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©  Sheet  feeding  and  registration  apparatus. 

A  sheet  feeding  and  registration  apparatus  with  means 
(27)  for  continuously  feeding  the  top  sheet  of  a  stack  of 
sheets  along  a  sheet  feeding  path  and  a  single  element  dual 
function  separation  registration  gate  (100)  positioned  in  the 
sheet  feeding  path.  The  dual  function  gate  (100)  has  a  first 
sheet  separation  edge  (105)  to  separate  the  first  sheet  from 
successive  sheets  and  a  second  sheet  registration  gate  (106) 
and  is  movably  mounted  in  the  sheet  feeding  path  for 
reciprocation  between  a  sheet  separation  position,  a  sheet 
registration  position,  and  a  sheet  feeding  position. 



This  invention  relates  to  a  sheet  feeding  and  regis t rat ion  appara tus ,  

part icularly  for  use  in  automat ic   reproducing  apparatus.  Specifically,  the 

present  invention  is  directed  to  such  apparatus  comprising  means  for 

continuously  feeding  the  top  sheet  of  a  stack  of  sheets  in  a  forward  d i rec t ion  

along  a  sheet  feeding  path  and  a  registrat ion  system  positioned  in  said  sheet  

feeding  pa th .  

The  deve lopment   of  au toma t i c   reproducing  machines  and,  in  p a r t i -  

cular,  e l e c t r o s t a t o g r a p h i c   copiers  has  most  f requent ly  involved  the  use  of  

paper  feeding  and  reg is t ra t ion   systems  using  a  set  of  pinch  rolls  or  two  pinch 

rolls  with  a  stop  or  reg is t ra t ion   gate.   These  systems  typical ly  involve  t h e  

application  of  high  normal  forces  to  the  stack  of  sheets  to  insure  s e p a r a t i o n  

and  the  feeding  in  the  forward  direct ion  of  the  topmost   sheet.   In  add i t ion ,  

with  these  systems,  the  topmost   sheet  is  typically  driven  into  contact   wi th  

the  stop  or  regis t ra t ion  member  to  first  register  the  lead  edge  of  the  s h e e t  

prior  to  the  sheet  being  fed  to  the  imaging  or  image  t ransfer   station.  While 

the  lead  edge  is  const ra ined  during  this  regis t ra t ion  operat ion,   the  high 

normal  force  feeders  continue  to  feed  the  sheet  in  the  forward  d i r ec t ion  

creating  a  buckle  within  the  sheet  and  increasing  the  possibility  of  damag ing  

the  lead  edge  of  the  sheet  by  way  of  tearing  or  wrinkling  as  it  is 

continuously  driven  into  a  stop  surface.   Fur thermore ,   after   the  top  s h e e t  

has  been  separated  from  the  stack  of  sheets,  some  systems  interrupt   t he  

driving  motion  of  the  feed  rolls  to  reduce  the  possibility  of  damage  to  t h e  



sheets.   The  mechanisms  involved  to  interrupt   or  stop  the  feeding  action  of  

a  sheet  are  relat ively  complex  and  costly.  However,   perhaps  the  m o s t  

s ignif icant   difficulty  with  these  systems  is  t h a t  a   chamber   must  be  made  

available  for  the  sheet  being  regis tered   against  the  stop  to  buckle  w i t h o u t  

wrinkling.  This  is  pa r t i cu la r ly   significant  in  the  design  of  small  c o p i e r s  

which  typically  a t t emp t   to  maximize  the  use  of  space  to  keep  the  o v e r a l l  

volume  of  the  copier  to  a  m i n i m u m .  

An  a l te rna t ive   to  the  high  normal  force  sheet   feeders  are  t h e  

inertial   feeders  which  have  a  high  acce le ra t ion   and  a  low  normal  force  on  

the  top  sheet  being  fed.  In  this  type  of  feeding  a r r a n g e m e n t ,   devices  a r e  

used  to  continuously  urge  the  top  sheet  in  the  stack  in  a  forward  d i r e c t i o n  

with  relat ively  high  a c c e l e r a t i o n   but  with  re la t ively  low  normal  force  and  

there fore   reduce  possibility  of  damage.   Typical  of  such  inertial  f eed ing  

devices  are  the  continuous  rota t ing  flexible  paddle  wheel  feeders.   In  t h e s e  

devices,  as  soon  as  the  t rai l ing  edge  of  the  top  sheet  in  a  stack  of  s h e e t s  

clears  the  feeding  device,  the  second  and  next  successive  sheet  is  f e d  

forward.   If  the  top  sheet  is  being  regis tered  fur ther   down  the  sheet  f e ed ing  

path  or  if  the  top  sheet  has  just  cleared  a  nearby  r e t r a c t e d   regis t ra t ion  s top  

member,   there  is  the  possibility  of  the  second  sheet  being  fed  along  with  t h e  

top  sheet  beyond  the  r eg i s t ra t ion   edge.  One  way  of  avoiding  this  is  t o  

interrupt   the  feeding  motion  of  the  paddle  wheel  feeder ,   for  example,  with  a  

clutch  for  every  sheet  being  fed.  Such  clutch  driven  systems  are  m o r e  

compl ica ted   and  expensive  to  manufac tu re   and  maintain .   The  inertial  s h e e t  

feeders  provide  a  good  choice  for  small  compact   copiers  since  they  a r e  

relat ively  simple  and  inexpensive  and  require  very  little  machine  vo lume .  

One  way  to  classify  small  compact   copiers  is  with  regard  to  t h e  

position  of  the  document   during  imaging.  Some  copiers  have  a  f l a t ,  

s ta t ionary   document  platen  and  a  scanning  optical  system  to  t ransmit   t h e  

image  of  the  intel l igence  on  the  document  to  the  imaging  surface.   O t h e r  

copiers  use  a  moving  platen  a r r angemen t   which  t ranspor ts   a  document  p a s t  

a  s ta t ionary  optical  system  which  t ransmits   the  image  to  the  imaging  

surface.   In  the  first  group  of  machines  the  ac tua t ion   of  the  sheet  f eed ing  

and  regis t ra t ion  mechanism  is  typically  tied  to  the  movement   of  the  o p t i c a l  

system  through  the  use  of  some  complex  mechanical   or  e l e c t r o m e c h a n i c a l  

device.  In  this  latter  group  of  machines,   the  feeding  of  the  copy  paper  is 

tied  into,  or  somehow  synchronized,   with  the  feeding  of  the  document.   The  



problem  sought  to  be  solved  with  these  devices  is  how  to  timely  actuate   t h e  

paper  feed  and  reg is t ra t ion   system  together   with  the  document  t r a n s p o r t  

system.  Various  e lec t r ica l   and  e l e c t r o m e c h a n i c a l   a r rangements   have  been  

used  for  this  purpose.  T y p i c a l   of  the  systems  proposed  are  those  which  

sense  the  leading  edge  of  the  document   being  t ranspor ted   and  together  wi th  

some  timing  device  a c tua t e   the  paper  feeder  which  itself  may  be  d r i v e n  

through  an  e l e c t r o m a g n e t i c   clutch  a r r a n g e m e n t .   Such  systems  are  bo th  

complex  and  expensive  and  add  to  the  overall  manufac tur ing   time  and  c o s t .  

