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(S)  Ship  maneuvering  gear. 

(S?)  Ship  maneuvering  gear  for  a  ship  having  two  360°- 
turning  propellers  disposed  symmetrically  relative  to  the 
ship's  central  bow-stern  line,  has  a  rotatable  hand  lever  (HL) 
and  an  arithmetic  circuit  (MC)  which  responds  to  the  rotation 
of  the  hand  lever.  When  the  hand  lever  (HL)  is  rotated  by  an 
angle  relative  to  the  ship's  bow-stern  direction,  the  output 
from  the  arithmetic  circuit  (MC)  controls  the  orientations  of 
the  two  propellers  so  that  the  composite  propulsive  power  of 
the  two  propellers  causes  the  ship  to  move  in  a  lateral  or 
obliquely  lateral  direction  without  causing  any  turn  of  the 
ship,  which  direction  is  in  agreement  with  said  angle  of  rota- 
tion  of  the  hand  lever. 
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turning  propellers  disposed  symmetrically  relative  to  the 
ship's  central  bow-stern  line,  has  a  rotatable  hand  lever  (HL) 
and  an  arithmetic  circuit  (MC)  which  responds  to  the  rotation 
of  the  hand  lever.  When  the  hand  lever  (HL)  is  rotated  by  an 
angle  relative  to  the  ship's  bow-stern  direction,  the  output 
from  the  arithmetic  circuit  (MC)  controls  the  orientations  of 
the  two  propellers  so  that  the  composite  propulsive  power  of 
the  two  propellers  causes  the  ship  to  move  in  a  lateral  or 
obliquely  lateral  direction  without  causing  any  turn  of  the 
ship,  which  direction  is  in  agreement  with  said  angle  of  rota- 
tion  of the  hand  lever. 





T h i s   i n v e n t i o n   r e l a t e s   to  a  s h i p   m a n e u v e r i n g  

g e a r ,   and  more  p a r t i c u l a r l y   to  a  m a n e u v e r i n g   g e a r   o f  

a  s h i p   h a v i n g   two  or  more  p r o p u l s i o n   u n i t s   whose   t h r u s t s  

can  be  t u r n e d   to  any  d i r e c t i o n   at   w i l l ,   w h i c h   p r o p u l s i o n  

u n i t s   a r e   f o r   i n s t a n c e   r o t a t i n g - b l a d e   p r o p e l l e r s   ( e . g . ,  

V o i t h - S c h n e i d e r   p r o p e l l e r s )   or  Z - t y p e   p r o p e l l e r s   t u r n a b l e  

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

t h e r e o f .  

Two  m a n e u v e r i n g   g e a r s   have   been   u s e d   h e r e t o f o r e  

to  c o n t r o l   two  p r o p e l l e r s .   H o w e v e r ,   i t   has   b e e n   p r o p o s e d  

r e c e n t l y   to  u se   one  m a n e u v e r i n g   g e a r   w i t h   one  l e v e r   o r  

h a n d l e   to  m a n e u v e r   t he   two  p r o p e l l e r s   so  as  to  f a c i l i t a t e  

e a s y   m a n e u v e r   ( f o r   i n s t a n c e ,   J a p a n e s e   P a t e n t   P u b l i c a t i o n  

No.  4 7 , 2 3 4 / 1 9 7 6 ) .  

In  a  p r e v i o u s l y   p r o p o s e d   o n e - l e v e r   m a n e u v e r i n g  

g e a r ,   t h e   s h i p   can  be  c o n t r o l l e d   by  the   one  m a n e u v e r i n g  

l e v e r   so  as  to  move  a h e a d   or  a s t e r n ,   to  t u r n ,   or  to  s t o p ,  

bu t   t he   p r o p o s e d   o n e - l e v e r   m a n e u v e r i n g   g e a r   does   no t   a l l o w  

l a t e r a l   m o v e m e n t   or  o b l i q u e l y   l a t e r a l   movemen t   of  t h e  

s h i p .   What  is   m e a n t   by  the   l a t e r a l   or  o b l i q u e l y   l a t e r a l  

movemen t   of  a  s h i p   is   a  m o v e m e n t   of  the   s h i p   in  t he   l a t e r a l  

or  o b l i q u e l y   l a t e r a l   d i r e c t i o n   w i t h o u t   any  t u r n i n g   of  t h e  

s h i p .  

More  s p e c i f i c a l l y ,   p r o p u l s i o n   u n i t s   a r e   g e n e r a l l y  



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

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

c l o s e   to  t h e   m i d p o i n t   of   t h e   s h i p   l e n g t h   in  m o s t   t y p e s   o f  

s h i p ) .   In  a  s h i p   w i t h   t he   p r o p u l s i o n   u n i t s   m o u n t e d   a s t e r n ,  

t he   o b l i q u e l y   l a t e r a l   m o v e m e n t   a h e a d   i s   i m p o s s i b l e ,   a l t h o u g h  

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

a  c e r t a i n   e x t e n t .   A  m a n e u v e r i n g   g e a r   of  t he   p r i o r   a r t   f o r  

t he   s h i p   w i t h   t h e   p r o p u l s i o n   u n i t s   m o u n t e d   a s t e r n   h a s  

s h o r t c o m i n g s   in   t h a t   t h e   d i r e c t i o n   of   t he   s h i p ' s   l a t e r a l  

m o v e m e n t   a s t e r n   d o e s   n o t   c o i n c i d e   w i t h   t he   d i r e c t i o n   o f  

t h e   m a n e u v e r i n g   l e v e r ,   and  t h a t   t he   l a t e r a l   m o v e m e n t   o f  

t he   s h i p   i s   i m p o s s i b l e .  

S o m e t i m e s ,   p r o p u l s i o n   u n i t s   a r e   m o u n t e d   c l o s e   t o  

t he   bow  of  a  s h i p ,   and  t h e   s h i p ' s   c e n t e r   of  t u r n i n g   c o m e s  

a s t e r n   t h e   p r o p u l s i o n   u n i t s   in   t h i s   c a s e .   A  m a n e u v e r i n g  

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

m o u n t e d   c l o s e   to  t h e   bow  t h e r e o f   has   s h o r t c o m i n g s   in   t h a t  

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

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

to  a  c e r t a i n   e x t e n t ,   t h a t   t h e   d i r e c t i o n   of  t h e   s h i p ' s  

l a t e r a l   m o v e m e n t   a h e a d   d o e s   n o t   c o i n c i d e   w i t h   t he   d i r e c t i o n  

of  t he   m a n e u v e r i n g   l e v e r ,   and  t h a t   t he   l a t e r a l   m o v e m e n t   o f  

the   s h i p   i s   i m p o s s i b l e .  

T h e r e f o r e ,   an  o b j e c t   of   t h e   p r e s e n t   i n v e n t i o n   i s  

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

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



f a c i l i t a t e   l a t e r a l   movemen t   and  o b l i q u e l y   l a t e r a l   m o v e m e n t  

of  a  s h i p   t h r o u g h   m a n u a l   o p e r a t i o n   of  one  hand  l e v e r .  

A n o t h e r   o b j e c t   of  the   i n v e n t i o n   is   to  p r o v i d e  

a  s h i p   m a n e u v e r i n g   g e a r   in  w h i c h   the   m a n u a l l y   s e t   d i r e c t i o n  

of  t he   hand   l e v e r   c o i n c i d e s   w i t h   the   d i r e c t i o n   of  t h e  

a c t u a l   l a t e r a l   or  o b l i q u e l y   l a t e r a l   movemen t   of  t he   s h i p .  

T h u s ,   t he   s h i p   m a n e u v e r i n g   g e a r   of  the   i n v e n t i o n  

e n s u r e s   e a s y   and  a c c u r a t e   m a n e u v e r   of  a  s h i p .  

To  f u l f i l   t he   a f o r e s a i d   o b j e c t s ,   in  a  s h i p  

h a v i n g   a  p o r t   p r o p e l l e r   of  3 6 0 ° - t u r n i n g   t y p e   and  a  s t a r b o a r d  

p r o p e l l e r   of  3 6 0 ° - t u r n i n g   t y p e   d i s p o s e d   s y m m e t r i c a l l y  

r e l a t i v e   to  a  s h i p ' s   c e n t r a l   b o w - s t e r n   l i n e   t h r o u g h   a  s h i p ' s  

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

m a n e u v e r i n g   g e a r   a c c o r d i n g   to  the   p r e s e n t   i n v e n t i o n   c o n t r o l s  

the   o r i e n t a t i o n s   of  the   two  p r o p e l l e r s   by  r e g u l a t i n g   t h e  

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

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

the   s h i p ' s   c e n t e r   of  t u r n i n g   in  a  l a t e r a l   or  o b l i q u e l y  

l a t e r a l   d i r e c t i o n ,   w h i c h   d i r e c t i o n   c o i n c i d e s   w i t h   t h e  

o r i e n t a t i o n   of  t he   m a n e u v e r i n g   l e v e r .   More  s p e c i f i c a l l y ,  

when  the   m a n e u v e r i n g   l e v e r   is   t u r n e d   by  an  a n g l e   6  r e l a t i v e  

to  the   s h i p ' s   b o w - s t e r n   d i r e c t i o n ,   one  of  the   two  p r o p e l l e r s  

is   t u r n e d   a b o u t   a  c e n t e r   of  t u r n i n g   t h e r e o f   by  an  a n g l e  

9 0 ° + 6 - y   r e l a t i v e   to  t he   s h i p ' s   b o w - s t e r n   d i r e c t i o n   w h i l e  

the   o t h e r   one  of  t he   two  p r o p e l l e r s   is   t u r n e d   a b o u t   a  c e n t e r  

of  t u r n i n g   t h e r e o f   by  an  a n g l e   9 0 ° - 6 - y   r e l a t i v e   to  t h e  



s h i p ' s   b o w - s t e r n   d i r e c t i o n ,  y   b e i n g   an  a n g l e   b e t w e e n   t h e  

s h i p ' s   c e n t r a l   b o w - s t e r n  l i n e   and  a  l i n e   f rom  t h e   s h i p ' s  

c e n t e r   of   t u r n i n g   to  t he   p r o p e l l e r ' s   c e n t e r   of  t u r n i n g .  

