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@  Servo  system. 

A  servo  system  (11)  includes  a  servo  control  circuit  (12a, 
12b)  adapted  to  control  the  flow  of  pressurised  fluid  to  a  hy- 
draulic  control  jack  (15),  the  control  circuit  including  a  main 
spool  valve  (25),  a  break-out  valve  (40)  operative  in  the  event  of 
a  failure  of  the  spool  valve  (25)  and  in  response  to  a  subse- 
quent  movement  of  control  means  (13)  to  connect  a  source  of 
pressurised  fluid  to  operate  a  by-pass  valve  (31)  to  open  a  cir- 
cuit  between  the  chambers  (15a,  15b)  of  the  jack.  Preferably 
the  break-out  valve  (40)  includes  isolating  means  (42,  43,  44, 
48)  adapted  to  isolate  the  valve  from  subsequent  movements 
of the  control  means  (13). 



THIS  INVENTION  r e l a t e s  t o   a  servo  system  and  p a r t i c u l a r l y   to  a  

servo  system  for  use  in  p o s i t i o n i n g   a i r c r a f t   c o n t r o l   s u r f a c e s   or  i n  

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

The  p i t c h   of  h e l i c o p t e r   r o t o r   b l ades   can  be  c o n t r o l l e d   b y  

h y d r a u l i c   j a c k s .   Three  such  jacks   may  be  p r o v i d e d   and  a d a p t e d  

r e s p e c t i v e l y   to  c a t e r   for   c y c l i c   f o r e - a n d - a f t ,   c y c l i c   l a t e r a l   a n d  

c o l l e c t i v e   blade  movements.  Each  jack   is  c o n t r o l l e d   by  a  d u p l i c a t e d  

servo  c o n t r o l   system  in  o rder   t ha t   adequa te   c o n t r o l   is  m a i n t a i n e d   i n  

the  event  of  a  f a i l u r e ,   such  as  s e i z u r e   of  a  main  spool  v a l v e ,   in  one 

of  the  s y s t e m s .  

In  the  event  of  such  a  f a i l u r e   i t   is  n o r m a l l y   n e c e s s a r y   fo r   t h e  

p i l o t   to  i n i t i a t e   i s o l a t i o n   of  the  f a u l t y   c o n t r o l   system,  and  t h i s   i s  

u n d e s i r a b l e   in  the  c i r c u m s t a n c e s .   F u r t h e r m o r e ,   high  c o n t r o l   s t i c k  

f o r c e s   no rmal ly   r e s u l t   from  a  f a i l u r e   and  t h i s   too  is  u n d e s i r a b l e .  

GB-A-2057718  d e s c r i b e s   a  servo  system  in  which  d u p l i c i t y   is  p r o v i d e d  

by  i d e n t i c a l   servo  va lve s   20a  and  20b  c o n t r o l l e d   by  a  s i n g l e   s w i t c h i n g  

va lve   22  to  a d j u s t   the  p o s i t i o n   of  a  se rvo   motor  4.  In  the  event   o f  

f a i l u r e   of  the  c o n t r o l l i n g   servo  v a l v e ,   the  s w i t c h i n g   valve  o p e r a t e s  

a u t o m a t i c a l l y   to  connect   the  r e m a i n i n g   servo  va lve   to  the  motor  s o  

t h a t   e s s e n t i a l   c o n t r o l   is  m a i n t a i n e d ;   however  i t   is  to  be  no ted   t h a t  

f u r t h e r   movements  of  c o n t r o l   rod  40  have  to  be  accompl i shed   a g a i n s t   t h e  

l o a d i n g   imposed  by  the  sp r i ng   member  42a  or  42b  a s s o c i a t e d   wi th   t h e  

f a i l e d   servo  valve  20a  or  2 0 b .  

Acco rd ing ly ,   in  one  form,  the  i n v e n t i o n   p r o v i d e s   a  servo  s y s t e m  

having  a  servo  c o n t r o l   c i r c u i t   adapted   to  c o n t r o l   the  flow  of  p r e s s u r i s e d  

f l u i d   to  a  h y d r a u l i c   c o n t r o l   j ack ,   the  c o n t r o l   c i r c u i t   i n c l u d i n g   a  

main  spool  valve  for   c o n t r o l l i n g   the  flow  of  p r e s s u r i s e d   f l u i d   t o  

chambers  at  each  side  of  a  p i s t o n   in  the  jack   in  r e sponse   to  movement  o f  

a  c o n t r o l   means,  a  b r e a k - o u t   va lve   o p e r a t i v e   in  the  event  of  a  f a i l u r e   o f  
the  spool  valve  and  in  r e sponse   to  a  s u b s e q u e n t   movement  of  the  c o n t r o l  

means  to  connect   a  source  of  p r e s s u r i s e d   f l u i d   to  ope ra te   a  by -pas s   v a l v e  

to  open  a  c i r c u i t   between  the  chambers  of  the  j a c k .  

