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©  COMBINATIVE  WEIGHING  APPARATUS  WITH  TARE  WEIGHT  SUBTRACTING  FUNCTION. 
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©  A  combinational  weighing  machine,  for  combin- 
ing  a  plurality  of  packaged  products  to  be  boxed  in 
by  selecting  a  combination  of  products  such  that  the 
total  of  net  weights  of  the  products  exclusive  of  their 
tare  weights  will  be  close  to  a  given  target  weight, 
includes  many  weight  detecting  devices  for  measur- 
ing  and  detecting  the  gross  weight  of  one  or  more 
packaged  products,  a  subtractor  or  subtractors  for 
obtaining  net  weights  by  subtracting  tare  weights 
from  gross  weights  and  a  combination  calculator  for 
combining  a  plurality  of  the  weight  detecting  devices 
and  selecting  an  optimum  combination  out  of  them 
of  which  the  total  net  weight  is  equal  to  or  the 
closest  to  the  target  value. 
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Background  of  the  Invention 

This  invention  relates  to  a  weighing  machine 
which  weighs  a  plurality  of  products  inclusive  of 
their  tare  weights  and  selects  an  optimum  com- 
bination  such  that  the  total  of  the  net  weights  of  the 
selected  products  is  the  closest  to  a  given  target 
weight. 

There  have  been  known  combinational  weigh- 
ing  machines  (as  disclosed,  for  example,  in  Japa- 
nese  Utility  Model  Publication  Jikkai  4-36428),  hav- 
ing  many  weight  detecting  units  for  weighing  pro- 
ducts  comprising  one  or  more  articles  such  as 
salmon  slices  and  adapted  to  combine  a  plurality  of 
these  weight  detecting  means  such  that  the  total 
weight  detected  by  them  is  the  closest  to  a  given 
target  weight  value.  The  products  from  the  selected 
plurality  of  weight  detecting  units  are,  for  example, 
put  in  a  box  for  shipping. 

In  the  case  of  already  packaged  products,  how- 
ever,  the  total  weight  obtained  by  such  a  weighing 
machine  includes  the  tare  weights.  If  the  packaged 
products  are  vacuum-packed  salmon  slices,  for  ex- 
ample,  the  tare  weights  may  be  large  enough  to  be 
non-negligible.  Thus,  tare  weights  must  be  sub- 
tracted  and  net  weights  of  products  must  be  ob- 
tained  accurately  when  a  large  number  of  already 
packaged  products  are  put  in  a  box  for  a  commer- 
cial  purpose.  Prior  art  weighing  machines  could  not 
handle  a  situation  like  this  because  the  net  weights 
could  not  be  ascertained. 

In  view  of  the  above,  it  is  an  object  of  the 
present  invention  to  provide  a  combinational  weigh- 
ing  machine  which  subtracts  tare  weights  and 
hence  can  obtain  a  combination  of  products  such 
that  the  total  of  their  net  weights  exclusive  of  their 
tare  weights  approaches  a  given  target  weight  val- 
ue  even  where  the  products  are  already  packaged. 

Another  object  of  the  invention  is  to  provide 
such  a  combinational  weighing  machine  capable  of 
reducing  the  error  due  to  tare  weights  even  in 
situations  where  there  are  fluctuations  in  the  num- 
bers  of  products  weighed  by  the  individual  weight 
detecting  units  or  the  total  number  of  products 
finally  to  be  put  in  a  box. 

Summary  of  the  Invention 

A  combinational  weighing  machine  according 
to  a  first  embodiment  of  the  present  invention,  with 
which  the  first  of  the  aforementioned  objects  can 
be  achieved,  may  be  characterized  as  comprising 
many  weight  detecting  units  each  for  measuring 
the  gross  weight  of  one  or  more  packaged  pro- 
ducts,  subtracting  means  for  subtracting  tare 
weights  from  the  measured  gross  weights  to  there- 
by  obtain  net  weights,  and  combination  calculating 
means  for  combining  a  plurality  of  these  weight 

detecting  units  and  selecting  an  optimum  combina- 
tion  of  them  such  that  the  sum  of  the  net  weights 
measured  thereby  is  equal,  or  the  closest,  to  a 
given  target  weight  value.  With  a  machine  thus 

5  structured,  a  combination  of  already  packaged  pro- 
ducts,  of  which  the  gross  weights  have  been  de- 
tected  by  the  detecting  units,  can  be  obtained  such 
that  the  sum  of  the  net  weights  of  the  combined 
products,  with  the  tare  weights  subtracted  there- 

io  from,  is  equal,  or  the  closest,  to  a  target  value. 
Thus,  the  present  invention  makes  it  possible  to 
sell  and  buy  boxed  products  on  the  basis  of  their 
net  weights  even  where,  for  example,  the  box  con- 
tains  a  plurality  of  already  packaged  products. 

