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@  Fluid  power  transmission  system. 

A  fluid  power  transmission  system  comprises  a  fluid 
power  transmitting  unit  (12)  having  a  mechanical  power 
input  provided  by  movement  of  a  piston  (15)  relative  to  a 
body  portion  (14)  of  the  transmitting  unit  (12)  and  a  fluid 
power  receiving  unit  (13)  having  a  mechanical  power  out- 
put  provided  by  movement  of  a  piston  (15)  relative  to  a 
body  portion  (14)  of  the  receiving  unit  (13).  The  piston  (15) 
divides  a  space  within  the  body  portion  (14)  of  each  unit 
(12,  13)  into  first  (16)  and  second  (17)  chambers.  The  first 
chambers  (16)  of  the  units  (12,  13)  are  interconnected  by  a 
liquid  and  the  second  chambers  (17)  of  the  units  (12,  13) 
are  interconnected  by  a  gas. 

Means  are  disclosed  which  compensate  for  changes 
in  the  volume  of  the  liquid  interconnection  due  to  tempe- 
rature  changes  so  that  a  mechanical  output  from  the  re- 
ceiving  unit  (13)  is  not  affected  by  such  volume  changes. 



THIS  INVENTION  r e l a t e s   to  f l u i d   power  t r a n s m i s s i o n   sy s t ems  

p a r t i c u l a r l y ,   a l though  not  e x c l u s i v e l y ,   su i t ed   for  use  in  a i r c r a f t  

f l y i n g   c o n t r o l   s y s t e m s .  

Power  app l i ed   to  a  con t ro l   system  by  a  manually  o p e r a t e d  

mechanica l   input  may  be  t r a n s m i t t e d   to  a  remote  mechanical   o u t p u t  

of  the  system  by  h y d r a u l i c   means  compr i s ing   an  i n c o m p r e s s i b l e   f l u i d ,  

in  p r a c t i c e   a  l i q u i d ,   i n t e r c o n n e c t i n g   between  one  c y l i n d e r   space  o f  

a  p i s t o n   and  c y l i n d e r   assembly  at  the  input   and  a  c o r r e s p o n d i n g  

c y l i n d e r   space  of  a  p i s t o n   and  c y l i n d e r   assembly  at  the  ou tpu t .   I n  

one  such  system  r e t u r n   to  a  n e u t r a l   p o s i t i o n   is  provided  by  a  ·_ 

l i q u i d   i n t e r c o n n e c t i n g   c o r r e s p o n d i n g   c y l i n d e r   spaces  on  the  o p p o s i t e  

faces   of  the  p i s t o n s .   In  a p p l i c a t i o n   to  a i r c r a f t   f l y i n g   c o n t r o l  

systems,   p a r t i c u l a r l y   when  a  number  of  c o n t r o l s   are  to  be  o p e r a t e d  

by  such  f l u i d   power  t r a n s m i s s i o n   sys tems,   the  weight  of  l i q u i d   i n  

the  r e t u r n   i n t e r c o n n e c t i o n s   is  a  c o n s i d e r a b l e   d i s a d v a n t a g e .  

In  an  a l t e r n a t i v e   system  having  h y d r a u l i c   power  t r a n s m i s s i o n  

between  a  mechanica l   input  and  a  mechanica l   ou tpu t ,   r e t u r n   i s  

p rov ided   by  o p e r a t i n g   the  p i s t o n   of  a  p i s t o n   and  c y l i n d e r   a s s e m b l y  

at  the  output   and  aga in s t   a  s p r i n g .   As  well  as  i n t r o d u c i n g   a  r i s k  

of  system  f a i l u r e   due  to  breakage  of  the  sp r ing   in  f a t i g u e ,   t h i s  

means  of  r e t u r n   is  compl ica ted   by  the  f ac t   tha t   a  spr ing   having  a  

cons t an t   r a t e   must  be  provided  so  as  to  ensure  cons t an t   l i n e a r  

output   movement  is  ob ta ined   from  the  system.   This  l a t t e r   point   i s  

p a r t i c u l a r l y   impor tan t   when  e f f e c t i n g   movement  of  a i r c r a f t   c o n t r o l  

s u r f a c e s .  

According  to  the  p r e s e n t   i n v e n t i o n   a  f l u i d   power  t r a n s m i s s i o n  

system  compr i s ing   a  f l u i d   power  t r a n s m i t t i n g   un i t   having  a  m e c h a n i c a l  

power  input   provided  by  a  p i s t o n   a r ranged   for  s l i d i n g   movement 

r e l a t i v e   to  a  body  p o r t i o n   of  the  power  t r a n s m i t t i n g   uni t   and  d i v i d i n g  

a  space  w i th in   the  body  p o r t i o n   into  f i r s t   and  second  chambers,   and 

a  f l u i d   power  r e c e i v i n g   uni t   hav ing  a   mechanica l   power  o u t p u t  

p rov ided   by  a  p i s t o n   a r ranged   for  s l i d i n g   movement  r e l a t i v e   to  a  

body  p o r t i o n   of  the  f l u i d   power  r e c e i v i n g   uni t   and  d i v i d i n g   a  s p a c e  



with in   the  body  p o r t i o n   in to   f i r s t   and  second  chambers,   i s  

c h a r a c t e r i s e d   in  t ha t   a  l i q u i d   i n t e r c o n n e c t s   the  f i r s t   chambers  o f  

the  t r a n s m i t t i n g   and  r e c e i v i n g   u n i t s   and  a  gas  i n t e r c o n n e c t s   t h e  

second  chambers  of  the  t r a n s m i t t i n g   and  r e c e i v i n g   u n i t s .  

P r e f e r a b l y ,   a  f l u i d   power  t r a n s m i s s i o n   system  in  a c c o r d a n c e  

with  the  p r e s e n t   i n v e n t i o n   has  t e m p e r a t u r e   compensat ing   means 

provided   in  at  l e a s t   one  of  said  f l u i d   power  t r a n s m i t t i n g   o r  

r e c e i v i n g   u n i t s   for   accommodating  changes  in  volume  of  the  l i q u i d  

due  to  t e m p e r a t u r e   c h a n g e .  

Such  t e m p e r a t u r e   compensa t ing   means  may  be  p rov ided   by  t h e  

p i s t o n   of  e i t h e r   one  or  both  of  the  t r a n s m i t t i n g   and  r e c e i v i n g  

u n i t s   being  s l i d e a b l e   w i th in   a  c y l i n d e r   which  is  s l i d e a b l y   h o u s e d  

wi th in   the  body  p o r t i o n   of  the  un i t   so  tha t   mechanica l   input   to  t h e  

t r a n s m i t t i n g   un i t   and  mechan ica l   output   from  the  r e c e i v i n g   uni t   i s  

by  r e l a t i v e   movement  between  the  p i s t o n   and  the  body  p o r t i o n   and 

t empera tu re   compensa t ion   is  p rov ided   by  r e l a t i v e   movement  b e t w e e n  

the  c y l i n d e r   and  the  body  p o r t i o n .  

At  l e a s t   a  pa r t   of  the  a rea   of  one  end  su r f ace   of  the  c y l i n d e r  

i s  a d a p t e d   for   r e a c t i o n   wi th   a  t e m p e r a t u r e   r e s p o n s i v e   medium 

con ta ined   w i t h i n   a  chamber  at  one  end  of  the  body  p o r t i o n   of  t h e  

u n i t .  