P r e f e r a b l y ,   the  b r e a k - o u t   va lve   i n c l u d e s   i s o l a t i n g   means  adap ted   t o  



i s o l a t e   the  va lve   from  subsequent   movements  of  the  c o n t r o l   m e a n s .  

The  i s o l a t i n g   means  may  i nc lude   a  boss  l o c a t e d   in  a  chamber  o f  

the  b r e a k - o u t   va lve   and  o p e r a t i v e l y   a s s o c i a t e d   wi th   the  c o n t r o l  

means,  a  s l i d i n g   land  l o c a t e d   at  each  s ide  of  the  boss ,   s p r i n g  

means  n o r m a l l y   o p e r a t i v e   to  fo rce   the  lands   i n to   c o n t a c t   w i t h  

opposed  s u r f a c e s   of  the  boss  and  with  a  f i x e d   abutment   p r o v i d e d   i n  

the  chamber,  two  p r e s s u r i s e d   f l u i d   i n l e t   c o n d u i t s   opening  i n t o  

the  chamber  so  as  to  o b t u r a t e d   by  the  r e s p e c t i v e   l ands   d u r i n g  

normal  o p e r a t i o n   of  the  system,  and  an   o u t l e t   condu i t   opening  i n t o  

the  chamber  between  the  lands   and  o p e r a t i v e l y   connec ted   to  t h e  

by-pass   v a l v e .  

C o n v e n i e n t l y ,   the  boss  may  be  l o c a t e d   i n t e r m e d i a t e   the  ends  of  a n  

a x i a l l y   movable  rod  p r o t r u d i n g   from  one  end  of  the  chamber  of  t h e  

b r e a k - o u t   va lve   fo r   p i v o t a l   c o n n e c t i o n   to  the  c o n t r o l   m e a n s .  

The  b r e a k - o u t   va lve   o u t l e t   condui t   may  connect   to  a  chamber  a t  

one  s ide   of  a  p i s t o n   head  of  the  by -pass   v a l v e ,   the  p i s t o n   h e a d  

c a r r y i n g   a  spool   having   s p a c e d - a p a r t   lands   c o n t r o l l i n g   a n  

i n t e r c o n n e c t i o n   between  the  chambers  of  the  c o n t r o l   j a c k .   A  c o i l  

sp r i ng   may  act   on  the  p i s t o n   head  in  the  same  sense  as  p r e s s u r i s e d  

f l u i d   from  the  b r e a k - o u t   valve  o u t l e t   c o n d u i t   and  may  be  opposed  b y  

p r e s s u r i s e d   f l u i d   a c t i n g   on  a  reduced   d i a m e t e r   of  one  of  the  l a n d s .  

The  b r e a k - o u t   va lve   o u t l e t   condui t   may  i n c o r p o r a t e   a  n o n - r e t u r n  

va lve ,   and  a  p r e s s u r e   swi tch   i n d i c a t o r   may  be  adap ted   to  p r o v i d e   a n  

i n d i c a t i o n   of  f l u i d   p r e s s u r e   in  the  o u t l e t   c o n d u i t .  

The  p r o t r u d i n g   end  of  the  movable  rod  may  be  p i v o t a l l y   c o n n e c t e d  

to  one  end  of  a  l e v e r   the  o ther   end  of  which  is  p i v o t a l l y   connec ted   t o  

an  end  of  an  o p e r a t i n g   rod  p r o t r u d i n g   from  the  spool  v a l v e ,   the  c o n t r o l  

means  be ing   p i v o t a l l y   a t t a c h e d   i n t e r m e d i a t e   the  ends  of  the  l e v e r .  

The  c o n t r o l   means  may  comprise  a  c o n t r o l   rod  p i v o t a l l y   e a r t h e d   t o  

a  moving  body  of  the  c o n t r o l   j a c k .  

In  a  p r e f e r r e d   embodiment,  the  c o n t r o l   c i r c u i t   may  be  d u p l i c a t e d  

to  m a i n t a i n   o p e r a t i o n   of  the  jack  in  the  event   of  a  f a i l u r e   in  one  o f  

the  c o n t r o l   c i r c u i t s .  

In  a n o t h e r   form,  the  i n v e n t i o n   p r o v i d e s   a  servo  system  i n c l u d i n g  

duplex  servo  c o n t r o l   c i r c u i t s   each  adap ted   du r ing   o p e r a t i o n   to  c o n t r o l  

the  f low  of  p r e s s u r i s e d   f l u i d   t o  a   common  h y d r a u l i c   j ack ,   e a c h  

c i r c u i t   hav ing   a  main  spool   valve  fo r   c o n t r o l l i n g   the  f low  o f  



p r e s s u r i s e d   f l u i d   to  chambers  at  each  s ide   of  a  p i s t o n   in  the  j a c k  

in  r e sponse   to  movement  of  a  c o n t r o l   means,  a  b r e a k - o u t   v a l v e  

