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Abstract

The systematic results of anti-rolling tanks tests obtained by bench tester and roll test in tow-
ing tank have been examined. The effects on the oscillating period of fluid transfer through
the duct of U-tube tank due to damper plates and the effects on roll damping moment of the
tank due to swash plates are also evaluated from the results. A simple control algorithm for a
forced fluid transfer in U-tube tanks is devised to active operation of the tank by air blower.
The active performances of the tank are confirmed very effective through the tank tests car-
ried out in the irregular waves.
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1 Introduction

The U-tube type tanks used for stabilizer of a ship are called passive anti-rolling tank (ART) when
the fluid transfer freely in the transverse direction along the wing tanks of both hull side under the
tuned frequency in accordance with loading conditions. The tanks are called active ART when
the fluid transfers from a wing tank to the opposite tank by the power developed by the automatic
control algorithm.

The passive ART has adverse effects when the roll periods of the vessel lie outside of the
designed region of the resonant fluid oscillation period in the tank. To broaden the effective fre-
quency region of the tank fluid oscillation produced in the passive ART, damper plates are devised
in the lower duct of the ART to adjust the oscillating period of the fluid. The adjustability of the
fluid oscillation period and the changes of the stabilizing moments are examined by bench tests
under various angles of the damper plates.

The U-tube tank produced the most effective roll damping, when the motion of the vessel was
in 90 degree phase difference with that of the water in the tank. The decreasing rate of the roll
motions of the vessel are influenced by the magnitude of the damping effects due to the blockage
effect of the internal structural members in the passive tanks. Thus the optimum roll damping
could be anticipated not only taking into account the resonant region but also the high and low
frequency region where the adverse effects occur, if the structural members have been designed
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carefully. To examine the damping effects on the magnification factors, model tests have been
made by installing the transverse swash plates having various effective opening ratio for U-tube
tanks.

We developed passive anti-rolling tanks and activated to the active anti-rolling tanks system,
which consists of an air blower that transfers the water from one wing tank to the opposite tank, by
using an automatic control algorithm. The optimum condition of the passive tank operation could
be obtained by allowing the moderate adverse effects and resonant oscillation with the algorithm.
The effectiveness of active tank system in the irregular beam and stern quartering waves were
confirmed in the towing tank of the Seoul National University.

2 Important parameters of passive anti-rolling tanks

When a passive U-tube tank is designed, the natural frequency of the tank fluid oscillation is
generally selected equally to the frequency of roll motion of vessel, firstly. However, the natural
frequency of the vessel usually varies with the loading conditions, the oscillating frequency of the
tank fluid could be adjusted by varying the cross sectional area of the duct transferring the tank
fluid. The period of the ART can be easily computed by characteristics of the ART as shown in
Figure 1 obtained by the simple pendulum theory.
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Figure 1: Definition of variables Figure 2: ART model with damper plates
on the bench tester

The oscillating period of the water in the ART can be varied by the change of the height of the
duct or the breadth of the wing tanks. Two damper plates will be effective in changing the oscillat-
ing period of the tank fluid for any particular loading conditions. Secondly, the internal structures

20



J.-M. Lew et al: On the Passive type Anti-Rolling Tank and its ...

including damper plates of the passive tanks should be carefully designed to have the desired tank
damping moments. Passive U-tube tanks with optimum damping effects could provide the reason-
able stabilization of the vessel in the whole frequency range with allowing the acceptable adverse
effect at high and low frequency regions. To examine the damping effects on the magnification
factors, we made model tests by using transverse swash plates with various effective opening ra-
tios for U-tube tanks.

Effect of damper plates
The bench tester evaluated the period of the tank fluid oscillation under the various angles of
damper plates. Figure 2 shows the installation of two damper plates in the lower duct of the U-
tube type ART model. The damper plates are effective in altering the cross sectional area of duct
that 1s most efficient in varying the period of the tank fluid oscillation.

The period of fluid oscillation in the tank could be easily estimated to 1.9 second if the tank
fluid is ideal and the damper plates are in a fully-opened position.

The principal particulars of the ART model prepared for bench test are shown in Table 1.

