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On the Motions of an Ocean Car Ferry

(Part II) Ship Tests on the Effectiveness of
a Fin Stabilizer and her Roll Characteristics

By

Akihiro OGAWA, Twao WATANABE and Yumiko FUKUDA

Summary

In the former paper! the results of model test and theoretical calculations on the
motions of an ocean car ferry boat in oblique waves were reported. At the same time, the
actual ship tests have been carried out on the same ship.

The paper presents the ship test results on the effectiveness of the fin stabilizer of
lift-control type, comparing the “stand-by” and “lift-control” conditions of the fin, and on
the roll characteristics of the ship, estimated by an impulsive forced oscillation technique
in calm sea applying the fin stabilizer.

In the test, picth, roll, roll rate, vertical and transverse accelerations at bow and fin
lift are measued and analyzed by spectral and statistical methods.

The following conclusions are obtained from the analysis.

(1) The fin-stabilizer has considerable effect in case of beam or quartering seas, in which
the rolling of the ship becomes significant.

(2) The fin-stabilizer has neglegible effect on the vertical motions such as pitching and
vertical acceleration.

(3) It is difficult to judge the general effectiveness of the fin stabilizer quantitatively for
various conditions.

(4) The roll response function of the ship can be estimated by the impulsive forced oscil-
lation method applying the fin-stabilizer.

(5) In this case, the duration of the impulse and the timing of control alteration of the
fin from “stand-by” to “lift-control” have considerable effect on the results.

(6) The damping coefficient of the ship in navigation estimated by this method are; t=
0.25~0. 28, which is a little bigger than that of model test result.
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Table 1 Principal Dimensions

Shirll;ztrc;ko- Erimo-maru
Length (O.A.) 153. 55m 154. 33m
Length (B.P.) 142.00m 142. 00m
Breadth (Mld.) 22. 80m 22.80m
Depth (Mld.) 8.00m 8.00m
Draft (Mld.) 6. 02m 6.02m
Displacement 10,349 t 10,349 t
Gross Tonnage 7,875 ton| 7,858 ton
Net Tonnage 3,751 ton! 3,722 ton
Dead Weight 3,264 t 3,172t

Main Engine : Kawasaki-MAN V9V 40/54
MCR 2x%10, 000 ps*430/200 rpm
NR 2x8,500 psx407 rpm
Propeller : Kawasaki-Escherwiss 4B-1230 %2
Dia. 3, 850mm X Pitch 3, 850mm (Variable)

Classification : JG-Coasting Service
Service Speed : 20. 3kt
Service Distance : 2, 800 n. m.

Passenger 761 p. 761 bp.
Complement 61 p. 63 p.
Truck 114 sets 114 sets
Car 110 sets 115 sets

Fin Stabilizer : Sperry Gyro Fin Stabilizer
Type 3-C-

Table 2 Tested Conditions

Ist Test 2nd Test

Stlgf;g_ Erimo | Erimo Sgll;g_

Passenger 151p.| 404p. 38p.| 102p.
Truck 85 67 71 78
Car 45 42 13 23

Draft(Fore) | 5.65m | 6.10m | 5.59m | 6.07m
Draft(Aft) 6.15m | 6.22m | 6.43m | 6.10m
Draft(Mean) | 5.90m. | 6.16m | 6.01m | 6. 09m

Mean Speed 19kt | 18. 5kt 19kt | 18. 5kt
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Fig. 1 Tested route and sea conditions at the 1st test
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Table 3 Analyzed results of roll