o p e r a t i v e   in  the  event   of  a  f a i l u r e   of  the  spool   valve  and  i n  

response   to  a  subsequen t   movement  of  the  c o n t r o l   means  to  connec t   a  

source  of  p r e s s u r i s e d   f l u i d   to  ope ra te   a  by -pas s   valve  to  open  a  

c i r c u i t   between  chambers  of  the  jack  served  by  the  f a i l e d   c i r c u i t  

whereby  con t inuous   c o n t r o l   of  the  p o s i t i o n   of  the  jack   is  p r o v i d e d  

by  the  second  c i r c u i t ,   the  b r e a k - o u t   valve  i n c l u d i n g   i s o l a t i n g   means  

adapted   to  i s o l a t e   the  va lve   from  subsequent   movements  of  the  c o n t r o l  

means .  

In  yet  a  f u r t h e r   form,  the  i n v e n t i o n   p r o v i d e s   in  or  for   a  h e l i c o p t e r  

powered  f l y i n g   c o n t r o l   system,   a  servo  system  i n c l u d i n g   duplex   s e r v o  

c o n t r o l   c i r c u i t s   each  adap t ed   dur ing   o p e r a t i o n   to  c o n t r o l   the  p o s i t i o n  

of  a  common  h y d r a u l i c   j ack ,   each  c i r c u i t   having  a  main  spool   v a l v e  

for   c o n t r o l l i n g   the  f low  of  p r e s s u r i s e d   f l u i d   to  chambers  at  e a c h  

s ide  of  a  p i s t o n   in  the  jack   in  r e sponse   to  movement  of  a  c o n t r o l  

s t i c k ,   a  b r e a k - o u t   va lve   o p e r a t i v e   in  the  event  of  a  f a i l u r e   of  t h e  

spool  va lve   and  in  r e s p o n s e   to  a  subsequent   movement  of  the  c o n t r o l  

s t i c k   to  connect   a  source   of  p r e s s u r i s e d   f l u i d   to  ope ra t e   a  b y - p a s s  

valve  to  open  a  c i r c u i t   between  the  chambers  of  the  jack   s e rved   b y  

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

jack  is  p rov ided   by  the  second  c i r c u i t .  

The  i n v e n t i o n   w i l l   now  be  d e s c r i b e d   by  way  of  example  only  a n d  

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

Figure   1  is  a  s chema t i c   i l l u s t r a t i o n   of  a  servo  system  c o n s t r u c t e d  

in  accordance   with  the  i n v e n t i o n   for   c o n t r o l l i n g   the  p i t c h   o f  

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

Figure   2  is  a  s chema t i c   i l l u s t r a t i o n   of  pa r t   of  the  system  o f  

F igure   1  and  i l l u s t r a t i n g   o p e r a t i o n a l   f e a t u r e s   in  two  f a i l u r e   c a s e s .  

R e f e r r i n g   now  to  F igure   1,  a  moving  body  c o n t r o l   j ack   11  i s  

o p e r a t i o n a l l y   connec ted   to  d u p l i c a t e d   servo  c o n t r o l   c i r c u i t s   12a  a n d  

12b  which,  in  t u rn ,   are  both   o p e r a t i o n a l l y   connected   to  c o n t r o l   means  

compr i s ing   a  c o n t r o l   s t i c k   1 3 .  

The  c o n t r o l   jack  11  compr ises   a  body  14  formed  with  s e p a r a t e d ,  

l o n g i t u d i n a l l y   a l i g n e d   chambers  1 5 .  A   p i s t o n   16  is  l o c a t e d   in  e a c h  

chamber  15,  the  p i s t o n s   16  be ing   i n t e r c o n n e c t e d   by  a  rod  17  a n d  

ea r thed   to  a i r c r a f t   s t r u c t u r e   as  i n d i c a t e d   at  18.  Each  of  the  p i s t o n s  



16  s u b d i v i d e s   i t s   r e s p e c t i v e   chamber  15  i n t o   chambers  15a  and  1 5 b .  

Con t ro l   s t i c k   13  is  p i v o t a l l y   a t t a c h e d   to  s t r u c t u r e   at  19  a n d  

is  connec ted   by  rods  20a  and  20b  to  p i v o t a l   a t t a c h m e n t s   21a  and  21b 

i n t e r m e d i a t e   the  ends  of  input   l e v e r s   22a  and  22b  r e s p e c t i v e l y .   I n  

a  p r e f e r r e d   embodiment,  the  s t r u c t u r e   fo r   a t t a c h m e n t   19  c o m p r i s e s  

the  body  14  of  c o n t r o l   jack   1 1 .  

