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(54)  Synchronized  motion  of  carriage  and  wiper. 

(57)  A  synchronized  wiper  (12)  and  pen  (16)  mo- 
tion  solution  for  ink-jet  printers  is  described. 
The  invented  method  and  apparatus 
synchronize  the  motion  of  the  pen  (16)  and 
wiper  (12)  throughout  the  wipe  stroke,  and 
provide  for  controlled,  simultaneous  movement 
therebetween  that  avoids  pole  vaulting,  excess 
interference  and  ink  flicking.  Such  is  accom- 
plished  by  moving  the  carriage  (14')  to  a  defined 
position  shy  of  a  wiping  position  above  the 
service  station  including  a  sled  (10')  mounting 
the  wiper  (12)  ;  raising  the  sled  (10')  to  produce 
a  proper  interference  fit  between  the  wiper  (12) 
and  the  pen  (16)  while  simultaneously  moving 
the  carriage  (14')  at  low  speed  (SLOW)  ;  con- 
tinuing  the  wipe  stroke  by  high-speed  carriage 
(14')  movement  (FAST)  with  the  sled  (10') 
stationary  ;  and,  at  the  end  of  the  stroke,  lower- 
ing  the  sled  (10')  to  clear  the  wiper  (12)  from 
contact  with  the  pen  (16)  before  reversing  car- 
riage  (14')  motion.  The  solution  lends  itself  to 
single-  or  plural-pen  ink-jet  printers. 
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Technical  Field 

The  present  invention  relates  generally  to  wiping 
pens  of  an  ink-jet  printer.  More  particularly,  the  inven- 
tion  concerns  method  and  apparatus  that  provide 
synchronized  motion  between  a  carriage's  printhead- 
mounted  pen  and  a  service  station's  sled-mounted 
wiper  that  minimizes  wiper  and  pen  wear  or  damage 
and  wiper  stroke  width,  and  avoids  flicking  of  wet  ink 
into  printer  recesses. 

Background  Art 

Previously,  the  wiping  of  pens  in  ink-jet  print- 
heads  involved  moving  the  printhead  carriage  to  a 
position  above  the  service  station  containing  the  wip- 
ers,  raising  the  service  station  to  a  predetermined 
height  of  interference  between  the  wiper  tips  and  the 
pens  and  then  moving  the  carriage  across  the  sta- 
tionery  wiper  tips.  This  often  caused  the  wiper  tips  at 
the  end  of  the  wipe  stroke  uncontrollably  to  flick  wet 
ink  into  the  printer.  It  also  frequently  caused  the  resil- 
ient  wiper  to  "pole-vault"  at  the  beginning  of  the  wipe 
stroke  due  to  a  reverse  bias  angle  of  the  wiper  as  it 
contacted  the  pen  and  at  the  end  of  the  wipe  stroke 
due  to  reversal  of  the  direction  of  carriage  motion 
while  the  wiper  was  still  in  contact  with  the  pen.  Pole 
vaulting  is  undesirable  also  because  it  impacts  the 
pen  upwardly,  potentially  damaging  the  pen  or  the 
wiper  or  both.  One  previously  proposed  solution  to 
the  pole  vault  tendency  has  been  to  continue  the  wipe 
stroke  all  the  way  across  the  pen  surface  until  it  was 
clear  of  the  pen  before  reversing  the  printhead  car- 
riage's  direction.  Unfortunately,  this  increases  the  lat- 
eral  carriage  travel  and  thus  the  width  of  the  ink-jet 
printer's  footprint,  which  is  a  critical  parameter  in 
many  printer  installations.  It  also  virtually  guarantees 
that  wet  ink  will  be  flicked  into  recesses  within  the 
printer  as  the  deflected,  resilient  wiper  springs  free  of 
the  pen. 

Vertically  reciprocable  sleds  mounting  wipers  for 
servicing  ink-jet  pens  recently  have  been  developed 
for  use  in  ink-jet  printers.  One  such  sled  subsystem  is 
described  in  co-pending  U.S.  Application  Serial  No. 

,  entitled  "Printer  Service  Station", 
filed  ,  of  Gastetal.,  and  subject 
to  common  ownership  herewith.  The  disclosure  of 
that  patent  application  is  incorporated  herein  by  this 
reference. 

