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Description 

BACKGROUND  OF  THE  INVENTION 

1  .  Field  of  the  Invention 

This  invention  relates  to  a  device  for  inspecting 
the  degree  of  vacuum  in  a  sealed  vessel  in  which 
contents  are  enclosed  in  a  vacuum  condition. 

2.  Description  of  the  Prior  Art 

A  so-called  hot  pack  vessel  which  is  sealed  by 
a  cap  while  contents  therein  remains  in  a  hot 
condition  decreases  in  pressure  and  thus  produces 
a  negative  pressure  in  the  inside  thereof  as  the 
contents  become  cool.  If  the  sealed  up  condition  is 
maintained,  the  top  wall  of  the  cap  may  be  de- 
formed  in  a  concave  or  depressed  condition,  but 
on  the  contrary  if  the  sealed  up  condition  fails,  the 
top  wall  of  the  cap  will  not  be  deformed  and  will 
maintain  its  original  convex  or  flat  condition. 

A  device  for  inspecting  the  degree  of  vacuum 
of  the  inside  of  a  vessel  by  optically  inspecting 
whether  the  top  wall  of  the  vessel  has  a  concave 
condition  or  a  convex  or  flat  condition  is  already 
known  and  is  disclosed,  for  example,  by  Japanese 
Patent  Publication  No.  51-7063. 

In  the  disclosed  device,  rays  of  light  from  a 
light  source  are  changed  into  parallel  rays  having  a 
diameter  substantially  equal  to  the  diameter  of  the 
top  wall  of  a  vessel  such  as  a  can  for  canned  food 
by  means  of  a  lens,  and  then  the  parallel  rays  are 
irradiated  upon  the  top  wall  of  the  vessel  by  way  of 
a  half  mirror.  Then,  the  rays  thus  reflected  from  the 
top  wall  of  the  vessel  are  reflected  by  the  half 
mirror  and  then  received  by  a  large  number  of 
photoelectric  cells  arranged  in  a  particular  plane. 
Outputs  of  the  photoelectric  cells  are  evaluated  by 
a  judging  circuit  which  develops  a  signal  repre- 
sentative  of  an  insufficient  degree  of  vacuum  when 
it  receives  particular  output  signals  from  a  number 
of  the  photoelectric  cells  greater  than  a  preset 
value. 

However,  the  conventional  device  has  following 
drawbacks:- 

(1)  Rays  of  light  from  a  light  source  are  changed 
into  parallel  rays  which  have  a  diameter  sub- 
stantially  equal  to  the  diameter  of  the  top  wall  of 
a  cap  of  an  object  vessel  and  are  to  be  irradi- 
ated  upon  the  top  wall  of  the  vessel.  Accord- 
ingly,  the  parallel  rays  will  be  displaced  from  the 
top  wall  of  the  vessel  if  the  vessel  is  displaced 
out  of  position  or  inclined  a  little.  Therefore,  a 
very  high  degree  of  accuracy  is  required  for 
positioning  (centering)  of  an  object  vessel,  and 
accordingly  the  conventional  device  cannot  suit- 
ably  be  mounted  on  an  existing  conveyor  line  or 

the  like. 
(2)  Reflected  rays  from  the  top  wall  of  a  cap  of 
an  object  vessel  are  received  by  a  large  number 
of  photoelectric  cells,  and  the  number  of  those 

5  photoelectric  cells  which  provide  particular  out- 
put  signals  is  detected  in  order  to  determine 
whether  the  vessel  is  acceptable  or  to  be  re- 
jected.  Therefore,  even  if  there  is  only  a  little 
fluctuation  in  size  or  configuration  among  top 

io  walls  of  caps  of  vessels,  it  will  result  in  error  in 
determination  of  acceptance  or  rejection. 

SUMMARY  OF  THE  INVENTION 

75  It  is  an  object  of  the  present  invention  to  pro- 
vide  a  device  for  inspecting  the  degree  of  vacuum 
in  a  sealed  vessel  wherein  a  high  degree  of  accu- 
racy  is  not  required  for  positioning  of  an  object 
vessel  and  the  degree  of  vacuum  of  the  object 

20  vessel  can  be  detected  with  a  high  signal/noise 
(S/N)  ratio  under  a  reduced  influence  of  fluctuations 
in  size  or  configuration  of  top  walls  (lid  walls)  of 
vessels. 

According  to  the  present  invention  we  provide 
25  a  device  for  inspecting  the  degree  of  vacuum  of  a 

sealed  vessel,  which  comprises: 
a  light  source,  a  lens  arranged  to  refract  light 

from  said  source  into  a  substantially  parallel  beam, 
a  beam  splitter  arranged  in  the  path  of  said  beam 

30  and  allowing  the  beam  to  strike  the  top  of  a  sealed 
vessel  to  be  examined  and  causing  light  reflected 
from  said  top  to  be  reflected  at  an  angle  from  the 
path  of  said  beam;  means  for  conveying  and  hold- 
ing  the  vessels  to  be  inspected;  an  image  sensor 

35  comprising  at  least  one  light  sensor  which  gen- 
erates  a  signal  according  to  the  light  reflected  from 
the  top  of  said  vessel  and  a  comparator  circuit  for 
comparing  the  signal  generated  from  said  at  least 
one  sensor; 

40  characterised  in  that  the  device  also  includes  a 
condenser  lens  arranged  for  condensing  the  re- 
flected  rays  of  light  from  said  beam  splitter  into  a 
narrow  beam  which  is  introduced  into  the  single 
image  sensor;  that  the  lens  adjacent  the  light 

45  source  is  of  a  diameter  such  that  it  can  be  adjusted 
to  form  a  beam  of  parallel  light  of  a  width  sufficient 
to  illuminate  an  area  larger  than  the  cap  of  a  vessel 
to  be  inspected;  that  the  comparator  circuit  is  ca- 
pable  of  comparing  an  output  voltage  of  said  image 

50  sensor  with  a  reference  voltage  so  as  to  develop  a 
signal  representing  whether  the  sealed  vessel  is 
acceptable  or  is  to  be  rejected, 

and  further  comprising  a  circuit  for  repetitively 
scanning  the  output  voltage  of  said  image  sensor 

