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@)  Servo  actuator  control/damping  mechanism  and  method. 

  A  fluid  servo  actuator  control/damping  mechanism  (10)  and 
method  which  utilize  and  combine  the  functions  of  an  electro- 
mechanically  driven  servo  valve  (26)  to  achieve  ram  (16)  or 
actuator  (12,14)  fluid  flow  and  load  control  even  after  loss  of  fluid 
power  as  well  as  the  main  ram  position  control  function  under 
normal  operating  conditions.  The  mechanism  comprises  a  main 
control  servo  valve  (26)  including  a  positionable  valve  element 
(34)  for selective  application  of  fluid  power to  a  ram  (16),  a sensor 
(88)  connectable  to  the  ram  for  providing  ram  load  feedback 
information,  and  an  electro-mechanical  drive  (78)  operable  inde- 
pendently  of  fluid  power  for  selectively  positioning  the  valve 
element  (34)  under  normal  operating  conditions  for  controlled 
actuation  of  the  same  and,  upon  loss  of  fluid  power,  for  providing 
variable  orifices  to  controllably  meter  bypass  fluid  flow across the 
ram  by  utilizing  the  existing  metering  pattern  of  the  servo  valve 
(26)  and  modulating  the  valve  element  (34)  thereof  in  response  to 
feedback  information  received  from  the  sensor  (88),  for  actively 
controlled  damping  of  the  ram. 



This  invention  relates  generally  to  servo  systems  and,  m o r e  

part icularly,   to  a ircraft   flight  control  servo  systems.  More  specifically,   t h e  

invention  relates  to  a  servo  ac tua tor   con t ro l /damping   mechanism  and  

method  which  utilize  and  combine  the  functions  of  an  e l e c t r o - m e c h a n i c a l l y  

driven  servo  valve  to  achieve  fluid  flow  and  ac tua tor   (ram)  load  c o n t r o l  e v e n  

after  loss  of  fluid  power .  
Fluid  servo  systems  are  used  for  many  purposes,  one  being  t o  

position  the  flight  control  surfaces  of  high  pe r fo rmance   a i rcraf t .   In  such  a n  

application,  the  servo  system  desirably  should  provide  for  control  and  

damping  of  flight  control  surface  d isplacements   or  f lut ter   after  loss  of  f luid 

power.  Otherwise,  a i rcraf t   damage  or  loss  of  control  may  r e su l t .  

In  conventional  e lec t ro-hydraul ic   systems,  e l e c t r o - h y d r a u l i c  

valves  have  been  used  in  conjunction  with  servo  valve  ac tua tors   to  e f f e c t  

position  control  of  the  main  control  servo  valve.  Typically,  the  se rvo  

actuators   in  redundant  systems  operate  on  opposite  ends  of  a  l inea r ly  

movable  valve  element  in  the  main  control  valve  and  are  controlled  by  t h e  

e lec t ro-hydraul ic   valves  located  elsewhere  in  the  system  housing.  Such 

systems  also  have  used  bypass/damping  valves  which  operate  upon  loss  of  

fluid  power  to  bypass  flow  to  and  from  the  main  ram  or  ac tua tor   t h rough  

fixed  metering  orifices  which  damp  and  control  the  rate  of  ram  and  f l igh t  

surface  movements.   Like  the  e lec t ro-hydraul ic   valves,  such  bypass /damping  

valves  have  been  located  in  the  system  housing  remote   from  the  main  

control  valve.  In  addition,  such  systems  have  utilized  e lectronic   d i f f e r e n t i a l  

pressure  sensors  to  provide  dynamic  ram  load  feed-back  information  to  t h e  

a i rcraf t   electronic  control  system  which  supplies  command  signals  to  t h e  

e lec t ro-hydraul ic   valves .  

An  a l ternat ive  approach  to  the  e lec t ro-hydrau l ic   control  s y s t e m  

is  an  e l ec t ro -mechan ica l   control  system  wherein  a  force  motor  is  coupled  

directly  and  mechanically  to  the  main  control  servo  valve.  These  s y s t e m s  

also  have  used  remotely  located  bypass/damping  valves  which  bypass  r a m  

flow  through  fixed  metering  orifices  upon  loss  of  fluid  power  for  damping  

and  controlling  the  rate  of  ram  and  flight  surface  m o v e m e n t s .  