U.S.  Patent   4,181,424  describes  a  reproducing  apparatus  with  a  

moving  document  platen  t ranspor t   and  a  paper  t ransport   where  the  d o c u -  

ment  t ransport   and  the  copy  paper  feed  systems  are  synchronized  with  a  

complex  mechanical   t iming  and  ac tua t ion   mechanism  for  in te rmi t t en t   p a p e r  

by  feeding  to  the  reg is t ra t ion   stop  member .   U.S.  Patent   No.  4,172,653 

describes  a  reproducing  machine  with  a  moving  document   platen  t r a n s p o r t  
where  the  copy  sheet  feed  rollers  are  drivingly  connected  to  a  motor  when  

the  platen  t ransport   is  in  the  home  position.  The  feed  rollers  a r e  

disconnected  from  the  motor  when  the  platen  t ransport   leaves  the  h o m e  

position.  U.S.  Patent   No.  4,132,401  describes  a  document   handling  s y s t e m  

where  the  document  is  p re - r eg i s t e red   at  a  p re - reg i s t r a t ion   gate  a s s o c i a t e d  

with  pre- regis t ra t ion   drive  rolls.  Once  the  sheet  is  pre- regis tered ,   the  p r e -  

registrat ion  gate  is  moved  out  of  position  and  the  document  is  d r iven  

forward  to  independently  operated  reg i s t ra t ion   gates.  As  soon  a s  

registrat ion  is  complete ,   the  regis t ra t ion  pinch  rolls  pinch  the  lead  edge  of  

the  document  against  a  vacuum  belt  t ranspor t .   U.S.  Patent   No.  4,135,804 

describes  a  regis t ra t ion  apparatus   where  a  copy  sheet  stop  register  m e m b e r  

is  movable  into  and  out  of  the  path  of  sheet  t ravel .   The  stop  member  has  a  

chute  portion  with  a  resi l ient   strip  a t t ached   to  it  for  urging  the  s h e e t  

against  a  lower  sheet  gu ide .  

A  sheet  feeding  registrat ion  apparatus  according  to  the  invention  is 

characterized  in  that  said  registrat ion  system  includes  at  least  one  s ingle 

element  dual  function  separation  regis t rat ion  gate  comprising  a  first  s h e e t  

separation  edge  at  its  first  sheet  engaging  end  and  a  second  sheet  r eg i s t r a t ion  

gate  at  its  opposite  end,  said  single  element  gate  being  movably  mounted  in 

said  sheet  feeding  path  for  reciprocat ion  between  a  sheet  separation  posi t ion 

and  a  sheet  registrat ion  position  and  means  to  actuate   said  single  element  ga t e  

between  said  separation  and  said  registrat ion  posi t ion.  



The  present  invention  is  directed  to  a  relatively  simple,  inexpensive 

and  accurate   sheet  separat ion  and  registrat ion  apparatus  that  may  be  used 

with  continuous  running  inertial  sheet  feeders  and  provides  a  means  for  readi ly  

separat ing  the  second  sheet  of  a  stack  of  sheets  from  being  fed  with  the  t op  

sheet  while  simultaneously  registering  and  then  feeding  the  top  shee t .  

The  present  invention  permits  an  inertial  sheet  feed  system  with  a 

device  for  separating  the  second  sheet  from  the  first  sheet  while 

simultaneously  being  able  to  register  and  t ransport   the  top  sheet  in  a  s h e e t  

feeding  d i rec t ion .  

In  order  that  the  invention  may  be  more  readily  unders tood,  

reference   will  now  be  made  to  the  accompanying  drawings,  in  which : -  

Figure  1  is  a  schematic   representa t ion   in  cross-sect ion  of  t he  

operational  elements  of  an  automatic   reproducing  machine  that  may  be  

assembled  incorporating  a  sheet  feeding  and  regis t ra t ion  apparatus  according 

to  the  present  invent ion,  

Figure  2  is  an  isometr ic   view  of  the  upper  and  lower  f r a m e  

members  opened  to  show  the  in tegra ted   nature  of  the  top  sheet  guides  and  

lower  regis t ra t ion  p l a t e n .  

Figure  3A  is  an  enlarged  isometr ic   view  of  the  lower  r e g i s t r a t i o n  

platen  with  sheet  bot tom  guiding  e l e m e n t s ,  

Figure  3B  is  an  i sometr ic   view  from  the  rear  of  the  lower  

regis t ra t ion  platen  with  the  separat ion  reg is t ra t ion   gate  assembly  i n s e r t e d  

therein  and  part  of  the  sheet  guide  broken  away ,  



Figure  3C  is  an  isometr ic   view  from  the  front  of  the  lower  

regis t rat ion  platen  with  the  separat ion  reg is t ra t ion   gate  assembly  i n s e r t e d  

t h e r e i n ,  

Figure  4  is  an  isometr ic   view  of  the  separat ion  r e g i s t r a t i o n  

assembly ,  

Figure  5A,  5B,  5C  and  5D  are  side  views  of  the  sheet  s e p a r a t i o n  

regis t ra t ion  apparatus   showing  four  positions  of  the  separat ion  edge  and  t h e  

regis t ra t ion  g a t e ,  

Figure  6  is  an  isometr ic   view  of  the  separat ion  r e g i s t r a t i o n  

assembly  with  the  rocker  assembly  r e m o v e d ,  

Figure  7  is  a  r ep re sen t a t i ve   side  view  of  the  document  t r a n s p o r t ,  

sheet  feed  appara tus   and  separat ion  reg i s t ra t ion   gate  ac tuat ion  a s s e m b l y ,  

Figure  8  is  a  side  view  of  the  linear  rec iprocat ing  cams  t h a t  

ac tua te   the  push  rod  for  ac tua t ing   the  sheet  separat ion  regis t ra t ion   gate;  and 

Figure  9  is  a  side  view  of  the  single  e lement   separat ion  r e g i s t r a t i o n  

gate  i l lustrat ing  the  separat ion  a n g l e .  

