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®  Tug  for  rendering  assistance  to  a  larger  vessel. 
@  A  tug  (1)  has  a  towing  hook  (6)  mounted  at  the  outer  end 
of  a  towing  arm  (4),  the  inner  end  of  which  is  mounted  on  the 
main  deck  (2)  of  the  tug  in  a  manner  such  that  the  arm  (4)  can 
swivel  above  the  main  deck  (2)  from  one  side  (4a)  to  the 
other  side  (4b)  of  the  tug  about  an  upright  axis.  The  arm  (4)  is 
also  pivotted  about  a  horizontal  axis  so  that  it  can  swing 
upwards  and  downwards  and  is  mounted  on  a  platform  (12a, 
12b)  which  is  movable  fore  and  aft  on  rails  (14)  on  the  main 
deck  (2).  The  movements  of  the  arm  (4)  are  controlled  by 
power  mechanisms  and  they  adjust  the  position  of  the  point 
of  action  of  the  tow-line  (7)  in  such  a  way  that  in  whatever 
direction  the  tow-line  (7)  extends,  even  exactly  athwartships 
from  the  tug.  the  line  of  action  of  the  pull  in  the  tow-line  (7) 
produces  only  a  small  capsizing  moment  upon  the  tug.  This 
capsizing  moment  is  very  much  smaller  than  that  which  is 
produced  by  a  similar  pull  of  the  tow-line  connected  to  a 
tow-hook  in  a  conventional  fixed  position  on  the  main  deck 
of  the  tug  and  on  the  centre  line  of  the  tug  about  40%  to  50% 
of  the  length  of  the  tug  from  its  stern.  The  arm  (4)  is 
preferably  also  mounted  on  a  carriage  (13)  which  is  movable 
on  rails  (14)  in  a  fore  and  aft  direction  on  the  deck  (2)  of  the 
tug. 





T h i s   i n v e n t i o n   r e l a t e s   to   t u g s   f o r   r e n d e r i n g  

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

means   c o m p r i s i n g   a  t o w i n g   arm  wh ich   i s   m o u n t e d   a t   o r  

n e a r   one  end  on  t h e   d e c k   of  t h e   tug   in  a  m a n n e r   s u c h  

t h a t   t he   arm  can   s w i v e l   a b o v e   t h e   deck   f rom  one  s i d e   o f  

t h e   t u g   to   t he   o t h e r   a b o u t   an  u p r i g h t   a x i s   and  w h i c h ,   a t  

i t s   o t h e r   end,   i s   p r o v i d e d   w i t h   t o w - l i n e   r e c e i v i n g   m e a n s .  

In  c o n v e n t i o n a l   t u g s ,   t he   t o w i n g   means   u s u a l l y  

c o n s i s t s   of  a  t o w i n g   h o o k   w h i c h   is   f i x e d   in   p o s i t i o n   o n  

t h e   ma in   deck   of  t h e   t u g   and  on  the   l o n g i t u d i n a l   c e n t r e  

l i n e   of  t he   tug  u s u a l l y   a b o u t   40%  to   45%  of  t h e   l e n g t h  

of  t h e   t ug   from  i t s   s t e r n .  

When  a  t ug   i s   m a n o e u v r i n g   w h i l e   i t   i s  

r e n d e r i n g   a s s i s t a n c e   to   a  l a r g e r   v e s s e l ,   t h r e e   m a i n  

f o r c e s   a c t   on  t he   t ug   and  t h e s e   a r e   t h e   p u l l   of  t h e  

t o w - l i n e ,   t h e   t h r u s t   of  t h e   p r o p e l l e r s   and  t h e  

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

t u g .   The  p r o p e l l e r s  o f   m o d e r n   t u g s   a r e   g e n e r a l l y  
m u l t i - d i r e c t i o n a l   and  t h u s   a b l e   to   p r o d u c e   a  t h r u s t  

a h e a d ,   a s t e r n   or  in  any  l a t e r a l   d i r e c t i o n   b e t w e e n   a h e a d  

and  a s t e r n .   When  t h e   t o w - l i n e   l e a d s   a t h w a r t s h i p s   f r o m  

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

p u s h   of  t he   w a t e r   and  by  t he   t h r u s t   of  t h e   p r o p e l l e r s .  



Owing  t o   t h e   s i t u a t i o n   of  t he   t o w - h o o k   on  t h e   main  d e c k  

of   t h e   tug   and  on  t h e   l o n g i t u d i n a l   c e n t r e   l i n e   of  t h e  

t u g ,  t h e  t h r e e   f o r c e s   t o g e t h e r   p r o d u c e   a  moment  on  t h e  

t u g   w h i c h   c a u s e s   i t   to   h e e l .   T h i s   moment   can   b e c o m e  

v e r y   g r e a t   and  i t   i s   r e s i s t e d   by  t h e   n a t u r a l   s t a b i l i t y  

of  t h e   tug   in  t h e   w a t e r .   To  i n c r e a s e   t h i s   s t a b i l i t y  

in   o r d e r   to   r e s i s t   i n c r e a s e d   c a p s i z i n g   m o m e n t s ,   i t   i s  

n e c e s s a r y   to   i n c r e a s e   t h e   beam  and  d i s p l a c e m e n t   of  t h e  

t u g .   T h i s   i s   n o t ,   h o w e v e r ,   v e r y   s a t i s f a c t o r y   b e c a u s e  

t h e   g r e a t e r   t he   beam  and  w e i g h t ,   t h e   l e s s   m a n o e u v r e a b l e  

t h e   t u g   b e c o m e s   and  t h e   p o w e r   n e c e s s a r y   to   d r i v e   t h e   t u g  

a t   a  p a r t i c u l a r   s p e e d   i s   i n c r e a s e d .  

