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The paper  reviews b r i e f l y  p rev ious  a t t e m p t s  t o  account  f o r  t h e  i n £  luences  of d i r e c t i o n a l  

s t a b i l i t y  qn t r a n s v e r s e  s t a b i l i t y  b e f o r e  p u t t i n g  forward  a  procedure  whereby t h e  two c a n  be 

t r e a t e d  i n '  p a r a l l e l  and t h e i r  combined e f f e c t s  on s a f e t y  i n v e s t i g a t e d .  A p p l i c a t i o n  of t h e  

proposed procedure  t o  a  wide beam r i v e r b o a t  i s  cons ide red  and t h e  r e s u l t s  a r e  p r e s e n t e d  and 

d i scus sed .  The i n v e s t i g a t i o n  unde r t aken  c l e a r l y  i n d i c a t e s  t h a t  unde r  c e r t a i n  c i r cums tances  

d i r e c t i o n a l  i n s t a b i l i t y  can  l e a d  t o  l a r g e  h e e l i n g  a n g l e s  and p o s s i b l e  l o s s  of c o n t r o l ,  

c aus ing  a  s e r i o u s  t h r e a t  t o  v e s s e l  s a f e t y .  

INTRODUCTION 

I n  s h i p  s t a b i l i t y  s t u d i e s  it  i s  common t o  

i n v e s t i g a t e  t h e  occu r rence  of l o s s  of 

s t a b i l i t y ,  which may e v e n t u a l l y  l ead  t o  

c a p s i z i n g ,  a s  a  s i n g l e  cause-ef f e c t  

r e l a t i o n s h i p .  I n  many c a s e s ,  however, 

such  an  approach is  n o t  suppor t ed  by 

p r a c t i c a l  e x p e r i e n c e ,  s i n c e  c a p s i z i n g  can  

f r e q u e n t l y  be t h e  f i n a l  r e s u l t  of combined 

a c t i o n s ,  appea r ing  i n  a  c h a i n  of e v e n t s  

which g r a d u a l l y  r educe  t h e  s a f e t y  margin 

of t h e  v e s s e l .  The HERALD OF FREE 

ENTERPRISE d i s a s t e r  can be c i t e d  a s  a  

t y p i c a l  s i t u a t i o n  where f a c t o r s  such  a s  

h i g h  speed i n  sha l low w a t e r ,  t r i m  by t h e  

bow, l o s s  of c o n t r o l ,  huplan e r r o r  and 

inadequa te  s u b d i v i s i o n ,  p layed a  c r i t i c a l  

r o l e  i n  l e a d i n g  t o  t h e  c a p s i z e .  

To be a b l e  t o  d e f i n e  s c e n a r i o s  and 

t h e n  s a t i s f a c t o r i l y  model a l l  t h e  pheno- 

mena c o n t r i b u t i n g  t o  l o s s  of t r a n s v e r s e  

s t a b i l i t y ,  t o g e t h e r  w i t h  t h e i r  i n t e r -  

a c t i o n s ,  would be t h e  i d e a l  c a s e ,  b u t  t h i s  

r e p r e s e n t s  a n  a d m i t t e d l y  immense t a s k  a t  
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p r e s e n t .  For c e r t a i n  s i t u a t i o n s ,  however, 

l i k e  t h e  combined e f f e c t  of t r a n s v e r s e  and 

d i r e c t i o n a l  s t a b i l i t y ,  a  q u a l i t a t i v e  

unde r s t and ing  of t h e  mechanism g e n e r a t i n g  

a  h i g h  r i s k  s i t u a t i o n  can  be ob ta ined  w i t h  

t h e  c u r r e n t  s t a t e  of knowledge. 