Referr ing  now  to  Figure  1  there  is  shown  by  way  of  example  t h e  

operat ional   e lement   organiza t ional   geometry   of  an  au tomat ic   x e r o g r a p h i c  

reproducing  machine  10  which  may  use  the  in tegra ted   frames  and  s h e e t  

guides  of  the  present  invention.  The  in tegra ted   frames  and  sheet  guides  

themselves  may  be  more  clearly  seen  with  re fe rence   to  Figures  2,  3A,  3B, 

3C  and  4.  The  reproducing  machine  10  depicted  in  Figure  1  i l lustrates  t h e  

various  operat ional   e lements   and  components   utilized  for  producing  cop ies  

from  an  original  document .   Although  the  apparatus   of  the  present  inven t ion  

is  part icular ly  well  adapted  for  use  in  an  au tomat ic   xerographic  r ep roduc ing  

machine  10,  it  should  become  evident  from  the  following  descript ion  that  i t  

is  equally  well  suited  for  use  in  a  wide  variety  of  processing  s y s t e m s  

including  other  e l e c t r o s t a t o g r a p h i c   systems  and  it  is  not  necessari ly  l i m i t e d  

in  the  applicat ion  to  the  part icular   embodiment   or  embodiments   shown 

here in .  

The  reproducing  machine  10,  i l lustrated  in  Figure  1  employs  an  

image  recording  drum-like  member  12,  the  outer  periphery  of  which  is 

coated  with  a  suitable  photoconduct ive   mater ial   13.  The  drum  12  is  su i tab ly  



journaled  for  rotation  within  a  machine  frame  (not  shown  in  this  Figure)  by 

means  of  shaft  14  and  rotates   in  the  direction  indicated  by  arrow  15  to  br ing 
the  image-bear ing  surface  13  thereon  past  a  plurality  of  xe rog raph i c  

processing  stations.  Suitable  drive  means  (not  shown)  are  provided  to  power  
and  coordinate  the  motion  of  the  various  cooperating  machine  c o m p o n e n t s  

whereby  a  faithful  reproduct ion   of  the  original  input  scene  information  is 

recorded  upon  a  sheet  of  final  support   mater ia l   16  such  as  paper  or  the  l ike.  

,  Initially,  the  drum  12  moves  the  photoconduct ive  surface  13  t h rough  

a  charging  station  17  where  an  e l e c t r o s t a t i c   charge  is  placed  uniformly  over  

the  photoconduct ive  surface  13  in  known  manner  p repara tory   to  imaging .  

Thereaf ter ,   the  drum  12  is  ro ta ted   to  exposure  station  18  where  the  c h a r g e d  

photoconductive  surface  13  is  exposed  to  a  light  image  of  the  original  input  

scene  information  whereby  the  charge   is  selectively  dissipated  in  the  l ight  

exposed  regions  to  record  the  original  input  scene  in  the  form  of  an  

e lec t ros ta t i c   latent  image.  At  the  exposure  station,  the  image  received  on 

the  drum  is  one  which  is  formed  by  i l luminating  the  document   on  the  moving 

platen  30  by  exposure  lamp  20  and  t ransmi t t ing   the  image  through  lens  

assembly  21  to  the  photoconductor   surface.   The  lens  assembly  comprises  a  

bundled  array  of  gradient  index  optical   fibers  which  are  produced  under  t h e  

trade  name  "SELFOC"  in  Japan  by  Nippon  Sheet  Glass  Co.,  Ltd.  and  which  

are  described  in  U.S.  Pa tent   3,658,407  to  Kitano  et  al.  After  exposure ,  

drum  12  rotates  the  e l e c t r o s t a t i c   la tent   image  recorded  on  the  pho to -  

conductive  surface  13  to  deve lopmen t   station  19  wherein  a  c o n v e n t i o n a l  

developer  mix  is  applied  to  the  photoconduct ive   surface  of  the  drum  12 

rendering  the  latent   image  visible.  Typically  a  suitable  deve lopment   s t a t i o n  

could  include  a  developer  housing  22,  a  magnetic  brush  development   roll  23 

utilizing  a  magnet izable   developer   mix  having  coarse  f e r romagne t i c   c a r r i e r  

granules  and  toner  colorant   par t ic les   which  is  dispensed  from  dispenser  24 

by  dispenser  roll  25. 

Sheets  16  of  the  final  support  material   are  supported  in  a  s t a c k  

ar rangement   on  an  elevating  stack  support  tray  28.  With  the  stack  at  i t s  

elevated  position  a  sheet  separa tor   feed  paddle  wheel  27  feeds  individual  

sheets  therefrom  to  the  r eg i s t ra t ion   system  32.  The  sheet  is  then  f o r w a r d e d  

to  the  t ransfer   station  33  in  proper  regis t ra t ion  with  the  image  on  the  d rum.  

The  developed  image  on  the  photoconduct ive   surface  13 is  brought  in to  

contact   with  the  sheet  16  of  final  support  material   within  the  t r a n s f e r  



station  33  and  the  toner  image  is  t r ans fe r red   from  the  p h o t o c o n d u c t i v e  

surface  13  to  the  con tac t ing   side  of  the  final  support  sheet  16.  Fol lowing 

transfer  of  the  image  the  final  support  mater ia l   which  may  be  p a p e r ,  

plastic,  etc.,   as  desired  is  t r anspor ted   through  detack  station  where  d e t a c k  

corotron  34  uniformily  charges  the  support  mater ia l   to  separate   it  from  t h e  

drum  12. 

After  the  toner  image  has  been  t r ans fe r red   to  the  sheet  of  f ina l  

support  mater ia l   16  the  sheet  with  the  image  thereon  is  advanced  to  a  

suitable  fuser  35  which  coalesces  the  t r ans fe r red   powder  image  t h e r e t o .  

After  the  fusing  process  the  sheet  16  is  advanced  to  a  suitable  output  dev i ce  

such  as  tray  36  by  output  rolls  38. 

