
J E u r o p a i s c h e s   

Patentamt 

European  Patent  Office  @  Publication  number:  0 1 7 5 5 3 3  

Office  europeen  des  brevets  ^ 2  

EUROPEAN  PATENT  APPLICATION 

Application  number.  85306384.0  ©  Int.  CI.4:  B  63  H  23/34,  B  63  H  1 /18  

Date  of  filing:  09.09.85 

©  Priority:  17.09.84  GB  8423433  ©  Applicant:  VICKERS  PLC,  P.O.  Box  177  Vickers  House 
15.02.85  GB  8503934  Mlllbank  Tower  Millbank,  London  SW1  P  4RA  (GB) 

@  Inventor:  May,  Eric  Raymond,  11  Ledward  Lane  Bowdon, 
©  Date  of  publication  of  application  :  26.03.86  Altrincham  Cheshire  (GB) 

Bulletin  86/13 

®  Representative  .  Cole,  Paul  Gilbert  et  al,  Hughes  Clark 
Byrne  &  Parker  63  Lincoln's  Inn  Fields  P.O.  Box  22, 

©  Designated  Contracting  States:  DE  FR  NL  SE  London  WC2A  3JU  (GB) 

@  Multl-bladed  propeller  and  shaft  assembly. 

  A  multi-bladed  propeller  and  shaft  assembly  is  provided  in 
which  air  can  be  fed  to  the  propeller  blades  to  reduce  the  ef- 
fects  of  cavitation.  A  shaft  (10)  leads  to  a  multi-bladed  propel- 
ler  (15)  and  carries  a  sleeve  (18)  formed  with  inlet  passages 
(20)  and  axial  and  radial  passages  (21,  24)  leading  to  the  re- 
spective  blades  (17).  A slip  ring  (45)  supported  in  an  anti-rota- 
tion  device  (62)  allows  the  shaft  sleeve  (18)  to  rotate  within 
axially  spaced  bearings  (46,  47)  of  the  slip  ring  (45).  Axially 
spaced  air  seals  (49,  50)  together  define  with  the  body  (48)  of 
the  slip  ring  an  annulus  (51)  within  which  inlet  passages  (20) 
rotate.  Each  seal  (49  or  50)  is  formed  as  a  multiplicity  of  arcu- 
ate  segments  (80)  resiliently  biased  towards  the  sleeve  (18) 
and  having  movably  selaed  end  face  portions  (81,  82)  to  main- 
tain  pressure  tightness.  The  body  (48)  further  has  a  radial  flow 
passage  (57)  for  admission  of  air  under  pressure  to  the  annular 
space  (57)  and  a  flexible  fluid  connector  (56)  connects  the  ra- 
dial  flow  passage  (57)  to  an  air  supply  line  (54)  leading  from  the 
hull  structure.  The  present  shaft  delivery  slip  ring  avoids  the 
need  to  feed  air  down  the  whole  length  of  the  propeller  shaft 
or  to  feed  air  into  the  hub  through  a  slip  ring  making  wiping  con- 
tact  with  the  hub,  which  is  structurally  more  complex. 



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

a n d   s h a f t   a s s e m b l y   in   w h i c h   a i r   c a n   be  f e d   t o   t h e  

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

C a v i t a t i o n   a t   a  r o t a t i n g   m a r i n e   p r o p e l l e r   i s  

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

two  p r i n c i p a l   ones   b e i n g   n o i s e   t h a t   is   t r a n s m i t t e d   t h r o u g h  

t h e   w a t e r   and  e r o s i o n   of   t h e   b l a d e   m a t e r i a l .   In  m a n y  

s h i p s   i t   h a s   b e e n   t h e   c o n v e n t i o n a l   p r a c t i c e   to   pump  a i r  

down   t h e   d r i v e   s h a f t   f o r   t h e   p r o p e l l e r   and  to   d i s c h a r g e   i t  

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

f l o w   r a t e .   The  a i r   h a s   t r a d i t i o n a l l y   b e e n   f e d   f r o m   a n  