The  area   of  the  c y l i n d e r   end  s u r f a c e   may  comprise  an  a n n u l a r  

su r f ace   a r r anged   for   en t ry   i n to   the  chamber  between  an  i n t e r n a l  

su r f ace   of  the  bore  of  the  body  p o r t i o n   of  the  un i t   and  a  c i r c u m f e r e n t i a l  

su r face   of  a  f i xed   p i s t o n   s u p p o r t e d   from  the  end  of  the  body  p o r t i o n .  

A  r e s e r v o i r   may  be  p r o v i d e d   for   the  l i q u i d   i n t e r c o n n e c t i n g   t h e  

f i r s t   chambers  of  the  u n i t s   and  is  p r e f e r a b l y   i n c o r p o r a t e d   in  t h e  

r e c e i v i n g   u n i t .  

A  r e s e r v o i r   for   gas  i n t e r c o n n e c t i n g   the  second  chambers  of  t h e  

u n i t s   may  be  i n c o r p o r a t e d   in  a  gas  l i n e   p r o v i d i n g   the  g a s  

i n t e r c o n n e c t i o n   between  the  second  c h a m b e r s .  

The  system  may  be  d u p l i c a t e d   by  an  a d d i t i o n a l   power  

t r a n s m i t t i n g   un i t   and  an  a d d i t i o n a l   power  r e c e i v i n g   un i t   h a v i n g  

t h e i r   r e s p e c t i v e   f i r s t   and  second  chambers  i n t e r c o n n e c t e d   by  a  

l i q u i d   and  a  gas,   r e s p e c t i v e l y .  

Means  may  be  p rov ided   for   i n d i c a t i n g   loss   of  l i q u i d   in  one  o f  

the  l i q u i d   i n t e r c o n n e c t i o n s   between  the  pa i r   of  t r a n s m i t t i n g   u n i t s  



and  the  pa i r   of  r e c e i v i n g   u n i t s .   One  such  i n d i c a t i n g   means 

comprises  a  rocker   arm  having  one  of  said  pa i r   of  power 

t r a n s m i t t i n g   un i t s   a t t a c h e d   at  each  end  t h e r e o f   and  a d a p t e d  

i n t e r m e d i a t e   i t s   ends  for  p i v o t a l   a t t achment   on  support   s t r u c t u r e  

so  as  to  a c t u a t e   s igna l   means  when  the  rocker   arm  p ivo ts   due  t o  

an  out  of  ba lance   force  app l i ed   by  one  of  the  t r a n s m i t t i n g   u n i t s .  

A  second  mechanical   power  input  may  be  i n c o r p o r a t e d   in  t h e  

l i q u i d   connec t ion   between  the  f i r s t   chambers  of  the  t r a n s m i t t i n g  

and  r e c e i v i n g   u n i t s   so  tha t   the  mechanica l   output  from  t h e  

r e c e i v i n g   uni t   may  be  va r i ed   wh i l s t   the  mechanical   input  to  t h e  

t r a n s m i t t i n g   un i t   is  held  in  a  f ixed   p o s i t i o n .  

The  second  mechanica l   power  input   may  comprise  a  p l u n g e r  

adapted  for  movement  in  c y l i n d e r   connected   in  a  l i q u i d   l i n e  

p r o v i d i n g   the  l i q u i d   connec t ion   between  the  f i r s t   chambers  of  t h e  

t r a n s m i t t i n g   and  r e c e i v i n g   u n i t s .  

The  i n v e n t i o n   wi l l   now  be  f u r t h e r   d e s c r i b e d   by  way  of  example 

and  with  r e f e r e n c e   to  the  accompanying  drawings ,   in  w h i c h : -  

Figure  1  is  a  p a r t l y   s e c t i o n e d   d iagrammat ic   i l l u s t r a t i o n   of  a  

f l u i d   power  t r a n s m i s s i o n   system  in  accordance   with  one  embodiment 

of  the  i n v e n t i o n ;  

Figure  2  is  a  c r o s s - s e c t i o n   taken  along  the  l o n g i t u d i n a l  

c e n t r e - l i n e   of  a  f l u i d   power  t r a n s m i t t i n g   uni t   used  in  the  sys t em 

shown  in  F igure   1;  

Figure  3  is  a  p a r t l y   s e c t i o n e d   end  view  taken  along  l i n e  

I I  -   II  of  F igure   2 ;  

Figure  4  is  a  c r o s s - s e c t i o n   through  a  l i q u i d   r e s e r v o i r  

i n c o r p o r a t e d   in  a  f l u i d   power  r e c e i v i n g   uni t   used  in  the  sy s t em 

shown  in  Figure   1; 

Figure  5  is  a  d iagrammat ic   i l l u s t r a t i o n   of  a  h e l i c o p t e r   f l y i n g  

con t ro l   system  i n c o r p o r a t i n g   f l u i c   power  t r a n s m i s s i o n   systems  i n  

accordance  with  the  p r e s e n t   i n v e n t i o n .  

A  f l u i d   power  t r a n s m i s s i o n   system,  as  shown  in  Figure  1,  i s  

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

12,  12a  and  two  f l u i d   power  r e c e i v i n g   u n i t s   13,  13a.  Each 

t r a n s m i t t i n g   ani  r e c e i v i n g   uni t   comprises  a  hollow  body  p o r t i o n   14 

and  a  p i s t o n   15  d i sposed   wi th in   the  body  p o r t i o n   and  a r ranged  f o r  

s l i d i n g   movement  r e l a t i v e   t h e r e t o .   The  p i s t o n   15  d iv ides   a  space  



wi th in   the  body  p o r t i o n   14  in to   f i r s t   and  second  chambers  16  and  17 ,  

r e s p e c t i v e l y .   Liquid  in  the  r e s p e c t i v e   f i r s t   chambers  16  of  t h e  

t r a n s m i t t i n g   u n i t s   12,  12a  i n t e r c o n n e c t s   with  l i q u i d   in  t h e  

c o r r e s p o n d i n g   f i r s t   chamber  16  of  each  of  the  r e c e i v i n g   u n i t s   1 3 ,  

13a  by  pipe  l i n e s   18,  18a,  and  a  gas  in  the  r e s p e c t i v e   s e c o n d  

chambers  17  of  the  t r a n s m i t t i n g   u n i t s   12,  12a  i n t e r c o n n e c t s   w i t h  

gas  in  the  c o r r e s p o n d i n g   second  chamber  of  each  of  the  r e c e i v i n g  

u n i t s   13,  13a  by  pipe  l i n e s   19,  1 9 a .  

The  pipe  l i n e s   18,  18a,  19,  19a,  are  formed  by  small  b o r e  

p l a s t i c s   t ub ing   manufac tu r ed   from  nylon  or  P . T . F . E .   m a t e r i a l ,   t h e  

tub ing   for   the  gas  pipe  l i n e s   having  a  maximum  i n t e r n a l   d i ame te r   i n  

the  order   of  3.5  m.m.  (0.125  inch)   and  the  t ub ing   for   the  l i q u i d  

pipe  l i n e   having  a  maximum  i n t e r n a l   d i ame te r   in  the  order   of  8  m.m. 