Table 1: Principal particulars of the anti-rolling tank model for bench test

Length 48cm

Width 105¢m

Duct height 16cm

Breadth of wing tank 9¢m

Water level 16cm from tank bottom
Width of damping plate | 12cm

The bench tests revealed the stabilizing moments and phase angles of the ART model as shown
in Figures 3 ~ 8. The test conditions represented by combinations of alphabets and numbers. The
alphabets L, M, N represent the roll amplitudes of 9.84°, 6° and 4°, respectively. The following
two numbers indicate the angular position of the damper plates. For instance, 0 denotes the damper
plate in a fully-opened position, 4 the damper plate rotated to 45°, and 9 the plate in a fully-closed
position. Therefore, L49 expresses that the roll amplitude of the ART in the bench test is 9.84°
with one damper plate rotated to 45° and the other plate is in a fully-closed position.

When the roll amplitude of the bench tester was adjusted to 9.84°, oscillation test of the tank
were carried out for different cross sectional areas of duct which were obtained by combining the
rotation angles of the damper plates. The stabilizing moment at various frequencies are shown in
Figure 3. The stabilizing moment decreased when the cross sectional area decreased by increasing
the rotating angle of the damper plates. The phase angles between roll motion and damping
moment at the same condition are shown in Figure 4. The period of fluid oscillation increased as
the area decreased by increasing the closing angle of damper plates, as expected. The frequency
obtained at 90° phase difference was equivalent to the natural oscillating frequency. For instance,
the oscillating period of tank could be estimated to 2.02 s from Figure 4 with fully- open damper
plates. The period of fluid oscillation was estimated to be 1.9 s in the design stage, however, the
viscous effects induced by the internal members seemed to increase the period.

Similarly the maximum period of the tank could be estimated to 2.25 s with fully- closed
plates. Similar test results obtained at 6° and 4° of roll amplitude are expressed in the figures from
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Figure 3: Effect of damper plates on sta-
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Figure 4: Effect of damper plates on
phase angle (9.84 deg.)
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Figure 5 to 8, respectively. The results have similar trends as previous cases. From these results,
we concluded that the period of the fluid oscillation could be increased as the stabilizing moment
is decreased simultaneously by increasing the closing angle of the damper plates.

Effect of swash plates

Suggested damping effects can be obtained by carefully selecting the internal structure of the U-
tube tank in the design stage for practical application. To derive a basic design information in
deciding the blockage effects of internal structure, transverse swash plates with different opening
ratio were prepared for the tank model and bench tests were carried out in the regular beam waves.
Figure 9 shows the body plan of training ship for fishery high school in Wando. The length of
ship is approximately 45 m and her principal particulars are shown in Table 2. The punching
plates having 46 %, 67 %, and 89 % of opening ratio as shown in Figure 10 have been tested and
compared with those of Lee and Vassalos (1996).

Table 2: Principal particulars of fishery-training boat

Ship Model
LBP(m) 45 24
Bmld(m) 184 0.92
Draft(m) 33 0.165
V(m?3) 913.6 0.1142
Scale Ratio, A 1 20
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Figure 9: Body plan of Wando fishery high Figure 10: Shapes of punching
school training ship plates

Figure 11 shows the experimental results.

Due to the swash plates, the roll damping moment in the tanks increased as the opening ratio
decreased. When the responses in the resonance range increased slightly, the adverse effect outside
of the resonance range decreased considerably.

The swash plates of 46 % opening ratio appeared to produce excessive roll damping moment,

23



J.-M. Lew et al: On the Passive type Anti-Rolling Tank and its ...

— =

m\ e
widg e
25 She— U

*

&4 oty
- Widponl
kJ N e - W e, o -
AR g
s . Mok Agukit Nekeity
= = ] [ et |
ﬁ 0= B % L '//J‘ - 4
E ,,ﬁ\ ./ o C D A
10 e ‘xy\ /x
sk e .f\ :
e 4 z’s l‘
Wave Period [sec) VRV S
Figure 11: Roll angles of a ship installed Figure 12: Relation of roll angle velocity
U-tube tanks with different swash plates and the tank water level

while those of 89 % showed low damping moment. However, the swash plates of 67 % opening
ratio showed reasonable performances in the whole frequency ranges In addition, the swash plates
were effective in avoiding the tank top hitting of sloshing water in wing tank, and thus, the selection
of the opening ratio is important in the design of anti-rolling tanks to operate in the optimum
condition.