T h i s  pape r ,  f ocus ing  on t h e  l a s t  

p o i n t ,  r e p r e s e n t s  a n  i n i t i a l  s t a g e  of 

wider  s c a l e  r e s e a r c h  on s h i p  s t a b i l i t y ,  

s h i p  c o n t r o l l a b i l i t y  and t h e i r  i n t e r -  

r e l a t i o n s h i p  under  v a r i o u s  envi ronmenta l  

c o n d i t i o n s .  On t h e  b a s i s  of such  a  

p e r s p e c t i v e ,  s i n g l e  GM-based s t a b i l i t y  

c r i t e r i a  could  be s u b j e c t  t o  re-  

e v a l u a t i o n .  I f ,  f  o r  example, "adequate1' 

GM impl ied  a l s o  a  l a r g e l y  d i r e c t i o n a l l y  

u n s t a b l e  v e s s e l ,  t h e n  t h e  r i s k  of l o s i n g  

c o n t r o l  and hence be ing  s u b j e c t e d  t o  

un favourab le  e x t e r n a l  e x c i t a t i o n s  p o s s i b l y  

l e a d i n g  t o  s i g n i f i c a n t  r e d u c t i o n s  i n  GM 

would be h ighe r .  A t  t h i s  l e v e l  of 

complexi ty ,  t o  a t t e m p t  t o  q u a n t i f y  t h e  

o v e r a l l  t h r e a t  would, of c o u r s e ,  be v e r y  

d i f f i c u l t ,  b u t  t h i n k i n g  i n  te rms of r i s k ,  

i t  could  v e r y  w e l l  be p o s s i b l e  t h a t  what 

i n  t h e  f i r s t  i n s t a n c e  l o o k s  s a f e r ,  could 

i n  r e a l  l i f e  be e x a c t l y  t h e  o p p o s i t e .  

The i n v e s t i g a t i o n  p r e s e n t e d  h e r e i n  i s  



based on a  d e t a i l e d  surge-sway-yaw-roll 

non- l inear  mathemat ica l  model where, by 

making use  of a p p r o p r i a t e  numer ica l  

t e c h n i q u e s ,  t i m e  s i m u l a t i o n ,  s t e a d y  s t a t e s  

c o n t i n u a t i o n  and a n a l y s i s  of s t a b i l i t y  

p r o p e r t i e s  of each  s t e a d y  s t a t e  a r e  

performed. With t h e s e  t o o l s  t h e  e f f e c t s  

of  t r i m  by bow, GM and forward  speed on 

bo th  t h e  d i r e c t i o n a l  and t r a n s v e r s e  

s t a b i l i t y  a r e  examined and t h e r e a f t e r  t h e  

occu r rence  of dangerous  s i t u a t i o n s  a s  

r e p r e s e n t e d  by l a r g e  h e e l i n g  a n g l e s ,  is 

i d e n t i f i e d .  

I n  p a r t i c u l a r ,  t h e  s tudy  p u t s  

emphasis  on t h e  non- l inear  c h a r a c t e r  of 

t h e  behaviour  of t h e  sys tem and i t s  

p o s s i b l e  consequences f o r  s a f e t y .  

BACKGROUND 

Problems of coup l ing  between p l a n a r  

motions and r o l l i n g  i n  s h i p s  o p e r a t i n g  a t  

h i g h  speed a r e  w e l l  known and have i n  many 

c a s e s  been t h e  s u b j e c t  of i n v e s t i g a t i o n ,  

e i t h e r  from a  s t a b i l i t y  o r  from a  

manoeuvrab i l i t y  p o i n t  of view, e.g. [ I ] ,  

[21 ,  [31,  [41. For  t h i s  r e a s o n ,  v a r i o u s  

mathemat ica l  models have been developed,  

u s u a l l y  i n  t h r e e  (sway, yaw, r o l l )  o r  i n  

f o u r  ( s u r g e ,  sway, yaw, r o l l )  deg rees  of 

freedom. A  number of t h e s e  a r e  l i n e a r ,  

e.g. [51, [61,  and o t h e r s  non - l i nea r ,  [ 2 ] ,  

[ 7 ] .  The nar rower  t o p i c  of t h e  r e l a t i o n -  

s h i p  between t r a n s v e r s e  and d i r e c t i o n a l  

s t a b i l i t y ,  however, h a s  n o t  r e c e i v e d  

s u f f i c i e n t  a t t e n t i o n ,  w i t h  t h e  e x c e p t i o n  

perhaps  of t h e  l i t e r a t u r e  d e d i c a t e d  t o  t h e  

broaching-to phenomenon, e.g. [ 8 ] ,  [9]. 