To  r e d u c e   t h e   h e e l i n g   moment   on  t h e   tug   i t   h a s  

b e e n   p r o p o s e d ,   f o r   e x a m p l e   in  G B - A - 8 1 7 1 8 7   a n d  

F R - A - 1 2 3 2 5 6 6   t o   mount   t h e   t o w - h o o k   on  t h e   o u t e r   end  o f  

an  arm  w h i c h   can   s w i v e l   a b o v e   t h e   d e c k   of  t h e   tug  f r o m  

one  s i d e   of  t h e   tug   to   t h e   o t h e r   a b o u t   an  u p r i g h t  

a x i s .   In  t h i s   way,  t h e   p o i n t   of  a c t i o n   on  t he   tug  o f  

t h e   p u l l   of  a  t o w - l i n e   e x t e n d i n g   a t h w a r t s h i p s   from  t h e  

t u g   i s   l a t e r a l l y   o f f s e t   f rom  t h e   c e n t r e   l i n e   of  t he   t u g  

i n  t h e   d i r e c t i o n   of  p u l l   of  t h e   t o w - l i n e .   Owing  t o  

t h i s   o f f s e t t i n g   of  t h e   p o i n t   of  a c t i o n   of  t h e   p u l l   o f  

t h e   t u g   t o w - l i n e   on  t h e  t u g ,   t he   l i n e   of  a c t i o n   of  t h e  

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

p r o d u c e d   by  t h e   p u l l   i n  t h e   t o w - l i n e   and  t h e   r e a c t i o n a r y  

t h r u s t   p r o d u c e d   by  t h e   h y d r o - d y n a m i c   p u s h   and  the   t h r u s t  

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



The  aim  of  t h e   p r e s e n t   i n v e n t i o n   is  t o  

c o n s t r u c t   t h e   t o w i n g   means   of  a  tug   as  i n i t i a l l y  

d e s c r i b e d   in   s u c h   a  way  t h a t   t h e   h e e l i n g   moment  on  t h e  

tug  w h i c h   r e s u l t s   f rom  an  a t h w a r t s h i p s   p u l l   on  a  
t o w - l i n e   e x t e n d i n g   f rom  t he   t o w i n g   means   i s   r e d u c e d  

s t i l l   f u r t h e r   t h a n   w i t h   t he   a r r a n g e m e n t   j u s t   d e s c r i b e d .  

To  t h i s   end ,   a c c o r d i n g   to   t h i s   i n v e n t i o n ,   a  

tug  as  i n i t i a l l y   d e s c r i b e d   is   c h a r a c t e r i s e d   in  t h a t   t h e  

t o w i n g   arm  i s   m o u n t e d   so  t h a t   i t   i s   s w i n g a b l e   u p w a r d s  

and  d o w n w a r d s   w i t h i n   a  l i m i t e d   a n g u l a r   r a n g e   by  a  

p o w e r - o p e r a t e d   d r i v i n g   m e c h a n i s m   and  h a s   means  f o r  

h o l d i n g   i t   in   any   p o s i t i o n   i n t o   w h i c h   i t   i s   s w u n g .  

P r e f e r a b l y ,   to   e n a b l e   t h e   t o w i n g   arm  to   a l i g n  

i t s e l f   a b o u t   i t s   u p r i g h t   s w i v e l l i n g   a x i s   w i t h   t h e  

t o w l i n e ,   t he   a n g u l a r   r a n g e   of  t h e   s w i v e l l i n g   movement   o f  

t he   t o w i n g   arm  i s   a t   l e a s t   1 8 0 ° .   T h a t   i s   to  say  t h e  

t o w i n g   arm  can   s w i v e l   a t   l e a s t   f rom  a  p o s i t i o n   d i r e c t l y  

abeam  on  one  s i d e   of  t h e   tug   t h r o u g h   a  p o s i t i o n   wh ich   i s  

d i r e c t l y   a f t   t o   a  p o s i t i o n   w h i c h   i s   d i r e c t l y   abeam  o n  

the   o t h e r   s i d e   of  t h e   t u g .  

By  m a k i n g   t h e   t o w i n g   arm  u p w a r d l y   a n d  

d o w n w a r d l y   s w i n g a b l e   as  w e l l   as  b e i n g   a b l e   to  s w i v e l  

f rom  s i d e   to   s i d e ,   t h e   p o i n t   of  a c t i o n   of  t he   p u l l   o f  

the   t o w - l i n e   on  t h e   t u g ,   w h i c h   i s   s i t u a t e d   a t   t h e  



t o w - l i n e   r e c e i v i n g   means   a t   t he   o t h e r   end  of  t he   t o w i n g  

arm,  i s   a d j u s t a b l e   in  p o s i t i o n   u p w a r d s   and  d o w n w a r d s  

r e l a t i v e   to   t h e   t u g   and  t he   l i n e   of  a c t i o n   of  t h e   p u l l  

i s   s i m i l a r l y   a d j u s t e d .   By  a d j u s t i n g   t h e   p o i n t   of  a c t i o n  

and  t h u s   a l s o   t h e   l i n e   of  a c t i o n   s i m i l a r l y ,   t he   p u l l   o f  

t h e   t o w - l i n e   c an   be  b a l a n c e d   a g a i n s t   t h e   p r o p e l l e r  

t h r u s t   and  t h e   h y d r o d y n a m i c   p u s h   in  s u c h   a  way  t h a t   t h e  

t ug   h a s   no  h e e l i n g   moment  a c t i n g   upon  i t   at   a l l .   By 

mov ing   t h e   p o i n t   and  l i n e   of  a c t i o n   s t i l l   f u r t h e r  

d o w n w a r d s ,   i t   i s   p o s s i b l e ,   i f   r e q u i r e d ,   to  move  t h e   l i n e  

of  a c t i o n   of  t h e   p u l l   of  t he   t o w - l i n e   low  e n o u g h   t o  

c a u s e   t h e   p u l l   of  t h e   t o w - l i n e   to   p r o d u c e   a  r i g h t i n g  

moment  i f   t h e   t u g   i s   h e e l e d .  