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

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

n u m b e r   o f   d i s a d v a n t a g e s .   The  a i r   f e e d   a r r a n g e m e n t s  

r e q u i r e   a  m u l t i p l i c i t y   of   i n t e r - s e c t i o n   j o i n t s ,   a l l   o f  

w h i c h   h a v e   to  be  s e a l e d .   H y d r a u l i c   s y s t e m s   may  a l s o   p a s s  
d o w n   t h e   s h a f t ,   and  a  l o s s   of   i n t e g r i t y   of   t h e   a i r   s u p p l y  

can   g i v e   r i s e   to   p r o b l e m   w i t h   t h e s e   s y s t e m s .   I t   h a s  

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

l o c a t e d   o u t s i d e   t h e   s h i p ' s   h u l l ,   p o s s i b l y   in  a  s p a c e  
b e t w e e n   t h e   p r o p e l l e r   and  the   a f t m o s t   s h a f t   b e a r i n g ,   w i t h  



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

as  a  s o - c a l l e d   A - b r a c k e t   by  a  r o u t e   w e l l   s e p a r a t e d   f r o m  

o t h e r   v i t a l   s y s t e m s ,   t h e r e b y   r e s u l t i n g   in  a  more  e c o n o m i c  

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

A  s o l u t i o n   to  t h i s   p r o b l e m   d e s c r i b e d   in  G B - A - 2 0 5 0 2 7 8  

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

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

a g a i n s t   t h e   f o r w a r d   f a c e   of  t h e   p r o p e l l e r   a s s e m b l y .   T h e  

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

p h e n o l i c   r e s i n   and  a s b e s t o s   and  a  p a s s a g e   in  t h e   p r o p e l l e r  

hub  l e a d i n g   to  t h e   p r o p e l l e r   b l a d e s   r o t a t e s   in  t h e   a n n u l u s  

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

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

a x i a l   m o v e m e n t   of   t h e   p r o p e l l e r .   But   t h e   a r r a n g e m e n t  

d e s c r i b e d   i s   r e l a t i v e l y   c o m p l e x ,   and  i t   i s   an  o b j e c t   o f  

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

t h a t   i s   l e s s   c o m p l e x   in   c o n s t r u c t i o n   b u t   i s   a t   l e a s t  

e q u a l l y   e f f e c t i v e .  

B r o a d l y   s t a t e d   t he   i n v e n t i o n   p r o v i d e s   a  m u l t i - b l a d e d  

p r o p e l l e r   and   s h a f t   a s s e m b l y   in  w h i c h   a i r   c an   be  f e d   t o  

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

i n c l u d i n g :  

a  s h a f t   l e a d i n g   to  t he   m u l t i - b l a d e d   p r o p e l l e r ;  

a  s l e e v e   on  t h e   s h a f t   f o r m e d   w i t h   r a d i a l   and   a x i a l  

p a s s a g e s   l e a d i n g   to  t he   r e s p e c t i v e   b l a d e s ;  

s l i p   r i n g   means   s u p p o r t e d   in  an  a n t i - r o t a t i o n   d e v i c e  

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

b e a r i n g s   in  t h e   s l i p   r i n g   and  p r o v i d e d   w i t h   a x i a l l y   s p a c e d  

a i r   s e a l s   t o g e t h e r   d e f i n i n g   w i t h   a  body   of  s a i d   s l i p   r i n g  

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

r o t a t e ,   s a i d   s e a l s   b e i n g   f o r m e d   as  a  m u l t i p l i c i t y   o f  

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

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

p o r t i o n s   to   m a i n t a i n   p r e s s u r e - t i g h t n e s s ,   and  s a i d   b o d y  

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

p r e s s u r e   to   s a i d   a n n u l a r   s p a c e ;   a n d  

a  f l e x i b l e   f l u i d   c o n n e c t o r   c o n n e c t i n g   t h e   r a d i a l  



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

s t r u c t u r e .  

