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©  Direct  drive  valve  and  force  motor  assembly. 
@  Assembly  includes  a  direct  flexible  quill  drive  (32)  be- 
tween  the  motor  output  shaft  (22)  and  valve  plunger  (30). 
When  the  output  of  the  motor  (3)  is  rotary,  the  centerline  of 
the  motor  output  shaft  is  oriented  90°  relative to  the  centerline 
of  the  valve  (30)  and  has  an  eccentric  offset  that  provides  the 
gearing  to  transfer  the  angular  rotation  of  the  motor  into 
linear  motion  of  the  valve  The  motor  may  readily  be  con- 
nected  and  disconnected  from  the  drive  quill  by  a  simple 
pushing  or  pulling  motion  without  requiring  a  lock  of  any 
sort  therebetween.  The  drive  quill  (32)  desirably  has  a  gen- 
erally  rectangular  cross-section  with  the  thinner  dimension 
being  in  the  operational  bend  plane  of  the  quill  to  provide 
the  desired  flexibility  in  the  operational  bend  plane  and  stiff- 
ness  in  the  opposite  plane.  Intermediate  the  ends  of  the  quill 
may  be  an  enlarged  center  dam  portion  (51)  to  provide  col- 
umn  stiffening  of  the  quill  when  the  quill  is  deflected  under 
high  load  to  contact  a  surrounding  wall  portion  (35). 



This  invention  re la tes   generally  as  indicated  to  a  direct  d r ive  

valve  and  force  motor  assembly,  and  more  particularly  to  a  novel  d r ive  

linkage  mechanism  for  t ransfer r ing   the  output  of  the  motor  to  the  valve  t o  

provide  controlled  selective  movement   of  the  valve  plunger  or  o t h e r  

mechanism  driven  the reby .  

In  certain  types  of  high  pressure  fluid  proportional  servo  c o n t r o l  

systems  such  as  a  control  ac tua t ion   system  for  aircraft   in  which  the  fluid 

pressure  may  for  example  be  on  the  order  of  1000  psi  or  more,  it  has  been  

found  advantageous  to  use  a  direct  drive  valve  of  relatively  short  s t r o k e .  

However,  the  manner  in  which  the  output  of the  force  motor  that  is  used  t o  

drive  the  valve  is  t ransferred  to  the  valve  can  have  a  marked  effect   on  t h e  

size  and  energy  requirements   of  the  motor  as  well  as  on  the  preciseness  wi th  

which  the  valve  movements  are  controlled  by  the  motor .  

According  to  the  present   invention,  in  one  aspect  thereof   a  

direct  flexible  quill  drive  is  provided  between  the  motor  output  shaft  and  

valve  plunger.  When  the  output  of  the  motor  is  rotary,  the  motor  o u t p u t  

shaft  rotates  about  a  centerl ine  which  is  90°  to  the  centerline  of  the  va lve  

and  has  an  eccentr ic   offset  that  provides  the  gearing  to  t ransfer   a  r e l a t i v e l y  

large  motor  angular  rotation  into  a  relatively  short  valve  motion.  The  

flexible  quill  accommodates   the  rise  and  fall  motion  about  the  eccen t r ic   null 

without  inducing  unacceptable   plunger  side  loads  and  associated  f r i c t ion .  

The  90°  relationship  between  the  motor  centerline  and  valve  c e n t e r l i n e  

eliminates  the  adverse  effects   (i.e.  null  shifts)  of  motor  shaft  end  play,  

shock,  vibration  and  thermal  dimensional  changes  within  the  motor,  as  wel l  

as  fluid  pressure  var ia t ions .  

In  accordance  with  a  further  aspect  of  the  invention,  an  a n t i -  

friction  bearing  connection  may  be  provided  between  the  eccent r ic   o f f s e t  

and  quill  to  provide  a  relatively  low  friction  pivot  point  resulting  in  a  highly 

efficient  linkage  under  adverse  chip  shear  loading  requirements  and  the  l ike.  