The  a n g u l a r   r a n g e   of  t h e   u p w a r d   and  d o w n w a r d  

s w i n g i n g   m o v e m e n t   i s   p r e f e r a b l y   b e t w e e n   35°  d o w n w a r d s  

and  20*  u p w a r d s   f rom  a  h o r i z o n t a l   p o s i t i o n .   T h e  

h o r i z o n t a l   p o s i t i o n   i s   d e f i n e d   as  t h e   p o s i t i o n   w h i c h   t h e  

arm  a d o p t s   when  t h e   t u g   i s   e x a c t l y   u p r i g h t   and  t h e  

t o w i n g   means   i s   a t   t h e   same  l e v e l   as  t h e   a x i s   a b o u t  

w h i c h   t he   arm  i s   s w i n g a b l e   u p w a r d s   and  d o w n w a r d s .  

P r e f e r a b l y   t h e   t o w i n g   arm  i s   a l s o   m o u n t e d   s o  

t h a t   i t   i s   a d d i t i o n a l l y   d i s p l a c e a b l e   in   a  f o r e   and  a f t  

d i r e c t i o n   on  t h e   d e c k   of  t he   t u g   and  h a s   means  f o r  

h o l d i n g   i t   a t   l e a s t   in   i t s   f o r e m o s t   and  a f t e r m o s t  

p o s i t i o n s .  

The  f o r e   and  a f t   d i s p l a c e a b i l i t y   of  t he   t o w i n g  

arm  is   v e r y   d e s i r a b l e   and  t h e r e   a r e   two  p a r t i c u l a r  

p o s i t i o n s   in  w h i c h   i t   i s   most   l i k e l y   to   need  to   be  s e t  

when  t h e   tug   i s   in   o p e r a t i o n .   T h e s e   a r e   in  i t s  

a f t e r m o s t   p o s i t i o n ,   w h i c h   is   g e n e r a l l y   a b o u t   10% of   t h e  

t u g ' s   l e n g t h   f rom  i t s   a f t e r   end  to   c r e a t e   a  s a t i s f a c t o r y  



l i n e   of  a c t i o n   f o r   t he   t o w - l i n e   when  t h e   tug  i s   u s e d   a s  

a  s t e r n   t r a c t o r ;   and  in  i t s   f o r e m o s t   p o s i t i o n ,   w h i c h   i s  

g e n e r a l l y   a b o u t   40%  of  t he   t u g ' s   l e n g t h   from  i t s   a f t e r  

e n d .   T h i s   s e c o n d   p o s i t i o n   i s   d e s i r a b l e   to   e n a b l e   t h e  

t u g ' s   p r o p e l l e r s   a t   i t s   a f t e r   end  to   e x e r t   a  moment   t o  

t u r n   t h e   t u g   a b o u t   t he   p o i n t   of  a t t a c h m e n t   of  t h e  

t o w - l i n e   f o r   m a n o e u v r i n g   p u r p o s e s .   I t   i s   a l s o   d e s i r a b l e  

f o r   t h e   arm  t o   be  a b l e   to   be  h e l d   in  i n t e r m e d i a t e   f o r e  

and  a f t   p o s i t i o n s   as  w e l l .   When  t h e   t o w i n g   arm  i s  

m o u n t e d   so  t h a t   i t   is  d i s p l a c e a b l e   in  t h e   f o r e   and  a f t  

d i r e c t i o n ,   t h e   r a n g e   of  t h e   d i s p l a c e m e n t   is   t h e r e f o r e  

p r e f e r a b l y   f r o m   a b o u t   10%  to   a b o u t   40%  of  t he   l e n g t h   o f  

t h e   t u g   f rom  i t s   a f t e r   e n d .   In  o r d e r   to   p e r m i t   t h e   f o r e  

and  a f t   d i s p l a c e m e n t   of  t h e   t o w i n g   a rm,   i t   may  b e  

m o u n t e d   on  a  c a r r i a g e   w h i c h   r u n s   on  r a i l s   e x t e n d i n g   f o r e  

and  a f t   on  t h e   main   deck   of  t h e   t u g .  

The  ma in   f u n c t i o n   of  t h e   t o w i n g   arm  i s   t o  

b a l a n c e   as  f a r   as  is   p r a c t i c a b l e   t h e   p u l l   of  t h e  

t o w - l i n e   w i t h   t h e   p r o p e l l e r   t h r u s t   and  t h e   h y d r o d y n a m i c  

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

may  be  p l a c e d   in   any  p o s i t i o n   on  t h e   d e c k   of  t h e   t u g   i n  

d e p e n d e n c e   on  t h e   p o s s i b l e   d i f f e r e n t   p l a c e m e n t s   of  t h e  

p r o p e l l e r   or  p r o p e l l e r s   on  t h e   t u g .  

The  t o w - l i n e   r e c e i v i n g   means   may  be  a  t o w - h o o k  

of  a  c o n v e n t i o n a l   t y p e  w h i c h   i s   a t t a c h e d   to   t h e   o t h e r  

end  of  t h e   t o w i n g   arm  b u t   when ,   as  i s   s o m e t i m e s  

d e s i r a b l e ,   i t   i s   r e q u i r e d   f o r   t h e   l e n g t h   of  t h e   t o w - l i n e  

to   be  r e a d i l y   a d j u s t a b l e   d u r i n g   t o w i n g ,   a  t o w - l i n e   w i n c h  

i s   m o u n t e d   a d j a c e n t   t o   t h e   one  end  of  t h e   t o w i n g   arm  a n d  

p a r t a k e s   of  t h e   s w i v e l l i n g   m o v e m e n t   of  t he   arm  and  t h e  

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

g u i d e s   t h e   t o w - l i n e   f rom  t h e   o t h e r   end  of  t h e   arm  t o   t h e  

w i n c h .  



