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©  A  saddle  stitcher  apparatus  (90)  for  forming 
completely  finished  reproduction  sets  of  a  series  of 
reproductions  produced  on  sheets,  respectively  by  a 
reproduction  apparatus  (12),  is  one  of  a  group  of 
modular  devices  (30,  50,  70,  90,  150)  of  a  modular 
finisher  apparatus  (10).  The  saddle  stitcher  appara- 
tus  (90)  comprises  a  support  frame  (118)  including 
means  (100)  for  mating  with  means  for  detachably 
accepting  the  saddle  stitcher  with  a  housing  (32)  of 
the  modular  finisher  apparatus  (10).  Means  asso- 
ciated  with  the  support  frame  (118)  define  a  sheet 
feed  path  (P3)  communicating  with  reproduction 
sheet  receiving  means  (E).  The  saddle  stitcher  ap- 
paratus  (90)  comprises  means  (96)  for  stapling  the 
registered  sheets  at  the  mid-line  thereof,  means  (94) 
for  folding  a  stapled  set  along  the  mid-line  thereof, 
and  an  output  hopper  (98)  for  collecting  folded  sta- 
pled  reproduction  sets. 
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This  invention  relates  to  a  saddle  stitcher  ap- 
paratus  for  forming  completely  finished  reproduc- 
tion  sets  of  a  series  of  reproductions  produced  on 
sheets  respectively  by  a  reproduction  apparatus, 
said  saddle  stitcher  including  means  for  receiving, 
collecting,  stapling  and  folding  reproduction  sheets. 

Today's  ever  increasing  document  information 
flow,  in  the  form  of  paper  documents,  necessitates 
the  ability  to  reproduce  multi-page  documents  in  a 
timely  and  efficient  manner.  As  a  result,  reproduc- 
tion  apparatus,  such  as  electrostatographic  copi- 
er/duplicators,  electronic  printers,  or  the  like,  have 
been  significantly  improved  as  to  their  sophistica- 
tion  of  operation,  ease  of  use,  and  speed.  In  order 
to  take  full  advantage  of  high  speed  reproduction 
apparatus,  handling  of  the  original  information  to  be 
reproduced  and  of  the  completed  reproductions 
into  completely  finished  sets  so  as  to  match  overall 
reproduction  output  productivity  with  reproduction 
apparatus  speed  has  assumed  increased  impor- 
tance. 

Recent  significant  advances  in  the  state  of  the 
art  of  reproduction  apparatus  deal  with  the  handling 
of  original  information  for  information  input  to  such 
apparatus.  One  such  novel  original  information  han- 
dling  device,  referred  to  as  a  recirculating  docu- 
ment  feeder,  is  shown  for  example  in  US-A- 
4,169,674.  With  the  recirculating  document  feeder 
of  the  shown  type,  document  sheets  from  a  col- 
lated  document  sheet  stack  are  circulated  seriatim 
from  the  stack  of  document  sheets  to  an  exposure 
station  of  a  reproduction  apparatus  for  copying  and 
then  returned  to  such  stack,  in  order,  a  number  of 
times  equal  to  the  desired  number  of  reproductions 
to  be  made  of  such  stack.  As  a  result,  the  collected 
reproductions  are  in  precollated  sets  which  elimi- 
nates  the  need  for  further  complex  and  expensive 
collation  equipment.  Of  course,  reproduction  ap- 
paratus  which  handle  original  information  electron- 
ically  may  also  produce  the  desirable  precollated 
reproduction  sets. 

The  production  of  precollated  reproduction  sets 
has  an  additional  advantage  in  that  the  sets  are 
immediately  available  for  further  handling  to  pro- 
vide  desired  completely  finished  reproduction 
sheet  sets.  This  of  course  improves  the  overall 
productivity  of  the  reproduction  system.  A  typical 
example  of  such  further  reproduction  sheet  set 
handling  is  stapling  of  the  sheets  in  a  set  together 
to  form  the  completely  finished  reproduction  set. 
Finisher  apparatus  to  carry  out  reproduction  set 
stapling  is  shown  in  US-A-4,1  34,672. 

Although  finishers  of  the  above  type  have  been 
very  successful,  they  are  limited  in  that  they  typi- 
cally  can  effect  only  some  types  of  finishing.  Com- 
pleted  reproduction  sets  may  require  additional  or 
other  finishing  operations,  such  as  for  example 
folding  oversized  sheets,  saddle  stitching  the  re- 

production  set  to  form  a  booklet,  or  insertion  of 
supplemental  sheets  (e.g.,  covers).  Separate  auxil- 
iary  devices  to  accomplished  these  various  ends 
are  available  in  the  industry  today,  although  for  the 

5  most  part  these  devices  are  of  the  off-line  type. 
That  is  to  say,  such  auxiliary  devices  are  not  integ- 
rally  associated  with  the  reproduction  apparatus 
(and  basic  finisher  apparatus)  and  require  either 
manual  or  mechanical  intervention  to  bring  repro- 

io  duction  sets  to  such  devices  in  a  form  in  which 
such  auxiliary  devices  can  perform  the  desired 
operation  thereon.  This  adds  expense  to  the  overall 
reproduction  process,  and  complexity  to  the  total 
reproduction  apparatus  system,  without  adding  to 

75  the  efficiency  or  increasing  the  productivity  of  op- 
eration  thereof. 

Moreover,  in  the  case  of  auxiliary  saddle  stitch- 
ers,  typical  saddle  stitchers  employ  a  knife  blade  to 
urge  a  stack  of  sheets  to  be  folded  through  a  pair 

20  of  folding  rollers.  The  force  on  the  folding  rollers 
and  their  initial  spacing  requires  particular  complex 
adjustment  to  assure  a  neat,  complete  fold  for 
various  sheet  stack  thicknesses  without  damaging 
the  stack.  Such  adjustment  has  in  practice  been 

25  difficult  to  accurately  control. 
An  exemplary  saddle  stitcher  device  is  dis- 

closed  in  DE-C-68459,  this  saddle  stitcher  includ- 
ing  means  for  receiving,  collecting,  stapling  and 
folding  sheets. 

30 
SUMMARY  OF  THE  INVENTION 

This  invention  is  directed  to  a  saddle  stitcher 
apparatus  for  forming  completely  finished  repro- 

35  duction  sets  of  a  series  of  reproductions  produced 
on  sheets  respectively  by  a  reproduction  appara- 
tus,  said  saddle  stitcher  including  means  for  receiv- 
ing,  collecting,  stapling  and  folding  reproduction 
sheets. 