From the above results, we believe that the swash plate could be applied effectively to ensure
the optimum damping moments in the passive tanks if the opening ratio is carefully selected.

Development of the active tanks

When the roll periods of the vessel are laid outside the designed resonant region of the fluid
oscillation, the system has adverse effect which could make the passive ART useless. The adverse
effect could be prevented by transferring the water from the one wing tank to the opposite other
tank to have a proper phase difference and period. Automatically controlled air blower system
have been devised for the activation of the passive anti-rolling tank by the algorithm to make the
period of fluid transfer coincide with the roll period of the vessel.

The dimensions of the U-tube tanks are selected such that the natural period of the tank fluid
oscillation equals the shortest roll period anticipated in service condition of the vessel. Once the
dimensions of the tank has been selected, the automatic control algorithm have the function to
block the movement of water cyclically to provide athwart effect in tune with the motion of ship
to reduce the roll. Control parameters used in the algorithm are roll angle, angular velocity and
water level measured by the wave height meter in pair of wing tanks. Roll angles are measured in
a close-loop mode by the force-balance tilt sensors named Inclinometer. From the time history of
measured roll angle, the angular velocities and accelerations are derived numerically after filtering
the noise using the Kaiman filter.

When the ship has inclined to maximum roll angle toward the port side, the tank water should
flow toward the port side wing tank with maximum velocity from the starboard side tank.

In constructing the control algorithm for active ART tank, the above condition could be con-
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sidered as the initial condition and denoted as phase position A. At this initial position, the angular
velocity of the restoring motion to the upright position begin to appear. At this moment, the free
surface of coupled wing tanks has stayed at the same height from base line of the vessel. When
the ship is reached to upright position, denoted as phase position B as shown in Figure 12, the
angular velocity of list motion to starboard direction became maximum and the water height from
baseline in the coupled wing tanks showed maximum height difference, as shown in the diagram.
The weight difference caused by location of free surface in the coupled wing tanks produced a
stabilizing moment against the roll motion generated by the wave exciting moment.

From the phase position B, the angular velocity of list motion to starboard direction began to
decrease and disappeared at phase position C with, recording the maximum list angle to starboard
side. At the same time, in the phase position B, the water in the portside wing tank began to
move to the starboard side wing tank. At phase position C, the flow velocity in transferring to the
starboard side wing tank reached to the maximum velocity and at the same time, the starboard side
inclination recorded the maximum list angle. From this phase position where the inclination to
starboard direction became maximum, the ship began to restore to the upright position as shown
in the diagram with a phase position D. At this position, the restoring angular velocity disappeared,
and the change in the depth of water in the coupled wing tanks became maximum. This maximum
change could be the maximum stabilizing moment against the roll motion.
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Figure 13: Schematic diagram of active Figure 14: Body plan of 25 ton class pa-
system trol ship

In accordance with the above mentioned phase diagram, the active type ART system have been
devised as shown in the schematic diagram Figure 13. In addition to the above basic logic derived
from phase analysis, the gains in Kalman filter obtained by the model test at the bench tester have
been used in developing the automatic control algorithm for the active tanks.

To evaluate the performances of the active tank system, we prepared the model of 25 ton class
patrol boat as shown in Figure 14 for the test without advancing speed in irregular beam waves of
1/50 wave steepness. The model that can be described with principal particulars as shown in Table
3 was confirmed to have a natural period of 1.6 s through free roll test, while the natural period
of the tank was designed to have a period of 2.0 s for the bench test. Such a large discrepancy of
natural period between the tank and model could not improve the performance with simple passive
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mode operation. However, we can anticipate that the effectiveness of active mode operation by
comparing it with the passive mode operation. For this purpose, the test schedule have been
prepared intentionally despite the large mismatch of natural period of roll, and tests were carried
out under the various loading conditions, which deviate from the design conditions.

Table 3 shows principal dimensions of the model.

