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A Study of Horizontal and Torsional Vibration of Ships (1st Report)
Katsuo Ohtaka, Member, Toyoji Kumai, Member
Masao Ushijima, Member

Summary

The numerical solution techique was applied to the equations of the coupled torsion-horizontal
vibration of a beam, and the computing program by means of a digital computer was made,

Using the above-mentioned program, preliminary calculations were made for the uniform beams,
the main result of which is that, in almost of all the case of the uniform beam, the horizontal
and the torsional modes of coupled vibration have the same number of nodes, Another result is
that the corresponding horizontal and torsional modes can have different number of nodes if the
distance between centre of mass and of torsion varies along the length of the beam, The calcula-
tion were also made for 4 actual ships and the results were compared with measured ones, For
the ships in the present calculation the effect of coupling on the frequency is small and can be
neglected for the calculation of lower modes such as excited by reciprocating machinery, Al-
though the errors between computed and measured frequencies are about 10%, the improvement
of computing accuracy can be expected by further study on the virtual mass of the water and on

the rigidity and the centre of twist of the ship with hatch openings,
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Table 2.1 BAREBMRIETT ¢ DER

* AR o=0,203 [ o=0.405
RIELI3 QLT3 S IRRELL = M »
=¥ INocpm| E~F | N, |N/No ggﬁ =¥ | N, [N/No g?/bg
2— 104.9 | ®—2 |104.55| 0.996 | 0.003 | ®—2 | 103.54 | 0.986 | 0.005 33_»-19-'{;9523 ;F—:%:\g**%
—1 | 137.5| 1—@® | 140.38 | 1.020| 0.38 | 1—@® | 150.08 | 1.091 | 0.185 m ok
3— | 223.3|®—3 |221.63| 0.993| 0.010 | ®—3 | 217.34| 0.973 | 0.025 m Ok
—2 | 215.1| 2—@ | 281.45| 1.021| 0.260| 2—® | 301.25| 1.094 | 0.105 m Ok
4— | 344.8 @—4 |341.03| 0.988| 0.020 | @—2 |334.1 | 0.968 | 0.081 "k
—3 | 412.6 | 5—@ | 423.44 | 1.026| 0.180 | 3—@® | 470.05 | 1.140| 0.350 m
5- | 461.3 | @®—5 |455.62| 0.988 0.04 |®—3 |432.9 | 0.938| 0.013 "k
—4 | 550.1 | 6—@ |574.01| 1.033| 0.30 | 4—@ |630.9 | 1.150| 0.175
6— | 573.3| @4 |560.08| 0.977| 0.046 | ®—6 |541.0 | 0.945| 0.018
7— | 685.0| @—7 |672.52| 0.982| 0.004 | ®—7 |644.4 | 0.941| 0.030
—5 | 685.0| 5—® | 714.2 | 1.042| 0.412| 5~® | 792.7 | 1.158 | 0.130
8— | 79.7| @8 |780.25| 0.980 | 0.014 | ®—8 | 746.33| 0.936 | 0.040
—6 | 825.2! 6—@® |858.12| 1.047| 0.283 | 6—® | 961.5 | 1.166| 0.39 |
o=0.405 D L ¥D 2~ F
9— | 905.2|®—9 |886.16| 0.980 | 0.020 | @—9 |847.27| 0.936 | 0.05 | % Fig.2.2 =+
10—3 | 1013.4 | @—10 | 991.62 | 0.979 | 0.027 | @—6 | 942.1 | 0.929| 0.025

*) 2—, 3—HIXKF¥ 2 M4, KF 3 m¥k —1, —2 FXR/h 1 4, Bh 2 G¥EFT
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Fig. 2.2 BEAM A 0= — Fifg (0=0.405, a=0.0174)
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Table 2.2 o REIHARLELT S R0k, ERCIX2TETSE~ FARSAETH
& 0B RIRS (BEAM B) B3 DIk, EROBEYNY Ligsis b Bo EATS
E - A B b0 ERMOBAII—BEE Co b HE L REIRBET S
e P || TR NN | g EBbhBS, o nEIHRC—ETRVC LS, ZO—HE
= | 85|00 | 1| 1 [ ST THBo FETHOWER BEAM A 2 At LT

-1 | 137.5| 1-@| 138.9| 1.01 | 0.951 ZRIFACELSeBE (UT BEAMB 2 H%735) o

3— 223.3 | @—1 226.8 1 1.02 0.0167 E‘fﬁ’i{ﬁ?‘g"}f;o P @Q,ﬂ:@g ‘E‘j:ﬂi, % ¢ 0=0.405 )2
-2 275.1 | 4—@ | 274.8( 0.99 0.693

