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Theoretical Prediction of Vertical Motion of Planing Monohull in Regular
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ABSTRACT: In order to predict the motions of a planing hull in waves, it is necessary to accurately estimate the force components acting on the
hull such as the hydrodynamic force, buoyancy, and friction, as well as the wave exciting force. In particular, based on strip theory, hydrodynamic
forces can be estimated by the summation of the forces acting on each cross-section of the hull. A non-linear strip method for planing hulls was
mathematically developed by Zarnick, and his formula has been used to predict the vertical motions of prismatic planing hulls in reqular waves. In
this study, several improvements were added to Zarnick’s formula to predict the vertical motions of warped planing hulls. Based on calm water
model test results, the buoyancy force and moment correction coefficients were modified. Further improvements were made in the pile-up correction.
Pile-up correction factors were changed according to variations of the deadrise angles using the results found in previous research. Using the same
hull form, captive model tests were carried out in other recent research, and the results were compared with the present calculation results. The
comparison showed reasonably good agreements between the model tests and present calculations.
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Table 1 Main particulars of model ship

Particular Value
Displacement 73.350 kgf
Length overall, LOA 2467 m
Length between perpendiculars, LBP 2.000 m
Breadth (B) 0.761 m
Depth (D) 0.333 m
Draft (d) 0135 m
Longjtudinal center of gravity, LGG (from midship) - 0.195 m
Vertical center of gravity, KG (from baseline) 0.204 m
Pitch radius of gyration 25 % of LOA
20° at AP.

Deadrise angle
23° at midship
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Table 2 Condition of variables in present calculations

Deadrise = Buoyancy correction Pile-up
No. .
angle by b, correction (G,,)
Cal.0  Constant 0.5 0.5 /2
Call  Varied 05 05 7 /2
Cal2 Varied Modified. Modified” 7/2
Cal3  Varied Modified Modified ~ Modified

" varied accordmg to the hull forms
" modified by usmg the test results in Kim et al.(2013)
" modified by using the results in Zhao and Faltinsen(1993)
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Table 4 Pile-up correction coefficient, G,

Deadrise angle Wagner Zhao and Faltinsen
] (1931) (1993)
20 1.5708 1.5087
25 1.5708 1.4709
30 1.5708 1.4243
40 1.5708 1.2866
20 ® Exp. (Fn=0.95) ¢ Exp. (F=1.19)
--0-- Cal.2 (Fn=0.95) w/ ¢onstant Cpu --<-- Cal.2 (Fn=1.19) w/ constant Cpu
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Fig. 10 Heave response with modification of “pile-up’ correction

coefficient
2.0
O Exp. (Fn=0.95) O Exp. (Fn=1.19)
--e-- Cal.2 (An=0.95) w/ donstant Cpu| ----- Cal.2 (Fn=1.19) w/ constant Cpu
16 l——Cal.3 (Fn=0.95) w/ various Cpu | ——Cal.3 (Fn=1.19) w/ \various Cpu
. —
<o
12 o <
g
& o
0.4 (lgw\
]
0.0
1 2 3 4 5 6 7

we'
Fig. 11 Pitch response with modification of “pile-up’ correction
coefficient

Zarnick-2 Wagner(1931)2] A7E& #a1ste] pile-up B84
T ¢, 1/2(=15708), & LAT FFE didsiit AR
]

7} Zadhs A3 BQl v} 9tk Zhao and Faltinsen(1993)< <1
83t HAGAY 20~405049) ¢, & F=2 Fe]etd Table 4
oF 2t

AAZAZY W pile-up BABAS ¢, 0] WSHE o] thd
549 &5 AMKCal3)sHH Figs. 10-119] A3 2ok
G, & 1/22 dASA AT A diHCal2) = HlILE S50
A A og #r8Ath T AR AR wgE bl

Fotar, 59 5l FYRHES BAY AsE 44 07, 0322 o
Y3t Zeltt. ¢, o WsE 18T 45 3 F &5 IAFo] &
e ZANAE Rt F7kskaL, At oA of
3 Zreste] REPAY Aol o sk, 1 ¥ Ava
ek
584 &
£ AFlAE Zarnick(1978)2] HIA Y ~EY WHES =Y