75  A  weighing  machine  according  to  another  em- 
bodiment  of  the  invention  may  be  characterized  as 
comprising  many  weight  detecting  units  each  for 
measuring  the  gross  weight  of  one  or  more  pack- 
aged  products,  a  target  gross  weight  setting  means 

20  for  setting  a  target  gross  weight  inclusive  of  the 
sum  of  the  tare  weights  for  combined  products  as 
well  as  a  target  weight  representing  the  sum  of  net 
weights  of  products,  and  a  combination  calculating 
means  for  combining  a  plurality  of  the  weight  de- 

25  tecting  units  to  obtain  the  sum  of  the  gross  weights 
measured  thereby  and  selecting  a  particular  com- 
bination  which  would  give  a  sum  that  is  equal,  or 
the  closest,  to  the  target  gross  weight.  If  a  weighing 
machine  thus  structured  is  used  to  combine  pack- 

30  aged  products  of  which  the  gross  weights  have 
been  measured  by  a  plurality  of  the  weight  detect- 
ing  units,  the  combination  is  selected  such  that  the 
sum  of  these  gross  weights  becomes  close  to  the 
target  gross  weight  inclusive  of  tare  weights.  In  this 

35  case,  too,  the  sum  of  the  net  weights  of  the  pro- 
ducts  becomes  close  to  the  target  net  weight  when 
the  packaged  products  from  the  selected  combina- 
tion  are  put  in  a  box. 

Another  combinational  weighing  machine,  with 
40  which  the  second  of  the  aforementioned  objects 

can  be  achieved,  may  be  characterized  as  com- 
prising  not  only  many  weight  detecting  units  each 
for  measuring  the  gross  weight  of  one  or  more 
packaged  products,  subtracting  means  for  subtrac- 

45  ting  the  tare  weights  from  the  measured  gross 
weights  to  thereby  obtain  net  weights,  and  com- 
bination  calculating  means  for  combining  a  plurality 
of  these  weight  detecting  units  and  selecting  an 
optimum  combination  such  that  the  sum  of  the  net 

50  weights  measured  thereby  is  equal,  or  the  closest, 
to  a  given  target  weight  value,  but  also  a  number 
determining  means  for  determining  the  number  of 
products  measured  by  each  of  the  weight  detecting 
units  from  the  gross  weight  detected  thereby.  The 

55  aforementioned  subtracting  means  are  each  adapt- 
ed  to  subtract  a  tare  weight  from  the  detected 
gross  weight  according  to  the  number  of  products 
determined  by  this  number  determining  means. 
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With  a  machine  thus  structured,  errors  due  to  tare 
weights  can  be  reduced  and  the  net  weight  of  a 
product  can  be  obtained  accurately  even  if  there 
are  fluctuations  in  the  numbers  of  products  which 
are  weighed  by  the  individual  weight  detecting 
units  or  in  the  number  of  products  which  are  finally 
boxed  in. 

Brief  Description  of  the  Drawings 

The  accompanying  drawings,  which  are  incor- 
porated  in  and  form  a  part  of  this  specification, 
illustrate  embodiments  of  the  invention  and,  to- 
gether  with  the  description,  serve  to  explain  the 
principles  of  the  invention.  In  the  drawings: 

Fig.  1  is  a  diagonal  view  of  a  combinational 
weighing  machine  with  tare  weight  subtracting 
means  according  to  a  first  embodiment  of  this 
invention; 
Fig.  2  is  a  block  diagram  of  a  controller  for  the 
weighing  machine  of  Fig.  1; 
Fig.  3  is  a  block  diagram  of  a  controller  for 
another  combinational  weighing  machine  ac- 
cording  to  a  second  embodiment  of  the  inven- 
tion; 
Fig.  4  is  a  block  diagram  of  a  controller  for  still 
another  combinational  weighing  machine  ac- 
cording  to  a  third  embodiment  of  the  invention; 
Fig.  5  is  a  block  diagram  of  a  controller  for  still 
another  combinational  weighing  machine  ac- 
cording  to  a  fourth  embodiment  of  the  invention; 
Fig.  6  is  a  plan  view  of  still  another  combin- 
ational  weighing  machine  according  to  a  fifth 
embodiment  of  the  invention; 
Fig.  7  is  a  sectional  view  taken  along  line  VII-VII 
of  Fig.  6; 
Fig.  8  is  a  block  diagram  of  a  controller  for  the 
weighing  machine  of  Figs.  6  and  7; 
Fig.  9  is  a  schematic  side  view  of  still  another 
combinational  weighing  machine  according  to  a 
sixth  embodiment  of  the  invention; 
Fig.  10  is  a  block  diagram  of  a  controller  for  the 
weighing  machine  of  Fig.  9;  and 
Fig.  11  is  a  diagram  for  showing  the  process  by 
the  number  determining  means  of  the  weighing 
machine  of  Figs.  9  and  10. 

Detailed  Description  of  the  Invention 

In  what  follows,  embodiments  of  the  invention 
are  described  with  reference  to  the  figures. 

Fig.  1  shows  a  combinational  weighing  ma- 
chine  with  tare  weight  subtracting  means  according 
to  a  first  embodiment  of  this  invention,  having 
many  (such  as  16)  feeding  conveyers  1  arranged  in 
parallel  and  as  many  weighing  conveyers  2  parallel 
to  one  another  and  each  on  the  downstream  side  of 
corresponding  one  of  the  feeding  conveyers  1. 