In  hybrid  e l ec t ro -mechan ica l   systems,  the  force  motor  is  coupled  

directly  and  mechanically  to  a  pilot  valve  plunger  which  controls  a  hydrau l i -  

cally  powered  servo  valve  ac tua tor   for  driving  the  main  control  servo  valve.  

A  shut-off  valve  sleeve  concentr ic   with  the  pilot  valve  plunger  can  be  used 

to  direct  ram  flow  through  fixed  metering  orifices  upon  loss  of  fluid  power  
for  damping  and  rate  control  of  ram  and  flight  surface  m o v e m e n t s .  

As  indicated,  each  of  the  foregoing  systems  uses  added  valves  or  

valve  components  to  achieve  some  degree  of  control  over  ram  and  f l igh t  

surface  movements  after  loss  of  fluid  power.  This  results  in  i n c r e a s e d  

package  size  especially  in  plural  redundant  systems  where  redundant  va lves  

or  valve  components  are  required  for  multiple  hydraulic  ac tuator   sy s t ems .  

Fur thermore ,   such  valves  or  valve  components  are  shuttled  between  s y s t e m  

on  and  off  (bypass)  positions  with  the  la t ter   serving  to  direct  ac tuator   f low 

through  the  fixed  metering  orifices.  Consequently,   there  has  been  no 

provision  for  active  damping  or  f lut ter   control  in  response  to  changing  

conditions  at  the  ram  or  flight  control  surface.   Also  ram  pressure  r e l i e f  

flow  through  the  fixed  metering  orifices  may  under  some  c i rcumstances   be  

insufficient  to  prevent  overload  of  the  ram  and  flight  control  surface  and  

resul tant   damage .  

With  the  foregoing  in  mind,  it  would  be  advantageous  and  

desirable  to  provide  for  active  and  more  precise  load  and  damping  control  in 

an  a i rcraf t   flight  control  servo  system.  Fur thermore ,   it  would  be  des i rab le  

to  provide  for  such  active  or  regulated  control  while  minimizing  s y s t e m  

package  size  such  as  by  a t t r ibut ing   multiple  functions  to  servo  s y s t e m  

componen t s .  

The  present  invention  provides  a  fluid  servo  actuator   c o n t r o l /  

damping  mechanism  and  method  which  utilize  and  combine  the  functions  o f  

an  e lec t ro -mechan ica l ly   driven  servo  valve  to  achieve  ram  or  ac tuator   f luid 

flow  and  load  control  even  after  loss  of  fluid  power  as  well  as  the  main  r a m  

position  control  function  under  normal  operating  conditions.  The  mechan i sm 

is  par t icular ly   useful  in  an  a i rcraf t   flight  control  servo  system  where in  

reduced  package  size  and  weight  is  desired  along  with  active  or  r e g u l a t e d  

damping  control  and  overload  relief  functions,  and  el iminates  the  need  f o r  



separate  bypass  valves  or  valve  components   here tofore   utilized  to  m e t e r  

bypass  ram  flow  through  fixed  o r i f i ces .  

According  to  the  present  invention,  in  one  aspect,  the  m e c h a -  

nism  comprises  a  servo  valve  including  a  positionable  valve  element  f o r  

selective  application  of  fluid  power  to  a  ram,  a  sensor  connectable   to  t h e  

ram  for  providing  ram  load  feed-back  information,   and  an  e l e c t r o - m e c h a -  

nical  drive  operable  independently  of  fluid  power  for  select ively  pos i t ion ing  

the  valve  element  under  normal  operating  conditions  for  controlled  a c t u -  

ation  of  the  ram  and,  upon  loss  of  fluid  power,  for  providing  variable  o r i f i ce s  

to  controllably  meter  bypass  fluid  flow  across  the  ram  by  utilizing  t h e  

existing  metering  pat tern   of  the  servo  valve  and  modulating  the  va lve  

element  thereof  in  response  to  feed-back  information  received  from  t h e  

sensor,  for  actively  controlled  damping  of  the  r a m .  

