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(§4)  Proportioned. 

  Proportioners  may  be  used  in  hydraulic  circuits  to  provide 
the  symmetrical  deployment  of  components  controlled  by 
these  circuits.  In  the  airbrake-deploying  circuit  of  an  aircraft, 
for  example,  certain  fail-safe  conditions  must  be  satisfied  i.e. 
the  symmetrical  deployment  of  the  airbraking  surfaces,  and 
therefore  the  inclusion  of  a  proportioner  is  desirable  if  not  es- 
sential.  The  invention  described  herein  relates  to  a  propor- 
tioner  having  twin  fluid  flow  path  which  incorporates  a  stepper 
motor,  the  stepper  motor  being  operable  to  adjust  the  flow  in 
each  flow  path  via  throttling  means  so  that  the  airbrakes,  for 
example,  are  deployed  synchronously.  The  proportioner  is  also 
inherently  fail-safe,  as  the  pressure  differential  in  the  two  fluid 
flow  path  acts  to  cancel  any  imbalance  which  may  be  present 
in  the  hydraulic  circuit  should  the  stepper  motor  fail. 



This  i n v e n t i o n   r e l a t e s   to  p r o p o r t i o n e r s   s u i t a b l e   for  use  i n  

h y d r a u l i c   c i r c u i t s .  

P r o p o r t i o n e r s   may  be  used  in  h y d r a u l i c   c i r c u i t s   to  provide  t h e  

symmetr ica l   deployment  of  components  c o n t r o l l e d   by  such  c i r c u i t s .   For  

example,  in  the  a i r b r a k e - d e p l o y i n g   c i r c u i t   of  an  a i r c r a f t ,   c e r t a i n  

f a i l - s a f e   c o n d i t i o n s   must  be  s a t i s f i e d   ie  the  symmetrical   dep loymen t  

of  the  a i r b r a k i n g   s u r f a c e s ,   and  thus  the  i n c l u s i o n   of  a  p r o p o r t i o n e r  

may  be  d e s i r a b l e   if  not  e s s e n t i a l .   H i t h e r t o ,   where  p r o p o r t i o n e r s   have 

r e l i e d   only  on  d i f f e r e n t i a l   h y d r a u l i c   p r e s s u r e s   or  flows,  they  have 

proved  somewhat  i m p r e c i s e .  

It  is  t h e r e f o r e   an  objec t   of  the  p re sen t   i nven t ion   to  provide  a 

p r o p o r t i o n e r   t ha t   has  improved  p r e c i s i o n   of  o p e r a t i o n .  

It  is  a  f u r t h e r   ob jec t   to  provide  a  p r o p o r t i o n e r   which  is  s i m p l e  

and  t h e r e f o r e   cheap  to  p roduce .  

Yet  a  f u r t h e r   ob jec t   is  to  provide  a  p r o p o r t i o n e r   which  i s  

i n h e r e n t l y   f a i l - s a f e .  

According  to  the  p resen t   i n v e n t i o n ,   the re   is  p r o v i d e d  

p r o p o r t i o n i n g   means  for  connec t ion   to  a  source  of  f l u i d   p re s su re   and 

to  s e p a r a t e   a c t u a t o r s   which  r equ i r e   to  be  synchronous ly   moved, 

i n c l u d i n g   in  combinat ion ,   casing  means  having  twin  f l u id   flow  p a t h  

means  each  having  an  i n l e t   for  connec t ion   to  said  source  and  an  o u t l e t  

for  connec t ion   one  of  said  a c t u a t o r s ,   f l u i d   flow  t h r o t t l i n g   means,  and 

p r e s s u r e - s e n s i t i v e   p i s t o n - c y l i n d e r   means,  the  p r o p o r t i o n i n g   means 

f u r t h e r   i n c l u d i n g   s t eppe r   motor  means  having  s t a t o r   means  and  s h a f t  

means,  the  s t a t o r   means  being  c a r r i e d   by  said  casing  means  and  t h e  



