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Abstract - A ship’s rolling motion can make crew and passengers sick and/or apply forces to the structure that cause damage.. Therefore
bilge keels are equipped in most ships for anti-rolling. In special cases, anti-rolling tanks (ARTS), fin stabilizers, or gyroscopes can be
Installed. However, ARTSs require a large area to install, and fin stabilizers and gyroscopes are costly to install and expensive to operate.
This paper suggests a Anti-rolling pendulum (ARP) to reduce roll motion. ARPs acts like ARTs. However, the ARP has a circular shapec
guidance arc instead of the string or wire of a simple pendulum. The device suggested has about 1/8 the weight and 1/6 the volume oi
a ART and is more eflective. This study derives the nonlinear and linear difierential equations of system motion.

Key words - Anti-Rolling, Anti-Rolling Tank(ART), Anti-Rolling Pendulum(ARP), Simple Pendulum, Linear Equation of Motion,
Nonlinear Equation of Motion
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Fig. 1 A ship model with anti-rolling pendulum
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29 AR &L o ole s Axye LEUAE o
1 2 1
o3 2} = 500, + 5 ml6,+ ) (4)
1 .2 1
T= 5(/'091 +§mvil ()

Q P o olate] AVE AR mglUge Foz FAEY. 7)seH
Ao ot UpE ok 2k

Ug= R(1—cos (0, +0,)) — s(1—cost, ) (5)
webd % fXeuAE et 2ol k.

V=AgGM1— cosf, ) +mg(R(1—cos (9, +6,) —s(1—cosb, )) 6)

o

°l5% Lagrange WA el tiglstdl Alxwle] a5 7d4

(J, +ml? )6.?.1+ ml}?(O2 cosf, — é: sind,) + AgG’_]Llsin(‘)1

O +mgRsin (6, +6,) —mgssing, =0 (7
g

mR*0,+miR(6, cosh, — 6, 6,sinb,) +mgRsin (6, +6,) =0
Fig. 2 Simplified ship model with anti roll pendulum

27t% Fsgtha 7bg8hd sing, =0, sind, =0, cosf, =1,
add orElEY AAe] %9 4, & Fig 33 o] AAe] o, =12 & T SO 9 e e et el Y
- ] sk 2= 9]
87 0,00 elate] A7lE AR 1,3 B Axe] AAel g TEAE AAT T A
3 0,00 oJste] V1= AR m,o MEHTOR FAHCL N o
[J()erﬂ mlR] 0, [AQGMergz ng] (61) (0) ®
miR mR*|\0, mgR mgRI\0,) \0
o] A& AYse vizk eIt
3. Zeddofel HE

AFo] AL-EH 2P A ] A Y-S Table 13 Table 291 X

M=
Fig. 3 The velocity of anti rolling pendulum Table 1 Specification of the model ship

Item quantity Unit

v, = (16, + (R9,)” + 216, B, cosh, Length 0.8 m

. . I Breadth 0.25 m

= /(16,)” + (R5,)” + 216, R, 3 Depth 0.12 m

_ w'l 4 mz Draft 0.09 m

Mass 12.8 kg

GM 0.083 m

wetA] EEAUAE vk 2ol it Rolling period 0.69 sec
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Table 2 Specification of the anti-rolling pendulum StE| =8 w39 ol%dl: Eo AwkS MA| AT oF
Item quantity Unit 4% stal, o]lFFe G& FU|E R Fsa F7I9
diameter 0.025 m 0722 23H Table 37 2-& otE]2 B9 AAS AL
mass of ARP 0.064 kg = 9t
R 0.118 m
/ 0.03 m
mass ratio(ARP/ship) 0.5 % Table 3 Specification of the ART

Item quantity Unit
Fig. 4d(a)& ElE9 ®a5 433 2o ARxle]al, Fig w 14 cm
4b)= tEER A AT el Apzlelt) W 35 cm
hy 3.5 cm
hy 13 cm
T 0.7 sec

mass of ART water 490 g

mass ratio(ART/ship) 3.8 %

Table 3¢l 9]8to] 3.5ecme] WA Y Td& 7HX tE &
g ®Bas whaoiM Al ARgsditt o] w olFe] 2

490g1 .
(@) b T hEEY Axte] g vl 717k vl HoF
Fig. 4 The model ship with anti-rolling tank and 719} AR EE AASALE XA F7] T= &z 7
anti-rolling pendulum =8
QrElE e o] 27) Autel wigeel o 4%9) 500g2] T:%@ (105
olE7L RS s9lw, el BT WAk wjEae] oF 05%
Q) 64g9) A7 26mme] 2 7ES o] g3tk 3.1 2AEI=E =1
e Alede] detes XS Axdel RfATS & gy e opmdl olE2Y FA(Anti Rolling System:
de) FAFE JAE eEe]l A8 W b A QoY \po) e waae) 4474 £5S Yehd ezoln
bl of afET el Aes HAow e AL gge sz ANsO, 27 FEL 4L 10°% ol A

=

A2glg Adstolol dvh Ao Axde niUEE
=
=

S DA PABAE FAFOEH A5 A2T £ 9
=3 ° ‘ ; ; ‘ ;
8- ——— T AT == === [ -1
Ahmed(2001)+= Fig. 591 tigk ARTel tiste] 2 (9)9F 7 ol Lo L [ L]
2 AFFNE FESA 4' l *7‘ ***** : ***** : ***** ‘r *****
., N I B R
& o (VLR LRI A AR A AR AR AR
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f w,w+2h h ) <A IALLA o Y I
B S S ]
| | | | |
!1 w N (R S e HR A
! | 1% g fo 115 25 2% 30
I | time(sec)
; i Fig. 6 Model ship’s free roll decay without anti-rolling
: I system
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Fig. 5 ART and its geometric parameters st
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Table 5 Various ship’'s Roll characteristics
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Fig. 7 Curve fitting results of roll angle without ARS
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Table 4 Roll characteristics by curve fitting
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Table 6 Various ship’s roll characteristics

no ARS ART ARP
roll amp O(rad) O(rad) O(rad)
max vel. 9.096(rad/s) 8.710(rad/s) 7.820(rad/s)
max acc. 82.706(rad/s”) | 75.840(rad/s?) | 61.108(rad/s?)
relative acc | 1.00 0.92 0.74
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