V a r i o u s   e m b o d i m e n t s   of   t h e   i n v e n t i o n   w i l l   now  b e  

d e s c r i b e d ,   by  way  of   e x a m p l e   o n l y ,   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 r a w i n g s ,   in  w h i c h :  

F i g u r e   1  i s   a  s i d e   s e c t i o n   of  p a r t s   of  an  A - b r a c k e t ,  

t a i l s h a f t   and  p r o p e l l e r   hub  a s s e m b l y   s h o w i n g   an  a i r   s u p p l y  

s l i p - r i n g   a c c o r d i n g   to  t he   i n v e n t i o n   in  a s s o c i a t i o n   w i t h   a  

c o n t r o l l a b l e   p i t c h   p r o p e l l e r ;  

F i g u r e   2  i s   a n o t h e r   s e c t i o n   o f   a  p a r t   o f   t h e  

a r r a n g e m e n t   shown  in  F i g u r e   1  s h o w i n g   t h e   s l i p   r i n g   d e v i c e  

of   F i g u r e   1  h e l d   by  an  a n t i - r o t a t i o n   d e v i c e ;  

F i g u r e   3  i s   a  h o r i z o n t a l   s e c t i o n   a d j a c e n t   t h e  

p e r i p h e r y   of   a  p r o p e l l e r   b l a d e   s h o w i n g   an  a i r   d e l i v e r y  

m o u t h p i e c e ;  

F i g u r e s   4 a - 4 c   a r e   r e s p e c t i v e l y   s i d e ,   e n d   a n d  

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

b e i n g   t a k e n   on  t he   l i n e   A-A  of   F i g u r e   4b;   a n d  

F i g u r e s   5,  6  and   7  show  a  s e c o n d   e m b o d i m e n t   of  t h e  

i n v e n t i o n ,   b e i n g   r e s p e c t i v e l y   a  s i d e   s e c t i o n   of   an  A -  

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

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

t h e r e t o ,   and  a  s e c t i o n   s h o w i n g   t h e   a x i a l   c l a m p i n g   t h e r e o f .  

In  F i g u r e s   1-3  a  t a i l s h a f t   10  h a v i n g   an  i n n e r   s l e e v e  

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

means   of  an  A - b r a c k e t   12  t h a t   s u p p o r t s   a  s h a f t   b e a r i n g   1 3 .  

The   t a i l s h a f t   10  e x t e n d s   a f t   o f   t h e   b e a r i n g   13  a n d  

t e r m i n a t e s   in   a  t a i l   f l a n g e   14  t h a t   i s   a t t a c h e d   to   a  

p r o p e l l e r   hub   b o d y   by  m e a n s   of  f i x i n g   b o l t s   ( n o t   s h o w n )  

and   by  m e a n s   o f   d r i v i n g   d o w e l s   16  t h a t   t r a n s m i t   t h e  

d r i v i n g   t o r q u e   f rom  t h e   f l a n g e   14  to  t h e   hub  body   15.  T h e  

p r o p e l l e r   i s   of   v a r i a b l e   p i t c h   and  h a s   b l a d e s   17  m o u n t e d  

f o r   r o t a t i o n   in  t h e   h u b   b o d y   15  so  t h a t   t h e   a n g l e   of  e a c h  

b l a d e   may  be  v a r i e d .   On  the   s l e e v e   11  t h e r e   is  m o u n t e d   a n  

o u t e r   s l e e v e   18  t e r m i n a t i n g   in   a  f l a n g e   19  t h a t   i s  

f a s t e n e d   to   t h e   f o r w a r d   f a c e   o f   t h e   t a i l   f l a n g e   1 4 .  

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



t h e   s l e e v e   18  l e a d   to   a x i a l   f l o w   p a s s a g e s   21  s e a l e d   a t  

t h e i r   e n d s   by  f o r w a r d   and  a f t   s e a l s   22,  23  l e t   i n t o   t h e  

i n n e r   s l e e v e   11.  The  p a s s a g e s   21  l e a d   to  r a d i a l   p a s s a g e s  
24  d r i l l e d   in  t he   f l a n g e   19  and  c l o s e d   a t   t h e i r   o u t e r   e n d s  

by  m e a n s   of   p l u g s .   F l u i d   f r o m   t h e   r a d i a l   p a s s a g e s   24  i s  

d i s c h a r g e d   t h r o u g h   o u t l e t   p a s s a g e s   26  in  t h e   a f t   f a c e   o f  

t h e   f l a n g e   19  i n t o   l i n e r s   27  t h a t   l e a d   t h r o u g h   the   f l a n g e  

