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Model Tests on Performance of an Anti-rolling Tank in
Irregular Seas

By Seizo MOTORA (Member), Kenichi UEDA, Toshihiko SARUTA,
Tsutomu IDA and Tanekazu KUBOTA (Member)

A navigation aids research vessel “Tsushima” of Maritime Safety Agency
equiped with an anti-rolling tank has been constructed at Tamano Ship Yard of
Mitsui Shipbuilding Co. At the design stage of the ship, performance test of the
anti-rolling tank was conducted on a 1/28 scale self-propelled model at the
Seakeeping Basin of Tokyo University.

In this paper, results of model experiments in irregular seas are reported. In
those experiments, the model was encountered with irregular waves which had
simulated ITTC spectra for 10 m/sec and 15 m/sec wind speed, and motion of the
model was measured by a data recorder. Spectral analysis as well as collation of
amplitudes were conducted.

Making use of analysed data, the effectiveness of the anti-rolling tank was
evaluated by the following formula.

E . _ (og/ow) without — (o4/0w) with o
ffectiveness Cog/ow) without x 100 (%)

where o4 and oy are the square root of the variance of rolling amplitude and wave
amplitude respectively, and with and without mean anti-rolling tank active and
inactive respectively.

Results showed that the tank was not effective in head seas, slightly effective
in beam seas and considerably effective in following oblique seas. The maximum
effectiveness of the tank reached about 50% which seemed to be a satisfactory
result.
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Table. 1.
— S B8l =S S i
!

LWL 70. 000M 2.500M 70.000M 2.500M

B (MLD) 12. 500M 0.446M 12. 500M 0.446M

D (MLD) 6.400M 0.2285:M 6. 400M 0.228M
% 7k 4.48M 0. 160M 4.15M 0.148M
HEKE 2,094.52 TON 93. 084K G 1,870.90 TON 83. 146K G
GM 1.38M 0.049,5 M 1.100 (0.932) M 0.0393 (0.0333) M
KG 4. 63M 0.165;;M 4.89 (5.058) M 0.174 (0.181) M
To 9.02 Sec. 1.704¢ Sec. 10.05 (10.02) Sec | 1.899 (1.893) Sec

C ) PUIBEIRERRE O

e 3-600 ]

[<——3-600 —~

'fli?b

1_ | — 4300 — l i
S o )8
L [1-8 o) 1800~ T

214

e [ 1500

340

faee

‘I-BO(}! .

<—l~800-i
le—3.260 —

000

l—3-600 —>]

3600
./

[Frnogt

‘pr—-l5'400

A-R-T,

—8-80

FrNG el T

54-600

1
23

Fig. 1. $##R/KESER

B Tw5b, KEOETRNL 727 9 A ¥h FIWTE
D, KIXEOL THE OBMBICER: L 3w L, &Kl
DKL L 5mE Lic.

3. BILEHRALRSRER
EF, WA AR, IR CHRE
Wic 25 BT BB AT 1 e LR FI A o
s & LCRIFRRO. T~1. 60T, WRHE 2° ROk
40 XLk WIREORBERY Fig 210 7T

84,
70
sor o ART {E 5 0,2
o IR P
5.0} o R I e
o A . v e=4
— ART RRIE 02"
40f ; R E
x X o
30f
20r
tor
a
8
o) s . \ ' 1 L ) 1 0,
67 08 09 10 I 12 13 14 15 16 Wi
h . . . : :
04 05 06 o7 08 09~ 10 w(shlp)
2.0 30 40 50 @ (model)

Fig. 2. KRBIRUR R sm B R

BT R FS TR DHEE(H & B 5 DL, v F 7T A
b RS B RD BN OMEEETH . BITRT
X5 AN Cix, AP E TR T AT AR
BDHND. LRV FF A OFERILRRED I B S
B & D —Fa R LT 5.

4. TREURT B MR

KRN TRMIEERR R T s » 7.