(0.3  i n c h ) .   The  l i q u i d   should  have  a  v i s c o s i t y   in  the  order   o f  

1.96  c e n t i s t o k e s   at  20°C  and  6.16  c e n t i s t o k e s   at  minus  40°C  so  a s  

to  p rov ide   a  r e a s o n a b l e   r a t e   of  r e sponse   at  low  o p e r a t i n g  

t e m p e r a t u r e s   when  u s ing   small   bore  t u b i n g .   I t   is  c o n s i d e r e d   t h a t  

a  l i q u i d   be ing   a  mix tu re   of  methanol   and  water   in  the  range  of  55 

to  65  per  cent  VV  methanol   to  water   w i l l   p rov ide   adequate   r e s p o n s e  

c h a r a c t e r i s t i c s .   A  s u i t a b l e   gas  is  a i r   or  n i t r o g e n   c o n t a i n e d   i n  

the  system  at  a  p r e s s u r e   in  the  order   of  250  p . s . i . g .   A  g a s  

r e s e r v o i r   20,  is  p r o v i d e d   in  the  gas  pipe  l i ne   19  to  accommodate  

v a r i a t i o n s   in  gas  p r e s s u r e   and  l eakages   of  gas  from  the  pipe  l i n e  

19.  A  s i m i l a r   r e s e r v o i r   (not  shown)  is  p rov ided   in  the  gas  p i p e  

l i ne   1 9 a .  

A  mechan ica l   power  input   to  the  t r a n s m i t t i n g   u n i t s   12,  12a  i s  

p rov ided   by  movement  of  t h e i r   r e s p e c t i v e   p i s t o n s   15  r e l a t i v e   t o  

t h e i r   body  p o r t i o n   14.  Each  p i s t o n   15  p r o j e c t s   a  p i s t o n   rod  21 

e x t e r n a l l y   of  one  end  of  the  body  p o r t i o n   for   c o n n e c t i o u   with  a  l e v e r  

22.  Mechan ica l   power  output   from  the  r e c e i v i n g   u n i t s   13,  13a  i s  

a lso  a ccompl i shed   by  movement  of  t h e i r   r e s p e c t i v e   p i s t o n s   15 

r e l a t i v e   to  t h e i r   body  p o r t i o n s   14,  the  p i s t o n s   of  the  r e c e i v i n g  

u n i t s   a lso   p r o j e c t i n g   p i s t o n   rods  21  e x t e r n a l l y   of  the  r e c e i v i n g   u n i t  

body  p o r t i o n s   f o r  c o r r e c t i o n   with  p i v o t a l   l i n k s   2 3 .  

One  of  the  f l u i d   power  t r a n s m i t t i n g   u n i t s   12,  12a  w i l l   now  b e  

d e s c r i b e d   in  d e t a i l   and  with  r e f e r e n c e   to  F igures   2  and  3  of  t h e  

accompanying  d r awings .   The  t r a n s m i t t i n g   un i t   12  as  b r i e f l y  



desc r ibed   with  r e f e r e n c e   to  Figure  1  comprises  a  hollow  body  p o r t i o n  

14  and  a  p i s t o n   15  a r ranged   for   s l i d i n g   movement  r e l a t i v e   to  t h e  

body  p o r t i o n   14,  the  p i s t o n   15  d i v i d i n g   a  space  wi th in   the  body 

p o r t i o n   into  f i r s t   and  second  chambers  16  and  17,  r e s p e c t i v e l y .  

The  p i s t o n   15  is  s l i d e a b l e   in  the  bore  of  a  f i r s t   c y l i n d e r   25  o f  

a  c y l i n d e r   assembly  24  which  is  s l i d e a b l y   housed  in  the  bore  of  t h e  

body  p o r t i o n   14.  Seals   26  are  p rovided   on  the  p i s t o n   15  to  p r e v e n t  

leakage  between  the  chambers  16  and  17.  One  end  27  of  the  c y l i n d e r  

25  p r o j e c t s   from  one  end  28  of  the  body  p o r t i o n   14  s e a l i n g   b e i n g  

provided  by  a  s e a l i n g   r ing   29  provided  in  the  body  p o r t i o n   14.  The 

p i s t o n   rod  21  p r o j e c t e d   by  the  p i s t o n   15  extends  e x t e r n a l l y   of  t h e  

end  27  of  the  f i r s t   c y l i n d e r   25  through  a  gland  30  which  c l o s e s  

the  f i r s t   c y l i n d e r   end  27.  The  gland  30  is  r e t a i n e d   by  a  nut  and 

lock ing   washer  combina t ion   31.  A  s e a l i n g   r ing   32  p e r m i t t i n g   s l i d i n g   ,  
movement  of  the  p i s t o n   rod  21  is  p rovided  in  the  bore  of  the  g l a n d  

30.  The  p i s t o n   rod  end  is  p rov ided   with  an  end  f i t t i n g   33  h o u s i n g  

a  s p h e r i c a l   bea r ing   3 3 a .  

The  o ther   end  34  of  the  f i r s t   c y l i n d e r   25  is  l o c a t e d   w i t h i n  

and  a t t a c h e d   to  an  annu la r   f l ange   35  p r o j e c t i n g   from  the  base  of  a  

second  c y l i n d e r   36  which  forms  a  par t   of  the  c y l i n d e r   assembly  2 4 .  

The  e x t e r n a l   c i r c u m f e r e n t i a l   su r f ace   of  the  second  c y l i n d e r   36  i s  

a  s l i d i n g   f i t   in  the  bore  of  the  body  p o r t i o n   14  of  the  t r a n s m i t t i n g  

uni t   12.  A  f ixed   p i s t o n   37  is  housed  w i th in   the  bore  of  t h e  

second  c y l i n d e r   36  so  tha t   the  second  c y l i n d e r   36  is  s l i d e a b l e   w i t h  

r e s p e c t   t h e r e t o .   The  f i xed   p i s t o n   37  is  c a r r i e d   on  a  s t em 

p r o j e c t e d   by  a  plug  38  which  c loses   the  o ther   end  39  of  the  body 

p o r t i o n   14,  the  plug  38  being  held  in  p o s i t i o n   by  a  t h readed   r i n g  

40.  The  plug  38  is  p rov ided   with  a  lug  41  which  p r o j e c t s   o u t w a r d l y  

with  r e s p e c t   to  the  end  39  of  the  body  p o r t i o n   14,  a  s p h e r i c a l  

bea r ing   42  being  housed  in  the  lug  41.  A  chamber  43  is  fo rmed  

between  tha t   end  s u r f a c e   of  the  plug  38  which  is  i n t e r n a l   of  t h e  

bore  of  the  body  p o r t i o n   14  and  the  back  face  of  the  f ixed   p i s t o n  

37.  The  second  c y l i n d e r   36  p r o j e c t s   an  annula r   end  su r face   44  i n t o  

th i s   chamber  43  between  the  bore  of  the  body  p o r t i o n   14  and  t h e  

c i r c u m f e r e n t i a l   s u r f a c e   of  the  f ixed   p i s t o n   37.  A  c h a r g i n g  

connec t ion   45  in  the  plug  38  p rov ides   means  for  f i l l i n g   the  chamber  

43  with  a  t e m p e r a t u r e   r e s p o n s i v e   medium  the  purpose  of  which  w i l l  



be  d e s c r i b e d   l a t e r   in  t h i s   s p e c i f i c a t i o n .   A  chamber  46  de f ined   by  

the  second  c y l i n d e r   36  and  the  f ixed   p i s t o n   37  is  ven ted   to  a m b i e n t  

a tmosphere  by  a  v e n t - d u c t   47  having  one  end  opening  at  the  i n n e r -  

face  of  the  f i xed   p i s t o n   37  and  the  o ther   end  opening  at  t h e  

outwardly   d i sposed   end  su r f ace   of  the  plug  38  ( r e f e r e n c e   F igure   3 ) .  