I n  a  r e c e n t  i n v e s t i g a t i o n ,  161, 

r e g i o n s  of i n s t a b i l i t y  were i d e n t i f i e d  f o r  

t h e  coupled sway-yaw-roll mot ions  of a  

s h i p  trimmed by t h e  bow ( i n  which condi- 

t i o n  d i r e c t i o n a l  s t a b i l i t y  is g e n e r a l l y  

poor) .  I n  t h i s  pape r ,  it was sugges t ed  

t h a t  bow-trim-induced i n s t a b i l i t y  can  

c a u s e  l a r g e  "d ivergent"  o r  " o s c i l l a t o r y "  

mot ions ,  p o s s i b l y  l e a d i n g  t o  c a p s i z e ,  even 

though t h e  m e t a c e n t r i c  h e i g h t  i s  p o s i t i v e .  

It was, however, no t  p o s s i b l e  t o  g a i n  

f u r t h e r  i n s i g h t  a s  t h e  approach was 

l i m i t e d  by i ts  v e r y  n a t u r e ,  t r y i n g  t o  

e x p l a i n  p u r e l y  non- l i nea r  phenomena w i t h  
f i  

l i n e a r  t h e o r y  t o o l s .  The l o c a l  a n a l y s i s  , 
performed a l lowed o n l y  f o r  t h e  i d e n t i f i -  

c a t i o n  of t h e  e x i s t e n c e  of u n s t a b l e  

e q u i l i b r i a .  It cou ld  n o t ,  f o r  example, 

p r e d i c t  t h e  convergence of t h e  sys tem t o  a  

ne ighbour ing  s t a b l e  s t a t e  c h a r a c t e r i s e d  by 

a  s t e a d y  r a t e  of t u r n  and h e e l i n g  a n g l e  

when a n  i n i t i a l  p e r t u r b a t i o n  was a p p l i e d  

t o  it a t  a n  u n s t a b l e  e q u i l i b r i u m  p o s i t i o n  

( s e e  Fig .  1). 

Emphasis on  i d e n t i f y i n g  t h e s e  nearby 

s t a b l e  s t a t e s  i n  t h e  phase  s p a c e  and t h e i r  

b a s i n s  of a t t r a c t i o n  would be f a r  more 

impor t an t  from a  s a f e t y  p o i n t  of view - 
r a t h e r  t h a n  t e s t i n g  f o r  i n s t a b i l i t y  a t  t h e  .-/ 
u p r i g h t  z e r o  r a t e  of t u r n  p o s i t i o n ,  which 

i s  a  r a t h e r  common phenomenon f o r  

o p e r a t i n g  s h i p s .  

MATHEMATICAL MODEL 

F o r  t h e  purpose  of t h i s  i n v e s t i g a t i o n ,  a  

non - l i nea r  modular mathemat ica l  model was 

used ,  w i t h  f o u r  d e g r e e s  of freedom, a s  

g i v e n  below ( s e e  a l s o  F i g  2 ) :  

su rge :  m ( u - r v - x G r 2 + z G p r )  = XH + XR + Xp 

yaw : IZr + m x g ( v + r u )  = NH+ NR 

r o l l  : I x p - m z ~ ( v + r u )  = KH + KR 

where f o r  t h e  h u l l  f o r c e s  and moments: 



The manoeuvring c o e f f i c i e n t s  were 

c a l c u l a t e d  acco rd ing  t o  [ l o ]  and [ l l ] .  

The te rms accoun t ing  f o r  t h e  e f f e c t  of 

h e e l i n g  on t h e  sway and yaw l i n e a r  

c o e f f i c i e n t s  ( NUT , NrV e t c )  were t a k e n  

from [ 71. " 'The yaw damping c (k) was 

c a l c u l a t e d  a s  sugges t ed  i n  [12]  w h i l e  t h e  

r e s t o r i n g  moment was d e r i v e d  from t h e  h u l l  

s e c t i o n s  a t  v a r i o u s  h e e l i n g  a n g l e s  w i t h  a  

s e v e n t h  o r d e r  polynomial  be ing  f i t t e d  t o  

t h e  r e s u l t s .  