The  a f o r e s a i d   3 6 0 ° - t u r n i n g   p r o p e l l e r s   can   b e  

r e p l a c e d   w i t h   r o t a t i n g - b l a d e   p r o p e l l e r s   ( e . g . ,   V o i t h -  

S c h n e i d e r   p r o p e l l e r s ) .   When  two  r o t a t i n g - b l a d e   p r o p e l l e r s  

a r e   u s e d ,   i f  t h e   m a n e u v e r i n g  l e v e r   i s   t u r n e d   by  an  a n g l e   6 

as  d e s c r i b e d   a b o v e ,   t h e   r o t a t i n g   b l a d e s   of   t he   two  p r o p e l l e r s  

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

o r i e n t a t i o n s   9 0 ° + 6 - y   and  9 0 ° - @ - y   r e s p e c t i v e l y .  

For   a  b e t t e r   u n d e r s t a n d i n g   of   t h e   i n v e n t i o n ,  

r e f e r e n c e   i s   made  to  t h e   a c c o m p a n y i n g   d r a w i n g s ,   i n   w h i c h :  

F i g .   1A  i s   a  s c h e m a t i c   v e r t i c a l   s e c t i o n a l   v i e w  

of   a  s h i p   m a n e u v e r i n g   g e a r  a c c o r d i n g   to  t h e   p r e s e n t   i n v e n t i o n ;  

F i g .   1B  i s   an  e x p l a n a t o r y   d i a g r a m   s h o w i n g   t h e  

a r r a n g e m e n t   of   a  w o r m  g e a r i n g   means   in   t h e  m a n e u v e r i n g  

g e a r   of   F i g .   1A;  

F i g .   2  i s   a  s c h e m a t i c   p a r t i a l   p l a n   v i e w   o f  

a  s h i p ,   s h o w i n g   t h e   d i s p o s i t i o n   of  two  p r o p e l l e r s   m o u n t e d  

t h e r e o n ;  

F i g .   3  i s   a  p a r t i a l l y   c u t a w a y   p e r s p e c t i v e   v i e w  

of   an  o p e r a t i n g   b o a r d   of   t he   m a n e u v e r i n g   g e a r   o f   t h e  

i n v e n t i o n ;  

F i g .   4  i s   a n  e x p l a n a t o r y   d i a g r a m   s h o w i n g   t h e  

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

F i g .   5  i s   a  b l o c k   d i a g r a m   of   t h e   e l e c t r i c   c i r c u i t  



of  t he   s h i p   m a n e u v e r i n g   g e a r   of  the   i n v e n t i o n ;  

F i g .   6  shows  a  m a n e u v e r i n g   s c h e d u l e   of  t w o  

p r o p e l l e r s   by  the   s h i p   m a n e u v e r i n g   g e a r   of  the   i n v e n t i o n ;  

F i g .   7  is   a  d i a g r a m   i l l u s t r a t i n g   the   o p e r a t i n g  

p r i n c i p l e s   of  a  s h i p   m a n e u v e r i n g   g e a r   of  the   i n v e n t i o n  

u n d e r   t y p i c a l   o p e r a t i n g   c o n d i t i o n s ;  

F i g s .   8  t h r o u g h   10  a r e   d i a g r a m s   s i m i l a r   t o  

F i g .   7,  s h o w i n g   the   o p e r a t i o n s   u n d e r   d i f f e r e n t   o p e r a t i n g  

c o n d i t i o n s ;  

F i g .   11  is   a  d i a g r a m   s i m i l a r   to  F i g .   7  f o r  

a  s h i p   h a v i n g   p r o p u l s i o n   u n i t s   m o u n t e d   a h e a d   of  the   s h i p ' s  

c e n t e r   of  t u r n i n g ;   a n d  

F i g s .   12  and  13  a r e   b l o c k   d i a g r a m s   of  two  e x a m p l e s  

of  t he   a r i t h m e t i c   c i r c u i t   and  the   s e r v o   a m p l i f i e r .  

T h r o u g h o u t   d i f f e r e n t   v i e w s   of  t he   d r a w i n g s ,   1  i s  

a  p r i m e   m o v e r ,   2  is   a  h o r i z o n t a l   i n t e r m e d i a t e   s h a f t ,   3  i s  

an  u p p e r   b e v e l   g e a r ,   4  is  a  v e r t i c a l   i n t e r m e d i a t e   s h a f t ,  

5  i s   a  l o w e r   b e v e l   g e a r ,   6  is   a  p r o p e l l e r   s h a f t ,   7p,  7s 

a r e   p r o p e l l e r s ,   8  ,   8s  a re   h y d r a u l i c   m o t o r s ,   9  is   a  worm s  

g e a r   s h a f t ,   10  is   a  v e r t i c a l   t u r n i n g   s h a f t ,   11  is   an  o p e r a t -  

i ng   b o a r d ,   HL  i s   a  hand  l e v e r ,   PX,  Py  a r e   s y n c h r o   m o t o r s  

or  p o t e n t i o m e t e r s ,   SR  is  a  s l i p   r i n g ,   MC  is   an  a r i t h m e t i c  

c i r c u i t ,   A-P,   A-S  a re   s e r v o   a m p l i f i e r s ,   Fp,  F  a r e   f e e d b a c k  
s  

d e t e c t o r   m e a n s ,   Tp,  T   a re   s y n c h r o   t r a n s m i t t e r s ,   R  ,   Rs 

a r e   r e g i s t e r s ,   S/A  is  a  s y n c h r o   a n a l o g   c o n v e r t e r ,   COMP  i s  

a  p h a s e   c o m p a r a t o r ,   AD  is  an  a d d e r ,   DS  is   a  d i f f e r e n t i a l  



s y n c h r o n i z e r ,   SYR  i s   a  s y n c h r o n o u s   r e c t i f i e r ,   CH  i s   a  c h a n g e -  

o v e r   s w i t c h ,   0  i s   a  s h i p ' s   c e n t e r   of   t u r n i n g ,   A,  B  a r e  

p r o p e l l e r ' s   c e n t e r s  o f   t u r n i n g ,   X  i s  a   s h i p ' s   c e n t r a l  

b o w - s t e r n   l i n e ,   @  is   a  r o t a t i n g   a n g l e  o f   t h e  h a n d  l e v e r  

HL,  a n d  y   i s   an  o f f s e t   a n g l e   o f  t h e   p r o p e l l e r ' s   c e n t e r s   o f  

t u r n i n g   A  a n d  B .  

F i g .   1  t h r o u g h   F i g .   5  i l l u s t r a t e s   an  e m b o d i m e n t  

of   t h e   s h i p   m a n e u v e r i n g   g e a r  a c c o r d i n g   to  t h e   p r e s e n t  

i n v e n t i o n   as  a p p l i e d  t o   a  s h i p   w i t h   two  3 6 0 ° t u r n i n g   p r o p u l -  

s i o n   ( Z - t y p e   p r o p u l s i o n )   u n i t s .  

F i g s .   1A,  1B,  and  2  show  t h e   m e c h a n i s m   o f  

a  3 6 0 ° - t u r n i n g   p r o p u l s i o n  u n i t .   O u t p u t   p o w e r  f r o m   a  p r i m e  

m o v e r   1  i s   t r a n s m i t t e d   t o  a  p o r t   o r  s t a r b o a r d   p r o p e l l e r  7 p  

or   7 s  t h r o u g h   a  h o r i z o n t a l   i n t e r m e d i a t e   s h a f t   2,  an  u p p e r  

b e v e l   g e a r   3,  a  v e r t i c a l   i n t e r m e d i a t e   s h a f t  4 ,   a  l o w e r  

b e v e l   g e a r   5,  a n d  a   p r o p e l l e r   s h a f t   6.  A  h y d r a u l i c   m o t o r  

8 p  or   8 s  i s   c o n n e c t e d   to  a  worm  s h a f t   9,  so  as  to  t u r n   t h e  

p r o p e l l e r   7  o r   7 s  a b o u t   t h e   a x i s  o f   a  v e r t i c a l   t u r n i n g  

s h a f t   10  by  t h e   m o v e m e n t   of   t h e   worm  s h a f t   9  a c t i v a t e d   b y  

t h e   h y d r a u l i c   m o t o r   8P  or  8  .  p  s  

F i g s .   3  t h r o u g h   5  show  t h e   s t r u c t u r e   and  f o r m a t i o n  

of   t h e   s h i p   m a n e u v e r i n g   g e a r   o f  t h e   i n v e n t i o n .   R e f e r r i n g  

to   F i g .   3,  an  o p e r a t i n g   b o a r d   11  of   t h e   m a n e u v e r i n g  g e a r  

has   a  h a n d   l e v e r   11.  As  s h o w n  i n   F i g .   4,  t h e   hand   l e v e r  

H L  i s   a  m a n e u v e r i n g   l e v e r  w h i c h   can   be  i n c l i n e d   r e l a t i v e  

to  a  v e r t i c a l   c e n t e r   l i n e   ( c o i n c i d i n g   w i t h   t h e  Z - a x i s   o f  



F i g .   4)  up  to  a  c e r t a i n   p r e d e t e r m i n e d   a n g l e   (up  to  35°  i n  

t he   i l l u s t r a t e d   e m b o d i m e n t )   and  can  be  f r e e l y   r o t a t e d  

a b o u t   t he   c e n t e r   l i n e   w i t h i n   a  c i r c l e   h  d e f i n e d   by  a  3 6 0 °  

r o t a t i o n   of  t he   u p p e r   end  of  t he   hand   l e v e r   HL  w i t h   3 5 °  

i n c l i n a t i o n .   PX and   Py  a r e   s y n c h r o   m o t o r s   ( h a v i n g  

a  t r a d e m a r k   of  SELSYN  m o t o r )   or  p o t e n t i o m e t e r s   to  d e t e c t  

t he   r o t a t i o n   and  i n c l i n a t i o n   of  t he   hand   l e v e r   HL,  and  t h e  

o u t p u t s   t h e r e o f   a re   a p p l i e d   to  an  a r i t h m e t i c   c i r c u i t   MC  s o  

as  to  p r o d u c e   s i g n a l s   to  a c t u a t e   t he   h y d r a u l i c   m o t o r s   8p 

and  8s  t h r o u g h   s e r v o   a m p l i f i e r s   A-P  and  A-S.  The  h y d r a u l i c  

m o t o r s   8p  and  8s  t u r n   t he   p r o p e l l e r s   7p  and  7s  r e s p e c t i v e l y ,  

w h i l e   f e e d b a c k   p o t e n t i o m e t e r s   F p  and  Fs  c o m p a r e s   t h e  

a c t u a l   o r i e n t a t i o n s   of  t he   p r o p e l l e r s   7 p  and  7 s  a g a i n s t  

s e t   v a l u e s   d e t e r m i n e d   by  t he   a r i t h m e t i c   c i r c u i t   MC. 