In  accordance  with  yet  another  aspect  of  the  invention,  the  dr ive  

quill  side  loads  acting  on  the  motor  shaft  will  apply a  light  load  to  the  m o t o r  



shaft  and  bearings  to  remove  any  backlash  or  play  in  the  bearings  (including 

any  redundant  bearings)  and  reduce  the  hysteresis  in  the  cri t ical   null  region.  

In  accordance   with  still  another  aspect  of  the  invention,   t he  

motor  may  readily  be  connected   and/or  disconnected  from  the  drive  quill  by 

a  simple  pushing  or  pulling  motion  without  requiring  a  lock  of  any  sor t  

t h e r e b e t w e e n .  

In  accordance   with  a  fur ther   aspect  of  the  invention,  the  l inkage 

cosine  geometry  of  the  drive  quill  may  be  matched  with  the  motor  cosine 

torque  output  to  provide  maximum  u t i l iza t ion   of  the  output  work  p o t e n t i a l .  

In  accordance   with  a  still  further  aspect  of  the  invention,   t he  

drive  quill  desirably  has  a  general ly  rectangular   cross-sect ion  with  the  

thinner  dimension  being  in  the  opera t iona l   bend  plane  to  provide  the  desi red 

flexibili ty  in  such  plane  and  a  s t i ffness  in  the  opposite  plane  to  prevent   t he  

b e a r i n g   from  working  off  the  motor  s h a f t .  

In  accordance   with  yet  another   aspect  of  the  invention,  the  drive 

quill  may  have  an  enlarged  center   dam  portion  i n t e rmed ia te   the  ends 

thereof   to  provide  column  s t i f fening  when  the  drive  quill  is  de f l ec ted   under 

high  load  to  cause  the  dam  portion  to  contac t   a  surrounding  wall  p o r t i o n .  

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

an  example,   with  r e fe rence   to  the  accompanying  drawings,  in  wh ich :  

Figure  1  is  a  f r agmen ta ry   longitudinal  section  through  a  d i rec t  

drive  valve  and  force  motor  assembly  including  a  preferred  form  of  d i rec t  

linkage  drive  mechanism  according  to  the  present  invention  between  the  

motor  output  shaft  and  valve  p lunger ;  

Figure  2  is  a  f r agmen ta ry   longitudinal  section  through  the  valve 

member  of  Figure  1,  taken  on  the  plane  of  the  line  2-2  thereof,   showing  t he  

linkage  drive  mechanism  in  elevation;  a n d  

F igu re  3   is  an  enlarged  t ransverse  section  through  the  drive 

linkage  of  Figure  2,  taken  on  the  plane  of  the  line  3 -3 .  

Referr ing  now  in  detail   to  the  drawings  and  initially  to  Figure  1, 

a  p re fe r red   form  of  direct   drive  valve  and  force  motor  assembly  in  accord-  

ance  with  this  invention  is  designated  generally  by  reference  numeral   1 and 

consists  of  a  valve  member  2  which  may  be  directly  driven  by  a  force  motor  



3.  Preferably,   such  motor  is  a  non-commuta ted   two  pole  s ta t ionary  coi l  

rotary  magnet  motor.  As  shown,  such  motor  includes  a  rotor  assembly  4 

having  a  rotor  shaft  5  journal  mounted  within  a  rotor  casing  6  a d j a c e n t  

opposite  ends  thereof  by  rotor  shaft  bearings  suitably  supported  by  c o m m o n  

casing  s t ructure.   A  stator  and  housing  assembly  9  surrounds  the  r o t o r  

casing.  

A  holddown  member  10  may  be  used  to  clamp  the  rotor  casing  t o  

the  valve  housing  11  as  by  means  of  mounting  bolts  12,  whereas  the  s t a t o r  

housing  13  may  be  removably  a t t ached   to  the  rotor  casing  as  by  means  of  a  

threaded  sleeve  15  having  threaded  engagement  with  an  external   t h r e a d e d  

surface  16  on  the  holddown  member.   When  thus  installed,  the  rotor  casing  6 

extends  into  a  cavity  17  in  the  valve  housing  thus  exposing  the  interior  of  t h e  

rotor  casing  to  the  fluid  pressure  within  the  valve  housing.  This  provides  t h e  

advantages  of  a  wet  motor  design,  including  el iminat ing  the  need  for  a  

dynamic  shaft  seal  and  providing  a  lubricating  fluid  for  the  rotor  bear ings .  