I n  a d d i t i o n ,  t h e  p r o p e l l e r  g e n e r a t e d  

t h r u s t  was modelled by : 
P b  

Xp = ( 1 - t ) p n 2 ~ 4 ~ T  
w i t h  

F ( z ( a ) , a ) = O  ( 3 )  

To d e r i v e  t h e  dependence z ( a )  , a  

t echn ique  borrowed from B i f u r c a t i o n  

a n a l y s i s  is  used ,  based on [ 1 5 ] ,  which 

a u t o m a t i c a l l y  t r a c e s  t h e  s t e a d y  s t a t e s  

c u r v e ,  p a s s i n g  w i t h o u t  any d i f f i c u l t y  o v e r  

l i m i t  p o i n t s .  The t echn ique  i s  based on a  

d i f f e r e n t i a t i o n  of e q u a t i o n s  (3)  w i th  

r e s p e c t  t o  a  parameter  1 accoun t ing  f o r  

t h e  l e n g t h  of t h e  s o l u t i o n  c u r v e ,  fo l lowed 

by a  t r a n s f o r m a t i o n  i n t o  an  i n i t i a l  v a l u e s  

i n t e g r a t i o n  problem. Fo r  s t a b i l i t y  

a n a l y s i s ,  l o c a l  l i n e a r i s a t i o n  around each  

s o l u t i o n  p o i n t  zo i s  performed by 

s u b s t i t u t i n g  Z = zo + b i n t o  (21 ,  where b 

i s  t h e  v e c t o r  of  d e v i a t i o n s  from t h e  

s o l u t i o n  z,, , y i e l d i n g ,  f i n a l l y :  

KT = cg +el Jp +c2 J? where,  C i s  t h e  j a c o b i a n  m a t r i x  of F. To 

For t h e  rudde r  f o r c e s  and moments, t e s t  f o r  s t a b i l i t y ,  t h e  s i g n s  of t h e  r e a l  

e x p r e s s i o n s  from [ 7  1 were u sed ,  e.g. parts of t h e  e i g e n v a l u e s  of C a r e  exam- 

The rudde r  t o  h u l l  i n t e r a c t i o n  t e rm aH was 

t a k e n  from [13] .  

For t h e  e f f e c t  of t r i m  on hydro- 

dynamic c o e f f i c i e n t s ,  e x p r e s s i o n s  a r e  

a v a i l a b l e  from [ l o ]  o r  [ 1 4 ] .  Trim 

c o r r e c t i o n  f a c t o r s  from [ l o ]  a r e  more 

-+, moderate and t h e y  were p r e f e r r e d  f o r  t h i s  

s t u d y  . 

STABILITY ANALYSIS 

i n e d ,  t h e  e x i s t e n c e  of p o s i t i v e  r e a l  p a r t s  

s i g n i f y i n g  i n s t a b i l i t y ,  e i t h e r  nodal  o r  

o s c i l l a t o r y .  

APPLICATION 

To apply  t h e  above p rocedures ,  a  r i v e r -  

b o a t  was s e l e c t e d ,  t h e  main p a r t i c u l a r s  of  

which a r e  g i v e n  i n  Tab le  1. The f o l l o w i n g  

e f f e c t s  were i n v e s t i g a t e d :  

a )  E f f e c t s  of  T r i m  by t h e  Bow 

Three c o n d i t i o n s  were cons ide red :  

A f t e r  a  number of t r a n s f o r m a t i o n s ,  - even kee l  

e q u a t i o n s  ( 1 )  can  be brought  i n  t h e  v e c t o r  - 0.4m t r i m  by t h e  bow (0.6 d e g r e e s )  

form: 
z  = F ( z , a )  

- 1.0m t t i m  by t h e  bow (1.53 d e g r e e s )  

( 2 )  

where,  z i s  t h e  s t a t e  v a r i a b l e s  v e c t o r ,  I n  each  c a s e  t h e  v a r i a t i o n  of t h e  