55  by  a  preset  number  of  times,  said  comparator 
circuit  making  a  comparison  with  the  reference 
voltage  of  an  output  voltage  of  said  image  sensor 
each  time  the  output  voltage  of  said  image  sensor 
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is  scanned. 
Rays  of  light  from  the  light  source  are  refracted 

by  the  large  diameter  lens  and  pass  partially 
through  the  beam  splitter  whereafter  they  are  irradi- 
ated  upon  the  entire  area  of  the  lid  wall  of  a  sealed 
object  vessel  at  the  inspection  position  and  an  area 
around  the  lid  wall  of  the  vessel.  Rays  reflected 
from  the  lid  wall  of  the  vessel  are  reflected  to 
change  the  direction  thereof  by  the  beam  splitter 
and  then  condensed  by  the  condenser  lens 
whereafter  they  are  detected  by  the  image  sensor 
and  converted  into  an  electric  signal.  The  output 
voltage  of  the  image  sensor  is  compared  with  the 
reference  voltage  by  the  comparator  circuit  which 
thus  develops  an  acceptance/rejection  determina- 
tion  signal  in  response  to  the  magnitude  of  the 
output  voltage  of  the  image  sensor. 

With  the  device  of  the  present  invention  the 
following  advantages  are  attained:- 

(1)  Since  the  large  diameter  lens  is  used  to 
irradiate  rays  of  light  upon  a  wide  area  including 
the  entire  area  of  the  lid  wall  of  a  sealed  object 
vessel  at  the  inspection  position  and  an  area 
around  the  lid  wall  of  the  vessel,  the  accuracy  in 
inspection  is  improved  where  the  sealed  vessel 
is  displaced  from  the  inspection  position  or  in- 
clined.  As  a  result,  a  special  positioning  mecha- 
nism  is  not  required  even  when  high  speed 
inspection  is  to  be  effected,  and  the  present 
device  can  cope  with  various  types  of  vessels. 
(2)  Since  such  a  high  degree  of  accuracy  for 
positioning  of  an  object  vessel  for  inspection  as 
required  in  a  conventional  device  is  not  re- 
quired,  positioning  of  an  object  vessel  is  facili- 
tated. 
(3)  The  optical  axis  of  rays  reflected  from  the  lid 
wall  of  an  object  vessel  is  changed  in  direction 
with  respect  to  the  axis  of  incident  rays  by  the 
beam  splitter,  and  the  thus  directed  reflected 
rays  are  condensed  by  the  condenser  lens  and 
then  introduced  into  the  image  sensor.  Accord- 
ingly,  the  overall  height  and  width  of  the  device 
can  be  reduced. 
(4)  Since  acceptance  or  rejection  of  an  object 
vessel  is  determined  depending  not  upon  the 
number  of  elements  of  the  image  sensor  but 
upon  the  magnitude  of  the  output  voltage  of  the 
image  sensor,  detection  can  be  attained  with  a 
high  S/N  ratio  without  being  influenced  very 
much  by  the  accuracy  in  positioning  of  an  ob- 
ject  vessel. 

Preferably,  the  light  source  is  a  source  of  white 
light  such  as  a  halogen  lamp  in  order  to  reduce  the 
influence  of  a  color  of  the  lid  face  of  a  sealed 
object  vessel  on  the  accuracy  of  inspection. 

According  to  another  preferable  mode  of  work- 
ing,  the  light  source,  large  diameter  lens,  beam 
splitter,  condenser  lens,  image  sensor  and  com- 

parator  circuit  are  mounted  in  a  housing  which  has 
a  window  formed  therein  so  that  rays  of  light  trans- 
mitted  from  the  beam  splitter  can  project  outwardly 
of  the  housing  therethrough,  and  the  window  com- 

5  prises  a  transparent  glass  plate  to  which  a  non- 
reflective  coating  is  applied  in  order  to  avoid  a 
disturbance  of  light. 

A  photoelectric  sensor  for  detecting  presence 
or  absence  of  a  sealed  vessel  to  be  inspected  at 

io  the  inspection  position  is  mounted  on  an  outer  side 
of  the  housing.  Where  the  sensor  is  mounted  on 
the  outer  side  of  the  housing  in  this  manner,  the 
entire  device  of  the  present  invention  can  be  re- 
duced  in  size,  and  the  inspection  position  can  be 

is  adjusted  by  the  sensor  simultaneously  with  adjust- 
ment  of  the  location  of  the  housing.  Preferably,  a 
light  emitting  element  and  a  light  receiving  element 
of  the  sensor  are  disposed  in  an  opposing  relation- 
ship  on  the  opposite  sides  of  the  window  of  the 

20  housing. 
According  to  a  further  preferable  mode  of 

working,  the  light  emitting  element  and  the  light 
receiving  element  of  the  photoelectric  sensor  are 
disposed  in  a  spaced  relationship  by  a  distance 

25  sufficient  to  allow  the  mouth  portion  of  a  sealed 
vessel  to  pass  therebetween,  and  a  conveyor  is 
disposed  such  that  a  sealed  vessel  may  be  trans- 
ported  thereon  and  pass  between  the  light  emitting 
element  and  the  light  receiving  element  of  the 

30  photoelectric  sensor.  With  the  arrangement,  a  seal- 
ed  vessel  can  automatically  be  transported  to  and 
positioned  at  the  inspection  position.  In  this  in- 
stance,  if  the  orientation  of  the  image  sensor  is 
directed  substantially  at  the  right  angle  with  respect 

35  to  the  direction  of  transportation  by  the  conveyor, 
the  flexibility  in  detection  by  the  image  sensor  can 
be  improved  also  against  displacement  of  a  sealed 
vessel  in  the  direction  of  transportation  thereof. 

According  to  a  still  further  mode  of  working,  a 
40  screen  is  disposed  at  a  stage  preceding  the  image 

sensor,  and  the  image  sensor  detects  an  image 
projected  on  the  screen.  If  the  image  sensor  has  a 
sufficiently  wide  field  of  view,  an  object  vessel  can 
be  detected  even  if  it  is  displaced  from  the  inspec- 

45  tion  position  and  consequently  an  image  is  formed 
at  a  position  displaced  from  the  image  forming 
position.  Accordingly,  the  flexibility  against  dis- 
placement  of  an  object  vessel  from  the  inspection 
position  is  further  improved. 