4~ | 344.8|@—2 | 359.8| 1.04 | 0.0 L. FIRICE S > TERECED LFRT 0=—0.405 ki
—3 | 412.6| 5-® | 403.1| 0.97 | 0.360 HIOR Lo £DKERIL Table 2.2 g4, zhic X 3
5- | 461.3 | ®—3 | 483.5| 1.05 | 0.0477 LRDE LA

—4 | 550.1| 6—@ | 525.6| 0.95 | 0.176

6— | 573.3| @—4 | 619.0| 1.08 | 0.067 (¢) BEAM A & Rig b AMIOERTILIR o Fic K
—5 | 685.0 | @—5 | 642.9| 0.93 | 0.12 TREZ L, ZOFEERTIE, (a) YR, A=
*) Table 2.1 orgE —~ FORGIBWDBRIg Thbd, BB OL-HIKE

- BOERK O TW3B, COBHEHIIKOL S BHTCE D,
Fig. 23 kiR X 5k, BEAM A Gix o=const. T% 52}, BEAM B it ® 1B L CTHHCE(LL TV
Bo WE, KFIMRBVELR LT 5L, Thick b &MEE, Fig.2.3 RHBEHLST, oHoEh
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Tixis b B,
oo E— FROWTHRROERYIT5> 2Lk b, BEAM A cizFA&RAZE BEAM B iz 2 Hi@ED
HRPETHE LA EENCHBECE 5, LnoT, RoHzrSs,
(d) HERRBICKT, WET5KPER L IRNESIDO €~ KX, ¢ DRXFAOSHOLEF T X b B3
5o
EROFREC TR, FEROEAROKHRRBMEEMD, 2ichBh T\ e, ZROBEDL, §3 R
NBI5KR, RBEZOLS LBRTHL DA, BRI KPESR L P ECEE L cBEOKE Y B/~ 5 75
ERD X5 Fe—REMERIC OV CHE Y T ot
BEAM C; BEAM A kR TRIAIELET X ¢ CIHEERREN | SRR FEBRKT 2 RS —BK e
Tod Do
BEAM D ; BEAM A s\ C, kF R UAECHARREN 1 HIREE Y FFERKT 3 HiERNc — e
7od Do
IR Fig. 2.4~Fig. 2.5 s Lt Table 2.3 &ifid, CHHLDORME, RO &iibd b,
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x Table 2.3 HRiERM L =~ 1 (BEAM C, D)
5 SO0 BEAM C BEAM D
2‘1500- WX | =t—F) [® %] =~ ¥
§ 102.4 @2 104.4 @—2
§ 4001 114.5 1-® 219.9 @—1%+)
¢ 210.6 @3 245.7 1-®
- 300r 234.2 2—-0 339.6 @1
<
§ 2000 x UNCOUPLED 315.6 @—4 453.7 ®5
g o COUPLED 362.8 3—@ 491.4 2—@
100k 414.6 ®—5 565.6 ®—6
492.2 @—4*%) 673.2 @D—5*eeey
e 517.4 @ 741.5 3@
I 2 3 4 5 6 7 504.9 &1
NO. OF NODES 646.4 —®
Fig. 2.4 AR XD RBI B &L *) Table 2.1 DEEE
(BEAM C, 0=0.405, a=0.0174) ) ®h 6 HoE—FLBE
) #th 3 moE- FLEE
s Bh T Mo FLRE
x
/
(e) —HWHEROBE, FEHFAEOHERIREIE
—od- PESBEERC X 5 IRBIBELII AT B,
' e (Fig. 2.4) ZhiesiL TR > e iR ORE) 20
600r ¢ ELTHTh, ST LLERC L VIERBORESE
sool - EF52 Lidinve ¥k, BREXIOTETSE—-F
’s X, AMRAER, EETHEC L, HoEH (a)
4001 LARTH %,

LFEREOEENS, —FNERCSWTITERC I Y
BRe— FEHBA LTV B LY, BREEIFAL

200} x UNCOUPLED AEDOKTE, BNIEBEAGEMEEELLBhS

NATURAL FREQUENCY, CPM
o)
3

° COUPLED
100l EHbholze KIC, 0 DRE XINERRIEFTHR
¥Ex 5,
I 2z 3 4 5 & 7 (f) Table2.1 Third ki, BRE X HRED
NO. OF NODES BEMIT o BXKE LI L IEBRREKELS B, T
Fig. 2.5 HER¥®C X5 RMHEL hit, 2HBERREIHLMREHINSZ L Th

(BEAM D, 0=0.405, a=0.0174) Bo LInoT, o0 OKkELMTE, FHROKE,

BHURBE AECROTWTh, EREEC I 2iRE
BOELKECBELHDBL, e, BRERCHVLTR, EREBENKEVL S TH 5B,

3 R M H X

SEMFTHIL Table 3.1 RTHMCOWTIT ROt HEKSHI->THED ship parametre (Hi¥:, Hikis
JUBEE— 2V }) OFEERIIKROML L,