Each  of  the  feeding  conveyers  1  serves  to  individ- 
ually  transport  a  packaged  product  M  to  the  cor- 
responding  weighing  conveyer  2  for  weighing. 
Each  of  the  weighing  conveyers  2  is  of  a  known 

5  type  formed  with  a  belt  conveyer  supported  by  a 
load  cell  serving  as  a  weight  detecting  unit  and 
serves  to  weigh  successively  the  packaged  product 
M  received  from  the  corresponding  feeding  con- 
veyer,  while  it  is  being  transported  by  the  belt 

io  conveyer  or  is  stationary. 
On  the  downstream  side  of  the  weighing  con- 

veyers  2,  there  are  a  collecting  conveyer  3  for 
collecting  the  products  M  discharged  from  the 
weighing  conveyers  2  and  transporting  them  in  a 

is  direction  D2  perpendicular  to  the  direction  of  trans- 
portation  D1  by  the  weighing  conveyers  2  and  a 
discharge  chute  4  for  discharging  the  products  M 
transported  by  the  collecting  conveyer  3.  The  oper- 
ations  of  these  feeding,  weighing  and  collecting 

20  conveyers  1  ,  2  and  3  are  controlled  by  a  controller 
10  provided  with  a  control  panel  10a. 

As  shown  in  Fig.  2,  the  controller  10  is  pro- 
vided  with  subtracting  means  13  each  correspond- 
ing  to  a  load  cell  11  associated  with  different  one 

25  of  the  weighing  conveyers  2  and  serving  to  sub- 
tract  the  tare  weight  for  each  product  from  its 
measured  gross  weight  to  thereby  obtain  its  net 
weight.  The  controller  10  also  includes  a  combina- 
tion  calculating  means  14  for  combining  a  plurality 

30  of  the  load  cells  11  and  selecting  a  combination 
corresponding  to  a  total  net  weight  which  is  equal, 
or  the  closest,  to  a  target  weight. 

The  aforementioned  tare  weight  is  preliminarily 
inputted  into  and  stored  in  the  subtracting  means 

35  13  as  a  fixed  value  for  each  kind  of  products.  The 
target  weight  and  the  number  in  the  combination 
are  preliminarily  inputted  into  and  stored  in  the 
combination  calculating  means  14.  The  number  to 
be  combined,  however,  need  not  be  specially  in- 

40  putted.  In  such  a  case,  the  number  of  load  cells  11 
to  be  combined,  that  is,  the  number  of  products  M 
to  be  selected  and  put  in  a  box  may  be  variable. 

Next,  the  operations  of  the  structure  described 
above  will  be  explained.  With  reference  back  to 

45  Fig.  1,  an  operator  Successively  places  packaged 
products  M  such  as  vacuum-packed  salmon  slices 
one  by  one  on  each  of  the  sixteen  feeding  convey- 
ers  1  .  There  are  fluctuations  in  the  weight  of  these 
products  M,  for  example,  in  the  range  of  250-350g. 

50  These  products  M  are  transferred  onto  the  weigh- 
ing  conveyers  2  from  the  feeding  conveyers  1  ,  and 
each  weighing  conveyer  2  is  stopped  when  the 
product  M  thereon  comes  to  a  position  approxi- 
mately  at  its  center.  Under  this  condition,  the  gross 

55  weight  W  of  the  product  M  is  detected  by  the  load 
cell  11  corresponding  to  the  weighing  conveyer  2 
and  a  gross  weight  signal  w  is  outputted.  The 
corresponding  subtracting  means  13,  upon  receiv- 
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ing  this  gross  weight  signal  w  from  the  load  cell  1  1  , 
subtracts  therefrom  the  tare  weight  t  for  the  prod- 
uct,  obtains  its  net  weight  WT  (  =  W-t)  and  outputs 
a  net  weight  signal  wt.  The  tare  weight  t  is  set  as  a 
fixed  value,  such  as  20g,  independent  of  the  gross 
weight  W. 

The  combination  calculating  means  14  com- 
bines  a  plural  number  (say,  ten)  of  the  net  weight 
signals  wt,  selects  those  of  the  load  cells  1  1  such 
that  the  sum  EWT  of  their  net  weights  WT  is  equal 
to,  or  greater  than  and  the  closest  to,  a  given  target 
weight,  such  as  3kg,  and  outputs  a  drive  signal  d  to 
the  weighing  conveyers  2  associated  with  the  se- 
lected  load  cells  11.  Only  those  of  the  weighing 
conveyers  2  receiving  the  drive  signal  d  are  driven 
and  discharge  the  products  M  thereon  onto  the 
collecting  conveyer  3  which  serves  to  collect  the 
products  M  and  supply  them  to  the  discharge 
chute  4.  The  products  M  are  passed  through  the 
discharge  chute  4,  dropped  into  a  box  B  placed 
below  the  discharge  chute  4  and  packaged  therein 
by  an  operator. 

In  synchronism  with  the  driving  of  the  selected 
weighing  conveyers  2,  the  corresponding  feeding 
conveyers  1  are  driven  such  that  the  products  M 
thereon  are  transported  onto  these  weighing  con- 
veyers  2,  and  the  next  cycle  of  combination  cal- 
culation  is  carried  out.  New  products  M  are  placed 
on  the  empty  feeding  conveyers  1  .  If  an  automatic 
distributing  means  of  a  known  kind  (such  as  dis- 
closed  in  Japanese  Utility  Model  Publication  Jikkai 
4-36428)  is  used,  this  operation  of  placing  new 
products  M  on  the  feeding  conveyers  1  can  be 
automated. 