50  The  above  and  other  objects,  features  and  ad- 
vantages  of  the  present  invention  will  become  ap- 
parent  from  the  following  description  and  the  ap- 
pended  claims,  taken  in  conjunction  with  the  ac- 
companying  drawings. 

55 
BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

FIG.  1  is  a  diagrammatic  representation  showing 
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general  construction  of  a  device  according  to  a 
preferred  embodiment  of  the  present  invention; 
FIG.  2  is  a  side  elevational  view  of  the  device  of 
FIG.  1; 
FIG.  3  is  a  schematic  illustration  showing  a 
manner  of  reflection  of  rays  of  light  in  accor- 
dance  with  one  aspect  of  the  present  invention 
where  an  object  vessel  is  an  acceptable  one; 
FIG.  4  is  a  similar  view  to  FIG.  3  and  shows  the 
manner  of  reflection  of  rays  of  light  in  accor- 
dance  with  another  aspect  of  the  present  inven- 
tion  where  an  object  vessel  is  to  be  rejected; 
FIG.  5  is  a  block  diagram  of  an  electric  circuit  of 
the  device  of  FIG.  1;  and 
FIG.  6  (a)  to  (i)  are  timing  charts  showing  oper- 
ations  of  the  circuit  of  FIG.  5. 

detai led  descr ip t ion   of  the  p r e f e r r e d  
embo"dTment 

Referring  first  to  FIGS.  1  and  2,  there  is  shown 
a  device  according  to  the  present  invention  for 
inspecting  the  degree  of  vacuum  in  a  sealed  ves- 
sel.  The  device  shown  includes  a  housing  1  in 
which  most  principal  components  are  accommo- 
dated.  In  particular,  a  halogen  lamp  2  serving  as  a 
white  light  source,  a  first  condenser  lens  3,  a  large 
diameter  lens  or  condenser  lens  4,  a  beam  splitter 
or  half  mirror  5  having  an  inclined  angle  of  45 
degrees,  a  second  condenser  lens  6  having  a  large 
diameter,  and  a  camera  8  in  which  an  image  sen- 
sor  7  is  accommodated  are  mounted  in  the  housing 
1.  A  circuit  board  1a  is  also  located  in  the  housing 
1  and  has  mounted  thereon  an  electric  circuit 
which  is  shown  in  FIG.  5. 

A  window  9  is  formed  at  a  location  of  a  bottom 
wall  of  the  housing  1  on  a  vertical  optical  axis  0  of 
the  halogen  lamp  2  and  is  sealed  up  by  a  transpar- 
ent  glass  plate  10  in  order  to  prevent  dust  or 
moisture  from  entering  the  housing  1.  Because 
direct  reflected  light  from  the  transparent  glass 
plate  10  will  make  a  disturbance  which  influences 
on  the  S/N  ratio  of  the  device,  a  non-reflective 
coating  is  applied  to  the  transparent  glass  plate  10 
in  order  to  prevent  such  reflection  of  light.  It  is  to 
be  noted  that  the  transparent  glass  plate  10  may 
otherwise  be  mounted  at  an  inclination  in  order  to 
attain  the  same  effect.  A  photoelectric  sensor  1  1  is 
mounted  on  the  outer  side  of  the  housing  9  and 
includes  a  light  emitting  element  11a  and  a  light 
receiving  element  11b  located  in  an  opposing  rela- 
tionship  on  the  opposite  sides  of  the  window  9. 

The  condenser  lens  3,  large  diameter  lens  4 
and  beam  splitter  5  are  arranged  in  this  order  in 
the  downward  direction  along  the  optical  axis  0  of 
the  halogen  lamp  2  so  that  rays  of  light  from  the 
halogen  lamp  2  may  be  condensed  by  the  first 
condenser  lens  3  to  form  an  artificial  point  source 

of  light  and  then  refracted  by  the  large  diameter 
lens  4  to  form  parallel  rays  13  of  uniform  bright- 
ness  which  are  then  passed  through  the  beam 
splitter  5  and  then  through  the  transparent  glass 

5  plate  10  of  the  window  9  of  the  housing  1  and  are 
projected  straightforwards  outwardly  of  the  housing 
1. 

The  second  condenser  lens  6  and  the  camera 
8  are  arranged  on  a  horizontal  line  P  which  inter- 

io  sects  the  optical  axis  O  of  the  halogen  lamp  2  at 
the  right  angle  on  the  beam  splitter  5. 

A  sealed  vessel  14  as  an  object  for  inspection 
in  the  form  of  a  hot  pack  vessel  (hereinafter  re- 
ferred  to  only  as  a  vessel)  is  sealed  at  a  mouth 

is  portion  thereof  with  a  cap  15.  Such  vessels  14  are 
transported  back  and  forth  in  a  direction  perpen- 
dicular  to  the  plane  of  FIG.  1  by  means  of  a 
conveyor  16  and  are  positioned  one  by  one  to  an 
inspection  position  between  the  light  emitting  ele- 

20  ment  11a  and  the  light  receiving  element  11b  of 
the  photoelectric  sensor  1  1  .  The  orientation  of  the 
image  sensor  7,  that  is,  along  the  horizontal  line  P, 
is  directed  perpendicular  to  the  direction  of  trans- 
portation  by  the  conveyor  16. 

25  The  large  diameter  lens  4  is  adjusted  such  that 
parallel  rays  13  therefrom  may  have  an  extent  or 
width  sufficient  to  illuminate  a  wide  area  including 
an  entire  area  of  the  top  wall  (lid  wall)  15a  of  the 
cap  15  of  the  vessel  14  positioned  in  this  manner 

30  and  an  area  around  the  top  wall  of  the  cap  15.  As 
the  illuminated  area  of  the  top  wall  15a  of  the  cap 
15  is  increased  in  this  manner,  the  beam  splitter  5 
used  has  a  correspondingly  wide  area. 

Accordingly,  parallel  rays  13  projected  from  the 
35  window  9  irradiated  upon  the  full  area  of  the  top 

wall  15a  of  the  cap  15  even  if  the  vessel  14  is 
somewhat  displaced  out  of  position  or  inclined. 
Since  the  irradiating  rays  are  rays  of  white  light 
from  the  halogen  lamp  2,  reflected  rays  13a  from 

40  the  top  wall  15a  of  the  cap  15  are  little  influenced 
by  a  color  or  a  condition  of  a  surface  of  the  cap  15. 

