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©  A  method  for  controlling  the  weight  of  dough  pieces  cut  from  a  strip  of  dough  comprises  the  step  of 
determining  a  target  mass  loading  (weight  per  unit  area)  of  a  sheet  of  dough,  measuring  the  actual  mass  loading 
of  a  portion  of  a  sheet  of  dough  after  it  passes  through  a  pair  of  calendar  rollers  immediately  prior  to  cutting  of 
pieces  from  the  dough,  and  calculating  a  calendar  roller  gap  distance  for  the  said  pair  of  calendar  rollers  and 
adjusting  the  gap  distance  in  a  manner  which  equalises  the  actual  mass  loading  and  the  target  mass  loading 
values. 
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The  present  invention  relates  to  a  method  of  forming  dough  pieces  of  uniform  weight.  In  particular,  this 
invention  relates  to  a  method  of  continuously  sensing  the  mass  loading  of  a  strip  of  dough  and  adjusting 
dough  thickness  according  to  the  mass  loading  values  before  cutting  into  pieces  to  maintain  uniform  dough 
piece  weight. 

5  "Mass  loading"  for  purposes  of  this  disclosure  is  a  weight  per  unit  area  of  a  sheet  of  dough. 
Commercially  manufactured  dough  products  are  commonly  rolled  into  a  sheet  and  machined  with  a 

series  of  rollers  of  decreasing  gap  distance  to  achieve  a  desired  dough  thickness  before  cutting.  The  dough 
is  then  cut  into  pieces  and  packaged  for  consumer  purchase  and  use. 

When  manufacturing  dough  products,  it  is  desirable  to  maintain  a  selected  target  weight  product. 
io  Overfilling  containers  with  dough  can  be  costly  and  can  cause  the  containers  to  rupture  or  not  seal  properly, 

and  underfilling  can  lead  to  consumer  complaints.  It  is  desirable  from  a  consumer  acceptance  standpoint  as 
well  as  a  cost  standpoint  to  maintain  carefully  controlled  product  weight. 

Some  refrigerated  biscuit  and  roll  doughs  are  cut  in  pieces  grouped  and  sold  as  a  group  of  pieces  in  a 
spiral  wound  composite  container,  such  as  with  refrigerated  biscuit  dough,  for  example.  In  this  Specification 

75  the  term  "biscuit"  is  used  in  the  American  sense,  to  mean  a  dough  product  similar  to  a  scone.  When 
packaging  a  number  of  pieces  of  dough  in  a  single  container,  it  is  even  more  important  to  maintain  a 
constant  weight  in  each  dough  piece  such  that  when  the  pieces  are  combined,  the  combined  weight  of  the 
pieces  and  container  is  within  an  acceptable  range  of  product  weight.  In  general,  the  larger  the  number  of 
pieces  of  dough  per  container,  the  more  important  it  is  to  control  the  mass  loading  of  the  sheet  before 

20  cutting  the  pieces. 
When  dough  has  rheological  properties  which  cause  the  dough  to  spring-back  during  processing,  it  is 

often  difficult  to  control  dough  piece  weight.  For  example,  when  the  thickness  of  a  sheet  of  dough  is 
reduced  by  being  passed  through  rollers  having  a  selected  gap  distance  between  opposing  rollers,  and  the 
resulting  dough  thickness  exceeds  the  selected  gap  distance,  the  dough  is  said  to  have  "spring  back." 

25  Dough  which  has  spring  back  is  frequently  undergoing  pressure  flow  when  passing  through  the  final  pair  of 
calendar  rollers,  which  ultimately  determines  finished  cut  dough  piece  thickness.  Pressure  flow  exists  when 
the  central  portion  of  the  sheet  as  viewed  in  cross-section  flows  at  a  faster  speed  than  at  the  outer  edges. 

The  prior  art  recognizes  that  the  design  of  a  process  control  system  for  machining  dough  should 
compensate  for  the  flow  regime  of  the  dough  as  described  in  US-A-4,849,234.  The  process  control  method 

30  controls  the  mass  flow  rate  of  a  sheet  of  dough  by  controlling  roller  speeds  in  a  series  of  rollers.  The 
method  calculates  roller  speed  ratios  to  maintain  a  selected  mass  flow  rate  and  then  adjusts  the  individual 
roller  speeds  in  response  to  sensed  variations  in  dough  consistency. 

