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Course Stability of Towed Large Barge

by Masao Takekawa, Member Syuichi Nagamatsu, Member

Seizo Motora, Member
Summary

Course stability of towed large barge has recently become very important because of the increase
of the cargo transportation by “Barge System” in harbor, cannel and coastal sea which intends the
high work efficiency and the decrease of man’s work in the collection and delivery of cargoes.
Most of existing barges have, in general, large B/d and small L/B ratio that may cause a poor
stability on course. Therefore, these barges, which are often installed a pair of skegs to improve
the course quality, are towed not to cause yawing motion by the bridle or two lines towing for
the safe and quick towing operation.

Strandhagen et al., Terao®, Inoue®,and Bindel® reported the worthy theoretical works on this
essential problem. These papers offer much knowledge on stability criterion of towed ship, but
towing test to confirm their theories would not be reported as far as we know.

In this paper, authors discuss the following several points to clarify the validity of the above

mentioned theories. The first point is the theoretical and experimental study on the quantitative
difference in derivatives due to skeg section shape. Applying wing theory to skeg, the authors
modified the coefficients of Strandhagen’s equation of motion, and calculated the additional term of
derivative, Ly’ & L,’ (corresponding to lift coefficient in wing theory), using the results of forced
yawing test (P. M. M.). These values were compared with the theoretical calculation by three
dimensional wing theory and obtained an agreement in good order.
The next subject is to know the effect of skeg shapes and tow line length on course stability
in towing condition. The Routh-Hurwitz’s criterion was used to select the best skeg section shape
and its attachment angle. In the last step, heading angle or turning rate was simulated by
“Random Search Method”. The simulated time histories showed a good agreement with the
measured phenomena at towing test.

As a result of this work, it is verified that the theory by Strandhagen (including our modified

equation) gives a good estimation of course stability of towed ship for practical usage.
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AL TIE, KD 2B IA Te AR WIR O e K BRI T3 (BF) &5+ Lash Feeder Barge %W %A
CEY, = — A VSRR TR SRR R kD, MEROREHEECRIFT Skeg OFEERN, RIL, O
BEINCHMER EIEARBR TE LR ENO—UGEL L LTOEN &2 AV, BRI » THREHERER L D
RBCHEI NI 2%, BRPOROERICERL T3,

DR, REHR% Skeg WL, Skeg OR)E % EEAICIEE TE B4R Strandhagen O EFHHBA &I
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Barge ® Sway-Yaw B3 %@ B 58K & LT, Strandhagen OEFHLHD 2IKEE L TR i Bl %o
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Table 1 Principal Dimension of Model
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Fig.2 1z Skeg RUHKROMERER T,

3.2 #HERER
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Table 4 Comparison of Derivatives
(* : from Ref. 6)

\Ship Series 60 Barge BaSrE: (;N _ith
Derivative \|(Co=0-80%)| (w/o Skeg) 10°, c%:é:)
Yp' 0.354 0.271 0.490
Y,/ —0.156 —0.547 —0.444
Ny’ 0.0864 0.123 0.0758
N,' —0.0601 | —0.0180 —0.0640
N/|Y 0.385 0.0329 0.144
Np'| Yy’ 0.244 0.453 0.0528

% Yr (Ne/¥ - Ne/Ys) v
s+
A
o
O o B
STABLE

UNSTABLE

-0.1 4

Fig. 4 Stability Criterion and Stability Index
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{ Lp=(Ys*—Y5)/2 (10)
=11 *—Y, 4 (m+mx> U}/2
FI b
b=(Np—Np*)/2Lg or (N;—N*)/2L, (11)
Elbs