TestNo. | 3 4 5 6 8 9 10 11 13 14 15 16 17 18
s |1 gg;;f 1000 1000 1000 1000 999 960 278 999 942 960 999 999 999 390
P |2 oL 0.17 0.17 0.17 0.17 0.17 0.17 0.00 0.21 0.17 0.17 0.21 0.00 0.14 0.10
Eal3 ox 0.80 1.0l 0.66 0.94 1.29 1.15 0.91 1.19 0.80 0.80 1.26 1.61 1.95 0.87
TN| 4 os 0.61 0.62 2.98 0.83 0.34 0.48 0.70 0.42 3.43 0.63 0.43 0.39 0.23 1.66
RAs s 0.41 0.53 0.32 0.53 0.67 0.61 0.59 0.59 0.3¢ 0.43 0.65 0.88 0.77 0.38
LY| 6 Tns |12.8110.28 14.57 11.23 7.92 8.72 10.81 7.96 12.64 12.00 8.68 5.37 4.81 11.84
$I 7 Tus' | 14.06 12.16 15.36 13.27 10.62 11.02 13.36 9.83 13.45 13.29 11.37 11.24 7.58 12.78
S| 8 T 14.88 12.08 16.25 17.86 12.18 13.20 14.28 18.26 13.39 12.25 14.24 3.39 31.92 13.98
s |9 N 141 136 132 150 128 116 43 163 133 69 154 87 147 59
T |10 B 1.60 1.66 7.62 2.11 0.99 1.41 1.68 1.15 8.88 1.78 1.07 0.67 0.56 4.17
% |11 Hems | 180 1.85 833 232 1.10 154 1.85 125 9.59 1.98 120 0.74 0.62 4.65
1 |12 Hy,; | 252 2.5611.26 3.22 1.55 2.13 2.61 1.69 1287 2.75 1.66 1.02 0.87 6.57
,Srﬁ 13 Hi | 3.39 3.2813.30 3.88 1.98 2.64 2.91 2.08 15.67 3.46 2.11 1.28 1.09 8.64
TA|14 Humex | 4.35 4.99 15.73 5.07 2.74 3.47 3.01 2.80 20.35 3.69 2.92 1.47 1.64 10.40
L o 0.64 0.65 2.95 0.82 0.39 0.55 0.65 0.44 3.39 0.70 0.42 0.26 0.22 1.64
LS| 16 & 0.79 0.79 0.35 0.65 0.90 0.89 0.66 0.76 0.35 0.93 0.78 0.97 0.90 0.50
é 7 Tn 8.73 8.96 14.17 10.09 6.91 7.70 9.71 7.98 13.25 10.15 8.15 5.50 5.87 11.44
18 T 14.18 14.71 15.15 13.33 15.61 16.55 12.93 12.26 14.17 27.83 12.97 22.97 13.59 13. 20
Noondition 1N W TP Loc MO TSP S By o 8By c1csE
Table 4 Analyzed results of pitch
Test No. 8 9 10 11 13 14 15 16 17 18
g |1 No.ofData| 999 960 278 999 942 960 999 999 999 390
P |2 o 0.07 014 010 018 0.18 0.11 011 0.18 0.07 0.07
Eal 3 on .33 1.33 129 129 115 1.0l 178 1.64 1.40 1.68
TN| 4 os 0.40 0.42 0.55 0.46 0.70 0.48 0.26 0.31 0.40 0.39
RA 5 s 0.35 0.39 032 0.3 06l 05 047 0.35 0.37 0.67
LY| 6 Tns 7.05 6.99 7.44 7.02 9.42 11.03 510 5.2 599 5.79
2|7 Tos 751 7.58 7.8 7.5¢ 11.890 13.36 576 5.62 6.43 7.83
S| 8 T 7.88  9.03 827 7.92 1291 17.06 501 538 6.33 10.12
s |9 W 247 235 61 19 126 131 291 314 269 77
T (10 B 0.94 099 1.3 1.3 1.9 121 053 0.64 0.92 0.90
A |11 Homs 106 109 153 142 209 137 059 070 099 1.00
I |12 H. 150 153 219 1.8 293 19 0.8 0.98 1.3 1.34
%ﬁ 13 Hyp 1.89 187 250 207 3.60 248 101 128 163 174
T1A| 14 Humex 261 216 264 207 3.8 28 147 15 213 297
g{; 15 or 0.37 039 054 05 074 048 021 0.2 0.3 0.35
LS|16 e 0.48 0.43 0.59 0.97 0.78 0.75 0.58 0.49 0.56  0.69
é 17 Tn 7.08 7.3 7.39 7.37 9.46 9.69 558 553 6.16 7.34
18 T 8.09 817 9.11 10516 14.95 14.66 6.87 6.36 7.43 10.13
19 B |L.c. L.c.=s.B.=L.c. s.B.-L.C. S.B.=L.C. L.C. S.B.
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Table 5 Analyzed results of bow vertical acceleration
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| Test No. 8 9 10 1 13 14 15 16 17 18
g | 1 No.ofDatal 999 960 278 999 942 960 999 999 999 390
P |2 o 0.07 007 0.10 018 021 0.07 007 0.18 007 0.11
Eal3 ox .40 154 164 157 175 209 209 1.8 161 1.99
TN| 4 os 0.06 0.06 0.07 007 006 003 006 008 007 005
RAs e 0.35 0.40 0.44 039 053 069 033 0.2 027 047
LY| 6 Tns 6.31 593 601 58 560 463 429 474 553 4.47
27 Tus 6.72 645 6.70 6.40 6.63 636 465 4.9 574 506
S| 8 T» 779 7.09 821 7.80 6.39 1243 499 490 58 427
s |9 N 205 273 78 296 241 237 371 381 333 122
T |10 & 0.100 013 0.15 015 0.13 006 010 0.14 015 0.10
211 Homs 0.12 015 0.17 016 0.14 007 011 015 017 010
1 |12 Hy 0.17 020 0.2 022 019 010 015 0.22 0.23 0.14
SR113 Hipe 0.22 025 033 0.27 024 0.12 02 028 02 0.17
1A| 14 Huax 0.31  0.20 037 0.31 03 015 029 037 03 0.2
Sl o 0.04 0.05 006 006 005 003 004 005 006 004
LS|16 & 0.34 048 0.45 0.38 060 066 034 02 029 048
§l17 Tn 6.3 6.19 637 6.2 625 607 507 507 574 560
18 T 6.77 7.03 713 675 7.82 810 539 524 6.00 639
l1g Bl on ’|L.c. L.C.=S.B.=L.C. S.B.~L.C. S.B.=L.C. L.C. S.B.
Table 6 Analyzed results of bow transverse acceleration
Test No. 8 9 10 11 13 14 15 16 17 18
g |1 No.ofDatal 999 960 278 999 942 960 999 999 999 390
P |2 w1 0.00 007 014 021 021 0.2 007 018 014 018
EAl3 on 147 175 147 175 112 244 314 314 237 164
TN| 4 os 0.02 002 002 002 006 002 002 002 00l 004
RA 5 s 0.79 0.67 061 061 052 066 072 067 0.69 0.69
LY| 6 Tus 6.35 563 6.3 558 949 357 273 275 3.84 6.24
2T Tus 10.42 759 809 7.03 11.08 477 3.94 370 529 864
S| 8 T» 33.34 899 840 9.06 13.04 1194 14.17 58 631 13.39
s |9 W 63 135 63 243 122 231 237 294 166 83
T |10 B 0.03 0.05 0.05 004 016 0.03 004 003 003 0.09
211 Homs 0.03 0.06 005 005 017 0.04 004 004 003 0.10
1 |12 H,, 0.04 007 0.07 006 0.2 005 005 005 004 014
SR8 Hi 0.04 0.09 009 008 028 006 007 006 005 0.18
TA| 14 Humax 0.06 0.15 011 011 036 0.08 013 0.08 0.06 0.23
CLls o 0.01 0.02 0.02 002 006 00l 00l 00L 00l 004
LS| 16 e 0.98 0.87 0.60 0.61 0.79 0.75 0.74 0.65 88  0.67
$|17 Tw 6.10 6.61 637 652 041 554 564 516 561 7.0
18 T 3L.71 1422 8.8 8922 1544 831 843 6.80 1204 0.40
19 }(;g:ldition L.C. L.C.=S.B.=L.C. S.B.—-L.C. S.B.=L.C. L.C. S.B.
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Fig. 14 Effect of fin-stabilizer upon double amplitudes
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Fig. 15 Effect of fin-stabilizer upon mean periods

