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Electronic  control  system  for  a  leavening  chamber. 

©  The  control  system  comprises  a  microprocessor 
control  unit  (32),  a  control  keyboard  (29),  means  (34, 
35)  for  taking  readings  of  environmental  data,  means 
(42)  for  driving  the  organs  for  the  execution  of  vari- 
ations  of  the  environmental  data  and  display  means 
(38,  40,  41).  A  programme  storage  unit  (28)  is  asso- 
ciated  with  the  control  unit  (32)  in  a  position  to 
contain  several  preset  programmes  which  may  be 
selected  and  modified  by  means  of  the  control  key- 
board.  At  least  one  of  the  stored  programmes  deter- 
mines  and  operating  cycle  which  includes  at  least 
one  phase  in  which  leavening  is  stopped  and  two 
subsequent  leavening  phases  of  different  duration 
and  with  different  values  of  the  environmental  data. 
The  duration  of  the  cycle  may  be  extendable  up  to 

jone  week  and  more.  In  such  cases  an  alphanumeric 
[display  unit  displays  the  days  of  the  week. 
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Electronic  control  system  for  a  leavening  cell 

stage  or  are  subsequently  brought  to  the  attention 
of  the  user. 

According  to  one  preferred  embodiment  of  the 
present  invention  it  is  also  provided  that  at  least 

5  one  of  the  preset  programmes  of  the  control  sys- 
tem  include,  after  at  least  one  phase  in  which 
leavening  is  stopped,  two  subsequent  leavening 
phases  of  different  duration  and  with  different  val- 
ues  of  the  environmental  data  (temperature  and 

io  humidity).  Preferably,  the  first  of  these  is  of  shorter 
duration  and  with  lower  values  of  the  environmental 
data,  while  the  latter  is  of  longer  duration  and  with 
higher  values  of  the  environmental  data. 

It  has  been  possible  to  ascertain  that  in  this 
75  way  leavening  occurs  in  an  optimum  manner  for  all 

types  of  products,  even  for  those  which  could  turn 
out  to  be  imperfect  with  only  one  leavening  phase. 

It  is  also  preferably  provided  for  that  the  dura- 
tion  of  the  operating  cycle  of  the  cell  may  be 

20  extendable  up  to  one  week  and  more  so  as  to 
avoid  work  stoppages  even  of  several  days. 

In  view  of  this,  the  display  means  of  the  control 
system  according  to  the  invention  preferably  in- 
clude  an  alphanumeric  display  unit  which  can  in- 

25  dicate  the  days  of  the  week. 
Lastly  it  is  preferably  provided  for  that  the 

control  system  according  to  the  invention  also  in- 
clude  driving  means  for  the  operation  of  the  heat- 
ing  elements  of  the  oven  destined  for  baking  the 

30  leavened  product.  The  same  control  system  thus 
operates  throughout  the  entire  production  cycle  for 
bread  or  other  pastry  product  for  which  the  leaven- 
ing  cell  is  destined. 

These  and  other  features  of  the  present  inven- 
35  tion  shall  be  made  obvious  by  the  following  de- 

tailed  description  of  one  embodiment  illustrated,  as 
a  non-limiting  example,  in  the  enclosed  drawings, 
in  which: 

Fig.  1  is  a  overall  view  of  the  electronic 
40  control  system  according  to  the  present  invention; 

Fig.  2  shows  an  example  of  an  electornic 
control  panel  which  may  be  used  as  an  integrating 
part  of  the  control  system  of  Fig.  1; 

Fig.s  3  to  8  illustrate  in  detail  a  few  parts  of 
45  the  control  system  of  Fig.  1; 

Fig.  9  gives  a  schematic  illustration  of  the 
execution  of  an  example  of  an  operating  cycle  of  a 
leavening  cell  equipped  with  the  control  system  of 
Fig.  1. 