US-A-5,124,163  shows  a  method  of  delivering  a  sheet  of  dough  of  a  constant  volume  by  measuring  the 
sheet  thickness  between  an  upper  pair  of  opposing  rollers  and  a  lower  pair  of  opposing  rollers.  The  speed 

35  of  the  upper  pair  of  rollers  is  controlled,  while  the  speed  of  the  lower  pair  of  rollers  remains  constant.  The 
signal  from  a  thickness  sensor  located  on  either  side  of  the  dough  sheet  between  the  upper  pair  of  rollers 
and  the  lower  pair  of  rollers  is  input  into  a  controller  which  controls  the  speed  of  the  upper  pair  of  rollers. 
The  distance  between  opposing  lower  rollers,  or  "gap  distance"  remains  constant  during  operation  of  the 
rollers.  This  method  controls  dough  sheet  volume,  not  dough  weight  per  unit  area. 

40  A  device  is  shown  in  US-A-5,  106,636  which  continuously  measures  the  thickness,  width  and  weight  of  a 
sheet  of  dough.  The  specific  weight  of  the  dough  is  continuously  calculated.  This  data  is  used  to  adjust  the 
thickness  of  a  dough  strip  with  a  stretching  system  to  make  cut  dough  pieces. 

The  device  shown  in  US-A-5,  106,636  includes  a  hopper  and  a  pair  of  vertical  conveyors  positioned 
below  the  hopper.  The  pair  of  rollers  positioned  beneath  the  vertical  conveyors  reduce  the  thickness  of  the 

45  sheet  of  dough.  After  passing  through  the  first  set  of  rollers,  the  thickness  and  weight  are  measured  in  the 
sheet.  If  the  weight  per  unit  time  does  not  equal  a  predetermined  value,  the  speed  of  the  conveyor  is 
adjusted  such  that  roughly  a  constant  mass  of  dough  is  delivered  per  unit  time. 

Figure  1  of  the  accompanying  drawings  shows  diagramatically  a  portion  of  the  process  control  scheme 
disclosed  in  US-A-5,  106,636.  The  control  loop  described  above  for  delivering  a  roughly  constant  mass  of 

50  dough  from  the  first  set  of  rollers  is  not  shown  in  this  Figure.  The  portion  of  the  process  which  illustrates 
how  the  final  dough  thickness  is  determined  is  shown,  however. 

The  sheet  passes  through  a  first  stretching  device  which  includes  first,  middle  and  second  conveyors 
located  beneath  the  sheet,  and  an  elliptical  roller  mechanism  located  above  the  sheet.  After  the  sheet 
passes  through  the  first  stretching  device,  the  weight,  thickness  and  width  of  the  dough  are  measured  and 

55  the  specific  weight  of  the  dough  is  calculated,  as  shown  in  Figure  1.  A  target  specific  weight  is  also  input 
into  the  controller,  and  the  calculated  specific  weight  is  compared  to  the  target  specific  weight.  A  signal 
representing  the  difference  between  the  target  specific  weight  and  actual  specific  weight  is  generated. 
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The  operator  uses  the  dimensional  information  to  evaluate  the  rheological  properties  of  the  dough.  For 
example,  the  operator  can  determine  whether  or  not  the  dough  is  too  elastic  by  comparing  the  width  of  the 
sheet  to  reference  values,  for  example.  Then,  the  composition  of  the  next  batch  of  dough  can  be  adjusted. 

A  second  stretching  device  is  provided.  The  signal  generated  by  comparing  the  target  and  actual 
5  specific  weights  is  fed  forward  and  is  used  to  calculate  the  height  of  the  lower  surface  of  the  elliptical  roller 

relative  to  the  upper  surface  of  the  lower  conveyor,  near  the  exit  end  of  the  elliptical  roller.  The  height  is 
then  adjusted,  which  adjusts  the  dough  sheet  thickness. 

When  the  dough  is  strongly  plastic,  the  process  further  adjusts  the  sheet  thickness  by  increasing  the 
speed  of  the  third  conveyor  after  the  roller  mechanism  is  lifted  based  on  the  following  formula: 

10 
V2  =  (TxVO/T 

where  Vi  is  the  velocity  of  the  second  conveyor,  T  is  the  dough  strip  thickness  and  V2  is  the  adjusted  third 
conveyor  velocity. 

is  The  present  invention  seeks  to  provide  an  improved  method  of  controlling  the  weight  of  dough  pieces 
cut  from  a  sheet  of  dough. 