(1) MEERSMA

Main Hull »E&IT Biles 0 FELHESTHA I, HFBEIFOEEREICEMH, THESOE K i
BRZRICESH, BERERIMECESM IR,

(2) RYERSH

L% Tank ¥ /it Hold kS S5 3wicdt, HCHMRIOYETIREARDOBEIKER LOHFRLIER
N LUTRSBRAHTIIh RN i3, TTCREED1IAOHEY KX oTHLNTEHD, AR B\ T
b, TORBRCESTHEYHERLYHH L

(3) MmxERSH

Landweber and Macagno'¥ o 2 RKEFHEMEY AV oo ARILSKTEBELRTT 5 RETH B, KEIRE D
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Table3.1 & # E H

SHIP NAME A | B c D
KIND ORE & OIL ORE CARRIER TANKER CARGO SHIP
D/W  ton 53,613 55, 880 40,600 11,746
LssX Buiax Dmg (m) | 208.0x32.2x16.4 | 210.0x32.2x17.8 | 204.4x28.8x14.7 | 145.0x19.5x12.3
AdruLy (ton) 67,484 67, 000 52,280 17,610
droLL (m) 12.14 12.0 10.83 9.00
4 AT TEST (ton) 40,640 38,896 52,210 8.110
dis AT TEST (m) 9.436 8.19 10.77 5.968
dp AT TEST (m) 5.778 6.24 10.76 3.23
du AT TEST (m) 7.607 7.22 10,765 4,599
ag=EIn/kGARL? 0.0263 0. 0300 0.0138 0.0161

Mk ERD 3 RKTBEMCoOWTIX J.L. Taylor® 35X UFEHED 1 A BHRETR2OTWS2, KPiRE)
OMMAERZ ETRBICELTRYXZLLVWDOT, SKELBEECOVLCTUIRBRUBCRITEIZ L L,
FRETL, 2KREELDOETEYHAV I :

(4) BEEPEEEe— 2V M 0F

Main Hull © X st 5B+ — 2~ b2 longitudinal member D E{f 4 € — * ~ + & transverse
member D% DFERD, midship PN O F et L Tix, fED® midship OfHIC, longitudinal
member 7513 OEIBRE:E — 2V F DY E U TRDL, ¥, HBEEWIIICEHEY 2> TEROMEHM
LfCo

(5) BYyomBle— 2~ 7

HEEEYET 2RAERYOBAT (2) LABCEDIRE S — 2 v bERDALMNE, BEOHELITR2
Too

(6) MiwKiBM:e— 2y +3F

FEEO—ARHBLIFEVIC LI > TEE LI

(7) BRI

’ﬁ#mﬁﬁﬁyt%oﬁ:o

(8) BUMTRIMES T

IR, BEO 1AM ETEOHECE L TAVWED LA L=XAF~EX AV, TG KRR
F7 % )V 7OMLEREOKRBODOS BT, BRMEVHYPS open section X#E % 5 L WEHAIEIZEL

— 7

ap . FP
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iy | .
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’ ]~ TORSIONAL, RIGIITY
—— WEIGHT ~— WEIGHT
—— POLAR MOMENT GF ~— POLAR oF
INERTIA INERTIA
— DISTANCE BETWEEN
----- DISTANCE BETWEEN
SHEAR CENTER SHEAR CENTER

Fig. 3.1 B #3 Ship Parameter Fig. 3.2 C #3 Ship Parameter
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Fig. 3.3 A #8 Ship Parameter

RETT50T, XHHRI\WTIZ, EHE0 1 ANENE
HOHEIZ I\ TRV reduced thickness » H it %
i,

(9) HhAlESAR

AW LEH OMBIEOR B CR® 2%, BT
AU A0S MK LT reduced thickness
Oﬁ&"’ %.’ﬁ‘( ‘TCO

(10) Bhrh Ol & EOAE & Ol

v % — o< BRI R O\ TR RR S OO B
fi© longitudinal member DEHFLMAIE & B4 21\

600, B
Z 500 J/ /
° /7
5 a00
= g/ '
% S
a %)
3 300 °q~/
& .
g2090  / ---x--- UNCOUPLED
5 ~——~ COUPLED
§ 1o0r —+— MEASURED

% 7 2 3 4 5 s
NO. OF NODES

Fig. 3.5 A BEB & Hi% : OBIRK

A, BROL5Mcix, BRMoRhdh OB ERSBO
ERRIEDOTRSD, TOBE, BAMIBESEKCHIDTWRIEVHYPS end warping RHHE X HiE\L- DT
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