50 
The  electronic  control  system  illustrated  in  Fig. 

1  comprises  a  microprocessor  control  unit  32,  with 
which  are  associated  a  control  keyboard  29,  a 
temperature  probe  35  and  a  humidity  probe  34 
positioned  inside  the  leavening  cell,  a  group  of 

The  present  invention  relates  to  an  electronic 
control  system  for  a  leavening  cell. 

It  is  well  known  that  a  leavening  cell  is  an 
environment  in  which  a  soft  pasty  mass,  for  bread 
or  other  foodstuffs,  is  introduced  and  kept  at  a 
controlled  temperature  and  humidity  for  the  length 
of  time  required  for  leavening  or  fermentation  of 
the  dough. 

The  length  of  time  required  for  leavening  varies 
with  the  type  of  dough,  but  it  is  always  a  few  hours. 
This  obviously  creates  problems  in  relation  to  pro- 
ducts  to  be  baked  and  subsequently  to  be  put  on 
sale  early  in  the  morning,  such  as  bread  in  particu- 
lar. 

To  solve  these  problems  leavening  cells  have 
been  conceived  in  which  the  leavening  phase  may 
be  delayed  in  time  by  the  introduction  of  one  or 
more  prior  phases  of  predetermined  duration  in 
which  leavening  is  stopped. 

With  the  development  of  electronics  it  has  also 
become  possible  to  control  the  operation  of  the  cell 
in  an  automatic  and  programmable  manner,  leaving 
to  the  operator  just  the  task  of  operating  a  few 
presetting  and  start  controls  at  the  beginning  of  the 
cycle. 

The  object  of  the  present  invention  is  to  intro- 
duce  some  improvements  to  the  current  leavening 
cell  with  programmable  electronic  controls  in  order 
to  broaden  their  field  of  application  and  originate  an 
optimal  product. 

In  view  of  such  object  the  present  invention 
provides  for  the  leavening  cell  to  be  equipped  with 
an  electronic  control  system  comprising  a  micro- 
processor  control  unit,  a  control  keyboard,  means 
for  taking  readings  of  environmental  data  inside  the 
cell,  means  for  the  operation  of  organs  for  the 
variation  of  said  environmental  data  and  display 
means  for  the  observation  of  the  operating  cycle  of 
the  cell,  characterized  in  that  it  comprises  a  pro- 
gramme  storage  unit  associated  with  said  control 
unit  in  order  to  store  a  plurality  of  predetermined 
programmes  which  may  be  selected  and  modified 
by  means  of  said  keyboard. 

It  appears  obvious  that  in  this  way  the  leaven- 
ing  cell  may  be  used  for  several  operating  pro- 
grammes,  each  conceived  for  a  specific  product  to 
be  subjected  to  leavening  and/or  to  be  kept  in  the 
cell  for  a  certain  length  of  time. 

In  particular,  it  will  be  possible  for  some  pro- 
grammes  to  be  set  by  the  manufacturer,  while 
others  may  be  set  by  the  user  and  varied  to  suit 
current  requirements. 

The  use  of  the  leavening  cell  thus  becomes 
highly  flexible,  adaptable  to  the  most  varied  pro- 
ducts,  whether  they  are  anticipated  in  the  design 
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the  selection  switches  49  -49  -40"  between  the 
"manual",  "automatic"  and  "test"  operating  con- 
ditions. 

As  shown  in  Fig.  4,  the  programme  storage 
5  unit  28  is  connected  to  the  control  unit  32  by 

means  of  a  serial  input  line  1  28  and  a  serial  output 
line  228,  and  also  receives  a  clock  signal  328. 