S y n c h r o   t r a n s m i t t e r s   Tp  and  T s  t r a n s m i t   s i g n a l s   r e p r e s e n t i n g  

the   a c t u a l   o r i e n t a t i o n s   of  t he   p r o p e l l e r s   7p  and  7s  to  t h e  

o p e r a t i n g   b o a r d   11,  and  r e g i s t e r s   R p  a n d   Rs  i n c l u d i n g  

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

p r o p e l l e r s   7p  and  7s  in  r e s p o n s e   to  t he   s i g n a l s   f rom  t h e  

s y n c h r o   t r a n s m i t t e r s   Tp  and  T s  r e s p e c t i v e l y .  

The  s y n c h r o   m o t o r   or  p o t e n t i o m e t e r   Px  to  d e t e c t  

t he   r o t a t i o n   of  the   hand   l e v e r   HL  may  be  d i s p o s e d   above   o r  

b e l o w   the   s l i p   r i n g   SR  of  F i g .   3  in  t a n d e m   t h e r e w i t h ,  

w h i c h   s l i p   r i n g   SR  is   d i s p o s e d   a l o n g   the   v e r t i c a l   c e n t r a l  

a x i s   Z  of  F i g s .   3  and  4 .  

D u r i n g   r e g u l a r   c r u i s i n g   of  a  s h i p   h a v i n g   t h e  



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

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

on  the   s h i p   i s   s e t   by  t h e   r o t a t i n g   a n g l e   of   t h e   hand   l e v e r  

HL  w h i l e   t he   m a g n i t u d e   of  t h e  p r o p u l s i v e   p o w e r   or  t h e   s h i p  

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

hand   l e v e r   HL.  

F i g s .   12  and  13  show  two  e x a m p l e s   of   t he   a r i t h m e t i c  

c i r c u i t   MC  and  t h e   s e r v o   a m p l i f i e r s  A - P   and  A-S,   in   w h i c h  

e x a m p l e s   t h e   d e t e c t i n g   means   Px  and  Py  a r e   a s s u m e d   to  b e  

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

c i r c u i t   MC  so  as  to   p r o d u c e   s i g n a l s   a p p l i c a b l e   to  t h e  

h y d r a u l i c   m o t o r s   8p  and  8s  t h r o u g h  t h e   s e r v o   a m p l i f i e r s  

A-P  and  A - S .  

In  t h e   e x a m p l e   of  F i g .   12,   t h e   two  o u t p u t   s i g n a l s  

f rom  t he   s y n c h r o   m o t o r s   Px  and  Py  a r e   a p p l i e d   to  s y n c h r o  

a n a l o g   c o n v e r t e r s   S/A  of   t he   a r i t h m e t i c   c i r c u i t   MC  f o r  

a n a l o g   c o n v e r s i o n .   O u t p u t s   f rom  t h e   s y n c h r o   a n a l o g  

c o n v e r t e r s   S/A  a r e   a p p l i e d   to  and  p r o c e s s e d   by  an  a d d e r  

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

an  a m p l i f i e r   AMP.  The  a m p l i f i e d   s i g n a l   f rom  t h i s  a m p l i f i e r  

AMP  i s   a p p l i e d   to  f e e d b a c k   a d d e r s   FAD  to  w h i c h   s i g n a l s  

f rom  t he   f e e d b a c k   d e t e c t o r   means   Fp  and  Fs  f o r   t he   p r o p e l l e r s  

7p  and  7s  a r e   a l s o   a p p l i e d ,   so  as  to  e f f e c t   a r i t h m e t i c  

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

The  f e e d b a c k   d e t e c t o r   means   Fp  and  F   of   t h i s   e x a m p l e   c a n  

be  p o t e n t i o m e t e r s .  



The  o u t p u t   s i g n a l s   from  t he   f e e d b a c k   a d d e r s   FAD 

a r e   a m p l i f i e d   by  a m p l i f y i n g   c i r c u i t s   AMP  of  the   s e r v o  

a m p l i f i e r s   A-P  and  A-S.  In  the   s e r v o   a m p l i f i e r s   A-P  a n d  

A-S  of  t h i s   e x a m p l e ,   p h a s e   c o m p a r a t o r s   COMP  r e c e i v e   t h e  

a m p l i f i e d   s i g n a l s   f rom  the   a m p l i f y i n g   c i r c u i t s   AMP  t h e r e o f  

and  c o m p a r e   t he   r e c e i v e d   s i g n a l s   a g a i n s t   a  r e f e r e n c e   so  a s  

to  s e p a r a t e   c l o c k w i s e   i n s t r u c t i o n   s i g n a l s   from  c o u n t e r c l o c k -  

w i s e   i n s t r u c t i o n   s i g n a l s .   Each  s e r v o   a m p l i f i e r   A-P  or  A - S  

is   c o n n e c t e d   to  two  m a g n e t i c   v a l v e s   MV,  so  t h a t   t he   c o r r e -  

s p o n d i n g   h y d r a u l i c   m o t o r   8 p  or  8 s  i s   s e l e c t i v e l y   d r i v e n  

e i t h e r   c l o c k w i s e   or  c o u n t e r c l o c k w i s e .  

In  t he   e x a m p l e   of  F i g .   13,  t he   s i g n a l   f rom  e a c h  

of  t he   s y n c h r o   m o t o r s   Px  and  Py  is   a p p l i e d   to  b o t h   of  t h e  

two  d i f f e r e n t i a l   s y n c h r o n i z e r s   DS  of  the   a r i t h m e t i c   c i r c u i t  

MC  r e s p e c t i v e l y .   The  d i f f e r e n t i a l   s y n c h r o n i z e r s   DS  o f  

t h i s   e x a m p l e   a l s o   r e c e i v e s   s i g n a l s   from  the   f e e d b a c k  

s y n c h r o   m o t o r s   Fp  and  Fs  f o r   the   p r o p e l l e r s   7p  and  7s ,   s o  

as  to  e f f e c t   t he   a r i t h m e t i c   o p e r a t i o n s   n e c e s s a r y   f o r   t h e  

d e s i r e d   f e e d b a c k   c o n t r o l .   The  o u t p u t   s i g n a l s   from  t h e  

a r i t h m e t i c   c i r c u i t   MC  a re   a p p l i e d   to  t he   s e r v o   a m p l i f i e r s  

A-P  and  A-S,   w h e r e   s y n c h r o n o u s   r e c t i f i e r s   SYR  s e p a r a t e  

c l o c k w i s e   i n s t r u c t i o n   s i g n a l s   from  c o u n t e r c l o c k w i s e   i n s t r u c -  

t i o n   s i g n a l s   b a s e d   on  the   n a t u r e   of  the   o u t p u t   s i g n a l s  

from  the   a r i t h m e t i c   c i r c u i t   MC,  e . g . ,   p o t e n t i a l s   t h e r e o f ,  

and  the   t h u s   s e p a r a t e d   i n s t r u c t i o n   s i g n a l s   a re   a m p l i f i e d  

by  a m p l i f i e r   c i r c u i t s   AMP  p r o v i d e d   f o r   e a c h   of  the   c l o c k w i s e  



and  c o u n t e r c l o c k w i s e   i n s t r u c t i o n   s i g n a l s .   Each   s e r v o  

a m p l i f i e r   A-P  or   A-S  i s   c o n n e c t e d   to  t h e   c o r r e s p o n d i n g  

h y d r a u l i c   m o t o r   8 p  or   8 s  t h r o u g h   two  m a g n e t i c   v a l v e s   MV, 

as  in   t h e   c a s e   of   t h e   e x a m p l e   of   F i g .   1 2 .  

As  n o t e d   a b o v e ,   t h e   e x a m p l e   of   F i g .   13  u s e s  

f e e d b a c k   s y n c h r o   m o t o r s   Fp  and  F   i n s t e a d   of   t h e   f e e d b a c k  

p o t e n t i o m e t e r s   of   t h e  e x a m p l e   of   F i g .   1 2 .  

When  e i t h e r   one  or  b o t h   of   t h e   d e t e c t i n g   m e a n s  

Px  and  Py  a r e   p o t e n t i o m e t e r ,   o n l y   t h e   e x a m p l e   of   F i g .   1 2  

can  be  u s e d ,   and  t h e   o p e r a t i o n s   of   t h e   m a n e u v e r i n g   g e a r  

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

w i t h   t h e   d e t e c t i n g   s y n c h r o   m o t o r s   as  d e s c r i b e d   in  t h e  

f o r e g o i n g ,   e x c e p t   t h a t   t h e   s y n c h r o   a n a l o g   c o n v e r t e r s   S / A  

can  be  d i s p e n s e d   w i t h   in  t h e   c a s e   of   t h e   d e t e c t i n g   p o t e n -  

t i o m e t e r s .  