This  series  of  operations  as  described  above  is 
repeated  to  set  the  sum  EWT  of  the  net  weights  WT 
of  products  M  (exclusive  of  the  tare  weights  t) 
equal  to  or  close  to  a  given  target  weight.  Thus, 
when  a  selected  plurality  of  packaged  products  are 
packed  inside  a  box,  the  sum  EWT  of  their  net 
weights  WT  is  close  to  the  target  net  weight,  and 
the  boxed  products  can  be  sold  and  bought  on  the 
basis  of  their  net  weights. 

According  to  the  first  embodiment  of  the  inven- 
tion  described  above,  a  subtracting  means  13  is 
provided  to  each  load  cell  11  corresponding  to  a 
weighing  conveyer.  The  second  embodiment  of  the 
invention  shown  in  Fig.  3  is  different  in  that  there  is 
only  one  subtracting  means  13A  which  serves  to 
subtract  the  sum  Et  of  the  tare  weights  t  of  the 
combined  products  M  from  the  sum  EW  of  com- 
bined  gross  weights  W  detected  by  the  load  cells 
11.  Here,  the  sum  Et  is  obtained  by  multiplying 
together  the  number  N  (preliminarily  set,  say,  to 
ten)  of  the  products  M  to  be  combined  and  the 
preliminarily  known  value  of  tare  weight  t.  Thus,  the 
sum  EWj  of  the  net  weights  WT  is  obtained  by  the 
subtraction  EW-Et,  and  the  combination  calculation 

is  carried  out  by  the  combination  calculating  means 
14  on  the  basis  of  the  sum  EWT  thus  obtained. 

If  the  number  N  to  be  combined  in  the  com- 
bination  calculation  is  allowed  to  vary  in  this  sec- 

5  ond  embodiment,  a  combination  number  signal  n 
indicative  of  the  combination  number  N  is  inputted 
from  the  combination  calculating  means  14  into  the 
subtracting  means  13A,  and  the  sum  Et  of  the  tare 
weights  t  corresponding  to  the  combination  number 

io  N  is  inputted  from  the  subtracting  means  13A  back 
into  the  combination  calculating  means  14. 

According  to  the  first  and  second  embodiments 
of  the  invention  described  above,  the  tare  weight  t 
was  treated  as  a  constant  independent  of  the  gross 

is  weight  W  of  the  individual  products  M.  There  may 
be  situations,  however,  where  the  variations  in  the 
tare  weight  t  according  to  the  kind  of  products  M 
are  large  and  not  negligible.  In  such  a  situation,  it 
is  preferred,  as  shown  schematically  in  Fig.  4  re- 

20  presenting  a  third  embodiment  of  the  invention,  to 
store  in  memory  means  of  the  subtracting  means 
13B  the  values  of  tare  weight  t(W)  which  are  vari- 
able  as  a  function  of  the  gross  weight  W.  When  a 
gross  weight  W  is  detected  by  a  load  cell  11,  the 

25  tare  weight  t(W)  corresponding  to  this  detected 
weight  W  is  subtracted  from  the  gross  weight  W  to 
obtain  the  net  weight  WT  of  the  weighed  product. 
According  to  this  embodiment,  the  net  weights  of 
products  can  be  more  accurately  obtained. 

30  Fig.  5  shows  a  fourth  embodiment  of  the  inven- 
tion  characterized  by  a  target  total  weight  (with 
tare)  setting  means  16,  instead  of  the  subtracting 
means  13A  of  Fig.  3.  This  target  total  weight  (with 
tare)  setting  means  16  serves  to  set  a  target  total 

35  weight  W0  by  adding  the  sum  Et  of  the  tare 
weights  of  the  products  to  be  combined  to  the 
target  value  for  the  sum  EWT  of  the  net  weights  WT 
of  the  products  M.  The  combination  calculating 
means  14  serves  to  make  combinations  of  a  plural- 

40  ity  of  the  load  cells  11  to  obtain  the  sum  EW  of 
their  gross  weights  W,  select  a  combination  of  the 
load  cells  11  providing  a  value  which  is  equal  to,  or 
the  closest  to,  a  given  target  total  weight  (with  tare) 
W0,  and  output  a  drive  signal  d  to  the  weighing 

45  conveyers  2  corresponding  to  the  selected  load 
cells  11.  In  this  manner,  the  sum  EWT  of  the  net 
weights  WT  of  the  products  M  (with  tare  weights  t 
subtracted)  is  set  equal  to,  or  close  to,  the  target 
net  weight  value  of  W0-Et. 