According  to  another  aspect  of  the  invention,  a  servo  m e c h a n i s m  

according  to  the  invention  comprises  a  servo  valve  including  a  valve  e l e m e n t  

selectively  positionable  therein  to  provide  variable  orifices  for  m e t e r i n g  

fluid  flow  to  and  from  the  opposed  pressure  surfaces  of  the  ram,  means  fo r  

connecting  a  source  of  high  pressure  fluid  to  the  servo  valve  for  m e t e r e d  

passage  to  either  ram  pressure  surface  through  the  variable  orifices,  m e a n s  

for  directing  bypass  fluid  flow  from  either  pressure  surface  to  the  o t h e r  

through  such  variable  orifices  in  the  event  of  a  loss  of  such  high  p r e s su re  

fluid,  and  e l ec t ro -mechan ica l   drive  means  operat ive  independently  of  such  

high  pressure  fluid  to  controllably  position  the  valve  element  to  e f f e c t  

controlled  metering  of  such  high  pressure  fluid  to  either  pressure  surface  o f  

the  ram  for  controlled  actuat ion  thereof   and,  in  the  event  of  a  loss  of  such  

high  pressure  fluid,  to  effect   controlled  metering  of  bypass  fluid  flow  ac ros s  

the  ram  for  active  or  regulated  damping  and  load  con t ro l .  

An  embodiment   of  the  invention  will  now  be  described,  by  way  o f  

example,  with  reference   to  the  accompanying  drawing,  in  which  the  sole  

figure  thereof  is  a  schemat ic   i l lustrat ion  of  a  redundant  servo  s y s t e m  

embodying  a  preferred  form  of  servo  ac tua tor   control /damping  m e c h a n i s m  

according  to  the  invent ion .  

Referr ing  now  in  detail  to  the  drawing,  a  dual  hydraulic  s e rvo  



system  is  designated  generally  by  re ference   numeral  10  and  includes  t w o  

similar  hydraulic  servo  ac tuators   12  and  14.  The  ac tuators   12  and  14  a r e  

connected  to  a  common  output  device  such  as  a  dual  tandem  cy l inde r  

actuator  or  ram  16  which  in  turn  may  be  connected  to  a  control  m e m b e r  

such  as  a  flight  control  element  of  an  a i rcraf t .   It  will  be  seen  below  t h a t  

the  two  servo  ac tua tors   normally  are  operated  s imultaneously  to  e f f e c t  

position  control  of  the  ram  16  and  hence  the  flight  control  e l e m e n t .  

However,  each  servo  ac tuator   preferably  is  capable  of  properly  e f f e c t i n g  

such  position  control  independently  of  the  other  so  that  the  control  is 

maintained  even  when  one  of  the  servo  ac tuators   fails  or  is  shut  down.  

Accordingly,  the  two  servo  ac tua tors   in  the  overall  system  provide  a  

redundancy  feature  that  increases  safe  operat ion  of  the  a i r c r a f t .  

The  servo  ac tua tors   12  and  14  are  similar  and  for  ease  in 

description,  like  re ference   numerals  will  be  used  to  identify  co r r e spond ing  

like  elements  of  the  two  servo  a c t u a t o r s .  

Each  servo  ac tuator   12,  14  has  an  inlet  port  20  for  c o n n e c t i o n  

with  a  source  of  high  pressure  hydraulic  fluid  and  a  return  port  22  f o r  

connection  with  a  hydraulic  reservoir.   Preferably,   the  respect ive   inlet  and  

return  ports  of  the  servo  ac tua tors   are  connected  to  separa te   and  i n d e -  

pendent  hydraulic  systems  in  the  a i rcraf t ,   so  that  in  the  event  one  of  t h e  

hydraulic  systems  fails  or  shuts  down,  the  servo  ac tuator   coupled  to  t h e  

other  still  functioning  hydraulic  system  may  be  operated  to  effect   t h e  

position  control  function.  Here inaf ter ,   the  hydraulic  systems  a s s o c i a t e d  

with  the  servo  ac tuators   12  and  14  will  respect ively   be  refer red   to  as  t h e  

forward  and  aft  hydraulic  s y s t e m s .  

