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©  Device  for  monitoring  the  thickness  of  printing  sheets  in  a  printer. 

©  In  a  printer,  a  carrier  (1)  having  a  print  head  (2) 
mounted  thereon  is  moved  towards  the  platen  (3), 
from  a  maximally  retracted  position,  to  a  contact 
position  at  which  a  switch  member  (13)  carried  by 
the  carrier  contacts  a  surface  of  a  printing  sheet 
(14),  and  is  then  slightly  retracted  from  the  contact 
position  to  define  a  predetermined  working  gap  be- 
tween  the  print  head  and  the  printing  sheet.  The 
switch  member  for  detecting  the  printing  sheet  may 
be  mounted  on  a  flat  portion  of  an  indicator  (7) 
attached  to  the  carrier.  Thus  the  printer  can  be 
enabled  to  adapt  itself  automatically  to  printing 
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10NITORING  THE  THICKNESS  Or  PRINTING  SHEETS  IN  A  mm  i  eh 

This  invention  relates  to  monitoring  the  thick- 
ess  of  printing  sheets  in  a  printer,  for  example  to 
le  provision  of  a  printer  with  means  for  detecting 
ne  thickness  of  print-receiving  sheets  (on  which 
irint  is  to  be  impressed),  such  as  sheets  of  paper, 
lerein  referred  to  as  "printing  sheets". 

Recently,  various  developments  have  been 
nade  in  printers  to  increase  the  range  of  use 
hereof,  e.g.  the  capability  to  process  printing 
iheets  not  having  a  constant  thickness.  For  exam- 
>le,  in  some  printers,  several  sheets  of  the  same 
hickness  can  be  set  at  one  time  together  with 
various  kinds  of  single  sheets  having  different  thic- 
messes,  such  as  postcards  or  tracing  paper.  Nev- 
irtheless,  although  printing  sheets  having  various 
hicknesses  can  be  used  in  a  printer,  the  thickness 
)f  a  printing  sheet  is  a  very  important  factor  when 
tetermining  a  gap  between  a  print  head  and  print- 
ng  sheet,  and  thus  the  sheet  thickness  sometimes 
nay  affect  the  printing  impact  and  reduce  the 
quality  of  the  printed  product. 

Conventionally,  a  gap  between  a  print  head 
and  a  printing  sheet  is  manually  adjusted  by  a 
ever.  "However,  during  such  an  adjustment,  some- 
:imes  the  ink  ribbon  is  loosened  or  the  printing 
sheet  is  stained  by  undue  contact  with  the  ink 
@ibbon.  Also,  the  operator  may  sometimes  set  the 
gap  incorrectly. 

Japanese  Unexamined  Patent  Publications  (JP- 
<\)  Nos.  60-250977  and  60-234872  (U.S.  Patent  No. 
4,676,675)  disclose  a  printer  having  a  thickness 
;ompensation  device  comprising  a  position  sensor 
mounted  on  a  carriage  for  detecting  the  printing 
sheet.  The  position  sensor  in  these  prior  arts  is 
lonstructed  by  a  piezo-electric  rubber  element  and 
directly  mounted  on  the  carriage,  so  that  a  precise 
position  of  the  printing  sheet  is  not  always  detected 
due  to  a  resistance  of  the  rubber  element,  which 
has  only  a  small  area  in  contact  with  the  printing 
sheet. 

JP-A  Nos.  56-142087,  57-152976,  and  58-8393 
disclose  a  printer  in  which  a  carriage  having  a  print 
head  mounted  thereon  is  in  contact  with  a  platen 
via  a  printing  sheet  at  a  constant  pressure,  so  that 
a  constant  gap  can  be  maintained  between  the 
print  head  and  printing  sheet. 

JP-A  Nos.  57-163588,  and  57-152975  disclose 
a  printer  in  which  the  thickness  of  a  printing  sheet 
is  detected  by  a  potentiometer,  and  a  gap  between 
the  print  head  and  the  printing  sheet  is  controlled 
on  the  basis  of  data  detected  by  the  potentiometer. 

JP-A  Nos.  60-55179,  58-72491,  and  61-171377 
disclose  a  printer  used  in  the  same  field  of  the  art. 

It  is  desirable  to  provide  a  relatively  simple 
device  for  automatically  detecting  a  thickness  of  a 

printing  sneet  set  on  a  printer,  wnicn  aevice  is 
capable  of  accurately  detecting  a  surface  of  the 
printing  sheet,  and  thus  a  thickness  of  the  printing 
sheet. 

;  Such  a  device  should  preferably  serve  for  auto- 
matically  detecting  a  thickness  of  a  printing  sheet 
without  causing  loosening  of  an  ink  ribbon  or  stain- 
ing  of  the  printing  sheet  by,  for  example,  the  ink 
ribbon. 

o  An  embodiment  of  the  present  invention  can  be 
designed  to  provide  a  device  for  automatically  de- 
tecting  a  thickness  of  a  printing  sheet  set  on  a 
printer,  the  printer  comprising:  a  platen  for  support- 
ing  a  printing  sheet;  a  carrier  having  a  print  head 

5  and  an  indicator;  means  for  moving  the  carrier 
toward  and  away  from  the  platen,  so  that  the  car- 
rier  is  at  one  of  a  retracted  position  in  which  a 
distance  between  the  print  head  and  the  platen  is 
at  a  maximum,  a  contact  position  in  which  a  switch 

io  member  mounted  on  the  indicator  is  in  contact  with 
a  surface  of  the  printing  sheet  on  the  platen,  and  a 
printing  position  in  which  the  carrier  is  slightly 
retracted  from  the  contact  position  to  define  a 
predetermined  gap  between  the  print  head  and  the 

?5  printing  sheet;  means  for  reciprocally  moving,  when 
at  the  printing  position,  the  carrier  so  that  the 
indicator  slidingly  pushes  the  printing  sheet  against 
the  platen  and  the  print  head  carries  out  a  printing 
operation  on  the  printing  sheet;  the  indicator  having 

30  a  flat  portion  arranged  against  the  platen,  and  the 
switch  member  is  mounted  on  the  flat  portion  of 
the  indicator  for  detecting  the  printing  sheet  when 
the  switch  member  comes  into  contact  with  the 
surface  of  the  printing  sheet. 