A  static  seal  20  surrounds  the  rotor  casing  to  keep  the  s ta tor   and  housing 

assembly  9  dry  thus  allowing  r ep l acemen t   of  the  s tator   and  housing  assembly  

without  disturbing  the  rotor  casing  6  and  rotor  assembly  4. 

When  the  motor  3  is  a  rotary  force  motor  such  as  shown  in 

Figure  1,  the  motor  output  shaft  22  extends  perpendicular ly   into  a  longi-  

tudinal  bore  23  in  the  valve  housing  11.  Contained  within  the  bore  23  is  a 

valve  sleeve  24  which  may  be  held  against  movement  within  the  bore  as  by 

means  of  a  closure  member  25  suitably  retained  in  the  outer  end  of  the  bore.  

Within  the  valve  sleeve  is  an  axially  movaole  valve  plunger  30.  The  m o t o r  

output  shaft  22  is  drivingly  connected  to  the  valve  plunger  30  by  a  dr ive  

linkage  mechanism  31  consisting  of  a  flexible  drive  shaft  or  quill  32 

connected  at  its  opposite  ends  to  the  valve  plunger  and  motor  output  sha f t ,  

respectively.   The  valve  plunger  30  being  tubular  includes  an  axial  bore  35 

through  which  the  drive  quill  extends  for  connection  to  the  end  of  the  va lve  

plunger  furthest   from  the  motor  output  shaft  as  by  means  of  a  t h r e a d e d  

connection  36.  It  will  be  apprec ia ted   that  the  ef fect ive   length  of  the  quill  

may  be  adjusted  at  its  threaded  end  to  permit  adjustment   of  the  neutral  o r  

null  position  of  the  valve  plunger  relat ive  to  a  null  position  of  the  f o r c e  

motor .  



At  its  other   end,  the  drive  quill  extends  outwardly  beyond  t h e  

valve  plunger  for  connect ion   to  the  motor  output  shaft.  The  outer  end  o f  

the  motor  output   shaft   is  provided  with  an  eccentr ic   40  which  ex tends  

through  a  t r ansverse   bore  41 in  the  other  end  of  the  drive  quill   The  

eccentric  r o t a t e s   about  a  90°  cen ter l ine   relationship  be tween  the  motor  and  

valve  to  conver t   ro ta ry   motion  to  linear  motion.  The  flexible  quill  d r ive  

between  the  motor   eccen t r i c   and  valve  plunger  a c c o m m o d a t e s   such  e c c e n -  

tric  drive  movemen t s   without  inducing  unacceptable  plunger  side  loads  and  

associated  f r i c t i o n .  

An  an t i f r i c t i on   bearing  connection  42  may  be  provided  b e t w e e n  

the  eccentr ic   40  and  drive  quill  32  to  provide  a  low  f r ic t ion  pivot  po in t  

therebetween  resul t ing   in  a  highly  efficient   linkage  under  adverce   chip  s h e a r  

loading  r equ i r emen t s   and  the  l ike .  