Disclosure  of  the  Invention 

The  invented  method  and  apparatus  synchroniz- 
es  the  motion  of  the  pen  and  wiper  throughout  the 
wiper  stroke,  and  provides  for  the  simultaneous  con- 
trolled  movement  therebetween  that  shortens  the 
wipe  stroke  and  avoids  pole  vaulting  and  ink  flicking. 
Such  is  accomplished  by  moving  the  carriage  to  a  de- 

fined  position  shy  of  a  wiping  position  above  the  sled- 
mounted  wiper  of  the  service  station,  raising  the  sled 
to  produce  a  proper  interference  fit  between  the  wiper 
and  the  pen  while  simultaneously  moving  the  car- 

5  riage  at  low  speed,  continuing  the  wipe  stroke  by 
high-speed  carriage  movement  with  the  sled  station- 
ary  and  at  the  end  of  the  stroke  lowering  the  sled  to 
clear  the  wiper  from  interference  with  the  pen  before 
reversing  carriage  motion.  The  solution  lends  itself  to 

10  single-  or  plural-pen  ink-jet  printers,  and  is  particular- 
ly  important  in  plural-pen  printers,  where  ink  flicking 
can  cause  inter-pen  (black  or  color  ink)  contamina- 
tion. 

These  and  additional  objects  and  advantages  of 
15  the  present  invention  will  be  more  readily  understood 

after  a  consideration  of  the  drawings  and  the  detailed 
description  of  the  preferred  embodiment. 

Brief  Description  of  the  Drawings 
20 

Figs.  lAthrough  1E  schematically  illustrate  some 
of  the  problems  with  prior  art  wipersystems,  by  show- 
ing  in  front  elevation  a  sled-mounted  wiper  in  various 
phases  of  its  carriage-mounted  pen  wipe  stroke. 

25  Figs.  2A  through  2E  schematically  illustrate  the 
invented  method  and  apparatus,  by  showing  in  front 
elevation  a  wiper  in  various  phases  of  its  wipe  stroke. 

Figs.  3Aand  3B  are  graphs  showing,  respective- 
ly,  sled  elevation  versus  time  and  carriage  velocity 

30  versus  time  in  accordance  with  the  preferred  method 
and  apparatus. 

Detailed  Description  of  the  Preferred  Embodiment 
and  Best  Mode  of  Carrying  Out  the  Invention 

35 
Figs.  lAthrough  1E  show  in  a  simplified,  sche- 

matic  front  elevation  a  prior  art  wiper  system  that  ex- 
hibits  many  of  the  problems  solved  by  the  invented 
method  and  apparatus.  Figs.  1A  through  1E  show 

40  conventional  pen-wiping  apparatus  including  a  fixed 
sled  10  mounting  a  resilient  wiper  12  and  a  movable 
printhead  carriage  14  fixedly  mounting  a  pen  16.  It 
will  be  appreciated  that  only  one  pen  and  its  corre- 
sponding  wiper  are  shown  in  Figs.  lAthrough  1E,  al- 

45  though  typically  more  than  one  of  each  are  mounted 
side  by  side,  respectively,  on  a  common  carriage  and 
a  common  sled  or  other  wiper-mounting  structure.  It 
also  will  beappreciated  thatthe  prior  art  wiper  system 
is  shown  only  fragmentarily  and  that  the  drive  motor 

so  for  carriage  14  is  not  shown,  for  the  sake  of  clarity,  but 
that  movement  of  carriage  14  relative  to  sled  10  is  in- 
dicated  by  arrows. 

Figs  1Aand  1B  together  illustrate  the  end-of-wi- 
pe  stroke  inkflicking  problem  common  to  prior  art  wip- 

55  er  systems.  (The  beginning-of-wipe  stroke  inkflicking 
problem  is  not  illustrated  herein,  but  will  be  under- 
stood  to  result  from  vertical  elevation  of  wiper  1  2,  with 
a  slight  angular  bias  against  the  direction  of  carriage 
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movement,  into  contact  with  pen  16  and  to  produce 
similar  undesirable  effects.)  Fig.  1A  shows  carriage 
14  moving  to  the  right,  mid-wipe,  with  wiper  12  flexed 
into  interference-fit  contact,  or  simply  interference 
contact,  with  pen  16.  Fig.  1B  shows  a  later  phase  of 
operation  in  which  carriage  14  has  been  moved  far- 
ther  to  the  right  such  that  pen  16  clears  wiper  12, 
which  reverses  its  flexure  upon  its  release  and  typi- 
cally  flicks  wet  ink  into  the  ink-jet  printer's  service  sta- 
tion  or,  worse,  onto  its  carriage  mechanism.  Such 
flicking  causes  undesirable  accumulation  of  ink  within 
the  vicinity  of  the  vicinity  of  sled  10.  At  best,  the  ser- 
vice  station  of  which  sled  1  0  is  a  part  becomes  messy. 
At  worst,  the  service  station  becomes  contaminated 
with  dried  ink,  which  causes  friction  or  interference 
that  may  result  in  printer  malfunction. 