40  The  improved  saddle  stitcher  comprises  a  sup- 
port  frame  mating  with  the  finisher  mechanism  for 
detachably  accepting  modular  devices  to  enable 
the  frame  to  be  received  therein.  A  sheet  feed  path 
for  receiving  reproduction  sheets  is  associated  with 

45  the  support  frame,  and  an  adjustable  mechanism 
for  registering  reproduction  sheets  and  thereafter 
stapled  reproduction  sets  is  mounted  on  the  frame. 
Further,  a  mechanism  associated  with  the  frame  is 
provided  for  stapling  reproduction  sheets  at  sub- 

50  stantially  the  mid-line  thereof,  and  for  folding  a 
stapled  reproduction  set  substantially  along  the 
mid-line  thereof.  Accordingly,  reproduction  sheets 
are  registered  and  stapled  into  a  reproduction  set, 
and  thereafter  the  stapled  reproduction  set  is  re- 

55  registered  and  folded.  Folded  stapled  reproduction 
sets  are  collected  in  an  output  hopper  for  operator 
retrieval. 
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In  a  preferred  embodiment  of  the  improved 
saddle  stitcher  according  to  this  invention,  the 
mechanism  for  folding  stapled  reproduction  sets 
includes  an  elongated  knife  blade  and  a  plurality  of 
pairs  of  nip  rollers,  the  knife  blade  arranged  to  urge 
a  stapled  reproduction  set  sequentially  through  the 
pairs  of  nip  rollers  and  then  into  an  output  hopper. 
The  knife  blade  is  mounted  for  reciprocation  in  a 
plane  passing  through  the  mid-line  of  a  stapled 
reproduction  set  and  the  nips  of  the  pairs  of  nip 
rollers  Reciprocation  of  the  knife  blade  may  be  at 
an  angle  to  the  nip  line  of  the  pairs  of  nip  rollers  to 
pass  through  the  nips  thereof  progressively,  where- 
by  the  fold  in  a  reproduction  set  is  effected  se- 
quentially  in  the  direction  of  the  fold  during  a 
segment  of  the  travel  distance  of  such  reproduction 
set  through  the  nips.  The  mechanism  for  recipro- 
cating  the  knife  blade  includes  a  rotatable  drive 
shaft,  at  least  one  crank  rotatably  driven  by  the 
drive  shaft,  at  least  one  link  connected  to  the  at 
least  one  crank  at  one  end  and  connected  at  its 
opposite  end  to  the  knife  blade. 

Further,  one  roller  of  each  of  the  plurality  of 
pairs  of  nip  rollers  is  supported  in  a  frame,  and  the 
other  roller  of  each  of  the  plurality  of  pairs  of  nip 
rollers  is  supported  in  a  subframe.  The  subframe  is 
pivotably  connected  and  urged  toward  the  frame. 
The  pivot  point  is  located  downstream,  in  the  direc- 
tion  of  travel  of  a  reproduction  set  being  folded, 
from  the  plurality  of  pairs  of  nip  rollers,  and  the 
mechanism  for  urging  the  subframe  toward  the 
frame  is  located  upstream,  in  the  direction  of  travel 
of  a  reproduction  set  being  folded,  from  the  plural- 
ity  of  pairs  of  nip  rollers.  Accordingly,  a  progres- 
sively  increasing  mechanical  advantage  is  exhibited 
at  each  of  the  nip  roller  pairs. 

The  invention,  and  its  objects  and  advantages, 
will  become  more  apparent  in  the  detailed  descrip- 
tion  of  the  preferred  embodiment  presented  below. 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

In  the  detailed  description  of  the  preferred  em- 
bodiment  of  the  invention  presented  below,  refer- 
ence  is  made  to  the  accompanying  drawings,  in 
which: 

Fig.  1 
is  a  front  elevational  view,  in  cross-section,  of 
the  modular  finisher  according  to  this  invention, 
with  portions  shown  schematically,  removed,  or 
broken  away  to  facilitate  viewing; 
Fig.  2 
is  a  view  in  perspective  of  the  support  tray  of 
the  stapling  module  of  the  modular  finisher; 
Figs.  3a  and  3b 
are  plan  and  front  elevational  views  respectively 
of  a  sheet  folded  by  the  Z-folder  of  the  modular 
finisher; 

Figs.  4a  and  4b 
are  front  and  side  elevational  views  respectively 
of  an  alternate  embodiment  of  the  folding  nip 
roller  pairs  and  knife  blade  of  the  folding  mecha- 

5  nism  for  the  saddle  stitcher  of  the  modular  fin- 
isher  apparatus  according  to  this  invention; 
Fig.  5 
is  a  top  plan  view  of  the  folding  mechanism  of 
the  saddle  stitcher  of  the  modular  finisher  ac- 

io  cording  to  this  invention,  with  portions  removed 
or  broken  away  to  facilitate  viewing; 
Figs.  6a  to  6c 
are  rear  elevational  views  of  the  folding  mecha- 
nism  of  the  saddle  stitcher,  in  cross-section  and 

is  with  portions  removed  or  broken  away,  respec- 
tively  taken  along  the  lines  designated  6a-6a, 
6b-6b,  and  6c-6c  of  Fig.  5,  and 
Fig.  7 
is  a  side  elevational  view  of  the  compression 

20  assembly  of  the  saddle  stitcher  folding  mecha- 
nism. 

DETAILED  DESCRIPTION  OF  THE  PREFERRED 
EMBODIMENT 

25 
Referring  now  to  the  accompanying  drawings, 

Fig.  1  shows  the  improved  modular  finisher  appara- 
tus  according  to  the  saddle  stitcher  of  this  inven- 
tion,  designated  generally  by  the  numeral  10.  The 

30  finisher  apparatus  10  may  be  associated  with  an 
electrostatographic  copier  or  copier/duplicator,  a 
thermal  or  electronic  printer,  or  a  photographic 
printer,  or  any  other  like  reproduction  apparatus. 
The  reproduction  apparatus  of  the  illustrated  em- 

35  bodiment,  shown  only  in  part  in  Fig.  1,  is  des- 
ignated  generally  by  the  numeral  12.  The  purpose 
of  the  modular  finisher  10  is  to  efficiently  finish 
reproduction  sets  from  any  conventional  well 
known  reproduction  apparatus  to  form  completely 

40  finished  reproduction  sets  of  a  desired  configura- 
tion  at  a  speed  which  makes  maximum  use  of  the 
speed  of  the  reproduction  apparatus.  As  used  here- 
in,  the  term  "reproduction  sheets"  refers  to  sheets 
bearing  information  reproduced  in  any  well  known 

45  manner  by  the  reproduction  apparatus  or  other 
sheets  inserted  into  a  reproduction  set,  such  as  for 
example  blank  sheets,  cover  sheets  or  tab  stock; 
and  the  term  "reproduction  sets"  refers  to  a  plural- 
ity  of  reproduction  sheets  which  when  viewed  to- 

50  gether  make  up  a  copy  corresponding  to  a  multi- 
page  original  information  bearing  document. 