The  90°  cen ter l ine   relat ionship  between  the  motor  and  va lve  

eliminates  adverse   e f fec t s   (Le.,  null  shifts)  of  return  pressure  variat ions  as  

well  as  motor  shaft   end  play,  shock,  vibration  and  the rmal   d imens iona l  

changes  within  the  motor.   Moreover,   as  the  quill  is  def lec ted ,   the  quill  s ide 

loads  acting  on  the  motor   shaft  apply  a  relatively  light  load  to  the  m o t o r  

shaft  22  and  ro tor   shaft   bearings  as  well  as  to  the  an t i f r i c t ion   bea r ing  

connection  42  to  remove  any  backlash  or  play  in  the  bearings  and  r e d u c e  

hysteresis  in  the  c r i t ica l   null  region.  Such  a  90°  cen te r l ine   r e l a t ionsh ip  

between  the  motor   and  valve  also  has  the  advantage  that  the  motor  may  

readily  be  connec ted   and/or   d isconnected   from  the  drive  quill  by  a  s imple  

pushing  or  pulling  motion  without  requiring  a  lock  of  any  sort  t h e r e b e t w e e n .  

Another   advantage   in  using  such  a  drive  linkage  mechanism  31  is 

that  the  cosine  g e o m e t r y   of  the  linkage  can  be  matched  with  the  m o t o r  

cosine  torque  output   to  provide  maximum  utilization  of  the  output  work  

potential  of  the  motor.  The  s ta tor   windings  of  a  two-pole  motor  can  be  

graded  to  opt imize   the  torque  versus  rotation  profile  in  order  to  achieve  a  

substantially  cosine  re la t ionship   between  the  applied  motor  current   and  t h e  

rotational  angle  to  c o m p l e m e n t   the  cosine  function  that  such  drive  l inkage  

mechanism  tends  to  follow  to  produce  a  substantially  cons tant   force  ou tpu t  

over  a  re la t ively   large  excursion  of  the  rotor  shaft.  Such  op t imiza t ion   c a n  



be  used  to  obtain  a  maximum  useful  work  angle  of  up  to +  60°  or  more  o f  

motor  output  shaft  ro ta t ion .   The  torsional  spring  load  and  chip  shear  e n e r g y  

optimization  occurs  when  the  peak  e lec t r ica l   power  equals  the  m a x i m u m  

spring  load  at  the  maximum  rotat ional   t r a v e l .  

The  offset   of  the  motor  eccent r ic   40  provides  the  n e c e s s a r y  

gearing  to  transfer  a  large  motor  angular  rotation  into  a  re la t ive ly   s h o r t  

valve  motion  without  the  minimum  prac t ica l   offset  l imitations  that  exist  in 

the  straight  rotary  to  ro tary   motion.  Also,  such  linkage  gearing  g r e a t l y  

reduces  the  effect   of  any  unbalanced  plunger  masses  and/or  flow  f o r c e s  

being  reflected  back  to  the  motor  and  allows  for  easy  mass  balancing  w i t h i n  

the  motor .  

With  the  valve  plunger  30  in  the  valve  null  position  shown  in  

Figure  1,  fluid  flow  to  and  from  the  cylinder  ports  Cl  and  C2  is  blocked.  A 

light  load  spring  43  may  be  interposed  between  the  inner  end  of  the  bore  23 

and  the  adjacent  end  of  the  valve  plunger  to  bias  the  valve  plunger  in  s u c h  

valve  null  posi t ion.  

Controlled  se lec t ive   movement  of  the  valve  plunger  by  the  f o r c e  

motor  will  cause  the  valve  plunger  to  move  out  of  the  null  p o s i t i o n  

respectively  to  connect   one  of  the  cylinder  ports  Ci,  C2  to  a  common  c e n t e r  

system  supply  pressure  groove  45  and  the  other  cylinder  port  to  one  or  t h e  

other  of  the  system  re tu rn   pressure  grooves  46,  47  on  opposite  sides  of  t h e  

system  supply  pressure  groove  45. 

The  force  motor   input  may  be  controlled  by  command  s i gna l s  
received  from  control  augmenta t ion   system  electronics  and  the  like  to  s e r v e  

as  a  control  input  to  the  valve  plunger.  Also,  system  redundancy  may  b e  

accomplished  by  providing  multiple  parallel   coils  within  the  motor,  w h e r e b y  
if  one  coil  or  its  a ssoc ia ted   electronics  should  fail,  its  counterpar t   c h a n n e l  

will  maintain  control  by  equalizing  the  failed  channel  force  e f fec t .   T h e  

ability  to  sense  which  channel  has  failed  may  be  provided  for  in  the  f a i l u r e  

monitoring  e lectronics   such  that  when  de tec ted ,   the  failed  channel  is  

decoupled  and  made  p a s s i v e .  

