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Liquid sloshing occurs when a partially filled liquid tank is subjected to undesirable external forces
or acceleration/deceleration for positioning control. Instalfation of baffles is still the most popular
way to suppress the sloshing, but recent successes of input shaping in reducing structural
vibrations may give a possible alternative. We aim at investigating the applicability of input
shaping to sloshing suppression by numerically solving fluid motions in a rectangular tank. The
tank is partially filled with water and it is suddenly put into a sequence of horizontal motions of
acceleration and constant speed. The flow is assumed to be two-dimensional, incompressible,
and inviscid, and a VOF two-phase model is used to capture the free surface. Results show that
the sloshing can be successfully suppressed by shaping the input, ie., the velocity or
acceleration profile of tank. Three different input shapers (ZV, ZVD, and two-mode convolved ZV
shapers) are tested and compared in this study. Among them, the convolved ZV shaper shows a
best performance to eliminate the sloshing almost completely.
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A = magnitude of shaper impulse A7t BEHoz A Ae &7 g%
g = gravitational acceleration 7ol s RN AA EHAGNE 4
he = initial (or averaged) height of water 2 2 Asloshing)ol 2t k2 &2 @A4o] RS
h = water height at left tank wall = e JdRE A 23 dx HFHA
H = height of tank 9 A%, o 95 LAY}E LNG FF4 I
L = width of tank E, BF7 R AR T e A& ©wE
p = pressure daga WE A9 UF, &7 AAE AL
A, § = time difference between two shaper impulses i oA e AEE ¥4 Tl Atk AR St

Aol FAEES FAFIFHF} AR, 2
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Fig. 2 Coordinate system and computational domain
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Fig. 3 Tank velocity for positioning control
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Fig. 4 Input shaping procedure with ZV shaper
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Fig. 5 Three different input shapers: (a) ZV shaper; (b)
ZVD shaper; (c) two-mode convolved ZV shaper

AdME dHB29 FE(4,,4,)% 98 e A
ZHAE Z sk sl ol 3] Al="e
a5 AESFe 7449 (damping ratio)E HES] &
olof gt B AFdME HFAY /FES 713
Rormg Alxwld] FH7t glow, TY e ZV(Zero
Vibration) Y8487 He F J€x9 A
ropop FTh( 4 = 4, =1/2). 9, YH2 79 A
A 1A Tf DAEF7)e Aytolojof dit)

B dTdME 249 289 AAE 43
Fig. 5¢F Zo] A 71x9 H4HAAYP71E 3ok
T e dEgx~z2 FAE zv 494887E e
sy, 4 EEE e Aladd @o] AR
Ha glek 9, ZVD(Zero Vibration and Derivative)
FHEALEH = 3 Mo d822 FAHY i, Zv
Aol vl 25 © A geobust) AR ¢



SHEHUZESIK K 28F 93 pp. 1018-1024

September 2011 / 1021

07 ]

[ -~ Unshaped
| Zohares

h {m)

0.4 - : :

0 3 6 9 12
t(sec.)
Fig. 6 Comparison of water level at the left tank wall
between unshaped and ZV shaped cases
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Fig. 7 Comparison of pressure at the left corner of tank
between unshaped and ZV shaped cases
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Fig. 8 Time sequence of water-air interface: (a) unshaped case; (b) ZV shaped case
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Fig. 9 Comparison of water level at the left wall among
three different input shapers
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Fig. 10 Time sequence of water-air interface: (a) with ZVD shaper; (b) with two-mode convolved ZV shaper
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