The  timing  and  control  of  the  various  operative 
components  of  the  modular  finisher  apparatus  10 
with  respect  to  each  other  and  to  the  reproduction 

55  apparatus  are  controlled  by  a  logic  and  control  unit 
C  including  a  microprocessor  for  example.  The 
microprocessor  receives  input  and  timing  signals 
from  sensors  (not  shown)  located  at  points  in  the 

3 



5 EP  0  676  302  A2 6 

paths  of  sheets  through  the  finisher  and  associated 
with  the  components  of  the  finisher.  Based  on  such 
signals  and  a  program  for  the  microprocessor,  the 
unit  C  produces  signals  to  control  the  operation  of 
the  various  components  of  the  finisher.  The  pro- 
duction  of  a  program  for  commercially  available 
microprocessors  suitable  for  use  with  this  invention 
is  a  conventional  skill  well  understood  in  the  art. 
The  particular  details  of  any  such  program  would, 
of  course,  depend  on  the  architecture  of  the  se- 
lected  microprocessor. 

Typical  high  productivity  reproduction  appara- 
tus  reproduce  information  on  individual  sheets  in  a 
precollated  manner  so  that  the  sheets  upon  exiting 
the  apparatus  (at  chute  14  in  the  illustrated  em- 
bodiment)  may  be  readily  grouped  into  reproduc- 
tion  sets.  To  provide  precollated  reproduction  sets 
of  information  contained  in  a  document  sheet  stack, 
the  reproduction  apparatus  may  include  a  recir- 
culating  document  feeder  of  the  type  described  in 
the  aforementioned  US-A-4,1  69,674,  operating  to 
recirculate  document  sheets  from  a  document 
sheet  stack  seriatim  from  the  stack  of  document 
sheets  to  an  exposure  station  of  a  reproduction 
apparatus  for  copying  and  then  returned  to  such 
stack,  in  order,  a  number  of  times  equal  to  the 
desired  number  of  reproductions  to  be  made  of 
such  stack.  Alternatively,  such  as  with  reproduction 
apparatus  including  a  mechanism  for  capturing  or 
creating  information  electronically,  information  can 
be  electronically  acquired  and  saved  in  a  memory 
storage  device  to  thereafter  be  recalled  at  a  de- 
sired  time  to  form  the  desired  number  of  multiple 
precollated  reproductions  sets. 

As  noted  above,  the  production  of  precollated 
reproduction  sets  enables  the  ready  production  of 
completely  finished  reproduction  sets  to  markedly 
improve  the  overall  productivity  of  the  reproduction 
system.  The  finisher  10  according  to  this  invention, 
constructed  to  provide  a  device  in  modular  form 
which  can  accomplish  the  production  of  completely 
finished  reproduction  sets  in  a  selectable  variety  of 
forms,  includes  an  upper  transport  module  20,  a 
stapling  module  30,  and  an  output  hopper  50.  Addi- 
tionally,  the  finisher  has  provisions  for  optional  aux- 
iliary  devices  selected  from  the  group  including  a 
Z-folder  70,  a  saddle  stitcher  90,  and  an  insert  tray 
150.  By  its  unique  construction,  the  modular  fin- 
isher  10  according  to  this  invention  can  readily 
accommodate  any  combination  of  the  optional  aux- 
iliary  devices. 

The  upper  transport  module  20  of  the  finisher 
10  is  incorporated  in  a  self-contained  housing  22 
having  a  first  transport  path  P1  .  The  transport  path 
P1  is  defined,  for  example,  by  wire-form  or  sheet 
metal  guides  and  driven  nip  rollers  located  at  ap- 
propriately  spaced  intervals  with  respect  to  the 
guides.  The  upper  transport  module  20  is  posi- 

tioned  such  that  the  entrance  E  to  the  path  Pi  is 
adjacent  to  the  chute  14  of  the  reproduction  ap- 
paratus  12.  In  this  manner,  the  information-bearing 
reproduction  sheets  of  a  reproduction  set  exiting 

5  the  apparatus  12  are  received  seriatim  in  the  path 
Pi  and  directed  under  normal  operating  circum- 
stances  to  a  sheet  delivery  station  24. 

The  sheet  delivery  station  24  (which  may  be 
for  example  of  the  type  shown  and  described  in 

w  US-A-4,930,765,  issued  June  5,  1990,  in  the  name 
of  Russel  et  al)  directs  the  received  sheets  of  a 
reproduction  set  to  the  stapling  module  30. 

Under  certain  circumstances,  it  may  be  desired 
to  review  a  full  reproduction  set  prior  to  accom- 

15  plishing  finishing  operations  thereon.  Accordingly, 
the  upper  transport  module  20  also  includes  a 
bypass  transport  path  P1A  similarly  defined  by 
wire-form  or  sheet  metal  guides  and  spaced  driven 
nip  rollers.  In  path  P1A,  sheets  are  directed  to  a 

20  proof  set  hopper  26  readily  accessible  to  an  oper- 
ator  for  retrieval  and  review.  If,  after  review,  the 
proof  set  is  found  to  be  in  the  desired  condition 
ready  for  finishing,  the  diverter  28  is  returned  to  its 
normal  position  so  that  sheets  constituting  the  sec- 

25  ond  reproduction  set  (and  all  subsequently  pro- 
duced  reproduction  sets)  are  directed  to  the  sheet 
delivery  station. 

The  stapling  module  includes  a  tray  34  posi- 
tioned  to  accept  the  sheets  making  up  a  full  re- 

30  production  set  from  the  sheet  delivery  station  24  of 
the  upper  transport  module  20.  The  sheets  of  the 
reproduction  set,  delivered  seriatim  through  the 
station  24,  are  respectively  corner  registered  on  the 
tray  34  against  a  registration  gate  36a  selectively 

35  located  to  intercept  the  reproduction  set  travel  path 
and  an  edge  guide  36b  at  right  angles  to  the  gate. 
Such  corner  registration  may  be  effected  for  exam- 
ple  by  a  rotating  flexible  disk  jogger  38,  or  any 
other  well  known  mechanism  which  can  urge  the 

40  individual  sheets  of  the  reproduction  set  in  a  direc- 
tion  perpendicular  to  sheet  travel  against  the  gate 
and  edge  guide.  As  illustrated  in  Fig.  2,  a  sheet  S 
is  moved  in  mutually  perpendicular  directions  re- 
spectively  by  the  jogger  38,  rotating  in  the  direction 

45  of  its  associated  arrow,  and  under  the  influence  of 
gravity,  in  the  general  direction  of  sheet  travel.  The 
sheet  S  thus  moves  from  its  solid  line  position 
through  its  broken  line  position  into  the  corner 
formed  by  gate  36a  and  edge  guide  36b. 

