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An Experimental Study on the Vertical Motion
of a High—Speed Planing Craft in Regular Following Waves

Dong-Jin Kim™, Key—-Pyo Rhee’, Young-Jun You" and Han-Sol Park’
Department of Naval Architecture and Ocean Engineering, Seoul National University”
Abstract

It is well known that when a high—speed planing craft travels in following seas it
experiences long—periodic motions due to low encounter frequency, and it often loses its
course keeping stability. Therefore, it is necessary to study the sea—keeping performance
and stability of it in the following seas. In this paper, the vertical motions of a planing craft
were measured in following regular waves, and the test results were compared with the
theoretical results. In the case of the same encounter frequency, non—dimensionalized
motion amplitudes become larger as Froude number is higher, and non—dimensionalized
motion amplitudes in head waves are larger than those in following waves. The mean
values of the motions in following waves are similar to the running attitudes of a craft in
calm water at the same Froude number.

s Keywords: High—-speed planing craft(lls &34), Regular following waves(&0| = 14),

High-speed towing test(12% 02! Al&), Vertical motion response(H&HH 2S2YH)
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Fig. 1 Variation of encounter frequency with
wave frequency in head/bow waves(left), beam
waves(middle), and following/quartering waves
(right)
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Table 1 Physical meanings of the wave force
and moment components

Components Physical meaning

F,, M, |Components related to wave elevation

Components related to wave orbital

By, M i
velocity

£, M, Compone.nts related to wave orbital
acceleration

F, M |Froude—Krylov components

Effects of change of the wetted length
of keel by wave elevation
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Fig. 6 Body plan of planing boat

Table 2 Principal particulars of planing boat

LOA [m] 0.523
LWL [m] 0.497
Breadth [m] 0.131
Displacement vol.[m?] 6.69x10 *
LCG [m] 0.2
Draft [m] 0.026
o, &M 2 AIE Aldl= ool 3XIE 28d
LI =DF DEAIPI= HAEA GHE0l 0.75kof
2 SIloIieH 2H s42 &0I6M 0.2m <
&l XIEC=2 =D &AH AEHQF 2ZCH

D& BEMO| AN 220 HE AN o1
4.3 A8 =
Table 3 Test conditions
incident Wave |Encounter
Froude Velocity
angle No frequency | frequency region
[deg] © | [rad/s] | [rad/s] ¢
4.030 2.540 I
0.4
6.870 2.540 I
3.588 2.105 I
0.5 5.094 2.105 I
6.412 1.675 I
0 2.618 1.675 I
(following)| 0.6 4.648 1.675 il
8.670 1.675 m
0.8 6.762 1.675 m
7.025 4.343 m
1.0 7.915 6.515 m
8.686 8.687 m
2.684 4.343
180
. 1.0 3.573 6.515
(heading)
4.342 8.687
Fr=0.4 (following waves) Frn=0.5 (following waves)
3.0 3.0
25 L S—— 25
D20 €20 28
E 15 E 1.5 \
o 30
05 05
0.0 0.0
00 20 40 60 80 100 00 20 40 60 80 100
w [rad/s] w [rad/s]
Fn=0.6 (following waves) Fn=0.8 (following waves)
3.0 3.0
25 25
Yoo 2 20
Eis LAY Hd Zas ‘
o d10
0.5 05
0.0 0.0
00 20 40 60 80 100 00 20 40 60 80 100
w [rad/s] w [rad/s]
Fn=1.0 (following waves) Fn=1.0 (head waves)
12.0 12.0
10.0 10.0
€ s0 2 € 50 s
Z 60 s ) s
; 40 / 3 a0 ‘/
S ——" “

00 20 4.0 8.0 8.0

w [rad/s]

0.0

10.0 0.0
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w [rad/s]

8.0 10,0

Fig. 7 Wave frequency and corresponding

encounter frequency on the tests
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Table 4 Test results of heaving motion

Incident w, Z/A ay ldeg]
angle | Fn [rad/ standard standard
[ded] s] ST deviation LT deviation

i 2.540| 0.74| 0.09 | 21.96| 1.02

2.540| 0.62| 0.02 | 16.43| 0.42

2.105 0.75| 0.05 8.18| 0.89

0.5[2.105 0.70| 0.01 18.00| 1.46

1.675 0.60| 0.02 19.08| 0.87

0 1.675 0.84| 0.08 6.01| 0.44

0.6/1.675 0.70] 0.06 9.54| 0.23

1.675 0.42| 0.06 6.23| 0.78

0.8/1.675| 0.63| 0.06 | 13.12| 1.31

4.343| 0.71] 0.01 | -4.61] 0.95

1.0/6.515 0.85| 0.07 |-12.50| 1.30

8.687 0.88| 0.08 13.11] 0.70

4.343 1.04| 0.07 | -3.55| 0.25

180 1.0/6.515 1.17| 0.02 | -7.62| 0.63
8.687 1.33| 0.03 6.67| 0.71

Table 5 Test results of pitching motion

Incident w, O/kA ag [deg]
angle Fn [rad/ standard standard
[deg] s] Mmean | 4eviation| MM | deviation

04 2.540| 0.55] 0.05 111.72| 2.38
2.540| 0.72| 0.02 90.49| 5.97

2.105| 0.67| 0.05 95.93| 0.28
0.5(2.105| 0.76| 0.01 91.03| 2.28
1.675| 0.71] 0.01 78.00| 0.22

0 1.675| 0.81] 0.04 78.90| 2.41
0.6 |1.675| 0.82| 0.08 76.04| 4.12
1.675| 0.64| 0.06 -69.84| 0.01
0.8|1.675| 0.87| 0.07 -57.44| 3.29
4.343| 0.89| 0.02 | -73.67| 1.28
1.0]6.515] 0.86]| 0.06 -74.38| 3.41
8.687| 0.78] 0.08 -66.41| 2.94

4.343| 2.34| 0.15 |-111.72] 2.60

180 1.0|6.515| 2.38| 0.04 | -88.14| 1.75
8.687| 2.64| 0.03 -87.50| 3.89
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Fig. 12 Phase of pitch motion in following
waves
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Fig. 16 Time histories of pitching motion (1,
II,I0 region at Fn=0.6)
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