Although  a  p reponderance   of  toner  powder  is  t ransfer red   to  t h e  

final  support  ma te r ia l   16,  invariably  some  residual  toner  remains  on  t h e  

photoconduct ive   surface  13  after   the  t ransfer   of  the  toner  powder  image  to  

the  final  support  mate r ia l .   The  residual  toner  part icles   remaining  on  t h e  

photoconduct ive   surface  13  after  the  t ransfer   operat ion  are  removed  f r o m  

the  drum  12  as  it  moves  through  a  cleaning  s tat ion  39  which  includes  c l e a n e r  

housing  40  and  auger  41.  The  toner  par t ic les   may  be  mechanical ly  c l e a n e d  

from  the  pho toconduc t ive   surface  13  by  any  convent ional   means  as,  f o r  

example,  by  the  use  of  a  cleaning  blade  42. 

Normally,  when  the  copier  is  operated  in  a  conventional   mode,  t h e  

original  document   to  be  reproduced  is  placed  image  side  down  upon  a  

horizontal   t r ansparen t   viewing  platen  30  and  the  original  is  then  t r a n s p o r t e d  

by  way  of  the  moving  platen  which  rides  on  rails  (not  shown)  past  t h e  

s tat ionary  optical  s y s t e m .  

As  the  document   is  t ranspor ted   past  the  optical  system  the  copy 

sheet  is  delivered  to  the  t ransfer   station  at  the  same  speed  so  that  a  f a i t h f u l  

reproduction  may  be  obtained.  This  is  accomplished  through  the  use  of  a  

continuously  rotat ing  paddle  wheel  feeder  27  which  drives  successive  s h e e t s  

from  a  stack  into  the  regis t ra t ion  system  32  which  first  registers  the  shee t s  

and  then  drives  them  forward  at  a  speed  synchronized  to  that  of  t h e  

document  t r a n s p o r t .  

It  is  believed  that  the  foregoing  general  description  is  s u f f i c i e n t  

for  purposes  of  the  present  application  to  i l lustrate   the  general  operation  of 

an  automat ic   xerographic  copier  10  which  can  embody  the  apparatus  in 

accordance  with  the  present  inven t ion .  



Referr ing  more  par t icular ly   to  Figure  2  where  the  i n t e g r a t e d  

frame  and  sheet  guiding  e lements   are  i l lus t ra ted  in  greater   detail,   lower  

frame  member   44  and  upper  frame  member  45  are  each  one  piece  of  molded 

plastic  and  are  mounted  or  hinged  in  c lamshel l   fashion  about  i n t e g r a l l y  

molded  hinge  members   46  and  47  at  the  copy  sheet  casse t te   insertion  end  of  

the  reproducing  machine.   Such  hinging  action  provides  ready  access  to  t h e  

machine  copy  sheet  path.  The  upper  and  lower  frame  members   have  t h e  

operat ional   e lements   of  the  reproducing  machine  precisely  located  in  t h e  

integrally  molded  plastic  frame  s t ruc tu re .   The  upper  and  lower  f r a m e s  

when  they  are  closed  are  accura te ly   posit ioned  relat ive  to  each  other  by 

upper  datum  pins  49  and  lower  datum  pin  supports  50.  With  such  p rec i s ion  

positioning  between  the  four  datum  points,  all  the  coopera t ing   o p e r a t i o n a l  

elements   in  both  the  upper  and  lower  f rame  members   are  precisely  m o u n t e d  

relative  to  each  other.   The  top  of  the  lower  frame  member  and  the  b o t t o m  

of  the  upper  frame  member  provide  a  sheet  t ranspor t   path  in  the  c losed  

position.  As  is  more .readily  depicted  in  Figure  l,  this  path  is  a  r e l a t i v e l y  

straight  path  from  the  copy  sheet  supply  tray  28  to  the  copy  sheet  o u t p u t  

tray  36.  With  r e fe rence   once  again  to  Figure  2,  the  lower  f rame  member   44 

has  an  opening  51  through  which  a  copy  sheet  supply  tray  may  be  p a r t i a l l y  

inserted  into  its  body.  Upon  insertion  the  copy  sheet  supply  tray  is  gu ided  

by  lower  tray  guide  members   52  into  a  fixed  position  against  the  l ower  

regis t ra t ion   platen  55  and  held  in  position  by  small  magnets   (not  shown) 

mounted  on  the  side  of  the  lower  reg is t ra t ion   p l a t e n .  

The  lower  reg i s t ra t ion   platen  55  which  is  shown  in  g rea te r   detail  in 

Figure  3,  is  integral ly  molded  into  lower  f rame  member  44  and  provides  a  

series  of  copy  sheet  guiding  elements   56  in  the  form  of  raised  ribs  above  t h e  

platen.  In  addition,  molded  directly  into  the  sides  of  the  reg is t ra t ion   p l a t e n  

are  the  snap  mounts  for  mounting  the  separa t ion  reg is t ra t ion   gate  a s s e m b l y .  

The  coopera t ing   paper  handling  s t ruc ture   in  the  upper  f r a m e  

member  45  includes  a  first  set  of  guiding  e lements   or  ribs  57  which  gu ide  

the  top  of  the  casse t te   into  the  machine  frame.  Secondly  the  mounts  58  a r e  

integrally  molded  in  the  upper  frame  for  the  paddle  wheel  feeder  27  and  i t s  

drive  shaft  60.  It  should  be  noted  that  neither  the  paddle  wheel  27  or  i ts  

drive  shaft  are  integral ly   molded  in  the  upper  f rame  but  rather  are  s e p a r a t e .  

Just  beyond  the  paddle  wheel  in  the  sheet  feeding  direction  are  the  second  

set  of  upper  sheet  guiding  elements  or  ribs  61  which  coopera te   with  l ower  



copy  sheet  guiding  elements   56  in  insuring  that  the  copy  sheet  is  flat  and 

can  be  accu ra t e ly   fed  first  to  the  reg is t ra t ion   gate  and  secondly  to  t h e  

t ransfer   s tat ion.   This  unique  coopera t ion   between  the  integral ly  molded  ribs 

of  the  lower  and  upper  sections  minimizes  the  possibility  of  copy  sheet  jams 

or  damage  to  the  copy  sheets.  More  specif ical ly,   the  upper  sheet  guides 

prevent  the  paper  from  entering  the  developer  zone  and  in  addition  guide 

the  sheet  into  the  regis t ra t ion  assembly  and  t ransfer   zone.  The  lower  guides  

prevent   paper  from  entering  the  t ransfer   and  detack  corotrons  and  also 

guide  the  sheet  into  the  regis t ra t ion   assembly  and  t ransfer   zone.  Pos i t ioned 

within  the  upper  guiding  e lements   are  continuously  driven  feed  rolls  62 

driven  by  shaft  63  which  is  driven  by  means  not  shown  and  which  c o o p e r a t e s  

with  movable  pinch  rolls  which  will  be  described  with  re fe rence   to  t h e  

separa t ion  regis t ra t ion   gate  a s s e m b l y .  