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

F i g s .   12  and  13  r e f e r   to  t h e   c o n t r o l   mode  f o r   r e g u l a r   c r u i s i n g  

of   t he   s h i p .   To  p r o v i d e   an  a d d i t i o n a l   c o n t r o l   mode  f o r  

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

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

e x a m p l e   of  F i g .   12,   a  c h a n g e o v e r   s w i t c h   and  a n o t h e r   c i r c u i t  

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

a d d i t i o n a l   c o n t r o l   mode  to  be  d e s c r i b e d   h e r e i n a f t e r   a r e  

c o n n e c t e d   to  t he   a d d e r   AD  of  t h e  a r i t h m e t i c   c i r c u i t   MC;  i n  

t he   e x a m p l e   of   F i g .   13,  a  c h a n g e o v e r   s w i t c h   and  a n o t h e r  

c i r c u i t   to  c a r r y   o u t   t h e   a r i t h m e t i c   o p e r a t i o n s   f o r   t h e  



a f o r e s a i d   a d d i t i o n a l   c o n t r o l   mode  to  be  d e s c r i b e d   h e r e i n a f t e r  

a r e   c o n n e c t e d   to  the  d i f f e r e n t i a l   s y n c h r o n i z e r s   DS  of  t h e  

a r i t h m e t i c   c i r c u i t   MC.  The  c h a n g e o v e r   s w i t c h e s   a re   c o n n e c t e d  

in  s u c h   a  m a n n e r   t h a t   e i t h e r   of  t he   a f o r e s a i d   two  c o n t r o l  

m o d e s ,   one  f o r   r e g u l a r   c r u i s i n g   and  one  f o r   l a t e r a l   o r  

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

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

F i g .   6  shows  a  m a n e u v e r i n g   s c h e d u l e   d u r i n g  

r e g u l a r   c r u i s i n g   f o r   the  m a n e u v e r i n g   g e a r   of  t he   i n v e n t i o n  

in  t e r m s   of  t he   r e l a t i o n s h i p   among  t he   p o s i t i o n s   of  t h e  

hand   l e v e r   HL,  o r i e n t a t i o n s   of  t he   p r o p e l l e r s   7 s  and  7 p  a s  

i n d i c a t e d   by  the   r e g i s t e r s   8 s  and  8 p  ( a r r o w s   in  F i g .   6 ) ,  

and  t he   m o v i n g   d i r e c t i o n   of  t he   s h i p   ( a r r o w s   in  F i g .   6 ) .  

For   i n s t a n c e ,   O p e r a t i o n   N o .  1   shows  t h a t   t he   hand   l e v e r   HL 

is   h e l d   u p r i g h t   w i t h   i t s   top  H'  a t   t he   n e u t r a l   p o s i t i o n   t o  

keep   t he   s h i p   at  r e s t .   O p e r a t i o n s   N o .  2   and  N o .  3   s h o w  

t h a t   t he   s h i p   moves  a h e a d   a t   f u l l   and  m i d d l e   s p e e d   a n d  

t h a t   t he   o r i e n t a t i o n s   of  the   p r o p e l l e r s   v a r y   w i t h   the   s h i p  

s p e e d   even   when  the   s h i p   moves  s t r a i g h t l y   a h e a d .   O p e r a t i o n s  

N o .  4   and  N o .  5   show  t h a t   t he   s h i p   moves   a h e a d   w h i l e  

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

a s s u m e   i d e n t i c a l   o r i e n t a t i o n s   at   f u l l   s p e e d   b u t   the   t w o  

p r o p e l l e r s   a s sume   d i f f e r e n t   p o s i t i o n s   a t   m i d d l e   s p e e d   a s  

shown  by  d o t t e d   l i n e s   of  F i g .   6.  S i m i l a r l y ,   the   s h i p   c a n  

be  m a n e u v e r e d   so  as  to  t u r n   s t a r b o a r d   and  p o r t   a b o u t   o n e  

p o i n t   or  to  move  back   s i m p l y   by  s e t t i n g   the   hand   l e v e r   HL 



a c c o r d i n g l y   as  shown  in  F i g .   6 .  

As  d e s c r i b e d   in   t h e   f o r e g o i n g ,   in   t h e   s h i p  

m a n e u v e r i n g   g e a r   of   t h e   i n v e n t i o n ,   t h e   h a n d   l e v e r   HL  c a n  

be  r o t a t e d   and  i n c l i n e d   to  any  p o s i t i o n   in  t he   360°   r a n g e ,  

so  t h a t   t h e   s h i p   can   be  m a n e u v e r e d   to  move  n o t   o n l y   a h e a d  

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

p o w e r   of  t h e   two  p r o p e l l e r s   7 P  and  7s  can   be  v a r i e d   f r o m  

z e r o   to  t h e   maximum  by  c o n t r o l l i n g   t he   i n c l i n a t i o n   of  t h e  

hand   l e v e r   HL  w h i l e   m a i n t a i n i n g   the   c o n s t a n t   p r o p u l s i v e  

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

s h i p   s p e e d   can   be  c o n t r o l l e d   f rom  s t o p   as  i n s t r u c t e d   b y  

the   u p r i g h t   or   n e u t r a l   p o s i t i o n   of  t h e   h a n d   l e v e r   H L  t o  

t he   f u l l   s p e e d   as  i n s t r u c t e d   by  t he   maximum  i n c l i n a t i o n   o f  

t h e   hand   l e v e r   HL.  

In  a  p r e f e r r e d   e m b o d i m e n t   of   t h e   i n v e n t i o n ,  

f u n c t i o n s   o f   l a t e r a l   m o v e m e n t   and  o b l i q u e l y   l a t e r a l  

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

e f f e c t   s u c h   m o v e m e n t s   in   t h e   a r i t h m e t i c   c i r c u i t   MC  o f  

F i g .   5.  As  shown  in   F i g .   3,  a  c h a n g e o v e r   s w i t c h   CH  i s  

m o u n t e d   on  t h e   o p e r a t i n g   b o a r d   11,   and  t h e   a r i t h m e t i c  

c i r c u i t   MC  i s   s w i t c h e d   b e t w e e n   the   m a n e u v e r   f o r   r e g u l a r  

c r u i s i n g   as  d e s c r i b e d   in   t he   f o r e g o i n g   by  r e f e r r i n g   t o  

F i g s .   3  t h r o u g h   5  and  t h e   m a n e u v e r   f o r   t h e   l a t e r a l   o r  

o b l i q u e l y   l a t e r a l   m o v e m e n t s .  

The  p r i n c i p l e s   f o r   e f f e c t i n g   t h e   l a t e r a l   a n d  

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



m a n e u v e r i n g   g e a r   of  the   i n v e n t i o n   w i l l   be  now  e x p l a i n e d .  

F i g .   7  shows  an  e m b o d i m e n t   f o r   a  s h i p   h a v i n g   two  3 6 0 ° -  

t u r n i n g   p r o p e l l e r s   7  and  7  ,   b u t   the   p r e s e n t   i n v e n t i o n   i s  
s  

n o t   r e s t r i c t e d   to  such   p r o p e l l e r s   and  any  p r o p u l s i o n   u n i t s  

whose   t h r u s t   d i r e c t i o n   can  be  t u r n e d   360°  such   as  r o t a t i n g -  

b l a d e   p r o p e l l e r s   ( e . g . ,   V o i t h - S c h n e i d e r   p r o p e l l e r s )   can  b e  

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

R e f e r r i n g   to  F i g .   7,  the   two  p r o p e l l e r s   7p  a n d  

7   can  be  t u r n e d   360°  a b o u t   t h e i r   c o u n t e r s   of  t u r n i n g   A 

and  B  r e s p e c t i v e l y .   The  p o r t   and  s t a r b o a r d   p r o p e l l e r s   7 p  

and  7s  a r e   d i s p o s e d   s y m m e t r i c a l l y   r e l a t i v e   to  a  s h i p ' s  

c e n t r a l   b o w - s t e r n   l i n e   X  t h r o u g h   a  s h i p ' s   c e n t e r   of  t u r n i n g  

0,  so  t h a t   t he   p r o p e l l e r ' s   c e n t e r s   of  t u r n i n g   A  and  B  a r e  

d i s p o s e d   on  the   p o r t   s i d e   and  s t a r b o a r d   s i d e   a s t e r n   of  t h e  

s h i p ' s   c e n t e r   of  t u r n i n g   0  and  the   d i s t a n c e   b e t w e e n   t h e  

c e n t e r s   0  and  A  is   t he   same  w i t h   the   d i s t a n c e   b e t w e e n   t h e  

c e n t e r s   0  and  B.  When  t he   hand   l e v e r   HL  is   t u r n e d   t o  

a  p o s i t i o n   h a v i n g   an  a n g l e   6  r e l a t i v e   to  t he   s h i p ' s   b o w -  

s t e r n   d i r e c t i o n   p a r a l l e l   to  t he   s h i p ' s   c e n t r a l   b o w - s t e r n  

l i n e   X,  one  of  t he   two  p r o p e l l e r s   is   t u r n e d   to  a  p o s i t i o n  

w h e r e   t h r u s t   t h e r e o f   has   an  a n g l e   90°+@-y  r e l a t i v e   to  t h e  

s h i p ' s   b o w - s t e r n   d i r e c t i o n   w h i l e   the   o t h e r   one  of  the   two  

p r o p e l l e r s   is  t u r n e d   to  a  p o s i t i o n   where   t h r u s t   t h e r e o f  

has   an  a n g l e   9 0 ° - @ - y   r e l a t i v e   to  t he   s h i p ' s   b o w - s t e r n  

d i r e c t i o n ,  y   b e i n g   an  a n g l e   b e t w e e n   the   s h i p ' s   c e n t r a l  

b o w - s t e r n   l i n e   X  and  a  l i n e   from  the   s h i p ' s   c e n t e r   o f  



t u r n i n g   0  t o   t h e   p r o p e l l e r ' s   c e n t e r   o f   t u r n i n g   A  o r   B ,  

w h e r e b y   t h e   s h i p   i s - p r o p e l l e d   i n t o   an  o b l i q u e l y  l a t e r a l  

d i r e c t i o n   w i t h  a n   a n g l e  @   r e l a t i v e   to  t he   s h i p ' s   c e n t r a l  

b o w - s t e r n   l i n e   X.  

The  r e a s o n s   f o r   u s i n g   t h e   a f o r e s a i d   r e l a t i o n s h i p  

among  t h e   o r i e n t a t i o n s   of   t h e   h a n d   l e v e r  H L   a n d  t h e  

p r o p e l l e r s   7p,   7s  w i l l   now  be  d e s c r i b e d .  