In  the  case  where  the  vessel  14  is  an  accept- 
able  one  which  maintains  a  predetermined  degree 
of  vacuum,  the  top  wall  15a  of  the  cap  15  presents 

45  a  recessed  face  as  illustrated  in  FIG.  3  so  that  it 
reflects  the  parallel  rays  13  in  such  a  manner  as  to 
condense  them  to  some  degree.  The  reflected  rays 
13a  are  then  reflected  again  by  the  beam  splitter  5 
and  condensed  by  the  second  condenser  lens  6 

50  whereafter  they  are  further  condensed  by  the  lens 
17  of  the  camera  8  and  introduced  into  the  image 
sensor  7  which  may  be,  for  example,  of  the  line 
type.  In  this  case,  since  the  optical  axis  of  the 
reflected  rays  13a  is  changed  in  direction  by  an 

55  angle  of  90  degrees  with  respect  to  the  optical  axis 
of  the  incident  parallel  rays  13  by  the  beam  splitter 
5  and  the  reflected  rays  changed  in  direction  are 
condensed  by  the  second  light  condenser  lens  6 

4 
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and  introduced  into  the  image  sensor  7,  the  overall 
height  and  width  of  the  device  can  be  reduced. 
Further,  since  the  optical  axis  P  of  the  reflected 
rays  introduced  into  the  image  sensor  7  is  directed 
in  a  direction  perpendicular  to  the  direction  of 
transportation  by  the  conveyor  16,  even  if  the  posi- 
tion  of  the  sealed  up  vessel  14  on  the  conveyor  16 
is  displaced  a  little  in  the  transporting  direction,  this 
will  not  have  an  influence  on  detection  by  the 
image  sensor  7. 

On  the  contrary,  in  the  case  where  the  vessel 
14  fails  in  vacuum  and  hence  is  to  be  rejected,  the 
top  wall  15a  of  the  cap  15  presents  either  a  flat 
face  or  a  convex  face  as  shown  in  FIG.  4.  Accord- 
ingly,  reflected  rays  13a  from  the  top  wall  15a  of 
the  cap  15  assume  a  form  of  either  parallel  rays  or 
diffused  rays  which  are  then  reflected  by  the  beam 
splitter  5  and  condensed  by  the  second  condenser 
lens  6  and  also  by  the  lens  17  of  the  camera  8 
whereafter  they  are  introduced  into  the  image  sen- 
sor  7. 

Accordingly,  the  output  voltage  of  the  image 
sensor  7  is  high  in  the  case  of  an  acceptable 
vessel  but  low  in  the  case  of  a  vessel  to  be 
rejected. 

Referring  now  to  FIG.  5  in  which  an  electric 
circuit  of  the  device  in  accordance  with  the  present 
invention  is  shown,  a  signal  of  the  photoelectric 
sensor  11  shown  by  a  waveform  (a)  in  FIG.  6  is 
delayed  as  shown  by  a  waveform  (b)  in  FIG.  6  by  a 
delay  circuit  18  and  then  transmitted  to  a  flip-flop 
19.  Meanwhile,  scanning  timing  pulses  shown  by  a 
waveform  (c)  in  FIG.  6  from  the  image  sensor  7  are 
counted  by  a  counter  circuit  20,  and  when  the 
count  value  reaches  a  preset  value,  an  inspection 
ending  signal  shown  by  a  waveform  (d)  of  FIG.  6  is 
developed  from  the  counter  circuit  20  and  transmit- 
ted  to  the  flip-flop  19.  The  flip-flop  19  develops  an 
inspection  time  setting  signal  of  a  high  voltage 
level  as  shown  by  a  waveform  (e)  of  FIG.  6  from  a 
point  of  time  at  a  rising  edge  of  the  signal  from  the 
delay  circuit  18  shown  by  the  waveform  (b)  to 
another  point  of  time  at  a  rising  edge  of  the  signal 
from  the  counter  circuit  20  shown  by  the  waveform 
(d).  The  inspection  time  setting  signal  (e)  from  the 
flip-flop  19  is  transmitted  to  a  comparator  circuit 
21. 

The  comparator  circuit  21  compares  a  video 
signal  (f)  from  the  image  sensor  7  with  a  reference 
voltage  (judgment  level)  V0  during  a  period  of  time 
T  within  which  the  inspection  time  setting  signal  (e) 
maintains  a  high  voltage  level.  Accordingly,  the 
output  of  the  image  sensor  7  is  scanned  repet- 
itively  within  the  time  T.  When  the  video  signal  (f) 
does  not  exceed  the  reference  voltage  V0  during 
the  time  T  as  shown  by  a  waveform  (fi)  in  FIG.  6, 
the  comparator  circuit  21  determines  that  the  ob- 
ject  vessel  14  is  to  be  rejected  and  thus  delivers  a 

removing  signal  as  shown  by  a  waveform  (g)  in 
FIG.  6  to  a  drive  circuit  22.  If  the  drive  circuit  22 
receives  such  a  removing  signal  (g),  then  it  devel- 
ops  such  a  driving  signal  as  shown  by  a  waveform 

5  (i)  in  FIG.  6  to  render  a  removing  magnet  valve  24 
operative  at  a  point  of  time  when  it  receives  such  a 
removing  timing  signal  as  shown  by  a  waveform  (h) 
in  FIG.  6  from  a  removing  timing  instructing  pho- 
toelectric  switch  23.  As  the  magnet  valve  24  op- 

io  erates,  the  vessel  14  is  removed  from  the  conveyor 
16  by  a  rejected  article  removing  member  25 
shown  in  FIG.  1.  It  is  to  be  noted  that  a  removing 
operation  for  the  vessel  14  may  otherwise  be  per- 
formed  after  lapse  of  a  predetermined  interval  of 

is  time  after  delivery  of  such  a  removing  signal  as 
described  above  or  else  performed  in  a  synchro- 
nized  relationship  with  an  external  signal. 