BANBD, BIEWETe —VBbEbEEMTH-
feEWNH L E RSB LERD D,

3.3.1 74 YDEEIZDONT

7 4 VOB & RHIMROEEEEE AN TH 2 BHE
RUOBKEoTEELDITHBEH, Tho5DTNT
ZE2ICKRD B EIFHRZNDT, T TRERERD
VAT LIDOTDARY b T ABTRER, SRS

%o

T. No. 5 (Fig. 5) TiZARJZ b 3 adavusy
7 LD, S, FEHEMOKE» SR TS, BHHG
~16MRED HBRMRANE 0 —vE LT e &
bdrdo A+ 7 LDMEIE @ 55 0.3~0.6 DEIFH
THd, ZHITHLT T. No. 6 (Fig. 6) @74~
ZL. CAC LIS, 8, 74 VBELSRY
b7 ADHERRR 0.3~0.7 &0 BEIEEES D ICELs
D, ThUCH-Ta—vEd, WREHEIZNS S

(203)



20

ROLL
1 —
-~ X
7 x @
Z
£ °r
~ le) o X x
0 1 M|
0 5 1
(FIN LC.)
TRANS. ACC.
T
~—~ OX
(1]
7] & x
pza
Z 5
0 1 J
0 5 1

(FIN L.C.)