Figs.  1C  through  1E  together  illustrate  what  is  re- 
ferred  to  herein  as  the  pole  vault  problem  common  to 
prior  art  wiper  systems.  Fig.  1C  shows  carriage  14 
moving  to  the  right  near  its  end-of-wipe  position,  with 
wiper  12  flexed  into  interference  fit  with  pen  16.  Fig. 
1  D  shows  carriage  14  stopped  at  its  end-of-wipe  pos- 
ition.  As  may  be  seen  from  Fig.  1D,  wiper  12  is  com- 
pressed  between  fixed  sled  10  and  pen  16  at  the  point 
when  its  flexure  is  forced  to  reverse  itself.  Importantly, 
an  undesirable  upward  force  is  imparted  by  wiper  12 
on  pen  16  and  consequently  on  carriage  14.  If  car- 
riage  14  yields  to  this  upward  force,  as  by  resilient  or 
gimbal  mounting  relative  to  sled  10,  then  pen  16  is 
elevated  slightly  out  of  its  nominal  wiping  plane.  If  in- 
stead  carriage  14  fails  to  yield,  then  pen  16  and  or 
wiper  12  may  be  damaged  or  excessively  worn  to  the 
extent  of  the  interference  fit  and  friction  therebetw- 
een.  Fig.  1  E  shows  carriage  14  moving  to  the  left  mid- 
return  wipe,  with  wiper  12  now  exhibiting  the  reverse 
of  its  original  flexure,  which  permits  carriage  14  and 
pen  16  to  return  to  their  nominal  wiping  plane. 

Conventional  wisdom  has  been  that  wiper  sys- 
tems  would  exhibit  either  the  flicker  problem  illustrat- 
ed  in  Figs.  1Aand  1B  or  the  pole  vault  problem  illu- 
strated  in  Figs.  1C  through  1E.  It  is  noted  that  the  for- 
mer  also  typically  causes  undue  wear  on  the  tip  of 
wiper  12  as  it  comes  into  contact  with  the  edge  of  pen 
16  (with  reversal  of  movement  in  carriage  14  afterthe 
flicking  shown  in  Fig.  1B),  and  that  the  latter  also  typ- 
ically  causes  some  inkflicking  from  what  might  be  re- 
ferred  to  as  a  whipsaw  action  of  wiper  12  (with  rever- 
sal  of  flexure  of  wiper  12  occurring  as  suggested  by 
Fig.  1D).  It  is  also  apparent  from  Figs.  1Aand  1B  that 
the  wipe  stroke  necessarily  must  be  made  longer,  in 
order  for  wiper  12  to  clear  the  far  edge  of  pen  16  be- 
fore  the  direction  of  carriage  14  is  reversed.  A  longer 
wipe  stroke  results  in  a  wider  footprint  for  the  ink-jet 
printer,  which  typically  is  placed  on  a  desk  top  where 
space  is  at  a  premium. 

Turning  now  to  Figs.  2A  through  2E,  the  prefer- 
red  method  of  the  invention  may  be  understood.  By 
the  invented  ink-jet  printer  pen  wiping  method  where- 

in  a  pen  such  as  pen  16  is  mounted  on  a  horizontally 
movable  carriage  14'  and  wherein  a  wiper  such  as 
wiper  12  is  mounted  on  a  vertically  movable  sled 
10'  forming  part  of  the  printer's  service  station,  sled 

5  1  0'  is  positioned  at  a  first  predefined  elevation  rela- 
tive  to  carriage  14'  such  that  wiper  12  is  below  the 
level  of  pen  16,  as  shown  in  Fig.  2A.  Next,  carriage 
14'  is  first  moved  in  a  first  direction,  e.g.  to  the  right 
in  Fig.  2A  to  the  position  shown  in  Fig.2B,  to  a  position 

10  above  the  service  station.  Concurrently  with  this  first 
moving  of  carriage  14',  sled  10'  is  moved  to  a  second 
predefined  elevation  relative  to  the  carriage,  ask 
shown  in  Fig.  2B,  thereby  producing  controlled-direc- 
tion  flexure,  e.g.  to  the  right  in  Fig.  2B,  of  wiper  12  as 

15  the  tip  thereof  comes  into  interference  contact  with 
pen  16. 