On  the  contrary,  if  the  video  signal  (f)  exceeds 
the  reference  voltage  V0  as  shown  by  a  waveform 

20  (f2)  in  FIG.  6  within  the  time  T,  the  comparator 
circuit  21  determines  that  the  vessel  14  is  accept- 
able  and  does  not  therefore  develop  a  removing 
signal  as  shown  by  a  waveform  (i)  in  FIG.  6. 
Accordingly,  the  removing  magnet  valve  24  is  not 

25  rendered  operative  although  the  drive  circuit  22 
receives  a  removing  timing  signal  shown  by  the 
waveform  (h)  from  the  photoelectric  switch  23,  and 
consequently  the  vessel  14  is  transported  to  a  next 
stage  by  the  conveyor  16. 

30  It  is  to  be  noted  that  another  photoelectric 
sensor  may  be  provided  in  addition  to  the  pho- 
toelectric  sensor  1  1  in  order  to  cope  with  possible 
displacement  of  an  object  vessel  from  the  inspec- 
tion  position  by  the  photoelectric  sensor  11.  In 

35  such  a  modified  arrangement,  the  two  photoelectric 
sensors  are  disposed  in  a  spaced  relationship  by  a 
predetermined  distance  in  the  direction  of  trans- 
portation  by  the  conveyor  16,  and  within  the  period 
from  the  point  when  a  vessel  14  is  detected  by  the 

40  first  sensor  to  the  point  when  the  the  same  vessel 
14  is  detected  by  the  second  sensor,  a  peak  of  the 
video  signal  (f)  (a  maximum  value  of  the  voltage) 
from  the  image  sensor  7  is  detected  and  held, 
whereafter  the  thus  held  peak  is  converted  from  an 

45  analog  value  into  a  digital  value  after  detection  by 
the  second  sensor.  Data  of  the  peak  signal  after 
analog  may  be  converted  to  digital  on  the  on-line 
basis  by  a  computer. 

Meanwhile,  referring  back  to  FIG.  1,  a  translu- 
50  cent  screen  not  shown  may  be  located  at  a  focal 

position  of  the  condenser  lens  6  intermediate  the 
lens  17  of  the  camera  8  and  the  condenser  lens  6 
such  that  rays  of  light  may  be  condensed  by  the 
condenser  lens  6  to  form  on  the  screen  an  image 

55  of  the  rays  to  be  detected  by  the  image  sensor  7 
of  the  camera  8.  In  this  case,  the  image  sensor  7  is 
preferably  provided  with  a  sufficiently  wide  field  of 
view  so  that  a  vessel  14  can  be  detected  even  if 

5 
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the  vessel  14  is  displaced  from  the  inspection 
position  and  consequently  an  image  is  formed  at  a 
position  displaced  from  the  image  forming  position. 
With  the  arrangement,  the  flexibility  against  dis- 
placement  of  a  vessel  14  from  the  inspection  posi- 
tion  is  further  improved. 

In  the  meantime,  rays  of  light  from  the  large 
diameter  lens  4  need  not  always  assume  a  form  of 
accurate  parallel  rays.  Further,  the  light  source  may 
otherwise  be  of  a  different  type  such  as  a  laser 
beam  source  or  a  light  emitting  diode  depending 
upon  the  painted  color  or  configuration  of  a  cap  15. 
In  addition,  if  a  plurality  of  such  vacuum  degree 
inspecting  devices  are  provided  in  a  juxtaposed 
relationship,  a  plurality  of  vessels  accommodated 
in  a  row  or  rows  within  a  transport  box  can  be 
inspected  at  a  time  while  they  remain  accom- 
modated  in  the  box.  In  this  case,  the  distance 
between  adjacent  devices  is  conveniently  adjusted 
in  accordance  with  the  size  of  the  transparent  box, 
that  is,  the  distance  between  adjacent  vessels  in 
the  transport  box. 

Having  now  fully  described  the  invention,  it  will 
be  apparent  to  one  of  ordinary  skill  in  the  art  that 
many  changes  and  modifications  can  be  made 
thereto  without  departing  from  the  scope  of  the 
invention  as  set  forth  herein  and  defined  in  the 
following  Claims. 

Claims 

1.  A  device  for  inspecting  the  degree  of  vacuum 
of  a  sealed  vessel,  which  comprises: 

a  light  source  (2),  a  lens  (3)  arranged  to 
refract  light  from  said  source  into  a  substan- 
tially  parallel  beam,  a  beam  splitter  (4)  ar- 
ranged  in  the  path  of  said  beam  and  allowing 
the  beam  to  strike  the  top  (15)  of  a  sealed 
vessel  to  be  examined  and  causing  light  re- 
flected  from  said  top  to  be  reflected  at  an 
angle  from  the  path  of  said  beam;  means  (16) 
for  conveying  and  holding  the  vessels  to  be 
inspected;  an  image  sensor  (7)  comprising  at 
least  one  light  sensor  which  generates  a  signal 
according  to  the  light  reflected  from  the  top 
(15)  of  said  vessel  and  a  comparator  circuit 
(21)  for  comparing  the  signal  generated  from 
said  at  least  one  sensor  (7); 

characterised  in  that  the  device  also  in- 
cludes  a  condenser  lens  (6)  arranged  for  con- 
densing  the  reflected  rays  (13a)  of  light  from 
said  beam  splitter  into  a  narrow  beam  which  is 
introduced  into  the  single  image  sensor  (17); 
that  the  lens  (4)  adjacent  the  light  source  is  of 
a  diameter  such  that  it  can  be  adjusted  to  form 
a  beam  (13)  of  parallel  light  of  a  width  suffi- 
cient  to  illuminate  an  area  larger  than  the  cap 
(15)  of  a  vessel  (14)  to  be  inspected;  that  the 

comparator  circuit  (21)  is  capable  of  comparing 
an  output  voltage  of  said  image  sensor  (7)  with 
a  reference  voltage  so  as  to  develop  a  signal 
representing  whether  the  sealed  vessel  (14)  is 

5  acceptable  or  is  to  be  rejected, 
and  further  comprising  a  circuit  for  repet- 

itively  scanning  the  output  voltage  of  said  im- 
age  sensor  (7)  by  a  preset  number  of  times, 
said  comparator  circuit  (21)  making  a  compari- 

io  son  with  the  reference  voltage  of  an  output 
voltage  of  said  image  sensor  (7)  each  time  the 
output  voltage  of  said  image  sensor  (7)  is 
scanned. 

is  2.  A  device  for  inspecting  the  degree  of  vacuum 
of  a  sealed  vessel  (14)  as  claimed  in  Claim  1, 
wherein  said  light  source  (2)  is  a  source  of 
white  light. 