In  F i g .   7,  t he   s h i p ' s   c e n t e r   o f   t u r n i n g   0  i s  

g e n e r a l l y   l o c a t e d   on  t h e   s h i p ' s   c e n t r a l   b o w - s t e r n  l i n e   X 

n e a r   t h e   m i d p o i n t   of   t he   s h i p ,   and  t h e   p r o p e l l e r ' s   c e n t e r s  

of   t u r n i n g  A   and  B  of  t h i s  e m b o d i m e n t   a r e   l o c a t e d   a s t e r n  

of  t h e   s h i p ' s   c e n t e r   of  t u r n i n g   0.  Xp  and  Xs  r e p r e s e n t  

a x e s   t h r o u g h   t h e   p r o p e l l e r ' s   c e n t e r s   of   t u r n i n g   A  a n d  B   i n  

p a r a l l e l   t o  t h e   s h i p ' s   c e n t r a l   b o w - s t e r n   l i n e   X.  

When  t h e  h a n d   l e v e r   HL  i s   p u s h e d   down  a h e a d  

by  a  maximum  e x t e n t   of  35°  and  t u r n e d   by  an  a n g l e   6  r e l a t i v e  

to  t h e   s h i p ' s   b o w - s t e r n   d i r e c t i o n   as  shown  in  F i g .   7,  i f  

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

c r u i s i n g   m a n e u v e r ,   t h e  p r o p e l l e r s  7 p   and  7s  a r e   t u r n e d   b y  

t he   a n g l e  6   f r o m  p o s i t i o n s   lp   and  1s  a l i g n e d  w i t h   t h e   a x e s  

Xp  and  Xs  to  p o s i t i o n s   3p  and  3s  so  as  to  c a u s e   t h e   s h i p  

to  t u r n   s t a r b o a r d .   In  t h e   f i g u r e ,   a r r o w s   f o r   t he   p r o p e l l e r s  

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

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

p r o p e l l e r s   a r e   o p p o s i t e   in   s e n s e   to  t h o s e   of  t h e   a r r o w s  

f o r   t h e   p r o p e l l e r s .   I f   t h e   c h a n g e o v e r   s w i t c h   CH  i s  



s w i t c h e d   to  the   p o s i t i o n   f o r   the   l a t e r a l   or  o b l i q u e l y  

l a t e r a l   m o v e m e n t ,   t he   p o r t   p r o p e l l e r   7p  i s   s l i g h t l y   t u r n e d  

r i g h t w a r d   from  the   p o s i t i o n   lp  to  a  p o s i t i o n   2p  w h i l e   t h e  

s t a r b o a r d   p r o p e l l e r   7s  i s   n o t i c e a b l y   t u r n e d   l e f t w a r d  

( u p w a r d )   f rom  the   p o s i t i o n   1   to  a  p o s i t i o n   2s .   To  f u l f i l  

t he   o b l i q u e l y   l a t e r a l l y   m o v e m e n t   of  t he   s h i p   in  t he   d i r e c t i o n  

s e t   by  the   hand   l e v e r   HL,  t he   p o s i t i o n s   2 p  and  2s  mus t   b e  

d e f i n e d   a c c u r a t e l y .  

S t i l l   r e f e r r i n g   to  F i g .   7,  a  c i r c l e   w i t h   a  c e n t e r  

a t   t he   s h i p ' s   c e n t e r   of  t u r n i n g   0  ( t o   be  r e f e r r e d   to  a s  

the   " c i r c l e   0" ,   h e r e i n a f t e r )   i s   d rawn  so  t h a t   t he   e x t e n s i o n s  

of  t h e   a r r o w s   r e p r e s e n t i n g   the   o r i e n t a t i o n s   of  t he   p r o p e l l e r s  

7p  and  7s  a t   t he   p o s i t i o n s   2p  and  2s  have   t a n g e n t s   to  t h e  

c i r c l e   0  a t   p o i n t s   of  c o n t a c t   M  and  N.  I f   s u c h   t a n g e n t s  

f rom  t he   p o i n t s   A  and  B  r e p r e s e n t i n g   the   p r o p e l l e r ' s  

c e n t e r s   of  t u r n i n g   to  t he   a f o r e s a i d   c i r c l e   0  i n t e r s e c t   a t  

a  p o i n t   C,  the   f o l l o w i n g   r e l a t i o n s h i p   i s   s a t i s f i e d   in  t h e  

t r i a n g l e   CAB. 

h e r e ,   x  ≡ < A C B  

@ ≡ < C A B  

β ≡  < c s a .  

In  t he   t r i a n g l e   OAB, 

h e r e ,   6  =  <CBO. 



S i n c e   <OAB=<OBA, 

h e r e ,   y  =  <CAO. 

The  l i n e   s e c t i o n s   AM  a n d  B N   a r e   t a n g e n t s   to  t he   c i r c l e   0  

and  t he   t r i a n g l e   OAB  i s   an  i s o s c e l e s   t r i a n g l e ,   so  t h a t  

OA=OB,  OM=ON,  and  <OMA=<ONB=90°,  so  t h a t   ΔOMA≡ΔONB. 

A c c o r d i n g l y ,   y=6,   and  t he   e q u a t i o n   (3)   can   be  r e w r i t t e n   a s  

T h u s ,   t h e   e q u a t i o n   (1)  can   be  r e w r i t t e n   a s  

C o m p a r i n g   t h e   e q u a t i o n s   (4)  and  ( 2 ) ,   x=2y  a n d  < A C B = < A O B ,  

so  t h a t   t h e   p o i n t   C  i s   on  a  c i r c l e   t h r o u g h   the   t h r e e  

p o i n t s   0,  A,  and  B .  

I f   a  c o m p o s i t e   t h r u s t   of   t h e   t h r u s t s   of  t he   t w o  

p r o p e l l e r s   a t   t h e   p o s i t i o n s   2p  and  2s  in   t h e  d i r e c t i o n s   o f  

t h e   t a n g e n t s   of   t he   c i r c l e s   0  f rom  t h e   p o i n t s   A  and  B  i s  

d e t e r m i n e d   a t   t h e   p o i n t   C,  t he   t h r u s t   Tp  of   the   p o r t  

p r o p e l l e r   7p  a t   t h e   p o s i t i o n   2 p  and  t h r u s t   T s  of  t h e  

s t a r b o a r d   p r o p e l l e r   7s  a t   t h e   p o s i t i o n   2   p r o d u c e   a  c o m p o s i t e  

t h r u s t   T  whose   d i r e c t i o n   c o i n c i d e s   w i t h   t h a t   of  t he   l i n e  

s e g m e n t   CO  f rom  t h e   p o i n t   C  to  t h e   s h i p ' s   c e n t e r   of  t u r n i n g   0 .  

T h u s ,   when  t he   h a n d   l e v e r   HL  i s   t u r n e d   and  s e t  

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

t h e   c o m p o s i t e   t h r u s t   T  of   t he   t h r u s t s   Tp  and  Ts  of   t he   t w o  

p r o p e l l e r s   7p  and  7s  c o i n c i d e s   w i t h   t h e   t h u s   s e t   d i r e c t i o n  

of   t h e   hand  l e v e r   HL. 



B a s e d   on  the   p r i n c i p l e s   d e s c r i b e d   a b o v e ,   t h e  

p o s i t i o n s   2  p  a n d   2  s  t o   be  a s s u m e d   by  the   p r o p e l l e r s   7p  a n d  

7s  in  r e s p o n s e   to  t he   s e t   p o s i t i o n   of  the   hand  l e v e r   HL 

can  be  e x p r e s s e d   in  the   f o l l o w i n g   m a n n e r .  

When  the   hand  l e v e r   HL  i s   t u r n e d   r i g h t w a r d   b y  

an  a n g l e   @,  <6=COX=<COA+<AOX  and  <COA=<CBA=β  w h i l e   <AOX=y,  

so  t h a t   @=β+y.  A c c o r d i n g l y ,  

In  t he   t r i a n g l e   CAB, 

In  v i e w   of  t he   e q u a t i o n   (5)  and  t he   r e l a t i o n s h i p   of  x = 2 y ,  

the   e q u a t i o n   (6)  can  be  r e w r i t t e n   a s  

C o n s i d e r i n g   the   e q u a t i o n   ( 7 ) ,   the   a n g l e  p   b e t w e e n   t he   a x i s  

Xp  and  the   l i n e   s e c t i o n   AC  is   g i v e n   as  f o l l o w s .  

What  is   m e a n t   by  the   e q u a t i o n   (8)  i s   t h a t   the   p o s i t i o n   2 p  

is   r e a c h e d   by  t u r n i n g   the   p r o p e l l e r   7p  c o u n t e r c l o c k w i s e  

from  t he   a x i s   X   ( d i r e c t i o n   of  s t r a i g h t   a h e a d )   by  an  a n g l e   µ .  

S i m i l a r l y ,   the   p o s i t i o n   2s  i s   r e a c h e d   by  t u r n i n g  

the   p r o p e l l e r   7s  c l o c k w i s e   f rom  t he   a x i s   X   ( d i r e c t i o n   o f  

s t r a i g h t   f o r w a r d )   by  an  a n g l e   w  g i v e n   b y  

The  v a l i d i t y   of  the   a f o r e s a i d   p r i n c i p l e s   u n d e r  

o t h e r   s h i p   m a n e u v e r i n g   c o n d i t i o n s   w i l l   be  now  d e s c r i b e d .  

F i g .   8  shows  a  d i a g r a m   i l l u s t r a t i n g   a n g u l a r  



r e l a t i o n s h i p   among  t h e  h a n d   l e v e r   HL  and  t h e   two  p r o p e l l e r s  

7p  and  7s  f o r   t he   c a s e s   of   @=90°  and  @=0°.  When  t he   h a n d  
s  

l e v e r   HL  i s   t u r n e d   so  as  to  s e t   @=90°,   t he   a n g l e   o f  

o r i e n t a t i o n  p   f o r   t h e   p o r t   p r o p e l l e r   7p  i s   g i v e n   by  t h e  

e q u a t i o n   (8)   as  f o l l o w s :  

so  t h a t   t h e   p o r t   p r o p e l l e r   7p  i s   t u r n e d  c l o c k w i s e   b y  

an  a n g l e   y .  