4. 1 FERREE

AT OEFH L Table 1 IZRTEY TH Y,
FERRBILEITRE TR - .
Er — AL, HiérE x=150°, 120°, 90°, 60°,
30° @ 5 IO TR K AT V=10, 3kt 1
MW B SRR T AT — % — OEIEER (2000rpm)
B —ECRE L, JIRPa e S il A ) X
BIEE, EIRIR A0 AT~ Tk
& R B x=60° DAL MW 2T XD

—_ 2% —

NI | -El ectronic Library Service



The Japan Society of Naval Architects and Ccean Engi neers

E=R

Mini
cor’ W‘

(€23)
fen pata
l ReCoder Recodar

Auto

7 Pitob W Q.

7 Amp /V& i{_/
0.C | |

Power -

Pen Data
Recoder Rcfder

1 > -
A~ v -
\ Cih@@

-
Wave Hight meter
N e

Fig. 3. v 2 F KK

Rolling 72 E DIRCZEA ML B Icd, E— % —H
IEH2500rpm (24312, 3kt4H24), 3000rpm (14. 9kt
ML) OB LB U, DTS = OB
ERR O RS C 3 5 16kt 2 JLHEE UC SRR 5 FF
TH -~ 7ehd, BENRE IR O FH)HRAR O FASHEE
N 10m/s THDHZ b, hTr#1539 10,3kt 14
s B N N G i =S 1 A B

4. 2 FHAMEERUETRIEE

BT B, BHEET Gyro, Jifi Gyro &
CHMESE SRS 5. IR L OEHIEE LA
PRI i o b SRBZIRN O Pick Up & 3R
FEDMEEAC 2 — FAMIBASEENC 22 BUE S 7o\
CASEE T, JUETH W, Pitch, Roll, Yaw
THAT—R—Lva—F—ROE=4—~L1LTOVY
F 7T 7R AR TwB. Bl AT A BIRKA
Fig. 34

BTN o [ THEHEEE TR R AL Omas=20°, J5{L
R a vy 3 (E/I, R AR O\ TS
THAE 2 1770 5 Fo b B BT, F AL £ 2°
ThH5H.

WASET D 4 CH B ITTC A2 +F 2k
BT 2 AEA 5 UEGE U=10m/s, 15m/s ©
2 A BEMy — A JE U T R 2 58 LT v
Too ARECIRAE LA O A= 7 b T AfffdTis R
Fig. 412 75 L7z, 7ods Fig. 4 0% BOliii <5

ot )

cm® sec
4

— u=10"%

--= U=15 "%

0 5 10 w(sec-') 15
Fig. 4. Wave spectrum (ITTC)

4. 3 BWFHERUHER

fEHTE Rolling o> A.R.T. 1< X % WITA) R T~
BT DI,

(i) V797971 Ekahi Time history 7>
DI, BB, FHEERDD.

(i) A7 b7 Al

D 25 D Kk fili ot RHTIL Pitching,
Yawing &2V T AF78 7225, 4% Rolling D%
e

(1) v 577700 OFEsR

Rolling OHiffi% o h 447/ Rolling o
K X VIHICIEA, F 0T SR, Y, Y, SE
fif, BHSFEFI L. & O ECRREOHIER
MEA A<~y & AUFIC 4 ShTuwC Bl L
b. JEA L7 Noise 3 Hllthllk & S\~ [ heel L
A LIE L COABACIBEO Y 4 S Fr T L

NI | -El ectronic Library Service



The Japan Society of Naval Architects and Ccean Engi neers

ESREDDD.

EFTERE, AR T. 2{EH) XicBs & FRX
BT EOHIE Licd % Fig. 5 (x=120°),
Fig. 6 (x=90°), Fig. 7(x=60°) &wi7y. Zhbd
DEBHE LT x=60° OBAIIL AR T. D%
BERELR B EMNIL-E 0 &b, 1=90°,
120° OFEL TN TIEH B2 RN RDLIS.