The  invented  method  further  includes  wiping  pen 
16  with  wiper  12  by  second  moving  carriage  14',  in 
the  same  direction  in  such  position  above  the  service 

20  station,  relative  to  sled  10'  with  wiper  12  remaining  in 
interference  contact  with  pen  16,  as  seen  by  refer- 
ence  to  Figs.  2B  and  2C.  Fig.  2C  will  be  understood 
to  show  wiper  12  immediately  before  it  has  reached 
its  end-of-wipe  position,  with  carriage  14'  still  moving 

25  (to  the  right  in  Fig.  2C).  Thus,  Figs.  2B  and  2C  will  be 
understood  to  illustrate  the  pen-wiping  movement  of 
carriage  14'  with  sled  1  0'  fixed  at  its  wiping  elevation. 

As  indicated  in  Figs.  2A  and  2B,  carriage  14'  is 
movable  by,  for  example,  the  printer's  controller  con- 

30  trolling  the  carriage's  motor,  at  plural  speeds.  Prefer- 
ably,  the  first  moving  by  which  carriage  14'  is  posi- 
tioned  above  the  service  station  is  performed  at  a 
first,  SLOWer  speed,  e.g.  preferably  approximately  1 
inch  per  second  (1  ips),  and  the  second  moving  by 

35  which  carriage  14'  is  moved  in  the  first  direction  is 
performed  at  a  second,  FASTer  speed,  and  preferably 
atasubstantiallyfasterspeed,  e.g.  preferably  approx- 
imately  12  ips.  Because  the  first  and  second  moving 
of  carriage  14'  are  performed  at  different  carriage 

40  speeds,  pen  wiping  is  very  fast  but  also  very  control- 
led.  Fast  wiping  is  needed  because  extended  service 
cycle  times  take  the  printer  off  line  too  long  to  meet 
high  throughput  requirements  and  too  long  to  meet 
time-critical  color  hue  quality  requirements.  Relative- 

45  ly  slow  wiping  of  pen  16  is  needed  in  order  to  ensure 
controlled  flexure  of  wiper  12  as  it  first  engages  pen 
16  and  to  avoid  undesirable  pole  vaulting. 

Turning  now  to  Figs.  2D  and  2E,  the  next  step  of 
the  preferred  method  of  the  invention  will  be  ex- 

50  plained.  When  carriage  14'  reaches  the  end-of-wipe 
position  relative  to  sled  1  0'  shown  in  Fig.  2D,  and  prior 
to  a  time  at  which  wiper  12  would  reach  a  far  end  of 
pen  16  and  during  a  time  when  wiper  12  still  in  inter- 
ference  contact  with  pen  16,  the  movement  of  car- 

55  riage  14'  is  ceased  such  that  carriage  14'  comes  to  a 
stop.  Proximately  in  time  to  such  cessation  of  motion 
of  carriage  14',  and  preferably  substantially  at  the 
same  time,  sled  10'  is  lowered  as  shown  in  Fig.  2D  to 
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a  second  predefined  elevation  relative  to  carriage 
14'  in  which  wiper  12  is  clear  of  pen  16. 

The  invented  method  by  which  carriage  14'  is 
moved  horizontally  and  sled  10'  is  moved  vertically, 
with  the  movements  taking  place  concurrently,  wiper 
12  is  brought  into  interference  contact  with  pen  16  in 
a  highly  controlled  way.  After  wiping  pen  16,  carriage 
14'  is  stopped  and  preferably  closely  proximate  in 
time  thereto  sled  10'  is  lowered.  These  latter  syn- 
chronized  movements  of  carriage  14'  and  sled 
1  0'  produce  a  controlled  release  of  the  flexure  of  wip- 
er  12  into  its  nominally  unflexed,  upright  condition 
shown  in  Fig.  2D  that  avoids  the  inkflicking  problem. 
Such  synchronized  movement  of  carriage  14'  and 
sled  10'  is  provided  by  the  printer's  controller,  which 
straightforwardly  is  programmed  to  drive  both  a  car- 
riage  motor  and  a  sled  motor  (not  shown  herein,  but 
which  preferably  cooperates  with  sled  10'  in  accor- 
dance  with  the  teachings  of  the  above-referenced 
printer  service  station  application).  As  may  be  appre- 
ciated  by  a  brief  contrasting  of  Figs.  lAthrough  1D 
and  Figs.  2Athrough  2D,  there  is  no  possibility  of  the 
pole-vaulting  or  ink-flicking  problems  common  to  prior 
art  ink-jet  pen-wiping  apparatus. 