shaf t   means  lying  within  said  casing  means  to  ac tua te   said  f l u id   f l o w  

t h r o t t l i n g   means,  whereby  s t epp ing   of  the  s t epper   motor  in  response  t o  

v a r i a t i o n s   in  flow  to  the  a c t u a t o r s   e f f e c t s   a  decrease   or  i n c r e a s e   o f  

flow  in  order  to  e f f e c t   s y n c h r o n i s a t i o n   of  the  a c t u a t o r s ,   and  on 

f a i l u r e   of  the  s tepper   motor,  any  p re s su re   d i f f e r e n t i a l   within  s a i d  

p r e s s u r e - s e n s i t i v e   p i s t o n - c y l i n d e r   means  causes  said  shaf t   means  t o  

a c t u a t e   said  flow  t h r o t t l i n g   means  to  e f f e c t   s y n c h r o n i s a t i o n   of  t h e  

a c t u a t o r s .  

P r e f e r a b l y ,   the  s t eppe r   motor  is  r e c i p r o c a t o r y   and  the  f l u i d  

flow  t h r o t t l i n g   means  comprise  valve  su r f aces   formed  upon  spaced  ends  

of  the  casing  means  and  between  which  is  c a r r i e d   said  s t a t o r   means  o f  

the  s t eppe r   motor,  the  f l u i d   flow  t h r o t t l i n g   means  f u r t h e r   c o m p r i s i n g  

opposed  valve  members  c a r r i e d   at  the  remote  ends  of  the  shaf t   means  o f  

the  s t epper   motor,  each  valve  member  being  operable   to  mate  with  i t s  

a s s o c i a t e d   valve  sur face   to  open  and  c lose  the  valve  t he re fo rmed ,   so 

tha t   when  one  valve  is  s u b s t a n t i a l l y   f u l l y   opened,  the  opposed  v a l v e  

is  s u b s t a n t i a l l y   c l o s e d .  

The  valve  members  and  valve  s u r f a c e s   may  be  of  conical   s h a p e ,  

the  valve  members  having  bleed  f l u t e s   formed  on  the  conical   s u r f a c e .  

Each  p r e s s u r e - s e n s i t i v e   p i s t o n - c y l i n d e r   means  may  be  formed  by 

an  end  por t ion   of  the  cas ing   means  and  each  pis ton  may  be  formed  by  an 

end  por t ion   of  the  shaf t   means,  the  two  being  sealed  by  s ea l i ng   means 

p r o v i d e d .  

Advantageously ,   the  casing  means,  the  s tepper   motor  means,  t h e  

p r e s s u r e - s e n s i t i v e   p i s t o n - c y l i n d e r   means  and  the  f lu id   flow  t h r o t t l i n g  

means  are  arranged  to  be  c o a x i a l l y   a l i g n e d .  



For  a  b e t t e r   u n d e r s t a n d i n g   of  the  i nven t ion ,   r e f e r e n c e   will  now 

be  made,  by  way  of  example,  to  the  accompanying  drawings  in  wh ich : -  

Figure  1  shows  a  s e c t i o n a l   side  e l e v a t i o n   of  a  p r o p o r t i o n e r ;  

Figure  2  shows  a  schemat ic   block  diagram  of  an  a i r b r a k i n g   s y s t e m  

as  f i t t e d   to  an  a i r c r a f t   i n c o r p o r a t i n g   the  p r o p o r t i o n e r .  