The  copy  sheet  separat ion  and  regis t ra t ion  appara tus   is  i l l u s t r a t ed  

with  cont inued  reference   to  Figure  3  and  additional  r e fe rence   to  Figures  4, 

5A-5D  and  Figure  6.  The  separa t ion  and  regis t ra t ion  assembly  includes  

three  subassemblies ,   an  arm  assembly,   a  gate  assembly  and  a  rocke r  

assembly  as  i l lustrated  in  the  unassembled  view  of  Figure  6.  The  a r m  

assembly  comprises  three  support  arms  88  outsert   molded  on  arm  shaft  91. 

The  term  outsert   molded  as  used  herein  is  intended  to  refer  to  those  i t e m s  

produced  when  a  metal  shaft  is  actual ly  placed  in  the  mold  and  the  fluid 

plastic  is  then  injected  into  the  mold.  In  this  way  a  very  tight  fit  can  be  

assured  between  the  plastic  arms  and  the  metal  shaft.  At  the  end  of  t h e  

arm  shaft  91  is  the  arm  spring  92  also  outsert   molded  onto  the  shaft.  The 

arm  spring  comprises  an  upper  support  member  93  having  a  dimple  94  in  i ts  

top  into  which  the  act ivat ion  push  rod  may  be  inserted  as  will  be  desc r ibed  

later.  Fastened  to  the  bottom  of  the  upper  support  members   are  spring 

leafs  95  which  when  the  separat ion  regis t ra t ion   assembly  is  inserted  into  t h e  

in tegra ted   regis t ra t ion  platen  55  of  the  lower  frame  44  rests  on  f r a m e  

mount  98. 

The  gate  assembly  includes  a  gate  arm  99,  two  separat ion  r e g i s t r a -  

tion  gates  100  and  a  gate  spring  102  all  outsert   molded  on  the  gate  arm  99. 

Each  of  the  separat ion  regis t ra t ion  gates  includes  a  first  separat ion  edge  105 

and  a  second  regis t ra t ion  gate  106.  The  gate  spring  102  includes  gate  suppor t  

member  107  having  a  dimple  109  in  its  top  into  which  an  ac tua t ion   rod  may 
be  inserted  and  spring  leaf  108  mounted  at  the  bottom  and  which  when  t he  



separat ion  registrat ion  assembly  is  inserted  into  the  i n t eg ra t ed   r eg i s t r a t ion  

platen  55  of  the  lower  frame  44,  rests  on  frame  112.  The  gate  arm  99  snaps 

into  molded  plastic  snap  mounts  113  at  the  end  of  the  three  support  arms  88. 

The  rocker  assembly  87  includes  rocker  shaft  114  to  which  a r e  

outsert   molded  two  yoke  support  members  115.  The  yoke  support  m e m b e r s  

have  two  snap  fittings  at  each  end,  one  for  the  gate  arm  99  and  one  for  t he  

pinch  roll  arm  119.  The  pinch  roll  arm  with  pinch  rolls  116  is  inserted  into  t he  

snap  fitting  on  the  yoke  115  to  provide  the  entire  assembly  as  seen  in  F igure  

4.  As  may  be  seen  with  r e f e rence   to  Figure  3B  when  mounted  in  t h e  

reg is t ra t ion   platen  assembly,   the  arm  shaft  91  snap  fits  into  three  holders  

120  molded  into  the  frame  just  under  the  reg is t ra t ion   platen  and  into  end 

support  121.  The  arm  spring  92  and  gate  spring  102  are  also  positioned  to  r e s t  

on  frame  mounts  98  and  112  respect ive ly .   In  addition,  the  rocker  shaft  114 

rests  on  rocker  ramp  122  (See  Figures  5A-5D).  

The  separat ion  r eg i s t ra t ion   action  when  in  opera t ion   may  be  more  

clearly  seen  with  r e fe rence   to  Figures  5A,  5B,  5C  and  5D.  The  e n t i r e  

assembly  is  pivotally  mounted  on  arm  shaft  91  with  the  arm  spring  92  and 

gate  spring  102  resting  on  f rame  mounts  98  and  112  respect ively  wi th  

ac t iva t ion   solely  by  the  push  rods  in  dimples  94  and  109  (See  Figures  3B  and 

3C).  Figure  5A  i l lustrates   the  standby  condition  with  nei ther   the  arm  or  

gate  spring  being  depressed  and  with  a  sheet  of  paper  125  being  held  by  t he  

separa tor   edge  105.  At  the  start   of  scan  or  r eg i s t ra t ion   position  in  F igure  

5B,  a  push  rod  has  depressed  th4  spring  on  the  end  of  the  gate  arm  99  thereby  
lowering  the  separat ion  gate  105  and  bringing  the  full  r eg i s t ra t ion   gate  106 

to  its  upright  position.  In  this  position  the  lead  edge  of  the  sheet  being  f ed  

may  be  registered  against  the  regis t ra t ion   gate.  Immedia te ly   fol lowing 

reg is t ra t ion   as  depicted  in  Figure  5B,  a  push  rod  depresses   arm  spring  92  and 

the  gate  assembly  pivots  about  arm  shaft  91  wi thdrawing  regis t rat ion  g a t e  

106  below  the  level  of  the  paper  as  may  be  seen  in  Figure  5C.  In  addi t ion,  

with  the  rocker  shaft  114  held  s ta t ionary   by  the  rocker  ramp  122  and  the  g a t e  

arm  99  rotated  clockwise,  the  pinch  roll  arm  ro ta tes   c lockwise  also  driving 

pinch  rolls  116  into  contac t   with  continuously  driven  feed  rolls  62  t h e r e b y  

driving  the  registered  sheet  forward.   In  the  a t t i tude   shown  in  Figure  5C  and 

with  any  continuously  driven  paper  separat ion  feeder  such  as  t h e  

continuously  rotating  paddle  wheel  feeder  herein  i l lus t ra ted,   after  t h e  

trailing  edge  of  the  sheet  being  fed  clears  the  separa t ion   gate,  the  n e x t  



sheet  is  driven  into  t he . s epa ra t i on   gate.  In  some  instances  the  high  deg ree  

of  rotat ion  of  the  reg is t ra t ion   gate  106  c lockwise  drives  the  separation  g a t e  

105  up  to  a  level  that  the  sheet  being  fed  con tac t s   the  guide  elements  on  t h e  

bottom  of  the  upper  f rame  producing  cor ruga t ions   in  the  paper  and  pe rhaps  

permit t ing  the  second  sheet  to  become  wedged  under  the  separation  g a t e .  