Z = ( u , v , ~ , P , ~ ) ~  and a  i s  a  c o n t r o l  s t e a d y  s t a t e s  of t h e  sys tem f o r  d i f f e r e n t  

pa rame te r ,  va ry ing  independen t ly ,  which rudde r  a n g l e s  was r eco rded ,  fo l lowed by 

can  be any of t h e  rudde r  a n g l e ,  t r i m ,  and t h e  i d e n t i f i c a t i o n  of r e g i o n s  of i n s t ab -  

p r o p e l l e r  r a t e .  i l i t y  ( e .g .  F igs .  3 ) .  A s  shown i n  Fig .  4,  

t h e  d imensions  of t h e  i n s t a b i l i t y  r e g i o n  

m A t  p o i n t s  Of s t a t i c  e q u i l i b r i u m  k a r e  i n c r e a s i n g  s i g n i f i c a n t l y  w i t h  t r i m ,  
m u s t  be z e r o  and ( 2 )  g i v e s :  implying  a l s o  l a r g e r  h e e l i n g  a n g l e s  a t  t h e  



n e a r b y  s t a b l e  s t a t e s  ( i n  t h e  r e g i o n  o f  

z e r o  r u d d e r  a n g l e ) .  T h e r e f o r e ,  a s  t h e  

v e s s e l  becomes more d i r e c t i o n a l l y  u n s t a b l e  

w i t h  bow t r i m ,  i t s  s t a b l e  s t a t e s  k e e p  

a l o o f  f r o m  t h e  u n s t a b l e  u p r i g h t  p o s i t i o n ,  

c a u s i n g  p o s s i b l y  c o n s i d e r a b l e  h e e l i n g .  An 

i m p o r t a n t  o b s e r v a t i o n  was t h a t  t h e  maximum 

s t e a d y  h e e l i n g  o c c u r s  i n  g e n e r a l  a t  s m a l l  

r u d d e r  a n g l e s .  The maximum t r a n s i e n t  

h e e l i n g  a l s o  i n c r e a s e s  w i t h  t r i m  ( F i g .  4 ) .  

T h i s  a r i s e s ,  however ,  when t h e  r u d d e r  i s  

c o n s i d e r a b l y  d e f l e c t e d  ( a r o u n d  30 

d e g r e e s ) .  It must  be  e m p h a s i s e d  t h a t  t h e  

s i t u a t i o n  would be  f u r t h e r  a g g r a v a t e d  i f  

t h e  r e d u c t i o n  of r e s t o r i n g  d u e  t o  bow t r i m  

w e r e  t a k e n  i n t o  c o n s i d e r a t i o n .  

b )  E f f e c t s  of M e t a c e n t r i c  H e i g h t ,  Gl4 

I n  d e r i v i n g  F i g .  4  t h e  v a l u e  of  t h e  meta- 

c e n t r i c  h e i g h t ,  GM,  was k e p t  c o n s i s t e n t l y  

h i g h  a t  2.0m. However,  s i n c e  GM is  

c r i t i c a l  i n  j u d g i n g  s t a b i l i t y ,  i t s  e f f e c t  

was  f u r t h e r  examined  i n  t h e  f o l l o w i n g  two 

c a s e s :  

I n  t h e  f i r s t  c a s e ,  GM was r e l a t e d  t o  

t h e  v e r t i c a l  l o a d i n g  d i s t r i b u t i o n  (KG) and 

a s  s u c h  it was t r e a t e d  a s  a  p a r a m e t e r  

i n d e p e n d e n t  of t h e  h u l l  form. F i g s .  5 t o  

7 show t h a t  t h e  i n s t a b i l i t y  l o o p  s i z e ,  a n d  

t h e  h e e l i n g  a n g l e  r e d u c e  w i t h  i n c r e a s i n g  

GM. The e f f e c t  o n  t h e  t u r n i n g  p e r f o r m a n c e  

o f  t h e  v e s s e l ,  however ,  was c h a r a c t e r i s e d  

by a  t r e n d  t o w a r d s  a  l a r g e r  t a c t i c a l  

d i a m e t e r  ( F i g .  8 ) .  