R e f e r r i n g   to  Figure   3,  the  l i q u i d   and  gas  pipe  l i n e s   18  and  

19,  r e s p e c t i v e l y ,   are  connected   to  the  body  p o r t i o n   14  at  p o r t s  

48  and  49,  r e s p e c t i v e l y ,   by  a  t h readed   union  50  and  an  o l ive   51  i n  

a  known  manner.   The  port   49  connects   with  a  space  52  between  t h e  

bore  of  the  body  p o r t i o n   14  and  the  ou te r   c i r c u m f e r e n t i a l   s u r f a c e  

of  the  f i r s t   c y l i n d e r   25,  and  t h i s   space  52  communicates  with  t h e  

second  chamber  17  by  way  of  passages   53  in  the  annu l a r   f l a n g e   35 

of  the  second  c y l i n d e r   36,  the  passages   53  e x t e n d i n g   r a d i a l l y   w i t h  

r e s p e c t   to  the  l o n g i t u d i n a l   axis  of  the  c y l i n d e r   assembly  24.  The 

port   48  connec ts   with  a  space  54  between  the  bore  of  the  body  p o r t i o n  

14  and  the  ou te r   c i r c u m f e r e n t i a l   su r f ace   of  the  f i r s t   c y l i n d e r   25 ,  

the  spaces  52  and  54  being  sea led   with  r e s p e c t   to  each  o the r   by  a  

s e a l i n g   r i n g   55  p rov ided   in  the  bore  of  the  body  p o r t i o n   14.  The 

space  54  communicates  with  the  f i r s t   chamber  16  by  way  of  p a s s a g e s  

56  in  the  wall   of  the  f i r s t   c y l i n d e r   2 5 .  

In  o p e r a t i o n   of  the  t r a n s m i t t i n g   un i t   12  the  f i r s t   chamber  16 

is  f i l l e d   with  l i q u i d   and  the  second  chamber  17  is  f i l l e d   wi th   g a s ,  

as  has  been  p r e v i o u s l y   d e s c r i b e d   with  r e f e r e n c e   to  the  s y s t e m  

shown  in  F igure   1.  The  chamber  43  is  f i l l e d   with  a  t e m p e r a t u r e  

r e s p o n s i v e   medium  which  is  a  gel  ob t a ined   by  adding  a  t h i x o t r o p i c  

f i l l e r   to  l i q u i d   as  is  used  for   f i l l i n g   the  f i r s t   chamber  16.  The 

n u l l   l e n g t h   of  the  t r a n s m i t t i n g   un i t   12  is  set  by  wholly  f i l l i n g  

the  chamber  43  with  the  gel  and  then  moving  the  c y l i n d e r   a s s e m b l y  

24  to  expel   excess   gel  t h rough   the  cha rg ing   c o n n e c t i o n   45  u n t i l   t h e  

end  27  of  the  f i r s t   c y l i n d e r   25  is  at  a  p r e d e t e r m i n e d   d i s t a n c e  

r e l a t i v e   to  the  end  28  of  the  body  p o r t i o n   14  of  the  un i t   1 2 .  

An  input   of  mechan ica l   power  to  the  t r a n s m i t t i n g   un i t   12  i s  

p rov ided   by  movement  of  the  p i s t o n   15  r e l a t i v e   to  the  body  p o r t i o n  

14;  the  l i q u i d   in  the  f i r s t   chamber  16,  the  pipe  l i n e   18  and  t h e  

c o r r e s p o n d i n g   f i r s t   chamber  of  a  r e c e i v i n g   un i t   13,  forming  a  l i q u i d  

s t r u t   which  moves  to  e f f e c t   an  equal   movement  of  the  p i s t o n   of  t h e  

r e c e i v i n g   un i t   13  r e l a t i v e   to  the  body  p o r t i o n   t h e r e o f   so  t h a t   t h e r e  



is  an  output   of  mechanical   power  from  the  r e c e i v i n g   uni t   13.  The 

p r e s s u r i s e d   gas  in  the  second  chamber  17  of  the  t r a n s m i t t i n g   u n i t  

12,  the  pipe  l ine   19  and  the  c o r r e s p o n d i n g   second  chamber  of  t h e  

r e c e i v i n g   un i t   13  forms  a  gas  s t r u t   to  provide   r e t u r n   of  t h e  

r e c e i v i n g   un i t   p i s t o n   when  the  t r a n s m i t t i n g   un i t   p i s t o n   is  moved  i n  

the  oppos i t e   d i r e c t i o n   towards  i t s   o r i g i n a l   p o s i t i o n   r e l a t i v e   t o  

the  body  p o r t i o n   12.  Should  the  volume  of  the  l i q u i d   in  the  f i r s t  

chamber  16  of  the  t r a n s m i t t i n g   uni t   12  change  due  to  i t   a b s o r b i n g  

heat  from  the  body  p o r t i o n   14  which  has  i t s e l f   been  sub j ec t   to  a  

change  in  ambient  t e m p e r a t u r e ,   t h i s   wi l l   tend  to  move  the  p i s t o n  

15  with  r e s p e c t   to  the  body  p o r t i o n   12  of  the  t r a n s m i t t i n g   un i t   12 .  

In  the  event  of  the  p i s t o n   15  being  held  f i x e d ,   say  by  an  a i r c r a f t  

p i l o t   ho ld ing   the  l eve r   22  ( r e f e r e n c e   Figure   1),  t h i s   movement  w i l l  

tend  to  be  e f f e c t i v e   upon  the  p i s t o n   of  the  r e c e i v i n g   un i t   13  and ,  

un les s   compensated  for ,   there   wi l l   be  an  u n c a l l e d   for   output   f rom 

the  r e c e i v i n g   uni t   13.  Such  a  volume  change  in  the  l i q u i d   due  t o  

t e m p e r a t u r e   change  is  compensated  for  by  movement  of  the  c y l i n d e r  

assembly  24  r e l a t i v e   to  the  body  p o r t i o n   14  to  vary  the  volume  o f  

the  f i r s t   chamber  16,such  movement  to  i n c r e a s e   the  volume  of  t h e  

f i r s t   chamber  16  being  e f f e c t e d   by  an  i n c r e a s e   in  the  volume  of  t h e  

gel  in  chamber  43.  The  gel  also  absorbs   heat  from  the  body  p o r t i o n  