35  According  to  an  automatic  thickness  detecting 
device  as  mentioned  above,  a  surface  of  the  print- 
ing  sheet,  i.e.,  a  thickness  thereof,  can  be  detected 
with  a  high  accuracy,  since  the  switch  member  is 
mounted  on  the  flat  portion  of  the  indicator,  which 

40  flat  portion  guides  and  pushes  the  printing  sheet 
against  the  platen  during  a  printing  operation. 

Another  embodiment  of  the  present  invention  is 
constructed  to  provide  a  device  for  automatically 
detecting  a  thickness  of  a  printing  sheet  set  on  a 

45  printer,  the  printer  comprising:  a  platen  for  support- 
ing  a  printing  sheet;  a  carrier  having  a  print  head 
and  an  indicator;  a  switch  member  mounted  on  the 
indicator  for  detecting  the  printing  sheet  when  the 

@  switch  member  comes  into  contact  with  the  printing 
so  sheet  on  the  platen;  a  step  motor  for  moving  the 

carrier  toward  and  away  from  the  platen;  means  for 
detecting  that  electric  power  is  supplied  to  the 
printer  and  the  printer  is  reset,  and  means  for 
instructing  a  start  of  a  printing  operation;  means  for 
actuating  the  step  motor  so  that,  when  electric 
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power  is  supplied  to  the  printer  or  the  printer  is 
reset,  the  carrier  is  once  moved  away  from  the 
platen  to  a  retracted  position  in  which  a  distance 
between  the  print  head  and  the  platen  is  at  a 
maximum  and,  upon  receipt  of  the  instruction  to  5 
start  a  printing  operation,  the  carrier  is  moved 
toward  the  platen  until  the  switch  member  comes 
into  contact  with  a  surface  of  the  printing  sheet, 
and  is  then  again  moved  away  from  the  platen  to 
define  a  predetermined  gap  between  the  print  head  w 
and  the  printing  sheet;  means  for  discriminating 
whether  said  switch  member  is  turned  ON  or  OFF; 
and,  means  for  warning  an  operator  that  the  dis- 
crimination  means  has  determined  that  the  switch 
member  is  turned  ON,  during  an  initial  stage  of  is 
from  the  retracted  position  until  the  switch  member 
comes  into  contact  with  the  surface  of  the  printing 
sheet. 

In  this  automatic  thickness  detecting  device  as 
mentioned  above,  a  warning  is  given  by  the  warn-  20 
ing  means  upon  a  malfunction  of  the  switch  mem- 
ber,  and  the  warning  means  also  gives  a  warning  a 
printing  sheet  having  an  unacceptable  thickness  is 
inserted  in  the  printer. 

In  still  another  embodiment  of  the  invention,  25 
there  is  provided  a  device  for  automatically  detect- 
ing  a  thickness  of  a  printing  sheet  set  on  a  printer, 
the  printer  comprising:  a  platen  for  supporting  a 
printing  sheet;  a  carrier  having  a'  print  head  moun- 
ted  thereon;  a  step  motor  for  moving  the  carrier  30 
toward  and  away  from  the  platen;  means  for  actuat- 
ing  the  step  motor;  means  for  detecting  that  elec- 
tric  power  is  supplied  to  the  printer  and  the  printer 
is  reset,  and  means  for  instructing  a  start  of  a 
printing  operation;  an  initializing  means  for  instruct-  35 
ing  the  actuating  means  to  move  the  carrier  away 
from  the  platen  to  a  retracted  position  when  the 
electric  power  is  supplied  to  the  printer  or  the 
printer  is  reset;  and,  a  gap  forming  means  for 
instructing  the  actuating  means  so  that,  upon  re-  40 
ceipt  of  the  instruction  to  start  a  printing  operation, 
the  carrier  is  once  moved  toward  the  platen  until 
the  print  head  comes  into  contact  with  a  surface  of 
the  printing  sheet  and  then  again  moved  away  from 
the  platen  to  define  a  predetermined  gap  between  45 
the  print  head  and  the  printing  sheet. 

According  to  the  device  as  mentioned  above, 
when  electric  power  is  supplied  to  the  printer  or  the 
printer  is  reset,  the  initializing  means  is  actuated  to 
move  the  carrier  to  a  retracted  position.  Therefore,  50 
immediately  after  an  instruction  is  given  for  a  start 
of  a  printing  operation,  a  head  approaching  opera- 
tion  can  be  effected  so  that  a  predetermined  gap  is 
created  between  the  print  head  and  the  printing 
sheet  by  the  gap  forming  means.  Therefore,  the  55 
actual  printing  operation  can  be  started  in  a  short 
time. 

In  a  further  embodiment  of  the  invention,  there 

is  provided  a  device  for  automatically  detecting  a 
thickness  of  a  printing  sheet  set  on  a  printer,  the 
printer  comprising:  a  platen  for  supporting  a  print- 
ing  sheet;  a  carrier  having  a  print  head  mounted 
thereon;  a  step  motor  for  moving  the  carrier  toward 
and  away  from  the  platen;  means  for  actuating  the 
step  motor;  means  for  predicting  an  arrival  of  a 
printing  sheet  at  least  before  a  leading  edge  '  the 
printing  sheet  is  fed  into  a  gap  between  the  print 
head  and  the  platen;  and,  means  for  instructing  the 
actuating  means  so  that,  when  the  predicting 
means  predicts  the  arrival  of  the  printing  sheet,  the 
carrier  is  moved  away  from  the  platen  to  a  re- 
tracted  position  in  which  the  gap  between  the  print 
head  and  the  platen  is  at  a  maximum. 

In  the  device  as  mentioned  above,  after  the 
carrier  is  moved  to  the  retracted  position  in  which 
the  distance  between  the  print  head  and  the  platen 
is  at  a  maximum,  a  printing  sheet  is  fed  into  the 
gap  between  the  print  head  and  the  platen.  There- 
fore,  the  printing  sheet  can  be  fed  smoothly 
through  the  gap  and  any  sheet  jamming,  or  stain- 
ing  by  an  ink  ribbon,  can  be  eliminated. 