A  p r o p o r t i o n e r ,   as  shown  in  f i gu re   1,  comprises   a  cas ing   1  i n  

which  are  formed  a  pa i r   of  i n l e t   por ts   2a, 2b  and  a  pair   of  o u t l e t  

por ts   3a,  3b.  A  l i n e a r   s t e p p e r   motor  5  of  annular   form  is  mounted 

r i g i d l y   in  the  casing  1.  A  sha f t   4  having  an  axis  X-X  passes   t h r o u g h  

the  annulus  of  the  motor  5  and  is  c a r r i e d   on  a  pair   of  p h o s p h o r - b r o n z e  

bush  bea r ings   6a, 6b  for  r e c i p r o c a t o r y   movement  along  i t s   axis .   The 

s t e p p e r   motor  5  c o n s i s t s   of  two  t o r o i d a l   phase  windings  5a,  5b  and  a 

samarium  coba l t   permanent  magnet  5c.  The  shaf t   4  has  a  po r t ion   4e  i n  

i t s   cen t re   which  is  adapted  so  tha t   the  shaf t   can  be  "s tepped"  to  t h e  

r i g h t   or  l e f t   along  i t s   axis  X-X  by  the  motor  5.  The  o u t l e t   p o r t s  

3a,  3b  are  loca ted   at  the  ends  of  the  casing  c o a x i a l l y   with  X-X. 

Adjacent   the  ports   3a,  3b,  on  the  i n t e r i o r   of  the  casing  1,  a r e  

provided  conical   valve  s u r f a c e s  l a ,   lb  r e s p e c t i v e l y .   At  each  end  o f  

the  shaf t   4,  is  a  conical   valve  member  4a, 4b  having  a  f l u i d   b l e e d  

f l u t e   4f ,  4g,   which  can  mate  with  the  s u r f a c e s   la,  lb.  The  r e l a t i v e  

p o s i t i o n s   of  su r f aces   la,  lb  and  members  4a,   4b  r e s p e c t i v e l y   c o n t r o l  

the  flow  of  f l u id   through  the  o u t l e t   por ts   3a,  3b.  Flanges  4c,  4d  a r e  

formed  on  the  shaf t   4  to  form  two  s e p a r a t e   hyd rau l i c   f l u id   c y l i n d e r s  

8a,  8b.  '0'  ring  sea ls   7 a ,   7b  prevent   the  flow  of  f lu id   between  t h e  

f l anges   4c,  4d  and  the  cas ing  1,  but  they  allow  the  shaf t   4  to  move 

r e l a t i v e   to  the  casing  1  when  the  s t eppe r   motor  5  is  o p e r a t e d .  



Under  normal  o p e r a t i n g   c o n d i t i o n s ,   the  p r o p o r t i o n e r   forms  p a r t  

of  a  system,  as  shown  in  f i gu re   2.  A  pump  9  pumps  hydrau l i c   f l u i d  

into  the  p r o p o r t i o n e r   10  from  a  f lu id   r e s e r v o i r   (not  shown).  The 

i n l e t   p r e s su re s   at  the  i n l e t   ports   2a,  2b  are  equal.   The  f l u id   f l ows  

through  the  p r o p o r t i o n e r   10  and  is  fed  to  meters  11  and  12  via  t h e  

o u t l e t   ports   3a,  3b.  The  meters   11,  12  measure  the  f l owra t e   from  each  

hal f   of  the  p r o p o r t i o n e r   10  as  the  f lu id   passes  through  them  t o  

a i r b r a k e   jacks  (not  shown).  S ignals   r e p r e s e n t i n g   the  measured  

f l o w r a t e s   are  sampled  at  i n t e r v a l s   by  a  c o m p a r a t o r / c o n t r o l l e r   13  and 

the  s i g n a l s   are  compared.  If  one  signal  is  g r e a t e r   than  the  o t h e r ,  

the  c o m p a r a t o r / c o n t r o l l e r   13  then  s i gna l s   the  p r o p o r t i o n e r   10, 

i n d i c a t i n g   to  the  motor  5  which  way  it  should  "step"  to  c o r r e c t   t h e  

imbalance  p resen t   in  the  system.  For  example,  if  the  signal   sampled 

from  meter  12  was  g r e a t e r   than  the  one  sampled  from  meter  11,  ie  t h e  

flow  out  of  the  o u t l e t   port  3b  was  g r e a t e r   than  the  flow  out  of  p o r t  

3a,  the  c o m p a r a t o r / c o n t r o l l e r   13  would  signal  the  p r o p o r t i o n e r   10, 

i n d i c a t i n g   to  it  tha t   the  motor  5  should  "step"  the  shaf t   4  to  t h e  

r igh t   ie  b r ing ing   the  valve  su r face   1b  and  valve  member  4b  c l o s e r  

t o g e t h e r   and  the  moving  valve  su r face   la  and  valve  member  4a  f u r t h e r  

apar t   to  r e s p e c t i v e l y   dec rease   and  i nc rea se   the  f low.  