20  3.  A  device  for  inspecting  the  degree  of  vacuum 
of  a  sealed  vessel  (14)  as  claimed  in  any 
preceding  claim,  wherein  said  light  source  (2), 
large  diameter  lens  (4),  beam  splitter  (5),  con- 
denser  lens  (6),  image  sensor  (7)  and  com- 

25  parator  circuit  (21)  are  mounted  in  a  housing 
(1)  which  has  a  window  (9)  formed  therein  for 
allowing  transmitted  rays  (13)  of  light  from  said 
beam  splitter  (5)  to  be  projected  outwardly  of 
said  housing  (1),  said  window  (9)  having  a 

30  transparent  glass  plate  (10)  to  which  a  non- 
reflective  coating  is  applied. 

4.  A  device  for  inspecting  the  degree  of  vacuum 
of  a  sealed  vessel  (14)  as  claimed  in  any 

35  preceding  claim,  wherein  said  light  source  (2), 
large  diameter  lens  (4),  beam  splitter  (5),  con- 
denser  lens  (6),  image  sensor  (7)  and  com- 
parator  circuit  (21)  are  mounted  in  a  housing 
(1),  and  a  photoelectric  sensor  (11)  for  detect- 

40  ing  the  presence  or  absence  of  a  sealed  ves- 
sel  (14)  to  be  inspected  at  the  inspection  posi- 
tion  is  mounted  on  an  outer  side  of  said  hous- 
ing  (1). 

45  5.  A  device  for  inspecting  the  degree  of  vacuum 
of  a  sealed  vessel  (14)  as  claimed  in  Claim  4, 
wherein  said  photoelectric  sensor  (11)  includes 
a  light-emitting  element  (11a)  and  a  light  - 
receiving  element  (11b)  disposed  in  opposing 

50  relationship  to  each  other  on  the  opposite 
sides  of  said  window  (9). 

6.  A  device  for  inspecting  the  degree  of  vacuum 
of  a  sealed  vessel  (14)  as  claimed  in  Claim  5, 

55  wherein  said  light-emitting  element  (11a)  and 
said  light  receiving  element  (11b)  of  said  pho- 
toelectric  sensor  (11)  are  disposed  in  a  spaced 
relationship  by  a  distance  sufficient  to  allow  a 

6 
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mouth  portion  of  a  sealed  vessel  (14)  to  pass 
therebetween,  and  a  conveyor  (16)  is  disposed 
such  that  a  sealed  vessel  (14)  may  be  trans- 
ported  thereon  and  pass  between  said  ligh- 
temitting  element  (11a)  and  said  light-receiving 
element  (11b)  of  said  photoelectric  sensor 
(11). 

7.  A  device  for  inspecting  the  degree  of  vacuum 
of  a  sealed  vessel  (14)  as  claimed  in  Claim  5, 
wherein  the  orientation  of  said  image  sensor 
(7)  is  directed  substantially  at  right  angles  with 
respect  to  the  direction  of  transportation  by 
said  conveyor  (16). 

8.  A  device  for  inspecting  the  degree  of  vacuum 
of  a  sealed  vessel  (14)  as  claimed  in  any 
preceding  claim,  wherein  a  screen  is  disposed 
in  front  of  said  image  sensor  (7)  so  that  said 
image  sensor  (7)  may  detect  an  image  projec- 
ted  on  said  screen. 

Revendicatlons 

1.  Dispositif  pour  controler  le  degre  de  vide  d'un 
recipient  hermetiquement  clos,  qui  comprend  : 

-  une  source  de  lumiere  (2),  une  lentille  (3) 
agencee  pour  refracter  la  lumiere  en  pro- 
venance  de  la  source  en  un  faisceau  de 
rayons  pratiquement  paralleles,  un  dispo- 
sitif  de  fractionnement  du  faisceau  (5) 
dispose  dans  le  trajet  du  faisceau  et  per- 
mettant  au  faisceau  de  frapper  la  surface 
superieure  (15)  du  recipient  hermetique- 
ment  clos  a  controler  et  amenant  la  lu- 
miere  reflechie  par  cette  surface  supe- 
rieure  a  etre  reflechie  en  faisant  un  angle 
par  rapport  au  trajet  du  faisceau,  des 
moyens  (16)  pour  transporter  et  tenir  les 
recipients  a  controler,  un  capteur  dama- 
ges  (7)  comprenant  au  moins  un  photo- 
detecteur  qui  emet  un  signal  fonction  de 
la  lumiere  reflechie  par  la  surface  supe- 
rieure  (15)  du  recipient  et  un  circuit  com- 
parateur  (21)  pour  comparer  le  signal 
emis  par  le(s)  photo-detecteur(s)(7), 

caracterise  en  ce  que  le  dispositif  contient 
egalement  un  condenseur  (6)  agence  pour 
concentrer  les  rayons  lumineux  reflechis  (13a) 
par  ce  dispositif  de  fractionnement  du  faisceau 
en  un  etroit  faisceau  qui  est  introduit  dans 
I'unique  capteur  d'images  (7),  en  ce  que  la 
lentille  (4)  adjacente  a  la  source  de  lumiere  a 
un  diametre  tel  qu'elle  peut  etre  reglee  pour 
former  un  faisceau  (13)  de  rayons  lumineux 
paralleles  ayant  une  largeur  suffisante  pour 
eclairer  une  surface  plus  grande  que  la  surface 
du  couvercle  (15)  d'un  recipient  (14)  a  contro- 

ler,  en  ce  que  le  circuit  comparateur  (21)  est 
susceptible  de  comparer  une  tension  de  sortie 
du  capteur  d'images  (7)  avec  une  tension  de 
reference  de  fagon  a  emettre  un  signal  repre- 

5  sentant  si  le  recipient  hermetiquement  clos 
(14)  est  acceptable  ou  doit  etre  rebute  ,  et  en 
ce  qu'il  comprend  un  circuit  pour  analyser  de 
fagon  repetitive  la  tension  de  sortie  du  capteur 
d'images  (7)  un  nombre  predetermine  de  fois, 

io  ce  circuit  comparateur  (21)  comparant  la  ten- 
sion  de  sortie  du  capteur  d'images  (7)  avec  la 
tension  de  reference  chaque  fois  que  la  ten- 
sion  de  sortie  du  capteur  d'images  (7)  est 
evaluee. 