In  the  accompanying  drawings: 
Figure  1  is  a  perspective  view  of  a  printer, 

including  an  automatic  thickness  detection  means, 
embodying  the  present  invention; 

Figure  2  is  a  side  view  of  an  automatic 
thickness  detection  means  in  an  embodiment  of 
the  invention; 

Figure  3  is  a  partial  side  view  of  the  auto- 
matic  thickness  detection  means  shown  in  Fig.  2; 

Figure  4  is  a  schematic  view  of  a  carrier 
driving  mechanism; 

Figure  5  is  a  plan  view  of  an  indicator  includ- 
ing  a  thickness  detection  switch; 

Figures  6A  to  6D  illustrate  a  thickness  detec- 
tion  switch  used  in  a  printer  embodying  the  present 
invention; 

Figure  7  is  a  schematic  diagram  illustrating  a 
movement  of  a  carrier; 

Figure  8  is  a  block  diagram  of  a  control  unit 
for  detecting  a  thickness  of  a  printing  sheet; 

Figure  9  is  a  flow  chart  illustrating  an  auto- 
matic  thickness  detection  operation  in  an  embodi- 
ment  of  the  invention; 

Figure  10  is  a  view  illustrating  a  movement 
of  a  carrier  in  a  second  embodiment; 

Figure  11  is  a  flow  chart  illustrating  an  auto- 
matic  thickness  detection  operation  in  the  second 
embodiment; 

Figure  12  is  a  block  diagram  of  a  control  unit 
in  a  third  embodiment; 

Figure  13  is  a  schematic  view  illustrating  a 
retraction  movement  of  a  print  head  in  the  third 
embodiment; 

3 
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Figure  14  is  a  schematic  view  illustrating  a 
hickness  detection  operation  in  the  third  embodi- 
nent; 

Figure  1  5  is  a  block  diagram  of  a  control  unit 
i  a  fourth  embodiment; 

Figure  16  is  a  schematic  view  of  a  printing 
;heet  detection  means  including  a  microswitch; 

Figure  17  is  a  schematic  view  of  a  sheet 
>dge  detection  means; 

Figure  18  is  a  timing  chart  illustrating  an 
lutomatic  sheet  insertion  operation;  and. 

Figure  19  is  a  timing  chart  illustrating  a  man- 
lal  sheet  insertion  operation. 

Referring  now  to  Figs.  1.  2,  and  3,  an  impact 
)rinter  embodying  the  present  invention  is  illus- 
rated,  wherein  the  printer  comprises  a  print  head  2 
nounted  on  a  carrier  1  for  performing  an  impact 
srinting  operation  on  a  printing  sheet  4  supported 
jn  a  platen  3.  The  carrier  1  is  slidably  mounted  on 
i  stay  shaft  8  in  such  a  manner  that  the  carrier  1  is 
eciprocally  moved  in  the  transverse  direction 
along  the  stay  shaft  8.  The  carrier  1  also  can  be 
noved  forward  against  and  backward  away  from 
he  platen  3,  as  mentioned  hereinafter  in  detail.  The 
Drinting  sheet  4  is  drawn  by  a  tractor  5  from,  for 
sxample,  a  sheet  cassette  (not  shown),  fed  to  a 
aassage  defined  between  a  sheet  guide  6  and  the 
Dlaten  3,  and  then  located  at  a  desired  position  on 
3laten  3  by  an  indicator  7.  The  indicator  7,  having  a 
scale  for  indicating  a  print  position,  is  mounted  on 
tie  carrier  1  and  exerts  a  slight  pressure  to  push 
;he  printing  sheet  4  against  the  platen  3,  when  the 
:arrier  1  comes  to  the  forward  position. 

Figure  4  is  a  schematic  view  illustrating  an 
operation  of  the  carrier  drive.  The  carrier  1  (Fig.  1  ) 
is  mounted  on  the  stay  shaft  8  having  an  eccentric 
shaft  portion  8a  connected  to  a  step  motor  9  via 
reduction  gears  10a,  10b,  10c,  and  10d.  Therefore, 
when  the  step  motor  9  is  rotated  in  the  coun- 
terclockwise  direction,  as  indicated  by  an  arrow  in 
Fig.  4,  the  stay  shaft  8  is  rotated  in  the  clockwise 
direction,  so  that  the  carrier  1  is  moved  forward 
and  close  to  the  platen  3.  Conversely,  when  the 
step  motor  9  is  rotated  in  the  clockwise  direction, 
the  carrier  1  is  moved  backward  to  a  retracted 
position.  The  movement  of  the  carrier  2  can  be 
determined  by  counting  the  drive  pulses  for  driving 
the  step  motor  9. 

An  automatic  printing  sheet  thickness  detection 
means  according  to  an  embodiment  of  the  inven- 
tion  is  provided  as  shown  in  Figs.  1  and  3,  wherein 
a  sheet  detection  switch  13  is  mounted  on  the 
indicator  7  for  detecting  a  contact  with  the  printing 
sheet  4.  The  sheet  detection  switch  13  is  con- 
nected,  via  a  lead  cable  14,  to  a  connector  15. 

Figure  5  is  a  plan  view  of  a  plate-like  indicator 
7  having  a  central  opening  7a  through  which  the 
printing  head  2  carries  out  a  printing  operation  onto 

tne  printing  sneet  4,  ana  respective  siae  naps  /u 
extended  upward  and  bent  in  correspondence  to 
the  peripheral  curvature  of  the  platen  3.  The  above- 
mentioned  detection  switch  1  3  is  mounted  on  a  flat 

5  portion  7c  of  one  of  the  flaps  7b  in  such  a  manner 
that  the  switch  13  is  positioned  at  the  same  vertical 
level  as  the  center  of  the  axis  of  the  platen  3. 

Preferably,  a  panel  key  board  switch  is  used  as 
the  sheet  detection  switch  13.  Figs.  6A  to  6D  show 

o  an  embodiment  of  such  a  panel  key  board  switch. 
Figure  6A  is  a  side  cross-sectional  view  of  the 
panel  key  board  switch  13,  which  comprises  two 
thin  patterned  film  boards  13a  and  13b  (made  of 
polyurethan  resin)  laminated  via  resilient  spacers 

'5  13c  disposed  therebetween,  so  that  an  appropriate 
gap  (for  example  0.1  mm  -  3/100  mm)  is  formed 
between  the  boards  13a  and  13b.  Figure  6B  is  a 
cross-sectional  front  view  taken  along  the  line  B-B 
of  Fig.  6A  for  illustrating  the  base  board  13a;  Fig. 

io  6C  is  a  front  view  of  the  spacers  13c;  and  Fig.  6D 
is  a  cross-sectional  view  taken  along  the  line  D-D 
of  Fig.  6A  for  illustrating  the  upper  board  13b.  The 
base  board  13a  is  formed  with  two  conductive 
patterns  13d,  and  the  upper  board  13b  is  formed 