The  clock  unit  27,  supplied  by  a  battery  83,  in 
turn  communicates  with  the  control  unit  32  by 

70  means  of  a  data  bus  127  and  a  control  bus  227. 
As  shown  in  Fig.  5,  the  group  of  relays  42  is 

controlled  by  a  group  of  controls  53  in  turn  con- 
trolled  by  a  sliding  register  54,  which  receives  a 
serial  input  signal  154,  an  enabling  signal  254  and 

75  a  clock  signal  354  from  the  control  unit  32. 
As  shown  in  Fig.  6,  the  letter  part  of  the  alpha- 

numeric  display  unit  40  is  controlled  by  two  groups 
of  controls  62,  64  in  turn  controlled  by  correspond- 
ing  sliding  registers  61,  60  connected  one  to  the 

20  other  which  receive  a  serial  input  signal  160,  an 
enabling  signal  260  and  a  clock  signal  360  from  the 
control  unit  32. 

The  digital  part  139  of  the  display  unit  40  and 
the  digital  display  unit  41  are  in  turn  controlled  by 

25  the  corresponding  groups  of  controls  73,  75  and  by 
updating  logics  72,  71  ,  connected  one  to  the  other, 
which  receive  a  serial  input  signal  171,  an  enabling 
signal  271  and  a  clock  signal  371  . 

Lastly  the  pilot  lights  38  are  controlled  by  the 
30  corresponding  groups  of  controls  66  in  turn  con- 

trolled  by  the  corresponding  sliding  registers  65, 
connected  one  to  the  other,  which  receive  a  serial 
input  signal  165,  an  enabling  signal  265  and  a 
clock  signal  365. 

35  As  shown  in  Fig.  7,  the  humidity  probe  34  is 
connected  to  the  control  unit  32  by  a  comparator- 
amplifier  33  equipped  with  a  threshold  calibration 
potentiometer  78. 

As  shown  in  Fig.  8,  the  temperature  probe  34 
40  is  in  turn  connected  to  the  control  unit  32  by  a 

comparator-amplifier  36  equipped  with  a  threshold 
calibration  potentiometer  57. 

The  control  system  illustrated  in  the  drawings 
is  in  a  position  to  run  automatically  and  in  a  pro- 

45  grammed  manner,  or  entirely  in  the  manual  mode, 
a  plurality  of  cycles  of  operation,  preferably  but  not 
compulsorily  of  the  type  illustrated  in  Fig.  9,  that  is 
comprising  a  phase  A  containing  a  first  stop  to  the 
leavening  process,  a  phase  B  containing  a  second 

so  stop  to  the  leavening  process,  a  first  leavening 
phase  C  and  second  leavening  phase  D,  all  subject 
a  controlled  and  programmable  temperature  and 
humidity.  The  various  cycles  differ  substantially  in 
the  duration,  which  may  in  total  be  as  long  as  one 

55  week,  as  well  as  in  the  different  combinations  of 
humidity  and  temperature. 

The  selection  of  the  cycle  is  executed  among 
all  those  (for  example,  ten)  stored  in  the  pro- 

reiays  42  for  driving  the  heating,  cooling,  humidify- 
ing,  ventilating  and  defrosting  organs,  as  well  as  for 
external  apparata  such  as  a  baking  oven,  an  alpha- 
numeric  display  unit  40  and  a  digital  display  unit 
41  for  the  visual  presentation  of  the  data  regarding 
the  execution  of  the  cycle  and  of  the  environmental 
data  (humidity  and  temperature)  of  the  leavening 
cell,  and  a  group  of  pilot  lights  38  for  signals  of 
various  kinds. 

There  are  also  provided  a  programme  storage 
unit  of  the  EPROM  28  type,  a  clock  unit  27,  a 
system  clock  37,  a  mode  selection  unit  30  and  a 
power  supply  unit  31  . 

The  keyboard  29,  the  display  units  40  and  41 
and  the  pilot  lights  38  form  part  of  a  control  panel 
200  shown  in  Fig.  2. 