According  to  this  invention  there  is  provided  a  method  of  controlling  the  weight  of  dough  pieces  cut 
from  a  strip  of  dough,  the  dough  strip  passing  through  at  least  one  pair  of  calendar  rollers  prior  to  passing 
through  a  cutting  device,  the  method  comprising: 

20  determining  a  target  mass  loading  of  a  dough  strip; 
measuring  an  actual  mass  loading  of  a  portion  of  the  dough  strip  after  passing  through  the  pair  of 

calendar  rollers  nearest  to  the  cutting  device; 
comparing  the  target  and  actual  mass  loading  data; 
calculating  a  calendar  roller  gap  distance  for  the  pair  of  calendar  rollers  nearest  to  the  cutting  device 

25  that  compensates  for  the  rheological  properties  of  the  dough;  and 
adjusting  the  gap  distance  of  the  said  pair  of  calendar  rollers  in  a  manner  which  equalizes  the  actual 

mass  loading  and  target  mass  loading  values. 
Preferably  the  dough  passes  through  a  plurality  of  pairs  of  calendar  rollers  and  the  method  comprises 

the  steps  of  calculating  gap  distances  for  the  remaining  pairs  of  calendar  rollers  and  adjusting  the  gap 
30  distance  between  the  rollers  of  each  of  the  remaining  pairs  of  calendar  rollers. 

The  step  of  determining  the  target  mass  loading  of  a  portion  of  the  dough  strip  may  comprise  the  steps 
of  selecting  target  values  for  dough  piece  unit  area,  number  of  pieces  of  dough  per  container,  an  empty 
container  weight  and  a  filled  container  weight. 

The  actual  mass  loading  may  be  measured  by  means  of  a  sensing  device  which  generats  a  signal 
35  output,  and  the  method  may  further  comprise  the  step  of  filtering  the  signal  output  from  the  sensor  used  to 

sense  the  actual  mass  loading  prior  to  comparing  the  target  and  actual  mass  loading  data. 
The  step  of  sensing  an  actual  mass  loading  of  a  portion  of  the  dough  strip  may  be  accomplished  by 

means  of  a  gamma  sensor  and  the  step  of  sensing  mass  loading  may  be  substantially  continuous. 
Preferably  a  programmable  controller  is  provided  to: 

40  accept  mass  loading  input  values, 
calculate  a  mass  loading  setpoint  from  the  mass  loading  input  values, 
receive  output  from  a  device  for  measuring  mass  loading; 
filter  the  output; 
compare  the  setpoint  with  filtered  actual  mass  loading  output; 

45  calculate  a  dough  thickness  which  equalizes  the  mass  loading  setpoint  and  actual  mass  loading  output; 
and 

calculate  a  gap  distance  between  a  last  set  of  calendar  rollers  before  the  cutter  in  a  manner  which 
sends  a  linear  signal  to  at  least  one  position  controller  on  the  pair  of  calendar  rollers  nearest  to  the  cutting 
device. 

50  Advantageously  the  step  of  calculating  a  gap  distance  between  the  set  of  rollers  closest  to  the  cutting 
device  employs  the  following  mathematical  relationship: 

( * - * )  
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where  G  =  gap  thickness;  a  =  experimentally  determined  constant;  Tf  =  final  dough  thickness  which 
equalizes  mass  loading;  and  Tj  =  dough  thickness  prior  to  passing  through  the  set  of  rollers  closest  to  the 
cutting  device. 

The  method  may  be  advantageously  practiced  on  an  automated  dough  processing  line  having  an  inlet 
5  hopper;  a  plurality  of  conveyors  for  moving  the  dough;  at  least  one  roller  bank  for  decreasing  the  dough 

thickness;  a  mass  loading  sensor;  a  programmable  controller;  a  position  indicator  and  position  controller  for 
each  pair  of  rollers  in  the  last  roller  bank  contacting  the  dough;  and  a  cutting  device.  What  is  meant  by 
"roller  bank"  for  purposes  of  this  disclosure  is  a  plurality  of  closely  spaced  pairs  of  calendar  rollers.  Each 
pair  of  calendar  rollers  are  vertically  spaced  apart  have  an  opening  defining  a  dough  passage  which  is 

io  referred  to  for  purposes  of  this  disclosure  as  "gap  distance."  The  gap  distances  of  each  roller  pair  in  the 
roller  bank  become  progressively  smaller  from  one  end  to  the  opposite  end. 