25  with  a  single  conductive  pattern  13e.  The  material 
of  the  upper  board  13b  has  the  characteristics  that 
the  hardness  (Hs;  Shore  hardness)  is  70  or  more 
and  the  coefficient  of  friction  to  a  paper  is  0.2  or 
less  for  a  prevention  of  wear.  Thus,  the  panel  key 

30  board  switch  13  is  mounted  on  the  flat  portion  7c 
of  one  of  the  side  flaps  7b  in  such  a  manner  that 
the  upper  board  13b  is  slightly  protruded  from  the 
guide  face  of  the  indicator  7  (and  from  the  print 
head  2)  toward  the  printing  sheet  4  and  the  platen 

35  3,  so  that  when  the  upper  board  13b  comes  into 
contact  with  the  printing  sheet  4  and  thus  is  push- 
ed  backward,  the  upper  board  13b  comes  into 
contact  with  the  base  board  13a  to  connect  the  two 
conductive  patterns  13d  of  the  base  board  13a  via 

40  the  conductive  pattern  13e  of  the  upper  film  board 
13b.  The  lead  cable  14  (Fig.  3)  may  be  omitted 
and  replaced  by  silver  ink  patterns  13f  extended 
from  the  conductive  patterns  13d  of  the  base  board 
13a,  as  shown  in  Fig.  6B. 

45  Figure  7  is  a  timing  chart  illustrating  the  opera- 
tion  of  the  carrier  1  on  which  the  indicator  7  and 
the  print  head  2  are  mounted.  In  Fig.  7,  a  solid  line 
A  indicates  a  movement  of  the  carrier  1,  and 
straight  lines  B  and  C  indicate  the  faces  of  the 

so  platen  3  and  the  printing  sheet  4,  respectively. 
Thus,  the  distance  between  the  lines  B  and  C  is 
the  thickness  d  of  the  printing  sheet  4,  and  the 
distance  between  the  line  A  at  the  final  stage  and 
line  C  is  a  head  gap  g_  (preferably,  about  0.2  mm). 

55  Figure  8  is  a  block  diagram  illustrating  a  con- 
trol  unit  used  in  a  sheet  thickness  detection  means 
in  an  embodiment  of  the  present  invention.  In  Fig. 
8,  reference  numeral  1  6  denotes  a  central  process- 

4 
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ing  unit  (CPU);  17,  a  main  processor;  and  18,  a 
slave  processor.  The  main  processor  17  serves 
mainly  to  control  print  data  and  the  slave  processor 
18  serves  mainly  to  control  auxiliary  operations. 
The  processors  17  and  18  are  controlled  by  the 
CPU  16  via  control  bases  and  connected  to  an 
address  latch  19  and  a  read  only  memory  (ROM) 
via  address/data  bases  provided  between  the  CPU 
16  and  the  main  processor  17.  The  slave  processor 
18  controls  the  above-mentioned  step  motor  9  and 
is  connected  to  a  thickness  detection  switch  1  3  and 
to  a  sheet  detection  means  21,  for  confirmation  of 
whether  or  not  the  printing  sheet  4  is  set.  The  slave 
processor  18  is  also  connected  to  a  gap  register  22 
for  setting  a  desired  gap  between  the  print  head  2 
and  the  printing  sheet  4.  Data  is  usually  input  to 
the  register  22  from  the  CPU  16. 

Figure  9  is  a  flow  chart  illustrating  an  operation 
carried  out  by  the  sheet  thickness  detection 
mechanism  shown  in  Fig.  8.  The  carrier  1  is  moved 
forward  toward  platen  3  when  the  step  motor  9  is 
rotated  in  a  first  direction  and  is  moved  backward 
away  from  the  platen  3  when  the  motor  9  is  rotated 
in  a  second  direction.  In  this  flow  chart,  the  step 
motor  9  is  first  rotated  in  the  second  direction  so 
that  the  indicator  7  is  moved  backward  until  the 
head  gap  g  reaches  a  maximum  value.  The  sheet 
detecting  means  21  then  confirms  that  a  printing 
sheet  is  set  and  the  slave  processor  18  sends  a 
signal  to  make  the  motor  9  rotate  in  the  first 
direction,  so  that  the  indicator  7  is  moved  toward 
the  platen  3,  as  shown  in  Fig.  7.  At  this  stage,  the 
thickness  detection  switch  13  comes  into  contact 
with  the  printing  sheet  4  and  inputs  a  contact  signal 
to  the  slave  processor  18,  which  immediately  send 
a  stop  rotation  signal  to  the  step  motor  9.  Accord- 
ingly,  the  position  of  the  thickness  detection  switch 
13  at  this  moment  indicates  the  thickness  d  of  the 
printing  sheet  4.  Then,  the  slave  processor  18 
sends  a  signal  to  make  the  step  motor  9  rotate  in 
the  second  direction  so  that  the  carrier  1  is  moved 
backward  until  a  predetermined  gag  g  is  obtained 
on  the  basis  of  signals  from  the  gap  register  22. 
The  gap  g_  thus  obtained  is  the  most  favorable  gap 
for  the  printing  sheet  4  and,  therefore,  a  printing 
operation  is  started. 

Figures  10  and  11  illustrate  another  example  of 
a  printing  sheet  thickness  detection  mechanism  in 
an  embodiment  of  the  present  invention.  When 
electric  power  is  supplied  to  the  system,  or  when 
the  system  is  reset,  the  step  motor  9  is  rotated  in 
the  second  direction  to  move  the  carrier  1  with  the 
print  head  2  backward  to  the  retracted  position,  at 
which  the  gap  g_  is  at  a  maximum  value,  as  in- 
dicated  by  Step  A  in  Fig.  10.  Reference  numeral  23 
in  Fig.  10  indicates  a  stopper  for  defining  a  pre- 
determined  retracted  position  of  the  carrier  1,  and 
when  the  carrier  1  comes  into  contact  with  this 

stopper  23,  the  step  motor  9  slips,  indicating  that 
the  carrier  1  is  at  a  predetermined  retracted  posi- 
tion,  and  the  step  motor  9  then  automatically  stops 
operation  after  a  predetermined  number  of  pulses 