Turning  now  to  Fig.  2E,  the  invented  method  pre- 
ferably  further  includes  third  moving  the  carriage  in 
the  reverse  of  such  first  direction,  e.g.  to  the  left  in 
Fig.  2E,  wherein  the  third  moving  is  performed  after 
the  sled-lowering  step  described  above  by  reference 
to  Fig  2D.  Preferably,  in  the  case  where  there  is  no 
bi-directional  wiping  of  pen  16  by  wiper  12,  sled  10'  re- 
mains  at  its  lowered  elevation  while  the  printer  is  re- 
turned  from  its  servicing  mode  to  its  printing  mode. 
More  preferably,  in  the  case  where  pen  wiping  is  bi- 
directional,  carriage  14'  first  would  be  moved  slowly 
(to  the  left  in  Fig.  2E)  and  simultaneously  when  car- 
riage  14'  was  in  a  begin-of-wipe  position  above  sled 
10',  sled  10'  would  be  raised  again  to  its  wiping  ele- 
vation  for  a  reverse-direction  wipe  of  pen  16  in  the 
same  manner  as  described  above  but  in  the  reverse 
direction,  i.e.  with  synchronized  horizontal  motion  of 
carriage  14'  and  vertical  motion  of  sled  10'.  Those  of 
skill  in  the  arts  will  appreciate  that,  while  not  express- 
ly  illustrated  herein,  such  reverse-direction  wiping 
also  would  have  the  advantages  of  the  invention  by 
which  there  are  no  pole-vaulting  or  ink-flicking  prob- 
lems. 

Figs.  3A  and  3B  illustrate  such  bi-direction  pen 
wiping,  in  accordance  with  the  invented  method  and 
apparatus,  by  way  of  timing  graphs  of  carriage  veloc- 
ity  and  sled  elevation,  respectively.  Briefly,  Fig.  3A 
shows  the  carriage  moving  at  a  relatively  SLOW 
speed  +A  until  time  T1,  where  it  ramps  up  preferably 
at  approximately  1g  acceleration  to  its  FAST  speed 
+B  at  which  wiping  takes  place,  and  then  decelerating 
to  a  stop  prior  to  the  timeline  break  in  the  graph.  Fig. 
3B  shows  the  sled  being  elevated  from  its  lowered 
elevation  C  during  the  time  the  carriage  is  at  SLOW 

speed  past  its  nominal  begin-of-contact  elevation  D 
and  beyond  to  a  desired  interference  contact  eleva- 
tion  E,  where  it  remains  at  least  during  the  pen  wiping 
and  preferably  somewhat  beyond  as  indicated  by  the 

5  timeline  break. 
Fig.  3Ashows  the  carriage  beginning  at  T2  to  ac- 

celerate  to  its  SLOW  speed  -A  in  a  reverse  direction, 
then  accelerating  to  reach  FAST  speed  -B  at  time  T3. 
After  pen  wiping  at  FAST  speed,  the  carriage  once 

10  again  stops.  Concurrently  with  the  illustrated  car- 
riage  movement,  the  sled,  having  been  moved  to  its 
lowered  elevation  C  begins  at  T2  to  be  elevated  to  its 
wiping  position,  preferably  reaching  its  nominal  pen- 
contacting  elevation  D  while  the  carriage  is  moving 

15  yet  at  SLOW  speed.  The  sled  reaches  the  elevation 
E  of  interference  contact  with  the  pen  prior  to  T3, 
such  that  the  carriage  is  still  moving  at  SLOW  speed. 
Thereafter,  and  while  the  carriage  is  at  FAST  speed, 
pen  wiping  takes  place  with  the  sled  once  again  at  its 

20  fixed  elevational  position  of  interference  pen  contact 
by  the  wiper.  Those  skilled  in  the  art  will  appreciate 
that  the  accelerations  shown  in  Figs.  3Aand  3B  are 
not  rigorously  portrayed,  and  may  be  different  in 
slope  or  even  variable.  In  accordance  with  the  prefer- 

25  red  method  and  apparatus  of  the  invention,  sled  10'  is 
raised  and  lowered,  or  moved  vertically,  (the  latter  not 
being  shown  in  the  graphs  of  Fig.  3A  and  3B)  more 
slowly  than  carriage  14'  is  moved  horizontally,  al- 
though  of  course  it  is  the  simultaneity  or  concurrence 

30  of  the  movements,  not  their  relative  speeds,  that  are 
believed  to  be  important  to  carrying  out  the  invention. 