14  and  as  the  volume  of  the  gel  expands  i t   exe r t s   a  p r e s s u r e   on  t h e  

annu la r   end  face  44  of  the  second  c y l i n d e r   36  which  moves  t h e  

c y l i n d e r   assembly  24  and  hence  the  f i r s t   c y l i n d e r   25  r e l a t i v e   to  t h e  

body  p o r t i o n   14  in  a  d i r e c t i o n   with  r e s p e c t   to  the  p i s t o n   15  which  

i n c r e a s e s   the  volume  of  the  f i r s t   chamber  16  so  as  to  accommodate 

the  change  in  volume  of  the  l i q u i d   con t a ined   t h e r e i n   w i t h o u t  

e f f e c t i n g   movement  of  the  p i s t o n   15  with  r e s p e c t   to  the  body  p o r t i o n  

14.  The  e f f e c t s   of  t empera tu re   changes  on  the  gas  in  the  s e c o n d  

chamber  17  are  accommodated  by  p r e s s u r e   changes  with  the  volume  o f  

the  gas  r ema in ing   c o n s t a n t .   When  the  body  p o r t i o n   14  of  t h e  

t r a n s m i t t i n g   un i t   12  gives  up  heat  and  the  volume  of  the  l i q u i d   i n  

the  f i r s t   chamber  16  d e c r e a s e s ,   the  p r e s s u r i s e d   gas  in  the  second  

chamber  17  acts   on  the  basc  of  the  second  c y l i n d e r   36  to  e f f e c t  

movement  of  the  c y l i n d e r   assembly  24  so  as  to  p rov ide   an  a p p r o p r i a t e  

volume  for   the  l i q u i d   in  the  f i r s t   chamber  16.  A p p r o p r i a t e  

movement  of  the  c y l i n d e r   assembly  24  is  achieved  by  p r e d e t e r m i n a t i o n  



of  a  s u i t a b l e   volume  to  volume  r a t i o   of  the  l i q u i d   c o n t a i n i n g   f i r s t  

chamber  16  and  the  gel   c o n t a i n i n g   chamber  43,  in  c o n j u n c t i o n   w i t h  

a  s u i t a b l e   a rea   to  a rea   r a t i o   of  the  p i s t o n   15  and  the  annu la r   end 

s u r f a c e   44  of  the  second  c y l i n d e r   3 6 .  

Each  f l u i d   power  r e c e i v i n g   un i t   13,  13a  of  the  f l u i d   power  
t r a n s m i s s i o n   system  shown  in  F igure   1  is  g e n e r a l l y   of  s i m i l a r  

c o n s t r u c t i o n   to  the  f l u i d   power  t r a n s m i t t i n g   un i t   12  which  has  b e e n  

d e s c r i b e d   with  r e f e r e n c e   to  F igu re s   2  and  3,  and  i t s   p r i n c i p l e   o f  

o p e r a t i o n   is  a l so   s i m i l a r   with  the  e x c e p t i o n   t h a t   movement  of  t h e  

r e c e i v i n g   un i t   p i s t o n   15  is  in  a  d i r e c t i o n   o p p o s i t e   to  tha t   of  t h e  

t r a n s m i t t i n g   u n i t   p i s t o n   by  which  i t   is  p roduced .   However,  e a c h  

r e c e i v i n g   un i t   13  i n c o r p o r a t e s   on  i t s   body  p o r t i o n   a  l i q u i d  

r e s e r v o i r   60  ( r e f e r e n c e   F igure   1  and  4)  compr i s i ng   a  c u p - l i k e   b o d y  

61  which  engages  with  an  a n n u l a r   groove  62  in  the  body  p o r t i o n   1 4  

of  the  r e c e i v i n g   un i t   13.  The  body  61  of  the  r e s e r v o i r   60  i s  

drawn  in to   s e a l i n g   con tac t   with  a  sof t   sea l   in  the  groove  62  b y  

means  of  a  b r e a t h e r   bo l t   63  t h r e a d e d   in to   the  body  p o r t i o n   14 

c e n t r a l l y   of  the  annu la r   groove  62.  A  f i l l e r - p o r t   and  plug  64 

is  p rov ided   in  the  body  61  of  the  r e s e r v o i r   60.  A  n o n - r e t u r n   v a l v e  

65  is  secured   to  the  body  p o r t i o n   14  so  as  to  a l i g n   with  a  por t   66 

which  ex tends   th rough   the  body  p o r t i o n   14  to  p rov ide   for   p a s s a g e  

of  l i q u i d   from  the  r e s e r v o i r   60,  by  way  of  a  s l o t t e d   r e c e s s   67  i n  

the  body  p o r t i o n   14  and  a  por t   68  in  the  wal l   of  the  f i r s t   c y l i n d e r  

25,  to  the  f i r s t   chamber  1 6 .  

G e n e r a l l y   the  r e c e i v i n g   u n i t s   13,  13a  of  the  system  shown  i n  

F igure   1  w i l l   be  at  a  p o s i t i o n   remote  from  the  t r a n s m i t t i n g   u n i t s  

12,  12a  so  t ha t   each  of  the  t r a n s m i t t i n g   and  r e c e i v i n g   u n i t s   w i l l  

i n c o r p o r a t e   t e m p e r a t u r e   compensa t ing   means  because   the  r e c e i v i n g  

u n i t s   may  be  s u b j e c t   to  t e m p e r a t u r e   change  i ndependen t   of  t h e  

t r a n s m i t t i n g   u n i t s   and,  c o n v e r s e l y ,   the  t r a n s m i t t i n g   u n i t s   may  be  

s u b j e c t   to  t e m p e r a t u r e   change  i n d e p e n d e n t   of  the  r e c e i v i n g   u n i t s .  

However,  in  a  system  where  both  the  t r a n s m i t t i n g   and  r e c e i v i n g   u n i t s  

are  so  d i s p o s e d   as  to  ensure  they  are  s u b j e c t   to  the  same  t e m p e r a t u r e  

changes ,   t e m p e r a t u r e   compensa t ing   means  need  be  p r o v i d e d   in  only  t h e  

t r a n s m i t t i n g   u n i t s   or  the  r e c e i v i n g   u n i t s .  

In  the  d u p l i c a t e d   system  shown  in  F igure   1  each  of  t h e  

t r a n s m i t t i n g   u n i t s   12,  12a  are  p i v o t a l l y   connec ted   by  t h e i r   lugs  41 



to  oppos i te   ends  of  a  rocker   arm  70  which  is  mounted  i n t e r m e d i a t e   i t s  

ends  on  suppor t   s t r u c t u r e   71  by  a  f r i c t i o n   pivot   72.  A  tongue  73 

p r o j e c t e d   by  the  rocker   arm  70  extends  between  two  stops  74  t o  

engage  with  a  m i c r o - s w i t c h   75.  This  ar rangement   p rovides   s i m p l e  

means  for   v i s u a l   i n d i c a t i o n   of  the  s t a t e   of  balance  between  the  two 

systems  by  o b s e r v a t i o n   of  the  p o s i t i o n   of  the  tongue  73  between  t h e  

stops  74,  and  for   remote  i n d i c a t i o n   by  any  s u i t a b l e   means,  f o r  

example,  a  warning  l i g h t   (not  shown),  a r ranged  for  e l e c t r i c a l   o p e r a t i o n  

by  the  m i c r o - s w i t c h   75.  Should  a  leakage  of  l i q u i d   occur  in  one  o f  

the  systems  dur ing   o p e r a t i o n ,   the  other   system  wi l l   con t inue   t o  

opera te   but  wi l l   become  s l i g h t l y   out  of  phase  such  that   o p e r a t i o n   o f  

the  l eve r   22  wi l l   be  about  a  s l i g h t l y   d i s p l a c e d   nul l   p o s i t i o n .  