14,  t h r o u g h   t h e   d r i v i n g   d o w e l s   16  w h i c h   a r e   a n n u l a r   i n  

s e c t i o n ,   and   i n t o   t h e   h u b   b o d y   15.  The  f o r w a r d   end  o f  

e a c h   l i n e r   27  i s   f l a n g e d   a t   28  to   m a t e   w i t h   a  r e c e s s   i n  

t h e   a f t   f a c e   o f   t h e   f l a n g e   19  a b o u t   t h e   p a s s a g e   26  and   i s  

f l u i d - t i g h t l y   s e a l e d   by  m e a n s   of   an  O - r i n g   29  l e t   i n t o   t h e  

f a c e   o f   t h e   f l a n g e   28.  The  a f t   end   o f   t h e   l i n e r   27  i s  

s e a l e d   to   t h e   hub  body   15  by  means   of  an  O - r i n g   3 0 .  

The  h u b   b o d y   15  i s   f o r m e d   w i t h   a  f o r w a r d   b o r e   i n t o  

w h i c h   t h e   d o w e l   16  and  l i n e r   27  f i t   t h a t   i s   s e p a r a t e d   f r o m  

an  a f t   b o r e   l e a d i n g   to   t h e   b l a d e   p e r i p h e r y   by  m e a n s   of   a  

s h o u l d e r   31.  In  t h e   a f t   b o r e   a  m o u t h p i e c e   32  i s   u r g e d   b y  

c o m p r e s s i o n   s p r i n g   33  a g a i n s t   t h e   p e r i p h e r y   of  t he   b l a d e  

17,  t h e   s h o u l d e r   31  s e r v i n g   to  p r o v i d e   an  a b u t m e n t   f o r   t h e  

s p r i n g   33.  The  mou th   34  of   t he   m o u t h p i e c e   32  i s   g e n e r a l l y  

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

t o   t h e   d i r e c t i o n   of   r o t a t i o n   of   t h e   b l a d e   17  in   t h e   h u b  

body   15  w h e r e b y   f l u i d   c o m m u n i c a t i o n   b e t w e e n   t h e   hub  b o r e  

and   a  b o r e   35  in   t h e   b l a d e   17  i s   m a i n t a i n e d   o v e r   t h e  

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

t h e   b l a d e s   g i v e s   d e s i r a b l e   r e s u l t s .   Thus  when  t he   b l a d e s  

17  a r e   in   t h e   w o r k i n g   p i t c h   r a n g e   a i r   or  o t h e r   f l u i d   f e d  

i n t o   t h e   i n l e t   20  p a s s e s   a l o n g   p a s s a g e s   21,  24,  2 6 ,  

t h r o u g h   t h e   h o l l o w   d o w e l s   16  i n t o   t h e   hub   b o d y   15  f r o m  

w h i c h   i t   i s   f e d   v i a   m o u t h p i e c e s   32  i n t o   t h e   c h a n n e l s   3 5  

and   t h e n c e   t o   t h e   b l a d e s .   An  O - r i n g   36  in  t h e   b l a d e  

p e r i p h e r y   s e a l s   a g a i n s t   t h e   h u b   b o d y   15  t o   p r e v e n t  

s e a w a t e r   i n g r e s s   to  t he   i n t e r f a c e   b e t w e e n   t he   m o u t h p i e c e  

32  and   t h e   b l a d e   p e r i p h e r y ,   t h e r e b y   o b v i a t i n g   m a r i n e  

g r o w t h .   An  o u t e r   r i n g   40  on  t h e   f l a n g e   14  p r o v i d e s   b o t h  

p o r o t e c t i o n   a g a i n s t   s e a - w a t e r   i n g r e s s   to  t he   f l a n g e   14  a n d  



a  s m o o t h   e x t e r n a l   p r o f i l e   b e t w e e n   t h e   f l a n g e   19  and   t h e  

hub   b o d y   15  and  h a s   O - r i n g s   41,  42  in   i t s   end  f a c e s   t o  

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

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

r e f e r e n c e   n u m e r a l   45  i s   s u p p o r t e d   f o r   r o t a t i o n   on  t h e  

o u t e r   s l e e v e   18  by  m e a n s   of   f o r e   and  a f t   s p l i t   b e a r i n g s  