PITCH
1 /
- X
m
2 xx 9 x
E°r o
0 1 '
0 5 1
(FIN L.C.)
€s
€y
VERT. ACC.
1 ~
a
n X
b4 o
T or X
~ xo
0 | |
0 .5 1
(FIN L.C.)

Fig. 16 Effect of fin-stabilizer upon band-width parameter

Table 7 List of symbols

Spectral Analysis :—

wr
WH
as
ES
Tns
TDQS
Ty

Lower limit of integration

Upper limit of integration

Standard deviation

Band-width parameter= +'1— w2/ moni,
Peak to peak period =27 vm,/m,

Zero cross period =27 v/m,/m,

Period of spectrum peak

Statistical analysis :——

N Number of double amplitudes

H  Mean double amplitude

Hrms Root-mean-square of double amplitudes
H;,3 1/3 highest mean of double amplitudes
H, ;10 1/10 highest mean of double amplitudes
Huax Maximum double amplitude

ar Standard deviation=(1/2y/2)*Hrms

&r Band-width parameter= \/mﬁy
Tm Peak to peak mean period

To  Zero cross mean period
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385, A7 T AORMIIRBEICES - TNE, T
NRHHROERROBEEIL L o TE-TLBDT—
TR EZL O, COBEA/ITIE o 55 0.5~0.7 @
WHT, CRELTRHIBBHEHENRD o1 EH
ZoNb, ULrhLREWICRNE T 4 v OBIEEED
T, TREDIGHEBMCHKELTBY, Ok H1E
REMHTOa - VORBICTIZIEFICSITE DS 5 T &b
bbb 1K LUIMOER, Kice yF, MEETmE
EiCHT 225813, COEROBEOHETIIANT
50, FHNICOEBEIBNEEZL OB B YT
%o
PIboEEG, EE7 1 VIBEH 74 VHERN -
THEVWEE (Fig. 7~10) 20 TH Y TR E %o
Ui L1303, SEOEBROFEHICIIIE»o7cts, B
HDERECETETLEORMLOERT TR, %
PRSI ARI DI ACRBCERTHEZONS,
3.3.2 74 YOHROHEIZONT
rEDu—-BD o OEMDICETEERIL, F
HREBRO/SY FIE5 4 2 —DORHh 5 bEMT 5N
3, YEHETIE Zero-cross, Peak-to-peak & &iC
L. C. DFM20%Ri%EP L oTED, NV FIge
FAR =& LIGE K T, HiEEFY 7 X5
TCEDL T EEFEDLLTNE, B, a—waidl
BLED & LfERE LT, RO D - BBARK
HOFEHSFRINID, T@DE & SBARERK
SMEINICENELHTDH %0
o EMhoEBICHEINS L, o—VAR
BWOLTS, o—VEEEORL FEZE L& D D
$, =Tk BREIEREICIR ISR E D
A& THB, HlZiZ T. No. 5/6 icDTa—vi
CABELARRLUTHESE Table 8 @O & 5 IT7&
%, BT, L@©/@ IR0 FIOHEMIEKICAES
TE5HDT, TOBEHMEERAE & h TREL
3, FAUHERTHERRES ERETIE, v —Mick
BHEINEERSOBLEIODL SICE 5,

Table 8 Reduction ratios of roll,

roll rate and roll acceleration

® ©)] [©) ®
| S.B./L.C jroll angle| roll rate | =®/® =2/®
Hmax 3.1 2.4 1.29 1.9
Hy 3.5 2.6 1.35 1.9
H 3.6 2.9 1.24 2.3

as 3.6 2.8 1.29 2.2

21

RECIBBETSICRITHIZSOZBLE LTI,
FF - ELGIEEOHAYNEEZORE AT B hIT
THh, v—EBKENEIBEEIZe - VEHR
bENTENE L, ZDWOBRINEE D EBRMZHN
BEFAMICLZDDTHELEEEZLDLE, 747D
shitZBlico —vHPZE3 TEOLTORTRTDTH S
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Table 9 Fin conditions

Initial roll Duration of Fin cond. Tested time
Group T.No. direction inpulsive force* after impulse (18th Oct. ’72)
T - Free (zero-lift .