The  method  of  the  present  invention  includes  a  step  of  determining  the  target  or  desired  mass  loading 
of  the  dough  being  processed.  This  step  is  advantageously  accomplished  by  inputting  a  finished  packaged 
product  weight  "A",  an  empty  package  weight  "B",  the  area  per  piece  of  dough  "C"  and  the  number  of 

is  pieces  of  dough  per  container  "D"  into  the  controller.  This  information  is  used  to  compute  a  target  mass 
loading  "Mi  "  according  to  the  following  formula: 

(1)  Mi  =  (A  -  B)  /  (C  x  D) 

20  The  method  of  the  present  invention  includes  the  step  of  measuring  the  actual  mass  loading  of  a 
portion  of  the  dough  strip  after  passing  through  the  last  calendar  roller,  prior  to  cutting.  This  step  is 
advantageously  accomplished  by  means  of  a  gamma  radiation  source  and  sensor. 

The  method  of  the  present  invention  also  compares  the  target  and  actual  mass  loading,  and  computes 
a  gap  distance  between  the  final  pair  of  calendar  rollers  contacting  the  dough  prior  to  the  cutting  step. 

25  According  to  the  preferred  method  of  the  present  invention,  a  programmable  controller  uses  the  actual 
mass  loading  values  as  well  as  the  target  mass  loading  values  to  arrive  at  a  final  desired  dough  sheet 
thickness  Tf  whichequalizes  the  actual  and  target  mass  loading  values.  However,  since  the  dough  is  likely  to 
be  elastic,  the  present  invention  calculates  a  gap  distance  G  which  accounts  for  spring  back  and  can  be 
smaller  than  the  final  dough  sheet  thickness  Tf. 

30  The  method  of  the  present  invention  includes  the  step  of  calculating  a  gap  distance  between  the  last 
pair  of  calendar  rollers  which  compensates  for  the  rheological  properties  of  the  dough.  The  method  of  the 
present  invention  utilizes  a  relationship  which  equates  initial  dough  thickness  Tj  which  is  the  thickness  of  the 
dough  just  before  entering  the  final  set  of  rollers,  Tf  which  is  the  final  dough  thickness  just  after  exiting  the 
final  set  of  rollers,  and  G  which  is  the  gap  distance  required  to  equalize  target  mass  loading  and  actual 

35  mass  loading  values. 
The  method  of  the  present  invention  also  includes  the  process  step  of  adjusting  the  gap  distance  of  the 

last  pair  of  calendar  rollers  according  to  the  calculated  value  for  G. 
In  order  that  the  invention  may  be  more  readily  understood,  and  so  that  further  features  thereof  may  be 

appreciated,  the  invention  will  now  be  described,  by  way  of  example,  with  reference  to  the  accompanying 
40  drawings  in  which: 

FIGURE  1  is  a  flow  diagram  of  a  control  scheme  known  in  the  art. 
FIGURE  2  is  a  schematic  side  elevational  view  of  an  apparatus  for  practicing  the  method  of  the  present 
invention. 
FIGURE  3  is  a  flow  diagram  of  the  preferred  process  of  the  present  invention. 

45  The  present  invention  is  a  method  of  controlling  the  weight  of  pieces  of  dough  cut  from  a  continuous 
sheet.  The  method  of  the  present  invention  advantageously  accounts  for  variation  in  dough  sheet  density 
and  adjusts  the  gap  distance  between  a  pair  of  calendar  rollers  which  make  the  final  thickness  adjustment 
to  the  sheet  prior  to  cutting.  The  method  of  the  present  invention  also  accounts  for  the  rheological 
properties  of  the  dough  such  as  spring  back  when  calculating  gap  distance.  The  gap  distance  according  to 

50  the  most  preferred  method  is  adjusted  on  a  constant  basis  in  response  to  variations  in  mass  loading  in  the 
sheet. 