50  Fig.  6  is  a  plan  view  of  a  fifth  embodiment  of 
the  present  invention  adapted  to  a  combinational 
weighing  machine  for  selecting,  for  example,  a 
specified  number  (such  as  three)  each  of  a  plurality 
of  different  kinds  of  articles  packaged  in  small  bags 

55  such  as  four  differently  flavored,  packaged  potato 
chips  MA,  MB,  MC  and  MD  and  to  put  these 
selected  twelve  small  bags  together  in  a  large  bag. 
For  transporting  the  four  different  types  of  products 

4 
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MA-MD,  there  are  four  transporting  conveyers  21 
provided  and,  as  shown  in  Fig.  7,  there  is  a  coni- 
cally  shaped  dispersion  feeder  22  below  the  trans- 
porting  conveyers  21.  Many  (such  as  sixteen)  vi- 
bratory  feeders  23  are  radially  disposed  around  the 
outer  periphery  of  the  dispersion  feeder  22.  These 
vibratory  feeders  23  serve  to  transport  the  products 
MA-MD  radially  outward  while  vibrating  and  cause 
them  to  drop  into  as  many  weigh  hoppers  25 
through  individually  associated  pool  hoppers  24. 
Each  weigh  hopper  25  is  associated  with  one  of  the 
load  cells  1  1  (weight  detecting  unit).  Each  load  cell 
11  has  one  edge  affixed  to  a  base  structure  and 
the  other  edge  attached  to  the  associated  weigh 
hopper  25.  The  load  cells  11  serve  to  detect  the 
weights  of  the  products  MA-MD  in  the  weigh  hop- 
pers  25.  Disposed  below  the  weigh  hoppers  25  is  a 
collecting-discharging  chute  27,  below  which  there 
is  a  packaging  machine  28. 

As  better  seen  in  Fig.  6,  this  combinational 
weighing  machine  is  partitioned  into  four  different 
regions  A,  B,  C  and  D  in  the  direction  of  its 
circumference.  The  four  different  kinds  of  products 
MA-MD  are  delivered  separately  into  these  four 
regions  by  the  four  transporting  conveyers  21  .  Pro- 
ducts  of  each  kind  MA,  MB,  MC  or  MD  are 
weighed  in  the  weigh  hoppers  25  corresponding  to 
the  corresponding  one  of  the  regions  A,  B,  C  and 
D.  Above  the  dispersion  feeders  22  are  partition 
walls  30  for  ensuring  that  the  products  MA-MD, 
which  are  delivered  thereonto  by  the  transporting 
conveyers  21,  will  be  deposited  correctly  in  in- 
tended  regions  without  becoming  mixed  together. 

Numeral  10  indicates  a  controller  for  the  com- 
binational  weighing  machine.  As  shown  in  Fig.  8, 
the  controller  10  for  this  combinational  weighing 
machine  is  provided  with  subtracting  means  13C 
for  subtracting  a  tare  weight  t  from  gross  weights 
W  detected  by  the  load  cells  11.  Since  the  four 
different  kinds  of  products  MA-MD  are  expected  to 
have  different  tare  weights  t,  the  subtracting  means 
13C  are  adapted  to  subtract  different  tare  weights 
tA,  tB,  tc  and  tD  from  the  measured  gross  weights 
W,  depending  on  the  regions  A,  B,  C  and  D,  to 
obtain  their  net  weights  WT.  Although  each  of  the 
products  MA-MD  is  produced  in  a  preliminary  pro- 
cess  so  as  to  contain  a  specified  net  weight,  there 
are  usually  fluctuations  in  their  net  weights.  Thus, 
they  are  weighed  again  by  the  load  cells  11,  and 
their  net  weights  WT  areascertained  by  using  the 
subtracting  means  13C  to  subtract  therefrom  the 
tare  weights  tA,  tB,  tc  and  tD- 

The  controller  10  also  includes  a  number  limit- 
ing  means  31  for  limiting  the  numbers  of  combina- 
tions  such  that  three  each  of  the  four  kinds  of 
packaged  products  MA-MD  will  be  selected  from 
the  corresponding  regions  A,  B,  C  and  D,  and  a 
combination  of  twelve  products  will  be  produced. 

By  following  these  limiting  conditions,  the  combina- 
tion  calculating  means  14  combines  twelve  of  the 
sixteen  load  cells  11,  selects  a  combination  such 
that  the  total  EWT  of  the  net  weights  WT  becomes 

5  equal  to,  or  the  closest  to,  the  target  weight,  and 
outputs  a  drive  signal  d  for  opening  the  gates  (now 
shown)  of  the  weigh  hoppers  25  corresponding  to 
the  selected  load  cells  1  1  .  When  this  drive  signal  d 
is  received,  the  products  MA-MD  are  discharged 

io  only  from  the  selected  weigh  hoppers  25  through 
the  collecting-discharging  chute  27  and  packaged 
in  a  bag  by  the  packaging  machine  28.  If  the  target 
weight  for  the  sum  EWT  is  300g,  for  example,  the 
net  weights  WT  of  the  products  MA-MD  are  ap- 

15  proximately  25g  and  fluctuate  therearound.  By  this 
fifth  embodiment  of  the  invention,  too,  it  is  possible 
to  set  the  sum  EWT  of  the  net  weights  WT  of  the 
products  M  exclusive  of  the  tare  weights  equal  to 
or  close  to  the  given  target  value,  and  hence  pro- 

20  ducts  can  be  sold  and  bought  on  the  basis  of  their 
true  weights. 