The  improvement  represented  by  the  invented 
apparatus  may  now  be  understood.  The  application  of 
the  improvement  is  in  a  pen-wiping  station  for  an  ink- 

35  jet  printer,  wherein  the  station  is  positioned  generally 
along  a  printhead  carriage's  reciprocal  motion  axis, 
e.g.  a  generally  horizontal  printing  axis,  for  selective 
wiping  of  one  or  more  of  the  printhead's  pens  mount- 
ed  on  the  carriage.  The  improvement  includes  sled 

40  10'  forming  a  part  of  the  pen-wiping  station,  with  sled 
1  0'  being  mounted  relative  to  the  printer's  chassis  for 
vertical  movement  relative  thereto  into  a  pen-wiping 
elevation  relative  to  the  printhead  when  carriage 
14'  is  moved  into  a  service  position,  as  illustrated  in 

45  Fig.  2A.  The  improvement  further  includes  a  stepper 
motor  (not  shown,  for  the  sake  of  simplicity)  opera- 
tively  connected  with  sled  10'  for  moving  the  same 
into  operative  pen-wiping  engagement  with  carriage 
14'  responsive  to  a  first  control  signal.  The  improve- 

so  ment  further  includes  a  controller,  e.g.  the  printer's 
controller  (also  not  shown)  coupled  with  carriage 
14'  and  the  motor. 

Persons  of  skill  in  the  arts  will  appreciate  that  the 
controller  straightforwardly  is  programmed  to  provide 

55  for  the  synchronous,  generally  horizontal  movement 
of  carriage  14',  as  shown  in  Figs.  2Athrough  2C,  and 
generally  vertical  movement  of  sled  10'  by  way  of  the 
first  control  signal  to  which  the  sled's  motor  is  respon- 

5 
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sive.  Previously,  of  course,  such  printer  controllers  as 
are  described  herein  have  provided  for  the  controlled 
movement  of  a  carriage  such  as  carriage  14,  and  it 
will  be  appreciated  that  the  invented  improvement  in- 
volves  the  provision  of  a  motor  to  a  sled  such  as  sled 
1  0'  that  is  vertically  reciprocable  thereby  and  the  pro- 
vision  of  a  synchronous  control  algorithm  executed  by 
such  a  printer  controller  synchronously  to  control  both 
the  carriage's  and  the  sled's  motors  to  achieve  signif- 
icantly  more  control  over  the  wiping  of  a  pen  mounted 
on  the  carriage  or  printhead. 

Accordingly,  it  is  preferred  that  the  controller  also 
provides  for  horizontal  movement  of  carriage  14'  by 
way  of  a  second  control  signal  to  a  motor  (not  shown, 
for  the  sake  of  clarity)  operatively  coupled  with  car- 
riage  14'.  By  such  invented  horizontal  control  of  an 
ink-jet  printer's  carriage  that  mounts  one  or  more 
pens  as  well  as  the  vertical  control  of  the  ink-jet  prin- 
ter's  sled  that  mounts  one  or  more  wipers,  the  invent- 
ed  improvement  provides  synchronous  movements 
including  simultaneous  horizontal  movement  of  car- 
riage  14'  in  proximity  to  sled  10'  and  upward  vertical 
movement  of  sled  10'  at  the  beginning  of  a  pen  wiping 
as  sled-mounted  wiper  12  first  engages  pen  16.  As 
pointed  out  above,  the  improvement  avoids  the  prior 
art  problems  of  relatively  uncontrolled  wiper  move- 
ment  and  flexure  that  otherwise  produce  undesirable 
pole-vaulting  and  potential  inkflicking. 

As  suggested  in  Figs.  2D  and  2E  and  as  descri- 
bed  above  by  reference  thereto,  preferably  the  im- 
provement  further  involves  the  controller's  causing 
horizontal  movement  of  carriage  14'  to  stop  before 
wiper  12  reaches  an  edge,  e.g.  a  far  edge  relative  to 
the  direction  of  travel  of  carriage  14',  of  pen  16.  This 
stopping  of  carriage  14',  preferably  in  both  directions 
of  its  preferably  bi-directional  pen-wiping  motion,  pro- 
vides  at  least  two  important  advantages.  It  eliminates 
ink  flicking  into  recesses  of  the  printhead,  carriage, 
service  station  or  elsewhere,  thereby  rendering  the 
printer  cleaner  and  less  prone  to  malfunction.  It  also 
shortens  the  wipe  stroke  in  either  pen-wiping  direc- 
tion,  thereby  rendering  the  printer  footprint  narrower 
and  less  desk  top  space-consuming. 