Figure  2  is  a  schematic  side  elevational  view  of  a  preferred  apparatus  for  practicing  the  method  of  the 
present  invention.  The  method  of  the  present  invention  preferably  employs  an  apparatus  including  a  feed 
conveyor  10,  an  intermediate  conveyor  12  and  a  finished  product  conveyor  14  for  moving  a  sheet  of  dough 

55  through  the  apparatus. 
The  feed  conveyor  10  receives  a  sheet  of  dough  which  has  been  fed  from  a  hopper  (not  shown)  and 

has  preferably  been  fed  through  at  least  one  roller  bank  (not  shown),  forming  a  sheet  which  is  thicker  than 
the  desired  thickness  of  the  finished  product.  The  feed  conveyor  10,  intermediate  conveyor  12  and  finished 

4 
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product  conveyor  14  are  each  conventional  dough  moving  conveyors.  Each  conveyor  10,  12  and  14  is 
driven  by  a  motor  (not  shown). 

It  is  to  be  understood  that  the  speed  of  each  conveyor  10,  12  and  14  is  controlled  by  an  appropriate 
computer  means. 

5  Upstream  of  the  feed  conveyor  10  is  a  roll  stand  18  which  according  to  the  preferred  method  includes 
four  pairs  of  rollers  20A  and  20B,  22A  and  22B,  24A  and  24B  and  26A  and  26B.  The  rollers  of  each  pair  of 
rollers  20A  and  20B  for  example  are  vertically  spaced,  the  spacing  between  the  rollers  of  each  pair  defining 
the  gap  distance.  Each  pair  of  rollers  according  to  the  preferred  embodiment  are  spaced  apart  along  the 
path  of  dough. 

io  In  the  preferred  embodiment,  the  position  of  each  upper  roller  20A,  22A,  24A  and  26A  is  adjustable 
substantially  vertically  by  means  of  a  position  actuator  28,  30,  32  and  34  on  each  upper  roller  20A,  22A, 
24A  and  26A,  respectively.  Mounted  proximate  each  upper  calendar  roller  20A,  22A,  24A  and  26A  is  a 
position  sensor  36,  38,  40  and  42.  Each  sensor  36,  38,  40  and  42  sends  a  signal  to  a  position  indicating 
controller  44,  46,  48  and  50,  each  of  which  is  programmed  to  adjust  the  gap  distance  between  each  pair  of 

15  calendar  rollers  20A  and  20B,  22A  and  22B,  24A  and  24B,  and  26A  and  26B,  respectively.  The  precise 
method  of  adjusting  the  gap  distance  will  be  described  in  more  detail  below. 

A  programmable  controller  16  is  provided  to  adjust  the  gap  distances  of  one  or  more  sets  of  calendar 
rollers  in  the  roller  bank  18  in  response  to  operator  inputs  and  system  inputs.  The  precise  function  of  the 
controller  16  will  be  described  in  more  detail  below. 

20  The  machined  dough,  in  the  preferred  method,  passes  onto  the  intermediate  conveyor  12,  over  a 
sensor  54  beneath  the  sheet  which  receives  signals  from  a  sensing  device  52  such  as  a  gamma  radiation 
source  52  located  directly  above  the  sensor  54  and  the  sheet  of  dough  58.  The  sensor  54  sends  a  signal  to 
a  transmitter  56  which  transmits  a  signal  representing  density  back  to  the  system  controller  16.  According 
to  the  preferred  method,  a  Kay-Ray  Model  6060  Digital  Weigh  Scale,  available  from  Kay-Ray/Sensall,  Inc.  of 

25  Mt.  Prospect,  Illinois,  U.S.A.  is  used  to  sense  mass  loading  of  a  sheet  of  dough.  The  transmitter  divides  the 
weight  by  the  area  being  sensed  to  output  a  signal  representing  mass  loading. 

After  passing  over  the  mass  loading  sensor  54,  the  dough  sheet  58  passes  through  a  cutting  device  70 
which  deposits  cut  dough  pieces  72  onto  the  finished  product  conveyor  14.  The  finished  product  conveyor 
and  the  cutting  device  are  conventional  types  known  in  the  art.  The  dough  pieces  72  are  preferably 

30  grouped  into  stacks  of  pieces  and  are  packaged  into  containers  such  as  composite  spiral  wound  containers. 
The  controller  16  used  to  practice  the  described  method  of  the  present  invention  has  four  distinct 

functions.  The  controller  18  includes  a  first  order  filter  57;  a  weight  indicating  controller  74;  an  output 
linearization  correction  76,  and  a  gap  profile  calculator  78.  Each  function  will  be  described  in  detail  below. 