Assuming  the  system  deve lop ing   a  leak  is  tha t   c o n t a i n i n g   t h e  

t r a n s m i t t i n g   un i t   12  and  r e c e i v i n g   un i t   13,  then  in  a  s t a t i c   • 
c o n d i t i o n   the  r e s p e c t i v e   p i s t o n s   15  of  each  of  the  t r a n s m i t t i n g   u n i t s  

12,  12a  and  r e c e i v i n g   u n i t s   13,  13a  are  c o n s t r a i n e d   a g a i n s t   movement 

r e l a t i v e   to  t h e i r   r e s p e c t i v e   body  p o r t i o n s   14  by  the  lever   22  b e i n g  

f i rmly   he ld .   As  the  leak  con t inues   a  p r e s s u r e   g r a d i e n t   d e v e l o p s  

across   the  p i s t o n s   of  the  t r a n s m i t t i n g   un i t   12  and  r e c e i v i n g   un i t   13 

a l lowing   the  p r e s s u r i s e d   gas  in  the  second  c y l i n d e r s   17  of  the  u n i t s  

12  and  13  to  exer t   a  d r i v i n g   f o r c e .   This  force   is  i n e f f e c t i v e  

towards  moving  the  p i s t o n s   of  the  u n i t s   12  and  13,  and  the  gas  i s  

unable  to  expand  in  the  second  chamber  17  of  the  r e c e i v i n g   un i t   13 

because  the  body  p o r t i o n   of  the  un i t   13  is  f i rmly   anchored  t o  

s t r u c t u r e   76.  However,  the  gas  is  able  to  expand  in  the  s e c o n d  

chamber  17  of  the  t r a n s m i t t i n g   un i t   12  by  moving  the  body  p o r t i o n   14 

r e l a t i v e   to  the  p i s t o n   15  to  an  ex ten t   l i m i t e d   by  the  tongue  73  o f  

the  rocker   arm  70  c o n t a c t i n g   one  of  the  s tops  74  as  the  rocker   arm 

70  r o t a t e s   about  the  p ivot   72.  This  r o t a t i o n   of  the  rocker   arm  70 

causes  the  body  p o r t i o n   14  of  the  o ther   t r a n s m i t t i n g   un i t   12a  to  be  

moved  a  c o r r e s p o n d i n g   ex ten t   with  r e s p e c t   to  i t s   p i s t o n   15  but  i n  

an  oppos i t e   d i r e c t i o n .   This  reduces   the  volume  of  the  second  chamber 

17  of  the  t r a n s m i t t i n g   un i t   12a  so  tha t   the  gas  p r e s s u r e   in  t h e  

system  c o n t a i n i n g   the  un i t s   12a  and  13a  is  s l i g h t l y   i n c r e a s e d   wh ich  

causes  the  p i s t o n   15  in  the  r e c e i v i n g   uni t   13a  to  move  to  a  

p o s i t i o n   in  which  it   is  again  p r e s s u r e   ba lanced   and  in  so  moving 

the  p i s t o n   moves  the  l ink   23.  This  movement  of  the  l ink   23  i s  



coun te red   by  a  c o n t r o l l e r   of  the  system,  for   example  a  p i l o t   i n  

an  a i r c r a f t   a p p l i c a t i o n ,   adop t ing   a  new  nu l l   p o s i t i o n   for   t h e  

l eve r   2 2 .  

In  the  f l u i d   power  t r a n s m i s s i o n   system  shown  in  Figure   1,  a  

p lunger   80  and  c y l i n d e r   81  assembly  is  p rov ided   in  each  of  t h e  

l i q u i d   l i n e s   18,  18a,  the  p lunger   80  being  adapted   for   movement  i n  

the  c y l i n d e r   81  under  c o n t r o l   of  a  cam  82.  These  p lunger   and 

c y l i n d e r   a s sembl i e s   permit   the  mechanica l   output   of  the  r e c e i v i n g  

u n i t s   13,  13a  to  be  v a r i e d   i n d e p e n d e n t l y   of  any  mechanica l   i n p u t  

from  the  t r a n s m i t t i n g   u n i t s   12,  12a.  In  o p e r a t i o n   r o t a t i o n   of  t h e  

cams  82  to  move  the  p lunge r s   80  in to   the  c y l i n d e r s   81  wi l l   e f f e c t  

movement  of  the  l i q u i d   s t r u t s   fo rmed by   the  l i q u i d   i n t e r c o n n e c t i n g  

the  t r a n s m i t t i n g   u n i t s   12,  12a  and  the  r e c e i v i n g   u n i t s   13,  1 3 a .  

However,  because  the  p i s t o n s   15  in  the  t r a n s m i t t i n g   u n i t s   12,  1 2 a ,  

are  f i rm ly   held  by  manual  c o n t r o l   of  the  l eve r   22,  movement  of  t h e  

l i q u i d   s t r u t s   is  e f f e c t i v e   to  move  only  the  p i s t o n s   15  of  t h e  

r e c e i v i n g   u n i t s   13,  13a  r e l a t i v e   to  t h e i r   r e s p e c t i v e   body  p o r t i o n s  

14  by  compress ion   of  the  gas  i n t e r c o n n e c t i n g   the  t r a n s m i s s i o n   u n i t s  

12,  12a  and  the  r e c e i v i n g   u n i t s   13,  13a  so  t h a t   t he re   is  a  m e c h a n i c a l  

power  output   from  the  r e c e i v i n g   u n i t s   13,  13a.  When  the  cams  82  a r e  

f u r t h e r   r o t a t e d   to  permit   r e t u r n   movement  of  the  p lunge r s   80  in  t h e  

c y l i n d e r s   81  the  i n c r e a s e   in  the  gas  p r e s s u r e   brought   about  by  i t s  

compress ion   is  e f f e c t i v e   to  r e t u r n   the  p i s t o n s   15  of  the  r e c e i v i n g  

u n i t s   13,  13a  towards  t h e i r   o r i g i n a l   p o s i t i o n s   r e l a t i v e   to  the  body  

p o r t i o n s   14  of  the  u n i t s   13,  1 3 a .  