The  w i n c h   may  be  of  t h e   s i m p l e   t y p e   h a v i n g   a  

drum  w h i c h   i s   r o t a t e d   in  one  d i r e c t i o n   t o   wind  in   t h e  

t o w - l i n e   by  a  m o t o r   and  a l l o w s   t h e   t o w - l i n e   to   be  p a y e d  

ou t   a g a i n s t   t h e   a c t i o n   of  a  b r a k e .   In   t h i s   c a s e   t h e  

d r i v i n g   m o t o r   and  t h e   b r a k e   of  t h e   w i n c h   a r e   o p e r a t e d   a s  

n e c e s s a r y   t o   a d j u s t   t h e   l e n g t h   of   t h e   t o w - l i n e .  

A l t e r n a t i v e l y ,   h o w e v e r ,   t h e   w i n c h   may  be  of  t h e   t e n s i o n  

t y p e   w h i c h   i s   c o m m o n l y   h y d r a u l i c a l l y   o p e r a t e d   and  w h i c h  

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

t e n s i o n   in   t h e   t o w - l i n e   in   s u c h   a  way  t h a t   t h e   t o w - l i n e  

i s   a u t o m a t i c a l l y   p a y e d   o u t   i f   t h e   t e n s i o n   r i s e s   a b o v e   a  

p r e - d e t e r m i n e d   v a l u e   and  t h e   t o w - l i n e   i s   wound  in   i f   t h e  

t e n s i o n   f a l l s   b e l o w   a n o t h e r   l o w e r   p r e - d e t e r m i n e d   v a l u e .  

A l l   t h e   m o v e m e n t s   of  t h e   t o w i n g   arm,  t h a t   i s  

t he   s w i v e l l i n g   m o v e m e n t   a b o u t   an  u p r i g h t   a x i s   and  t h e  

f o r e   and  a f t   m o v e m e n t , . .   w e l l   as   t h e   u p w a r d   and  d o w n w a r d  

s w i n g i n g   m o v e m e n t   a r e   p r e f e r a b l y   p o w e r   o p e r a t e d   b y  

d r i v i n g   m e c h a n i s m s .   In   t h i s   c a s e ,   in   o r d e r   to   r e d u c e   t h e  

number   of  o p e r a t i o n s   w h i c h   m u s t   be  c o n t r o l l e d   by  t h e   t u g  
M a s t e r   when  a  t u g   i s   r e n d e r i n g   a s s i s t a n c e   to   a  l a r g e r  

v e s s e l ,   t h e   d r i v i n g   m e c h a n i s m   f o r   s w i n g i n g   t h e   a r m  

u p w a r d s   and  d o w n w a r d s   i s   p r e f e r a b l y   c o n t r o l l e d  

a u t o m a t i c a l l y   by  a  c o n t r o l   d e v i c e   in   d e p e n d e n c e   u p o n ' t h e  

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

c a p s i z i n g   moment   a c t i n g   on  t h e   t u g .  

For   t h e   same  r e a s o n ,   t h e   t u g   m a s t e r   s h o u l d  

p r e f e r a b l y   n o t   n e e d   t o   c o n t r o l   c o n t i n u o u s l y   t h e  

d i r e c t i o n   of  t h e   t o w i n g   arm  a r o u n d   i t s   v e r t i c a l   a x i s  

when  t h e   t ug   i s   p u l l i n g   on  t h e   t o w - l i n e .   T h i s   can   b e  

done   by  r e l e a s i n g   t h e   arm  so  t h a t   i t   i s   f r e e   to   s w i n g  

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

or  by  a u t o m a t i c a l l y   c o n t r o l l i n g   t h e   arm  f o r   t h i s   p u r p o s e .  



The  l a t e r a l   f o r c e   e x e r t e d   by  t h e   t o w - l i n e   u n d e r   t e n s i o n  

on  t h e   arm  i f   t he   arm  is   n o t   a l i g n e d   w i t h   t h e   t o w - l i n e  

can   be  u s e d   f o r   a c t u a t i n g   any  a u t o m a t i c   c o n t r o l  

m e c h a n i s m   f o r   t h i s   p u r p o s e .  
Two  e x a m p l e s   of  t u g s   in  a c c o r d a n c e   w i t h   t h e  

i n v e n t i o n   w i l l   now  be  d e s c r i b e d   w i t h   r e f e r e n c e   to   t h e  

a c c o m p a n y i n g   d i a g r a m m a t i c   d r a w i n g s   in  w h i c h : -  

F i g u r e   1  i s   a  h i g h l y   d i a g r a m m a t i c  

c r o s s - s e c t i o n   t h r o u g h   b o t h   e x a m p l e s   of  t he   t ug   s h o w i n g  

t h e   t o w i n g   arm  in  one  p o s i t o n   and  t he   tug   u p r i g h t ;  

F i g u r e   2  i s   a  h i g h l y   d i a g r a m m a t i c  

c r o s s - s e c t i o n   s i m i l a r   t o   F i g u r e   1,  b u t   s h o w i n g   t h e   t u g  

h e e l e d ;  

F i g u r e   3  i s   a  h i g h l y   d i a g r a m m a t i c  

c r o s s - s e c t i o n   s i m i l a r   t o   F i g u r e s   1  and  2,  b u t   s h o w i n g  

t h e   t u g   h e e l e d   s t i l l   f u r t h e r ;  

F i g u r e   4  i s   a  h i g h l y   d i a g r a m m a t i c  

c r o s s - s e c t i o n   s i m i l a r   to   F i g u r e   1,  b u t   s h o w i n g   t h e  

t o w i n g   arm  in   a  d i f f e r e n t   p o s i t i o n ;  

F i g u r e   5  i s   a  l e s s   d i a g r a m m t i c   s i d e   v i e w   o f  

t h e   f i r s t   e x a m p l e   of  a  t u g   to   a  s m a l l e r   s c a l e ;  

F i g u r e   6  i s   a  p l a n   v i e w   of  t h e   t u g   shown  i n  

F i g u r e   5;  a n d ,  

F i g u r e   7  i s   a  v i e w   s i m i l a r   to   F i g u r e   5,  b u t  

s h o w i n g   a  t u g   w i t h   a  m o d i f i e d   t o w i n g   a r m .  