In  each  of  the  servo  ac tua tors   12  and  14,  an  inlet  passage  24 

connects  the  inlet  port  20  to  a  common  main  control  servo  valve  d e s i g n a t e d  

generally  by  re ference   numeral  26.  Each  inlet  passage  24  may  be  p rov ided  

with  a  suitable  filter  27  and  a  check  valve  28  which  blocks  reverse  f low 

through  the  inlet  passage  from  the  servo  valve  to  the  inlet  port.  Each  s e rvo  

actuator   also  is  provided  with  a  return  passage  30  which  connects  the  r e t u r n  

port  22  to  the  servo  valve  26  via  a  damping  mode  accumula to r   or  

compensator  32  which  serves  to  maintain  pressure  in  the  servo  a c t u a t o r  



sufficient  to  prevent   cavi ta t ion  across  damping  res t r ic t ions  during  d a m p i n g  

mode  operation  as  described  h e r e a f t e r .  

The  main  control  servo  valve  26  includes  a  plunger  or  spool  34 

longitudinally  shif table  in  a  cylindrical  bore  36  which  may  be  formed  by  a  

sleeve  (not  shown)  in  an  overall  system  housing.  The  plunger  has  t w o  

fluidically  isolated  valving  sections  indicated  generally  at  38  and  40,  wh ich  

valving  sections  are  associated  respect ively   with  the  ac tua tors   12  and  14  a n d  

the  passages  24  and  30  thereof.   The  plunger  may  be  select ively  shifted  f r o m  

its  i l lustrated  neutral   or  centered  position  for  selective  connect ion  of  t h e  

passages  24  and  30  of  each  servo  ac tua tor   to  passages  42  and  44  in  the  s a m e  

servo  a c t u a t o r .  

The  passages  42  and  44  of  both  servo  ac tuators   12  and  14  a r e  

connected  to  the  ram  16  which  includes  a  pair  of  cylinders  46  hav ing  

respective  pistons  48  connected  to  ram  output  rod  50  for  common  m o v e m e n t  

therewith.   More  specif ical ly,   the  passages  42  and  44  of  each  servo  a c t u a t o r  

are  connected  to  a  corresponding  one  of  the  cylinders  of  opposite  sides  o f  

the  piston.  The  passages  42  and  44  also  are  connected  by  respect ive   b r a n c h  

passages  52  and  54  to  a  common  passage  56  which  in  turn  is  connected  t o  

the  corresponding  return  passage  30.  As  shown,  the  branch  passages  52  and  

54  are  respect ively   provided  with  anti  cavi tat ion  check  valves  58  and  60 

which  block  fluid  flow  from  the  passages  42  and  44  to  the  common  p a s s a g e  
56  but  permit  free  flow  from  common  passage  56  to  passages  42  and  44. 

With  par t icular   re ference   to  the  main  control  servo  valve  26, 

each  valving  section  38,  40  of  the  plunger  34  has  a  pair  of  l ong i tud ina l ly  

[axially)  spaced  apart   lands  60  and  62  which  are  locatable,   as  when  t h e  

plunger  is  in  its  neutral   position,  to  block  flow  through  respect ive   m e t e r i n g  

ports  64  and  66  that  respect ively  connect  the  passages  42  and  44  to  t h e  

interior  of  the  plunger  bore  36.  The  lands  60  and  62  define  t he rebe tween   a  

supply  groove  68  which  is  in  communicat ion   with  the  inlet  passage  24  and  

outwardly  thereof  respect ive   return  grooves  70  and  72  which  are  i n t e r -  

connected  by  passage  74  and  in  common  communicat ion  with  return  p a s s a g e  
30.  Accordingly,  movement   of  the  plunger  to  either  side  of  its  n e u t r a l  

position  will  connect  the  inlet  passage  24  to  one  of  the  passages  42  and  44 



and  the  other  of  such  passages  to  return  passage  30  through  r e s p e c t i v e  

metering  orifices  defined  by  the  position  of  the  lands  60  and  62  relat ive  t o  

respective  ports  64  and  66.  Moreover,  such  metering  orifices  may  be  va r i ed  

in  size  by  select ive  positioning  of  the  valve  plunger  in  the  m a n n e r  

hereinafter   described  for  controlled  metering  of  flow  to  and  from  t h e  

passages  42  and  44. 