The  d u p l i c a t e d   f l u i d   power  t r a n s m i s s i o n   system  d e s c r i b e d   w i t h  

r e f e r e n c e   to  F igure   1  f inds   p a r t i c u l a r   a p p l i c a t i o n   in  a  h e l i c o p t e r  

f l y i n g   c o n t r o l   system  as  shown  in  F igure   5.  The  t h ree   main  f l y i n g  

c o n t r o l s   for   a  h e l i c o p t e r   comprise  a  c o l l e c t i v e   p i t c h   c o n t r o l  

system  90  for   c o l l e c t i v e l y   changing  the  p i t c h   of  main  r o t o r   b l a d e s  

91  a t t a c h e d   to  a  main  r o t o r   hub  92,  a  c y c l i c   p i t c h   c o n t r o l   s y s t e m  

93  for   c y c l i c   v a r i a t i o n   of  the  p i t c h   of  the  main  r o t o r   b lades   91 ,  

and  a  t a i l   r o t o r   p i t c h   change  system  94  for   changing  the  p i t c h   o f  

t a i l   r o t o r   b lades   95  so  as  to  vary  the  t h r u s t   of  the  t a i l   r o t o r  

whereby  torque  produced  by  the  main  r o t o r   is  r e a c t e d   and  t h e  

h e l i c o p t e r   is  caused  to  yaw  for   d i r e c t i o n a l   c o n t r o l .   In  t h e  

c o l l e c t i v e   p i t c h   and  c y c l i c   p i t c h   c o n t r o l   systems  90  and  93 ,  



r e s p e c t i v e l y ,   mechanica l   power  input  to  the  f l u i d   power  t r a n s m i t t i n g  

u n i t s   12,  12a  is  by  the  p i l o t   manually  moving  a  c o l l e c t i v e   p i t c h  

change  l eve r   96  and  a  cyc l i c   p i t ch   change  l eve r   97.  As  p r e v i o u s l y  
d e s c r i b e d   with  r e f e r e n c e   to  Figure  1  the  l i q u i d   in  the  f l u i d   power 
t r a n s m i s s i o n   systems  t r a n s m i t s   th i s   movement  to  produce  a  c o r r e s p o n d i n g  
mechanica l   output   at  the  f l u i d   power  t r a n s m i t t i n g   u n i t s   13,  13a  which  

for  the  c o l l e c t i v e   and  cyc l i c   p i t c h   con t ro l   systems  are  l o c a t e d  

near  to  the  r o t o r   hub  92.  Output  from  the  r e c e i v i n g   un i t s   13,  13a 

of  the  c o l l e c t i v e   p i t c h   con t ro l   system  90  ope ra t e s   a  c o l l e c t i v e  

p i t c h   change  jack  98  which  changes  the  p i t ch   of  the  main  r o t o r   b l a d e s  

91  by  a  mechanism  tha t   is  well  known  in  the  art   of  h e l i c o p t e r  

e n g i n e e r i n g .   The  cyc l i c   p i t c h   change  l eve r   97  is  adapted  for  p r o v i d i n g  
mechanica l   input   to  the  t r a n s m i t t i n g   u n i t s   12,  12a  of  two  f l u i d  

power  t r a n s m i s s i o n   systems,   the  r e c e i v i n g   u n i t s   13,  13a  of  one  s y s t e m  

p r o v i d i n g   a  mechanica l   output   for  o p e r a t i o n   of  a  f o r e - a n d - a f t  

cyc l i c   p i t c h   change  jack  99,  and  the  r e c e i v i n g   u n i t s   of  the  o t h e r  

system  p r o v i d i n g   a  mechanica l   output  for  o p e r a t i o n   of  a  l a t e r a l  

cyc l i c   p i t c h   change  jack  100.  In  the  t a i l   r o t o r   p i t c h   change  c o n t r o l  

system  94  mechanica l   input   to  t r a n s m i t t i n g   un i t s   12,  12a  is  by  a  
foot   ope ra ted   pedal   ar rangement   101,  and  mechanica l   output   f rom 

r e c e i v i n g   u n i t s   13,  13a  opera tes   a  p i t c h   change  jack  102  p o s i t i o n e d  

at  the  t a i l   r o t o r .  

The  p lunger   80  and  c y l i n d e r   81  a s sembl i e s   d e s c r i b e d   w i t h  

r e f e r e n c e   to  and  shown  in  the  f l u i d   power  t r a n s m i s s i o n   system  o f  

Figure   1  provide   means  for  " c o n t r o l   mixing"  in  the  h e l i c o p t e r  

a p p l i c a t i o n .   For  example,  should  the  p i l o t   of  the  h e l i c o p t e r   d e s i r e  

to  i n c r e a s e   the  c o l l e c t i v e   p i t ch   of  the  main  r o t o r   b lades   in  o r d e r  

to  cl imb,  he  wi l l   ope ra te   the  c o l l e c t i v e   p i t ch   change  l eve r   96.  At 

the  same  time  he  w i l l   have  to  opera te   the  foot   pedal  a r r a n g e m e n t  

101  so  as  to  i n c r e a s e   t a i l   r o t o r   t h r u s t   to  c o u n t e r a c t   an  i n c r e a s e  

in  main  r o t o r   torque  which  wi l l   occur  as  the  c o l l e c t i v e   p i t c h   i s  

i n c r e a s e d u   To  counte r   the  tendency  of  the  h e l i c o p t e r   to  move 

l a t e r a l l y   in  r esponse   to  the  i n c r e a s e   in  t a i l   r o t o r   t h r u s t ,   i t   w i l l  

be  n e c e s s a r y   to  i n c r e a s e   the  cyc l i c   p i t c h   so  as  to  produce  a  

l a t e r a l   component  of  main  r o t o r   t h r u s t   opposed  to  the  t a i l   r o t o r  

t h r u s t .   This  may  be  input   to  the  cyc l i c   p i t ch   change  system  93  by 

the  movement  of  the  c o l l e c t i v e   p i t ch   lever   96  being  a r ranged  t o  



ope ra t e   the  p l u n g e r   and  c y l i n d e r   a s s e m b l i e s   of  the  f l u i d   power  

t r a n s m i s s i o n   systems  a s s o c i a t e d   wi th   the  c y c l i c   p i t c h   c o n t r o l  

system  93  so  t ha t   the  p i l o t   is  not  r e q u i r e d   to  make  any  movement 

of  the  c y c l i c   p i t c h   change  l e v e r   97  for   t h i s   p u r p o s e .  

Compared  with  c o n v e n t i o n a l   t o t a l l y   mechan ica l   or  t o t a l l y  

h y d r a u l i c   f l y i n g   c o n t r o l   systems  a  system  in  accordance   wi th   t h e  

p r e s e n t   i n v e n t i o n   p r o v i d e s   a  c o n s i d e r a b l e   sav ing   in  weight  b e c a u s e  

of  the  use  of  gas  in  the  r e t u r n   side  of  the  sys tem.   F u r t h e r m o r e ,  

the  system  is  able  to  t o l e r a t e   small  l eakages   of  gas  by  changes  i n  

gas  p r e s s u r e .   Also,   t e m p e r a t u r e   changes  are  compensated  for   in  t h e  

gas  s ide  of  the  system  by  changes  in  gas  p r e s s u r e   wi thout   a f f e c t i n g  

the  mechan i ca l   output   of  the  system  so  t ha t   i t   is  n e c e s s a r y   to  p r o v i d e  

t e m p e r a t u r e   compensa t ing   means  for   only  one  s ide  of  the  s y s t e m .  