A  flow  diagram  of  a  preferred  method  of  the  present  invention  is  shown  in  Figure  3.  The  method  of  the 
35  present  invention  includes  the  step  of  determining  the  target  mass  loading  of  a  portion  of  the  dough  sheet. 

This  step  is  preferably  accomplished  by  manually  inputting  data  into  the  controller  16  for  calculating  a 
target  mass  loading  value,  Mt.  Preferably,  the  weight  of  a  filled  container  "A",  the  weight  of  an  empty 
container  "B",  the  area  per  piece  "C"  and  the  number  of  pieces  per  container  "D"  are  entered.  From  this 
information,  the  controller  16  calculates  a  target  mass  loading  in  the  units  of  weight  per  unit  area  according 

40  to  the  following  formula: 

(1)  (A  -  B)  /  (C  x  D)  =  M, 

The  method  of  the  present  invention  includes  the  step  of  measuring  the  actual  mass  loading  of  a 
45  portion  of  the  dough  strip  after  the  strip  passes  through  the  gap  "G"  between  the  last  set  of  calendar 

rollers.  The  controller  16  receives  a  signal  from  the  transmitter  56  which  represents  the  actual  mass  loading 
of  the  dough  sheet.  Preferably,  the  transmitter  receives  a  signal  representing  weight  and  converts  the  signal 
to  one  representing  mass  loading  by  dividing  the  weight  by  the  area  being  sensed  to  calculate  the  actual 
mass  loading  Ma. 

50  The  method  of  the  present  invention  incudes  the  process  step  of  comparing  actual  mass  loading  values 
Ma  to  the  target  mass  loading  values  Mt.  Preferably,  the  method  includes  the  further  step  of  filtering  the 
signal  from  the  transmitter  56  by  means  of  a  first  order  filter  57  to  eliminate  process  noise  prior  to  being 
inputted  into  the  weight  indicating  controller  74.  In  the  preferred  method,  if  the  two  values  are  equal,  no 
process  adjustments  are  made. 

55  The  method  of  the  present  invention  includes  a  step  of  calculating  a  gap  distance  "G"  for  the  last  pair 
of  calendar  rollers  26A  and  26B  which  contact  the  dough  prior  to  reaching  the  cutting  device  70.  The 
method  of  calculation  advantageously  compensates  for  the  rheological  properties  of  the  dough. 
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In  the  preferred  method,  the  controller  16  performs  a  linearization  correction  76  which  compensates  for 
the  elastic  behavior  of  the  dough  exiting  from  the  last  pair  of  calendar  rollers  26A  and  26B.  Although  it  is 
not  necessary  that  the  dough  being  processed  possess  elastic  behavior  when  traveling  through  the  final  set 
of  calendar  rollers  26A  and  26B,  the  method  of  the  present  invention  compensates  for  elastic  behavior  if  it 

The  controller  16  is  programmed  with  an  output  linearization  correction  function  76  represented  by  the 
following  formula: 

where  "G"  is  the  gap  distance,  "a"  is  a  constant  which  is  experimentally  determined  for  a  given  dough 
system,  "Tf"  is  the  thickness  of  the  dough  after  passing  through  the  last  pair  of  calendar  rollers  26A  and 
26B,  and  "Tj"  is  the  initial  dough  thickness  just  prior  to  entering  the  last  set  of  calendar  rollers  26A  and 
26B.  The  computation  represented  by  equation  (2)  is  referred  to  as  the  linearization  correction  76  and 

20  functions  to  deliver  linear  input  to  the  position  controller  50  in  response  to  nonlinear  input  from  the 
transmitter  56.  Providing  linear  output  to  the  position  controller  50  on  the  last  pair  of  calendar  rollers  26A 
and  26B  advantageously  provides  for  a  stable  control  system. 

The  first  step  in  calculating  the  desired  gap  distance  "G"  is  to  determine  what  final  dough  thickness  Tf 
is  required  to  equalize  the  actual  mass  loading  and  target  mass  loading  values.  The  controller  74  is 

25  programmed  to  calculate  the  desired  dough  sheet  thickness  Tf  required  to  equalize  the  actual  mass  loading 
value  and  the  target  mass  loading  value  as  described  above  from  the  output  from  the  sensor  54.  The  Tf 
value  is  obtained  by  dividing  the  target  mass  loading  by  the  actual  measured  density. 