R e f e r r i n g   to   F i g u r e   1,  t he   tug   h a s   a  h u l l   1  

w i t h   a  m a i n   d e c k   2  and  t w i n   m u l t i - d i r e c t i o n a l   r u d d e r  

p r o p e l l e r s   3,  w h i c h   in   t h i s   e x a m p l e   a r e   m o u n t e d   r i g h t  

a f t .   A  t o w i n g   arm  4,  w h i c h   in  t h i s   e x a m p l e   i s   s h o w n  

e x t e n d i n g   h o r i z o n t a l l y ,   t h a t   i s   p a r a l l e l   to   t h e   m a i n  

d e c k   2,  h a s   one  end  p i v o t a l l y   m o u n t e d   on  t h e   ma in   d e c k   2  

so  t h a t   i t   can   s w i v e l   a b o u t   a  v e r t i c a l   a x i s   5,  w h i c h  



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

1.  At  i t s   o t h e r   end ,   t h e   t o w i n g   arm  c a r r i e s   a  
t o w - h o o k   6  f rom  w h i c h   a  t o w - l i n e   7  e x t e n d s   a t   an  u p w a r d  

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

r e n d e r i n g   a s s i s t a n c e .   The  t o w i n g   arm  4  i s   of  s u c h   a  

l e n g t h   t h a t   when  i t   e x t e n d s   a t h w a r t s h i p s   f rom  t h e   t u g   a s  

shown  in  F i g u r e s   1  to   4,  t h e   t o w - h o o k   6  i s   s i t u a t e d  

b e y o n d   t he   s i d e   of  t h e   h u l l   l .  

R e f e r r i n g   t o   F i g u r e s   1  to   4,  G  i s   t h e   c e n t r e  

of  g r a v i t y   of  t h e   t u g ;   B  i s   t h e   c e n t r e   of  b u o y a n c y ;   p p  
is   t h e   p o i n t   of  a p p l i c a t i o n   of  t h e   p u l l   of   t h e   t o w - l i n e  

7  to   t he   t u g ,   w h i c h   i s   s i t u a t e d   a t   t h e   t o w - h o o k   6;  h  i s  

t he   l i n e   of  a c t i o n   of  t h e   r e s u l t a n t   of  t h e   h y d r o - d y n a m i c  

p u s h   of  t he   w a t e r   a g a i n s t   t h e   h u l l   1 ;  t   i s   t h e   p o i n t   o f  

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

p r o p e l l e r s   3;  and   p  i s   t h e   p o i n t   of  a c t i o n   a t   w h i c h   t h e  

p u l l   of  t h e   t o w - l i n e   w o u l d   be  a p p l i e d   to   t h e   t u g   i f   t h e  

tug   were   f i t t e d   w i t h   a  f i x e d   t o w - h o o k   in   a  c o n v e n t i o n a l  

p o s i t i o n .  

As  t h e   t u g   h e e l s   as  shown  in  F i g u r e   2,  p o i n t   B 

s h i f t s   to   Bl  and   t h e   b u o y a n c y   f o r c e s   a c t i n g   upon  t h e   t u g  

p a s s   u p w a r d s   t h r o u g h   t h i s   p o i n t .   The  w e i g h t   of  t h e  

s h i p   a c t s   d o w n w a r d s   t h r o u g h   t h e   p o i n t   G  so  t h a t   a  

r i g h t i n g   moment  i s   p r o d u c e d   e q u a l   to   t h e   d i s t a n c e   GZ 

m u l t i p l i e d   by  W  w h e r e   W  i s   t h e   d i s p l a c e m e n t   of  t h e  

t u g .   As  t h e   t u g   h e e l s ,   pp2   a l s o   moves   much  l o w e r .   A s  

a  r e s u l t   t h e r e   i s   a  much  s m a l l e r   c a p s i z i n g   moment  a r m  

e q u a l   to   t h e   d i s t a n c e   b e t w e e n   pp2  and  t h e   r e s u l t a n t   o f  h  

a n d  t   as  shown  in   F i g u r e   2  w h e r e a s   t h e   c a p s i z i n g   m o m e n t  

arm  b e t w e e n   E  and  t h e   r e s u l t a n t   of  h  a n d  t   w h i c h   o c c u r s  

w i t h   a  c o n v e n t i o n a l l y   l o c a t e d   t o w i n g - h o o k   i s   h a r d l y  



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

p o s i t i o n   of  s t a b l e   e q u i l i b r i u m   w i t h   a  v e r y   much  s m a l l e r  

h e e l   owing   to   t h e   p r o v i s i o n   of  t h e   t o w i n g   arm  4 .  

As  c an   be  s e e n   f rom  F i g u r e   3,  i f   t h e   t ug   h e e l s  

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

t o w - l i n e   7  moves   b e l o w   t h e   r e s u l t a n t   of  h  a n d   t  on  t h e  

c e n t r e   l i n e   of  t h e   h u l l   and  in  c o n s e q u e n c e   t h e   p u l l   o f  

t h e   t o w - l i n e   7,  t h e   h y d r o - d y n a m i c   p u s h   and  t h e   t h r u s t s  

of  t h e   p r o p e l l e r s   3  t o g e t h e r   p r o d u c e   a  r i g h t i n g  

m o m e n t .   T h i s   r i g h t i n g   moment  t o g e t h e r   w i t h   t h e  

r i g h t i n g   moment   p r o d u c e d   by  t h e   b u o y a n c y   of  t h e   t u g ,  

w o u l d   c a u s e   t h e   t u g   to   r e d u c e   i t s   a n g l e   of  h e e l   v e r y  

q u i c k l y   and  move  b a c k   to   t h e   e q u i l i b r i u m   p o s i t i o n   s h o w n  

i n  F i g u r e   2 .  