I n  t h e  s e c o n d  c a s e ,  GM was l i n k e d  t o  

t h e  h u l l  form.  S u b s e q u e n t l y ,  a  c h a n g e  of 

i t s  v a l u e  would imply  a l s o  a  m o d i f i c a t i o n  

t o  b o t h  t h e  manoeuvr ing  and s t a b i l i t y  

c o e f f i c i e n t s .  Under  t h e s e  c i r c u m s t a n c e s ,  

d i r e c t i o n a l  i n s t a b i l i t y  was e v e n t u a l l y  

e l i m i n a t e d  by r e d u c i n g  GM. H e e l i n g  a n g l e s  

d u r i n g  t u r n ,  on t h e  o t h e r  hand ,  were  

c o n s i d e r a b l y  i n c r e a s e d  ( F i g .  9 ) .  

c )  E f f e c t s  of Speed  

The l a s t  f a c t o r  whose e f f e c t  was i n v e s t i -  

g a t e d  was t h e  i n i t i a l  f o r w a r d  s p e e d .  

F i g s .  10 and 1 1  i n d i c a t e  t h a t ,  by 

i n c r e a s i n g  s p e e d ,  t h e  i n s t a b i l i t y  l o o p  

w i d t h  i s  r e d u c i n g  s l i g h t l y ,  w h i l e  l o o p  r7 
- 

h e i g h t  and maximum i n c l i n a t i o n s  t e n d  t o  

i n c r e a s e .  It i s  i n t e r e s t i n g  t o  n o t e  t h a t  

i n  t h i s  c a s e  l i n e a r  t h e o r y  would p r e d i c t  

a n  i n c r e a s e  of  i n s t a b i l i t y  w i t h  s p e e d .  

I f ,  however ,  l o o p  w i d t h  i s  t a k e n  a s  a  

m e a s u r e  of i n s t a b i l i t y  t h e  r e v e r s e  is 

a c t u a l l y  t r u e .  

CONCLUDING REMARKS 

A s i g n i f i c a n t  f i n d i n g  b a s e d  on t h e  work 

p r e s e n t e d  i n  t h e  f o r e g o i n g  is  t h a t  bow 

t r i m  c a n  g e n e r a t e  a l m o s t  c o m p l e t e  l o s s  of 

c o n t r o l ,  i n  t h e  s e n s e  t h a t  t h e  i n s t a b i l i t y  
..c? 

r e g i o n  grows t o  t h e  e x t e n t  of  o c c u p y i n g  

mos t  of t h e  c o n t r o l  s p a c e  of  t h e  s y s t e m  

( f o r  e x a m p l e ,  d i r e c t i o n a l  i n s t a b i l i t y  of  2 
1 7  d e g r e e s  was n o t i c e d  a t  1.00m bow t r i m ) .  

I f  s u c h  a  s i t u a t i o n  a r i s e s ,  t h e  p i l o t  is 

l i k e l y  t o  a t t e m p t  t o  r e g a i n  c o n t r o l  by 

s e t t i n g  t h e  r u d d e r  t o  a  l a r g e  a n g l e .  I f  

t h i s  o c c u r r e d  a t  h i g h  s p e e d ,  low GM and  

u n f a v o u r a b l e  e x t e r n a l  c o n d i t i o n s ,  l a r g e  

h e e l i n g  c o u l d  arise w i t h  u n p r e d i c t a b l e  

i m p l i c a t i o n s .  

It  i s  f u r t h e r  i n t e r e s t i n g  t o  n o t e  t h a t  bow 

t r i m  would a l l o w  f o r  t h e  o c c u r r e n c e  of 

r e l a t i v e l y  l a r g e  s t e a d y  h e e l i n g  a n g l e s  a t  
ry 

a r o u n d  z e r o  r u d d e r  s e t t i n g .  T h e r e f o r e ,  

e v e n  i n  t h e  a b s e n c e  of any  e f f e c t i v e  

c o n t r o l  a c t i o n  l a r g e  i n c l i n a t i o n s  c o u l d  b e  

e x p e r i e n c e d  a s  t h e  s y s t e m  would be s e e k i n g  

a  r a t h e r  d i s t a n t  s t a b l e  e q u i l i b r i u m .  . I 

A l t h o u g h  t h e  a n a l y s i s  was c o n f i n e d  a t  t h i s  

s t a g e  t o  t h e  ca lm s e a  c a s e ,  t h e  a b o v e  

i d e a s  b e a r  h e a v i l y  on a  waves e n v i r o n m e n t .  