Table 3: Principal particulars of ship

Scale 1 1/5

LOA(m) 18.3 3.66

Breadth(m) 4.6 0.92
Displacement Vol.(m?3) 28.67 0.2294
Draft(im) 0.9095 0.1819

From the signal obtained by the inclinometer during the test, in the irregular beam waves
without advancing ship speed, have given in Figure 15 to compare the time histories obtained
with different test setup. The first time history was obtained by suppressing the movement of fluid
transfer by blocking the air valves installed on the connecting conduit between wing tanks to make
a condition equivalent to without ART. In the results obtained in this test setup, at the so called
“rozen condition”, large roll angles exceeding 20° were frequently observed in the time history.
The second figure showed the time history obtained in a passive mode operation by opening the
air conduits of the ART with the same test setup. Despite the large discrepancy of natural period
between the tank and model, the effectiveness of ART is recognized easily in the passive mode
operation. The last figure presents the time history obtained from data produced in the active
mode operation of ART, which was developed in the present study. The newly devised active
type ART driven by air blower with a simple control algorithm, is superior because the roll angles
exceeding 10° are hard to find in the time history. Similar test results were also obtained from the
irregular stern quartering waves, and these results are shown in Figure 16. The roll damping effect
appearing in the record of the time history of motion show the superiority of the newly proposed
active ART driven by air blower.

We conclude that the newly devised active type ART driven by air blower is effective in re-
ducing the roll motion in the rough sea, as confirmed by experiments

3 Conclusions

The anti-rolling tank system in passive mode operation was investigated, and such investigations
were extended to the system in active mode operation supported by air blower.

The transverse swash plates installed in the passage of the U-tube tank were effective in im-
proving roll outside of the resonant region where the adverse effect appears significantly and in
preventing the tank top hitting by sloshing when the opening ratios had been carefully selected to
have optimum performance over all frequency ranges.

In the design of the passive type anti-rolling tank, damper plates installed in the passage of
U-tube tank could be used to adjust the period of fluid oscillation. The plates can vary the cross
sectional area of the duct by selecting the opening angle of the damper plates.
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Figure 15: Model test results in irregular Figure 16: Model test results in irregular
beam waves stern quartering waves

The anti-rolling tank designed for the passive mode operation could be easily activated with
aid of the automatically controlled air blower to improve the stabilizing performance even in the
high and low frequency region, where the adverse effects are anticipated.

Acknowledgements

This paper was accomplished with research fund provided by Korean Council for University Edu-
cation, support for 2001 Domestic Faculty Exchange. And the authors express gratitude the grant
provided by the BK 21 program for the graduate study.

References

BAEK, C.S., LEw, J.M. AND KiM, H. 1997 An Experimental Study on the Performance
Improvement of Passive Anti-Rolling Tanks. Proc. of CKMHM °97, pp. 324-327

BELL, J. AND WALKER, W.P. 1967 Activated and Passive Controlled Fluid Tank System for
Ship Stabilization. Trans. SNAME, 65, pp. 1-22

27



J.-M. Lew et al: On the Passive type Anti-Rolling Tank and its ...

BHATTACHARYYA, R. 1978 Dynamics of Marine Vehicles. John Willey & Sons, New York

FRANKLIN AND POWELL Feedback control of dynamics systems. Addison-Wesley Pub. Co.

HSUEH, W.J. AND LEE, Y.J. 1997 A Design for Stabilization by Activated Antiroll Tanks. J.
of Marine Science and technology, 2, 2, pp. 77-86

IFEACHOR, E.C. Digital signal processing. Addison-Wesley Pub. Co.

LEE, B.S. AND VASSALOS, D. 1996 An Investigation into the Stabilization Effects of Anti-
Rolling Tanks with Flow Obstructions. International Shipbuilding Progress, 43, 433, pp. 121-
130

MARTIN, J.P. 1994 Roll stabilization of small ships. Marine Technology , 31, 4, pp. 286-295

OIKAWA, M, KOIKE, Y., CHATANI, K. AND SHIGEMATSU, S. 1993 Study and at-sea experi-
ment on actively controlled anti-rolling system. SNAJ, 174, pp. 217-224

STIGTER, 1.C. 1966 The Performance of U-tank as a Passive Anti-Rolling Tank. International
Shipbuilding Progress, 13, pp. 249-275

WEBSTER, W.C. 1967 Analysis of the Control of Activated Antiroll Tanks. Trans. SNAME,
96, pp. 1-22

ZDYBEK, T. 1998 The Use of Bench Test Results for Calculating Roll Response of the Tank
Stabilized Ship. Italian-Polish Seminar on Ship Structures and Hydrodynamics, pp. 96-105

28



