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On the Damping Force and added Mass of Ships Heaving and Pitching
By Fukuzo Tasai, Member
Abstract

When cylinders of Lewis Form sections heave and pitch on the free surface, their damping
force and the added mass were exactly calculated by Ursell’s Method. And many figures in this
weport show the results of the calculation. Then the reporter calculated, applying the results of
the above-mentioned calculation and by Strip Method, the damping force and the added mass of the
two ships, which were respectively put to test by Golovato and Gerritsuma. The added mass and
the added moment of inertia which the reporter gained by Strip Method showed good coincidence
‘with the results of Golovato’s and Gerritsuma’s experiments. To get better estimation on the
«damping force by Strip Method, it is necessary to calculate more closely the three dimensional
-effect, non-linear effect, etc. As to the added mass the three dimensional correction could be
negligible except for small £*.
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£o B 1 & 3as
+cosmt21>m(§:0)_1+a +as (=1= 1{ 2m—1 2m+1 2m—+3 }

1 3
+Si“wtm§f1m<£")ﬁ—a§—m( )”‘“{ m—1 2,:;_1 — 2’:_:_3 }=—(—7§1%)UM(1+a1+aa) (28>
TR AT (27) ROFUD coswt DFRE % BT '

in@ in@—assin38
Woo(£o, a1, a3, 0)— s +allj_1:‘ +a:ssm "I’oo(fo, &1, as, -725)

& { sin(2m—1)8 a1sin(2m+1)0  3assin(2m+3)4
‘—2"""(5“)[8‘“2’"0"' T7atas | 2m—1 T 2mt1 2m+3 }

_ bo(—1)mt { 1 L m L 3as
(A+a1t+as)? | 2m—1 2m+1 2m+3

Som(Eo, a1, as,0) = ——[sin 2ml+

}(sin 0-+ai1sin @—agsin 0)] (29)
IbK

1) { sin(2m—1)8 aisin(2m+1)0  3assin(2m+-3)8
1+a1tas 2m—1 2m+-1 2m+3

Eo(—l)""{ 1 & 3as
(A+a1tas)? | 2m—1 2m+1 2m+3

BT (29 X

}(sin 0+a1sinf—assin3 0)] 30

. i1 6—as sin 3
¥ 0(&0, 61,28, ) — sme-*-a;j_l:f_‘_a:a sin36 y’co(fn, o, as, ) Eﬁzm(fo) Jom(Eo, a1, a3, 8)

R sinot DR HEEL T (31>
W (€0, 81, a3,0) — 81n0+all_:1::_-;3381n38 q’so(fo a1, 43, — ) Z qzm(fo) - fom(Eo, @1, as, @)

@31) R pmE0), gm(E) ZRETHRRRATH S, (28) KRWT

I & 1 _m _ 3as _
Walfoan,0, 5 )+ Epam(E0 (Dt E o }—Ao@.)l

g,‘o(&’ o, a"_2')+m2=1q””(fo) (—pym-1 b (1 & 3as }=Bo<&) I

32y

1+ai1+as | 2m—1  2m+1  2m+3
bfoH"bf (28) i —(wolgn) UM +a1+1as) =Ao(bo)coswt+Bo(ko)sinot 55, U=—hosin(ot+e),
== / 1+ai+as #B UL, beaving 3R b 3 2 RAROEEOL 4 2

“..L~_"£f.£, 1 ko
A== v APTBa ) Ad+Ba (33)

(29), (30), (3D), (32) ¢ a1=as—0 k.")o((ﬂf Ursell [3] D¥Hew+58FRLsd
we (25) eis35 ¢ i
(molgm) ¢ =0c(Eo, a1, as, &, 8)cos wt +Ds (o, a1, as, ¢, §)sin ot

w B £o { e-(m-Da
oma -
+cosmtm2=l?zm(§o)[c cos2mé+ Traitas | 2m—1 cos(2m—1)8
: ae- (M e 3 gge-(m+8
Zmt1 cos(2m+1)0— 2mi3 cos(2m+3)0}]
+sinot i lq:»(fn)[ " " " " " ] (34)
M=
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56 ERBESRIE FL158
BL  @(fo,a1,as, ,8) =neKVcos Kx
0.t = eV et : (35)
s(bo, a1, as, ¢, @) =me "sme—-[. Kiim {k cos ky— K sin ky}dk

RERIBICE S FENNL, p=—pP-09/0t HORE B, P INHEDOEE, BRECKLESIC ML ¥ HHoH F it

F= (%)P - B[ M)y cos wt — No sin wt] : : (36)

OB, {BL M, N it ,
cos+a1cos9—3agcos 38

3
M= /o Ds0(£o, a1, a3, ) Itatas dé
1 hd _ 14a1 | Y9as . wf c
+ 1+a1+as [mgxc_l)m 1q2"'( 4mi—1 " 4m3i—9 )+ 4(1+a:+as) 1(1+a1——a1as)qz—dsq.}]
[ cos@+a1cos§—3ascos 36
No= /o Deo(bo, a1, a3, ) 1+a:Tas dé
1 & _ l1+a 9a 23 ;
LT [mgl(—-l)"‘ "Pam( 4m2—11 + 4m’19 )+ 4(1+axo+as) 1(1+a|—alaa)h—¢31’4}] @D
— AR IEE (28), (31) mRH»H
dZ
L _ (%’BL) {Ao(E0)sin of —Bo (o) cos of } (38)
F OFTHEE & RN EORS P IMERCHATIHE LTH, Z0RAIL,
M, N .
QTﬂ -PB (%&) {Ao(€o)sin wt —Bo(£o) cos it} NG
WCHMER A-M X (38), (39) OlxLoT
_ B \? MBo+NoAo
A.M—2P.( 2 ) < A¢*+Bo? ) (40
2T Lewis WiEIORED, ERFAMEHCOMMERIT Lewis [9] 25 1/2-prCo(B[2)?
HL Com (1+a1)%+3ag?
T (tatas)? (4D
BHERAVFET D, TOREYRDLTHRE K BT
A.M=—;—Pn:(%>z-co~lﬁ ' (42)

EE K BRA»LRE B,
_MoBo+Nodo (A+a1+as)?

4
K= 1 Nedo
T Ao*+By? (1+a1)%+3as? 2

e AER 2 one-cycle OIICAT > HEDOTHEL Lo n0- (Modo—NoBo) 155, & HUSTIRI~BALESM]
CHTH RO =5+~ 120g%P0 CEL I Bhb, Medo—NoBo=n3l2 2755, CHILHIEFBORE
ERGbhI,
bom, gom % RDBBARAIX (BL) THB, -
Weo(£o, a1, as,0)— sin 0+all:-i:|0_|__a‘:s sin36

X8 HO=Hm/2=0 Th 5, HE) 1% 0<0<7/2 TROMEFALHHITICRMS LT 5,
H®) = 3 pmE) - fom(Eo, 01,35, 6)

Tha 00 <72 TR THRFThTEDR, a1=6=0 OMZOBAIX Ursell [3], [16], [17] ki
T, TTO b0 KHLTRET D ERTEAI N T B, —RUC 150, a0 DB OWBUIRARET B =
EREETHD, WEHLREL T, m=6 LOFHY L h KEHELTS &, —C L<+=3 TLINHIEEIC
By, Hlb, §=10°20° 30° ---80° LT, H(O), fm(bo, a1, as, 0) OREHEAT\, FBPERESY
BRATI 1 RO 6 TEVUFBRE®B. THID po,pe, -, 1z R qam ZRDB, Ho=0.2 DBAIL £
<1 L THEXToR,

¥ oo(bo, a1, a3, 0) = H(9)
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