15
1/ highest_ mean
T No.[wave |speed! AR.T, 1710 11/3 |mean
o 49 | 10 |87ktlactive| 83° | 5.4° | 2.8°
4 e| 7 [10V2]93 [blocked| 96 | 71 |44
R s| 8[1024]89 [ do. [100 |70 |40
L 10Ts
2 1. X%120°
a °
E
< N
8,
o
2 | m.
= 5 o4
<] 00 £,
[« Op Ad a.m
Co Aah, %
D Axg
800,
00
o ! 2 a1
0 20 40 No. of RolL Amp
Fig. 5. HERERESHR
15°f
. T n_highest mean
LY TNo.\wave [speed| ART, 1710 ] 1/3 | mean
o3¢ |10lsh0rktactive | 8.4 | 64° | 37°
° 0351024100 | do. |73 | 54 | 30
we o| 9 [1014]101 [otocked [13.0 | 9.4 | 5.4
)
” a 2
_§1o o 10 {1044]101 do. | 91 66 | 3.5
L) =90°
% o X=90
£ Sdt
<€ o, Bo,
o G800 o".
'.:..c‘ 50_. u?;o. .°'.
°
ey
x ogRoc®
=0,
=}
[} )
[ %%
0 1 ° :niqm” 1
0 20 40 No. of Roll. Amp.
H s 2 JIiEF =
Fig. 6. HEZRIES 7R
A
o . i
15 TNo.|wave |speed| A.RT. ‘/"lé,“ hf;gm'r::an
® o 42 [ 1014 a8kt]active | 3.8° | 3.2° | 1.9°
a al 48 (102500 | do. | 7.2 | 4.8 | 23
aAa @ | 18 (101|107 |blocked| 13.9 | 8.0 | 51
10° 4 a0, 32 | do. 159 [123 | 8.2
@ - o
::': in “AA X =60
= o
Q. A
£ A e
< o 000. R
. A
gs oo
= O M
o 00 ap °
- ooo"igm" °A°n
ou;ée% A
Yoy, 0
0 1 Ochtanaa 1 !
0 20 40 No. of Roll. Amp.

Fig. 7. BERESHR

(i) A7 b7 sfEH

Feg—va—F—Ti Ll 7rns 57—~
7 4Nz -l LT (fe=16Hz) Noise %%,
DATAC-2000CA-DEHELTARY + I AR %47
Ttz

£ R & L REREINE L AR T — & —~ D T
Pivus. fe-T Lag U360y, v 7YV v xAL A
1% Rolling il T,=1.89 P& EfE L C 4¢=0.15(
ELIEEOFHNL 0. 18, 74 v Kok Wa 2
[PRY el

AR 7 AQERE (G o TEL) EFTET
LHEEIIRAIC X »Ta.

ol =2 :N Slw)dw

I OFESHEA or 1% Lag BELUTTARZ +5 4
B L7 BT, om L Lag BE6LA ETCA~2 b
AP LTe e BT E T L L.

Fig. 8 ~1012i% Rolling #2134 % £HT A.R. T.
PR SR BH & (FE S iaWiBE 0 Wilkh /RL
oo DEoET a6 AR T, OR)ERFIT
WHNE S =600 OEFEE GEHET LI LIL
BELANOT, Fig. 1118 AL2 b J LB Lz K8
BRDIEHME, VB, WPHE, BRERZE o,
% A.R.T. OfFTIFy, FikMpd iz b, el
&> THEE LI 'R,

Mo 45° OQGEOELL A.R.T. OBRO
WZ EEERL, ZOBEMRL D ECHFETD AT
Nl AR T. OBENRDHDHZ ERRL TS FE
ST HHEEED AR T. OBENL-XDTHT
HAH5. ERRAKPOREL 285k No. T
H5.