R e f e r r i n g   t o   F i g u r e   4,  i f ,   i n s t e a d   of  t h e   t u g  

h e e l i n g ,   t he   t o w i n g   arm  4  i s   swung  d o w n w a r d s   f rom  t h e  

h o r i z o n t a l   p o s i t i o n   shown  a t   4 ' ,   t h e   p o i n t   of  a c t i o n   E E  
of  t h e   p u l l   of  t h e   t o w - l i n e   i s   l o w e r e d   so  t h a t   t h e   t u g  

r e m a i n s   in  s t a b l e   e q u i l i b r i u m   u n d e r   t h e   p u l l   of  t h e  

t o w - l i n e   and  t h e   p r o p e l l e r   and  h y d r o - d y n a m i c   t h r u s t s  

w i t h o u t   h e e l i n g   a t   a l l .   Thus   by  a l l o w i n g   t h e   t o w i n g  

arm  4  to   s w i v e l   a b o u t   i t s   u p r i g h t   a x i s   to   f o l l o w   t h e  

l i n e   of  p u l l   of  t h e   t o w - l i n e   7  as  s e e n   f rom  a b o v e   and  b y  

p o s i t i v e l y   s w i n g i n g   t h e   t o w i n g   arm  4  u p w a r d s   o r  

d o w n w a r d s   by  m e a n s   of  a  p o w e r   d r i v e   and  h o l d i n g   i t   in   a  

p o s i t i o n   i n t o   w h i c h   i t   i s   swung ,   t h e   h e e l i n g   of  t h e   t u g  

as  t h e   d i r e c t i o n   of  t h e   p u l l   of  t h e   t o w - l i n e   c h a n g e s   c a n  

be  v e r y   c l o s e l y   c o n t r o l l e d .  



When  t h e   t ug   i s   b e i n g   u s e d   t o   tow  a  l a r g e r  

v e s s e l   a h e a d ,   t h e   t o w - l i n e   may  l e a d   a t   a  s h a r p  

i n c l i n a t i o n   u p w a r d s   f rom  t h e   t u g   t o   t h e   bow  or  s t e r n   o f  

t h e   a s s i s t e d   v e s s e l   and  u n d e r   t h e s e   c i r c u m s t a n c e s ,  

p a r t i c u l a r l y   when  t h e   t o w - l i n e   l e a d s   d i r e c t l y ,   or  n e a r l y  

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

t o w i n g   arm  to   be  i n c l i n e d   u p w a r d s   f r o m   t h e   t u g .   W h e n  

t h e   t o w - l i n e   l e a d s   a t h w a r t s h i p s   f rom  t h e   t u g ,   h o w e v e r ,  

t h e   t o w i n g   arm  s h o u l d   be  h o r i z o n t a l   or   be  i n c l i n e d  

d o w n w a r d l y   as  e x p l a i n e d   w i t h   r e f e r e n c e   t o   F i g u r e   4 .  

G e n e r a l l y   f o r   t o w i n g   a h e a d   and   when  t h e   t u g   i s  

p e r f o r m i n g   s t e r n   t r a c t o r   m a n o e u v r e s ,   an  u p w a r d  

i n c l i n a t i o n   of  t h e   t o w i n g   arm  of   up  t o   a b o u t   20°  i s  

s u f f i c i e n t .   D e p e n d i n g   upon  t h e   l e n g t h   of  t he   t o w i n g  

arm,  t h e   arm  s h o u l d   be  i n c l i n e d   d o w n w a r d s   a t   an  a n g l e   o f  

up  t o   a b o u t   35°  when  t h e   t o w - l i n e   e x t e n d s   a t h w a r t s h i p s  

f rom  t h e   t u g .  

R e f e r r i n g   t o   F i g u r e s   5  and  6,  t h e   tug   h a s   a  

s u p e r - s t r u c t u r e   8  and  a  bow  p r o p e l l e r   9,  w h i c h   i s  

r e t r a c t a b l e   i n t o   t he   h u l l   in   a d d i t i o n   t o   t h e   s t e r n  

p r o p e l l e r s   3 .  

The  t o w i n g   arm  4  i s   m o u n t e d   on  a  b r a c k e t   10  s o  

t h a t   i t   i s   u p w a r d l y   and  d o w n w a r d l y   s w i n g a b l e   a b o u t   a n  

a x i s   11.  The  b r a c k e t   10  i s   m o u n t e d   on  a  p l a t f o r m   1 2  

w h i c h   i s   r o t a t a b l e   a b o u t   an  u p r i g h t   a x i s   so  t h a t   t h e   a r m  

4  can  s w i v e l   a b o u t   t h i s   u p r i g h t   a x i s   i n t o   any  p o s i t i o n s  

b e t w e e n   t h e   p o s i t i o n s   shown  a t   4a ,   4b  and   4c  in   F i g u r e   6 .  



The  p l a t f o r m   12  i s   in   t u r n   m o u n t e d   on  a  

c a r r i a g e   13  w h i c h   i s   m o v a b l e   a l o n g   r a i l s   14  b e t w e e n   t h e  

a f t   p o s i t i o n   shown  a t   12a  and  t h e   f o r w a r d   p o s i t i o n   s h o w n  

a t   12b  in   F i g u r e   6 .  

The  p l a t f o r m   12  a l s o   c a r r i e s   a  w i n c h   15  a n d  

t h e   t o w - l i n e   7,  i n s t e a d   of  b e i n g   c o n n e c t e d   to   a  t o w - h o o k  

a t   t he   end  of  t h e   arm  4  p a s s e s   t h r o u g h   a  f a i r l e a d   16  a t  

t h e   o u t e r   end  of  t h e   arm  4  and  t h e n   a r o u n d   a  f u r t h e r  

g u i d e   to   t h e   drum  of  t h e   w i n c h   1 5 .  