From  the  foregoing,  it  will  be  apparent  that  select ive  m o v e m e n t  

of  the  plunger  34  simultaneously  controls  both  valving  sections  38  and  40 

which  select ively  connect  one  side  of  each  piston  48  to  a  high  p r e s s u r e  

hydraulic  fluid  source  and  the  other  side  to  fluid  return  for  c o n t r o l l e d  

metering  of  flow  to  and  from  the  ram  16  which  in  turn  ef fects   con t ro l l ed  

movement  of  the  output  rod  50  either  to  the  right  or  left.  In  the  event  one  

of  the  servo  ac tua tors   12,  14  fails  or  is  shut  down,  the  other  servo  a c t u a t o r  

will  maintain  control  responsive  to  selective  movement   of  the  p lunger .  

Controlled  selective  movement  of  the  valve  plunger  34  is  d e -  

sirably  effected  by  an  electric  force  motor  78  which  may  be  located  c lose ly  

adjacent  one  end  of  the  plunger.  The  force  motor  may  be  of  linear  or  r o t a r y  

type  and  operat ive  connection  of  the  force  motor  to  the  valve  plunger  m a y  

be  obtained  by  a  link  member  80  such  as  in  the  manner  described  in  t h e  

aforement ioned  U.S.  application  Serial  No.  463,631. 

The  force  motor  78  is  responsive  to  command  signals  r e c e i v e d  

from  an  electronic  control  or  command  system  indicated  at  82  which  may  be  

located,  for  example,  in  the  a i rcraf t   cockpit,  whereby  the  force  m o t o r  

serves  as  a  control  input  to  the  valve  plunger  34.  Also,  the  force  m o t o r  

preferably  has  redundant  multiple  parallel  coils  so  that  if  one  coil  or  i t s  

associated  e lectronics   should  fail,  its  counterpar t   channel  or  channels  will  

maintain  control.  Moreover,  suitable  failure  monitoring  c i rcui t ry   is  p r e f e r -  

ably  provided  to  detect   when  and  which  channel  has  failed,  and  to  uncouple  

or  render  passive  the  failed  channel .  

Feed-back  information  to  the  command  system  82  is  obtained  by 

position  t ransducers   or  sensors  84  and  86  which  are  desirably  o p e r a t i v e l y  

connected  to  and  monitor  the  positions  of  the  valve  plunger  34  and  r a m  

output  rod  50,  respect ively.   In  addition,  electronic  load  sensors  88  o r  



equivalent  devices  are  desirably  operatively  connected  to  r e s p e c t i v e  

cylinders  46  of  the  ram  16  for  monitoring  ram  load  and  providing  load  f e e d -  

back  informat ion  to  the  command  system  82  controlling  the  force  motor  78. 

As  shown,  each  load  sensor  88  may  be  in  the  form  of  a  d i f fe ren t ia l   p r e s s u r e  

sensor  including  a  position  t ransducer  92  connected  to  a  l ong i tud ina l ly  

shiftable  spring  centered  piston  94.  Opposite  sides  or  pressure  surfaces  of  

the  piston  94  are  respect ively  connected  by  passages  96  and  98  to  r e s p e c t i v e  

opposite  sides  or  pressure  surfaces  of  the  piston  48  in  the  co r r e spond ing  

cylinder  46  of  the  ram  whereby  the  position  of  the  piston  94  and  c o r r e s -  

ponding  output  of  the  t ransducer   will  be  indicative  of  the  direct ion  and  

magnitude  of  d i f ferent ia l   pressure  forces  acting  on  the  piston  48. 

Ope ra t i on  

During  normal  operation  of  the  servo  system  10,  high  p r e s s u r e  
fluid  from  the  forward  and  aft  hydraulic  systems  is  supplied  via  r e s p e c t i v e  
inlet  passages  24  to  the  main  control  servo  valve  26.  Through  s e l e c t i v e  

positioning  of  the  valve  plunger  34  in  response  to  command  signals  r e c e i v e d  

from  the  command  system  82,  high  pressure  fluid  from  each  hydrau l ic  

system  is  control lably  metered   to  either  side  of  the  respect ive   piston  48  o f  

the  ram  16  to  effect   controlled  movement  of  the  ram  output  rod  50  w i t h  

return  flow  from  the  opposite  side  of  the  piston  being  s i m u l t a n e o u s l y  