The  r emain ing   p a r t s   of  each  of  the  c o n t r o l   c i r c u i t s   12a  and  12b 

are  i d e n t i c a l ,   and  the  r e f e r e n c e   numerals   in  the  f o l l o w i n g  

d e s c r i p t i o n   are  marked  on  the  l e f t   hand  c i r c u i t   12a  only.   In  t h e  

d rawings ,   the  l e t t e r s   P  and  R  denote  h y d r a u l i c   p r e s s u r e   s u p p l i e s   a n d  

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

One  end  of  l e v e r   22a  is   connec ted   t h r o u g h   p i v o t a l   a t t a chmen t   23 

to  an  end  of  a  rod  24  p r o t r u d i n g   a x i a l l y   from  an  end  of  a  main  s p o o l  

va lve   25.  The  rod  c a r r i e s   two  lands   26  in  a  chamber  of  the  v a l v e  

25,  the  a x i a l   p o s i t i o n   of  the  lands   26  s e r v i n g   to  c o n t r o l   the  f l o w  

of  p r e s s u r i s e d   h y d r a u l i c   f l u i d   from  a  p r e s s u r e   source   to  o u t p u t  

c o n d u i t s   27  and  28.  Condui t s   27  and  28  are  connec t ed   r e s p e c t i v e l y  

to  chambers  15a  and  15b  of  one  chamber  15  of  c o n t r o l   jack  1 1 .  

A  branch  condui t   29  connec t s   condui t   27  to  a  chamber  30 

formed  in  a  by-pass   va lve   31  between  two  s p a c e d - a p a r t   lands   32  and  33 

of  a  spool   a t t a c h e d   to  a  p i s t o n   head  34  hav ing   a  l a r g e r   d i a m e t e r  

than   t h a t   of  the  lands  32  and  33.  A  c o i l   s p r i n g   35  is  l o c a t e d   in  a  

chamber  36  formed  on  the  s ide   of  the  p i s t o n   head  34  oppos i t e   to  t h a t  

which  c a r r i e s   the  lands   32  and  33.  A  b ranch   condu i t   37  c o n n e c t s  

condu i t   28  a lso  to  the  chamber  30,  but  at  a  p o s i t i o n   a x i a l l y   s p a c e d  

from  the  connec t ion   of  condu i t   29,  for   a  purpose   to  be  e x p l a i n e d .  

The  o ther   end  of  l e v e r   22a  is  connec ted   t h r o u g h   p i v o t a l   a t t a c h m e n t  

38  to  a  rod  39  p r o t r u d i n g   a x i a l l y   from  one  end  of  a  b r e a k - o u t   valve  40 

having  an  i n t e r n a l   chamber  41.  The  rod  39  c a r r i e s   a  f i x e d   boss  42 

between  two  s l i d i n g   lands  43  and  44  which  c o n t r o l   the  flow  o f  

h y d r a u l i c   f l u i d   between  a  b i f u r c a t e d   input   condu i t   45  and  an  o u t p u t  

condu i t   46.  A  co i l   s p r i ng   47  is  l o c a t e d   in  each  end  of  chamber  41 

and  f o r c e s   the  lands  43  and  44  i n to   a  c e n t r a l   p o s i t i o n   in  the  chamber 

41  and  in  abutment  with  a  stop  48  p rov ided   on  the  i nne r   wal l   o f  

chamber  4 1  

Conduit   46  is  f i l l e d   wi th   h y d r a u l i c   f l u i d   and  connec ted   to  chamber 

36  of  by-pass valve 31°  A  n o n - r e t u r n   va lve   49  is  f i t t e d   in  condui t   46 



and  a  branch  condui t   50  downstream  of  n o n - r e t u r n   va lve   49  i n c l u d e s   a  

flow  r e s t r i c t o r   51  and  a  p r e s s u r e   swi t ch   i n d i c a t o r   5 2 .  

In  normal  o p e r a t i o n   of  the  c o n t r o l   sys tem,   the  fo rce   of  s p r i n g s  

47  in  b r e a k - o u t   valve  40  m a i n t a i n s   the  s l i d i n g   lands  43  and  44  i n  

c o n t a c t   wi th   c e n t r a l   stop  48,  t h e r e b y   a c t i n g   t h rough   f i x e d   boss  42 

to  r e t a i n   the  rod  39  in  the  p o s i t i o n   i l l u s t r a t e d .   The  c o n n e c t i o n   38 

t h e r e b y   ac t s   as  a  f i xed   p i v o t .  

Thus,  movement  of  c o n t r o l   s t i c k   13  t h r o u g h   arc  53  is  t r a n s m i t t e d  

t h rough   rod  20a  to  p ivo t   i npu t   l e v e r   22a  about   a  f i x e d   p i v o t  

p rov ided   by  connec t i on   38  to  a d j u s t   the  p o s i t i o n   of  lands  26  of  t h e  

main  spool  va lve   25  th rough   the  rod  24.  Movement  of  lands  26  f r o m  

the  i l l u s t r a t e d   n u l l   p o s i t i o n   s e rve s   to  connec t   the  supply  of  p r e s s u r i s e d  

h y d r a u l i c   f l u i d   to  one  of  the  chambers  15a  or  15b  of  one  chamber  15 

of  c o n t r o l   jack  11,  t h e r e b y   moving  the  body  of  jack  11  due  to  r e a c t i o n  

with  the  f i xed   p i s t o n   16.  The  p r e f e r r e d   embodiment,   with  a t t a c h m e n t   19 

compr i s ing   the  body  14  of  c o n t r o l   j ack   11,  p r o v i d e s   an  a u t o m a t i c  

f eedback   f a c i l i t y   t ha t   is  p r o p o r t i o n a l   to  the  input   s i g n a l .  