46,  47  in  a  h o u s i n g   48.   A  p a i r   of   a x i a l l y   s p a c e d   a i r  

s e a l s   49,   50  a r e   a l s o   s u p p o r t e d   in   t h e   h o u s i n g   48  f o r  

w i p i n g   c o n t a c t   w i t h   t h e   s l e e v e   18,   a n d   t h e y   d e f i n e  

t h e r e w i t h   an  a n n u l a r   s p a c e   51  w i t h i n   w h i c h   t h e   i n l e t  

p a s s a g e   20  r o t a t e s .   The  a i r   s e a l s   a r e   s e g m e n t e d   and  t h e  

s e g m e n t s   a r e   u r g e d   i n t o   c o n t a c t   w i t h   t h e   s l e e v e   18  b y  

m e a n s   of  g a r t e r   s p r i n g s   52.  The  i n n e r   f a c e s   of  t h e   s e a l s  

49,   50  a r e   s e a l e d   t o   t h e   h o u s i n g   48  by  m e a n s   of   O - r i n g s  
53.  A n t i - r o t a t i o n   p i n s   44  p r e v e n t   t h e   i n d i v i d u a l   s e g m e n t s  

of   t h e   s e a l s   49 ,   50  f r o m   r o t a t i n g   in  t h e   h o u s i n g   48.   A i r  

is   f ed   down  t h e   A - b r a c k e t   t h r o u g h   f e e d   p i p e   54  t h a t   l e a d s  

t h r o u g h   e l b o w   55  t o   a  c o u p l i n g   o r   " b e l l o w s "   56  o f  

r e s i l i e n t l y   f l e x i b l e   m a t e r i a l   t h a t   i s   b o l t e d   t o   t h e  

h o u s i n g   48,   w h e r e b y   a i r   c an   be  f e d   down   t h e   A - b r a c k e t   i n t o  

t h e   b e l l o w s   56  and   t h e n c e   v i a   r a d i a l   b o r e   57  in  t h e  

h o u s i n g   48  t o   t h e   a n n u l a r   s p a c e   51.   I t   may  be  d e s i r a b l e  

to  f e e d   w a t e r   to  t h e   s e a l s   49,  50  to  a c t   as  l u b r i c a n t ,   a n d  

f o r   t h i s   p u r p o s e   t he   A - b r a c k e t   12  i s   f u r t h e r   p r o v i d e d   w i t h  

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

59  w i t h   t h e   a i r   f e e d   p i p e   58.  T h i s   m e t h o d   o f   f e e d i n g  

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

w a t e r   is  fed   d i r e c t   to  t he   s e a l s   as  d e s c r i b e d   b e l o w .  

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

o u t e r   s l e e v e   18  by  means   of  an  a n t i - r o t a t i o n   d e v i c e ,   and  a  

p r e f e r r e d   s u c h   d e v i c e   i s   i l l u s t r a t e d   in  F i g u r e   2.  T h e  

h o u s i n g   48  i s   p r o v i d e d   w i t h   o n e   o r   m o r e   r a d i a l l y  

p r o j e c t i n g   s p i g o t s   60  t h a t   a re   h e l d   by  r u b b e r   b u s h e s   61  i n  

a n t i - r o t a t i o n   a r m s   62  t h a t   a r e   b o l t e d   to  t he   A - b r a c k e t   1 2 .  

The  s l i p   r i n g   a s s e m b l y   45  i s   s h o w n   in   m o r e   d e t a i l   i n  

F i g u r e s   4 a - 4 c   and   i s   s e e n   to   c o n s i s t   of   a  h o u s i n g   f o r m e d  

in  h a l v e s   4 8 a ,   48b  t h a t   a r e   f l a n g e d   a t   t h e i r   e n d s   and  a r e  



s e c u r e d   t o g e t h e r   by  b o l t s   70  t h r o u g h   t h e   f l a n g e s .   T h e  

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

by  m e a n s   o f   b o l t s   71  w i t h   a  c e n t r a l   r i n g   72  r e c e s s e d   a t  

i t s   f o r w a r d   and  a f t   f a c e s   to   d e f i n e   w i t h   o u t e r   r i n g s   7 3 ,  

74  c h a n n e l s   t h a t   r e c e i v e   t h e   a i r   s e a l s   49 ,   50,  e a c h   o u t e r  

r i n g   73,  74  b e i n g   f o r m e d   w i t h   a  c h a n n e l   t h a t   r e c e i v e s   o n e  

of   t h e   b e a r i n g s   46 ,   47.   E a c h   b e a r i n g   46,   47  i s   f o r m e d   i n  

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

r i n g   by  end   w a s h e r s   75  t h a t   l o c a t e   a g a i n s t   t h e   end  f a c e s  

of   t h e   h a l f   r i n g .  