5  and  waits  for  further  instructions. 
After  the  printing  sheet  4  is  set  on  the  platen  3, 

the  printing  operation  is  carried  out  as  follows.  The 
step  motor  9  is  first  rotated  in  the  first  direction  to 
move  the  head  2  forward  until  the  indicator  7  (the 

70  sheet  detection  switch  13)  comes  into  contact  with 
the  sheet  4  on  the  platen  3,  and  then  rotated  in  the 
second  direction  until  a  predetermined  gap  g  is 
formed  between  the  printing  sheet  4  and  the  print 
head  2.  The  first  operation  until  the  indicator  7 

75  comes  into  contact  with  the  sheet  4  corresponds  to 
Step  B  in  Fig.  10  and  the  second  operation  cor- 
responds  to  Step  C.  The  completion  of  Step  B  is 
detected  by  the  sheet  thickness  detection  switch 
13  and  the  most  suitable  gap  g  is  formed  between 

20  the  sheet  4  and  the  head  2  after  the  completion  of 
Step  C.  Thus,  it  is  indicated  that  the  print  head  2  is 
at  a  suitable  printing  position  after  the  completion 
of  Step  C  and  the  printing  operation  then  started. 

In  one  embodiment  of  the  invention,  the  printer 
25  is  provided  with  a  first  alarm  means  for  warning  the 

operator  that  the  sheet  detection  switch  13  is  ON 
when  the  print  head  2  is  at  the  retracted  position,  a 
second  alarm  means  for  warning  the  operator  that 
the  sheet  detection  switch  13  is  ON  while  the  head 

30  2  is  moved  from  the  retracted  position  to  at  least 
an  intermediate  position  before  the  head  2  (i.e.  the 
sheet  detection  switch  13)  comes  into  contact  with 
the  sheet  4,  and  a  third  alarm  means  for  warning 
the  operator  that  the  sheet  detection  switch  13  is 

35  OFF  when  the  indicator  7  comes  into  contact  with 
the  sheet  4  on  the  platen  3. 

A  process  for  moving  the  print  head  2  back- 
ward  to  the  retracted  position  is  shown  in  Fig.  11- 
(a).  In  this  process,  after  Step  A  is  completed,  it  is 

40  indicated  that  the  print  head  2  is  the  retracted 
position  (STEP  A,  OPEN).  In  this  state,  it  is  deter- 
mined  whether  the  sheet  detection  switch  13  is  ON 
or  OFF,  and  if  the  sheet  detection  switch  13  is  ON, 
the  first  alarm  means  is  actuated  to  warn  the  oper- 

45  ator  of  a  malfunction,  of  the  sheet  detection  switch 
13. 

A  process  for  moving  the  print  head  2  forward, 
before  a  printing  operation  is  started,  is  shown  in 
Fig.  11(b).  Upon  receiving  an  instruction  to  corn- 

so  mence  printing,  the  print  head  2  starts  Step  B  the 
operation,  and  it  is  determined  whether  the  sheet 
detection  switch  13  is  ON  or  OFF  while  the  step 
motor  9  is  rotated  by  a  predetermined  number  of 
pulses,  so  that  the  print  head  2  is  moved  forward  to 

55  an  intermediate  position  in  Step  B,  until  the  gap  g 
is  closed,  i.e.,  until  the  sheet  detection  switch  13 
comes  into  contact  with  the  sheet  4  on  the  platen 
3,  and  if  the  sheet  detection  switch  13  is  ON,  the 

5 
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:econd  alarm  means  is  actuated  to  warn  the  oper- 
itor  of  a  malfunction  of  the  sheet  detection  switch 
3.  The  second  alarm  means  may  be  constructed 
;o  that  a  warning  is  given  to  the  operator  if  the 
iheet  detection  switch  13  is  ON  during  a  part  D  of 
5tep  B,  as  shown  in  Fig.  10. 

After  Step  B  is  completed  and  the  sheet  detec- 
ion  switch  13  is  turned  ON  by  contact  with  the 
minting  sheet  4,  Step  C  is  started  and  then  a 
printing  operation  is  started  with  the  desired  gap  g 
setween  the  printing  sheet  4  and  the  print  head  2. 
l̂ote,  when  Step  B  is  completed,  it  is  determined 

vhether  the  sheet  detection  switch  13  is  ON  or 
DFF.  If  the  sheet  detection  switch  13  is  OFF,  the 
jrint  head  2  is  moved  backward  to  the  retracted 
position  and  the  third  alarm  means  is  actuated  to 
varn  the  operator  of  a  malfunction  of  the  sheet 
Jetection  switch  13. 

As  mentioned  above,  any  malfunction  of  the 
sheet  detection  switch  13  is  detected  by  the 
above-mentioned  first,  second,  and  third  alarm 
ineans.  For  example,  if  a  printing  sheet  4  is  not  set, 
:his  is  detected  by  the  third  alarm  means,  and  a 
sheet  having  an  unacceptable  thickness  is  detected 
jpon  insertion  by  the  second  alarm  means,  since 
:he  sheet  detection  switch  13  is  turned  ON  before 
tie  step  motor  9  has  been  rotated  by  a  predeter- 
mined  number  of  pulses  for  a  printing  sheet  having 
an  acceptable  maximum  thickness. 

Figure  12  is  a  block  diagram  of  still  another 
3xample  of  a  control  unit  used  in  a  printer  embody- 
ng  the  present  invention,  which  comprises  a  cen- 
tral  processing  unit  (CPU)  for  controlling  the  printer; 
a  print  processor  31  for  controlling  dot-patterns;  a 
drive  processor  32  for  controlling  a  line-to-line  feed; 
a  drive  circuit  33  for  controlling  the  step  motor  9; 
an  initializing  means  34  for  instructing  the  drive 
circuit  33  to  move  the  print  head  2  backward  to  a 
retracted  position  farthest  away  from  the  platen  3 
when  electric  power  is  supplied  or  the  system  is 
reset;  a  gap  forming  means  35  for  instructing  the 
drive  circuit  33  to  retract  the  print  head  2  to  a 
predetermined  print  position  after  the  print  head  2 
once  comes  into  contact  with  the  printing  sheet  4; 
and  a  slip  detection  means  36  for  detecting  a 
slippage  of  the  step  motor  9. 