To  prohibit  this  from  happening  the  position  of  the  gates  may  be  c o r r e c t e d  

slightly  by  having  the  push  rod  depressing  the  gate  arm  slightly  so  that  t he  

gate  spring  comes  to  a  level  to  maintain  the  opt imum  level  of  the  s e p a r a t i o n  

gate.  This  is  called  the  kinematic   co r rec t ion   factor   and  is  i l lustrated  in 

Figure  5D  This  gate  assembly  while  being  simple  and  compact   has  t h e  

additional  advantage  of  readily  sequent ia l ly   performing  the  three  f unc t ions  

of  sheet  separat ion,   sheet  regis t ra t ion   and  sheet  feeding  as  the  pinch  rolls  

are  raised  into  contac t   with  the  feed  rol ls .  

As  mentioned  briefly  earlier,   the  separat ion  gate  assembly  is 

ac t iva ted   by  a  push  rod  a r rangement   more  fully  described  with  references  t o  

Figures  7  and  8.  There  are  two  push  rods,  one  for  each  of  the  arm  spring  92 

and  the  gate  spring 102  which  are  control led   by  a  linear  reciprocating  c a m  

mounted  underneath   the  moving  document   platen  on  one  side.  Thus  as  t h e  

moving  platen  t ranspor ts   a  document   to  be  reproduced  past  a  scanning 

slit,  from  left  to  right,  the  linear  cam  on  the  underside  of  the  platen  rail  is 

used  to  ac t ivate   the  copy  sheet  separat ion  and  regis t ra t ion   system  so  that  a 

sheet  may  be  fed  in  regis t ra t ion  from  right  to  l e f t .  

Figure  7  shows  one  of  the  push  rod  assemblies ,   the  second  assembly  

being  parallel  to  the  one  depicted  and  of  the  same  construction.   At  t h e  

lower  end  a  bullet  130  a t tached   to  one  end  of  the  push  rod  131  rests  in  d imple  

109  of  gate  spring  102  and  the  gate  spring  urges  the  push  rod  up  so  that  t h e  

cam  follower  remains  in  contac t   with  the  cam  track  142.  A  plastic  s l e eve  

132  protects   the  push  rod  and  supports  it  and  guides  the  push  rod  while  t h e  

sleeve  is  firmly  mounted  in  a  casting  in  the  upper  frame.  The  top  end  of  t h e  

push  rod  131  rests  in  a  slot  133  in  the  cam  follower  assembly  side  plate  134 

which  is  pivotally  mounted  about  axis  138  in  a  housing  139  which  is  f ixedly  

a t tached  onto  the  upper  frame.  A  cam  follower  140  is  pivotally  a t tached  to  

the  side  plate  134  at  pivot  point  143.  With  both  the  cam  follower  140  and  t h e  

push  rod  being  a t tached  to  the  side  plate,  the  adjus tment   of  the  total  l eng th  

of  actuat ion  arm  may  be  controlled  by  ad jus tment   screw  141  which  ad jus t s  

the  location  of  the  push  rod  131  in  the  slot  133  and  thereby  the  total  length  of 



the  ac tuat ion  arm.  The  cam  follower  140  rides  in  cam  track  142  and  pushes  

the  push  rod  down  when  it  hits  an  e levated  portion  in  the  cam  track  t h e r e b y  

depressing  the  gate  spring.  The  push  rod  mechanism  is  designed  to  f u n c t i o n  

in  one  direction  only  while  the  linear  r ec ip roca t ing   cam  a t t ached   to  t h e  

moving  platen  moves  in  a  scan  and  rescan  direct ion.   In  the  e m b o d i m e n t  

depicted  in  Figure  7  the  cam  follower  is  angled  such  that  it  operates   w h e n  

the  cam  is  driven  to  the  right.  Thus  during  scanning  of  the  platen  to  t h e  

right  a  raised  portion  of  the  cam  track  passing  the  s ta t ionary   cam  f o l l o w e r  

will  drive  the  push  rod  down.  On  the  rescan  to  the  left  the  cam  follower  140 

which  is  pivotally  mounted  about  pivot  point  143  is  knocked  or  flopped  down  

by  the  raised  portions  of  the  cam  track  without  ac t iva t ing   the  push  rod.  To 

insure  that  the  cam  follower  is  in  the  angled  upright  position  on  a  

subsequent  scan,  a  spring  146  mounted  to  the  side  plate  134  at  147  pulls  t h e  

end  of  the  pivotally  mounted  cam  follower  140  down  so  that  it  is  in  t h e  

upright  position  with  the  lower  portion  144  of  the  cam  follower  r e s t i n g  

against  the  stop  portion  145  of  the  side  p l a t e .  

The  cam  t rack  is  i l lustrated  in  g rea te r   detail  in  Figure  8  w h i c h  

depicts  two  linear  cams  150,  151  that  may  be  a t t ached   to  the  bottom  of  t h e  

moving  platen,  one  of  which  is  the  ac t iva t ing   means  for  the  r e g i s t r a t i o n  

gate  and  the  other  which  is  the  ac t iva t ing   means  for  the  arm  a s s e m b l y .  

During  scanning  from  right  to  left  the  cam  follower  140  is  depressed  by  t h e  

raised  portions  of  the  cam  track.   As  can  be  seen  by  viewing  both  c a m  

tracks,  the  time  t3  is  the  start   of  scan  position  to  the  release  of  paper  by  

the  separat ion  gate,  the  time  t4  is  the  time  of  release  of  paper  by  t h e  

separat ion  gate  to  the  regis t ra t ion  gate  and  the  time  t2  is  the  time  f r o m  

lowering  the  r eg i s t r a t ion   gate  through  the  entire  scanning  of  the  d o c u m e n t .  