directed  by  the  valve  plunger  to  return  via  the  passage  30.  Further ,   e a c h  

electronic  load  sensor  88  may  be  used  during  normal  operat ion  to  p rov ide  

dynamic  load  feed-back  information  to  the  command  system  82  for  i m p l e -  

mentat ion  of  damping  and  over-pressure  relief  functions  in  c o n v e n t i o n a l  

manner.  Further ,   each  electronic  load  sensor  88  may  be  used  during  n o r m a l  

operation  to  provide  surface  hinge  moment  control  and  hinge  m o m e n t  

limiting.  This  would  allow  the  servo  to  become  a  torque  or  force  s e rvo  

rather  than  a  positional  se rvo .  

Should  a  loss  of  hydraulic  power  occur  from  both  the  forward  and  

aft  hydraulic  systems,  the  command  system  82  au tomat i ca l ly   i m p l e m e n t s  

damping  mode  operation.  In  the  damping  mode,  the  check  valves  28  and  

compensators   32  serve  to  maintain  positive  pressure  in  the  system  10  a f t e r  

such  loss  of  hydraulic  power  by  checking  fluid  loss  through  the  inlet  and  



return  ports  20  and  22.  The  compensators '   fluid  s torage  volume  can  be  

selected  such  that  damping  may  be  met  for  a  specified  minimum  period  o f  

t ime .  

With  positive  pressure  maintained  in  the  system,  active  o r  

regulated  damping  control  of  the  ram  16  is  ef fected  by  modulating  the  va lve  

plunger  34  to  provide  variable  orifices  which  direct  and  meter  bypass  f low 

across  each  ram  piston  48.  In  this  regard,  it  is  noted  that  the  e l e c t r o -  

mechanically  driven  servo  valve  26  is  not  dependent  on  hydraulic  power  fo r  

valve  plunger  positioning  whereby  the  valve  plunger  will  continue  to  r e spond  

to  system  commands  as  long  as  at  least  one  channel  of  the  motor  78  and 

associated  electronics  survives  and  remains  operat ive.   Further ,   the  va lve  

plunger  34  is  modulated  in  response  to  ram  load  feed-back  informat ion  f r o m  

the  load  sensors  88  which  monitor  the  direction  and  ampli tude  of  d i f f e r e n -  

tial  pressure  across  the  pistons  48. 

In  an  exemplary  situation,  over  pressure  existing  or  developed  on 

the  extend  (left)  side  of  each  ram  piston  48  may  be  bypassed  across  the  r a m  

to  the  r e t r ac t   (right)  side  of  each  piston  by  moving  the  valve  plunger  34  to  

the  right  of  its  neutral   position  to  provide  a  meter ing  orifice  c o n n e c t i n g  

passage  42  to  return  passage  30.  This  establishes  correspondingly  m e t e r e d  

bypass  flow  across  each  piston,  such  flow  passing  through  passage  42  and  t h e  

provided  orifice  to  return  passage  30  which  directs  the  flow  to  the  r e t r a c t  

side  of  the  piston  via  bypass  passage  56  and  branch  passage  54.  Converse ly ,  

moving  the  valve  plunger  to  the  left  of  its  neutral  position  will  establish  and 

meter  bypass  flow  in  the  opposite  direction  across  each  piston.  Moreover ,  

the  provided  orifices  may  be  controllably  varied  in  size  to  provide  des i r ed  

damped  bypass  flow  by  selective  positioning  of  the  valve  plunger  in  r e sponse  
to  command  signals  dictated  by  sensed  ram  conditions,  i.e.,  ram  pos i t ion  

monitored  by  position  sensors  86  and  ram  load  monitored  by  load  sensors  88. 

Such  active  or  regulated  damping  control  in  response  to  ram  load  

feed-back  further  may  have  associated  therewith  an  overload  relief  f unc t i on  

in  the  damping  mode.  When  excessive  load  on  the  ram  16  is  sensed  by  t h e  

load  sensors  88,  an  appropriate   command  signal  may  be  provided  to  pos i t ion  

the  valve  plunger  34  at  a  location  providing  a  desired  orifice  size  s u f f i c i e n t  



to  effect   rapid  relief  of  such  overload  condition  in  order  to  prevent   d a m a g e  

to  the  ac tua tor   and  the  controlled  element  connected  t h e r e t o .  