1.  A  f l u i d   power  t r a n s m i s s i o n   system  compr i s ing   a  f l u i d   power 

t r a n s m i t t i n g   un i t   having  a  mechanical   power  input  p rov ided   by  a  

p i s t o n   a r r anged   for   s l i d i n g   movement  r e l a t i v e   to  a  body  p o r t i o n   o f  

the  power  t r a n s m i t t i n g   uni t   and  d i v i d i n g   a  space  w i th in   the  body 

p o r t i o n   in to   f i r s t   and  second  chambers,  and  a  f l u i d   power  r e c e i v i n g  
uni t   having  a  mechanica l   power  output   p rov ided   by  a  p i s t o n   a r r a n g e d  
for   s l i d i n g   movement  r e l a t i v e   to  a  body  p o r t i o n   of  the  f l u i d   power 
r e c e i v i n g   un i t   and  d i v i d i n g   a  space  w i th in   the  body  p o r t i o n   i n t o  

f i r s t   and  second  chambers,  c h a r a c t e r i s e d   in  tha t   a  l i q u i d   i n t e r c o n n e c t s  

the  f i r s t   chambers  of  the  t r a n s m i t t i n g   and  r e c e i v i n g   u n i t s   and  a  g a s  
i n t e r c o n n e c t s   the  second  chambers  of  the  t r a n s m i t t i n g   and  r e c e i v i n g  ,  
u n i t s .  

2.  A  f l u i d   power  t r a n s m i s s i o n   system  as  claimed  in  Claim  1, 

c h a r a c t e r i s e d   in  tha t   means  are  provided  in  at  l e a s t   one  of  s a i d  

f l u i d   power  t r a n s m i t t i n g   uni t   or  said  f l u i d   power  r e c e i v i n g   uni t   f o r  

accommodating  changes  in  volume  of  the  l i q u i d   due  to  t e m p e r a t u r e  

c h a n g e .  

3.  A  f l u i d   power  t r a n s m i s s i o n   system  as  claimed  in  Claim  2 ,  
c h a r a c t e r i s e d   in  tha t   the  p i s t o n   is  s l i d e a b l e   w i th in   a  c y l i n d e r  
which  is  s l i d e a b l y   housed  wi th in   the  body  p o r t i o n   so  tha t   m e c h a n i c a l  

input   or  output   of  said  r e s p e c t i v e   t r a n s m i t t i n g   un i t   or  r e c e i v i n g  
uni t   is  by  r e l a t i v e   movement  between  the  p i s t o n   and  the  body  p o r t i o n  
and  t e m p e r a t u r e   compensat ion  is  p rovided   by  r e l a t i v e   movement 

between  the  c y l i n d e r   and  the  body  p o r t i o n s .  

4.  A  f l u i d   power  t r a n s m i s s i o n   system  as  claimed  in  Claim  3  w h e r e i n  

at  l e a s t   a  pa r t   of  the  area  of  one  end  su r f ace   of  the  c y l i n d e r   i s  

adapted  for  r e a c t i o n   with  a  t e m p e r a t u r e   r e s p o n s i v e   medium  c o n t a i n e d  

wi th in   a  chamber  at  one  end  of  the  body  p o r t i o n   of  the  u n i t .  

5.  A  f l u i d   power  t r a n s m i s s i o n   system  as  claimed  in  Claim  4,  w h e r e i n  

the  area  of  the  c y l i n d e r   end  su r face   comprises   an  annula r   s u r f a c e  



a r ranged   to  en te r   the  chamber  between  an  i n t e r n a l   su r face   of  t h e  

bore  of  the  body  p o r t i o n   of  the  un i t   and  a  c i r c u m f e r e n t i a l   s u r f a c e  

of  a  f ixed   p i s t o n   suppor ted   from  the  end  of  the  body  p o r t i o n .  

6.  A  f l u i d   power  t r a n s m i s s i o n   system  as  claimed  in  any  p r e c e d i n g  

cla im,   c h a r a c t e r i s e d   in  tha t   a  r e s e r v o i r   for   the  l i q u i d   i n t e r c o n n e c t i n g  

the  f i r s t   chambers  of  the  u n i t s   is  i n c o r p o r a t e d   in  the  r e c e i v i n g  

u n i t .  

7.  A  f l u i d   power  t r a n s m i s s i o n   system  as  claimed  in  any  p r e c e d i n g  

cla im,   c h a r a c t e r i s e d   in  tha t   a  r e s e r v o i r   for   gas  i n t e r c o n n e c t i n g  

the  second  chambers  of  the  u n i t s   is  i n c o r p o r a t e d   in  a  gas  l i n e  

p r o v i d i n g   the  i n t e r c o n n e c t i o n .  

8.  A  f l u i d   power  t r a n s m i s s i o n   system  as  c laimed  in  any  p r e c e d i n g  

claim,  c h a r a c t e r i s e d   in  tha t   the  system  is  d u p l i c a t e d   by  an 

a d d i t i o n a l   power  t r a n s m i t t i n g   un i t   and  an  a d d i t i o n a l   power  r e c e i v i n g  

un i t   having  t h e i r   r e s p e c t i v e   f i r s t   and  second  chambers  i n t e r c o n n e c t e d  

by  a  l i q u i d   and  a  gas,  r e s p e c t i v e l y .  

9.  A  f l u i d   power  t r a n s m i t t i n g   system  as  claimed  in  Claim  8 ,  

c h a r a c t e r i s e d   in  tha t   means  are  p rov ided   for   i n d i c a t i n g   a  loss   o f  

l i q u i d   in  one  of  the  l i q u i d   i n t e r c o n n e c t i o n s   between  the  pa i r   o f  

t r a n s m i t t i n g   u n i t s   and  the  pa i r   of  r e c e i v i n g   u n i t s .  

10.  A  f l u i d   power  t r a n s m i t t i n g   system  as  c laimed  in  Claim  9 ,  

c h a r a c t e r i s e d   in  tha t   the  means  for   i n d i c a t i n g   l i q u i d   loss  c o m p r i s e s  

a  rocke r   arm  having  one  of  said  p a i r   of  t r a n s m i t t i n g   u n i t s   a t t a c h e d  

at  each  end  t h e r e o f   and  adapted  i n t e r m e d i a t e   i t s   ends  for  p i v o t a l  

a t t achmen t   on  suppor t   s t r u c t u r e   so  as  to  a c t u a t e   s i g n a l   means  when 

the  rocker   arm  p ivo t s   due  to  an  out  of  ba lance   force   app l i ed   by  one 

of  the  t r a n s m i t t i n g   u n i t s .  

11.  A  f l u i d   power  t r a n s m i t t i n g   system  as  claimed  in  any  p r e c e d i n g  

claim,  c h a r a c t e r i s e d   in  tha t   a  second  mechanica l   power  input   i s  

i n c o r p o r a t e d   in  the  l i q u i d   connec t ion   between  the  f i r s t   chambers  o f  

the  t r a n s m i t t i n g   and  r e c e i v i n g   u n i t s   so  tha t   the  mechanical   o u t p u t  



from  the  r e c e i v i n g   un i t   may  be  va r i ed   wh i l s t   the  mechanical   i n p u t  

to  the  t r a n s m i t t i n g   un i t   is  held  in  a  f ixed   p o s i t i o n .  

12.  A  f l u i d   power  t r a n s m i t t i n g   system  as  claimed  in  Claim  11,  

c h a r a c t e r i s e d   in  tha t   the  second  mechanical   power  input   c o m p r i s e s  

a  p lunger   adapted  for  movement  in  c y l i n d e r   connected  in  a  l i q u i d  

l ine   p r o v i d i n g   the  l i q u i d   connec t ion   between  the  f i r s t   chambers  o f  

the  t r a n s m i t t i n g   and  r e c e i v i n g   u n i t s .  
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