The  p r e s s u r i s e d   f l u i d   supply   to  b y - p a s s   va lve   31  ac t s   on  t h e  

s u r f a c e   a rea   of  land  33  which  overcomes  the  f o r c e   of  s p r i n g   35  a c t i n g  

on  the  l a r g e r   su r f ace   a rea   of  p i s t o n   34  to  r e t a i n   the  lands   32  and  33 

in  the  p o s i t i o n   i l l u s t r a t e d   so  as  to  p r e v e n t   any  flow  of  f l u i d  

between  branch   condu i t s   29  and  3 7 .  

Movement  of  the  body  of  jack   11  is  t r a n s m i t t e d   th rough   c o n n e c t i n g  

means  (not  shown)  to  a d j u s t   the  p i t c h   of  the  h e l i c o p t e r   r o t o r   b l a d e s .  

I t   w i l l   be  u n d e r s t o o d   t h a t   the  d e s c r i b e d   c o n t r o l   f u n c t i o n   i s  

d u p l i c a t e d   in  c o n t r o l   c i r c u i t   1 2 b .  

F igure   2  i l l u s t r a t e s   o p e r a t i o n   of  c o n t r o l   c i r c u i t   12a  in  t h e  

event  of  a  m a l f u n c t i o n   caused  by  s t i c k i n g   of  the  main  spool  va lve   2 5 .  

Two  f a i l u r e   cases  w i l l   be  d e s c r i b e d ;   namely,   a  case  in  which  the  ma in  

spool  valve  s t i c k s   with  the  lands   26  in  the  n u l l   p o s i t i o n   i n d i c a t e d   i n  

f u l l   l i n e   in  F igure   2,  and  a  case  in  which  the  lands  26  s t i c k   in  a  

p o s i t i o n   o the r   than  the  n u l l   p o s i t i o n   as  i n d i c a t e d   in  broken  l i n e   i n  

F igure   2 .  

I t   w i l l   be  apparen t   t h a t   both   c o n d i t i o n s   r e s u l t   in  a  f i x i n g   of  t h e  

c o n n e c t i o n   23  which,  i t   w i l l   be  remembered,   in  normal  o p e r a t i o n   i s  

capab le   of  movement  to  a d j u s t   the  p o s i t i o n   of  lands  26.  Thus,  in  a  

f a i l u r e   case ,   connec t ion   23  becomes  the  f i x e d   p ivo t   and  movement  o f  



c o n t r o l   s t i c k   13  ac t s   to  rock  inpu t   l e v e r   22a  about  t h i s   p ivo t   t o  

cause  a x i a l   movement  of  rod  39  of  b r e a k - o u t   va lve   4 0 .  

T h e r e f o r e ,   i n i t i a l   movement  of  the  c o n t r o l   s t i c k   13  s u b s e q u e n t  

to  a  f a i l u r e   of  spool  va lve   25  moves  the  s l i d i n g   rod  39  of  t h e  

f a i l e d   c i r c u i t   12a  which  a c t s   t h r o u g h   f i x e d   boss  42  to  move  one 

of  the  s l i d i n g   lands  43  or  44  a g a i n s t   the  f o r c e   of  the  sp r i ng   47  s o  

as  to  uncover   one  of  the  ends  of  b i f u r c a t e d   condu i t   45.  H y d r a u l i c  

p r e s s u r e   is  now  admi t t ed   to  the  p o r t i o n   of  chamber  41  between  t h e  

lands   43  and  44  which,  due  to  the  s u r f a c e   a rea   of  lands   43  and  4 4 ,  

overcomes  the  f o r ce   of  the  s p r i n g s   47  to  move  the  s l i d i n g   lands   43 

and  44  ou tward ly   away  from  stop  48  and  by  equa l   amounts,   and  t o  

m a i n t a i n   the  a x i a l   spac ing   between  the  l ands   43  and  4 4 .  

The  a x i a l   spac ing   a u t o m a t i c a l l y   e s t a b l i s h e d   between  the  l a n d s  

43  and.44   of  b r e a k - o u t   va lve   40  p r o v i d e s   f reedom  of  movement  f o r  

the  s l i d i n g   rod  39  t h e r e b y   e f f e c t i v e l y   i s o l a t i n g   the  b r e a k - o u t  

va lve   40  of  the  f a i l e d   c i r u i t   from  f u r t h e r   movements  of  the  c o n t r o l  

s t i c k ,   with  the  r e s u l t   t h a t   the  va lve   40  does  not  impose  u n d e s i r a b l e  

l o a d i n g s   on  the  c o n t r o l   s t i c k   13  which  is   t h e r e f o r e   f r e e   to  m a i n t a i n  

c o n t r o l   t h rough   the  r e m a i n i n g   o p e r a t i o n a l   c i r c u i t   1 2 b .  