Figure  13  is  a  schematic  view  illustrating  a 
retraction  movement  of  the  print  head  2  carried  out 
by  the  mechanism  as  shown  in  Fig.  11.  In  the  CPU 
16,  when  electric  power  is  supplied  or  the  system 
is  reset,  the  drive  processor  32  inputs  a  signal  to 
the  initializing  means  34  in  Fig.  12  to  actuate  the 
drive  circuit  33  of  the  step  motor  9  and  move  the 
print  head  2  backward  away  from  the  printing  sheet 
4  or  platen  3  toward'  a  retracted  position  B,  as 
shown  by  a  solid  line  in  Fig.  13.  In  this  case,  if  the 
step  motor  9  is  set  to  be  driven  by  a  maximum  180 
steps  to  bring  the  print  head  2  to  the  retracted 

position,  tne  neact  z  can  oe  stopped  at  correspond- 
ing  rotations  thereof,  evenafter  the  retraction  of  the 
head  has  started.  At  this  point,  any  slippage  of  the 
motor  9  is  detected  by  a  slip  detection  means  36, 

5  and  the  print  head  2  is  kept  at  the  retracted  posi- 
tion  B  to  wait  for  printing  instructions. 

Figure  14  is  a  schematic  view  illustrating  a 
sheet  thickness  detection  operation  carried  out  by 
the  mechanism  as  shown  in  Fig.  1  1  .  When  a  print- 

<o  ing  instruction  signal  is  emitted  from  the  CPU  16, 
the  gap  forming  means  35  is  actuated  via  the  drive 
processor  32,  and  thus  the  drive  circuit  33  of  the 
step  motor  9  is  actuated  to  move  the  print  head  2 
toward  the  printing  sheet  4  (or  platen  3),  as  shown 

(5  by  a  solid  line  in  Fig.  14.  When  the  thickness 
detection  switch  17  (Figs.  2  and  3)  detects  the 
printing  sheet  4,  the  head  2  is  moved  backward  to 
a  printing  position  at  which  a  predetermined  gap  g 
is  formed  between  the  printing  sheet  4  and  the 

20  print  head  2. 
According  to  the  above  embodiment,  a  printing 

operation  can  be  effected  on  various  printing 
sheets  having  different  thicknesses.  If  such  a  head 
approach  operation  is  conducted  before  a  printing 

25  operation  is  started,  the  head  retracting  motion  and 
the  thickness  detection  can  be  performed  sepa- 
rately,  and  thus  a  faster  operation  and  throughput 
of  printing  sheets  can  be  achieved. 

Figure  1  5  is  a  block  diagram  of  a  further  exam- 
30  pie  of  a  control  unit  used  in  a  printer  embodying 

the  present  invention,  which  comprises  a  central 
processing  unit  (CPU)  16  for  controlling  the  printer; 
a  print  processor  31  for  controlling  dot-patterns;  a 
drive  processor  32  for  controlling  a  line-to-line  feed, 

35  a  drive  circuit  33  for  controlling  the  step  motor  9;  a 
slip  detection  means  36  for  detecting  slippage  of 
the  step  motor  9;  a  sheet  feed  notifying  means  37; 
and  a  thickness  detection  preparation  means  38  for 
instructing  the  drive  circuit  33  to  move  the  print 

40  head  backward  to  the  retracted  position  farthest 
away  from  the  platen  3  in  accordance  with  a  signal 
from  the  above-mentioned  sheet  feed  notifying 
means  37.  to  which  at  least  one  of  a  microswitch 
39  (Fig.  16)  and  a  sheet  end  detection  switch  40 

45  (Fig.  17)  is  connected. 
Although  this  embodiment  is  constructed  so 

that  the  preparation  means  38  inputs  instructions 
directly  to  the  drive  circuit  33  of  the  step  motor  9, 
the  preparation  means  38  may  input  such  instruc- 

50  tions  via  the  drive  processor  32.  Alternatively,  the 
preparation  means  38  may  be  included  in  the  drive 
processor  32  itself. 

Figure  16  illustrates  an  example  of  a  printing 
sheet  detection  means  including  a  microswitch  39, 

55  which  is  turned  ON  or  OFF  by  one  end  of  a 
support  lever  42  having  a  bail  roller  41  at  the  other 
end  thereof,  which  bail  roller  41  serves  to  urge  the 
printing  sheet  4  onto  the  platen  3.  The  microswitch 

6 
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39  may  be  constructed  so  as  to  be  turned  OFF  by 
a  spring  (not  shown)  provided  therein.  Two  such 
microswitches  39  may  be  provided  at  the  respec- 
tive  support  levers  42  which  support  bail  rollers  41 
at  the  respective  longitudinal  ends  of  the  platen  3 
in  such  a  manner  that,  when  one  of  the  micro- 
switches  is  turned  ON,  the  other  is  turned  OFF. 

Figure  17  illustrates  an  example  of  a  sheet  end 
detection  means  including  a  switch  member  40 
provided  in  the  tractor  5.  When  the  leading  end  of 
the  printing  sheet  4  passes  through  the  tractor  5, 
the  switch  member  40  is  turned  ON,  and  when  the 
tail  end  thereof  of  the  printing  sheet  4  passes 
through  the  tractor  5,  the  switch  member  40  is 
turned  OFF. 

Figure  18  is  a  timing  chart  illustrating  an  auto- 
matic  operation  performed  when  the  printing  sheet 
4  is  fed  into  this  system.  In  Fig.  18,  when  a  printing 
sheet  4  is  set  on  the  tractor  5,  the  switch  member 
40  is  turned  ON,  so  that  a  sheet  end  detection 
signal  (hereinafter,  referred  to  as  "PE"  signal)  is 
emitted.  The  bail  roller  41  is  then  moved  slightly 
away  from  the  platen  3  when  the  leading  end  of  the 
printing  sheet  reaches  the  bail  roller  41  ,  and  one  of 
the  microswitches  (SW-2)  is  turned  ON.  When  the 
bail  roller  41  is  fully  retracted,  the  other  micro- 
switch  (SW-1)  is  turned  ON.  When  this  SW-1  signal 
is  detected  by  the  sheet  feed  notifying  means  37, 
the  thickness  detection  preparation  means  38  ac- 
tuates  the  drive  circuit  33  of  the  step  motor  9  to 
retract  the  print  head  2,  i.e.,  the  first  part  of  the 
automatic  operation  for  detecting  a  sheet  thickness. 
To  detect  that  the  print  head  2  is  fully  retracted,  a 
signal  from  the  slip  detection  means  36  may  be 
used.  When  the  print  head  2  is  fully  retracted,  the 
printing  sheet  4  is  set  and  the  bail  roller  41  allowed 
to  move  to  the  closed  position.  The  microswitch 
(SW-2)  is  then  turned  ON,  allowing  the  CPU  16  to 
issue  the  printing  instructions.  Then,  upon  receipt 
of  the  instructions  from  the  drive  processor  15,  the 
remaining  part  of  the  automatic  operation  for  de- 
tecting  a  sheet  thickness  is  conducted,  and  after  a 
predetermined  head  gap  g_  is  obtained,  the  printing 
operation  is  started. 