From  the  foregoing,  it  can  be  seen  that  bypass  flow  across  t h e  

ram  16  may  be  controlled  by  utilizing  the  existing  flow  meter ing  pat tern  of  

the  main  control  servo  valve  26  and  modulating  the  valve  plunger  34  t h e r e o f  

to  provide  variable  orifices  for  active  damping  and  overload  relief  con t ro l .  

It  also  is  noted  that  such  active  control  is  even  more  desirable  in  r e d u n d a n t  

systems  as  shown.  If  the  ram  16  continues  to  be  operated  by  high  p re s su re  
fluid  supplied  to  only  one  of  the  servo  systems,  the  other  servo  s y s t e m  

operates  to  effect   by  pass  of  the  inactive  portion  of  the  ram  16.  T h e r e f o r e ,  

the  need  in  such  instance  for  a  separate  bypass  valve  is  e l iminated  by  such  

implementa t ion   because  the  main  control  valve  26  is  operated  to  p e r m i t  

fluid  t ransfer   across  the  respect ive  piston  48  as  in  normal  o p e r a t i o n .  

Although  the  invention  has  been  shown  and  described  w i th  

respect  to  a  certain  preferred  embodiment,   it  is  obvious  that  equ iva l en t  

a l tera t ions   and  modifications  will  occur  to  others  skilled  in  the  art  upon  t h e  

reading  and  understanding  of  this  specif icat ion.   The  present   inven t ion  

includes  all  such  equivalent  a l terat ions  and  modif icat ions,   and  is  l i m i t e d  

only  by  the  scope  of  the  following  c la ims.  



1.  A  servo  mechanism  for  use  in  a  fluid  servo  control  s y s t e m  

for  controlling  a  fluid  powered  ram  having  opposed  pressure  s u r f a c e s ,  

comprising  a  servo  valve  including  valve  means  se lect ively   pos i t ionab le  

therein  to  provide  variable  orifices  for  metering  fluid  flow  to  and  from  t h e  

opposed  pressure  surfaces  of  the  ram,  means  for  connect ing  a  source  of  high 

pressure  fluid  to  said  servo  valve  for  metered  passage  to  either  p r e s s u r e  
surface  through  said  variable  orifices,  means  for  directing  bypass  fluid  f low 

from  either  pressure  surface  of  the  ram  to  the  other  through  said  va r i ab l e  

orifices  in  the  event  of  a  loss  of  such  high  pressure  fluid,  and  e l e c t r o -  

mechanical   means  operat ive  independently  of  such  high  pressure  fluid  t o  

controllably  position  said  valve  means  to  effect   controlled  meter ing  of  such 

high  pressure  fluid  to  either  pressure  surface  of  the  ram  for  c o n t r o l l e d  

actuat ion  thereof  and,  in  the  event  of  a  loss  of  such  high  pressure  fluid,  t o  

effect  regulated  metering  of  bypass  fluid  flow  across  the  ram  for  a c t i v e  

damping  control  t h e r e o f .  

2.  A  servo  mechanism  as  set  forth  in  claim  1,  wherein  sa id  

e lec t ro -mechan ica l   means  includes  an  electr ic  force  motor  direct ly  m e c h a -  

nically  connected  to  said  valve  means .  

3.  A  servo  mechanism  as  set  forth  in  claim  1,  further   c o m -  

prising  sensor  means  for  monitoring  ac tuator   load  and  providing  a c t u a t o r  

load  feed-back  information  to  said  e l ec t ro -mechan ica l   means  for  i m p l e -  

menting  controlled  modulation  of  said  valve  means  in  response  to  such  

actuator   load  feed-back  i n fo rma t ion .  

4.  A  servo  mechanism  as  set  forth  in  claim  1,  wherein  sa id  

servo  valve  has  spaced  ports  respect ively  connectable   to  the  opposed 

pressure  surfaces  of  the  ram,  and  said  valve  means  includes  a  movable  

plunger  having  spaced  lands  thereon  adapted  to  s imultaneously  block  sa id  

ports,  respect ively,   when  in  a  neutral  pos i t ion.  