S i m i l a r l y ,   if  the  s ignal   sampled  from  meter  11  was  g r e a t e r   t h a n  

tha t   from  meter  12,  the  shaf t   4  would  be  "stepped"  to  the  l e f t .   The 

next  time  the  s i g n a l s   from  the  meters  11,  12  are  sampled,  t h e  

procedure  is  r epea ted .   This  may  be  c a r r i e d   out  several   times  u n t i l  

the  two  f l owra t e s   are  ba lanced.   Sampling  may  be  c a r r i e d   out  e v e r y  

40  ms -   the  motor  5  can  "step"  the  shaf t   4  in  increments   of  0.635  mm 



(0.025  in)  g iving  a  range  of  p o s s i b l e   o u t l e t   f l o w r a t e s   de termined   by 

the  physica l   s ize   of  the  p r o p o r t i o n e r .  

If,  however,  the  l i n e a r   s t epper   motor  5  f a i l s ,   the  p r o p o r t i o n e r  

would  then  act  to  ba lance   the  p r e s s u r e s   in  the  two  h y d r a u l i c   c y l i n d e r s  

8a,  8b.  For  example,  if  the  motor  5  f a i l e d   as  the  a i r b r a k e s   were 

being  app l ied   and,  say,  the  l e f t   a i r b r a k e   jack  was  the  more  d e p l o y e d  

ie  there   was  a  g r e a t e r   f l owra t e   through  c y l i n d e r   8a  than  t h r o u g h  

c y l i n d e r   8b,  then  the  p r e s su re   in  the  l e f t   h y d r a u l i c   c y l i n d e r   8a  o f  

the  p r o p o r t i o n e r   would  be  less  than  the  p r e s su re   in  the  r i g h t  

h y d r a u l i c   c y l i n d e r   8b.  The  g r e a t e r   p r e s su re   in  c y l i n d e r   8b  would  t h e n  

cause  the  shaf t   4  to  move  towards  the  l e f t ,   t end ing   to  c lose   the  o f f  

port  3a  and  open  port   3b  until  t h e   p r e s s u r e s   in  both  c y l i n d e r   8a,  8b 

were  ba lanced,   thus  producing  equal  deployment  of  the  a i r b r a k e s .   I f ,  

on  the  other   hand,  the  motor  5  f a i l s   as  the  a i r b r a k e s   are  b e i n g  

r e t r a c t e d   with,  say,  the  l e f t   a i r b r a k e   r e t r a c t e d   to  a  g r e a t e r   e x t e n t  

than  the  r i gh t   a i r b r a k e ,   then  the  g r e a t e r   p r e s su re   in  the  r i g h t  

a i r b r a k e   jack  due  to  the  ac t ion   of  the  su r round ing   a i r   on  the  a i r b r a k e  

su r face   would  cause  the  shaf t   4  to  move  to  the  l e f t   t end ing   to  c l o s e  

off  port  3a  and  open  port  3b,  thus  produicng  a  g r e a t e r   f l o w r a t e  

through  the  r igh t   h y d r a u l i c   c y l i n d e r   8b,  unt i l   the  p r e s s u r e s   a r e  

b a l a n c e d .  