The   i n d i v i d u a l   s e g m e n t s   o f   t h e   s e a l s   49,   50  h a v e  

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

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

o u t e r   s u r f a c e s   of  t he   s e g m e n t s   a r e   r e c e s s e d   to  a c c o m m o d a t e  

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

t h e   s e g m e n t s   a l l o w   p a s s a g e   of  l u b r i c a t i n g   w a t e r .  

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

s h o w n   in  F i g u r e s   5,  6  and   7  in  t h e   c o n t e x t   of  a  f i x e d  

p i t c h   p r o p e l l e r .   The  a r r a n g e m e n t   i s   g e n e r a l l y   s i m i l a r   t o  

t h a t   o f   F i g u r e   1  e x c e p t   t h a t   t h e   t a i l s h a f t   10  i s   n o t  

f l a n g e d   and   t h e   h u b   b o d y   15  i s   b o l t e d   d i r e c t l y   to   t h e  

o u t e r   s l e e v e   f l a n g e   19  by  m e a n s   of   b o l t s   90,  t h e   r a d i a l  

p a s s a g e s   24  l e a d i n g   d i r e c t   i n t o   p a s s a g e s   35 '   l e a d i n g  

t h r o u g h   t h e   hub   b o d y   15  to   t h e   b l a d e s .   An  a f t   e x t e n s i o n  

92  o f   t h e   s l e e v e   18  f i t s   w i t h i n   a  r e c e s s   in  t h e   hub   1 5 ,  

b e i n g   a p p r o x i m a t e l y   c o e x t e n s i v e   w i t h   t h e   i n n e r   s l e e v e   1 1 .  

The  w a t e r   s u p p l y   f r o m   t h e   A - b r a c k e t   12  t o   t h e   s e a l s   49 ,   5 0  

i s   s h o w n   i n   F i g u r e   6.  The   w a t e r   f e e d   i s   t h r o u g h   a  

s e p a r a t e   p i p e   t h a t   e n t e r s   t h e   h o u s i n g   48  a t   a  r a d i a l  

p o s i t i o n   s p a c e d   f r o m   t h e   b o r e   57  v i a   an  i n l e t   93  t h a t  

b r a n c h e s   t o   f o r e   and  a f t   a x i a l   c h a n n e l s   94,   95  l e a d i n g  

t h r o u g h   r a d i a l   c h a n n e l s   96 ,   97  t o   t h e   r e a r   f a c e   o f  

r e s p e c t i v e   s e a l s   49,   50,  t h e   r a d i a l   d r i l l i n g   84  i n   t h e  

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

s e a l s .  

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

may  be  m a d e   to   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   w i t h o u t  



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

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



1.  A  m u l t i - b l a d e d   p r o p e l l e r   and  s h a f t   a s s e m b l y   in  w h i c h  

a i r   c an   be  f e d   to   t h e   p r o p e l l e r   b l a d e s   to  s u p p r e s s   t h e  

e f f e c t s   of  c a v i t a t i o n   c h a r a c t e r i s e d   b y :  

a  s h a f t   (10)  l e a d i n g   to   t h e   m u l t i - b l a d e d   p r o p e l l e r  

( 1 5 ) ;  

a  s l e e v e   ( 1 8 )   on  t h e   s h a f t   ( 1 0 )   f o r m e d   w i t h  

p a s s a g e s   (20 ,   21,  24)  l e a d i n g   to   t h e   r e s p e c t i v e   b l a d e s  

( 1 7 ) ;  

s l i p   r i n g   m e a n s   (45)   s u p p o r t e d   in  an  a n t i - r o t a t i o n  

d e v i c e   (62)   a l l o w i n g   t h e   s h a f t   s l e e v e   (18)   t o   r o t a t e  

w i t h i n   a x i a l l y   s p a c e d   b e a r i n g s   (46,  47)  in  t he   s l i p   r i n g  

m e a n s   (45)  and  p r o v i d e d   w i t h   a x i a l l y   s p a c e d   a i r   s e a l s   ( 4 9 ,  