The  drive  quill  32  has  a  reduced  d iameter   flexible  link  port ion  50 

extending  between  the  end  mounting  portions.  To  provide  the  r e q u i r e d  



flexibili ty  of  the  drive  guill  and  reduce  the  loads  on  the  drive  quill  in  t h e  

opera t ional   bend  plane  while  at  the  same  time  give  it  the  desired  stiffness  in  

the  opposite  phane  to  prevent  the  bearing  from  working  off  the  e c c e n t r i c ,  

the  flexible  link  portion  50  desirably  has  a  r ec tangula r   c ross - sec t iona l  

conf igurat ion  with  the  narrower  dimension  X  being  in  the  operational   b e n d  

plane  paral le l   to  the  axis  of  the  motor  output  shaft  and  the  wider  d imens ion  

Y  being in  the  opposite  plane  perpendicular   to  such  axis  as  shown  in  F igu re s  

2  and  3 .  

The  amount  of  c learance  between  the  inner  wall  of  the  p lunger  

bore  35  in  which  the  drive  quill  32  is  slidably  received  and  the  drive  quill  in 

the  opera t ional   bend  plane  must  of  course  be  suff icient   to  accommodate   t h e  

eccent r ic   drive  movements   of  the  quill  during  the  full  range  of  a n g u l a r  
rota t ion  of  t he   motor  output  shaft.  However,  an  enlarged  center  d a m  

portion  51  is  desirably  provided  in termedia te   the  ends  of  the  flexible  l ink  

portion  50  to  provide  column  stiffening  of  the  drive  quill  when  the  d r ive  

quill  is  suff ic ient ly   def lected  under  high  load  to  cause  the  da  n  to  c o n t a c t  

the  inner  wall  of  the valve  plunger  bore  as  shown  in  phantom  Li  es  in  F igu re  

2. 

The  drive  quill  may  be  made  from  round  bar  stock  from  which 

m a t e r i a l  i s   removed  from  opposite  sides  to  form  the  thinner  section  X  

except  in  the  middle  where  the  bar  may  be  left  intact   to  provide  t h e  

enlarged  cen te r   dam  portion  51 as  a fo resa id .  

Although  the  valve  plunger  is  shown  being  driven  b.  a  r o t a r y  

force  motor,   a  linear  force  motor  may  also  be  used  in  place  of  the  r o t a r y  
force  motor.  For  this,  the  drive  quill  may  be  provided  at  its  fore  m o t o r  

connection  end  with  a  threaded  axial  bore  52  for  connect ion  to  t  l i nea r  

drive  e lement   of  a  linear  force  motor.  With  a  linear  force  motor,  t h e  

flexible  quill  will  a ccommoda te   any  misalignment  between  th  d r ive  

member  and  valve  plunger  without  applying  significant   side  loads  o  t h e  

valve  p l u n g e r .  

Also,  while  a  slide  valve  is  shown,  such  valve  c o u l   be  a  

proport ional ly   operated  valve  of  the  ball  or  poppet  type.  Also,  the  dr ive  

linkage  mechanism 31  could  be  used  to  drive  other  mechanisms  as  w e L  



Although  the  invention  has  been  shown  and  described  wi th  

respect  to  a  certain  prefer red   embodiment ,   it  is  obvious  that  equ iva len t  

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

reading  and  understanding  of  the  specification.   The  present  invent ion  

includes  all  such  equivalent  a l tera t ions   and  modifications,   and  is  l i m i t e d  

only  by  the  scope  of  the  c l a ims .  