D r i v i n g   m e c h a n i s m s   17,  w h i c h   a r e   o p e r a t e d   b y  

e l e c t r i c   m o t o r s ,   a r e   p r o v i d e d   on  t h e   p l a t f o r m   12  f o r  

s w i n g i n g   t h e   t o w i n g   arm  4  u p w a r d s   and  d o w n w a r d s   a b o u t  

i t s   p i v o t   a x i s   11  and  f o r   r o t a t i n g   t h e   p l a t f o r m   12  t o  

e f f e c t   t h e   s i d e   to   s i d e   s w i v e l l i n g   m o v e m e n t s   of  t h e   a r m  

4.  The  m e c h a n i s m s   17  i n c l u d e   means   f o r   h o l d i n g   t h e   a r m  

4  in   any  p o s i t i o n   i n t o   w h i c h   i t   i s   swung  or  s w i v e l l e d .  

The  m o v e m e n t   of  t h e   c a r r i a g e   13  a l o n g   t h e   r a i l s   14  i s  

p e r f o r m e d   by  a  f u r t h e r   d r i v i n g   m e c h a n i s m ,   w h i c h   m o v e s  

t h e   c a r r i a g e   by  means   of  c a b l e s   or  c h a i n s   and  h o l d s   t h e  

c a r r i a g e   in   any   p o s i t i o n   i n t o   w h i c h   i t   i s   m o v e d .  

In  F i g u r e   5  t h e   t o w i n g   arm  4  i s   shown  in  t h e  

p o s i t i o n   in   w h i c h   i t   i s   s e t   f o r   t o w i n g   a  v e s s e l   b e i n g  

a s s i s t e d   a h e a d   w i t h   t h e   t o w - l i n e   7  e x t e n d i n g   d i r e c t l y  

a s t e r n   f rom  t h e   t u g .  

The  h u l l   and  s u p e r s t r u c t u r e   of  t h e   t u g   s h o w n  

in   F i g u r e   7  a r e   t h e   same  as  t h o s e   of  t h e   t ug   shown  i n  

F i g u r e s   5  a n d   6,  b u t   i t   i s   p r o v i d e d   w i t h   a  d i f f e r e n t  



t o w i n g   arm  a s s e m b l y   18 .   The  a s s e m b l y   18  h a s   a  t o w i n g  

arm  19  w h i c h   i s   b a l a n c e d   by  a  c o u n t e r w e i g h t   20 .   I n  

t h i s   F i g u r e ,   t h e   t o w i n g   arm  19  i s   shown  in   a  s t o w e d  

p o s i t i o n .   The  arm  19  i s   swung  u p w a r d s   and  d o w n w a r d s  

and  h e l d   in  any  p o s i t i o n   i n t o   w h i c h   i t   i s   swung  by  m e a n s  

of  c a b l e s   21  and  22  l e a d i n g   to   a  w i n c h   m e c h a n i s m   2 3 .  

The  t o w i n g   arm  19  t o g e t h e r   w i t h   t h e   w i n c h  

m e c h a n i s m   23  a r e   a g a i n   m o u n t e d   on  a  p l a t f o r m   24  w h i c h   i s  

r o t a t a b l e   a b o u t   an  u p r i g h t   a x i s   and  i s   i t s e l f   m o u n t e d   o n  

a  c a r r i a g e   25  w h i c h   i s   m o v a b l e   in  a  f o r e   and  a f t  

d i r e c t i o n   on  r a i l s   2 6 .  

I f   owing   t o   some  f a i l u r e   t h e   t o w i n g   arm  g e t s  

jammed  in  t h e   wrong   p o s i t i o n   i t   can   fo rm  a  p o w e r f u l  

c a p s i z i n g   l e v e r   u n d e r   t h e   p u l l   of  t h e   t o w - l i n e .  

C o n v e n t i o n a l   t u g s   u s e d   f o r   a s s i s t i n g   v e s s e l s   i n  

r e s t r i c t e d   w a t e r s ,   h a v e   e m e r g e n c y   t o w - l i n e   r e l e a s i n g  

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

e m e r g e n c y   t o w - l i n e   r e l e a s i n g   means   a r e   a l s o   p r e f e r a b l y  

p r o v i d e d   on  t h e   t o w i n g   arm  of  t h e   t u g   in   a c c o r d a n c e   w i t h  

t h e   p r e s e n t   i n v e n t i o n .   When  such   a  r e l e a s e   i s  

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

t h e   a n g l e   of  h e e l   of  t h e   t ug   r e a c h e s   a  p r e d e t e r m i n e d  

maximum.   For   t h i s   p u r p o s e   t h e   same  c o n t r o l   d e v i c e   m a y  
be  u s e d   as  t h a t   w h i c h   c o n t r o l s   t h e   u p w a r d   and  d o w n w a r d  

s w i n g i n g   of  t h e   a r m .  



1.  A  t ug   f o r   r e n d e r i n g   a s s i s t a n c e   t o   a  l a r g e r  

v e s s e l ,   t h e   t ug   h a v i n g   t o w i n g   means  c o m p r i s i n g   a  t o w i n g  

arm  w h i c h   i s   m o u n t e d   a t   or   n e a r   one  end  on  t h e   d e c k   o f  

t h e   t u g   in  a  m a n n e r   s u c h   t h a t   t he   arm  can   s w i v e l   a b o v e  

t h e   d e c k   f rom  one  s i d e   of  t h e   tug   to   t h e   o t h e r   a b o u t   a n  

u p r i g h t   a x i s   and  w h i c h ,   a t   i t s   o t h e r   e n d ,   i s   p r o v i d e d  

w i t h   t o w - l i n e   r e c e i v i n g   m e a n s ,   c h a r a c t e r i s e d   in  t h a t   t h e  

t o w i n g   arm  is   m o u n t e d   so  t h a t   i t   i s   s w i n g a b l e   u p w a r d s  

and  d o w n w a r d s   w i t h i n   a  l i m i t e d   a n g u l a r   r a n g e   by  a  

p o w e r - o p e r a t e d   d r i v i n g   m e c h a n i s m   and  h a s   means   f o r  

h o l d i n g   i t   in  any   p o s i t i o n   i n t o   w h i c h   i t   i s   s w u n g .  
2.  A  tug   a c c o r d i n g   t o   C l a i m   1,  c h a r a c t e r i s e d   i n  