In  each  of  the  embodiments  described  above, 
only  one  product  M  is  weighed  by  each  load  cell 
11  at  a  time.  Fig.  9  illustrates  a  combinational 

25  weighing  machine  which  is  identical  to  the  one 
shown  in  Fig.  7  except  there  is  only  one  transport- 
ing  conveyer  21  and  there  are  no  partition  walls  30. 
If  use  is  made  of  such  a  combinational  weighing 
machine  when  the  volume  of  each  product  is  much 

30  smaller  than  the  capacity  of  the  weigh  hoppers  25, 
more  than  one  product  M  may  be  received  to- 
gether  in  a  weigh  hopper  25  and  weighed  together 
by  one  load  cell  11.  In  such  a  situation,  since  the 
number  of  the  load  cells  1  1  selected  for  combina- 

35  tion  and  the  total  number  N  of  products  M  become 
different,  the  actual  total  tare  weight  (N  times  t) 
becomes  different  from  the  sum  of  tare  weights 
subtracted  by  the  subtracting  means,  depending 
upon  the  number  of  load  cells  11  to  be  selected.  In 

40  other  words,  the  sum  of  net  weights  cannot  be 
obtained  accurately. 

In  view  of  the  above,  the  sixth  embodiment  of 
the  invention  shown  in  Fig.  10  is  characterized  as 
having  number  checking  means  12  each  corre- 

45  sponding  to  one  of  the  load  cells  11.  Each  of  the 
number  checking  means  12  is  adapted  to  receive  a 
weight  signal  w  from  the  associated  load  cell  1  1  ,  to 
determine  on  the  basis  of  this  weight  signal  w  the 
number  Ni  of  the  products  M  weighed  together  by 

50  this  load  cell  11  and  to  output  a  number  signal  ni 
indicative  of  this  number  Ni  .  This  determination 
may  be  carried  out,  for  example,  by  dividing  the 
detected  gross  weight  W  by  an  empirically  pre- 
determined  average  weight  (with  tare)  Wi  of  a 

55  single  product  and  rounding  off  the  digits  below  the 
decimal  point  to  obtain  an  integer.  If  the  average 
weight  (with  tare)  Wi  of  a  single  product  is  300g, 
for  example,  the  distribution  of  measured  weight  W 

5 
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detected  by  a  load  cell  11  would  be  generally  as 
shown  by  weight  distribution  curve  WD  shown  in 
Fig.  11,  having  a  normal  distribution  around  300g 
representing  situations  where  there  was  only  one 
product  in  the  weigh  hopper  25,  another  normal 
distribution  around  600g  representing  situations 
where  there  were  two  products,  still  another  normal 
distribution  around  900g  representing  situations 
where  there  were  three  products,  and  so  forth. 
Since  an  overlap  is  unlikely  between  neighboring 
distributions  corresponding  to  different  values  of 
Ni  ,  the  number  Ni  of  products  in  the  weigh  hopper 
25  is  accurately  determined  by  the  rounding-off 
method  described  above. 

Since  tare  weights  are  generally  much  smaller 
than  net  weights  and  the  gross  weight  W  of  a 
product  is  relatively  close  to  its  net  weight  WT,  the 
average  value  WT1  of  net  weights  WT,  instead  of 
the  average  gross  weight  (with  tare)  Wi  of  a  single 
product,  may  be  used  to  divide  the  measured  total 
gross  weight  W  to  obtain  the  number  of  products 
M  by  rounding  off.  If  necessary,  the  aforemen- 
tioned  average  gross  and  net  weight  values  Wi 
and  WT1  may  be  updated  by  using  a  learning 
routine  of  a  known  kind. 

The  subtracting  means  13  of  Fig.  10  are  each 
adapted  to  receive  a  gross  weight  signal  w  and  a 
number  signal  ni  ,  to  obtain  a  net  weight  WT  by 
subtracting  a  correct  tare  weight  (Ni  times  t)  from 
the  gross  weight  (with  tare)  W  measured  by  the 
corresponding  load  cell  11,  where  Ni  is  the  num- 
ber  of  products  indicated  by  the  number  signal  ni  , 
and  to  output  a  net  weight  signal  wt.  In  this  em- 
bodiment,  the  tare  weight  is  treated  as  being  of  a 
fixed  value  and  is  preliminarily  stored  in  memory 
means  of  the  subtracting  means  13. 

The  number  signals  ni  from  the  number 
checking  means  12  are  outputted  into  an  allowed 
combination  checking  means  15  which  is  adapted 
to  receive  the  number  signals  ni  ,  to  combine  a 
plurality  of  the  load  cells  11,  and  to  output  an 
allowed  combination  signal  a  to  the  combination 
calculating  means  14  only  if  the  sum  N  (=  ENi)  of 
the  numbers  Ni  of  products  included  in  the  com- 
bination  of  load  cells  1  1  is  within  a  specified  range. 
Whenever  the  allowed  combination  signal  a  and  the 
net  weight  signals  wt  from  the  subtracting  means 
13  are  received,  the  combination  calculating  means 
14  calculates  sums  EWT  of  the  net  weights  WT 
from  allowed  combinations  and  selects  the  com- 
bination  of  load  cells  1  1  corresponding  to  the  sum 
EWj  which  is  equal  to,  or  the  closest  to  a  given 
target  weight. 