It  should  be  noted  that   during  the  time  t2  the  separa t ion  gate  cam  surface  is 

not  re turned  to  the  standby  condition  but  ra ther   is  slightly  e levated  t o  

provide  the  k inemat ic   cor rec t ion   on  the  height  ad jus tment   of  the  s e p a r a t i o n  

gate  as  described  above.  While  being  simple  the  separat ion  reg is t ra t ion   g a t e  

act ivat ing  mechanism  is  also  very  accu ra t e   and  consis tent   since  it  is 

mechanical ly  a c t i va t ed   and  control led  by  the  position  of  the  moving  p l a t e n  

and  serves  to  a ccu ra t e ly   separate ,   register   and  feed  copy  sheets  in  t i m e d  

sequence  with  the  position  of  the  original  on  the  copying  p l a t e n .  

Referr ing  once  again  to  Figure  5A  wherein  the  side  view  o f  

separator   edge  105  with  separat ion  face  110  is  depicted  to  be  at  an  angle  t o  



the  horizontal .   While  any  suitable  separa t ion  angle  may  be  used  the  b e s t  

balance  between  separa t ing   successive  sheets  and  minimizing  damage  to  t h e  

lead  edge  of  sheets  is  with  a  separa t ion   angle  of  from  about  450  to  a b o u t  

55°.  The  separa t ion  angle  c-C is  the  angle  of  the  face  of  the  separation  g a t e  

relative  to  the  plane  of  the  incoming  sheet  as  i l lus t ra ted  in  Figure  9.  With 

angles  more  than  about  550  there  is  a  grea ter   propensity  for  the  sheet  t o  

jump  over  the  face  or  edge  of  the  separa t ion  gate  and  with  angles  less  t h a n  

about  450  the  propensi ty  for  lead  edge  damage  of  the  copy  is  i n c r e a s e d .  

This  is  exper ienced  since  the  separa t ion   gate  is  rotated  down  past  the  l eve l  

of  the  lead  edge  of  the  sheet  when  it  is  r e t r ac t ed   from  the  s e p a r a t o r  

position  and  the  sheet  is  held  in  place  by  paper  guide  III  to  permit  the  s h e e t  

to  be  fed  forward  to  the  reg is t ra t ion   gate  and  during  this  operation  the  f a c e  

of  the  separat ion  gate  gently  pushes  the  lead  edge  of  the  separated  s h e e t  

back  toward  the  paper  supply  a  small  distance  in  order  to  clear  the  path  f o r  

the  sheet.  In  so  doing  if  the  angle  between  the  copy  sheet  and  the  face  of 

the  separat ion  gate  is  too  large,  the  separat ion  gate  will  tend  to  damage  t h e  

copy  sheet  by  way of   tearing  or  curling  the  lead  edge  when  it  is  r o t a t e d  

down  past  the  lead  edge  of  the  copy  sheet  to  the  non  separat ion  pos i t ion .  

Optimum  balance  between  the  propensi ty  for  sheets  jumping  over  the  f a c e  

of  the  separa t ion  gate  and  damaging  the  lead  edge  of  sheets  is  achieved  w i th  

a  separat ion  angle  of  about  500.  

While  the  sheet  and  the  plane  of  the  separat ing  registrat ion  g a t e  

are  depicted  as  being  horizontal   it  should  be  noted  that  they  may  be  s l ight ly  

pitched.  For  example,   the  path  of  the  incoming  sheet  may  be  s l ight ly  

inclined  to  the  hor izontal   or  the  separat ion  gate  may  be  slightly  p i t ched  

relative  to  the  horizontal   as  depicted  in  Figure  5A.  In  any  of  t h e s e  

configurat ions  the  impor tan t   relat ionship  is  the  angle  of  the  separation  g a t e  

face  relat ive  to  the  plane  of  the  incoming  sheet.  This  relationship  exists  fo r  

sheet  feeding  devices  that  are  generally  cha rac t e r i zed   as  being  high  i ne r t i a l  

feeding,  low  normal  force  devices  such  as  the  continuously  running  paddle  

wheel  of  this  system.  In  these  devices  a  continuously  running  paddle  whee l  

positioned  on  top  of  a  stack  of  sheets  to  be  fed  gently  urges  the  top  sheet  to  

separate  from  the  next  successive  sheet  and  proceed  to  the  separation  g a t e .  

The  normal  force  on  the  separa ted   sheet  is  relatively  low  and  does  not  

damage  the  copy  sheet  while  constant ly   nudging  it  against  the  s e p a r a t i o n  

gate.  The  friction  between  the  lead  edge  of  the  paper  and  the  s epa ra t i on  



gate  face  holds  the  sheet  from  fur ther   forward  t ravel .   This  is  in  sha rp  

cons t ras t   to  the  high  normal  force  feeding  system  where  a  feed  roll  is  u rged  

against  a  stack  of  sheets  and  sepa ra tes   and  feeds  the  top  sheet.   Within  t h e  

above  range  of  angles  be tween   the  separat ion  gate  face  and  the  plane  o f  

copy  sheet   t ransport   the  higher  the  friction  between  the  lead  edge  of  t h e  

copy  sheet  being  s epa ra t ed   and  the  separat ion  gate,  the  greater   t h e  

permissible  separat ion  angle  0"   without   the  lead  edge  jumping  over  i t .  

In  the  sheet  feeding  process  the  paddle  wheel  gently  urges  the  t o p  

sheet  forward,   the  sheet  reaches   the  separat ion  gate  and  remains  there  un t i l  

the  gate  is  lowered  while  the  paddle  wheel  continues  to  urge  it  f o r w a r d .  

When  the  gate  is  lowered  the  sheet   is  urged  forward  by  the  paddle  wheel  t o  

the  reg is t ra t ion   gate.  When  the  reg i s t ra t ion   gate  is  lowered  the  pinch  rol ls  

pivot  up  and  the  sheet  is  driven  forward.   At  the  same  time  the  trailing  e d g e  

of  the  top  sheet  has  c leared  the  paddle  wheel  and  the  paddle  wheel  now 

urges  the  second  sheet  forward  toward  the  separat ion  gate.  The  s e p a r a t i o n  

reg is t ra t ion   gate  system  descr ibed  herein  provides  a  simple  and  inexpens ive  

device  in  which  to  stop  the  second  sheet  from  in ter fer r ing  with  the  r e g i s t r a -  

tion  and  subsequent  feeding  of  the  top  s h e e t .  