Figure  19  is  a  timing  chart  illustrating  a  manual 
sheet  insertion  operation.  In  Fig.  19,  when  a  print- 
ing  sheet  4  is  manually  inserted  into  the  tractor  5,  a 
PE  signal  is  emitted.  Then,  at  a  predetermined 
time  ta  after  receiving  the  PE  signal  at  a  time  to  , 
the  sheet  feed  notifying  means  37  emits  a  signal  to 
the  thickness  detection  preparation  means  38  to 
actuate  the  drive  circuit  33  of  the  step  motor  9  to 
retract  the  print  head  2,  i.e..  the  first  part  of  the 
thickness  detection  operation.  When  the  print  head 
2  is  fully  retracted,  the  printing  sheet  4  is  set  and 
the  bail  roller  41  is  closed.  Accordingly,  the  micro- 
switch  (SW-2)  is  turned  ON.  and  the  CPU  16 
issues  the  printing  instructions.  Then,  upon  receipt 

of  a  signal  from  the  drive  processor  1  5,  the  remain- 
ing  part  of  the  automatic  operation  for  detecting  a 
sheet  thickness  is  conducted,  and  after  a  predeter- 
mined  head  gap  g_  is  obtained,  the  printing  opera- 

5  tion  is  started. 
According  to  the  above  embodiment,  a  part  of 

the  thickness  detection  operation  is  conducted 
while  the  head  gap  is  at  the  maximum  width, 
before  the  printing  sheet  is  inserted.  Accordingly, 

10  the  printing  sheet  can  be  smoothly  inserted  and, 
therefore,  a  jamming  of  the  printing  sheets  or  stain- 
ing  by  the  ink  ribbon  (not  shown),  or  the  like,  is 
prevented. 

75 
Claims 

1.  A  printer  including  a  platen,  for  supporting  a 
rear  surface  of  a  printing  sheet  during  a  printing 

20  operation,  and  also  including  a  print  head  that  is 
mounted  on  a  carrier  for  moving  the  head  along  the 
platen,  transversely  of  such  a  printing  sheet,  and 
that  is  operable  to  print  on  the  front  surface  of  that 
sheet,  characterised  by  a  switch  member,  movable 

25  with  the  said  carrier  and  arranged  for  responding  to 
contact  with  the  front  surface  of  such  a  sheet  so  as 
to  detect  proximity  of  the  print  head  thereto,  and 
by  positioning  means  operable  to  move  the  carrier 
towards  the  platen,  prior  to  printing,  from  a  fully 

30  retracted  position  to  a  position  in  which  the  said 
switch  member  responds  to  such  contact  with  a 
printing  sheet,  which  response  causes  the  position- 
ing  means  to  retract  the  carrier  from  the  platen 
through  a  predetermined  small  distance,  thereby  to 

35  provide  a  predetermined  working  gap  between  the 
said  print  head  and  the  printing  sheet. 

2.  A  printer,  said  printer  comprising: 
a  platen  for  supporting  a  printing  sheet; 
a  carrier  having  a  print  head  and  an  indicator; 

40  means  for  moving  said  carrier  toward  and 
away  from  said  platen  so  that  said  carrier  is  at  one 
of  a  retracted  position  in  which  a  distance  between 
said  print  head  and  said  platen  is  at  a  maximum,  a 
contact  position  in  which  a  switch  member  moun- 

45  ted  on  said  indicator  is  in  contact  with  a  surface  of 
said  printing  sheet  on  the  platen,  and  a  printing 
position  in  which  said  carrier  is  slightly  retracted 
from  said  contact  position  to  define  a  predeter- 
mined  gap  between  said  print  head  and  said  print- 

so  ing  sheet; 
means  for  reciprocally  moving,  when  at  said 

printing  position,  said  carrier  along  by  said  platen 
so  that  said  indicator  slidingly  pushes  said  printing 
sheet  against  said  platen  and  said  print  head  car- 

55  ries  out  a  printing  operation  on  said  printing  sheet; 
said  indicator  having  a  flat  portion  arranged 

against  said  platen;  and 
said  switch  member  being  mounted  on  said 
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lat  portion  of  the  indicator  for  detecting  said  print- 
ng  sheet  when  said  switch  member  comes  into 
;ontact  with  said  surface  of  the  printing  sheet. 

3.  A  printer  as  set  forth  in  claim  1  or  2,  wherein 
said  switch  member  is  a  panel  key  board  switch 
comprising  two  patterned  film  boards  arranged  in 
jarallel  to  each  other  with  a  small  clearance  there- 
between,  so  that  said  film  boards  come  into  contact 
vith  each  other  when  said  switch  member  comes 
nto  contact  with  said  surface  of  the  printing  sheet. 

4.  A  printer  as  set  forth  in  claim  3,  wherein  the 
jpper  board  of  said  panel  key  board  switch  has  the 
:haracteristics  that  the  hardness  (Hs;  Shore  hard- 
ness)  is  70  or  more  and  the  coefficient  of  friction  to 
i  paper  is  0.2  or  less. 

5.  A  printer  as  set  forth  in  claim  2,  wherein  said 
ndicator  has  a  sheet  guide  surface  parallel  to  said 
Dlaten  and  said  switch  member  is  mounted  on  said 
flat  portion  in  such  a  manner  as  to  slightly  protrude 
from  said  sheet  guide  surface. 

6.  A  printer  as  set  forth  in  any  preceding  claim, 
wherein  the  means  for  moving  said  carrier  toward 
and  away  from  said  platen  includes  a  step  motor. 