(10) R X VFE LEHETh OB h e BRBOB I RECHIET 5 7%k L', Ly’ % Fig. 5 R L4,
=520 T Ly BARE—ETHE0ObENIRABECHLATSEE 250, Csass Tk, HAA
BED 2T HHIL T B RICHE SR D, £2 T, MEEOIFEF/NERBOBIIMABED 2 FIHhEITS
&, RO, r==%10° @ Skeg 1377 » 7R EOBECHYETHZ L EEELRNRD, RAACELOLWEHBED
WAFEE 60 RHEET S & §0=22.5° Licolo i, ML Skeg ¥ WHHEBOE L WEHHR L EM LER=
REBBRC I VFE LB IRE B L CRS &, BRIEZEBEL Y KEWAF— X —D —Fr it (Gt
HOBOFER T 1.046, MAKE L 0.753m/sec (f3%) TH5)o

FAETROh D2, VAR E %, Lo 3—ERE (kL Skeg LOMETHICIBIDEELD L, §=25
T v=0 © Skeg DA, FTYHE C 1% 0.85 BERLS, Tibb, Ly BAKEWE, FEHERIZEL
T Enb, BYfIE I Skeg FE DT BH I L 15% BED Skeg LA L DA T BHEEET ©F

BT L Bo KRIC, Fig.6 OFNHR YV 2RBE, Xy FRAREVEOD B=b,/Lpp
Skeg @ 1/4 chord ZHLIEELTED, BITEMLETHD E V2 X 5,
DEDZ ik, EHEMIILE Lic Skeg £ X 88l Barge O B HERILM s ¢ g

NMREELOEETIELWE LR IS L ARCERRERC L » 32 Th
EHRE L DT LB MCER TS LT X b Skeg 7 LOBE OB GAEY A
T Skeg #ER D AT IR DREHEREDOHM P HETE 5 L EL DR B, i,
BAERIE LT, KR THR - Skeg RO 5 BTk Fig.5 »» b M 5% &
T=10° © X 5 7z Skeg #3iF Center Line I EFICIR W 135 = & ARETH
LLiEwmaInge

1/4 CHORD

3
SKEG LENGTH

CAL.FROM EXP. '_17

4.2 WEMBORSTHE L ESHO Simulation b (e-Ngy2Ly 9 5
AR TR~ AP GRS & BHURBARE R & & i\ > Routh-Hurwitz 0Za@ 7l & by mea
OHHEHBEROME KD, RMABREE L Licsis, Ssfisofsttco Fig. 6 Lever b’

WTEETR, ZZT, RFELLT Bridle ¥ T34, FROKRE? i\, Figl ® PX
AH Bridle OFfeBEH Lcd DL LTHE LD &, Fi, EBR T Standard Bridle & LT 1'=3.0625
(1/=0.5625, I'=2.50) ZHIEC L TBH, FTEOHE '=3.0 LLTWwBDT, Iy (or Iy) MNEHLIE
FRITSTNWABZ ERMEET 50

%3, Skeg i LOBA, ERETE TIXVDILHMEL AL CAERALETHY, i, HHRRTY
T TR TERSBRE L TLE ok (Fig.7-(2) 2)o —7, Skeg ff & DBA, FHEORMEK L
T Routh-Hurwitz ORBHPIR LRI 2h, £ TERKTETHDZ ENHB LI, Fig.7-(d) &, r=0°

30 ¢ 30
£'=ABC-C2-A:0 ) R E = ABC- C%- A0
E' £ \
L/Lp=30 . 1/ Lpp =30
20 R WP SKEG —--— 20 AN
WITH SKEG(3=0%) x\
. LZ:% Tt NN \. designed rope iength ratio
ok ——
) th rati AN \ \ SKEG (= 0°)
10 designed rope length ratio 0 L ~ “ M (¥=10° —-m
Ii\/‘-pp=~5 S
l2flgp=25 S
4 smeLE S~ T GTABLE
0 ! LLERS o L1 =
._i—-»———-—‘---—— ) —
UNSTABLE , . ,
2 - X 3 2) 5 s 0
Fig. 7-(a) Effect of Tow Line Length on Fig. 7-(b) Effect of Tow Line Length on

Stability (a series) Stability (7 series)
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Table 5 Solution of Eq. (8)
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~_ Skeg & Rope