50  Once  all  of  the  sheets  making  up  the  full  re- 
production  set  are  properly  corner  registered,  a 
stapling  assembly  40  controlled  by  unit  C  is  ac- 
tivated  to  place  staples  at  a  desired  location  (or 
plurality  of  locations)  along  the  lead  edge  of  the 

55  reproduction  set  registered  against  the  gate  36a. 
An  exemplary  stapling  assembly  is  shown  and  de- 
scribed  in  US-A-4,903,952,  issued  Feb.  27,  1990,  in 
the  name  of  Russel  et  al.  After  the  reproduction  set 
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has  been  stapled  by  the  stapling  assembly  40,  the 
registration  gate  36a  is  moved  to  a  remote  location 
(out  of  the  travel  path  for  the  stapled  reproduction 
set)  and  an  ejector  roller  48  urges  the  stapled  set 
from  the  tray  34  toward  the  output  hopper  50. 

The  output  hopper  50  is  attached  to  the  hous- 
ing  32  adjacent  to  an  external  wall  thereof.  An 
entrance  slot  52  in  the  external  housing  wall  pro- 
vides  for  communication  between  the  output  hop- 
per  50  and  the  stapling  module  30.  As  such,  sta- 
pled  reproduction  sets  (or  alternatively  sets  which 
pass  directly  through  the  stapling  module  without 
being  stapled)  are  directed  to  the  output  hopper 
and  stacked  for  ready  operator  retrieval.  A  pair  of 
foam  rollers  54  urge  the  reproduction  sets  toward  a 
tray  56  angled  from  the  horizontal  in  an  "up  hill" 
direction  relative  to  the  path  of  the  incoming  re- 
production  sets.  The  rollers  54  are  of  a  relatively 
large  diameter  foam  construction  to  enable  the 
rollers  to  handle  a  wide  variety  of  thicknesses  of 
reproduction  sets.  A  pair  of  dangler  arms  58a,  58b, 
formed  of  relatively  light  weight  flexible  material 
intercept  the  travel  path  of  the  incoming  reproduc- 
tion  sets  to  urge  the  sets  onto  the  tray  56. 

A  plurality  of  fingers  62  (one  shown  in  Fig.  1) 
are  movable  under  the  control  of  unit  C  to  a  remote 
position  (broken  line)  relative  to  the  incoming  re- 
production  sets  as  a  set  is  being  registered  against 
the  guide  plate  60,  and  to  a  position  (solid  line) 
overlying  the  set  stack  once  a  set  has  been  regis- 
tered.  The  fingers  62  are  spring  urged  for  example 
to  apply  a  downward  force  on  the  stack  of  re- 
production  sets  on  the  tray  56  to  hold  the  set  stack 
against  the  guide  plate  60  thereby  substantially 
preventing  dishevelment  of  the  stack. 

The  elevation  of  the  tray  56  is  controlled  by  an 
elevator  mechanism  64  of  any  suitable  type,  such 
as  for  example  a  spring-urged  support,  a  rotating 
screw  thread,  a  chain  drive  or  the  like.  The  tray  56 
is  lowered  by  the  elevator  mechanism  64  as  re- 
production  sets  are  delivered  and  stacked  on  the 
tray.  Further,  a  motor  M  connected  to  the  output 
hopper  50  selectively  reciprocates  the  hopper  in  a 
direction  cross-track  relative  to  the  path  of  incom- 
ing  reproduction  sets  delivered  to  the  tray  56.  The 
timing  of  reciprocation  of  the  output  hopper  is 
selected  such  that  sequentially  received  reproduc- 
tion  sets  are  offset  for  ease  of  separation  and 
removal  from  the  tray  by  an  operator. 

Turning  now  to  the  optional  auxiliary  devices, 
the  the  module  defining  the  Z-folder  70  will  first  be 
described.  The  Z-folder  70  is  for  the  express  pur- 
pose  of  folding  large  individual  sheets  into  a  re- 
duced  overall  size  where  the  folded  sheets  can  be 
included  for  example  in  a  booklet  or  stack  with 
other  smaller  sized  sheets.  As  an  illustrative  exam- 
ple,  a  279  mm  x  432  mm  (11"x17")  sheet  is  folded 
so  that  its  overall  dimensions  are  279  mm  x  216 

mm  (11  "x8  1/2")  (see  Figs.  3a,  3b)  for  inclusion  in 
a  reproduction  set  with  basic  overall  dimensions  of 
279  mm  x  216  mm  (11  "x8  1/2").  The  Z-folder  70 
includes  a  driven  cluster  of  rotating  rollers  72  and 

5  sheet  guide  chutes  74  and  76  which  cooperatively 
act  on  a  sheet  to  achieve  the  desired  folded  con- 
figuration  for  the  sheet.  The  cluster  of  rollers  72 
and  guide  chutes  74  and  76  are  mounted  on  a 
frame  82  readily  receivable  in  the  housing  22  of  the 

io  upper  transport  module  20  on  cooperating  slide 
guides  84  for  example.  In  this  manner,  if  it  is 
desired  to  include  a  Z-folder  in  the  finisher  10,  a  Z- 
folder  module  is  merely  slid  into  place  in  the  fin- 
isher. 

is  When  it  is  desired  to  effect  folding  of  a  sheet, 
such  sheet  is  transported  along  the  path  P1A  and 
then  directed  by  a  diverter  78  into  the  path  P1B- 
The  diverter  78  is  controlled  for  example  by  a 
solenoid  actuator  for  movement  to  a  position  (solid 

20  line  position  of  Fig.  1)  for  directing  sheets  along  the 
path  P1A  to  the  Z-folder  70  or  to  a  position  (broken 
line  position  of  Fig.  1)  for  directing  sheets  to  the 
proof  set  hopper  26. 

In  the  folding  operation  ion  the  Z-folder  70,  a 
25  sheet  Z  in  the  path  P  is  urged  into  the  nip  between 

rotating  roller  72a,  driven  by  a  motor  to  become  a 
driving  roller,  and  idler  roller  72b  of  the  roller 
cluster  72  (see  Fig.  4a).  The  roller  pair  72a,  72b 
urge  the  sheet  into  the  upper  chute  74  until  the 

30  lead  edge  of  the  sheet  engages  an  adjustable  stop 
74a. 

The  sheet  Z,  with  the  first  fold  Fi  now  being 
the  leading  edge,  continues  to  be  driven  into  the 
chute  76  until  such  new  lead  edge  engages  the 

35  stop  76a.  Similarly  to  the  action  described  above 
relative  to  accomplishing  the  first  fold  Fi  ,  the  stop 
76a  prevents  the  sheet  from  moving  further  into  the 
chute  76.  The  urging  of  the  sheet  Z  by  the  rollers 
72a  and  72c  thus  causes  the  sheet  to  buckle  and 

40  be  fed  into  the  second  fold  nip  between  the  rollers 
72a  and  72d.  The  second  fold  F2  is  then  formed  by 
the  rollers  72a  and  72d,  and  the  folded  sheet  is 
thereafter  urged  by  such  rollers  in  a  direction  out  of 
the  Z-folder  opposite  to  its  incoming  direction. 