1 .  A   direct  drive  valve  and  force  motor  assembly  compr i s ing  

a  valve  m e m b e r   containing  a  linearly  movable  tubular  valve  plunger,  a  f o r c e  

motor  having  a  force  motor  drive  ad jacent   one  end  of  said  valve  p lunger ,  

and  link  means  drivingly  in te rconnec t ing   said  force  motor  drive  and  va lve  

plunger,  said  link  means  being  connected   at  one  end  to  the  other  end  of  sa id  

valve  plunger  opposite  said  force  motor  drive  and  extending  through  and  o u t  

of  said  t abular   valve  plunger  for  connec t ion   at  its  other  end  to  said  f o r c e  

motor  drive,  said  link  means  having  a  f lexible  link  portion  spaced  from  t h e  

inside  wall  of  said  tubular  valve  plunger  for  accommoda t ing   any  t r a n s l i n e a r  

movement   be tween   opposite  ends  of  said  link  means  during  driving  of  sa id  

valve  p lunge r  by   said  force  motor  drive  without   applying  significant  s ide  

loads  to  said  valve  p lunger .  

2.  The  assembly  of  claim  I  wherein  said  force  motor  is  a  

rotary  force  motor ,   and  said  force  motor   drive  extends  perpendicular ly  t o  

the  axial  c en t e r l i ne   of  said  valve  plunger,  said  force  motor  drive  having  a n  

eccent r ie   on  the  outer  end  thereof  which  extends  into  a  t ransverse  bore  in  

the  other  end  of  said  link  means,  said  f lexible  link  portion  of  said  link  m e a n s  

accommoda t ing   the  rise  and  fall  of  said  e c c e n t r i c   during  rotation  by  sa id  

force  motor,  the  flexing  of  said  flexible  link  portion  of  said  link  m e a n s  

during  ro ta t ion   of  said  eccentr ic   applying  a  light  load  on  said  force  m o t o r  

drive  which  removes   backlash  and  reduces  hysteresis   in  the  critical  null  

reg ion .  

3.  The  assembly  of  claim  I  fu r ther   comprising  means  f o r  

adjusting  the  e f f ec t ive   length  of  said  link  means  to  permit  adjustment   of  t h e  

neutral   or  null  position  of  said  valve  plunger  re la t ive   to  a  null  position  o f  

said  force  m o t o r .  

4.  The  assembly  of  claim  1  wherein  said  force  motor  inc ludes  

a  rotor  casing  and  rotor  assembly  journaled  in  said  rotor  casing  and  a  s t a t o r  

and  housing  assembly  surrounding  said  rotor   casing,  and  said  force  m o t o r  

drive  extends  axially  outwardly  from  one  end  of  said  rotor  easing,  and  sa id  

valve  member   includes  a  valve  housing  conta ining  a  cavity  adjacent   said  one  
end  of  said  valve  plunger,  the  longitudinal   axis  of  said  cavity  be ing  



perpendicular  to  the  longitudinal  axis  of  said  valve  plunger,  said  rotor  cas ing  

and  said  force  motor  drive  extending  into  said  cavity  with  the  axis  of  sa id  

force  motor  drive  being  perpendicular  to  the  axis  of  said  valve  plunger,  sa id  

force  motor  drive  having  an  eccentric  on  the  outer  end  thereof  to  which  sa id  

other  end  of  said  link  means  is  connected,  and  means  for  clamping  said  r o t o r  

casing  to  said  valve  housing. 

5.  In  combination,  a  valve  member   comprising  a  valve  housing 

containing  a  longitudinal  bore,  and  a  valve  plunger  axially  movable  in  sa id  

longitudinal  bore  between  a  valve  mill  position  and  one  or  more  o p e r a t i n g  

positions,  and  a  rotary  force  motor  for  driving  said  valve  plunger  b e t w e e n  

said  positions,  said  force  motor  including  a  motor  output  shaft  ex t end ing  

into  a  cavity  in  said  valve  housing  adjacent  one  end  of  said  valve  p lunger ,  

the  centerline  of  said  motor  output  shaft  being  perpendicular   to  t h e  

centerl ine  of  said  valve  plunger,  an  eccentr ic   on  the  outer  end  of  said  m o t o r  