Next,  the  operations  of  a  machine  according  to 
the  sixth  embodiment  of  the  invention  described 
above  with  reference  to  Figs.  9-11  are  explained 
more  in  detail. 

First,  packaged  products  M  are  transported  by 
the  transporting  conveyer  21  shown  in  Fig.  9  to  a 
position  above  the  center  of  the  dispersion  feeder 
22  to  be  supplied  thereonto.  These  products  M  are 

5  then  supplied  from  the  dispersion  feeder  22  to  the 
vibratory  feeders  23  disposed  radially  around  the 
outer  periphery  of  the  dispersion  feeder  22,  and 
are  dropped  into  the  weigh  hoppers  25  via  the  pool 
hoppers  24.  Each  weigh  hopper  25  may  receive 

io  one  or  more  of  the  products  M,  and  each  load  cell 
11  detects  the  gross  weight  W  of  the  product  (or 
products)  M  in  the  weigh  hopper  25  associated 
therewith.  On  the  basis  of  the  gross  weights  W 
thus  detected,  the  number  checking  means  12 

is  shown  in  Fig.  10  calculate  the  number  Ni  of  the 
product  (or  products)  M  weighed  by  each  of  the 
load  cells  11.  These  numbers  Ni  and  the  gross 
weights  W  are  used  by  the  subtracting  means  13 
to  calculate  the  net  weights  WT  for  each  load  cell 

20  1  1  by  the  following  formula: 

WT  =  W  -  Nit.  (1) 

The  allowed  combination  checking  means  15 
25  shown  in  Fig.  10  uses  these  numbers  Ni  to  select 

allowable  combinations  of  the  load  cells  11.  From 
these  allowable  combinations  of  the  load  cells  11, 
the  combination  calculating  means  14  selects  a 
combination  of  the  load  cells  1  1  ,  of  which  the  sum 

30  EWj  of  the  net  weights  WT  takes  an  optimum 
value,  and  outputs  a  drive  signal  d  for  opening  the 
gates  (not  shown)  of  the  weigh  hoppers  25  cor- 
responding  to  the  selected  load  cells  11.  The  pro- 
ducts  M  are  discharged  only  from  the  selected 

35  weigh  hoppers  25  which  received  the  drive  signal 
d,  and  the  discharged  products  M  pass  through  the 
collecting-discharging  chute  27  to  be  packaged  in 
a  big  bag  by  the  packaging  machine  28. 

With  a  machine  thus  operated,  the  number  Ni 
40  of  products  M  being  weighed  by  each  load  cell  11 

is  determined  from  the  gross  weight  W  detected  by 
that  load  cell  1  1  and  a  tare  weight  Ni  t  correspond- 
ing  to  this  number  Ni  is  subtracted,  thereby  elimi- 
nating  errors  which  may  be  caused  by  fluctuations 

45  in  the  tare  weight  due  to  changes  in  the  number  Ni 
of  products  M  being  weighed.  Thus,  it  is  possible 
to  obtain  net  weights  WT  from  the  load  cells  11 
accurately  and  to  minimize  the  error  due  to  the  tare 
even  if  there  are  fluctuations  in  the  numbers  Ni  of 

50  products  M  being  weighed  by  the  individual  load 
cells  11  and/or  in  the  total  number  N  (=  ENi)  of 
the  products  M  to  be  finally  put  in  a  box. 

According  to  the  sixth  embodiment  of  the  in- 
vention  described  above,  the  allowed  combination 

55  checking  means  15  serves  to  preliminarily  select 
and  allow  only  certain  combinations  of  the  load 
cells  11  to  be  considered.  Thus,  the  total  number  H 
of  the  products  M  which  are  finally  put  in  a  box  or 

6 



11 EP  0  597  116  A1 12 

a  large  bag  always  falls  within  a  specified  range. 
This  means  that  the  fluctuation  in  the  total  number 
N  of  the  products  M  put  in  a  box  or  a  big  bag  is 
reduced.  The  allowed  combination  checking  means 
15,  however,  is  not  an  indispensable  component 
according  to  the  invention. 

Instead  of  providing  a  subtracting  means  13 
corresponding  to  each  of  the  load  cells  11  as 
explained  above,  the  controller  10  may  be  struc- 
tured,  as  shown  in  Fig.  3,  with  only  one  subtracting 
means  13A  for  subtracting  the  tare  weight  Nt  cor- 
responding  to  the  total  number  N  (=  ENi)  of  the 
combined  products  M  from  their  total  gross  weight 
EW  (with  tare)  to  thereby  obtain  the  sum  EWT  of 
combined  net  weights  such  that  the  combination 
calculating  means  14  will  select  a  combination  on 
the  basis  of  such  total  net  weights  EWT. 

Although  it  was  assumed  in  the  sixth  embodi- 
ment  of  the  invention  that  the  tare  weight  t  of  each 
product  M  was  the  same  independent  of  its  gross 
weight  W,  the  controller  10  may  be  structured  as 
shown  in  Fig.  4  such  that  the  tare  weight  t  stored  in 
the  subtracting  means  13B  can  be  varied  according 
to  the  gross  weight  W  of  each  product  M.  Net 
weights  WT  can  be  obtained  more  accurately  in  this 
manner. 