45  The  module  defining  the  saddle  stitcher  90  of 
the  modular  finisher  10  according  to  this  invention 
is  for  the  purpose  of  providing  the  finisher  with  the 
capability  of  making  center  stapled  and  folded 
booklets.  The  saddle  stitcher  90  has  five  major 

50  components:  a  transport  path  P3,  a  stapling  mecha- 
nism  92,  a  folding  mechanism  94,an  edge  registra- 
tion  assembly  96,  and  a  booklet-receiving  output 
hopper  98.  As  with  the  optional  Z-folder  module  70, 
the  major  components  of  the  saddle  stitcher  are 

55  readily  receivable  in  the  finisher  10.  Particularly, 
the  major  components  are,  for  example,  slidably 
receivable  on  cooperating  slide  guides  100  in  the 
housing  32.  In  this  manner,  if  it  is  desired  to 
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include  a  saddle  stitcher  module  90  in  the  finisher 
10,  the  components  of  the  saddle  stitcher  module 
are  merely  received  in  place  in  the  finisher. 

The  transport  path  P3  for  the  saddle  stitcher  90 
is  located  such  that  it  communicates  with  the  path 
Pi  of  the  upper  transport  module  20  downstream, 
in  the  direction  of  sheet  travel,  from  the  diverter  28. 
A  diverter  102,  associated  with  the  path  P3,  is 
movable  for  example  by  a  solenoid  actuator  to  a 
position  (solid  line  position  of  Fig.  1)  remote  from 
the  path  Pi  ,  or  to  a  position  (broken  line  position  of 
Fig.  1)  intercepting  the  path  Pi  to  direct  sheets  into 
the  path  P3.  Sheets  received  seriatim  in  the  path 
P3  are  aligned  in  the  cross-track  direction  by  a 
jogger  mechanism  104  (similar  for  example  to  the 
jogger  38  associated  with  the  stapling  module  30). 

The  lead  edges  of  the  respective  cross-track 
aligned  sheets  comprising  a  reproduction  set  are 
registered  against  a  first  gate  106  of  the  registra- 
tion  assembly  96  located  to  intercept  the  path  P3. 
In  order  to  accommodate  for  formation  of  neat 
booklets  from  reproduction  sets  of  various  overall 
dimensions,  the  gate  106  must  be  adjustable  along 
the  path  P3  to  properly  locate  the  center  staples  for 
the  booklets.  Accordingly,  the  gate  106  is  mounted 
on  a  support  106a  adjustable  along  a  slide  bar 
106b  in  the  direction  of  sheet  travel  (i.e.,  the  direc- 
tion  of  arrow  106c  in  Fig.  1).  Adjustment  of  the 
support  106a  positions  the  first  gate  106,  when  in 
its  path  intercepting  position,  to  locate  the  lead 
edges  of  the  delivered  sheets  at  a  preselected 
distance  from  the  stapling  line  defined  by  the  sta- 
pling  mechanism  92.  Such  preselected  distance  is 
desirably  substantially  equal  to  one-half  the  dimen- 
sion  of  the  sheets  in  the  sheet  travel  direction. 

Once  the  requisite  number  of  sheets  for  com- 
pleting  a  full  reproduction  set  have  been  delivered 
to  the  saddle  stitcher  module  90,  the  stapling 
mechanism  92  thereof  is  actuated  by  the  control 
unit  C  to  staple  the  reproduction  set  along  the 
stapling  line,  substantially  corresponding  to  the 
center  line  of  the  sheets  in  the  sheet  travel  direc- 
tion.  After  stapling  has  been  accomplished,  the 
gate  106  is  pulled  out  of  the  path  P3  by  a  solenoid 
actuator  106s  enabling  the  stapled  reproduction  set 
to  continue  its  travel  in  the  path  P3  under  the 
influence  of  gravity  for  example.  The  stapled  re- 
production  set  continues  its  travel  until  the  lead 
edge  thereof  is  registered  against  a  second  gate 
108  located  to  intercept  the  path  P3  downstream  of 
the  gate  106. 

The  gate  108  is  adjustable  in  the  direction  of 
sheet  travel  to  locate  the  lead  edges  of  the  deliv- 
ered  stapled  reproduction  set  sheets  at  a  preselec- 
ted  distance  from  the  folding  line  defined  by  the 
folding  mechanism  94.  Such  preselected  distance 
is  desirably  substantially  equal  to  one-half  the  di- 
mension  of  the  sheets  in  the  sheet  travel  direction- 

Another  way  of  looking  at  the  adjustable  placement 
of  the  gate  108  is  that  the  gate  108  should  be 
located  a  distance  from  the  gate  106  substantially 
equal  to  the  distance  between  the  stapling  line 

5  defined  by  the  stapling  mechanism  92  and  the 
folding  line  defined  by  the  folding  mechanism  94. 
In  this  manner,  when  the  stapled  reproduction  set 
is  delivered  to  the  gate  108,  the  established  folding 
line  will  correspond  to  the  stapling  line  such  that 

10  folding  accomplished  by  the  mechanism  94  occurs 
on  the  center  line  of  the  sheets  in  the  sheet  travel 
direction  resulting  in  formation  of  a  neat  booklet 
from  the  reproduction  set. 

As  is  apparent,  the  distance  between  the  staple 
15  line  as  defined  by  the  stapling  mechanism  92  and 

the  folding  line  as  defined  by  the  folding  mecha- 
nism  94  is  fixed.  Accordingly,  any  adjustment  of 
the  first  gate  106  necessitates  a  similar  (substan- 
tially  equal)  adjustment  of  the  second  gate  108. 

20  Therefore,  for  the  simplicity  of  construction  and 
convenience  of  operation,  the  adjustability  of  the 
second  gate  108  may  be  accomplished  by  con- 
necting  the  second  gate  to  the  support  106a  for  the 
first  gate  for  movement  therewith  to  provide  si- 

25  multaneous  corresponding  adjustment  of  the  gates. 
The  folding  mechanism  94  includes  a  knife 

blade  110  selectively  actuatable  into  cooperative 
relation  with  a  double  set  of  folding  nip  rollers  112. 
As  more  particularly  shown  in  Figs.  5  and  6a-6c, 

30  the  knife  blade  110  is  supported  by  a  bar  114 
which  is,  in  turn,  mounted  for  reciprocation  in  linear 
slides  116  provided  respectively  in  spaced  frame 
plates  118.  The  slides  116,  made  from  a  friction 
reducing  material,  are  aligned  with  the  folding  nip 

35  roller  pairs  112  to  accurately  guide  the  knife  blade 
110  between  the  rollers  on  reciprocation  of  the 
blade.  The  individual  rollers  112a-112d,  which  com- 
prise  the  folding  nip  roller  pairs  112,  are  designed 
to  maintain  significant  structural  rigidity  under  load 

40  to  minimize  deflection.  For  example,  the  rollers 
may  respectively  be  constructed  as  a  solid  alu- 
minum  core  coated  with  rubber  with  steel  shafts 
knurled  and  pressed  into  the  bored  ends  thereof. 
The  lower  rollers  112b,  11  2d  of  the  roller  pairs  are 