P r e s s u r i s e d   h y d r a u l i c   f l u i d   now  f lows  t h r o u g h   condui t   46  i n t o  

chamber  36  of  by -pass   va lve   31,  and  due  to  the  l a r g e r   a rea   i f   t h e  

head  of  the  p i s t o n   34,  overcomes  the  p r e s s u r e   on  the  su r f ace   o f  

land   33  to  move  the  lands   32  and  33  to  the  p o s i t i o n   i l l u s t r a t e d   in  F i g u r e  

2  to  e s t a b l i s h   c o n n e c t i o n   v ia   chamber  30  of  by -pas s   valve  31 

between  branch  c o n d u i t s   29  and  3 7 .  

In  the  case  of  f a i l u r e   wi th   lands   26  of  main  spool  valve  25 

s tuck   in  the  n u l l   p o s i t i o n ,   t h i s   means  t h a t   an  open  c i r c u i t   i s  

e s t a b l i s h e d   between  chambers  15a  and  15b  of  t h a t   chamber  15  of  c o n t r o l  

j ack   11  served  by  c i r c u i t   12a  so  as  to  p r o v i d e   no  r e s t r i c t i o n   t o  

movement  of  the  body  of  c o n t r o l   jack  11  by  c o n t i n u e d   o p e r a t i o n   o f  

c o n t r o l   c i r c u i t   12b,  which  may  thus  f u n c t i o n   in  the  normal  mode 

h e r e i n b e f o r e   d e s c r i b e d   in  o rder   to  ma in t a in   c o n t r o l   of  the  jack  11 

to  m a i n t a i n   an  e s s e n t i a l   f l i g h t   c o n t r o l   s y s t e m .  

In  the  second  f a i l u r e   case  to  b e  c o n s i d e r e d ,   with  the  spool  v a l v e  

s tuck   wi th   i t s   l ands   26  in  the  p o s i t i o n s   shown  in  broken  l i n e s ,  

o p e r a t i o n   of  the  b r e a k - o u t   va lve   40  and  by -pas s   va lve   31  is  i d e n t i c a l  

to  t h a t   p r e v i o u s l y   d e s c r i b e d .   In  t h i s   case ,   because   of  the  o f f s e t  



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

s u p p l i e d   th rough   the  main  spool   va lve   25  and  condu i t   28  to  chamber  

15b  of  the  r e l e v a n t   chamber  15  of  c o n t r o l   j ack   11;  however,  due  t o  

the  open  c i r c u i t   e s t a b l i s h e d   by  o p e r a t i o n   of  the  by -pass   va lve   31,  

t h i s   p r e s s u r e   w i l l   e q u a l i s e   in  both   of  chambers  15a  and  15b  so  t h a t  

aga in   the  f a i l e d   c i r c u i t   12a  p r o v i d e s   no  r e s t r a i n t   to  normal  o p e r a t i o n  

of  c i r c u i t   12b  by  which  an  e s s e n t i a l   c o n t r o l   f u n c t i o n   is  m a i n t a i n e d .  

Thus,  the  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  servo  system  which  f u n c t i o n s  

a u t o m a t i c a l l y   in  the  event  of  a  f a i l u r e   of  the  main  spool  va lve   i n  

one  of  the  duplex  servo  c o n t r o l   c i r c u i t s .   F u r t h e r m o r e ,   a p a r t   f r o m  

the  i n i t i a l   load  r e q u i r e d   to  a c t u a t e   the  i s o l a t i n g   means  in  the  b r e a k -  

out  valve  40  of  the  f a i l e d   circui t   by  a  subsequen t   movement  of  t h e  

c o n t r o l   s t i c k   13,  the  system  ensu re s   t h a t   no  f o r c e s   emanate  f r o m  

the  f a i l e d   c i r c u i t   to  h inde r   c o n t i n u e d   c o n t r o l   by  the  r e m a i n i n g  

o p e r a t i o n a l   c i r c u i t .  

Whi ls t   one  embodiment  of  the  i n v e n t i o n   has  been  d e s c r i b e d   a n d  

i l l u s t r a t e d   i t   w i l l   be  a p p a r e n t   t h a t   many  m o d i f i c a t i o n s   can  be  made 

wi thou t   d e p a r t i n g   from  the  scope  of  the  i n v e n t i o n ,   as  d e f i n e d   in  t h e  

appended  c l a ims .   For  example,  the  i n d i v i d u a l   servo  c o n t r o l   c i r c u i t s  

can  be  used  i n d e p e n d a n t l y   in  which  case  the  i n v e n t i o n   se rves   t o  

a u t o m a t i c a l l y   i s o l a t e   the  c i r c u i t   in  the  event   of  a  f a i l u r e .  