<
afof thgalel M AT F 25 TSI A
3 o

@A ahg Aol wre
93, LFAB0] TR Fue AN E ot 7], 1)
Zol Mt ozt Basht 1 FFe Hrh
50 o B HYOR ALY o HZ3} neko o] 7
ol Aok & Aolth. At AHEE B F, B4 250 Af
= 52 9 343 Bt Uk
= 7

T 20139 % st TS A, 5

Z1EAQEASIAY AT/NEAFY(10 RTIP
B01), agiHE A7gn] 9 QlZalgHAl o8 dulelkE
WEATLoNAN FHse T4 Asd 7oA 43 g
(4) (PMS2950) #HAlo] Ald oz P JFH

"

References

Akers, RH, 1999. Dynamic Analysis of Planing Hulls in
Vertical Plane. Proceedings of the meeting of the New
England Section of the Society of Naval Architects and
Marine Engineers.

Fridsma, G., 1969. A Systematic Study of the Rough-Water
Performance of Planing Crafts. Davidson Laboratory
Report 1275, Stevens Institute of Technology.

Keuning, J.A., 1994. The Nonlinear Behaviour of Fast
Monohulls in Head Waves. Ph.D. Thesis, Delft University
of Technology.

Kim, DJ., Rhee, KP,, Yum, DJ., Zhang, Y., 2013. Comparative
Study on the Motion Responses for a 40ft Class Cruise



A A F we Z54de) dAW As F4 - Zamick HIAE 2EH el AiA 223

Leisure Boat. Journal of the Society of Naval Architects
of Korea, 50(4), 240-247.

Martin, M., 1976. Theoretical Prediction of Motions of High-
Speed Planing Boats in Waves. DTNSRDC Report 76-0069.

Shuford, S.LJr., 1957. A Theoretical and Experimental Study
of Planing Surfaces Including Effects of Cross Section and
Plan Form National Advisory Committee for Aeronautics
Report 1355.

Van Deyzen, A., 2008. A Nonlinear Mathematical Model of
Motions of a Planing Monohull in Head Seas. Proceedings
of the 6th International Conference on High Performance
Marine Vehicles, 187-199.

Wagner, H., 1931. Landing of Seaplanes, National Advisory
Committee for Aeronautics TN 672.

Zarnick, E., 1978. A Nonlinear Mathematical Model of Motions
of a Planing Boat in Regular Waves. DTNSRDC Report
78-032.

Zhao, R, Faltinsen, OM,, 1993. Water Entry of Two- dimensional
Bodies. Journal of Fluid Mechanics, 246, 593-612.

qr
J

BE 244 4 (1)) ¢
58 FAYEAE v

At

M e

o A= BsEa FAH — Neosh 2
ZV7F A

b7k 4 (A1)} (A2 o] Ed
— Ncos) = //foos@d§+ flde§ (A1)

. . B(m o
=— /z [m, VA+m, V— U————+ Cp bV |cosdg

o€
- f bypg A, dg
1

= Alcos 0- 700—&- Q,cos 6
+A10(zp(ysm6c030 xp(cos 0)

+/maT00529d£—/mawzésinHOOSOc%
1
ow,
*/ma V—sin@cosﬁd{%—/muUa—f'cosz@dxf
1 S
= UV, co80 — f Vin, cos0dg

— / /)CUrbV‘oosﬁdf / bfpgA d¢

no = [ pede [ pos0cic (A2)
2] (ma

:/[m V+m V— U-

/ pg A cost- (b, £)d¢

+ G PV €dg

=— ],ﬂ+ QGCOSOZCG— Qaﬁ(zp(szne - a:.CGcos@)
dw, .
— /macosed—t”gdﬁ—i- /mﬁsz‘n&wzgdf
! 1
[ viges [ oo, .

ow
+ / m, VUdE+ / m, VT"smegdg

*fm Ufwsaﬁd§+/ pg A, cosO(b, -£)dé

271 2 (AT (AQNA M, @, L= A (A3)SF ETh
= [ e (A3)

Q.= [ mae

1,= / Imnédf