As  can  be  seen  from  this  figure,  the  keyboard 
29  includes  a  key  1  which  enables  the  insertion  of 
data,  a  key  3  for  storing  the  inserted  data,  a  key  2 
for  the  selection  of  the  desired  programme  among 
those  stored  in  the  programme  storage  unit  28,  a 
key  4  for  adjusting  the  clock  27,  a  key  6  for  the 
system's  self-diagnosis,  a  key  5  for  the  execution 
of  the  set  programme,  a  key  7  for  the  programmed 
start-up  of  an  external  apparatus,  two  keys  8,  9  for 
the  transition  form  the  automatic  to  the  manual 
mode  and  vice  versa,  four  keys  10,  11,  12,  13  for 

•the  selection  of  the  operative  phase,  three  keys  17, 
18,  19  for  the  selection  of  the  values  of  duration, 
temperature  and  humidity  within  each  operative 
phase,  a  key  20  for  setting  the  end-of-cycle  hour 
and  date  and  two  keys  14,  16  for  setting  the 
numerical  values  on  the  display  units. 

The  alphanumeric  display  unit  40  comprises  a 
part  in  letters  39  for  the  indication  of  the  day  of  the 
week  and  a  digital  part  139  for  the  indications  of 
the  values  of  the  actual  time  and,  where  appro- 
priate,  of  the  number  of  the  programme.  The  digital 
display  unit  41  is  used  in  turn  for  the  indication  of 
the  values  of  temperature,  humidity  and  duration, 
first  of  those  set  and  then  of  the  values  taken. 

Lastly  the  group  of  pilot  lights  38  includes  four 
pilot  lights  21  ,  22,  23,  24  which  highlight  the  suc- 
cessive  operative  phases  included  in  the  operating 
cycle  of  the  cell  (four  in  the  example  considered)  . 
and  an  additional  pilot  light  15  which  indicates  the 
operation  of  the  defroster. 

Going  back  to  Fig.  1  ,  the  microprocessor  con- 
trol  unit  32  incorporates  storage  units  for  pro- 
grammes  (EPROM)  and  for  data  (RAM)  as  well  as 
analog/digital  converters. 

As  shown  in  detail  in  Fig.  3,  the  keyboard  29  is 
connected  to  the  control  unit  32  by  means  of  a 
coder  44,  which  communicates  with  the  above  con- 
trol  unit  by  means  of  a  data  bus  144.  There  is  also 
provided  a  synchronization  signal  244. 

The  mode  selection  unit  30  is  also  connected 
to  the  control  unit  32  and  is  activated  by  means  of 
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Going  into  greater  detail,  the  control  of  tem- 
perature  is  executed  by  using  the  analog  signal 
read  at  the  output  of  the  temperature  probe  35, 
which  after  comparison  with  the  threshold  set  by 

5  the  potentiometer  78  and  after  simultaneous  am- 
plification  is  made  to  arrive  at  the  microprocessor 
32,  where  it  is  converted  to  digital  by  the  latter's 
internal  converter.  The  microprocessor  compares 
the  data  taken  with  those  programmed,  receives 

10  the  appropriate  instructions  and,  in  addition  to  pro- 
viding  an  input  for  the  display  unit  41,  it  sends 
instructions  to  the  appropriate  driving  relays  42  for 
the  operation  of  the  heating  or  cooling  organs  and 
for  simultaneous  ventilation. 

75  The  control  of  humidity  is  in  turn  executed  by 
using  the  analog  signal  read  at  the  output  of  the 
humidity  probe  34.  The  analog  signal,  after  com- 
parison  with  the  threshold  set  by  the  potentiometer 
57  and  simultaneous  amplification,  is  transmitted  to 

20  the  microprocessor  32,  whose  internal  converter 
converts  it  to  digital.  The  microprocessor  compares 
the  data  taken  with  those  programmed,  receives 
the  appropriate  instructions  and  then,  in  addition  to 
providing  an  input  to  the  display  unit  41,  also 

25  sends  instructions  to  the  relay  unit  42  for  the 
operation  of  the  humidification  organs  and,  simulta- 
neously,  of  the  ventilation  organs. 