To  initialize  the  controller  16  Tj  can  be  assumed  equal  to  the  gap  distance  G  of  the  set  of  rollers 
adjacent  to  the  last  pair  of  rollers  26A  and  26B.  In  the  device  described  above,  G3  is  the  gap  distance  for 

30  the  third  set  of  rollers  24A  and  24B.  After  initialization,  the  digital  controller  outputs  gap  changes  to  achieve 
final  thickness  changes.  These  outputted  gap  changes  eliminate  the  need  to  measure  Ti,  as  one  skilled  in 
the  art  would  know. 

The  initial  dough  thickness  Tj  and  final  dough  thickness  Tf  are  input  into  equation  (2)  to  obtain  a  gap 
distance  G.  The  constant  "a"  is  experimentally  determined  for  a  given  dough  system  by  collecting  data 

35  showing  the  relationship  between  the  gap  distance  of  the  last  pair  of  calendar  rollers  26A  and  26B,  the 
dough  thickness  before  entering  the  pair  of  calendar  rollers  26A  and  26B,  and  the  thickness  after  exiting  the 
calendar  rollers  26A  and  26B.  The  value  "a"  is  therefore  experimentally  determined  for  a  given  dough 
system  in  a  manner  known  in  the  art. 

The  method  of  the  present  invention  includes  the  step  of  adjusting  the  gap  distance  between  the  last 
40  pair  of  calendar  rollers  to  equal  the  value  "G"  obtained  from  the  linearization  correction  76.  Preferably,  the 

output  from  the  linearization  correction  function  76  is  fed  into  a  position  controller  50  and  is  compared  to  a 
signal  output  from  a  position  sensor  42.  If  the  position  of  the  upper  calendar  roller  26A  is  other  than  what 
the  linearization  correction  indicates  the  position  should  be,  the  position  controller  50  instructs  the  position 
actuator  34  to  move  the  calendar  roller  26A  into  a  position  which  sets  the  gap  distance  equal  to  "G".  Once 

45  the  gap  distance  is  set,  the  resulting  dough  exiting  from  the  final  set  of  calendar  rollers  26A  and  26B  has  a 
constant  weight  per  unit  area  and  the  resulting  dough  pieces  are  therefore  of  uniform  weight. 

The  preferred  method  of  the  present  invention  includes  an  additional  step  of  calculating  gap  distances 
for  the  remaining  calendar  rollers  in  the  roller  bank  18  by  means  known  in  the  art.  One  such  means  is  to 
determine  the  dough  thickness  entering  the  first  set  of  rollers  in  the  roller  bank  18,  and  setting  the  gaps  by 

50  plotting  the  initial  and  final  thicknesses  on  a  graph  with  the  thickness  on  the  "y"  axis  and  the  calendar  roller 
number  on  the  "x"  axis.  The  calendar  roller  numbers  are  equally  spaced  along  an  axis  of  a  grid.  A  straight 
line  is  drawn  through  the  initial  thickness  going  into  the  first  roller  which  intercepts  zero  on  the  "x"  axis,  and 
through  the  final  calendar  roller  gap  distance  "G"  at  the  fourth  roller.  The  remaining  roller  gap  distances  are 
determined  graphically. 

55  The  mass  loading  of  the  dough  is  continuously  monitored,  and  the  gap  adjustments  are  continuously 
repeated  such  that  the  dough  sheet  mass  loading  is  continuously  maintained  at  a  value  that  is  equal  to  the 
desired  mass  loading  value.  The  constant  mass  loading  enables  the  dough  to  be  cut  into  biscuit-shaped 
pieces  72  of  equal  weight  by  a  cutter  70  that  is  preferably  positioned  at  the  end  of  the  second  conveyor. 

5  is  present. 

70 ( 2 )  
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The  biscuit-shaped  pieces  are  then  transported  on  a  finished  product  conveyor  14  to  another  area  for 
additional  processing  such  as  packaging. 