1.  A  servo  system  (11)  having  a  servo  c o n t r o l   c i r c u i t   (12a,  12b)  

adap ted   to  c o n t r o l   the  f low  of  p r e s s u r i s e d   f l u i d   to  a  h y d r a u l i c  

c o n t r o l   jack   (15),   the  c o n t r o l   c i r c u i t   i n c l u d i n g   a  main  spool   v a l v e  

(25)  fo r   c o n t r o l l i n g   the  flow  of  p r e s s u r i s e d   f l u i d   to  chambers  ( 1 5 a ,  

15b)  at  each  side  of  a  p i s t o n   (16)  in  the  j ack   in  r e sponse   to  movement 

of  a  c o n t r o l   means  (13) ,   a  b r e a k - o u t   va lve   (40)  o p e r a t i v e   in  t h e  

event  of  a  f a i l u r e   of  the  spool  valve  and  in  r e s p o n s e   to  a  s u b s e q u e n t  

movement  of  the  c o n t r o l   means  to  connect   a  source   of  p r e s s u r i s e d  

f l u i d   to  ope ra t e   a  by -pass   valve  (31)  to  open  a  c i r c u i t   between  t h e  

chambers  of  the  j a c k .  

2.  A  servo  system  as  c laimed  in  Claim  1 , w h e r e i n   the  b r e a k - o u t   v a l v e  

i n c l u d e s   i s o l a t i n g   means  (42,  43,  44,  48)  adap t ed   to  i s o l a t e   the  v a l v e  

from  subsequen t   movements  of  the  c o n t r o l   m e a n s .  

3.  A  servo  system  as  claimed  in  Claim  2,  where in   the  i s o l a t i n g   means 

i n c l u d e s   a  boss  (42)  l o c a t e d   in  a  chamber  (41)  of  the  b r e a k - o u t   v a l v e  

and  o p e r a t i v e l y   a s s o c i a t e d   with  the  c o n t r o l   means,  a  s l i d i n g   land  ( 4 3 ,  

44)  l o c a t e d   at  each  s ide  of  the  boss ,   s p r i n g   means  (47)  n o r m a l l y  

o p e r a t i v e   to  fo rce   the  lands  i n to   c o n t a c t   wi th   opposed  s u r f a c e s   of  t h e  

boss  and  with  a  f i xed   abutment  (48)  i n s i d e   the  chamber,  two  p r e s s u r i s e d  

f l u i d   i n l e t   condu i t s   (45)  opening  in to   the  chamber  so  as  to  b e  

o b t u r a t e d   by  the  r e s p e c t i v e   lands   dur ing   normal  o p e r a t i o n   of  t h e  

system,   and  an  o u t l e t   condui t   (46)  o p e n i n g  i n t o   the  chamber  b e t w e e n  

the  l ands   and  o p e r a t i v e l y   connec ted   to  the  by -pas s   v a l v e .  

4 .  A   servo  system  as  c laimed  in  Claim  3,  where in   sa id   boss  is  l o c a t e d  

i n t e r m e d i a t e   the  ends  of  an  a x i a l l y   movable  rod  (39)  p r o t r u d i n g   f r o m  

one  end  of  the  chamber  of  the  b r e a k - o u t   va lve   for   p i v o t a l   c o n n e c t i o n  

to  the  c o n t r o l   means .  

5.  A  servo  system  as  c laimed  in  Claim  3  or  Claim  4,  where in   t h e  

o u t l e t   condu i t   connects   to  a  chamber  (36)  at  one  s ide   of  a  p i s t o n   h e a d  

(34)  of  the  by-pass   va lve ,   the  p i s t o n   head  c a r r y i n g   a  spool   h a v i n g  



s p a c e d - a p a r t   lands   (32,  33)  c o n t r o l l i n g   an  i n t e r c o n n e c t i o n   b e t w e e n  

the  chambers  of  the  c o n t r o l   j a c k .  

6.  A  servo  system  as  c laimed  in  Claim  5,  where in   a  c o i l   s p r i n g   ( 35 )  

ac t s   on  the  p i s t o n   head  in  the  same  sense  as  p r e s s u r i s e d   f l u i d   f r o m  

the  b r e a k - o u t   valve  o u t l e t   condui t   and  is  opposed  by  p r e s s u r i s e d   f l u i d  

a c t i n g   on  a  reduced   d i ame te r   of  one  of  the  l a n d s .  

7.  A  servo  system  as  c laimed  in  any  one  of  Claims  3  to  6,  w h e r e i n  

the  b r e a k - o u t   valve  o u t l e t   condui t   i n c o r p o r a t e s   a  n o n - r e t u r n   va lve   ( 4 1 ) .  