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

arm  f r o m   one  s i d e   of  t h e   t u g   to   t h e   o t h e r   i s   a t   l e a s t  

1 8 0 ° ,   t h a t   i s   a t   l e a s t   f r o m   a  p o s i t i o n   abeam  on  o n e  

s i d e ,   t h r o u g h   an  a f t   p o s i t i o n   and  to   a  p o s i t i o n   abeam  o n  

t h e   o t h e r   s i d e   of  t h e   t u g .  
3.  A  t ug   a c c o r d i n g   to   C l a i m   1  or  C l a i m   2 ,  

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

and  d o w n w a r d   s w i n g i n g   m o v e m e n t   of  t h e   arm  i s   b e t w e e n   3 5 *  

d o w n w a r d s   and  20*  u p w a r d s   f rom  a  h o r i z o n t a l   p o s i t i o n  

s u b s t a n t i a l l y   p a r a l l e l   t o   t h e   main   d e c k .  

4.  A  t u g   a c c o r d i n g   to   any  one  of  C l a i m s   1  to   3 ,  

c h a r a c t e r i s e d   in  t h a t   t h e   t o w i n g   arm  i s   m o u n t e d   so  t h a t  

i t   i s   a d d i t i o n a l l y   d i s p l a c e a b l e   in  a  f o r e   and  a f t  



d i r e c t i o n   on  t h e   d e c k   of  t h e   t ug   and  h a s   means   f o r  

h o l d i n g   i t   a t   l e a s t   in   i t s   f o r e m o s t   and  a f t e r m o s t  

p o s i t i o n s .  

5.  A  t u g   a c c o r d i n g   to   any  one  of  C l a i m s   1  t o   4 ,  

c h a r a c t e r i s e d   in  t h a t   t h e   r a n g e   of  t h e   f o r e   and  a f t  

d i s p l a c e m e n t   of   t h e   arm  i s   f r om  10%  to   40%  of  t h e   l e n g t h  

of  t h e   t u g   f rom  i t s   a f t   e n d .  

6.  A  t u g   a c c o r d i n g   to   any  one  of  t h e   p r e c e d i n g  

C l a i m s ,   c h a r a c t e r i s e d   in   t h a t   t h e   t o w i n g   arm  i s   m o u n t e d  

on  a  c a r r i a g e   w h i c h   i s   m o v a b l e   on  r a i l s   e x t e n d i n g   f o r e  

and  a f t   on  t h e   m a i n   d e c k   of  t h e   t u g   t o   p r o v i d e   t h e   f o r e  

and  a f t   d i s p l a c e m e n t .  

7.  A  t u g   a c c o r d i n g   to   any  one  of  t h e   p r e c e d i n g  

C l a i m s ,   c h a r a c t e r i s e d   in   t h a t   t h e   t o w - l i n e   r e c e i v i n g  

means   i s   a  t o w - h o o k   a t t a c h e d   to   t h e   o t h e r   end  of  t h e  

t o w i n g   a r m .  

8.  A  t u g   a c c o r d i n g   t o   any  one  of  t h e   p r c e d i n g  

C l a i m s ,   c h a r a c t e r i s e d   in   t h a t   a  t o w - l i n e   w i n c h   i s  

m o u n t e d   a d j a c e n t   t h e   one  end  of  t h e   t o w i n g   arm  a n d  

p a r t a k e s   of  t h e   s w i v e l l i n g   m o v e m e n t   of  t h e   arm,  and  t h e  

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

g u i d e s   t h e   t o w - l i n e   f rom  t h e   o t h e r   end  of   t h e   arm  to   t h e  

w i n c h .  

9.  A  t u g   a c c o r d i n g   to   C l a i m   8,  c h a r a c t e r i s e d   i n  

t h a t   t h e   w i n c h   i s   of   t h e   t e n s i o n   t y p e ,   w h i c h   i s  

c o n t r o l l e d   in   d e p e n d e n c e   upon   t h e   t e n s i o n   in  t h e  

t o w - l i n e   and  a u t o m a t i c a l l y   p a y s   o u t   t h e   t o w - l i n e   i f   t h e  



t e n s i o n   r i s e s   a b o v e   a  p r e - d e t e r m i n e d   v a l u e   and  w i n d s   t h e  

t o w - l i n e   in   i f   t h e   t e n s i o n   f a l l s   b e l o w   a n o t h e r   l o w e r  

p r e - d e t e r m i n e d   v a l u e .  

10  A  t u g   a c c o r d i n g   t o   any   one  of  t h e   p r e c e d i n g  

C l a i m s ,   in   w h i c h   t h e   s w i v e l l i n g   m o v e m e n t   a b o u t   a n  

u p r i g h t   a x i s   and   t h e   f o r e   and  a f t   m o v e m e n t   of  t h e   t o w i n g  

arm  a r e   a l s o   p o w e r - o p e r a t e d   by  d r i v i n g   m e c h a n i s m s .  

11.  A  t u g   a c c o r d i n g   t o   C l a i m   10,  c h a r a c t e r i s e d   i n  

t h a t   t h e   d r i v i n g   m e c h a n i s m   f o r   s w i n g i n g   t h e   arm  u p w a r d s  

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

d e p e n d e n c e   u p o n   t h e   a n g l e   of  h e e l   of  t h e   t u g   to   r e d u c e  

a u t o m a t i c a l l y   t h e   c a p s i z i n g   moment   a c t i n g   on  t h e   t u g .  
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