Fig. 121213 A.R. T. OFROEEMAIC XD
. ThIE ARZ YT oA ENRERS S Rolling O
TEHE(RRE 0o HoRWD, WEIEANZ T AEFTHK
i RS ow % - T BAEEY D @ Rolling
HRDICLDTHS.

deg®-sec
X =120° T No.,wave, speed, ART,
- 7., 101/, 9.3K, blocked
10 49, 10 , 8.7 ,active

8, 10'/,, 89 , blocked

Fig. 8. MIZ A7 } 7 ABHTREE

— 26 —

NI | -El ectronic Library Service



The Japan Society of Naval Architects and Ccean Engi neers

degz-sec T No.,wave, speed, ART. degz—sec
. 10, 1024, 103K blocked X =60°
X=90 35 10%4,100, active TNo., wave, speed, ART.
101~ 100 - 46, 10'/5,13.2K, blocked
A
7\ A 44, 10, 11.3 , active
i I
. [ I
0.5~ X i
A Iy
/ A ] !
A 50 [
'u\\ll | | ‘
0 o
0 1.0 20 w(sec) l' 1‘
]
!
Fig. 9. BHERY b5 LARHTRER A
0 Kazz=os = H
0 10 20 4 (sect)

Fig. 10. M2 <27 M5 LB ER

mean
1/3 highest mean
/10 highest mean

< OO0 D 0

standard deviation

ARIT. blocked

. =
(]
x o
£ E
L0
. e
. -
& o
< <
0 L
0 ) 10
A.RT. active
X =30°
o o
(3] <
2 @
£ .'ff '19‘\
" 0 " #\
o < N\ -5
<‘ Lt \,c’
o
<
0 ' ok '
0 10° 0 10°
ART active ‘ AR active

Fig. 11. J#EKHOHR

— 7 —

NI | -El ectronic Library Service



The Japan Society of Naval Architects and Ccean Engi neers

o ART. blocked
2.0 x ART active

| [ L. I ' l
150° 120° 90° 60°X 30°

Fig. 12. ®EdRKHE 0%

Fig. 12 7255 X 51 A R.T. OBFIL60°(4
DIEP) O EHRLEET, 1200 X b R 0B80°
X DB THE LA EHEIRD LRI, Tk
FAviclio B8R (modal period) & H A
DEE CERMIBES RS RERRECD 2 ExE 2
HESROZELTHAH. HOTcANZ +FTALDD
BWEZERN (U108 % 4 ORFLAINE e HiX e
90° Hch THRLMEN DD LD EEZDBND.

ChHONEL S LT EHSAED ART. ©
BhERARDD LIRATHEHLINS.

(60/ 0w) withous — (Go/ Ow)with X100(%)

(0'¢/0'w)without

AR T.OHR=

Fig. 131X x Ok e 4 e Ao A R T.
O REY OHCaT. K Direct analysis (xHI)
EHBHOIE, v 2777 -7 Time history
PORIEAOERME oy LRBRIIRE (g 2RDT,
QRD 0y, 0w KERFRRALT AR.T. DKL

o Spectral analysis

x Direct analysis

75—
“la

50—

251

60° X 30°

Fig. 13. &g & gdsKil oz R oBIfH

TRDILDTHS.

PIDEPE TIEARY L7 AMENHERE V2T 2757
DIFNTHERD T - I flia 2530 B, AROBIE TR
{—FHLTWS. ZORDBRDEBY CHFLRIE A
TH50Y DRI RN D D Z Evbonnb.

5. & B

A OEBRTAEOKR X EOHRN D, HEBEHN
T, FHEHER LGRS O TH » 1oy,
ARHR BN R DT ANE D PERE D FH X —S SRz &
2hhDn. B TR L X5 IEHli RIS ©
L XY, WK OARBANE R TORRINL - E D
TIN5 D L -7 BEEAREOMRE & LT,
ARG C b k0% OWHRRICE L TR D, HifF
B D ORI LTS EELBRS.

BT, AREREITR 5 I - CTRRER ORI
77 & e B AU E ARl o /MRS AR B
EOMREAHRCH LR EHOREET 5.

— 28 —

NI | -El ectronic Library Service