The  a n g l e   of  o r i e n t a t i o n   w  f o r   t h e   s t a r b o a r d  

p r o p e l l e r   7s  u n d e r   t h e   c o n d i t i o n   of   @=90°  i s   g i v e n   by  t h e  

e q u a t i o n   (9)   as  f o l l o w s :  

so  t h a t   t h e   s t a r b o a r d   p r o p e l l e r   7s  i s   t u r n e d   c l o c k w i s e   b y  

an  a n g l e   1 8 0 ° - y .  

In  t h i s   c a s e ,   t h e   t h r u s t s   T p  and  Ts  of   t h e  

p r o p e l l e r s   7p  and  7 s  a r e   a l i g n e d   w i t h   t h e   l i n e s   OA  and  OB 

p a s s i n g   t h e   s h i p ' s   c e n t e r   of   t u r n i n g   0.  A c c o r d i n g l y ,   t h e  

c o m p o s i t e   t h r u s t   T  of   t h e   two  t h r u s t s   Tp  a n d  T s   in  t h i s  

c a s e   i s   e x a c t l y   l a t e r a l   to  t h e   s h i p ' s   c e n t r a l   b o w - s t e r n  

l i n e   X  a t   t h e   s h i p ' s   c e n t e r  o f   t u r n i n g   0,  w h e r e b y   t he   s h i p  

i s   p r o p e l l e d   e x a c t l y   l a t e r a l l y .  

The  n e x t   c a s e   i s   f o r   @=0°  a c t u a t e d   by  p u s h i n g  

t he   h a n d   l e v e r   HL  down  s t r a i g h t l y   a h e a d .   The  e q u a t i o n   ( 8 )  

g i v e s   t h e   a n g l e   of   o r i e n t a t i o n   a t   t he   p o s i t i o n   2p  f o r   t h e  

p o r t   p r o p e l l e r   7p  as  µ = 9 0 ° - ( @ + y ) = 9 0 ° - y ,   w h i l e   t h e   e q u a t i o n  

(9)   g i v e s   t he   a n g l e   of  o r i e n t a t i o n   a t   t h e   p o s i t i o n   2s  f o r  



t he   s t a r b o a r d   p r o p e l l e r   7s  as  ω = 9 0 ° + @ - y = 9 0 ° - y .   A c c o r d i n g l y ,  

the   c o m p o s i t e   t h r u s t   of  the   t h r u s t s   g e n e r a t e d   by  the   t w o  

p r o p e l l e r s   7p  and  7s  in  t h i s   c a s e   c a u s e s   the  s h i p   to  m o v e  

s t r a i g h t   a h e a d .  

F i g .   9  shows  the   c a s e   in  wh ich   the   a n g l e   6  s e t  

by  the   hand   l e v e r   HL  is   l a r g e r   t h a n   90°.   In  the   f i g u r e ,  

t he   o r i e n t a t i o n   of  the   p o r t   p r o p e l l e r   7p  at  the   p o s i t i o n  

2  i s   shown  as  9 0 ° - a   t a k e n   in  the   c l o c k w i s e   d i r e c t i o n   f r o m  

the   p o s i t i o n   1  ,   and  the   e q u a t i o n   (7)  g i v e s   @ = 1 8 0 ° - @ - y ,   s o  

t h a t   9 0 ° - @ = 9 0 ° - 1 8 0 ° + @ + y = - ( 9 0 ° - @ - y ) ,   wh ich   c o i n c i d e s   w i t h  

the   v a l u e   g i v e n   by  the   e q u a t i o n   (8)  fo r   t h i s   c a s e .  

The  f i g u r e   a l s o   shows  t he   o r i e n t a t i o n   of  the   s t a r b o a r d  

p r o p e l l e r   7s  at   t he   p o s i t i o n   2s  as  90°+β  t a k e n   in  t h e  

c l o c k w i s e   d i r e c t i o n   from  the   p o s i t i o n   l s .   In  t he   t r i a n g l e  

CAB,  the   a n g l e  P   is   g i v e n   by  β = 1 8 0 ° - @ - x .   S i n c e   x = 2 y ,  

β = 1 8 0 ° - @ - 2 y .   T h u s ,  

S i n c e   @+@+y=180°,   @ = 1 8 0 ° - @ - y ,   and  s u b s t i t u t i o n   of  t h i s   a 

in  the   e q u a t i o n   (10)   g i v e s  

w h i c h   c o i n c i d e s   w i t h   t he   v a l u e   g i v e n   by  the   e q u a t i o n   ( 9 ) .  

In  t h i s   c a s e ,   the   c o m p o s i t e   t h r u s t   T  of  the   t h r u s t   g e n e r a t e d  

by  the   two  p r o p e l l e r s   a c t s   on  t he   s h i p ' s   c e n t e r   of  t u r n i n g  

0  in  an  o b l i q u e   d i r e c t i o n ,   so  t h a t   the   o b l i q u e l y   l a t e r a l  

movement   of  t he   s h i p   is   e f f e c t e d .  

Due  to  t he   r e a s o n s   d e s c r i b e d   a b o v e ,   the   i n v e n t o r s  



n o t e d   t he   f a c t   t h a t   f o r   any  a n g l e  e   s e t   by  t h e   h a n d   l e v e r  

HL  the   o r i e n t a t i o n   o f  t h e   p o r t   p r o p e l l e r   7   i s  g i v e n   b y  

9 0 ° - 6 - y   w h i l e   t h e   o r i e n t a t i o n   o f  t h e   s t a r b o a r d   p r o p e l l e r  

7s  i s   g i v e n   by  9 0 ° + @ - y .   A c c o r d i n g l y ,   t h e   s h i p   m a n e u v e r i n g  

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

t i o n s   of  t he   t w o  p r o p e l l e r s   in   r e s p o n s e   to  t h e  a n g l e   @  s e t  

by  the   hand   l e v e r   HL  b a s e d   on  t he   a f o r e s a i d   a n g u l a r  

r e l a t i o n s h i p   among  t h e   h a n d   l e v e r   and  t h e   p r o p e l l e r s .  

The  c o n t r o l   p a t t e r n   f o r   t h e   l a t e r a l   or  o b l i q u e l y   l a t e r a l  

movement   o f   t he   s h i p   i s   d i f f e r e n t   f rom  t h e   c o n t r o l   p a t t e r n  

f o r   r e g u l a r   c r u i s i n g ,   so  t h a t   a  c h a n g e o v e r   means   i s   p r o v i d e d  

to  s e l e c t   one  of   t h e   two  c o n t r o l   p a t t e r n s .   In  t h e   e m b o d i m e n t  

of  F i g .   3,  t h e   c h a n g e o v e r   s w i t c h   CH  i s   t o  s w i t c h   t h e  

c o n t r o l   b e t w e e n   t h e   r e g u l a r   c r u i s i n g   mode  and  t h e   l a t e r a l  

or  o b l i q u e l y   l a t e r a l   m o v e m e n t   m o d e .  

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

or   o b l i q u e l y   l a t e r a l   m o v e m e n t ,   t he   r e v o l v i n g   s p e e d   of   t h e  

p r i m e   mover   d r i v i n g  t h e   p r o p e l l e r s   can  be  c o n t r o l l e d ,   f o r  

i n s t a n c e   by  a  s p e e d   c o n t r o l   l e v e r   p r o v i d e d   on  a n  o p e r a t i n g  

b o a r d   such   as  t h e   b o a r d   11  shown  i n  F i g .  3 .   I t   i s   a l s o  

p o s s i b l e   to  c o n t r o l   t h e   r e v o l v i n g   s p e e d  o f   t h e   p r i m e   m o v e r  

by  t h e  s y n c h r o   m o t o r   or   p o t e n t i o m e t e r   Py  to  d e t e c t   t h e  

i n c l i n a t i o n   of   t h e   h a n d   l e v e r   HL,  f o r   i n s t a n c e   by  i n c r e a s i n g  

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

of  the   f o r w a r d   i n c l i n a t i o n   o f   t he   hand   l e v e r   H L .   In  t h i s  

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



l a t e r a l   m o v e m e n t   can  be  r e d u c e d   by  p u l l i n g   up  the   h a n d  

l e v e r   HL  t o w a r d   the   u p r i g h t   p o s i t i o n   t h e r e o f .  

The  c o n t r o l   of  t he   s h i p   s p e e d   can  be  a l s o  

f u l f i l l e d   by  m o d i f y i n g   the   o r i e n t a t i o n s   of  the   p r o p e l l e r s .  

In  t h i s   c a s e ,   the   m a n n e r   of  c h a n g i n g   the   o r i e n t a t i o n s   o f  

the   two  p r o p e l l e r s   in  r e s p o n s e   to  t he   p u l l i n g   up  or  p u s h i n g  

down  of  t he   hand  l e v e r   HL  f o r   t he   s h i p   s p e e d   c o n t r o l   i s  

s i m i l a r   to  t h a t   in  t he   c o n t r o l   f o r   t he   r e g u l a r   c r u i s i n g ,  

e x c e p t   t he   f o l l o w i n g   d i f f e r e n c e .   The  d i f f e r e n c e   in  t h e  

m a n n e r   of  c h a n g i n g   the   p r o p e l l e r   o r i e n t a t i o n s   is   due  t o  

t he   f a c t   t h a t ,   a l t h o u g h   t h e   s h i p   s p e e d   r e d u c t i o n   d u r i n g  

t he   r e g u l a r   c r u i s i n g   a h e a d   or  a s t e r n   or  t u r n i n g   can  b e  

a c h i e v e d   by  p u l l i n g   up  t he   hand   l e v e r   HL  w h i c h   p u l l i n g   u p  

c a u s e s   t he   p r o p e l l e r s   to  t u r n   o u t b o a r d ,   t he   t u r n i n g   of  t h e  

p r o p e l l e r s   o u t b o a r d   d u r i n g   t he   l a t e r a l   or  o b l i q u e l y   l a t e r a l  

m o v e m e n t   u n d e r   the   c o n t r o l   of  t he   i n v e n t i o n   t e n d s   to  c a u s e  

t he   s h i p   to  t u r n ,   w h i c h   t u r n   i n t e r f e r e s   w i t h   t he   d e s i r e d  

l a t e r a l   or  o b l i q u e l y   l a t e r a l   m o v e m e n t .   A c c o r d i n g l y ,   t h e  

f o l l o w i n g   a r r a n g e m e n t   i s   n e c e s s a r y   to  c o n t r o l   the   s h i p  

s p e e d   by  m o d i f y i n g   t he   o r i e n t a t i o n s   of  t he   p r o p e l l e r s  

w i t h o u t   c a u s i n g   any  t u r n i n g   of  t he   s h i p   d u r i n g   the   l a t e r a l  

or  o b l i q u e l y   l a t e r a l   m o v e m e n t   t h e r e o f .  