Finally  the  defrosting  function  is  executed  auto- 
matically,  that  is  in  the  absence  of  external  pro- 

30  grammes.  On  each  occasion  the  microprocessor 
32  analyses  the  operating  stage  of  the  cycle,  com- 
pares  the  data  with  the  internal  programming  stor- 
age  unit  and  then  controls  the  appropriate  driving 
relay  42  for  the  operation  of  the  defrosting  organs. 

35  Clearly  the  various  controls  and  functions  are 
co-ordinated  by  the  microprocessor  32  (with  the 
assistance  of  the  internal  programme  storage  unit, 
in  which  the  selected  programme  is  temporarily 
stored)  in  relation  to  the  programmed  data  inserted 

40  by  means  of  the  keyboard  29  and  to  the  data  taken 
by  the  probes  for  temperature  35  and  humidity  34, 
thus  ensuring  the  correct  execution  of  the  selected 
cycle. 

It  may  happen  that  a  power  cut  occurs  during 
45  the  execution  of  the  cycle.  In  that  case  an  emer- 

gency  saving  unit  and  reset  cuts  in  for  the  data 
which  is  internal  to  the  microprocessor  32.  All  data 
are  immediately  stored  in  the  microprocessor  and 
placed  in  storage,  so  that  no  loss  occurs.  This 

so  condition  persists  until,  once  the  mains  power  sup- 
ply  has  returned  to  normal,  the  microprocessor  32 
again  enables  the  output  functions. 

gramme  storage  unit  28,  optionally  modifiable  ac- 
cording  to  the  user's  wishes. 

Once  the  desired  cycle  has  been  selected, 
since  the  day  and  the  time  of  the  start  of  the 
operation  of  the  oven  or  the  endof  cycle  ti  are 
known  or  are  determined  as  required,  from  the 
programming  of  the  duration  Tj  of  the  first  stopping 
phase  A,  of  the  duration  T3  of  the  first  leavening 
phase  C  and  of  the  duration  T+  of  the  second 
leavening  phase  D  automatically  derives  the  dura- 
tion  T2  of  the  second  stopping  phase  B,  which  is 
not  programmable  by  means  of  the  control  panel 
200  of  Fig.  2  but  is  on  the  other  hand  automatically 
calculated  by  the  control  unit  32.  Of  course  one  or 
more  of  the  durations  Ti,  T3,  T+,  may  be  zero  and 
the  corresponding  phases  may  thus  be  missing. 

The  operation  of  a  working  cycle  such  as  that 
of  Fig.  9  may  be  programmed  on  the  control  panel 
200  of  fig.  2  and  subsequently  assured  by  the 
control  system  of  Fig.  1  in  the  following  manner. 

At  start-up,  by  means  of  the  key  2,  the  oper- 
ator  selects  the  cycle  of  operation  desired  among 
those  stored  in  the  storage  unit  28  or  else  sets  a 
different  programme  to  replace  one  of  those  pre- 
viously  stored  in  the  storage  unit,  using  for  this 
purpose  keys  18,  19,  17,  14,  16,  20  for  the  values 
of  temperature  and  duration  and  keys  10,  11,  12, 
13  for  the  different  operative  phases  and  finally 
keys  1,  3  for  storing  the  inserted  data.  Each  pro- 
grammed  value  appears  in  turn  on  the  display  units 
40,41. 

