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A Study on Longitudinal Motions and Wave Loads of a Container Ship in Waves

by Seiji Takezawa, Member Tsugukiyo Hirayama, Member

Kazuo Nishimoto, Member

Summary

In the first and second?® report, comparisons between tank experiments and theoretical cal-
culations were carried out mainly in following waves where encounter frequency is very low.
At w,=0 transfer functions of vertical wave load from experiment showed a considerable
difference compared with results of theoretical calculation methods. And this difference is
understood that there was certain problem in calculation of diffraction force and radiation
force, especially in following waves.

In this paper, we made a reconsideration of accurate estimation on longitudinal ship
motions and vertical wave loads taking account Mizoguchi’s method® for diffraction force and
moment and using Maruo’s three dimensional correction® for only added-mass in radiation
component. This calculation method for diffraction force and moment is a complementary
approach in Newman’s? diffraction solution, considering no effect of the forward velocity on
the hydrodynamic coefficients mentioned in our second report. By applying this method, ex-
perimental values of longitudinal ship motions and vertical wave loads can be explained satis-
factorily not only in following sea, but in all the wave directions and all Froude numbers

within the range for practical use.
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b=half width of cross-section at the water
line ;
K=w?|g, wave number ;
X=angle of wave incidence :
My(@w)=w base sectional added-mass :

Ng(w)=w0 base sectional damping coefficient ;
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¢ a=wave amplitude ;

Table 1 Representation of calculation methods

V=forward speed of ship ;
INBDOKRDE 1 : Froude-Kriloff

(1) N{0)

New Strip Method (Original)

(2) N{(A)

BOThy, ftFko N.S.M. rse

N.S.M. with 3dim. correction on Added
Mass only

DEERUTH D, KBRDHETIRE |

N(A.D.)

N.S.M. with 3dim. correction on Added
Mass and Damping Coefficient

DEFFERADZDOFSYE R 0D, ko [

N(O)+Diff (w)

N(0) , MIZOGUCHI'S METHOD for Diffraction
force is applied

BECHE EOEHROBY % 1T > T
b0

(5) { N(A)4Diff(w)

N(A) , MIZOGUCHI'S METHOD for Diffraction
force is applied

EUFz 0% 7 Diffraction Force | (6)

N{AD)+Dif f(w

N{(A.D.) , MIZOGUCHI'S METHOD for
Diffraction force is applied '
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Fig.1 Wave exciting V. B. moment at midship,
X=0°, Fp=0.4
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(1) N(O) : New Ship Method ®»EH! (original)

(2) NCA):N.S. M. 3z Added-Mass 2 D% 3 ¥k
TLEEEZM: 74D
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Table 2

Froude number and correspondent wave direc-
tions for comparison between exp. values and
calculation methods

Fn X (deg)
0.0 0°(follow)
0.2 30°
OZ(follow)
0.275 | 307
180° (head)
0.4 0°(follow)

BRZE DB LOXEH LI,
Fig. 2,3 WRENB X 51T Fr=0.0 DFEEE T O
FEFRFHEOIGEEROFHE B\ Tk Diff(0) 1

L5
| PITCH
L )\/L 1 1 X N lO‘O
628 157 107 0.70 0329

Bb\\(i é '3 wW=wyl /g ‘1"
Ol 2 3 e=weylL/g
-180° ,
OWD °
8 o
1 L L .
07 RN 2
L-i80°
Fig. 2 Transfer function of pitch,
X=0°, F,=0.0
ML X=0.0°
0.06 57 10/ 070 039

Fu/jogLBh

--180°

Fig. 3 Transfer function of vertical shearing
force, X=0°, F,=0.0

Table 3 Representation of experimental results

REGULA
@ R Yokohama Naticnal

OOTAO| T.w.w.