15 
2.  Dispositif  pour  controler  le  degre  de  vide  d'un 

recipient  hermetiquement  clos  (14)  selon  la 
revendication  1,  dans  lequel  la  source  de  lu- 
miere  (2)  est  une  source  de  lumiere  blanche. 

20 
3.  Dispositif  pour  controler  le  degre  de  vide  d'un 

recipient  hermetiquement  clos  (14)  selon  I'une 
des  revendications  precedentes,  dans  lequel  la 
source  de  lumiere  (2),  la  lentille  de  grand  dia- 

25  metre  (4),  le  dispositif  de  fractionnement  du 
faisceau  (5),  le  condenseur  (6),  le  capteur 
d'images  (7)  et  le  circuit  comparateur  (21)  sont 
montes  dans  un  boitier  (1)  dans  lequel  est 
formee  une  fenetre  (9)  pour  permettre  aux 

30  rayons  lumineux  transmis  (13)  du  dispositif  de 
fractionnement  du  faisceau  (5)  de  se  projeter  a 
I'exterieur  du  boitier  (1),  cette  fenetre  (9)  ayant 
une  plaque  de  verre  transparent  (10)  sur  la- 
quelle  est  applique  un  revetement  non  refle- 

35  chissant. 

4.  Dispositif  pour  controler  le  degre  de  vide  d'un 
recipient  hermetiquement  clos  (14)  selon  I'une 
des  revendications  precedentes,  dans  lequel  la 

40  source  de  lumiere  (2),  la  lentille  de  grand  dia- 
metre  (4),  le  dispositif  de  fractionnement  du 
faisceau  (5),  le  condenseur  (6),  le  capteur 
d'images  (7)  et  le  circuit  comparateur  (21)  sont 
montes  dans  un  boitier  (1),  et  dans  lequel  un 

45  detecteur  photo-electrique  (11)  pour  detecter  la 
presence  ou  I'absence  d'un  recipient  hermeti- 
quement  clos  (14)  a  controler  a  la  position  de 
controle  est  monte  sur  un  cote  exterieur  du 
boitier  (1). 

50 
5.  Dispositif  pour  controler  le  degre  de  vide  d'un 

recipient  hermetiquement  clos  (14)  selon  la 
revendication  4,  dans  lequel  le  detecteur 
photo-electrique  (11)  comprend  un  element 

55  emetteur  de  lumiere  (11a)  et  un  element  re- 
cepteur  de  lumiere  (11b)  disposes  en  vis-a-vis 
I'un  de  I'autre  de  part  et  d'autre  de  la  fenetre 
(9). 

7 
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6.  Dispositif  pour  controler  le  degre  de  vide  d'un 
recipient  hermetiquement  clos  (14)  selon  la 
revendication  5,  dans  lequel  I'element  emet- 
teur  de  lumiere  (11a)  et  I'element  recepteur  de 
lumiere  (11b)  du  detecteur  photo-electrique 
(11)  sont  espaces  d'une  distance  suffisante 
pour  permettre  a  une  portion  d'embouchure  du 
recipient  hermetiquement  clos  (14)  de  passer 
entre  eux,  et  dans  lequel  un  transporteur  est 
dispose  de  telle  sorte  que  le  recipient  hermeti- 
quement  clos  (14)  peut  etre  transports  sur  le 
transporteur  et  passer  entre  I'element  emetteur 
de  lumiere  (11a)  et  I'element  recepteur  de 
lumiere  (11b)  du  detecteur  photoelectrique 
(11). 

7.  Dispositif  pour  controler  le  degre  de  vide  d'un 
recipient  hermetiquement  clos  (14)  selon  la 
revendication  5,  dans  lequel  le  capteur  d'ima- 
ges  (7)  est  oriente  pratiquement  perpendiculai- 
rement  a  la  direction  de  transport  du  transpor- 
teur  (16). 

8.  Dispositif  pour  controler  le  degre  de  vide  d'un 
recipient  hermetiquement  clos  (14)  selon  I'une 
des  revendications  precedentes,  dans  lequel 
un  ecran  est  dispose  en  avant  du  capteur 
d'images  (7)  de  fagon  que  ce  capteur  d'ima- 
ges  (7)  puisse  detecter  une  image  projetee  sur 
cet  ecran. 

Patentanspruche 

1.  Einrichtung  zum  Uberprufen  der  Gro/Se  des 
Vakuums  in  einem  geschlossenen  Behalter, 
bestehend  aus: 
Einer  Lichtquelle  (2),  einer  zum  Brechen  des 
Lichts  dieser  Quelle  in  einen  etwa  parallelen 
Strahl  dienenden  Linse  (3),  einem  im  Pfad 
dieses  Strahls  angeordneten  Strahlenteiler  (4), 
welcher  den  Strahl  zum  Oberteil  (15)  eines  zu 
untersuchenden,  geschlossenen  Behalters 
durchla/St  und  das  von  diesem  Oberteil  zuruck- 
geworfene  Licht  in  einem  Winkel  gegenuber 
dem  Pfad  des  besagten  Strahls  reflektiert;  ei- 
nem  Hilfsmittel  (16)  zum  Befordern  und  Halten 
der  zu  untersuchenden  Behalter;  einem  Bild- 
sensor  (7)  mit  wenigstens  einem  Lichtsensor, 
der  ein  dem  von  dem  Oberteil  (15)  des  besag- 
ten  Behalters  reflektierten  Licht  entsprechen- 
des  Signal  erzeugt  sowie  einem  Comparator- 
schaltkreis  (21)  zum  Vergleich  des  von  dem 
zumindest  einmal  vorhandenen  Sensors  (7)  er- 
zeugten  Signals; 
dadurch  gekennzeichnet,  da/S  die  Einrichtung 
eine  Kondensatorlinse  (6)  enthalt,  welche  die 
von  dem  Strahlenteiler  reflektierten  Lichtstrah- 
len  (13a)  in  einem  engen  Strahl  bundelt,  der 

auf  den  einzelnen  Bildsensor  (7)  gegeben  wird; 
da/S  die  der  Lichtquelle  benachbarte  Linse  (4) 
einen  solchen  Durchmesser  aufweist,  da/S  sie 
zum  Bilden  eines  Strahls  (13)  parallelen  Lichts 