Once  the  desired  programme  has  been  se- 
lected,  the  cycle  of  operations  is  started  by  press- 
ing  key  5.  From  this  moment  on  the  control  unit  of 
Fig.  1,  and  in  particular  the  control  unit  32  which 
constantly  compares  the  current  environmental 
data  with  the  programmed  data,  ensures  the  execu- 
tion  of  the  desired  functions  and  the  maintenance 
of  the  desired  environmental  conditions  in  the  dif- 
ferent  phases  of  the  cycle,  as  well  as  the  transition 
from  one  phase  to  the  next.  In  particular  it  ensures 
a  temperature  control  of  the  neutral-point  type,  that 
is  with  a  heating  or  cooling  action  which  operates 
when  the  temperatures  deviates  from  a  preset  val- 
ue,  in  all  the  phases  of  the  cycle.  During  each 
phase  the  control  system  also  ensures  the  control 
of  the  humidity  in  one  direction  only,  that  is  only 
with  the  possibility  of  an  increase  of  the  humidity. 
Periodically  during  phases  A  and  B  (more  ac- 
curately  when  the  heating,  cooling  and  humidifying 
organs  are  in  operation)  and  continuously  during 
phases  C  and  D,  ventilation  is  also  in  operation. 
Lastly,  periodically  during  the  operation  of  the  cy- 
cle  and  always  during  the  transition  from  one 
phase  to  the  next,  automatic  defrosting  of  the  cycle 
occurs,  executed  with  resistances  or  simply  by 
ventilation  according  to  the  programmed  tempera- 
ture. 

55 
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Claims 

1.  Electronic  control  system  for  a  leavening 
cell,  comprising  a  microprocessor  control  unit  (32), 
a  control  keyboard  (29),  means  (34,  35)  for  taking  5 
readings  of  environmental  data  inside  the  ceil, 
means  (42)  for  driving  the  organs  which  execute 
the  variations  of  said  environmental  data  and  dis- 
play  means  (38,  40,  41)  for  the  observation  of  the 
cycle  of  operations  of  the  cell,  characterized  in  that  10 
it  comprises  a  programme  storage  unit  (28)  asso- 
ciated  with  said  control  unit  (32)  in  order  to  store  a 
plurality  of  predetermined  programmes  which  may 
be  selected  and  modified  by  means  of  said  key- 
board  (29).  is 

2.  Electronic  control  system  according  to  Claim 
1,  characterized  in  that  at  least  one  of  said  preset 
programmes  comprises  at  least  one  stop  phase 
and  two  subsequent  leavening  phases  of  different 
during  and  with  different  values  of  the  environmen-  20 
tal  data. 

3.  Electronic  control  system  according  to  Claim 
2,  characterized  in  that  said  two  leavening  phases 
comprise  a  first  leavening  phase  of  shorter  duration 
and  with  lower  values  of  the  environmental  data  25 
and  a  second  leavening  phase  of  longer  duration 
and  with  higher  values  of  the  environmental  data. 

4.  Electronic  control  system  according  to  Claim 
1  ,  characterized  in  that  at  least  one  of  said  preset 
programmes  comprises  a  first  stop  phase  (A),  a  30 
second  stop  phase  (B),  a  first  leavening  phase  (C) 
and  second  leavening  phase  (D). 

5.  Electronic  control  system  according  to  Claim 
4,  characterized  in  that  all  the  above  phases  are 
with  programmable  temperature  and  humidity,,  said  35 
first  stop  phase  and  said  leavening  phases  being 
also  of  programmable  duration  and  said  control  unit 
(32)  being  programmed  so  as  to  calculate  the 
duration  of  the  second  stop  phase  on  the  basis  of 
the  end-of-cycle  time  and  of  the  duration  of  the  40 
other  three  phases. 

6.  Electronic  control  system  according  to  Claim 
1,  characterized  in  that  at  least  one  of  said  pro- 
grammes  may  have  a  duration  extendable  up  to 
one  week.  45 

7.  Electronic  control  system  according  to  Claim 
6,  characterized  in  that  said  display  means  (38,  40, 
41)  comprise  an  alphanumeric  display  unit  (40) 
with  a  part  in  letters  (39)  for  the  display  of  the  days 
of  the  week.  50 

8.  Electronic  control  system  according  to  Claim 
1  ,  characterized  in  that  it  comprises  driving  means 
(42)  for  the  heating  organs  of  a  baking  oven. 

9.  Electronic  control  system  according  to  Claim 
1  ,  characterized  in  that  it  comprises  a  mode  selec-  55 
tor  (30)  for  the  selection  of  "manual",  "automatic", 
"test"  operation. 
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