notions are as
follows ; a) reduction of rudder effectiveness in the following seas, b) instability of course
keeping of a ship travelling on the downhill slope of wave, and c) the action of turning
moment due to the cross flow component of the orbital motion of water particle.

In this paper, the authors discuss the propriety of the traditional notions stated just above
by examining them with the hydrodynamic data obtained -from the restrained model tests.
As a result of the examination, the authors conclude that any of the above stated causes is
not the immediate cause of occurrence of the broaching-to phenomenon. ,

In order to understand the characteristics of the ship motion travelling in a following sea,
a simulation study of surge, sway and yaw motions is executed. As the result, it is found
that the violent turn of a ship travelling on the downhill slope of the following wave is exci-
ted by the wave turning moment when the ship has an advance speed equal to or slightly
lower than the wave celerity, and moreover the encounter angle of the ship to the wave is
around 20 and 30 degrees.

Consequently, the authors conceive that the broaching-to phenomenon occurs when the
wave exciting yaw moment becomes remarkably high compared with the hydrody»namic
moment of course keeping generated by the helm of rudder. This notion is verified by
analysis of the broaching-to phenomenon observed at a full-scale experiment in the sea.
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Fig.1 General arrangement of the full scale ship

Table 1 Principal particulars of model and
full scale ship

FUL%H?SALE MODEL
Length overall 7.95m 1.113m
Length registered 7.26m 1.017m
ﬁéﬁ%ﬁﬁaﬁiﬁiﬁS?L> 7.14m 1.000m
Breadth overall 2.16m 0.305m
Breadth 1.87m 0.262m
Depth 0.63m 0.0882m
Draft fore 0.260m 0.0364m
Draft aft 0.507m 0.0710m
Displacement 2413kg 6. 629 kg
KG 0.738m 0.083m
GM 0.715m 0.121m

WG 0.601m aft| 0.0842m aft
Radius of gyration . 0.252m
(yaw)
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Fig.2 Installation of model to the towing
carriage
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(a) Starboard rudder
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(b) Port rudder

Fig.3 Rudder effectiveness in following seas
(Hyp/k=1/20, A/L=1.6, U/C=0.9)
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Fig. 4 Coordinate axes
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Fig.5 Results of oblique towing tests in follow-
ing seas (H,/A=1/20, A/L=1.6, U/C=0.9)
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moment (H,/A=1/30, A/L=1.6, U/C
=0.9)
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(b) UcosXx=1.2C

Fig. 12 Effects of initial advance speed
on ship’s trajectories in fol-
lowing seas(H,/d=1/20, (I/2),

=0.0)
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(d) Time histories of hydrodynamic moments
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Fig.14 Time histories of ship motions and
hydrodynamic forces during a “broa-
ching-to” phenomenon(example no. 1)

22

Yikg)

i BROACHING ]
| {

3000y | :
] i

2000 ! ! .

(&- 69°) f { \N-M'-mU)r-YSS

1000t ! i :

| ol

L3 ESTIW\TED A UE

0

,
4
o

;

M%{PU\R&J'%ﬁhw

i
|
-400~ i
1
1
—800k- i 1 Uzz+dzal -Nrr-NwW- N8
800 st i wige { | aETas
=30 I
12001 AL TN IRY 1 s “ESTINATED VALUE® PEANS WAVE
ESTIMATED VALUE i \ ] EXCITING SWAY FORCE AND YAW
Ml s | 1] MOMENT ESTIMATED FROM RESULTS
(X =ush) L OF - RESTRAINED MODEL TESTS
Nikg.m)

Fig.15 Hydrodynamic sway force and yaw
moment during a “broaching-to”
phenomenon (example no. 2)
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