This  invention  is  intended  to  be  used  in  con- 
nection  with  weighing  machines  for  weighing  a 
plurality  of  packaged  products,  selecting  some  of 
them  such  that  their  total  net  weight  will  be  accept- 
able  in  view  of  a  given  target  weight  and  putting 
them  in  a  box  or  a  big  bag.  The  weighing  machine 
may  be  of  a  circular  type  having  many  weigh 
hoppers  arranged  on  the  periphery  of  a  circle,  of  a 
linear  type  having  many  weigh  hoppers  arranged 
linearly,  or  of  a  parallel  type  having  many  weighing 
conveyers  arranged  parallel  to  one  another.  They 
may  also  be  of  a  semi-automatic  type  which  re- 
quires  packaged  products  to  be  manually  supplied 
onto  weighing  conveyers  or  into  weigh  hoppers  but 
with  which  weighing  is  carried  out  automatically,  or 
of  a  fully  automatic  type  which  carries  out  all 
supplying  and  weighing  operations  automatically. 

Claims 

1.  A  combinational  weighing  machine  comprising: 
a  larger  plural  number  of  weight  detecting 

means  each  for  weighing  and  thereby  detect- 
ing  the  gross  weight  of  one  or  more  packaged 
products; 

subtracting  means  for  subtracting  a  tare 
weight  from  the  detected  gross  weight  and 
thereby  obtaining  the  net  weight  of  said  one  or 
more  packaged  products;  and 

combination  calculating  means  for  combin- 
ing  a  smaller  plural  number  of  said  weight 
detecting  means  and  selecting  an  optimum 

combination  of  said  weight  detecting  means  by 
calculating  the  total  of  the  net  weights  detected 
by  said  combined  smaller  plural  number  of 
said  weight  detecting  means,  said  optimum 

5  combination  corresponding  to  the  total  net 
weight  which  is  equal  to  or  the  closest  to  a 
given  target  weight  value. 

2.  The  combinational  weighing  machine  of  claim 
io  1  comprising  said  larger  plural  number  of  said 

subtracting  means  each  functionally  associated 
with  different  one  of  said  weight  detecting 
means. 

is  3.  The  combinational  weighing  machine  of  claim 
1  wherein  said  subtracting  means  is  adapted  to 
subtract  the  total  tare  weight  of  said  combined 
smaller  plural  number  of  said  weight  detecting 
means  from  the  total  gross  weight  from  said 

20  combined  smaller  plural  number  of  said  weight 
detecting  means. 

4.  The  combinational  weighing  machine  of  claim 
1  wherein  said  tare  weight  is  of  a  fixed  value 

25  independent  of  the  gross  weight  of  said  pro- 
ducts. 

5.  The  combinational  weighing  machine  of  claim 
1  wherein  said  tare  weight  is  variable  accord- 

30  ing  to  the  gross  weight  detected  by  said 
weight  detecting  means. 

6.  The  combinational  weighing  machine  of  claim 
1  further  comprising  number  checking  means 

35  for  determining  numbers  Ni  of  said  packaged 
products  weighed  by  individual  ones  of  said 
weight  detecting  means,  depending  on  the 
gross  weights  detected  by  said  individual  ones 
of  said  weight  detecting  means,  said  tare 

40  weight  being  determined  by  said  numbers  Ni  . 

7.  The  combinational  weighing  machine  of  claim 
6  further  comprising  allowed  combination 
checking  means  for  excluding  combinations  of 

45  said  weight  detecting  means  for  which  the  total 
of  said  numbers  Ni  is  not  within  a  specified 
range. 

8.  The  combinational  weighing  machine  of  claim 
50  6  wherein  said  number  checking  means  deter- 

mines  said  numbers  Ni  by  dividing  the  gross 
weights  detected  by  said  weight  detecting 
means  by  a  standard  unit  gross  weight  of  said 
products. 

55 
9.  The  combinational  weighing  machine  of  claim 

6  wherein  said  number  checking  means  deter- 
mines  said  numbers  Ni  by  dividing  the  gross 

7 
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weights  detected  by  said  weight  detecting 
means  by  a  standard  net  unit  weight  without 
tare  of  said  products. 

10.  A  combinational  weighing  machine  comprising:  5 
a  larger  plural  number  of  weight  detecting 

means  for  weighing  and  thereby  detecting  the 
gross  weight  of  one  or  more  packaged  pro- 
ducts; 

target  total  gross  weight  setting  means  for  10 
setting  a  target  total  value  EW  of  gross 
weights  of  those  of  said  packaged  products  to 
be  combined  inclusive  of  the  tare  weights  of 
said  packaged  products  to  be  combined,  de- 
pending  on  a  target  total  net  weight  of  said  is 
packaged  products  to  be  combined;  and 

combination  calculating  means  for  combin- 
ing  a  smaller  plural  number  of  said  weight 
detecting  means,  obtaining  the  total  of  gross 
weights  from  said  combined  smaller  plural  20 
number  of  said  weight  detecting  means,  and 
selecting  an  optimum  combination  of  said 
weight  detecting  means  having  a  total  weight 
which  is  equal  to  or  the  closest  to  said  target 
total  value  EW  of  gross  weights  inclusive  of  25 
tare  weights. 
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