University

0] REGULAR Sumitomo Heavy

Industries ,LTD

AN T.W.W. (Hiratsuka laboratory)
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Fig.4 Transfer function of pitch,
X=180°, F,=0.275
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Fig.6 Transfer function of heave,
X=0°, Fp=0.4
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Fig. 7 Transfer function of pitch,
X=0°, Fp,=0.4
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Fig. 8~13 Transfer function of vertical shearing force at
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Fig.14~19 Transfer function of vertical bending moment at I
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i1 Fig. 8,9,10,14,15,16 TR X T\ 5%,

5 % B

AR TIAT 2 B F | EHE S BIRPHAEROREE S &
OEERREFHED L VBEDORGCEANREEEEC W
TRELTERY, o CHELALERYUTRIIET
bo

D FREBFOCTHWCERER DO ER Y, BR
BV IEENEVES LEVWEACIIBEES LW s
23vdo B3 DIff (0) HRIC X % JIRE RIS & W IREE O
ML whico TEREY X < 3B L T, ik
3) TOEBRELORIERTHIDZ L2\ % 5,

2) FHEBHLETHRIVCE—2 VY IFOBEHIE A
Diffraction 4D 2 KITGHAEINC 0 X— 2D fH% B
% Diff(0) B RERD A UV y FHEI DT Ch,

BREEDOHRTZORAVZEN L b B TR0
BREHTHS, LrLEEDOALY » 7 (N.S. M)
I X % Radiation fiait & BN EO FECRE
T20 LI TIDOEER K TH S SEBCFEPT
1%, Diff(0) ZEDOLRIC L5 BHF LU BRHEDOHRER
WELRENERINR TV S,

3 LEA->TZDMBERDOENY b E&D B
FMWHEER LOREFORES S L O BEEREEDCE
BECOWTIE, NS M. 3 (BRICEWEETI) 2 Euv
2 a) Diff(0) HEFRHFNCHY, E 51 b) Ra-
diation RO EE 15 MEFINEED R 3 Kk TET
wERT 5 kN4 Froude i dolc » TRIMZED 4%
TRBRERELHPELS>BOT, {EEDOA LY » THECH
DLLIERAEBEL L THDTRET S,

727 N(AD)+Diff (@) 35T 2N EBRES 38
THZENTESD, WO ETEN AL RO TH
BORE L Ui,

BRCERRALEZEEDHEHY, Ho2HLEDTE
B 7 - 2 2REL OO WIcERERB T F
R, RCHERIO Y% £ o TEWI/NREEREBE
BIORFBAMDOGRILZ R BEL T Wch I EE
BEETEMOOEDMBRCESHLELAIT S, ¥z
AROREERC B » TXENEYE SURSEYT
KESZENEL, T HDTHELXEDLT,

2 £ X B

1) S.Takezawa, T.Hirayama, K. Nishimoto : A
study on longitudinal motions and bending
moment of a container ship in following sea,
J.S.N. A. Japan, Vol. 150 (1981).

2) MRBZ, PUKE, AERFE: BLERCsT
HIARRGES L BERRFEC SWT, BRER
FEMNE, H1515 (1982).

3) BB :EE= v rBoAERREBERE
DWT (ALY » 7ERIDERRIIHEC 6
THREHEOE Y ), BAELEBBLAETERS
RO, ST E£BmEERBeEk 1875
FBE.

4) Newman, J. N.: Marine Hydrodynamic, M. I. T.
Press (1977).

5) Maruo, H. & Tokura, J.: Predication of hydro-
dynamic forces and moments acting on ships
in heaving and pitching oscillations by means
of an improvement of slender ship theory,
J.S.N. A. Japan, Vol. 143 (1978). )

6) Newman, J. N.: The theory of ship motions,
Adv. Appl. Mech. No. 18 (1978).

T NPREEKES, NMRFEE : = v 7 B0 SRR
FEHROBEFTERR, ERXEHERE®H, Vol
29, No. 86, HE#f1 56.8.

8) FARMLE : BRIMEHEHROCEEFRFERE
EXEE R BB 5 I, BEEARRERIEN
ekt FRFHN 56 EEE LM, BEfN 57.3.

NI | -El ectronic Library Service