45  rotatably  supported  in  the  frame  plates  118,  while 
the  upper  rollers  112a,  112c  are  rotatably  sup- 
ported  in  spaced  subframe  plates  118a.  The  sub- 
frame  plates  118a  are  connected  to  the  frame 
plates  118  respectively  by  pivot  pins  118b  located 

50  downstream  (in  the  direction  of  sheet  travel)  from 
the  folding  nip  roller  pairs.  Accordingly,  sheets 
being  folded  are  urged  by  the  knife  blade  110 
through  one  roller  nip  (i.e.,  between  the  rollers 
112a  and  112b)  and  then  through  the  other  roller 

55  nip  (i.e.,  between  the  rollers  112c  and  11  2d). 
In  order  to  accomplish  neat  folding  of  the 

sheets  of  the  reproduction  set,  it  is  necessary  to 
provide  a  desired  predetermined  engagement  force 
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between  the  rollers  of  the  folding  roller  nip  pairs 
112  as  the  sheets  of  the  reproduction  set  are  urged 
therebetween.  Accordingly,  a  compression  assem- 
bly  120  is  provided.  The  compression  assembly 
120  (best  shown  in  Figs.  5,  6c,  and  7)  includes  an 
upper  anchor  bar  120a  interconnected  between  the 
frame  plates  118  and  a  lower  anchor  bar  120b 
interconnected  between  the  subframe  plates  118a. 
A  pair  of  compression  springs  122  are  retained 
between  the  upper  anchor  bar  120a  and  the  lower 
anchor  bar  120b  by  long  bolts  124.  The  long  bolts 
are  guided  in  bearings  in  the  upper  anchor  bar  and 
are  threaded  to  the  lower  anchor  bar  to  maintain  a 
predetermined  preload  force  between  the  bars  and 
thus  between  the  associated  structure  including, 
ultimately,  the  nip  roller  pairs  112.  The  attachment 
of  the  upper  and  lower  anchor  bars  to  the  frame 
plates  and  subframe  plates  respectively  are  by  way 
of  pivot  pins  126.  The  pivot  pins  126  enable  the 
anchor  bars  120a,  120b  to  pivot  relative  to  the 
frame  plates  118  and  the  subframe  plates  118b  in 
order  to  prevent  binding  of  the  long  bolts  124  as 
the  springs  122  compress  during  the  folding  opera- 
tion. 

The  provision  of  folding  nip  roller  pairs  112 
offers  several  significant  advantages  in  the  opera- 
tion  of  the  folding  mechanism  94.  Due  to  the  loca- 
tion  of  the  compression  springs  122  of  the  com- 
pression  assembly  120  relative  to  the  nip  roller 
pairs  112  and  the  pivotal  relationship  between  the 
upper  rollers  and  lower  rollers  of  the  nip  roller 
pairs,  a  different  mechanical  advantage  is  exhibited 
at  each  of  the  nip  roller  pairs.  Specifically,  the 
mechanical  advantage  at  the  second  nip  roller  pair 
(rollers  112b  and  11  2d)  closest  to  the  pivot  axis  of 
the  subframe  plates  118a  is  significantly  greater 
than  the  mechanical  advantage  at  the  first  nip  roller 
pair  (rollers  112a  and  112c),  for  example  on  the 
order  of  twice  as  large.  Therefore,  the  fold  formed 
in  the  reproduction  set  is  accomplished  in  two 
steps  of  increasing  clamping  force.  Thus  the  force 
at  the  first  nip  roller  pair  may  be  set  to  be  substan- 
tially  less  than  has  heretofore  been  necessary  to 
accomplish  the  desired  booklet  folding.  With  this 
arrangement,  it  is  not  a  concern  that  the  fold  at  the 
first  nip  roller  pair  be  complete,  and  accordingly 
the  force  at  such  first  nip  pair  can  be  set  to  assure 
the  starting  of  an  accurate  and  neat  fold  without 
forcing  the  reproduction  set  to  be  folded  into  the 
nip  under  such  pressure  as  might  damage  the  set. 
Moreover,  as  the  reproduction  set  being  folded 
passes  through  the  first  nip  roller  pair,  the  sub- 
frame  plates  118a  are  wedged  slightly  open  rela- 
tive  to  the  frame  plates  118.  Therefore,  the  greater 
force-applying  second  nip  roller  pair  is  already 
somewhat  spread  apart  to  readily  receive  the  re- 
production  set  being  folded  to  complete  the  folding 
operation.  With  this  arrangement  then,  the  first  nip 

roller  pair  is  thus  wedged  open  with  a  relatively 
light  (non-damaging  to  the  reproduction  set)  force 
irrespective  of  the  thickness  of  the  reproduction  set 
being  folded,  and  the  second  nip  roller  pair  is 

5  accordingly  partially  opened  by  the  set  passing 
through  the  first  nip  roller  pair.  As  a  result,  the 
folding  mechanism  94  is  effectively  operational  to 
automatically  fold  reproduction  sets  of  various  thic- 
knesses  without  the  need  for  a  nip  gap  adjustment 

io  mechanism  as  would  be  required  to  accommodate 
various  reproduction  set  thicknesses  when  only  one 
nip  roller  pair  is  utilized  to  accomplish  the  folding 
operation. 

In  order  to  effect  selective  reciprocation  of  the 
is  knife  blade  110,  under  the  control  of  unit  C,  the 

folding  mechanism  94  of  the  saddle  stitcher  90 
includes  a  motor  130  having  an  output  shaft  130a 
(see  Fig.  6c).  The  output  shaft  130a  is  drivingly 
connected  to  a  main  pulley  132a  of  a  belt-and- 

20  pulley  drive  arrangement  132  (see  Fig.  6b).  A  plu- 
rality  of  elements  of  the  drive  arrangement  132  are 
coupled  respectively  to  the  rollers  112a-112d  of  the 
folding  roller  nip  pairs  112  to  continuously  rotate 
the  rollers.  Further,  elements  of  the  drive  arrange- 

25  ment  132  are  coupled  to  drive  gears  134,  fixedly 
mounted  on  a  cross  shaft  134a,  through  a  clutch 
mechanism  136  to  rotate  the  cross  shaft  (and  thus 
the  drive  gears)  on  actuation  of  the  clutch  mecha- 
nism.  The  drive  gears  134  mesh  with  cranks  138 

30  (see  Fig.  6a)  which  have  links  140  pivotably  con- 
nected  at  their  respective  ends  to  the  cranks  and 
the  knife  blade  support  bar  114. 