101 Starboard 2~3 sec control) 11 : 30pm
@) 102 S. ” ” 33
103 Port ” ” 37
104 P. ” ” 40
® 105 S. 6~7 sec ” 43
106 P. ” ” A7
@ 107 S. ” Lift control 51
109 P. ” ” 57

* Max. Lift=40 ton
Vs=19.0 knot, Course NNW, Calm

4. T4 VRHIESAY—%EFE
L - EmEESEORT
4.1 BBk
COERIIPE 1 BRROEMBEICTIL o7 (Fig. 1
@ T. No. 101~110), D& x4 #EEFIET, o
—WIRIEDS 7 4 VAR EFTAYF -2 HERALIELTH®
PTEORETH o todIT, TR Poit Y
RNV ARBERER ARSI bDTH B,
SRR A EBHATROMBIL 7 4 VXA E T 44—
ZRRALTHIEE— 4 Y 25352, Cc OB OAR
(7 1V oftEE @), i (v — @) ©
BEEE s®) &L, ThEFNDTF 75 REH#,

NGao) =j:°n(t>e—wcdt

S(iw)=j:°s(t)e-wdt W
ZENIE, MOBIBGEEK R 3,
R(iw) =52 (2)
KEoTRDEND,

bL7 4V THNIEEZZ2BHEBERCEPLT,

B A voov R ERILE S KD THNIE,
R@i0)=S(iw) (3)

E135, ELTEZNI,
Re[R(0)]=1 TH 255, BQRXIKL-T, #HiciEh
ZHAILIESTS R aRHohbC Liciss,

FRIB O L DL THETDOMOBIZEEE K%
KDHBEOMRERAETHREBNTT R o712 bDTH
%, TDIHITIE, 74VICEZRE—2 Y NEH)
BTEARPERBIGENSDTHEEBEE LI
2, AHRFICEDERMELTHREL DT, Fif
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Magnification factor

TEIC X DIEBEEZ -, WBHELOFEIC L 2 EBRIC
DNTRIBAMY ORERD S,

4.2 BRARIHER

FR 3EHOFHETITE o720 € 1113 Table 9
KRS LI,
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© LTLobEBEBITT 1 v EBEIEIECTNRE

HD,

THY, shThEHaLEFMOTHkET— 4 v
FEEZ o, RV —TDELEDH A Fig. 17(a)~(c)
ICiRT

fErOFER% Fig. 18~21 iT/;Rd, Fig. 18 37
1+ 87 (URD N(@w)), Fig. 19 Erv—nrfH (1)
KD S@w)), Fig. 20 35EEH% (2D R(w))
DEFNFNESHERCNMETH 3, Fig. 21 ZEMIC
SHEIL o m — VA D SEE L IS T,
A3k Fig. 20 ORBRE—KTIHED & DTH 5,
INHORDH B, s v—7 0@ Fin lift 2LI5T
Bl -2 Y LB - TAEET ZHEREE T
MRS %ETT2-TEBY, 7' v—7C)D Fin 1ift(2)
DHFETCHEHE— 2 v P 2B L BEEIZIESL
TRDIEDTH S, Lichi-T Fig. 19 ® a— v
BALIA TR v — 70O 2 BHOENMESE S, (2)
DN EROIISERERE, EUN “BhRmsn
TARIEDIDIGERE” 2RDTNB LI B,
4.3 FROER

Fig. 19~21 0% — 7 O#xiED © — 7 oft@EH
5, TDEEOMOEFEBOSIANTH /2T &b
Hhz, BBRERETNEL, chod € — 7 il
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T.No.104

- — Roll angle
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e e e e e e et et e s,
v\_f—___’\‘_' Fin lift
| [ | | |
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Fig. 17(a) Example of record in case of short impulse

T.No,105

\_

Roll angle
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] | | |
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Fig. 17(b) Example of record in case of longer impulse
T.No.109
Roll angle
Fin angle
| | | | | I
0 10 20 30 40 gec 50

Fig. 17(¢) Example of record in case of lift control started just after the impulse
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HE SN, o THRTHERK <13 0.25~0.28 &
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Fig. 20 Roll response
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Fig. 21 Roll response calculated by roll rate
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<convert ed into model
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Fig. 22 Linear damping coefficients and natural period of roll
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