output  shaft,  and  a  flexible  quill  having  opposite  ends  connected   to  sa id  

valve  plunger  and  eccentr ic ,   respectively,   said  quill  being  general ly  r e c t -  

angular  in  cross-sect ion  with  the  thinnest  dimension  being  in  the  o p e r a t i o n a l  

bend  plane  of  said  quill  parallel  to  the  longitudinal   axis  of  said  motor  o u t p u t  
shaft  and  the  thicker  dimension  being  in  the  opposite  plane  perpendicular   t o  

the  axis  of  the  motor  output  shaft  to  provide  the  required  flexibili ty  of  sa id  

quill  and  reduced  loads  on  said  quill  in  the  opera t ional   bend  plane  while  a t  

the  same  time  giving  said  quill  stiffness  in  the  opposite  plane  to  prevent   sa id  

quill  from  working  off  said  motor  output  s h a f t .  

6.  A  direct  drive  and  force  motor  assembly  comprising  a  

linearly  movable  tubular  plunger,  a  force  motor  having  a  force  motor  d r ive  

adjacent  one  end  of  said  plunger,  and  link  means  drivingly  i n t e r c o n n e c t i n g  

said  force  motor  drive  and  plunger,  said  link  means  being  connected  at  one  

end  to  the  other  end  of  said  plunger  opposite  said  force  motor  drive  and  

extending  through  and  out  of  said  plunger  for  connect ion  at  its  other  end  t o  

said  force  motor  drive,  said  link  means  having  a  flexible  link  portion  s p a c e d  
from  the  inside  wall  of  said  plunger  for  a ccommoda t ing   any  t r a n s l i n e a r  

movement   between  opposite  ends  of  said  link  means  during  driving  of  sa id  

plunger  by  said  force  motor  drive  without  applying  significant  side  loads  t o  

said  p lunger .  



7.  The  assembly  of  claim  6  wherein  said  force  motor  is  a  

rotary  force   motor,  and  said  force  motor  drive  extends   perpendicularly  t o  

the  axial  center l ine   of  said  plunger,  said  force  motor  drive  having  a n  

eccen t r i c   on  the  outer  end  thereof   which  extends  into  a  t ransverse  bore  in  

the  other   end  at  said  link  means,  said  flexible  link  port ion  of  said  link  means  

a c c o m m o d a t i n g   the  rise  and  fall  of  said  eccen t r i c   during  rotation  by  sa id  

force  m o t o r .  

S.  The  assembly  of  claim  7  further   compris ing  bearing  means  

mounting  said  other  end  of  said  link  means  on  said  eccent r ic   to  provide  a  

re la t ive ly   low  friction  point  t he r ebe tween   resul t ing  in  a  highly  e f f i c i e n t  

linkage  under  adverse  loading  requ i rements ,   said  link  means  causing  a  s ide  

load  to  be  applied  to  said  bearing  means  which  removes   any  backlash  in  sa id  

bearing  m e a n s .  

9.  The  assembly  of  c l a i m  8   wherein  the  thickness  of  sa id  

flexible  link  portion  of  said  link  means  is  less  in  the  opera t ional   bend  p l ane  

paral lel   to  the  axis  of  the  force  motor  drive  than  in  the  opposite  p lane  

pe rpend icu la r   to  such  axis  t o   provide  flexibility  and  reduced  loads  in  t h e  

opera t iona l   bend  plane  and  s t i f fness   in  the  opposite  plane  to  prevent  sa id  

bearing  means  from  working  off  said  e c c e n t r i c .  

10.  The  assembly  of  c l a im 9   fur ther   comprising  an  en la rged  

center   dam  portion  in te rmedia te   the  ends  of  said  f lexible  link  portion  t o  

provide  column  stiffening  of  said  flexible  link  portion  when  said  dam  por t ion  
is  d e f l e c t e d   into  engagement   with  the  inner  wall  of  said  bore  in  said  tubu la r  

valve  p l u n g e r .  
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