1.  P r o p o r t i o n i n g   means  for  connec t ion   to  a  source  of  f l u id   p r e s s u r e  

and  to  s e p a r a t e   a c t u a t o r s   which  r equ i r e   to  be  synchronous ly   moved, 

i n c l u d i n g   in  combina t ion ,   casing  means  having  twin  f lu id   flow  pa th  

means  each  having  an  i n l e t   for  connec t ion   to  said  source  and  an  o u t l e t  

for  connec t ion   to  one  of  said  a c t u a t o r s ,   f l u i d   flow  t h r o t t l i n g   means,  

and  p r e s s u r e - s e n s i t i v e   p i s t o n - c y l i n d e r   means,  the  p r o p o r t i o n i n g   means 

f u r t h e r   i n c l u d i n g   s t epper   motor  means  having  s t a t o r   means  and  s h a f t  

means,  the  s t a t o r   means  being  c a r r i e d   by  said  casing  means  and  t h e  

shaf t   means  lying  wi thin   said  casing  means  to  a c t u a t e   said  f l u id   f l o w  

t h r o t t l i n g   means,  whereby  s tepping   of  the  s t e p p e r   motor  in  response  t o  

v a r i a t i o n s   in  flow  to  the  a c t u a t o r s   e f f e c t s   a  dec rease   or  i nc rease   o f  

flow  in  order  to  e f f e c t   s y n c h r o n i s a t i o n   of  the  a c t u a t o r s ,   and  on 

f a i l u r e   of  the  s t eppe r   motor,  any  p r e s su re   d i f f e r e n t i a l   within  s a i d  

p r e s s u r e - s e n s i t i v e   p i s t o n - c y l i n d e r   means  causes  said  shaf t   means  t o  

a c t u a t e   said  flow  t h r o t t l i n g   means  to  e f f e c t   s y n c h r o n i s a t i o n   of  t h e  

a c t u a t o r s .  

2.  P r o p o r t i o n i n g   means  according  to  claim  1,  wherein  the  s t e p p e r  

motor  shaf t   is  r e c i p r o c a t o r y ,   and  wherein  the  f l u i d   flow  t h r o t t l i n g  

means  comprise  valve  su r faces   formed  upon  spaced  ends  of  the  c a s i n g  

means  and  between  which  is  c a r r i e d   said  s t a t o r   means  of  the  s t e p p e r  

motor,  the  f l u i d   flow  t h r o t t l i n g   means  f u r t h e r   compris ing  opposed 

valve  members  c a r r i e d   at  the  remote  ends  of  the  shaf t   means  of  t h e  

s t eppe r   motor,  each  valve  member  being  operable   to  mate  with  i t s  

a s s o c i a t e d   valve  su r face   to  open  and  c lose  the  valve  the re formed ,   so 

tha t   when  one  valve  is  s u b s t a n t i a l l y   f u l l y   opened,  the  opposed  v a l v e  

is  s u b s t a n t i a l l y   c l o s e d .  



3.  P r o p o r t i o n i n g   means  according  to  claim  2,  wherein  the  v a l v e  

members  and  valve  su r f aces   are  of  conical   shape,  the  valve  members 

having  bleed  f l u t e s   formed  on  the  conical   s u r f a c e .  

4.  P r o p o r t i o n i n g   means  according  to  a n y  o n e   of  claims  1  to  3, 

wherein  each  p r e s s u r e - s e n s i t i v e   p i s t o n - c y l i n d e r   means  is  formed  by  an 

end  p o r t i o n   of  the  casing  means,  and  each  p i s ton   is  formed  by  an  end 

p o r t i o n   of  the  shaf t   means,  and  s ea l ing   means  are  provided  f o r  

e f f e c t i n g   s ea l i ng   between  said  po r t i ons   of  the  casing  means  and  t h e  

s h a f t   means.  

5.  P r o p o r t i o n i n g   means  according  to  claim  4,  wherein  the  c a s i n g  

means,  the  s t epper   motor  means,  the  p r e s s u r e - s e n s i t i v e   p i s t o n - c y l i n d e r  

means  and  the  f l u i d   flow  t h r o t t l i n g   means  are  ar ranged  to  be  c o a x i a l l y  

a l i g n e d .  
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