50)   t o g e t h e r   d e f i n i n g   w i t h   a  b o d y   (48 )   of   s a i d   s l i p   r i n g  

m e a n s   (45)  an  a n n u l a r   s p a c e   (51)  w i t h i n   w h i c h   i n l e t s   ( 2 0 )  

t o   s a i d   p a s s a g e s   (21 ,   24)  r o t a t e ,   s a i d   s e a l s   (49 ,   5 0 )  

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

r e s i l i e n t l y   b i a s e d   t o w a r d s   t h e   s l e e v e   (18)   and   h a v i n g  

m o v a b l y   s e a l e d   end  f a c e   p o r t i o n s   (81 ,   82)  to   m a i n t a i n  

p r e s s u r e - t i g h t n e s s ,   and   s a i d   b o d y   (48)   h a v i n g   a  r a d i a l  

f l o w   p a s s a g e   (57 )   f o r   a d m i s s i o n   of   a i r   u n d e r   p r e s s u r e   t o  

s a i d   a n n u l a r   s p a c e   (51) ;   a n d  

a  f l e x i b l e   f l u i d   c o n n e c t o r   (56)   c o n n e c t i n g   t h e  

r a d i a l   f l o w   p a s s a g e   (57 )   t o   an  a i r   s u p p l y   l i n e   ( 5 4 )  

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

2.  An  a s s e m b l y   a c c o r d i n g   to  C l a i m   1,  f u r t h e r   c o m p r i s i n g  

m e a n s   (58 )   f o r   s u p p l y i n g   w a t e r   to   t h e   s e a l s   (49 ,   50)  a n d  

b e a r i n g s   (46,  47)  f o r   c o o l i n g   a n d / o r   l u b r i c a t i o n   t h e r e o f .  

3.  An  a s s e m b l y   as   c l a i m e d   in  C l a i m   1,  w h e r e i n   t h e  

s e v e r a l   s e g m e n t s   (80)   of   e a c h   s e a l   a r e   u r g e d   t o w a r d s   t h e  

s h a f t   by  means   of   a  g a r t e r   s p r i n g   ( 5 2 ) .  

4.  An  a s s e m b l y   as  c l a i m e d   in  c l a i m   1,  w h e r e i n   t h e   s l i p  

r i n g   m e a n s   ( 4 5 )   i s   r e s t r a i n e d   t o   f o l l o w   a n y   r a d i a l  

m o v e m e n t   o f   t h e   p r o p e l l e r   s h a f t   ( 1 0 )   t o   m a i n t a i n  

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

m a i n   b e a r i n g s .  



5.  An  a s s e m b l y   as  c l a i m e d   in   c l a i m   1,  w h e r e i n   a n t i -  

r o t a t i o n   p e g s   (44)   e n g a g e d   b e t w e e n   t h e   b o d y   (48)   and  t h e  

s e a l   s e g m e n t s   (49,  50,  80)  p r e v e n t   r o t a t i o n   t h e r e o f ,   e a c h  

s e a l   (49 ,   50)  i s   r e c e i v e d   in   a  g r o o v e   of   g e n e r a l l y  

c h a n n e l - s e c t i o n   in  t h e   body   (48)  and  0 - r i n g   means   (53)  i n  

an  end  f a c e   of   e a c h   s e a l   ( 4 9 ,   50)  t h a t   i s   e x p o s e d   to   a i r  

u n d e r   p r e s s u r e   s e a l s   a g a i n s t   t he   c h a n n e l   to  p r e v e n t   e s c a p e  
of   a i r   b e h i n d   t h e   s e a l   ( 49 ,   50)  and  t h e   b e a r i n g s   ( 4 6 ,   4 7 )  

e n g a g e   p l a i n   r e g i o n s   of  t h e   s l e e v e   (18)  so  t h a t   t he   s l e e v e  

(18 )   c a n   move  a x i a l l y   t h r o u g h   t h e   s l i p   r i n g   (45)   as  t h e  

s h a f t   l e n g t h   a l t e r s .  