7.  A  printer,  said  printer  comprising: 
a  platen  for  supporting  a  printing  sheet; 
a  carrier  having  a  print  head  and  an  indicator; 

a  switch  member  mounted  on  said  indicator 
for  detecting  said  printing  sheet  when  said  switch 
member  comes  into  contact  with  said  printing 
sheet  on  the  platen; 

a  step  motor  for  moving  said  carrier  toward 
and  away  from  said  platen; 

means  for  detecting  that  electric  power  is 
supplied  to  the  printer  and  the  printer  is  reset,  and 
means  for  instructing  a  start  of  a  printing  operation; 

means  for  actuating  said  step  motor  so  that, 
when  electric  power  is  supplied  to  the  printer  or  the 
printer  is  reset,  said  carrier  is  once  moved  away 
from  said  platen  to  a  retracted  position  in  which  a 
distance  between  said  print  head  and  said  platen  is 
at  a  maximum  and,  upon  receipt  of  instructions  to 
start  a  printing  operation,  said  carrier  is  moved 
toward  said  platen  until  said  switch  member  comes 
into  contact  with  a  surface  of  said  printing  sheet 
and  then  again  moved  away  from  said  platen  to 
define  a  predetermined  gap  between  said  print 
head  and  said  printing  sheet; 

means  for  discriminating  whether  said  switch 
member  is  turned  ON  or  OFF;  and 

means  for  warning  an  operator  that  said 
discriminating  means  has  determined  that  said 
switch  member  is  turned  ON,  during  an  initial  stage 
of  the  movement  from  said  retracted  position  until 
said  switch  member  comes  into  contact  with  said 
surface  of  the  printing  sheet. 

8.  A  printer,  said  printer  comprising: 
a  platen  for  supporting  a  printing  sheet; 
a  carrier  having  a  print  head  and  an  indicator; 

a  switcn  memoer  mounted  on  saia  inaicaior 
for  detecting  said  printing  sheet  when  said  switch 
member  comes  into  contact  with  said  printing 
sheet  on  the  platen; 

5  a  step  motor  for  moving  said  carrier  toward 
and  away  from  said  platen; 

means  for  detecting  that  electric  power  is 
supplied  to  the  printer  and  the  printer  is  res  and 
means  for  instructing  a  start  of  a  printing  operation: 

•o  means  for  actuating  said  step  motor  so  that, 
when  electric  power  is  supplied  to  the  printer  or  the 
printer  is  reset,  said  carrier  is  once  moved  away 
from  said  platen  to  a  retracted  position  in  which  a 
distance  between  said  print  head  and  said  platen  is 

'5  at  a  maximum  and,  upon  receipt  of  instructions  to 
start  a  printing  operation,  said  carrier  is  moved 
toward  said  platen  until  said  switch  member  comes 
into  contact  with  a  surface  of  said  printing  sheet 
and  then  again  moved  away  from  said  platen  to 

20  define  a  predetermined  gap  between  said  print 
head  and  said  printing  sheet; 

means  for  discriminating  whether  said  switch 
member  is  turned  ON  or  OFF; 

first  means  for  warning  an  operator  that  said 
25  discriminating  means  has  determined  that  said 

switch  member  is  turned  ON,  while  said  carrier  is 
at  said  retracted  position;  and 

second  means  for  warning  an  operator  that 
said  discriminating  means  has  determined  that  said 

30  switch  member  is  turned  ON,  while  said  carrier  is 
moving  toward  said  platen  from  said  retracted  posi- 
tion  and  until  said  switch  member  comes  into  con- 
tact  with  said  surface  of  the  printing  sheet. 

9.  A  printer  as  set  forth  in  claim  8  further 
35  comprising: 

a  third  means  for  warning  an  operator  that  said 
discriminating  means  has  determined  that  said 
switch  member  is  turned  OFF  when  said  carrier  is 
moving  toward  a  forward  position  in  which  said 

40  switch  comes  into  contact  with  said  surface  of  the 
printing  sheet. 

10.  A  printer,  said  printer  comprising: 
a  platen  for  supporting  a  printing  sheet; 
a  carrier  having  a  print  head  mounted  thereon; 

45  a  step  motor  for  moving  said  carrier  toward 
and  away  from  said  platen; 

means  for  actuating  said  step  motor; 
means  for  detecting  that  electric  power  is 

supplied  to  the  printer  and  the  printer  is  reset,  and 
so  means  for  instructing  a  start  of  a  printing  operation; 

an  initializing  means  for  instructing  said 
actuating  means  so  that,  when  the  electric  power  is 
supplied  to  the  printer  or  the  printer  is  reset,  said 
carrier  is  moved  away  from  platen  to  a  retracted 

55  position;  and 
a  gap  forming  means  for  instructing  said 

actuating  means  so  that,  upon  receipt  of  the 
instructions  to  start  a  printing  operation,  said  carrier 

8 
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is  once  moved  toward  said  platen  until  said  print 
head  comes  into  contact  with  a  surface  of  said 
printing  sheet  and  then  moved  away  from  said 
platen  to  define  a  predetermined  gap  between  said 
print  head  and  said  printing  sheet.  5 

1  1.  A  printer,  said  printer  comprising: 
a  platen  for  supporting  a  printing  sheet; 
a  carrier  having  a  print  head  mounted  thereon; 

a  step  motor  for  moving  said  carrier  toward 
and  away  from  said  platen;  m 

means  for  actuating  said  step  motor; 
means  for  predicting  an  arrival  of  a  printing 

sheet  at  least  before  a  leading  end  of  said"  printing 
sheet  is  fed  into  a  gap  between  said  print  head  and 
said  platen;  and  75 

means  for  instructing  said  actuating  means  so 
that,  when  said  predicting  means  predicts  an  arrival 
of  said  printing  sheet,  said  carrier  is  moved  away 
from  said  platen  to  a  retracted  position  in  which 
said  gap  between  said  print  head  and  said  platen  is  20 
at  a  maximum. 

12.  A  printer  as  set  forth  in  claim  11,  wherein 
said  predicting  means  comprises: 

a  bail  roller  having  an  axis  parallel  to  said  axis 
of  said  platen  and  biased  toward  said  platen  at  a  25 
position  in  front  of  said  gap  with  respect  to  a 
printing  sheet  feeding  direction;  and 

a  microswitch  for  detecting  that  said  bail  roller 
is  retracted  from  said  platen  when  a  leading  end  of 
said  printing  sheet  is  fed  to  a  clearance  between  30 
said  bail  roller  and  said  platen. 
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