5  mit  einer  zur  Beleuchtung  eines  Gebiets  aus- 
reichenden  Weite  eingestellt  werden  kann,  wo- 
bei  das  beleuchtete  Gebiet  gro/Ser  ist  als  die 
Kappe  (15)  eines  zu  untersuchenden  Behalters 
(14);  da/S  der  Comparatorschaltkreis  (21)  in  der 

io  Lage  ist,  eine  Ausgangsspannung  des  Bildsen- 
sors  (7)  mit  einer  Referenzspannung  zur  Er- 
zeugung  eines  Signals  zu  vergleichen,  welches 
anzeigt,  ob  der  geschlossene  Behalter  (14)  an- 
nehmbar  oder  zuruckzuweisen  ist,  und  da/S 

is  weiterhin  ein  Schaltkreis  zum  wiederholten  Ab- 
tasten  der  Ausgangsspannung  des  Bildsensors 
(7)  fur  eine  vorgegebene  Anzahl  von  Wieder- 
holungen  vorhanden  ist,  wobei  der  Compara- 
torschaltkreis  (21)  jedesmal  einen  Vergleich 

20  der  Ausgangsspannung  des  Bildsensors  (7)  mit 
der  Referenzspannung  ausfuhrt,  wenn  die  Aus- 
gangsspannung  des  Bildsensors  (7)  abgetastet 
wird. 

25  2.  Einrichtung  zum  Uberprufen  der  Gro/Se  des 
Vakuums  in  einem  geschlossenen  Behalter 
(14)  nach  Anspruch  1,  dadurch  gekennzeich- 
net,  da/S  die  Lichtquelle  (2)  eine  Quelle  wei/Sen 
Lichts  ist. 

30 
3.  Einrichtung  zum  Uberprufen  der  Gro/Se  des 

Vakuums  in  einem  geschlossenen  Behalter 
(14)  nach  einem  der  vorhergehenden  Anspru- 
che,  dadurch  gekennzeichnet,  da/S  die  Licht- 

35  quelle  (2),  die  Linse  (4)  gro/Sen  Durchmessers, 
der  Strahlenteiler  (5),  die  Kondensatorlinse  (6), 
der  Bildsensor  (7)  und  der  Comparatorschalt- 
kreis  (21)  in  einem  Gehause  (1)  befestigt  ist, 
welches  ein  eingeformtes  Fenster  (9)  aufweist, 

40  das  es  den  vom  Strahlenteiler  (5)  durrchgelas- 
senen  Lichtstrahlen  (13)  ermoglicht,  aus  dem 
Gehause  (1)  hinauszutreten,  und  eine  transpa- 
rente  Glasplatte  (10)  aufweist,  auf  welche  eine 
reflexionsfreie  Beschichtung  aufgebracht  ist. 

45 
4.  Einrichtung  zum  Uberprufen  der  Gro/Se  des 

Vakuums  in  einem  geschlossenen  Behalter 
nach  einem  der  vorhergehenden  Anspruche, 
dadurch  gekennzeichnet,  da/S  die  Lichtquelle 

50  (2),  die  Linse  (4)  gro/Sen  Durchmessers,  der 
Strahlenteiler  (5),  die  Kondensatorlinse  (6),  der 
Bildsensor  (7)  und  der  Comparatorschaltkreis 
(21)  in  einem  Gehause  (1)  befestigt  ist,  und  ein 
fotoelektrischer  Sensor  (11)  zum  Erkennen  des 

55  Vorhandenseins  oder  Fehlens  eines  zu  unter- 
suchenden,  geschlossenen  Behalters  (14)  an 
der  Untersuchungsposition  an  der  Au/Senseite 
des  Gehauses  (1)  befestigt  ist. 

8 
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5.  Einrichtung  zum  Uberprufen  der  Gro/Se  des 
Vakuums  in  einem  geschlossenen  Behalter 
(14)  nach  Anspruch  4,  dadurch  gekennzeich- 
net,  da/S  der  fotoelektrische  Sensor  (11)  ein 
lichtaussendendes  Element  (11a)  und  ein  licht-  5 
aufnehmendes  Element  (11b)  umfa/St,  welche 
in  einander  gegenuberliegender  Beziehung  an 
entgegengesetzten  Seiten  des  Fensters  (9)  an- 
geordnet  sind. 

10 
6.  Einrichtung  zum  Uberprufen  der  Gro/Se  des 

Vakuums  in  einem  geschlossenen  Behalter 
(14)  nach  Anspruch  5,  dadurch  gekennzeich- 
net,  da/S  das  lichtaussendende  Element  (11a) 
und  das  lichtaufnehmende  Element  (11b)  des  is 
fotoelektrischen  Sensors  (11)  in  einem  Abstand 
voneinander  entfernt  angeordnet  sind,  der  aus- 
reichend  ist,  urn  dem  Halsbereich  eines  ge- 
schlossenen  Behalters  (14)  ein  Hindurchtreten 
zu  erlauben,  und  ein  Forderband  (16)  angeord-  20 
net  ist,  so  da/S  ein  geschlossener  Behalter  (14) 
darauf  transportiert  werden  und  zwischen  dem 
lichtaussendenden  Element  (11a)  und  dem 
lichtaufnehmenden  Element  (11b)  des  fotoelek- 
trischen  Sensors  (11)  hindurchtreten  kann.  25 

7.  Einrichtung  zum  Uberprufen  der  Gro/Se  des 
Vakuums  in  einem  geschlossenen  Behalter 
(14)  nach  Anspruch  5,  dadurch  gekennzeich- 
net,  da/S  die  Orientierung  des  Bildsensors  (7)  30 
etwa  in  einem  rechten  Winkel  gegenuber  der 
Transportrichtung  des  Forderbands  (16)  aus- 
gerichtet  ist. 

8.  Einrichtung  zum  Uberprufen  der  Gro/Se  des  35 
Vakuums  in  einem  geschlossenen  Behalter 
(14)  nach  einem  der  vorhergehenden  Anspru- 
che,  dadurch  gekennzeichnet,  da/S  vor  dem 
Bildsensor  (7)  ein  Schirm  angeordnet  ist,  so 
da/S  der  Bildsensor  (7)  ein  auf  den  Schirm  40 
geworfenes  Bild  aufnehmen  kann. 

9 
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