Preferably,  the  improvement  further  provides  for 
the  downward,  generally  vertical  movement  of  sled 
10'  to  disengage  wiper  12  from  pen  16  closely  proxi- 
mate  in  time  with  such  stop  of  generally  horizontal 
movement  of  carriage  14',  as  illustrated  in  Figs.  2D 
and  as  described  above  in  relation  to  Figs.  3Aand  3B. 
As  noted  in  reference  thereto,  such  lowering  of  sled 
10'  (which  also  is  caused  by  the  controller's  com- 
mand  of  the  control  signal  to  the  motor  operatively 
connected  with  sled  1  0')  ensures  that  wiper  12  is  con- 
trolledly  unf  lexed  so  as  to  produce  no  whipsaw  action 
that  otherwise  might  flick  wet  ink  into  the  printer's  re- 
cesses  and  so  as  to  produce  no  pole  vault  action  that 
otherwise  might  undesirably  raise  carriage  14'  and 
damage  either  or  both  of  wiper  12  and  pen  16. 

The  improvement  preferably  further  involves  the 
controller's  provision  for  the  reverse  horizontal  move- 
ment  of  carriage  14'  after  wiper  12  is  disengaged 
from  pen  16,  as  illustrated  in  Fig.  2E.  Carriage 

5  14'  may,  depending  upon  the  desired  programming  of 
the  controller,  return  (preferably  at  FAST  speed)  to 
the  beginning  of  another  print  line,  page  or  job,  there- 
by  restoring  the  printer  to  its  print  mode.  Alternatively, 
carriage  14'  may  move  in  the  reverse  direction 

10  SLOWly,  thereby  to  permit  pen-wiping  in  the  reverse 
direction  of  that  described  above  and  illustrated  in 
Figs.  2B  and  2C,  but  to  the  same  advantages  provid- 
ed  by  synchronous  movement  of  carriage  14'  and 
sled  10'  by  the  controller. 

15  Importantly,  in  accordance  with  the  invented  im- 
provement,  preferably  the  controller  provides  for 
same-direction,  plural-speed  horizontal  movement  of 
carriage  14',  which  plural-speed  movement  is  illu- 
strated  in  Figs.  2Aand  2B  as  being  SLOW  and  FAST 

20  and  in  Fig.  3Aas  being  +Aand  +B.  By  the  invented 
improvement,  there  is  preferably  lower  speed  move- 
ment,  e.g.  1  ips,  of  carriage  14'  during  first  engage- 
ment  of  wiper  12  with  pen  16  and  there  is  preferably 
higher  speed  movement,  and  more  preferably  sub- 

25  stantially  higher  speed  movement,  e.g.  12  ips,  there- 
after.  Those  of  skill  in  the  art  will  appreciate  that  gen- 
erally  it  is  preferred  to  move  carriage  14'  at  high 
speed  unless  more  controlled  movement  is  desired, 
as  during  the  critical  first  engagement  of  wiper  1  2  wit  h 

30  pen  16.  Accordingly,  it  is  preferred  that  movement  of 
carriage  14'  is  at  high  speed  during  the  wipe  strokes 
and  during  movement  from  one  side  of  the  printer  to 
another,  e.g.  to  and  from  the  service  station  from  the 
print  mode  of  the  ink-jet  printer's  operation. 

35 
Industrial  Applicability 

It  may  be  seen  then  that  the  invented  wiper  sys- 
tem  solves  the  prior  art  pole  vault  and  ink-flicking 

40  problems,  yet  at  extremely  low  cost  and  while  main- 
taining  the  size  of  the  ink-jet  printer's  footprint.  The 
solution  requires  only  programming  the  carriage  drive 
motor  for  slow  and  fast  modes  of  operation  during  pen 
wiping  and  programming  the  service  station  drive  mo- 

45  tor  to  move  up  and  down  synchronously  therewith. 
Pen  and  wiper  life  is  extended,  and  ink  accumulation 
is  all  but  eliminated.  Substantially  increased  control  of 
the  pen-wiping  process  results  in  substantially  im- 
proved  performance  in  low-cost  ink-jet  printers. 

so  While  the  present  invention  has  been  shown  and 
described  with  reference  to  the  foregoing  operational 
principles  and  preferred  embodiment,  it  will  be  appa- 
rent  to  those  skilled  in  the  art  that  other  changes  in 
form  and  detail  may  be  made  therein  without  depart- 

55  ing  from  the  spirit  and  scope  of  the  invention  as  de- 
fined  in  the  appended  claims. 