5.  A  servo  mechanism  as  set  forth  in  claim  1,  further   c o m -  

prising  position  sensor  means  connectable  to  said  ram  for  providing  r a m  

position  feedback  information  to  said  e l ec t ro -mechan ica l   means .  

6.  A  servo  system  comprising  a  fluid  powered  ram  including  a  



cylinder  and  a  piston  movable  in  said  cylinder  for  extension  and  r e t r a c t i o n  

of  said  ram;  a  servo  valve  including  positionable  valve  means  for  s e l e c t i v e  

connection  of  a  source  of  high  pressure  fluid  to  either  side  of  said  piston  and  

a  return  for  such  fluid  to  the  other  side  of  said  piston,  thereby  to  e f f e c t  

extension  and  re t rac t ion   of  said  ram;  sensor  means  connected  to  said  r a m  

for  providing  ram  load  feedback  information;  and  e l e c t r o - m e c h a n i c a l   means  

operable  independently  of  such  source  of  high  pressure  fluid  for  s e l e c t i v e l y  

positioning  said  valve  means  under  normal  operat ing  conditions  for  c o n -  

trolled  ac tua t ion   of  said  ram  and,  upon  loss  of  such  source  of  high  p r e s su re  

fluid,  for  providing  variable  orifices  for  controllably  meter ing  bypass  fluid 

flow  across  said  piston  by  utilizing  the  existing  metering  pa t te rn   of  sa id  

servo  valve  and  modulating  said  valve  means  in  response  to  f e e d b a c k  

information  received  from  said  sensor  means,  for  act ively  controlled  d a m p -  

ing  of  said  r a m .  

7.  A  servo  system  as  set  forth  in  claim  6,  wherein  sa id  

e l ec t ro -mechan ica l   means  includes  an  electr ic  force  motor  directly  and 

mechanical ly   connected  to  said  valve  means  and  an  e lect ronic   c o m m a n d  

means  for  receiving  such  feedback  information  and  controll ing  said  f o r c e  

m o t o r .  

8.  A  servo  system  as  set  forth  in  claim  6,  wherein  said  r a m  

includes  a  pair  of  cylinders  and  respect ive  pistons  in t e rconnec ted   f o r  

common  movement ,   and  said  valve  means  includes  a  pair  of  valving  s ec t i ons  

respect ive ly   associated  with  said  pistons  for  redundant  o p e r a t i o n .  

9.  A  method  of  controlling  a  servo  system  including  a  f luid 

powered  ram  having  opposed  pressure  surfaces,  a  main  control  servo  va lve  

having  valve  means  positionable  therein  to  provide  variable  orifices  fo r  

metering  flow  to  and  from  the  opposed  pressure  surfaces  of  the  ram,  and  

e l e c t r o - m e c h a n i c a l   means  operative  independently  of  fluid  power  to  e f f e c t  

select ive  positioning  of  the  valve  means,  said  method  comprising  the  s t e p s  

of: 

(a)  operat ing  the  system  in  a  normal  operat ional   mode  by  

(i)  connecting  a  source  of  high  pressure  fluid  to  t h e  

servo  valve  for  metered  passage  to  either  p r e s s u r e  
surface  of  the  ram  through  the  variable  orifices,  and  



(ii)  utilizing  the  e l ec t ro -mechan ica l   means  to  s e l ec t ive ly  

position  the  valve  means  for  controlled  actuat ion  of  

the  ram;  and 

(b)  operating  the  system  in  a  damping  operat ional   mode  upon 
loss  of  such  source  of  high  pressure  fluid  by  

(i)  directing  bypass  fluid  flow  from  either  pressure  su r -  

face  of  the  ram  to  the  other  through  the  va r i ab le  

orifices,  and  

(ii)  utilizing  the  e l ec t ro -mechan ica l   means  to  s e l ec t i ve ly  

modulate  the  valve  means  for  regulated  metering  of 

bypass  fluid  flow  across  the  ram  for  act ive  damping  

control  t he reo f .  

10.  A  method  as  set  forth  in  claim  9,  further   comprising  t h e  

steps  of  sensing  ram  load  and  modulating  the  valve  means  in  response  t o  

sensed  load  in  the  damping  operational   mode,  and  using  a  force  motor  to  

directly  and  mechanically  effect  such  positioning  and  modulat ing  of  t h e  

valve  means .  
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