8.  A  servo  system  as  c laimed  in  any  one  of  Claims  3  to  7,  a n d  

i n c l u d i n g  a   p r e s s u r e   swi tch   i n d i c a t o r   (52)  a d a p t e d   to  p rov ide   a n  

i n d i c a t i o n   of  f l u i d   p r e s s u r e   in  the  b r e a k - o u t   valve  o u t l e t   c o n d u i t .  

9.  A  servo  system  as  c laimed  in  any  one  of  Claims  4  to  8,  w h e r e i n  

the  p r o t r u d i n g   end  of  the  rod  is  p i v o t a l l y   connec t ed   to  one  end  of  a  

l e v e r   (22a,  22b)  the  o the r   end  of  which  is  p i v o t a l l y   connec t ed   to  a n  

end  of  an  o p e r a t i n g   rod  (24)  p r o t r u d i n g   from  the  spool  v a l v e ,   t h e  

c o n t r o l   means  being  p i v o t a l l y   a t t a c h e d   i n t e r m e d i a t e   the  ends  of  t h e  

l e v e r .  

10.  A  servo  system  as  claimed  in  Claim  9?where in   the  c o n t r o l   means 

compr i ses   a  c o n t r o l   rod  (20a,  2 0 b )  p i v o t a l l y   e a r t h e d   to  a  moving  body  

(14)  of  the  c o n t r o l   j a c k .  

11.  A  servo  system  as  claimed  in  any  p r e c e d i n g   c la im,  where in   t h e  

c o n t r o l   c i r c u i t   is  d u p l i c a t e d   to  m a i n t a i n   o p e r a t i o n   of  the  j ack   i n  

the  event  of  a  f a i l u r e   in  one  of  the  c o n t r o l   c i r c u i t s .  

12.  A  servo  system  (11)  i n c l u d i n g   duplex  servo  c o n t r o l   c i r c u i t s   ( 1 2 a ,  

12b)  each  adap ted   dur ing   o p e r a t i o n   to  c o n t r o l   the  flow  of  p r e s s u r i s e d  

f l u i d   to  a  common  h y d r a u l i c   c o n t r o l   j ack   (15) ,   each  c i r c u i t   having  a  

main  spool  valve  (25)  for   c o n t r o l l i n g   the  f low  of  p r e s s u r i s e d   f l u i d  

to  chambers  (15a,  15b)  at  each  s ide  of  a  p i s t o n   (16)  in  the  jack   i n  

r e s p o n s e   to  movement  of  a  c o n t r o l   means  (13) ,   a  b r e a k - o u t   va lve   ( 4 0 )  

o p e r a t i v e   in  the  event  of  a  f a i l u r e   of  the  spool   va lve   and  in  r e s p o n s e  



to  a  subsequen t   movement  of  the  c o n t r o l   means  to  connect   a  source   o f  

p r e s s u r i s e d   f l u i d   to  o p e r a t e   a  by -pas s   va lve   (31)  to  open  a  c i r c u i t  

between  the  chambers  of  the  j ack   served  by  the  f a i l e d   c i r c u i t   w h e r e b y  

con t inuous   c o n t r o l   of  the  p o s i t i o n   of  the  j ack   is  p r o v i d e d   by  t h e  

second  c i r c u i t ,   the  b r e a k - o u t   va lve   i n c l u d i n g   i s o l a t i n g   means  (42,  4 3 ,  

44,  48)  adapted   to  i s o l a t e   the  va lve   from  subsequen t   movements  of  t h e  

c o n t r o l   m e a n s .  

13.  In  or  fo r   a  h e l i c o p t e r   powered  f l y i n g   c o n t r o l   system,  a  s e r v o  

system  (11)  i n c l u d i n g   duplex   servo  c o n t r o l   c i r c u i t s   (12a,  12b)  e a c h  

adap ted   du r ing   o p e r a t i o n   to  c o n t r o l   the  p o s i t i o n   of  a  common  h y d r a u l i c  

jack ,   each  c i r c u i t   having  a  main  spool  va lve   (25)  for   c o n t r o l l i n g   t h e  

f low  of  p r e s s u r i s e d   f l u i d   to  chambers  (15a ,   15b)  at  each  s ide   of  a  

p i s t o n   (16)  in  the  jack   in  r e sponse   to  movement  of  a  c o n t r o l   s t i c k   ( 1 3 ) ,  

a  b r e a k - o u t   va lve   (40)  o p e r a t i v e   in  the  event   of  a  f a i l u r e   of  t h e  

spool  va lve   and  in  r e sponse   to  a  subsequen t   movement  of  the  c o n t r o l  

s t i c k   to  connect   a  source  of  p r e s s u r i s e d   f l u i d   to  ope ra t e   a  b y - p a s s  

valve   (31)  to  open  a  c i r c u i t   between  the  chambers  of  the  j ack   s e r v e d  

by  the  f a i l e d   c i r c u i t   whereby  con t inued   c o n t r o l   of  the  p o s i t i o n   of  t h e  

jack   is  p rov ided   by  the  second  c i r c u i t o  
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