S. Bridle I/L;=3.0 a=0°

|

Roots ™~ r=—10° 1 =0 r=10°
yoy —0.345+0.857 i —0.545+0.841 ¢ —0.5654-0. 265 i
y7 —0.345—-0.857 ¢ —0.545—0.841 ¢ —0.565—0.265 i
us’ —0.428 —0.613+0.166 i —0.714+0.826 1
Ly —1.037 —0.613—0.166 1 —0.714—0.826 7

[ 3 —

" TURNING RATE

2 " HEADING ANGLE TR
deg /’ T

EXP NC.2  1/Lpp30,SBRIDLE, ¥ =0, 00=0"

EXR NO.20 |/Lpp=32, SBRIDLE, = 1 Cdal= 0"

HEADING ANGLE

EXP. NO,2

Skeg 1t LR D 13 AEWC X 5 H#E %R Licas,

FEOHMBETIE, a=0° & a=—5 T kA&

WhOD, a=5" L35 LEFHEENELT S LW
%% AX-(b) X, v OEFELMD AT, a=0°

it % Skeg WIEHIRIC X BZIEA HEE X hTus
Do T=10° R—FR LI Lhibh b,
HEOBMELH T2 a=0" O 0% Skeg M

HRICOWT, FEFBERXOEERD TH 5 &
Table 5 DffiICis b, TNEEMOIRDEEH & HL

{ VLpp=30525 , SBRIDLE (1 /i, = 0225)

T=0,d=0

----- L 25 30

——  MEASURED

——— SIMULATZO

Ul 30 1/,:0225

- SIMULATED [',’Lpp =30 i,/{.’v‘]ﬁo

Fig. 9 Simulation of Heading Angle
(Standard Tow Line, Skeg (r=0°, a=0°))

ThiE, iy, r=10°00
Skeg RN RTHBE VL2 Bo
T T, EERORS LT
5 &, WEDKMTITT B
{, T=10° @ X 5 Bk O
Skeg % Center Line 1233 ¢
fie (@=0%) WY fHiFn LR
W EAEHER I NS,

R, 4% THRRCTEEH
SRR OZ YA RIET 5%
R TIT e o e RATER B RS

BLHE LU THRD, feiiL, Table 2 iR LRI« DRBERBAYER L T2, 2213, = ZofrR

FIE DD,

AR X 5 EBRGIE Fig. 8 R LI,

T=0" & r=10° L TRARDVERRDLhIES 5T Fig 9 12

1%, Fig.8 o Exp. No.2 OFfizic2\T Random Search @i X % Simulation O#ERE L EHIES ik L TR
LTHbo T TWwH Simulation X, Fxi¥, BEKGEDHMAMEEFERORL AT
Gc(t) =Ase~ov sin (Wt +€,) + Age—72t sin (gt +€5)

R el

¢e(t) =Ajeort sin(wt+4¢,) + Aze—o2t 4 Age—ost
LBFBOT, RAARCINE SR da(t) LI ¢ L0%D 2 TG 1

T
I= [ @n®—ge ()%t

iR/ AR IIRIG & A% £ time history ¢¢(f) % Random Search kG2 Z E&IFL T 5,
FHili Bridle (/,/1;=0.225) & 1,/1;=0.20 DBPEEHANB &, L/1;=0.20 OFRAERECT A, FROEE
CHSLFHRE D%, FHE Bridle BZEMITH B Z LIFMRE VL L 5o T & THEITBERRERT 5 EWNAD
L/1;=0.20 DPFFEONWT, FLL AEE L OBFE A Simulation DERLBH L Thd, FHs (12) &
OFREZIN T %26 (Table 5 #8), AHE Iz

(12)

(13)

(14)
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re(t) = lzlt}” = Ao F w2 1tsin <wlt+el +09,+ g—)

+A2J022+w22e‘”2‘sin<a)2t+€2+!22+ %) (15)

ED 2,=tan"1(0,/w,), 2;=tan"(g,/w,)
k7, Jifro Simulation ‘COHEHIL
{ A=14.6, 0,=0.231, ©,=0.0627, &,—160°
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Table 6 Comparison of Period
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