R e f e r r i n g   to  F i g .   10,  to  r e d u c e   the   s h i p   s p e e d  

d u r i n g   the   o b l i q u e l y   l a t e r a l   m o v e m e n t   of  t he   s h i p   in  t h e  

d i r e c t i o n   of  a n g l e   6  r e l a t i v e   to  t he   s t r a i g h t   a h e a d   d i r e c -  

t i o n   ( m o v i n g   a h e a d   s t a r b o a r d ) ,   t he   two  p r o p e l l e r s   a r e  



t u r n e d   f rom  p o s i t i o n s   (1)  to  p o s i t i o n s   (2)   by  90°  i n  

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

u p r i g h t   p o s i t i o n   t h e r e o f .   More  s p e c i f i c a l l y ,   t h e   p o r t  

p r o p e l l e r   7p  i s   t u r n e d   c o u n t e r c l o c k w i s e  9 0 °   f rom  t h e  

p o s i t i o n   (1)   to  t h e   p o s i t i o n   ( 2 ) ,   and  t he   s t a r b o a r d  

p r o p e l l e r   7s  i s   s i m i l a r l y  t u r n e d   c o u n t e r c l o c k w i s e   9 0 ° .  

The  c o m p o s i t e   t h r u s t   T2  of   t h e   t h r u s t s   of   t h e  

two  p r o p e l l e r s   a t   t he   p o s i t i o n s   (2)   o f   F i g .   10  i s   d i r e c t e d  

o b l i q u e l y   l a t e r a l   t h r o u g h   t h e  s h i p ' s   c e n t e r   of  t u r n i n g   0 ,  

so  t h a t   t h e   r e s u l t a n t   p r o p u l s i v e   f o r c e   t e n d s   to  c a u s e   t h e  

s h i p   to  move  a h e a d  p o r t   so  as  t o  b r a k e   t h e   m o v e m e n t   in   t h e  

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

I f   a  s t r o n g e r   b r a k e   a c t i o n   t h a n   t h e   a f o r e s a i d  

o b l i q u e   p r o p u l s i v e   f o r c e   i s   d e s i r e d ,   t h e   h a n d   l e v e r   HL  i s  

f u r t h e r   p u l l e d   away  f rom  t h e   u p r i g h t   p o s i t i o n   to  t h e  

p o s i t i o n   (3)   w h i c h   can  be  r e a c h e d   by  t u r n i n g   t h e   h a n d  

l e v e r   HL  180°   f rom  t h e   i n i t i a l   p o s i t i o n   (1)  f o r   t h e   l a t e r a l  

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

top  p o r t i o n   o f   F i g .   10.  W h e r e b y ,   t h e   two  p r o p e l l e r s   a r e  

t u r n e d   f r o m   t h e   p o s i t i o n s   (1)   b y  1 8 0 °   u n t i l  r e a c h i n g  

p o s i t i o n s   (3)   t h r o u g h   t h e   a f o r e s a i d   p o s i t i o n s   ( 2 ) .  

At  t he   p o s i t i o n s   ( 3 ) ,   t h e   two  p r o p e l l e r s   p r o d u c e   a  c o m p o s i t e  

t h r u s t   T3 '   w h i c h   a c t s   to  p u l l   b a c k   t h e   s h i p   in  a  d i r e c t i o n  

180°  away  f rom  or   j u s t  o p p o s i t e   to  t h e   d i r e c t i o n   of  t h e  

a h e a d   s t a r b o a r d   m o v e m e n t .  

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



a s s u m e d   to  be  m o u n t e d   on  the   s h i p   a s t e r n   of  the   s h i p ' s  

c e n t e r   of  t u r n i n g   0.  I t   s h o u l d   be  n o t e d   t h a t   t he   m a n e u v e r -  

ing   g e a r   of  the   i n v e n t i o n   can  be  a l s o   u s e d   w i t h   p r o p e l l e r s  

m o u n t e d   a h e a d   of  t he   s h i p ' s   c e n t e r   of  t u r n i n g   0 .  

F i g .   11  shows  a  c a s e   in  w h i c h   t he   p r o p e l l e r s   a r e  

m o u n t e d   on  the   bow  s i d e   of  a  s h i p   r e l a t i v e   to  t he   s h i p ' s  

c e n t e r   of  t u r n i n g   0.  In  t h i s   c a s e ,   when  the   hand   l e v e r   HL 

is   t u r n e d   by  an  a n g l e   @,  t he   p o r t   p r o p e l l e r   7p  is   t u r n e d  

by  an  a n g l e   9 0 ° - a   r e l a t i v e   to  t he   d i r e c t i o n   of  the   a x i s  

X ,   w h i l e   the   s t a r b o a r d   p r o p e l l e r   7s  is   t u r n e d   c o u n t e r -  s  

c l o c k w i s e   by  an  a n g l e   9 0 ° - β   r e l a t i v e   to  t he   a x i a l   d i r e c -  

t i o n   X  .  

The  f o l l o w i n g   r e l a t i o n s   a r e   s a t i s f i e d   in  t h i s  

c a s e .  

A c c o r d i n g l y ,  

The  a f o r e s a i d   e q u a t i o n s   f o r   9 0 ° - a   and  9 0 ° - β   a r e  

i d e n t i c a l   w i t h   the   e q u a t i o n s   (9)  and  (8)  e x c e p t   t h a t   t h e  

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

and  s t a r b o a r d   s i d e s .  

Thus ,   i t   i s   shown  t h a t   the   s h i p   m a n e u v e r i n g   g e a r  

can  be  a p p l i e d   to  a  s h i p   h a v i n g   two  p r o p e l l e r s   m o u n t e d  

a h e a d   of  the   c e n t e r   of  t u r n i n g   0  t h e r e o f .  



A l t h o u g h   t h e   e m b o d i m e n t s   d e s c r i b e d   h e r e i n b e f o r e  

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

s u c h   as  t h e   V o i t h - S c h n e i d e r   p r o p e l l e r s   can   be  u s e d   i n s t e a d  

of   t h e   Z - t y p e   p r o p e l l e r s .   More  p a r t i c u l a r l y ,   t h e   o b j e c t  

of   t h e   p r e s e n t   i n v e n t i o n   can  be  f u l f i l l e d   by  t u r n i n g   t h e  

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

in  l i e u   of   t h e   t u r n i n g   of   t h e   Z - t y p e   p r o p e l l e r s   in   t h e  

e m b o d i m e n t s   d e s c r i b e d   in   t h e   f o r e g o i n g .  

As  d e s c r i b e d   in   t h e   f o r e g o i n g ,   t h e   s h i p   m a n e u v e r -  

i ng   g e a r   of   t he   i n v e n t i o n   f a c i l i t a t e s   l a t e r a l   or   o b l i q u e l y  

l a t e r a l   m o v e m e n t   of  a  s h i p   s i m p l y   by  r e g u l a t i n g   one  h a n d  

l e v e r ,   w h i l e   k e e p i n g   t he   d i r e c t i o n   of   t h e   l a t e r a l   o r  

o b l i q u e l y   l a t e r a l   m o v e m e n t   in   a g r e e m e n t   w i t h   t h e   o r i e n t a t i o n  

of  t h e   h a n d   l e v e r .   T h u s ,   t he   p r e s e n t   i n v e n t i o n   h a s  

a n  o u t s t a n d i n g   e f f e c t   of   p r o v i d i n g   e a s y   and  a c c u r a t e  

m a n e u v e r   of   l a t e r a l   or  o b l i q u e l y   l a t e r a l   m o v e m e n t   o f  

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

A l t h o u g h   t he   i n v e n t i o n   has   b e e n   d e s c r i b e d   w i t h  

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

t h e   p r e s e n t   d i s c l o s u r e   has   b e e n   made  o n l y   by  way  of   e x a m p l e  

and  t h a t   n u m e r o u s   c h a n g e s   in  d e t a i l s   of   c o n s t r u c t i o n   a n d  

t h e   c o m b i n a t i o n   and  a r r a n g e m e n t   of   p a r t s   may  be  r e s o r t e d  

to  w i t h o u t   d e p a r t i n g   f rom  t h e   s c o p e   of   t h e   i n v e n t i o n   a s  

h e r e i n a f t e r   c l a i m e d .  