A  switch  (not  shown)  of  any  well  known  type 
detects  the  angular  position  of  the  cranks  138  and 

35  provides  a  signal  for  the  control  unit  C  to  effect 
actuation  of  the  clutch  mechanism  136.  Such  clutch 
mechanism  actuation  occurs  for  one  revolution  of 
the  cranks  138  so  that  for  each  reproduction  set  to 
be  folded,  the  knife  blade  110  is  reciprocated 

40  through  one  complete  stroke.  A  complete  stroke  of 
the  knife  blade  110  contemplates  travel  of  the 
blade  a  distance  sufficient  to  urge  the  reproduction 
set  being  folded  completely  through  the  folding 
mechanism  94  and  out  of  the  nip  roller  pairs  112 

45  where  the  formed  booklet  falls  under  the  influence 
of  gravity  into  the  output  hopper  98.  The  hopper  98 
is  mounted  in  the  housing  32  of  the  modular  fin- 
isher  10  on  slides  98a  so  as  to  enable  the  hopper 
to  move  to  a  convenient  location,  for  example  ex- 

50  ternal  to  the  housing,  to  facilitate  operator  retrieval 
of  the  folded  booklets  collected  in  the  hopper. 

In  one  embodiment  of  the  saddle  stitcher  90 
according  to  this  invention,  the  links  140  are  of 
somewhat  different  lengths.  Accordingly,  the  angle 

55  of  the  knife  blade  110  relative  to  the  folding  nip 
roller  pairs  112  changes  during  the  reciprocation  of 
the  knife  blade.  As  a  result,  the  reproduction  set 
being  folded  is  sent  into  the  nips  of  the  roller  pairs 
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at  a  skewed  angle  (rather  than  squarely  with  re- 
spect  to  the  nips)  so  that  the  edge  being  folded 
does  not  contact  the  nip  rollers  all  at  once.  Rather, 
the  fold  is  effected  sequentially  in  the  direction  of 
the  fold  during  a  segment  of  the  travel  distance  of 
the  reproduction  set  through  the  nip.  This  results  in 
a  tighter  fold  than  can  be  accomplished  when  the 
fold  is  produced  all  at  once  (for  a  given  nip  pres- 
sure),  and  reduces  the  noise  and  power  to  com- 
plete  the  fold. 

In  another  embodiment  of  the  saddle  stitcher 
according  to  this  invention,  the  rollers  of  the  folding 
nip  roller  pairs  have  a  plurality  of  under-cut  por- 
tions  for  accepting  a  complementary  shaped  knife 
blade.  As  shown  in  Figs.  8a  and  8b,  an  exemplary 
roller  pair  designated  by  the  numeral  112'  has 
undercut  portions  142.  Such  under-cut  portions 
readily  receive  complementary  portions  144  of  the 
knife  blade  110'  in  a  substantially  non-contacting 
manner.  With  such  arrangement,  the  the  angle  of 
the  knife  blade  to  the  nip  roller  pairs  can  be  kept 
square,  thus  assuring  a  square  fold  in  forming  the 
reproduction  set  into  a  folded  booklet,  and  the 
force  on  the  roller  pairs  to  effect  folding  is  substan- 
tially  independent  of  the  insertion  of  the  knife  blade 
therebetween. 

Turning  now  to  the  module  defining  the  insert 
tray  150  (shown  in  Fig.  1),  the  insert  tray  is  for  the 
purpose  of  providing  the  modular  finisher  10  ac- 
cording  to  this  invention  with  the  ability  to  selec- 
tively  add  additional  sheets  to  a  reproduction  set. 
For  example  the  additional  sheets  may  be  preprin- 
ted  cover  sheets  of  the  same  or  different  stock 
characteristics  to  the  sheets  of  the  reproduction 
set,  or  may  be  sheets  utilized  within  a  reproduction 
set  to  separate  distinct  portions  of  the  set.  The 
insert  tray  150  includes  a  sheet  receiving  hopper 
152  removably  locatable  in  the  top  cover  154  for 
the  finisher  10.  The  hopper  152  has  appropriate 
guides  (not  shown)  for  aligning  a  stack  of  sheets 
therein  relative  to  a  sheet  feed  device  156.  The 
sheet  feed  device  156,  of  any  well  known  type 
such  as  a  scuff  feeder  or  a  vacuum  feeder  for 
example,  is  activated  by  the  control  unit  C  when  it 
is  desired  to  selectively  feed  a  single  sheet  from 
the  hopper  152  to  have  such  sheet  inserted  into  a 
reproduction  set  being  received  by  the  finisher  10. 
The  sheet  is  fed  into  a  transport  path  com- 
municating  with  the  transport  path  Pi  of  the  upper 
transport  module  20  between  the  entrance  E  and 
the  diverter  28.  Accordingly,  the  additional  sheet  is 
selectively  inserted  into  the  path  Pi  at  a  desired 
time  during  the  finishing  of  a  reproduction  set  to  be 
treated  the  same  as  any  other  sheet  in  the  set 
during  the  finishing  operation. 

Claims 

1.  Saddle  stitcher  apparatus  (90)  for  forming 
completely  finished  reproduction  sets  of  a  se- 

5  ries  of  reproductions  produced  on  sheets  re- 
spectively  by  a  reproduction  apparatus  (12), 
said  saddle  stitcher  (90)  including  means  for 
receiving  (P3),  collecting  (96),  stapling  (92)  and 
folding  (94)  reproduction  sheets,  character- 

10  ized  in  that  said  saddle  stitcher  (90)  is  one  of 
a  group  of  modular  devices  (30,  50,  70,  90, 
150)  of  a  modular  finisher  apparatus  (10),  said 
saddle  stitcher  (90)  including  a  support  frame 
(118),  said  frame  including  means  (100)  for 

15  mating  with  means  for  detatchably  accepting 
the  said  saddle  stitcher  with  a  housing  (32)  of 
the  modular  finisher  apparatus  (10),  means  as- 
sociated  with  said  support  frame  (118)  for  de- 
fining  a  sheet  feed  path  (P3)  communicating 

20  with  reproduction  sheet  receiving  means  (E), 
means  (96)  mounted  on  said  frame  (118)  for 
registering  reproduction  sheets,  means  (92)  as- 
sociated  with  said  frame  for  stapling  registered 
reproduction  sheets  at  substantially  the  mid- 

25  line  thereof  to  form  a  reproduction  set,  means 
(94)  for  folding  a  stapled  reproduction  set  sub- 
stantially  along  the  mid-line  thereof,  and  an 
output  hopper  (98)  for  collecting  folded  stapled 
reproduction  sets. 

30 
2.  The  saddle  stitcher  apparatus  of  Claim  1  char- 

acterized  by  said  registration  means  (96)  in- 
cluding  a  first  gate  (106),  and  means  (106s)  for 
selectively  moving  said  first  gate  to  a  position 

35  intercepting  the  sheet  feed  path  of  said  sheet 
feed  path  defining  means  to  register  reproduc- 
tion  sheets  in  preparation  for  stapling,  and  to  a 
position  remote  from  such  path  after  stapling 
reproduction  sheets  into  a  reproduction  set. 