6.  An  a s s e m b l y   as  c l a i m e d   c l a i m   1,  w h e r e i n   t h e   s l e e v e  

(18)  i s   f o r m e d   w i t h   a x i a l   p a s s a g e s   (21)  t h a t   t e r m i n a t e   i n  

r a d i a l   p a s s a g e s   (24 )   l e a d i n g   t o   t h e   r e s p e c t i v e   b l a d e s  

(17) ,   a  b l a d e   hub  (15)  of  t h e   p r o p e l l e r   b e i n g   c o n n e c t e d   t o  

t h e   s h a f t   (10)   by  m e a n s   o f   d o w e l s   (16)   s o c k e t e d   i n t o   t h e  

h u b   (15 )   and  an  end  f l a n g e   (14)   of  t h e   s h a f t   ( 1 0 ) ,   a n d  

t h e   r a d i a l   p a s s a g e s   (24)   l e a d   to   t h e   b l a d e s   (17)   t h r o u g h  

s a i d   d o w e l s   ( 1 6 ) .  

7.  An  a s s e m b l y   a c c o r d i n g   t o   C l a i m   6,  w h e r e i n   t h e  

b l a d e s   (17)   a r e   r o t a t a b l y   s u p p o r t e d   in  t h e   hub   ( 1 5 ) ,   t h e  

a i r   p a s s a g e s   (26 )   l e a d i n g   t o   t h e   b l a d e   p e r i p h e r y   a r e  

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

(32 ,   33)  s u c h   t h a t   t h e   c o n n e c t i o n   to   t h e   b l a d e   (17 )   i s  

m a i n t a i n e d   o v e r   a  r a n g e   of   b l a d e   a n g u l a r   p o s i t i o n s .  

8.  An  a s s e m b l y   a c c o r d i n g   to   C l a i m   7,  w h e r e i n   t h e  

p e r i p h e r y   of   e a c h   b l a d e   (17)   i s   p r o v i d e d   w i t h   an  0 - r i n g  

( 3 6 )   t h a t   s e a l s   a g a i n s t   t h e   h u b   (15)   t o   p r e v e n t   s e a w a t e r  

f l o w   a r o u n d   t h e   i n t e r f a c e   b e t w e e n   t he   m o u t h p i e c e   (32)  a n d  

t h e   b l a d e   p e r i p h e r y .  
9.  An  a s s e m b l y   a c c o r d i n g   to   c l a i m   1,  w h e r e i n   t h e   s l i p  

r i n g   (45)  is  r e s i l i e n t l y   r e s t r a i n e d   a g a i n s t   r o t a t i o n   a t   a  

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

10.  A  m u l t i - b l a d e d   p r o p e l l e r   and  s h a f t   a s s e m b l y   in  w h i c h  

a i r   c an   be  f e d   t h r o u g h   p a s s a g e s   (20 ,   21,   24)  in  t h e   s h a f t  

( 10 ,   18)  to   t h e   p r o p e l l e r   b l a d e s   (17)   to   s u p p r e s s   t h e  

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



t h e   s i d e   of   t h e   s h a f t   and   r o t a t e   in  an  a n n u l u s   ( 5 1 )  

d e f i n e d   b e t w e e n   a x i a l l y   s p a c e d   a i r   s e a l s   (49 ,   50)  e a c h  

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

r e s i l i e n t l y   b i a s e d   t o w a r d s   t h e   s h a f t   (18)   and  h a v i n g  

l a p p e d   or  o t h e r w i s e   m o v a b l y   s e a l e d   end  f a c e   p o r t i o n s   ( 8 1 ,  

82)  t o   m a i n t a i n   p r e s s u r e   t i g h t n e s s ,   s a i d   a i r   s e a l s   ( 4 9 ,  

50)  f o r m i n g   p a r t   of  s l i p   r i n g   means   (45)  s u p p o r t e d   on  t h e  

s h a f t   by  an  a n t i - r o t a t i o n   d e v i c e   (64)  and  a i r   b e i n g   fed  t o  

s a i d   a n n u l u s   (51)   v i a   a  f l e x i b l e   f l u i d   c o n n e c t o r   ( 5 6 )  

b e t w e e n   t h e   s l i p   r i n g   (45)   and   a i r   s u p p l y   l i n e   ( 5 4 )  

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