Although  the  present  invention  has  been  described  with  reference  to  preferred  embodiments,  workers 
skilled  in  the  art  will  recognize  that  changes  may  be  made  in  form  and  detail  without  departing  from  the 

5  spirit  and  scope  of  the  invention. 
The  features  disclosed  in  the  foregoing  description,  in  the  following  Claims  and/or  in  the  accompanying 

drawings  may,  both  separately  and  in  any  combination  thereof,  be  material  for  realising  the  invention  in 
diverse  forms  thereof. 

w  Claims 

1.  A  method  of  controlling  the  weight  of  dough  pieces  cut  from  a  strip  of  dough,  the  dough  strip  passing 
through  at  least  one  pair  of  calendar  rollers  prior  to  passing  through  a  cutting  device,  the  method 
comprising: 

is  determining  a  target  mass  loading  of  a  dough  strip; 
measuring  an  actual  mass  loading  of  a  portion  of  the  dough  strip  after  passing  through  the  pair  of 

calendar  rollers  nearest  to  the  cutting  device; 
comparing  the  target  and  actual  mass  loading  data; 
calculating  a  calendar  roller  gap  distance  for  the  pair  of  calendar  rollers  nearest  to  the  cutting 

20  device  that  compensates  for  the  rheological  properties  of  the  dough;  and 
adjusting  the  gap  distance  of  the  said  pair  of  calendar  rollers  in  a  manner  which  equalizes  the 

actual  mass  loading  and  target  mass  loading  values. 

2.  The  method  of  Claim  1  ,  wherein  the  dough  passes  through  a  plurality  of  pairs  of  calendar  rollers,  and 
25  further  comprising  the  step  of  calculating  gap  distances  for  the  remaining  pairs  of  calendar  rollers. 

3.  The  method  of  Claim  2,  and  further  comprising  the  step  of  adjusting  the  gap  distance  between  the 
rollers  of  each  of  the  remaining  pairs  of  calendar  roller. 

30  4.  The  method  of  any  one  of  the  preceidng  Claims  wherein  the  step  of  determining  a  target  mass  loading 
of  a  portion  of  the  dough  strip  comprises  selecting  target  values  for  dough  piece  unit  area,  number  of 
pieces  of  dough  per  container,  an  empty  container  weight  and  a  filled  container  weight. 

5.  The  method  of  any  one  of  the  preceding  Claims  wherein  the  actual  mass  loading  is  measured  by 
35  means  of  a  sensing  device  which  generates  a  signal  output,  and  further  comprising  the  step  of  filtering 

the  signal  output  from  the  sensor  used  to  sense  the  actual  mass  loading  prior  to  comparing  the  target 
and  actual  mass  loading  data. 

6.  The  method  of  any  one  of  the  preceding  Claims  wherein  the  step  of  sensing  an  actual  mass  loading  of 
40  a  portion  of  the  dough  strip  is  accomplished  by  means  of  a  gamma  sensor. 

7.  The  method  of  Claim  5  or  6  wherein  the  step  of  sensing  mass  loading  is  substantially  continuous. 

8.  The  method  of  any  one  of  the  preceding  Claims  wherein  a  programmable  controller  is  provided  to: 
45  accept  mass  loading  input  values, 

calculate  a  mass  loading  setpoint  from  the  mass  loading  input  values, 
receive  output  from  a  device  for  measuring  mass  loading; 
filter  the  output; 
compare  the  setpoint  with  filtered  actual  mass  loading  output; 

50  calculate  a  dough  thickness  which  equalizes  the  mass  loading  setpoint  and  actual  mass  loading 
output;  and 

calculate  a  gap  distance  between  a  last  set  of  calendar  rollers  before  the  cutter  in  a  manner  which 
sends  a  linear  signal  to  at  least  one  position  controller  on  the  pair  of  calendar  rollers  nearest  to  the 
cutting  device. 

55 
9.  The  method  of  any  one  of  the  preceding  Claims  wherein  the  step  of  calculating  a  gap  distance  between 

the  set  of  rollers  closest  to  the  cutting  device  employs  the  following  mathematical  relationship: 

7 
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G  = - 1  

where  G  =  gap  thickness;  a  = 
equalizes  mass  loading;  and  Tj 
the  cutting  device. 

experimentally  determined  constant;  Tf  =  final  dough  thickness  which 
=  dough  thickness  prior  to  passing  through  the  set  of  rollers  closest  to 
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