6 
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Claims 

1.  An  ink-jet  printer  pen  wiping  method  wherein  a 
pen  (16)  is  mounted  on  a  horizontally  movable 
carriage  (14')  and  wherein  a  wiper  (12)  is  mount- 
ed  on  a  vertically  movable  sled  (1  0')  forming  part 
of  the  printer's  service  station,  the  method  com- 
prising:  positioning  the  sled  (10')  at  a  first  prede- 
fined  elevation  relative  to  the  carriage  (14')  such 
that  the  wiper  (12)  is  below  the  level  of  the  pen 
(16),  and  first  moving  the  carriage  (14')  in  a  first 
direction  to  a  position  above  the  service  station 
while  concurrently  moving  the  sled  (10')  to  a  sec- 
ond  predefined  elevation  relative  to  the  carriage 
(14'),  thereby  producing  controlled-direction  flex- 
ure  of  the  wiper  (12)  as  the  wiper  tip  comes  into 
interference  contact  with  the  pen  (16). 

2.  The  method  of  claim  1  which  further  comprises 
wiping  the  pen  (16)  with  the  wiper  (12)  by  second 
moving  the  carriage  (14')  in  the  same  direction  in 
such  position  above  the  service  station  relative  to 
the  sled  (10')  with  the  wiper  (12)  remaining  in  in- 
terference  contact  with  the  pen  (16). 

3.  The  method  of  claim  2  which  further  comprises 
ceasing  said  second  moving  of  the  carriage  (14') 
before  the  wiper  (12)  reaches  a  far  end  of  the  pen 
(16). 

4.  The  method  of  claim  3  which  further  comprises 
lowering  the  sled  (10')  proximate  in  time  to  said 
ceasing  to  a  second  predefined  elevation  relative 
to  the  carriage  (14')  in  which  the  wiper  (12)  is 
clear  of  the  pen  (16). 

riage  (14')  is  moved  into  a  service  position;  a  mo- 
tor  operatively  connected  with  said  sled  (10')  for 
moving  the  same  into  operative  pen-wiping  en- 
gagement  with  the  carriage  (14')  responsive  to  a 

5  first  control  signal;  and  a  controller  coupled  with 
the  carriage  (14')  and  said  motor,  said  controller 
providing  for  synchronous  generally  horizontal 
movement  of  the  carriage  (14')  and  generally 
vertical  movement  of  said  sled  (10')  by  way  of 

10  said  first  control  signal,  thereby  to  wipe  the  pen 
(16)  mounted  on  the  carriage  (14'). 

9.  The  apparatus  of  claim  8,  wherein  said  controller 
provides  for  horizontal  movement  of  the  carriage 

15  (14')  by  way  of  a  second  control  signal  to  a  motor 
operatively  coupled  with  the  carriage  (14'),  and 
wherein  said  synchronous  movements  include  si- 
multaneously  horizontal  movement  of  the  car- 
riage  (14')  in  proximity  to  said  sled  (10')  and  up- 

20  ward  vertical  movement  of  said  sled  (10')  at  the 
beginning  of  a  pen-wiping  as  said  sled-mounted 
wiper  (12)  first  engages  the  pen  (16). 

10.  The  apparatus  of  claim  9,  wherein  said  controller 
25  further  provides  for  the  carriage's  horizontal 

movement  to  stop  before  said  wiper  (12)  reaches 
an  edge  of  the  pen  (16). 

30 

35 

5.  The  method  of  claim  2,  wherein  said  first  and  said 
second  moving  are  performed  at  different  car- 
riage  speeds  (SLOW,  FAST). 

40 
6.  The  method  of  claim  5,  wherein  said  first  moving 

is  performed  at  a  first  speed  (SLOW)  and  said 
second  moving  is  performed  at  a  second  speed 
(FAST)  that  is  substantially  greater  than  such 
first  speed.  45 

7.  The  method  of  claim  4  which  further  comprises 
third  moving  the  carriage  (14')  in  reverse  of  such 
first  direction,  wherein  said  third  moving  is  per- 
formed  after  said  lowering.  so 

8.  For  use  in  connection  with  the  method  of  claim  1, 
apparatus  comprising:  a  sled  (10')  forming  a  part 
of  the  service  station,  said  sled  (10')  mounting 
one  or  more  wipers  (12),  said  sled  (10')  being  55 
mounted  relative  to  the  printer's  chassis  for  vert- 
ical  movement  relative  thereto  into  a  pen-wiping 
elevation  relative  to  the  printhead  when  the  car- 

7 
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