1.  A  m a n e u v e r i n g   g e a r   of  a  s h i p   h a v i n g   a  p o r t  

p r o p u l s i o n   u n i t   and  a  s t a r b o a r d   p r o p u l s i o n   u n i t   d i s p o s e d  

s y m m e t r i c a l l y   r e l a t i v e   to  a  s h i p ' s   c e n t r a l   b o w - s t e r n   l i n e  

t h r o u g h   a  s h i p ' s   c e n t e r   of  t u r n i n g ,   t h r u s t   d i r e c t i o n   o f  

e a c h   of  s a i d   p r o p u l s i o n   u n i t s   b e i n g   t u r n a b l e   360°  a b o u t  

a  p r o p u l s i o n   u n i t ' s   c e n t e r   of   t u r n i n g ,   s a i d   m a n e u v e r i n g  

g e a r   c o m p r i s i n g   a  hand   l e v e r   t h a t   can  be  r o t a t e d   3 6 0 ° ,  

an  a r i t h m e t i c   c i r c u i t   r e s p o n d i n g   to  t he   r o t a t i n g   a n g l e   o f  

s a i d   hand   l e v e r ,   and  an  a c t u a t i n g   means  r e s p o n d i n g   t o  

o u t p u t   of  s a i d   a r i t h m e t i c   c i r c u i t   in  such   a  m a n n e r   t h a t ,  

when  t he   a n g l e   of  s a i d   hand   l e v e r   r e l a t i v e   to  s h i p ' s  

b o w - s t e r n   d i r e c t i o n   i s   @,  t he   a c t u a t i n g   means   t u r n s   one  o f  

s a i d   p r o p u l s i o n   u n i t s   so  as  to  make  the   a n g l e   of  t h r u s t  

t h e r e o f   r e l a t i v e   to  t he   s h i p ' s   b o w - s t e r n   d i r e c t i o n   9 0 ° + 6 - y  

w h i l e   t u r n i n g   the   o t h e r   one  of   s a i d   p r o p u l s i o n   u n i t s   so  a s  

to  make  the   a n g l e   of  t h r u s t   t h e r e o f   r e l a t i v e   to  t he   s h i p ' s  

b o w - s t e r n   d i r e c t i o n   9 0 ° - 0 - y ,  y   b e i n g   an  a n g l e   b e t w e e n   t h e  

s h i p ' s   c e n t r a l   b o w - s t e r n   l i n e   and  a  l i n e   f rom  t he   s h i p ' s  

c e n t e r   of  t u r n i n g   to  t he   p r o p u l s i o n   u n i t ' s   c e n t e r   o f  

t u r n i n g .  



2.  A  m a n e u v e r i n g   g e a r   as  s e t   f o r t h   in  c l a i m   1 ,  

w h e r e i n   s a i d   p r o p u l s i o n   u n i t s   a r e   two  3 6 0 ° - t u r n i n g   p r o p e l l e r s  

e a c h   of   w h i c h   can   be  t u r n e d   a b o u t   a  v e r t i c a l   a x i s   p e r p e n -  

d i c u l a r   to  a  p r o p e l l e r   s h a f t   t h e r e o f ,   and  s a i d   p r o p u l s i o n  

u n i t ' s   c e n t e r   of   t u r n i n g   i s   s a i d   v e r t i c a l   a x i s   of   t h e  

3 6 0 ° - t u r n i n g   p r o p e l l e r .  

3.  A  m a n e u v e r i n g   g e a r   as  s e t   f o r t h   in  c l a i m   1 ,  

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

p r o p e l l e r s .  

4.  A  m a n e u v e r i n g   g e a r   as  s e t   f o r t h   in   c l a i m   1 ,  

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

r e s p o n d i n g   to  t h e   r o t a t i n g   a n g l e   of   t h e   hand   l e v e r   so  a s  

to  i n f o r m   t h e   a r i t h m e t i c   c i r c u i t   of   t h e   r o t a t i n g   a n g l e   o f  

t h e   hand   l e v e r .  

5.  A  m a n e u v e r i n g   g e a r   as  s e t   f o r t h   in  c l a i m   1 ,  

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

r e s p o n d i n g   to  t h e   r o t a t i n g   a n g l e   of   t h e   hand   l e v e r   so  a s  

to  i n f o r m   t h e   a r i t h m e t i c   c i r c u i t   of   t h e   r o t a t i n g   a n g l e   o f  

t h e   hand   l e v e r .  

6.  A  m a n e u v e r i n g   g e a r  a s   s e t   f o r t h   in  c l a i m   1 ,  

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

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

m e a n s .  



7.  A  m a n e u v e r i n g   g e a r   as  s e t   f o r t h   in  c l a i m   1 ,  

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

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

of  the   two  p r o p e l l e r s   and  r e g i s t e r s   h a v i n g   s y n c h r o   r e c e i v e r s  

to  r e c e i v e   s a i d   s i g n a l s   from  the   s y n c h r o   t r a n s m i t t e r s   s o  

as  to  i n d i c a t e   t he   o r i e n t a t i o n s   of  t he   t h r u s t s .  

8.  A  m a n e u v e r i n g   g e a r   as  s e t   f o r t h   in  c l a i m   1 ,  

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

means   to  d e t e c t   o r i e n t a t i o n s   of  s a i d   t h r u s t s   of  t h e  

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

d e t e c t e d   o r i e n t a t i o n s   and  s e r v o   a m p l i f i e r   means   to  r e c e i v e  

s i g n a l s   from  s a i d   a r i t h m e t i c   c i r c u i t   so  as  to  d e l i v e r  

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

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

s i g n a l s   r e p r e s e n t i n g   the   r o t a t i n g   a n g l e   and  i n c l i n a t i o n   o f  

s a i d   hand  l e v e r ,   an  a d d e r   to  add  c o n v e r t e d   s i g n a l s   f r o m  

s a i d   s y n c h r o   a n a l o g   c o n v e r t e r s ,   and  f e e d b a c k   a d d e r s   t o  

r e c e i v e   s i g n a l s   b o t h   from  s a i d   a d d e r   and  f rom  s a i d   f e e d b a c k  

d e t e c t o r   means   so  as  to  p r o d u c e   o u t p u t   s i g n a l s   of  t h e  

a r i t h m e t i c   c i r c u i t ;   and  s a i d   s e r v o   a m p l i f i e r   means  i n c l u d e s  

a m p l i f i e r   c i r c u i t s   to  a m p l i f y   s i g n a l s   f rom  s a i d   a r i t h m e t i c  

c i r c u i t   and  c o m p a r a t o r   to  d i f f e r e n t i a t e   c l o c k w i s e   i n s t r u c t i o n  

s i g n a l s   to  s a i d   p r o p u l s i o n   u n i t s   f rom  c o u n t e r c l o c k w i s e  

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

a m p l i f i e r   c i r c u i t s   a g a i n s t   a  r e f e r e n c e .  



9.  A  m a n e u v e r i n g   g e a r   as  s e t   f o r t h   in   c l a i m  1 ,  

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

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

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

t i o n s   and  s e r v o   a m p l i f i e r   means   to  r e c e i v e   s i g n a l s   f r o m  

s a i d   a r i t h m e t i c   c i r c u i t   so  as  to  d e l i v e r   a m p l i f i e d   s i g n a l s  

to  s a i d   a c t u a t i n g   m e a n s ;   s a i d   a r i t h m e t i c   c i r c u i t   i n c l u d e s  

d i f f e r e n t i a l   s y n c h r o n i z e r   m e a n s   to  r e c e i v e   s i g n a l s  b o t h  

f r o m   s a i d   hand   l e v e r   and  f rom  s a i d   f e e d b a c k   d e t e c t o r   m e a n s  

so  as  to   p r o d u c e   o u t p u t   s i g n a l s   o f   t h e   a r i t h m e t i c   c i r c u i t ;  

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

m e a n s   to   d i f f e r e n t i a t e   c l o c k w i s e   i n s t r u c t i o n   s i g n a l s  t o  

s a i d   p r o p u l s i o n   u n i t s   f rom  c o u n t e r c l o c k w i s e   i n s t r u c t i o n  

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

f rom  t h e   a r i t h m e t i c   c i r c u i t   and  a m p l i f i e r   c i r c u i t s   t o  

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

r e c t i f i e r   m e a n s .  

10.  A  m a n e u v e r i n g  g e a r   as  s e t   f o r t h   in   a n y  o n e   o f  

c l a i m s   8  and  9,  w h e r e i n   s a i d   f e e d b a c k   d e t e c t o r   means   a r e  

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

11.   A  m a n e u v e r i n g   g e a r  a s   s e t   f o r t h   in   a n y  o n e   o f  

c l a i m s   8  and  9,  w h e r e i n   s a i d   f e e d b a c k   d e t e c t o r   means   a r e  

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



12.  A  m a n e u v e r i n g   g e a r   as  s e t   f o r t h   in  c l a i m   1 ,  

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

c o u p l e d   to  s a i d   hand  l e v e r   so  as  to  d e t e c t   the   r o t a t i o n  

and  i n c l i n a t i o n   of  s a i d   hand   l e v e r ,   and  f e e d b a c k   p o t e n -  

t i o m e t e r s   to  d e t e c t   o r i e n t a t i o n s   of  s a i d   t h r u s t s   of  t h e  

p r o p u l s i o n   u n i t s   so  as  to  g i v e   s i g n a l s   s h o w i n g   the   d e t e c t e d  

o r i e n t a t i o n s ,   and  s e r v o   a m p l i f i e r   means   to  r e c e i v e   s i g n a l s  

f rom  s a i d   a r i t h m e t i c   c i r c u i t   so  as  to  d e l i v e r   a m p l i f i e d  

s i g n a l s   to  s a i d   a c t u a t i n g   m e a n s ;   s a i d   a r i t h m e t i c   c i r c u i t  

i n c l u d e s   an  a d d e r   to  add  s i g n a l s   f rom  s a i d   p o t e n t i o m e t e r  

c o u p l e d   to  s a i d   hand  l e v e r ,   and  f e e d b a c k   a d d e r s   to  r e c e i v e  

s i g n a l s   b o t h   from  s a i d   a d d e r   and  f rom  s a i d   f e e d b a c k  

p o t e n t i o m e t e r s   so  as  to  p r o d u c e   o u t p u t   s i g n a l s   of  t h e  

a r i t h m e t i c   c i r c u i t ;   and  s a i d   s e r v o   a m p l i f i e r   means   i n c l u d e s  

a m p l i f i e r   c i r c u i t s   to  a m p l i f y   s i g n a l s   from  s a i d   a r i t h m e t i c  

c i r c u i t   and  c o m p a r a t o r   means   to  d i f f e r e n t i a t e   c l o c k w i s e  

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

c l o c k w i s e   i n s t r u c t i o n   s i g n a l s   t h e r e t o   by  c o m p a r i n g   s i g n a l s  

f rom  s a i d   a m p l i f i e r   c i r c u i t s   a g a i n s t   a  r e f e r e n c e .  
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