I n d u c e d  t r i m  by t h e  bow i s  t h e n  p o s s i b l e ,  

e i t h e r  p e r i o d i c  ( l a r g e  p i t c h  m o t i o n )  o r  

s t e a d y  ( t h e  s h i p  t r a v e l l i n g  w i t h  t h e  bow 

" i n  t h e  wave", i n  low f r e q u e n c y  f o l l o w i n g  

s e a s ) .  I n  s u c h  a  c o n d i t i o n  t h e  s l i g h t e s t  

d i s t u r b a n c e  would c a u s e  t h e  s h i p  t o  v e e r  n 

o f f  c o u r s e  and be b r o u g h t  t o  t h e  d a n g e r o u s  

beam waves p o s i t i o n ,  w h i l e  t h e  p i l o t  would 
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be  unab l e  t o  a p p l y  any c o r r e c t i n g  a c t i o n .  

Should t h i s  happen,  c a p s i z i n g  cou ld  be a  

l i k e l y  consequence  depending  on t h e  v e s s e l  

c o n d i t i o n s .  

Res ( u )  

1x9 1, 

NOMENCLATURE 

: s h i p  mass 

: s u r g e ,  sway,  v e l o c i t i e s  

r e s p .  

: yaw, r o l l ,  a n g u l a r  

v e l o c i t i e s  r e s p .  

: Co-ord ina tes  of c e n t r e  of 

g r a v i t y  

KH : s u r g e ,  sway, yaw r o l l  

h u l l  f o r c e s  and moments, 

r e s p .  

: l o n g i t u d i n a l  p r o p e l l e r  

f o r c e  

KR : s u r g e ,  sway,  yaw, r o l l  

r u d d e r  f o r c e s  and  

moments, r e s p .  

: r e s i s t a n c e  

: moments of i n e r t i a  w i t h  

r e s p e c t  t o  x and z a x i s  

r e s p .  

: h u l l  damping moment 

: r e s t o r i n g  moment 

: s h i p  speed  

: Z c o - o r d i n a t e  of t h e  

p o i n t  of a c t i o n  of t h e  

l a t e r a l  f o r c e ,  YH 

: p r o p e l l e r  advance  

: t h r u s t  c o e f f i c i e n t  

: t h r u s t  d e d u c t i o n  

: w a t e r  d e n s i t y  

: p r o p e l l e r  r a t e  o  f  

r o t a t i o n  

: p r o p e l l e r  d i a m e t e r  

: r u d d e r  p o s i t i o n  

: hu l l - t o - rudde r  

i n t e r a c t i o n  f a c t o r  

: r u d d e r  normal  f o r c e  

r u d d e r  a n g l e  

h e e l i n g  a n g l e  
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TABLE 1  : V e s s e l ' s  Main Dimension 

Type River-Boat 

Length L ( m )  = 37.45 r-, 

Beam B ( m )  = 7.93 

Draught T ( m )  = 1.52 

Block Coeff .  Cb = 0.632 

S e r v i c e  Speed Vs ( kn )  = 10 

Downflooding Ang leQd  = 12O 

n 
Fig .  2  : Systems of co -o rd ina t e s  



(3a) 

Fig. 3 : Region of i n s t a b i l i t y  : GM = 0.5m 
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Fig. 4  : I n s t a b i l i t y  loop and transient 

heel ing versus trim : GM = 2.0m 
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F ig .  8  : Turn ing  manoeuvre 
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Fig .  9 : E f f e c t  of  GM 
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Fig .  10 : E f f e c t  o f  speed  on  i n s t a b i l i t y  F ig .  11 : E f f e c t  of  speed  on  t r a n s i e n t  

r e g i o n  : Trim = 1.0m i n c l i n a t i o n  : GM = 2.0m 