40 
3.  The  saddle  stitcher  apparatus  of  Claim  2  char- 

acterized  by  said  registration  means  (96)  fur- 
ther  including  means  (106a)  for  adjustably  sup- 
porting  said  first  gate  (106)  on  said  frame  (118) 

45  for  movement  in  the  direction  (106c)  of  the 
sheet  feed  path  of  said  sheet  feed  path  defin- 
ing  means,  whereby  the  location  at  which  said 
first  gate  (106)  of  said  registration  means  inter- 
cepts  such  sheet  feed  path  can  be  adjusted  in 

50  accordance  with  the  dimension  of  reproduction 
sheets  along  such  sheet  feed  path  so  that  such 
reproduction  sheets  are  registered  at  said  first 
gate  with  the  mid-line  of  such  sheets  aligned 
with  said  stapling  means. 

55 
4.  The  saddle  stitcher  apparatus  of  Claim  3  char- 

acterized  in  that  said  registration  means  (96) 
further  includes  a  second  gate  (108)  positioned 

8 
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to  intercept  the  path  of  said  sheet  feed  path 
defining  means  downstream  of  said  first  gate 
(106),  in  the  direction  of  travel  of  the  reproduc- 
tion  sheets,  at  a  location  whereby,  when  said 
first  gate  (106)  is  moved  to  its  remote  position, 
the  lead  edge  of  a  stapled  reproduction  set  is 
moved  to  engage  and  be  registered  by  said 
second  gate  (108)  at  a  position  where  the  mid- 
line  of  said  stapled  reproduction  set  is  aligned 
with  said  folding  means  (94). 

5.  The  saddle  stitcher  apparatus  of  Claim  4  char- 
acterized  in  that  said  second  gate  (108)  is 
interconnected  with  said  first  gate  (106)  so  as 
to  move  therewith  as  said  first  gate  is  adjusted 
to  similarly  adjust  said  second  gate. 

6.  The  saddle  stitcher  apparatus  of  Claim  1  char- 
acterized  in  that  said  folding  means  (94)  in- 
cludes  an  elongated  knife  blade  (110)  and  a 
plurality  of  pairs  of  nip  rollers  (112),  said  knife 
blade  (110)  arranged  to  urge  a  stapled  re- 
production  set  sequentially  through  said  pairs 
of  nip  rollers  (112)  and  then  into  said  output 
hopper  (98). 

7.  The  saddle  stitcher  apparatus  of  Claim  6  char- 
acterized  in  hat  said  knife  blade  (110)  is 
mounted  for  reciprocation  in  a  direction  trans- 
verse  to  the  sheet  feed  path  (P3)  of  said  sheet 
feed  path  defining  means,  said  knife  blade 
lying  in  a  plane  passing  through  the  mid-line  of 
a  stapled  reproduction  set  and  the  nips  of  said 
pairs  of  nip  rollers  (112). 

8.  The  saddle  stitcher  apparatus  of  Claim  7  char- 
acterized  in  that  said  folding  means  (94)  in- 
cludes  means  (130)  for  reciprocating  said  knife 
blade  (110)  in  said  plane  at  an  angle  to  the  nip 
line  of  said  pairs  of  nip  rollers  (112)  to  pass 
through  said  nips  thereof  progressively,  where- 
by  the  fold  in  a  reproduction  set  is  effected 
sequentially  in  the  direction  of  the  fold  during  a 
segment  of  the  travel  distance  of  such  re- 
production  set  through  said  nips. 

9.  The  saddle  stitcher  apparatus  of  Claim  8  char- 
acterized  in  that  said  reciprocating  means 
(130)  includes  a  rotatable  drive  shaft  (130a),  at 
least  one  crank  (138)  rotatably  driven  by  said 
drive  shaft,  at  least  one  link  (140)  connected  to 
said  at  least  one  crank  (138)  at  one  end  and 
connected  at  its  opposite  end  to  said  knife 
blade  (110). 

10.  The  saddle  stitcher  apparatus  of  Claim  9  char- 
acterized  in  that  said  reciprocating  means 
(130)  includes  a  motor  having  a  rotating  output 

shaft,  clutch  means  (136)  for  selectively  cou- 
pling  said  motor  output  shaft  to  said  drive 
shaft,  and  control  means  for  actuating  said 
clutch  means  to  couple  said  output  shaft  to 

5  said  drive  shaft  for  a  time  sufficient  to  rotate 
said  crank  (138)  through  one  revolution  to  ef- 
fect  one  reciprocation  cycle  for  said  knife 
blade  (110). 

10  11.  The  saddle  stitcher  apparatus  of  Claim  10 
characterized  in  that  said  reciprocating 
means  includes  a  pair  of  cranks  (138)  and  a 
pair  of  links  (140)  associated  respectively 
therewith,  said  links  being  connected  to  op- 

15  posite  ends  of  said  elongated  knife  blade 
(110),  with  one  link  being  longer  than  the  other 
link. 

12.  The  saddle  stitcher  apparatus  of  Claim  7  char- 
20  acterized  in  that  said  folding  means  (94)  in- 

cludes  a  subframe  (118a),  and  means  (120)  for 
urging  said  subframe  (118a)  toward  said  frame 
(118);  and  wherein  one  roller  (112b,  11  2d)  of 
each  of  said  plurality  of  pairs  of  nip  rollers 

25  (112)  is  supported  in  said  frame  (118),  and  the 
other  roller  (112a,  112c)  of  each  of  said  plural- 
ity  of  pairs  of  nip  rollers  is  supported  in  said 
subframe  (1  18a). 

30  13.  The  saddle  stitcher  apparatus  of  Claim  12 
characterized  in  that  said  folding  means  (94) 
includes  a  pivot  pin  (118b)  for  pivotably  con- 
necting  said  subframe  (118a)  to  said  frame 
(118),  said  pivot  pin  is  located  downstream,  in 

35  the  direction  of  travel  of  a  reproduction  set 
being  folded,  from  said  plurality  of  pairs  of  nip 
rollers  (112),  and  said  urging  means  (120)  is 
located  upstream,  in  the  direction  of  travel  of  a 
reproduction  set  being  folded,  from  said  plural- 

40  ity  of  pairs  of  nip  rollers,  whereby  a  progres- 
sively  increasing  mechanical  advantage  is  ex- 
hibited  at  each  of  said  nip  roller  pairs  (112a, 
112b;  112c,  112d). 

45  14.  The  saddle  stitcher  apparatus  of  Claim  6  char- 
acterized  in  that  said  output  hopper  (98)  is 
selectively  movable  to  a  location  to  collect 
folded  reproduction  sets  exiting  said  plurality 
of  pairs  of  nip  rollers  (112)  of  said  folding 

50  means,  and  to  a  remote  location  where  re- 
moval  of  collected  folded  reproduction  sets 
from  said  output  hopper  is  facilitated. 

55 
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