In  accordance   with  the  invention  a  sheet  feeding  and  r e g i s t r a t i o n  

apparatus   with  a  dual  function  separa t ion   regis t ra t ion  gate  is  provided.  This 

dual  function  gate  has  the  advan tage   of  separat ing  successive  sheets  f ed  

from  a  continuous  sheet  feeding  source  while  the  top  sheet  is  still  be ing  

processed.   Its  s implicity  of  design  and  operation  make  its  use  in  c o m p a c t ,  

low-cost  reproduct ion  machines  a t t r ac t i ve .   In  addition,  its  s imp l i c i ty  

obviates  the  need  for  complex  e l e c t romechan i ca l   devices  to  i n t e r m i t t e n t l y  

ac t iva te   the  sheet  feeding  device  or  the  sheet  separat ion  and  r e g i s t r a t i o n  

m e m b e r .  



1.  A  sheet  feeding  and  registrat ion  apparatus  comprising  means  (27)  for  

continuously  feeding  the  top  sheet  of  a  stack  of  sheets  in  a  forward  d i rec t ion  

along  a  sheet  feeding  path,  and  a  registration  system  (32)  positioned  in  said 

sheet  feeding  path,  cha rac t e r i z ed   in  that  said  regis t ra t ion  system  (32)  includes 

at  least  one  single  e lement   dual  function  separation  regis t ra t ion   gate  (100) 

comprising  a  first  sheet  separat ion  edge  (105)  at  its  first  sheet  engaging  end 

and  a  second  sheet  regis t ra t ion   gate  (106)  at  its  opposite  end,  said  single 

element  gate  (110)  being  movably  mounted  in  said  sheet  feeding  path  for  

reciprocat ion  between  a  sheet  separation  position  and  a  sheet  r eg i s t r a t ion  

position  and  means  (131)  to  ac tuate   said  single  e lement   gate  between  said 

separation  and  said  regis t ra t ion  posi t ion.  

2.  A  sheet  feeding  and  r eg i s t r a t i on   apparatus  according  to  claim  1, 

wherein  said  single  element  dual  function  gate  is  pivotally  mounted  about  its 

registrat ion  gate  (106)  and  wherein  said  actuating  means  (131)  comprises  

means  to  pivot  said  separat ion  edge  (105)  down  out  of  the  sheet  feeding  pa th  

and  simultaneously  pivot  the  registration  gate  (106)  further   up  into  the  

registrat ion  posi t ion.  

3.  A  sheet  feeding  and  registrat ion  apparatus  according  to  claim  1  or  2 

further  including  means  (88)  to  re t ract   said  registrat ion  gate  (106)  from  the  

sheet  feeding  path  so  that  the  registered  sheet  may  be  fed  in  a  forward 

d i rec t ion .  

4.  A  sheet  feeding  and  registrat ion  apparatus  according  to  claim  1,  2  or 

3  further  including  spaced  path  defining  elements  (56,  57)  along  the  shee t  

feeding  path .  

5.  A  sheet  feeding  and  registrat ion  apparatus  according  to  claim  1,  2,  3 

or  4,  wherein  said  means  (27)  for  continuously  feeding  the  top  sheet  of  a  s tack  

of  sheets  comprises  a  continuously  driven  paddlewheel  in  feeding  engagemen t  

with  the  top  sheet  in  the  stack  of  shee t s .  



6.  A  sheet  feeding  and  registrat ion  apparatus  according  to  claim  3 

further  including  sheet  drive  means  (62,  116)  between  said  separation  edge 

(105)  and  said  regis t ra t ion  gate  (106)  to  drive  a  sheet  in  the  forward  d i rec t ion  

when  said  separation  gate  is  withdrawn,  said  sheet  drive  means  (62,  116) 

comprising  a  fixed  continuously  driven  upper  sheet  feed  roll  (62)  and  a 

pivotally  mounted  lower  pinch  idler  roll  (116)  and  means  (115)  to  pivot  said 

lower  pinch  (116)  roll  up  into  sheet  driving  relationship  with  said  upper  s h e e t  

feed  roll  (62)  when  said  registrat ion  gate  (106)  is  lowered.  

7.  A  sheet  feeding  and  registrat ion  apparatus  according  to  claim  1, 

wherein  said  at  least  one  gate  is  mounted  to  a  lateral  support  member,  and 

includes  at  least  one  support  arm  (99)  for  said  single  element  dual  g a t e . l a t e r a l  

support  member,  said  gate  being  pivotally  mounted  about  at  least  one  suppor t  

arm  in  said  sheet  feeding  path  for  reciprocat ion  between  said  sheet  s epa ra t ion  

position  and  said  regis t ra t ion  posit ion.  

8.  A  sheet  feeding  and  registrat ion  apparatus  according  to  claim  7 

including  sheet  guide  means  (56)  fixedly  positioned  adjacent  said  shee t  

separation  edge  (105)  such  that  when  said  edge  (105)  is  lowered  the  sheet  guide 

maintains  the  level  of  the  sheet  being  fed  in  the  paper  path  above  the  level  of 

the  separation  edge  whereby  the  sheet  is  stripped  from  the  separation  edge .  

9.  A  sheet  feeding  and  registration  apparatus  accoridng  to  claim  8 

including  a  fixed  continuously  driven  upper  sheet  feed  roll  (62)  posi t ioned 

between  said  separation  edge  (105)  and  said  registrat ion  gate  (106)  and  where in  

said  sheet  separation  and  registration  assembly  includes  at  least  one  pinch 

idler  roll  (116)  cooperat ive   with  said  fixed  roll  (62)  and  pivotally  moun ted  

about  said  lateral  support  arm  (99)  between  said  separation  edge  and  said 

registrat ion  gate  and  means  (115)  to  pivot  said  pinch  idler  roll  (116)  up  into 

sheet  driving  relationship  with  said  upper  sheet  feed  roll  (62)  when  said 

registrat ion  gate  (106)  is  lowered.  

10.  A  sheet  feeding  and  registration  apparatus  according  to  claim  9 

wherein  said  regis t ra t ion   gate  (106)  is  positioned  downstream  from  said 

continuous  feeding  means  (27)  a  distance  less  than  the  length  of  the  s h e e t  

being  fed. 
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